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I, INTRODUCTION

The acidity of dairy precducts is a function chiefly
of the salts and proteins in these products, provided no
acid production by micro-organisms has occured. When
acidity, in addition to that contributed by the natural
salts and proteins, develops, it usually results from the
conversion of lactose to lactic acid.

The natural acidity of dairy products (i.e. that re-
sulting from milk salts and mlilk proteins) varies with the
fat-free solids content of the product so that the greater
the concentration of fat-free solids the higher the acidity

The degree of acidity or the reaction of dairy pro-
ducts may be measured as titratable acidity (commonly ex-
pressed as per cent lactic acid by weight) or as pH.
Either of these may be employed to follow changes in de-
gree of acidity in dairy products,

In certain products, chiefly, farm-separated crean
for buttermaking, it is customary to reduce the acidity
which may have developed, with alkaline salts or alkalies,
The aqueous phase may then exhibit the normal acidity of
sweet cream; however in addition to the natural salts it
will contain the end products of the neutralization re-
actions, chiefly sodium, calcium or magnesium lactates de-

pending on the neutralizing medium employed.



Initially, it was desired to determine both the
acidities of the fat and the water soluble acidities of
the serum (the aqueous phase) of butter, in an attempt to
evaluate the "qualityﬁ'of the cream from which the butter
was made. A number of extraction procedures for determi-
ning the acidity of butterserum were ineffective.

Ling (1936) had presented a series of titrations of
oxalated and non-oxalated milk and of the corresponding
oxalated and non-oxalated rennet wheys as a means of esti-
mating the "colloidal tricaleium phosphate" in the product.
These titrations may also be employed to evaluate the
"true serum acidity" of milk (that is, the acidity re-
sulting from non-casein components).

It was proposed to employ the Ling titration pro-
cedure in butterserum to this latter end. However, it be-~
came apparent during the early stages of the investigation
that butterserum, even from unsalted butter, would not
yield a normal coagulum with rennet. Only in a few samples
did it form a weak clot from which it was impossible to ex-
pel any whey for titration, In addition the coagulum from
buttermilk frequently was weak and expelled its whey with
difficulty.

These findings led tc the present study the cobjectives
of which were (1) to determine the reason for the inabvility

of casein in some of these products to coagulate with



rennet, (2) to determine, if possible, whether a study of
the protein fractions in skimmilk, buttermilk and butter-
serum obtained from a single milk source would throw fur-
ther light on the adsorbed materials in the fat globule-
serum interphase, (3) to determine whether differences
could be shown among the casein and the non-casein protein
preparations from skimmilk, buttermilk and butterserum ob-
tained from a single milk source, (4) to determine the
distribution of calcium, phosphorus and the common pro-
tein fractions among skimmilk, buttermilk and butterserum
obtained from a single milk source and (5) to obtain, if
possible, further information with regard to the mecha-

nism of the reaction between rennet and casein,



II, REVIEW OF LITERATURE
A. Constituents Which Influence the Acidity of Milk

Investigations of the acidity factors in milk (i.e,
milk salts and proteins) have been concerned primarily with
(a) the distribution of calcium and phosphate between the
soluble and colloidal states, (b) the type of colloidal
phosphate, (c¢) the association between calcium phosphate
and casein and (d) changes among the constituents with in-
creasing acidity.

Rona and Michaelis (1909) estimzted the proportions
of soluble and insoluble or colloidal calcium by dialyzing
milk against rennet whey from the original milk and whey
resulting from casein precipitation with ferrous hydroxide.
Calcium decreased in the iron whey and increased in the
rennet whey. By this method they estimated that 40 - 50
per cent of the total calcium was soluble.

Gyorgy (1923) found that the undialyzable phosphorus
amounted to 50 - 60 per cent of the total and that an in-
crease in aclidity caused an increase in the amount of
dialyzable calcium and phosphorus. At the isoelectric
point of casein all calcium and phosphorus was dissolved
in the whey. He concluded that the casein and the undia-
lyzable dicalecium phosphate showed chemical affinity for

one another,



5

Van Slyke and Bosworth (1914%) separated soluble and
insoluble calcium and phosphates by filtering milk through
a porcelain filter under pressure. In this way they ob-
tained 35 per cent of the total calcium as soluble in the
filtrate. Similar results were reported by Porcher and
Chevallier (1923). Van Slyke and Bosworth (1914) also
found the ratio of insoluble inorganic to organic phospho-
rus to vary considerably and interpreted this to indicate
that there was no chemical union between phosphate and
casein, Some of their filtration experiments indlcated
that varying portions of the albumin were adsorbed on the
casein,

Pyne (1940) in comparing different sera for dialysis
of milk found rennet whey the most satisfactory and esti-
mated 56 per cent of the inorganic phosphorus and 34 per
cent of the total calcium in fresh milk (pH 6.56 ~ 6,65)
to be soluble. At pH 5.28 the corresponding percentages
were 96,3 and 88.3,.

From ioniec strength considerations and from the analy-
ses by Van Slyke and Bosworth (191%) Whittier (1929) calcu-
lated that only 2.5 per cent of the soluble calcium in milk
was ionized. He concluded that the remainder existed as a
calcium citrate complex. Verma and Sommer (1950), from
analyses of rennet wheys, found 35 per cent of the calcium,
8 per cent of the magnesium, 37 per cent of the phosphorus

and 85 per cent of the total citric acid in milk to exist



in soluble form.

Van Slyke and Bosworth (191ka) contended that the
acidity of fresh milk was due to dicalcium phosphate kept
in the colloidal state by casein acting as a protective
colloid. According to them the neutral dicalcium phosphate
would hydrolyze during a titration to form tricalcium

phosphate,

CaPHO, + 2H,0 = Ca(OH), + 3P0,

2 CaHPOy, + Ca(OH), = Caj(POy),+ 2H,0 .

It

They proposed to determine the "true" acidity in milk by
titrating a sample from which the tricalcium phosphate had
been removed with a saturated potassium oxalate solution,

Porcher and Chevallier (1923) considered both di- and
tricalcium phosphate to be present in milk. Pyne (1934),
on the other hand, contended that the colloidal phosphate
exists as tricalcium phosphate which forms a chemical bond
with the casein. He based his contention on (a) the differ-
ence in formol titration values of milk with and without
added potassium oxalate and (b) potentiometric titration
curves between pH 7 and 10 of solutions of tricalcium
phosphate and of tricalcium phosphate plus caleium caseine-
ate. In a later work dealing with the influence of tri=-
calcium phosphate on rennet coagulation Pyne (194%) re-~
iterated this view.



Pedersen (1936) separated milk proteins from the
serum by ultra-centrifugal methods. He isolated casein
and three other proteins with lower molecular weight which
he called ¢y f and y. He considered that the protein
commonly called lactalbumin was a mixture of the e and B
fractions and that globulin corresponded to the y fraction.
His experiments showed that casein, when dissolved in sodi-
um and potassium phosphate buffer, forms a polydisperse
complex,

De Kadt and Van Minnen (1943) separated casein from
milk by supercentrifugation. On basis of analyses of the
casein, the remaining whey and the original milk they con-
cluded that only calcium and phosphate were bound to the
casein. Some phosphate and an equimolecular amount of
calcium were bound to the casein by ester linkages. If
these values were subtracted from the total value of
calcium and phosphate removed with the caseiny the remain-
ing calcium : phosphate ratio was 3:2 which is the same as
that in Caj(P0y). This was interpreted as evidence for a
complex between Ca3z(P0Oy), and casein and formulated as

follows
Casein =- POu =Ca e o o o o o CaB(POh)Z ’

or a compound
Ca - POu = Ca

Casein - POg///
~Ca ~ PO

Ca



Ramsdell and Whittier (1944) isolated the calcium
caseinate - phosphate complex from milk by supercentri-
fugation. By titrating a solution of this complex with
potassium oxalate and observing an increase in alkalinity,
they concluded that Ca3(P0y), rather than CaHPO, was in-
volved in the complex., The complex was found to contain
4.80 per cent Ca3(P0y), and 95.20 per cent calcium case-
inate, the latter containing 1.18 per cent calciume. The
complex contzained 0.742 per cent organic and 0.958 per
cent inorganic phosphorus., The casein contained 0.789 per
cent organiec phosphorus.

Eilers et al. (1947) proposed the following formu-

lation for a calcium caseinate-phosphate complex.
Peptide chain - R ~ OH + 2 Ca(OH), + H3POy =
Pep‘tidechain-R-O-Ca-O-—PO3=Ca+l+H20.

This hypothesis was based on limiting values obtained
by titrating phosphoric acid with calcium hydroxide in the
presence of casein between pH % and 9. The scheme was
criticized by ter Horst (1947) who pointed out that the
titration values reported were not necessarily represent-
ing the above equation, partly due to the fact that at
pH 4.0 one third of the phosphoric acid was already neutral-
ized,



In studying this problem, Van der Burg (1947) em-
ployed a suspension of yeasts with the ability to adsord
calcium phosphate, By adding such a suspension to milk
and heating the yeast-milk suspension he was able to show
a 21 per cent decrease in colloidal tricalcium phosphzate
associated with casein compared with a considerable in-
crease in the milk heated without yeast. In both cases
there was only a slight decrease in calcium equivalent to
the ester phosphate of casein., His coneciusion was that
the caleium in casein is attached to the ester phosphate
groups and that the remaining free carboxyl and amino
groups take up the colloidal triecalcium phosphate in vary-
ing amounts.

Ling (1936) used titrations of oxalated and non-oxa-
lated milk and rennet whey as a means of estimating the
colloidal tricalcium phosphate in milkj he used this
schere in later studies (1937) of the partition of calcium
and phosphorus. Iie found that the tricalcium phosphate
accounted for nearly half the total inorganic phosphate in
milk and that, during acidity development, the increase in
casein acidity was proportional to the removal of calcium
from the casein, He observed that when the total calcium
content of milk fell sharply with season the effect was
felt more by the casein calcium than by the colloidal tri-
calcium phosphate and interpreted this to indicate that

the formation of tricaleium phosphate takes precedence
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over saturation of casein with calecium. This, he claimed,
could not be reconciled with a chemical union between tri-
calcium phosphate and casein.

Ling (1936) also observed a linear relationship be-
tween the disappearance of colloidal tricalcium phosphate
and the increase in titratable zecidity of the milk,

Recently Pyne and Ryan (1950) pointed out an error in
the original Ling titrations which was caused by titrating
milk and whey to the same phenolphthalein endpoints corre-
sponding actually to different pH vaiues. This resulted
in overestimgtion of the tricalcium phosphate. They pro-
posed a modification in which they employed 12 times as
much phenolphthalein in the milk titration than they did
in the whey titration and in both cases employed the same
depth of color of the endpoint. Applying this modification
they estimated that 88 per cent of the phosphate in wilk
was tricalcium phosphate and concluded that the remainder
was dicalcium phosphate. This is in agreement with ter
Horst's (1947) contention that some dicalcium phosphate is
also titrated in this reaction,

Whittier (1929a) studied the buffer intensities of
#iilx and milk constituents and found the buffer capacities
of skimmilk and acid whey to be alike at pH 4 and pH 7,
vhile at pH 5 the buffer capacity of skimmilk was high and
that of whey was low. The difference he attributed to the

casein,
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Wiley (1934, 1934a) studied the buffer effects of
casein, phosphates, calcium and citrates in synthetic
preparations analogous to milk and whey and in these pro-
ducts themselves, He found that the buffer capacities of
the individual constituents were not additive and postu-
lated that the increased buffering of milk at low pH was
due to the solution of the colloidal phosphate, believed
to be dicalcium phosphate, and that the increased buffer-
ing in acid vhey at pH 6.2 was due to the precipitation of
this salt. Part of the buffering of milk was also due to

casein,
B. Determination of the Milk Proteins

Casein, the largest protein fraction in milk, is col-
loidally dispersed; the vhey proteins, albumin and globulin,
are considered soluble although evidence was presented by
Van Slyke and Bosworth (1914a) indicating that albumin is
partly adsorbed oncasein. In fresh milk the low molecular
weight proteose-peptone fraction is small; upon proteolysis
it will increase at the expense of casein, albumin and
globulin.

A modification by Van Slyke (1893) of older methods
of determining casein in milk was adopted a2s an "“officlal"®
method (Van Slyke, 1898). It involved precipitation of
casein from diluted milk at 40°C by the addition of a few

milliliters 10 per cent acetic acid, filtration, washing
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and determination of nitrogen in the precipitate by the
Kjeldahl method. Van Slyke (1909) later presented a rapid
volumetrie procedure involving titration with standard
alkali of the casein precipitated fron a known volume of
milke A simple centrifugal method based on measuring the
volume of the casein precipitate was proposed by Hart
(1907) , and Robertson (1909) described a method in which
the casein, after precipitation with acetic acid, was dis-
solved in 0,1N NaOH and determined refractometrically by
comparison with a standard solution of casein.

The difficulties with these early methods seem to
have been the attainment of a pH in the solution corre-
sponding to the isocelectric point of casein. Waterman
(1927) proposed a buffer mixture of acetic acid and sodi=-
um acetate as precipitating reagent and determined casein
nitrogen as the difference between total nitrogen and
nitrogen in the non-casein filtrate. With this procedure
he obtained better replication than with the official method
of Van Slyke (1893). The casein percentages which he ob~
tained with two samples were 2.65 and 2.91 respectively;
maximum variations among replicates were 0.06 and 0.07 per
cent compared with 0.29 and 0.31 per cent by the official
method, -

Moir (1931) thought that the pH (4.7 - 4.8) obtained
by Waterman was too high to insure complete precipitation.

He modified the procedure by adding the buffer solution
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in two parts, first the 10 per cent acetic acid and then
the sodium acetate (0.28N); the mixture was allowed to
stand for an hour before filtering. The pH values of his
precipitation mixtures were quite variable, a fact which
he ascribed to varying buffer capacities of different
milks. For this reason he recommended that a preliminary
experiment be carried out with each milk sample to de-
termine the correct amount of sodium acetate required to
produce a pH 4.6, He reported casein nitrogen percentages
between 0,3602 and 0.4046 for a number of milk samples.

Moir (1931a) pointed out that earlier methods for
coxbined albumin and globulin gave high results when these
proteins were precipitated together by tannic acid, and
low results when they were precipitated by heat coagu-
lation, He proposed a method for precipitating them with
trichloroacetic acid from the hot non-casein filtrate and
determining nitrogen in the precipitate by the K jeldahl
method, The determination of globulin alone was ac-
complished (Moir, 1931b) by saturating the neutralized
(to phenolphthalein) non-casein filtrate with magnesium=-
or sodium sulfate, filtering and determining nitrogen in
the precipitated globulin,

Rowland (1938, 1938a) suggested further refinements
of Moir's procedure for isoelectric casein precipitation
and presented a scheme for complete fractionation and

analysis of the several protein and non-protein nitrogen
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fractions in milk, including the proteose-peptone fraction
ignored by Moir. His improvements included (a) sepzration
of albumin from proteose-peptone by denaturing zlburin and
globulin by heat coagulation and precipitating them with
the casein, (b) determination of non-protein nitrogen free
of proteose-peptone nitrogen in strong trichloroacetic
acid solution (12 per cent in the final mixture) at room
temperature, (c) adjusting the non-casein filtrafe to

pH 6.8 - 7.0 before precipitating globulin with magnesium
sulfate and (d) using selenium oxychloride as catalyst in
the digestion. Rowland (1938b) reported the average
protein and non-protein nitrbgen distribution in normal

milk as follows:

Per cent of total N

Casein N 78.3
Albumin N 9.1
Globulin N 3¢5
Proteose-peptone N 4,1
Non-protein N 5.0

These results were slightly different from those
previously reported by Davies (1933). Rowland proposed
that the differences were caused by the high globulin
values obtained by Davies using Moir's method.

Memefee and Overman (1940) used Rowland's separation

scheme but modified the digestion by using HgO as catalyst.
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They also distilled the ammonia into a boric acid solution
thus permitting direct titration with standard HC1.

Pillemer and Hutchinson (19%45) separated albunin from
globulin in blood serum by precipitating the former with
methanol in acetate buffer. Albumin was determined on
aliquots of the methanol filtrate.

Shahani and Sommer (1951, 19Y5la) studied the distri-
bution of protein and non-protein nitrogen fractions in
fresh and aged raw milk of different breeds. Their method
was essentially that of Rowland (1938, 1938a) with the
modifications of Menefee and Overman(194l). They precipi-
tated globulin from the non-casein filtrate with methanol
according to the method of Pillemer and Hutchinson (19%40),

Johnson and Swanson (1952) determinedwhey proteins
by a spectrophotometric adaptation of the biuret color
reaction, The method was complicated by interference by
lactose and calcium phosphate; these were removed by dia-
lyzing the whey. NaCl, Na,SOy and ethanol used in fraction-
ating the proteins also interfered but were compensated for
by including known concentrations of them in the standard
protein solutions. The method could not be used with
casein which gives an abnormal color response in the bi-

uret reaction.
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C. Determination of Calcium and Phosphorus in Milk

The problems in determining calcium and phosphorus in
milk may be divided in two categories, namely, those in-
volving the separation of these minerals from the milk and
those involving the actual determination. Since milk and
blood are biological fluids with similar properties, the
same methods of separation and analyses have often been
used with both,

Calecium may be separated from milk by ashing and dis-
solving the ash in an acid. However, Sanders (1931) fol-
lowing the suggestion of Bell and Doisy (1920), Roe and
Kahn (1926) and others, separated the caleium in a 10 per
cent trichioroacetic acid filtrate and found the results
of this method to agree with those of the ashing procedure.

In the methods described, the calcium once separated
from milk (or blood) was precipitated as oxalate, centri-
fuged,y washed and titrated with standard KMnO, solution as
done by Kramer and Tisdall (1921), Sanders (1931), Miethke
and Levecke (1932) and Derx and Jansen (194%7).

Biering (1943) offered a micromethod which was a modi-
fication of that of Rappaport and Rappaport (cited by
Biering) using cerie sulfate for oxidizing the oxalate and

back titrating with sodium thiosulfate.
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Rothlin and von Bidder (1945) examined critically the
Kramer - Tisdall method for calcium in blood serum, dis-
cussed its sources of error and prescribed a modification
which gave results of high accuracy. Their modifications
consisted in (1) careful ashing of the sample, (2) com-
plete precipitation of the calcium oxalate in buffered,
boiling solution and overnight digestion at room tempera-
ture, (3) filtration rather than centrifugation of the
precipitate and (i) oxidation-reduction titrations with
ceric sulfate and ferrous ammonium sulfate,.

Salomon et al. (1946) described a precision method
for calcium in blood plasma, which involved ashing with
perchloric acid, precipitation as calcium oxalate and ti-
tration of the oxalate ion with ammonium hexanitrato
cerate in perchloric acid.

Colorimetric determination of calcium in blood serum
was described by Roe and Kahn (1926), who precipitated
calcium as phosphate, converted it to molybdate, reduced
with hydroquinone bisulfite and compared against a stan-
dard in a colorimeter. Elliot and Pearson (1946) determi-
ned serum calcium spectropuotometriczlly by reading trans-
mittances of the potassium permanganate solution in which
the calcium oxalate had been dissélved. Tsao (1%952) re-~
ported a colorimetric determination based on the for-
mation of a colored complex between calcium and 2, 3, % =

‘trihydroxy benzoic acid. Keirs and Speck (1950) determined
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calcium in milk by flame photometry.

Phosphorus in blood and milk may be determined as
total, inorganic, acid-soluble and 1lipid phosphate,
Greenwald (1915) apparently developed the first method
for separating the different fractions in blood serum.

He obtained inorganic phosphorus in the picric-zcetic acid
filtrate after precipitation of the proteins and lipids.
Lipids were "precipitated" with chloroform and dil, HC1
from acetone extracts of the serum. The residue from the
acetone extract was treated with boiling ethanol and then
with ether and picric acid in 4 per cent HCl., Acid solu-
ble phosphorus was determined in this extract and was
found to be equal to the inorganic phosphorus. Greenwald
ultimately determined the phosphorus colorimetrically as
reduced phosphomolybdate.

Lenstrup (1926) applied this scheme to human and
cow's milk and found average values of 95.4 mg. total,
78.3 mg. acid-soluble, 67.1 mg. inorganic and 1l.1 mg.
lipid phosphorus per 100 ml., milk,

Sanders (1931) determined acid soluble phosphorus in
milk directly in the trichloroacetic acid filtrate and
total phosphorus in ashed samples. Phosphorus was precipi-
tated from the trichloroacetic filtrate as molybdate; it
was claimed that the precipitate thus formed was coarser
and filtered better than that from sodium tungstate and
H,S0y.



19

Youngburg and Youngburg (1930) determined total
phosphorus in blood serum from a sample digested with
H,S04 using hydrogen peroxide as catalyst; inorganiec
phosphate was determined directly in the trichloroacetic
acid filtrate, acid-soluble phosphorus in a digested ali-
quot of this filtrate and lipid phosphorus in a digested
aliguot of an alcohol-ether (3:1) extract of the serum.
Phosphorus was deterrined colorimetrically by the method
of Kuttner and Cohen (1927).

Graham and Kay (1933) separated the phosphorus
fractions in milk by a scheme similar to that which Young-
burg and Youngburg used with blood serum. For digestion
they used both H,S0, and HNOj. Youngburg and Youngburg
had rejected the latter because of the difficulties in
removing it from the solution. Traces of this oxidizing
acid interfered seriously with color production in the
reduced phosphomolybdate solution. Graham and Kay pointed
out that colorimetric determination from the various fil—
trates gave more accurate results than the official gravi-
metric procedure of A.0.A.C, (1925),

Recently Van Slyke and Sacks (1953) demonstrated that
the 1ipid extracts obtained with Bloor's (1914) alcohol-
ether (3:1) mixture did not contain appreciable amounts of
inorganic phosphorus.,

The colorimetric determination of blood serum- or

milk phosphorus as reduced phosphomolybdate has been
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modified a number of times since the first presentation
by Bell and Doisy (1920). Briggs (1922) proposed dilution
of the serum and the use of hydroguinone as reducing agent.
Fiske and Subbarrow (1925) reduced with 1, 2, 6-amino-
naptholsulfonic acid and claimed to get maximum color pro-
duction even in the presence of interfering substances.
Kuttner and Cohen (1927) proposed a microtechnique using a
sodium molybdatesulfuric acid reagent and dilute SnCl, for
reduction. Kuttner and Lichtenstein (1930) discussed the
advantages of SnCl, as reducing agent. DBodansky et al.
(1932) noticed a considerable variation from Beer's law
when the concentrations in sample and standard differed
by more than 20 per cent and presented z table of cor-
rections, Obermer and Milton (1932) demonstrated the use
of the Vernes-Brisg-Yvon photometer for phosphorus de-
termination.

Dyer and Wrenshall (1938) determined phosphorus with
the Evelyn photoelectric colorimeter. They pointed out
that the amount of stannous chloride used would influence
the color and its stability, In a later work from the
same laboratory Smith et al. (1939) called attention to
the importance of using fresh stannous chloride free of
stannic tin. Fontaine (1942) boiled the reduced phospho~
molybdate solution for 20 min, before reading the trans-
mittance. The color produced by this technique exhibited

maximum absorption at 820 ma, was very stable and obeyed
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Beer's law over a wide concentration.

Simonsen et al. (1946) determined blood serum phosphor-
us colorimetrically as phosphovanadomolybdic acid in the
Klett-Summerson photoelectric colorimeter and in the

Beckman quartz spectrophotometer.
D. Remnet Coagulation of Milk

Many divergent theories have been advanced to explain
rennet coagulation of milk. Loevenhart (190%) proposed
that polymerization of casein particles took place re-
sulting in formation of the less dispersed paracasein,
Mellanby (1912) suggested that casein and rennet form an
adsorption complex which is conditioned by the amount of
calcium present. Bang (1911) believed that rennet merely
changed the affinity of casein for calcium and that casein
and paracasein were the first and last members respectively
of a family of compounds with increasing affinities for
calcium,

Some of the rennet action theories are based on the
concept of a protective colloid in milk which holds the
casein in suspensionj rennet acts by way of destroying the
protective colloid. On basis of ultra microscopic studies,
Alexander (1912) concluded that in milk lactalbumin was
the protective collold. This hypothesis was criticized
by Palmer and Richardson (1925) who questioned that casein

in milk was an unstable suspensoid requiring a protective
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colloid for its stabilization. They showed that the ad-
dition of gelatin or albumin did not prevent coagulation
of calcium caseinate with rennet,

The subject was reviewed recently by Berridge (1951)
wheo pointed out that an understanding of the coagulation
mechanism rests upon a knowledge of the normal condition
of casein and phosphates. In milk these substances exist
as a disperse phase consisting of a double compound of
tricalcium phosphate and casein molecules in which the
carboxyl groups and phosphoric acid groups have formed
salts with lysine and arginine and with calcium ions, He
distinguished clearly between two separate stages of the
coagulation process namely, (a) the action of rennet on
the casein molecules and (b) formation of the coagulum,
the last stage being solely a function of the casein, The
coagulation stage may proceed as soon as a few molecules
of the casein have been acted upon by rennet.

The first stage was studied by Hankinson and Palmer
(1943) who blocked coagulation by dialysis of the milk to
remove soluble calcium. They also employed synthetic sodi-
um and calcium caseinate sols and observed changes in vis-
cosity and zeta potential when purified rennet was added.
They interpreted their results by means of the Krasny-
Ergen equation relating hydration and electrokinetic po-
tential and concluded that the primary effect of rennet on

calcium caseinate was a true dehydration with a secondary
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decrease in zeta potential both tending to destabilize the
systemn,

The electrophoretic differentiations of acid and remnnet
casein reported by Nitschmann and Lehmann (194%7a) revealed
the a~fraction of the remmet casein tc have two distinct
peaks on the descending boundary while this was not the
case with acid casein, This was interpreted to mean that
rennet action was confined to the a-frzection or that ren-
net acted directly on some smaller fraction which again in-
fluenced the interrelationship of the low y-fractions.
Recently Gonashvili {1949) published similar findings and
suggested that rennet cleaved casein by peptide link
scission into two fractions which had different isoelectric
points,

By means of paper chrometographic technique Xerns
(1951) was able to follow progressive changes in casein
when acted upén by rennet. Iis chromatograms showed
considerable unfolding of the cassin molecule with the
appearance of several new fractions, He suggested that
rennet acted specifically on the a-casein to produce
several large polypeptides.

The concept of rennet azection on some specific casein
fraction is not new, however. By elaborate fractionation
in acidified alcohol and acetone solutions Lindersirgm-
Lang (1929) separated casein into three fractions; he pro-

posed that remnet acted on only one of these to destabilize



24

and coagulate the entire system, His theory was substanti-
ated by later experiments of Holder (1932) and Nitschmann
and Lehmann (1947).

The importance of unionized calcium and phosphate to
coagulation of casein in milk was recognized by van Dam
(1908) who suggested that colloidal calcium bound to case-
in rather than soluble calcium salts was essential., This
view was shared by Beau (1941) who postulated that rennet
acts on the caseinate-phosphate nicelle to depolymerize
it so that carboxyl-, amino- and phosphoryl groups are set
free. The casein molecules then recombine by a linkage of
their carboxyl groups through calcium atoms and their amino
groups through phosphate radicals to form a continually
increasing network of larger, heavier molecules. This con-
cept is in agreement with the findings of Pyne (1945) who
denonstrated by several methods that the gradual increase
in coagulation time of gentiy heated milk was proportional
to an increase in ionizable calcium and phosphate and to a
decrease in the calcium phosphate content of the caseinate.

In keeping with this concept are the recent observ-
ations by Chevallier et al. (1950, 1950a) who found that
milk with high serum calcium content coagulated slowly in
contrast to the easy coagulation of milk in which a high
proportion of the calcium was attached to the casein.

Berridge. (1942) observed that below 15°C milk is not

T

coagulated although rennet has acted on the casein. He
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used this fact as a means of separating the two stages of
the coagulation process., By holding milk with rennet
added at 0°C for several hours and then warnming to vari-
ous temperatures to permit coagulation he was able to de-
rive a mathematical relationship between the rate of
coagulation and temperature, He found that the tempera-
ture coefficient of coagulation was of the same order as
that of protein denaturation and suggested on this evi-
dence that the second phase of rennet coagulation is a
complete or partial denaturation of the casein which has
been rendered heat sensitive by the rennet enzyme. The
action of rennet on the calcium caseinate-phosphate com-
plex hydrolyzes chemical bonds which normally keep the
molecules in their native configuration. Unstable mole-
cules are formed, and at sufficiently high temperature
they denature through combination of highly reactive poly-
peptide chains, A molecular network or gel is formed.
Calcium is essential to this process since the new
linkages between the polypeptides are believed to involve
"bridging" by way of calcium. Berridge noticed that the
reaction for which he determined the temperature coeffi-
cient was also sensitive to caleium ions. Addition of
calcium equivalent to 0,002N and 0,02N decreased the coagu-
lation time by 18 and 61 per cent respectively. The

tenperature coefficient was not affected by added calcium.
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In support of this theory Berridge (1951) cited
Ballowitz (1933) who claimed to have measured proteolytiec
hydrolysis of casein during rennet action. He also sug-
gested that the experiments by Nitschmann and Lehmann
(194%7) could be interpreted to that end. These investi-
gators prepared differently colored acid and rennet case-
ins and subjected mixtures of these tc the action of calci-
un chloride. From their data Berridge pointed out that
precipitation occurred at calcium concentrations lower
than the calculated mean of the concentrations reguired
by the separate caseins. This suggested to him that ren-
net casein molecules undergoing denaturation combined with
acid casein molecules and were partly kept in solution by
ther and partly caused denaturation of them.

He stated that this theory had much in common with
the depolymerization theory of Beau (1941) and that future

investigations might reconcile the two.
E. Electrophoresis of Milk Proteins

1. Casein

The discovery by Osborne and Wakeman (1918) of an
alcohol=-soluble protein in milk gave the first indication
that casein was not a homogeneous substance as previously
believed., Later Linderstrgm-Lang and Kodama (192%) and
Linderstrgm-Lang (1929 in an elaborate separation scheme

based on differential solubilities in acidified alcohol
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obtained casein fractions with varying properties and
compositions, By fracticnal precipitztion from ammonium
chloride solutions Cherbuliez and Mayer (1933) produced
four casein fractions varying in composition and rennet
coagulability.

The electrophoretic technique developed by Tiselius
(1930) offered a new tool for physical separation cf pro-
tein compounds. Mellander (1939) was first to dermonstrate
that casein could be separated electrophoretically in the
fractions e, B and y with mobilities and phosphorus con-
tents decreasing in that order. He used HCl-borate (pH 8.6)
and maleic acid-maleate (pH 6,14) buffers.

Krejei et al. (1941) made observetions with regard
to the asymmetry of the patterns on the azscending and de-
scending boundaries and presented evidence to show that
the p-component of casein forms unstable complexes with the
e-component., Warner (194%4) separated the a- and g=-
fractions by solubility methods and demonstrated electro-
phoretically the purity of his preparations. He discussed
the existence of a complex between a- and ﬁ-casein'and
demonstrated it by producing electrophoretlic patterns of
mixtures of the purified components, He pointed out that
the y~fraction reported by Mellander (1939) was probably
not a casein component since it showed nc mobility; he
took it to represent the well-known § ang € boundary ef-
fects and substantiated this by showing that the solution
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above the B-boundary after electrophoresis contained only
insignificant amounts of nitrogen.

By fractionation in 50 per cent alcohol at pH 5.8
Hipp et al. (1950) separated a y-fraction which had proper-
ties similar to the aleochol-soluble protein described by
Osborne and Wakeman (1918). It had lower mobility and con-
tained less phosphorus than a- and f-casein. Iater Hipp,
Groves, Custer and McMeekin (1952) demonstrated a method of
separating the a-, - and y-components by fractional precipl-
tation in aqueous urea. Hipp, Groves and McMeekin (1952)
titrated suspensions of the a-, B~ and y-fractions thus ob-
tained and found them to have different acid- and base-
binding capacities, the y-fraction binding the most acid and
the a-fraction binding the most base.

Slatter and Van Winkle (1950) subjected dialyzed skim-
milk to electrophoresis and observed changes in milk pro-
teins on heating milk to 65, 75 and 85°C, Tobias et al.
(1952, 1952a) dialyzed relatively fat-free (less than 0.09
per cent) skimmilk for 15-19 hr. and obtained electro-
phoretic patterns directly from these preparations. The
use of several fresh batches of buffer during dialysis would
give slightly higher mobilities. They identified a-, E-~ and
y-caseins and B-~lactoglobulin and noted several changes in
mobilities and some interactions among the components as a

result of pasteurizing the milk at 300°C in the Mallorizer.
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In studies with commercial casein and iodinated case-
in veronal buffer at pH 7.5 Kamel and Turner (1951) ob-
served that iodination of casein at 39°C caused the B-
fraction to diminish. When casein had been incubated at
70°C, with or without iodine, only one electrophoretic com-

ponent was evident,

2. Whey proteins

Palmer {1934) isolated a crystalline globulin from
frozen cow's milk whey by precipitation with sodium sulphate
at pH 5.8, This protein was examined electrophoretically
by Pedersen (1936a2)., When it was dissolved in dilute HC1
(pH 1.8) and dialyzed first against distilled water and
then against phosphate buffer at pH 6.15 the electropho-
retic pattern showed only one component. When it was dis-
solved at pH 10.0 and then dialyzed as above the electro-
vhoretic pattern indicated several components.

Li (1946) demonstrated three components of this pro-
tein at pH 4.8 and 6.9 compared to one at pH 5.3 and 5.6.
McMeekin et al. (1948) found it to have two components in
acetate buffer at pH 4.8.

Cow's milk colostrum contains a large portion of
proteins which give the suckling calf a certain protection
against infectious diseases, They are the so-called
"immune" globulins. Smith (1946) examined the whey pro-

teins in normal cow's milk electrophoretically and reported
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that 10 per cent of these could be identified as the im=-
mune globulins normally found in colostrum.

Deutsch (1947) produced electrophoretic patterns of
whey proteins from the milk of several mammalian species,
including the cow, in vercnal-citrate buffer at pH 8.6.
The patterns varied among the different species but were
characteristic for any given species. Cow's milk proteins
from rennet and acid whey produced identical patterns,
Those from goat's milk d4id not.

Bain and Deutsch (1948) using low temperature ethanol
fractionation of bovine whey proteins obtained a globulin
which showed only one electrophoretic component at high pH
but several at pH 4.2 and below.

Stanley et al. (1951) prepared whey proteins from
cow's milk after precipitating the casein with NaCl, HC1
or rennet; the proteins were obtained from these wheys by
lyophilization and likewise by acid precipitation from the
NaCl whey. Preparations by the four methods had the same
electrophoretic components but there were differences in
iscelectric points and mobilities of the largest component,

Weinstein et 2l., (1951) isolated a minor protein
fraction from skimmilk which could be sensitized to pro-
duce the typical solar-activated flavor of homogenized
milk. This fraction was shown to have two electrophoretic

components in veronal-citrate buffer at pH 7.6.
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F. Milk Fat-Protein Interphase Phenomena

Babcock (188%5) studied extensively the state of fat
in milk and described it as an emulsion in which the dis-
persed fat globules were stabilized "by a thin film of
of ligquid analogous to that which separates the bubbles
of air in foam or soap suds". He had rejected earlier
theories visualizing a membrane surrounding the fat glo-
bule, but modified this point of view as a result of
studies in which he found traces of fibrin in milk,

Storch (1897) was first to isolate natural emulsi-
fying agents in milk by repeated dilution and separation
of cream and found that they had the characteristics of
protein, His isolation technique has been used extensively
by several investigators of this problem.

Voltz (190%) obtained the membrane material by letting
fat globules rise through long columns of water and skim-
ming them off. HHe considered the material to be casein
and described it as labile. Palmer and Samuelson (1924%)
reported the isolation from buttermilk of creams washed
by Storch's technique of a single globulin-like, phosphorus-
free protein and suggested that it was the agent stabilizing
the fat globules in milk., Titus et al. (1928) using Voltz's
technique obtained and analyzed fat membrane material. On
basis of its nitrogen, sulfur, phosphorus and tryptophane
contents and its specific rotation they concluded that the
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substance was related to or identical with casein.

Hattori (1925) treated milk with chloroform-saturated
water and obtained a white powder which he assumed was the
membrane of the fat globules., He examined a number of its
physical and chemical properties (including amino acid dis-
tribution) and concluded that it was unlike any other milk
protein and called haptein.,

Schwarz and Fischer (1936) repeatedly diluted (with
NaCl solution) and separated creams. The resulting washed
creams were churned and the agueous phase of the butter
yielded a substance containing 11.25 per cent nitrogen and
0.63 per cent phosphorus. They identified it as the stabil-
izer of the fat globules and considered it to be a previous-
1y unknown protein.

Jack and Dahle (1936) studied electrophoretically the
effect of various substances on the electrokinetic potential
of milk fat globules. They found that in creams the electro-
phoretic mobility of the fat globules increased proportion-
ately as the fat percentage increased from 60 to 81 per
cent, Up to 60 per cent there was no change in mobility.
The 1lipid phosphorus content per unit of fat decreased as
the fat percentage increased from 60 to 81 per cent fat.

When increasing amounts of phospholipnids were added
to butter oil emulsified in distilled water the fat glo-

bule mobility increased until an amount equivalent to
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16 mg. lipid phosphorus per 100 g. fat had been added.
Addition of casein to this system caused an increase in
fat globule mobility until the equivalent of O.4 g. casein
nitrogen per 100 g. fat had been added. These values
corresponded to those of a 60 per cent cream.

The results indicated that the inner layer of the fat
globule membrane is phospholipid and the outer layer is
chiefly casein. Cream containing 60 per cent fat is com-
posed almost entirely of fat globules plus their entire
membrane.

Wiese and Palmer (1932) summarized the various identi-
fications by earlier investigators of the fat membrane ma-
terial and attempted to determine whether any one of the
substances reported constituted the sole stabilizer of fat
in cream. To this end they prepared artificial fat emul-
sions with calcium caseinate, lactalbumin, globulin and
phospholipid and observed their behavior on separation
(in a milk separator) and churning. The phospholipid gave
the best separation and the lactalbumin the best churning,
but all were slightly abnormal. The conclusion was drawn
that no single one of these substances constituted the
sole stabilizer of fat in milk., It was shown that some of
the adsorbed material on the fat surface was so closely
held that it could not be removed by repeated dilution
and sepzration. ILater Palmer and Wiese (1933) identified
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tightly adsorbed material as a mixture of protein and
phospholipid which had both hydrophobic and hydrophiliec
properties but was unlike other milk proteins, Calcium
was not intimately associated with the material of which
a large part was removed during churning. In another
study Wiese and Palmer (1934) isolated the fat globule rmem-
brane material from the aqueocus phase of butter from creams
washed by the Storch technique by precipitation at pH 3.9 -
4,0 and extraction with alcohél, chloroform and ether.
Two such preparations contained 11l.84% and 12,64 per cent
nitrogen respectively. On the basis of this and other
analyses (including amino-acid assays) it was identified
as the haptein previously reported by Hattori (1925).
Rumpila and Palmer (1935) extended the study and
found that the percentage of protein and phospholipid in
the fat globule membrane varied among different samples
of cream but that it was essentially constant for zny one
sample after the fourth washing with water. When nilk
fat globules were emulsified in rennet whey, skimmilk or
buttermilk the membrane produced did not have the same
composition as the natural one. They postulated that, in
the synthesis of milk, the natural fat globule membrane
is not derived from the milk plasma but is formed before
the fat globules become part of the milk.

Bird et al. (1937) questioned the concept of a mem-

brane surrounding the fat globule and argued that the
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semipermeability of a membrane would tend to exclude at-
tack on the fat by lipolytic and other enzymes. They de-
picted a fat-serum Interphase of serum constituents which
were held at force centers on the fat globule. These were
(a) a non-labile phospholipid-protein complex oriented at
the fat side of the interphase and (b) a labile complex

on the water side consisting of all the surface tension-
lovwering materials in the serum, Of these, casein was
considered the most important. The importance of casein
as a protective material was shown from churning data indi-
cating a sharp reduction in per cent total fat lost when
the creams were churned below pH 4.7, the isoelectric point
of casein,

Palmer (1944) was essentially in agreement with this
concept of fat globule stabilization when he distinguished
between (a) materials which were closely associated with
the globule as a result of capillary action and (b) outer
layers of materials which are readily removed by repeated
dilution and separation of cream.

Jenness and Palmer (1945) found that creams washed by
the Storch technique had protein contents ranging from
O.46 to 0.86 g. per 100 g, fat and lipid phosphorus con=-
tents from 8.9 to 16.3 mg, per 100 g. fat. They speculated
that churning might involve an "erosion" of materials from
the fat globule surface so that the original lipo-protein

complex of the membrane would become disrupted and release
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a protein-rich portion to the buttermilk. Later Jenness
and Palmer (1945a) discussed the hypothesis and suggested
that during churning some of the phospholipid-protein link-
ages as well as some of the phospholipid-fat linkages were
broken so that buttermilk would contain a phospholipid-
protein complex richer in protein than the original mem-
brane. The butterserum would contain a complex richer in
phospholipid than the membrzne because, upon meltirg the
butter, the phospholipids would cling to certain high melt=-
ing fat molecules and pull them into the serum. Therefcre
the butterserum would contain a higher melting point fraction
than the melted fat.

Brunner, Duncan and Trout (1952) washed creams by the
Storch teshnigue and churned the creams. The butterserum
was dialyzed and the lipids extracted with ethanol and ether.
The lyophilized protein was found to contain 13.5 per cent
nitrogen on dry basis and its amino-acid composition dif-
fered markedly from that of recognized milk proteins.
Brunner, Lillevik et al. (1952) examined this fat membrane
material electrophoretically and found two or three major
components in the membrane proteins from non-homogenized
rilk and three or four components In those from homogenized
milk, Temperature of extraction and protein concentration
influenced the mobility pattern.

Some recent researches have indicated that the fat-

protein interphase phenomena are also related to milk



37

coagulation., Palmer and Tarassuk (1936) investigated the
hypothesis proposed by Lundstedt (1934) that the low curd
tension of buttermilk was caused by adsorpticn on casein
of the lecithin removed from the fat during churning.

They isolated the membrane complex from cream by the di-
lution and separation technique and prepared artificial
buttermilk by direct addition to milk of a sol of this
complex and found the curd tension to be lowered., This
was also the case with artificial buttermilk prepared by
more indirect methods involving addition of the membranc
complex, whereas synthetic creams invelving only butterfat
and skimmilk produced buttermilk with normal curd tension.
They considered that the fat globule membrane complex
rather than lecithin was responsible for the lower curd
tension. Tarassuk and Pzlmer (1939) made synthetic creams
by emulsifying pure butterfat in agqueous sols of dried
whey, skimmilk powder, calcium caseinate, gelatin and tis-
sue fibrin (lecithoprotein). The buttermilks from the
creams made with dried vwhey, gelatin and calcium caseinate
exhibited sharply reduced curd tensions or produced noc
coagulum at all with rennet. Addition of appreciable
quantities of CaCl, before adding rennet restored only
partly their coagulability. The buttermilks from creams
made with skimmilk powder and tissue fibrinogen showed

normal coagulation.
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The cause of the non-coagulation phenomencn was con-
sidered to be more profound than lack of calcium since it
was shown that papain was able to coagulate these butter-
milks and that the whey from the buttermilks were higher
in calcium than the whey from the corresponding skimmilk,
They proposed the hypothesis that non-coagulation was due
to the liberation of free fatty acids which were adsorbed
on the calcium caseinate,.

In later experiments Tarassuk and Richardson (1941)
demonstrated that replacement of the natural adsorption
membrane in raw cream by other surface active materials
produced extensive lipolysis and that the corresponding
buttermilks did not cocagulate with rennet. The inhibition
was presumed due to interference by high melting point
fatty acids. The same effeet could be achieved by adding
lauric, myristiec and palmitiec acids to milk, Coagulability
was restored if the fatty acids were liquified.
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111, EXPERIMENTAL

A, Materials

1. Milk and cream

The whole milk used in preparing skirmmilk, buttermilk
and butterserum from the same source was obtained in the
College milk plant when it had been pasteurized at 61.6°C
for 30 minutes or at 71.6°C for 15 seconds. It represented
the mixed milk from some 30 - 40 herds, including such
breeds as Holstein, Guernsey, Jersey and Brown Swiss. The
experiments were spaced so that milks were examined during
all seasonse.

Skimmilk used in the preliminary Ling titrations was
also obtained in the College milk plant where it had been
pasteurized at 61.6°C for 30 minutes.

Buttermilk for a few preliminary titrations was pre-
pared by pasteurizing at 69-72°C for 30 minutes mixed lots
lof farm-separated sweet cream from the College creamery.,
After cooling overnight, the cream was churned in quart
glass jars to yield the buttermilk,

Farm-separated cream from 20 - 30 herds was used in
a few experiments invelving only buttermilk and butter-
serum., The cream was neutralized, pasteurized and churned
in commercial lots in the College creamery. Buttermilk

was collected as it drained from the churnj samples of the
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partly worked unsalted butter were removed from the churn

and melted to yield the butterserum.

2. Water
Distilled water was used in all experiments. For the
calcium and phosphorus determinations and for washing case-
in preparations water was used which had been distilled a
second time in a Pyrex glass still equipped with a con-
denser having a clear quarts inner tube. Before the second
distillation this water was treated with a small amount

of sulfuric acid and potassium dichromate.

3. Reagents

All chemicals used were reagent grade.

The reference solutions for the phosphorus analyses
were prepared from potassium dihydrogen phosphate (Standard
Sample 186-I-a) supplied by the National Bureau of Stan-
dards.,

Acetone was purified by refluxing over ferric chloride
(0.5 g« per 1.) for 2 - 3 hours, distilling, refluxing over
calcium chloride (60 g. per 1l.) for several hours and dis-
tilling. The first and last 200 ml. fractions of each 5
1. batch were discarded. This method was suggested by
Chapman and McFarlane (1943).

Ethyl ether was prepared by refluxing the commercial

reagent grade over potassium hydroxide (10 g. per 1.) and
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potassium permanganate (2 g. per 1.) for one hour and dis-
tilling from these reagents,.

Absolute ethanol was prepared by refluxing commercial
absolute ethanol over potassium hydroxide (10 g. per 1.)
and aluminum (10 g. per. l.) for 2 hours and distilling
from these reagents.

The rennet extract used was a commercial preparation
manufactured by Chr. Hansen's Laboratory, Inc., Milwaukee,

Wisconsin.

B, Apparatus

1, Milk separation

The whele milk was separated in a small, power driven
farm separator or in a De laval airtight power separator,
No. 192 (The De lLaval Separator Co., New York, N. Y,)
equipped with a ccld milk bowl,

2. Churning

The cream was churned in quart glass Jars placed
horizontally in a home-made, motor-driven, reciprocal

action shaker with 75 - 80 oscillations per minute.

3. Pasteurization
Some of the creams were pasteurized in a home-made
laboratory pasteurizer consisting of 6 silver plated

rectangular quart containers ( 2-1/2 in. x &4 in. x 6 in.)

submerged in an insulatedy constant temperature water
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bath. An agitating device with 6 stainless steel paddles,
each suspended in one of the containers, was used for stir-

ring.

4, Centrifugation

An International centrifuge, size 2, was used for
centrifuging butter samples when removing the butterserum,
for separating whey from curd and for removing acetone and
ether extracts,

An International clinical centrifuge was employed in
washing the casein preparations.

An International centrifuge, size 1, type SB with
high speed (10,000 rpm.) gear attachment and head was used
during one experiment where a special attempt was made to
remove the fat from buttermilk and butterserum.

All centrifuges were manufactured by International

Equipment Co., Boston, Massachusetts,

5. Fat and total solids determinations

Fat and total solids determinations were made with
standard Mojonnier equipment (Mojonnier Bros. Co., Chicago,
I1linois) consisting of hot plate, vacuum oven, vacuum
desiccator, centrifuge, fat extraction flasks and aluminum
weighing dishes. An Ainsworth, type D.L.B., analytical

balance was used for weighing the samples.
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6. Curd tension measurements
Curd tension measurerents were made with a curd ten-
sion meter manufactured by the Submarine Signal Co., Boston,

Massachusetts,

7. Viscosity determination

Viscosity determinations were made with an Ostwald
viscosity pipette submerged in a 2 liter beaker of water

held at 30°C.

8. Nitrogen determinations
The condensers used in distilling the ammonia from

the digested mixture in the Xjeldahl flasks were fitted
with standard tapered (24/40) joints at both ends. The
male fitting at the top was connected to the trap with a
bent glass tube and a rubber hose; the female part of the
botton Jjoint was sealed to a glass tube long enough to
reach into the receiving flaske. This construction made it
possible to remove the trap above and the glass tube below

the condenser and permitted easy flushing of the system.

9. Colorimetry

A few of the phosphorus determinations were made with
a Duboseq colorimeter (Bausch and Lomb Optical Co.,

Rochester, New York).



10. Spectrophotometry

The transmittance readings in the phosphorus determi-
nations were made in a Beckman spectrophotometer, model
DU (Beckman Instruments, Inc., Pasadena, California), 1In
some comparative experiments a Coleman spectrophotometer,
model 11, (Coleman Electrie Co., Inc., Maywood, Illinocis)

equipped with a PC-5 filter was also employed.

11, Lyophilization

The whey proteins were prepared by vacuum sublimation
in a lyophilizer made available by the poultry department.
The essential part of this apparatus is a cylindrical
steel condenser 10 in., high and 6 in. in diameter closed
at the bottom. To the top of the condenser is welded and
fitted a steel pipe with 6 horizontal branches, each with
an outlet ground to serve as the male part of a standard
tapered (29/42) glass joint. Round bottom flasks with
standard tapered openings could be fitted to these pipes
for evacuation. The system was evacuated with a vacuum
pump (1/2 H.P. motor) to a pressure corresponding to 5 =~
10 mm, of mercury. The vapors were condensed by placing
the condenser in a chilled (-50°C) insulated methanol bath
(ca. 4 gal.) which was refrigerated by a half ton freon

COmpressor.
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12, Electrophoresis

Electrophoresis of casein and whey proteins was
carried out in a Tiselius cell (Klett Mfg. Co., New York,
Ne Yo)e The optical equipment used was the Philpot-
Swensson system described by Swensson (1946) but modified
by replacing the usual plate holder with a Leica 35 mm,
camera equipped with focal plane shutter but without the
lens., Constant direct current voltage was maintained by
means of a voltage regulator (Technical Apparatus Co.,
Boston, Massachusetts).

The electrophoresis cell was submerged in a water
bath held at 2°C+0.5° by a sealed, mercury expansion type
thermoregulator operating through a mercury switch relay
assembly.

The electrophoresis equipment was made available
through the courtesy of the biochemistry group in the
chemistry department and was operated by a technician

working with this group.

13. pH measurements
PH Measurements were made with Beckman glass electrode

pH meters, models G and H2 (Beckman Instruments, Inc.,

Pasadena, California).
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C. Methods

l. Preparation of skimmilk, buttermilk and butterserum
from the same whole milk

Skimmilk and eream (35-40 per cent fat) were removed
from their respective reservoirs when separation of the
entire lot of whole milk had been completed. The cream
was placed in quart glass jars (1.5 pints in each), chilled
overnight (2-4°C) and churned in the shaking apparatus de-
scribed above until the butter granules were the size of
hazel nuts. The buttermilk was strained through several
layers of cheese cloth into a flask. The butter granules
were washed twice with tap water (2-4°C) allowing them to
rerain in contact with the last water for 10 min., After
draining the water, the butter was worked with a ladle in
a stainless steel tray until it appeared dry; it was
stored in % oz. sample jars with screw-caps in a refriger-
ator at 2°C until needed.

Butterserum was prepared according to the technigue
described by Parmelee et gl. (1943). While still warm
the entire volume of butterserum prepared was placed in a
large separatory funnel for 10-15 min. in order to allow
as much as possible of the remaining fat to rise to the
surface, The serum was then drained slowly from the fun-
nel leaving the fatty layer behind. The samples were pre-~

served by refrigeration only, except in a few runs where
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they were also saturated with toluene.

2. Ling titrations

Titrations of skimmilk, buttermilk and butterserum
were, in the main, carried out according to Ling (1936)
except that 10 g. rather than 10 ml. samples of milk and
its rennet whey were employed. To one 10 g. portion each
of milk and its rennet whey was added 0.4 mle of satur-
ated potassium oxalate solution (made neutral to phenol-
phthalein) and the mixture was allowed to stand for 10
minutes before titration with 0.1 N NaOH. Ten drops of
phenolphthalein (saturated in 50 per cent alcohol) was
added and the titration was carried to a definite pink
color, The p-rosaniline hydrochloride color standard de=-
scribed by Ling was not employed. Initially the rennet
wheys were prepared by coagulating 100 ml, of milk in a
beaker at 30°C with 0.7 ml. rennet, cutting the coagulum
with a stainless steel spatula and filtering through fil-
ter paper (Whatman No. 42) in long stem funnels. ILater
the following rapid modification was developed: Place 75
ml, of milk in a large test tube (1-1/2 in. wide, 5 in.
deep), add 0.53 ml. remnnet and let stand for 5 min. Cut
the coagulum with a stainless steel spatula and agitate
slightly. Centrifuge for 10 min. at 1500 rpm. and decant
the whey without filtration.
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' Acidity was developed in the milk products by adding
2 per cent of cheese culture and incubating at 21°C,
Samples were withdrawn at various acidity levels and ti-
trated immediately or they were placed in ice water and ti-
trated later.

In some experiments titrations were made also on milk
samples from which the proteins had been precipitated with
an alcohol-acetone mixture as follows: To a 9 g. sample
of milk in a large test tube add 45 ml. of a mixture of 7
vol, ethanol and 3 vol. acetone. Allow to digest for §
min, and centrifuge for 10 min. at 1500 rpm., Transfer all
the supernatant ligquid to an Erlenmeyer flask and titrate
with 0.1 N NaOH until the pink phenolphthalein color re-
mains for 1 min, Titrate a blank of 45 ml. alcohol- acetone
mixture and subtract this value from that of the sample,
Multiply the result by 2 to obtain the titration wvalue

equivalent to a 10 g. sample.

3. Dialysis and concentration of rennet extracts
Commercial rennet extract was placed in Visking cello-

phane bags (1 in., diameter), the bags were immersed in

running distilled water at room temperature during 12 -~ 1k
hrs. For concentration the cellophane bags were placed at
room temperature for 3 - 4 hrs. in an air current produced

by an office fan,
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4. Curd tension measurements

Milk samples were coagulated in 250 ml. beakers at
30°C using the required amount of remnet (0.7 or 1.4k ml.
per 100 ml., milk) and allowing 5 or 10 min. for coagu-
lation. The knife of the curd tension meter was then
forced to cut through the coaguium and the maximum re-

sistance observed.,

5« Viscosity measurements

Comparative viscosities of butterserum samples were
measured in an Ostwald pipette submerged in a water bath
at 30°C, The time reqguired to empty the bulb of the pi-

pette through the capillary was recorded.

6. Fat and total solids determinations

Fat and total solids were é;terrined by the Mojonnier
modifications of the A.0,A.C. (1945) methods recommended
by the Milk Industry Foundation (1949).

7. Protein determinations

Protein determinations on skimmilk, buttermilk and
butterserum were made according to the method presented by
Rowland (1938, 1938a). The procedure for globulin precipi-
tation was modified as follows: Transfer 20 ml. of the
non-casein filtrate to a 300 ml. Xjeldahl flask, add 4
drops of brom thymol blue indicator and adjust to pH 6.8 -
7.0 with 0.1 N NaOH, Add powdered, crystalline magnesium
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sulfate (9 g. per 10 ml.) and agitate until the solution
is saturated. Warm to 25-30°C to facilitate this, Allow
to stand at room temperature overnight, filter andwash the
precipitate with saturated magnesium sulfate solution.
Return the filter paper to the K jeldahl flask for digestion.
Nitrogen in casein preparations was determined by
weighing 0.02 to 0.0% g. of the dried preparation into a
small (0.5 ml.) glass vial., The vial was placed in the
neck of a 300 ml, X jeldahl flask and was carefully pushed
to the bottom of the flask. Digestion and distillation

were carried out as described above.

8 Calcium determinations

Calcium was determined by a modification of a pro-
cedure for bloocd serum presented by Rothlin and von Bidder
(1945) s Weigh a 1 g. sample into a platinum crucible and
add 1 ml, dilute HC1 (1 vol. cone., HC1l and 1 vol. water).
Evaporate the mixture to dryness at 105-110°C on a hot
plate under the hood or under an inverted glass funnel
connected to a suction pump. Heat the crucible gently
over a microburner until the contents are well charred,
then over a Bunsen burner until ashing is complete and
finally over a Meeker burner for 30 min.

Dissolve the ash in dilute HC1l, evaporate to dryness
on the hot plate, dissolve in 0.5 ml. HCl, evaporate to
half the volume and transfer to a 50 ml. beaker with &
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washings of 2 ml. portions of hot water. Add a few drops
of brom thymol blue indicator (0.04 per cent in ethanol),
make the solution alkaline (pH 7.6) with 2N KHi,0H and add
2 ml. of 50 per cent ammonium acetate. Acidify with 1 ml.
N acetic acid and heat tc boiling over a microburner.
Precipitate the calcium with 2 ml, boiling ammonium acetate
solution (4 per cent). Boil 2 rmin., add 0.5 ml. 2N NH,OH,
boil an additional 5 min; remove from the flame, cool to
50°C and add 2N NH,OH dropwise until a blue-green color

(pH 7.2 = 7.4) is obtained,

Allow the mixture to stand overnight and filter with
suction through a micro porcelain filter crucible. Wash
the precipitate 6 times with 2 ml. portion of warm (50°C)
0.5N NH,OH and place the crucible in a 50 ml. beaker.

Add sufficient 10N H,S0, (10-15 ml.) to submerge the
crucible, warm the solution for 10 min. over a boiling
water bath and cool to room temperature. Add a known
volume (15-20 ml.) of 0.005 N ceric sulfate and 3 drops
of o-phenanthroline ferrous sulfate indicator.1 Titrate
the excess ceric sulfate with 0.005 N ferrous ammonium
sulfate (microburette) to a faint orange-red endpoint.

For each experiment determine a blank value including the

i
Prepared by dissolving 0.5 g. o-phenanthroline in
%O ml, 0.1 N ferrous ammonium sulfate and diluting to
00 mlo
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volume of 0.005 N ceric sulfate required to oxidize the 3

drops of indicator.

100
Per cent Ca = (b - a)(Np_50,),50,+2H;0) sample weight

where

b ml, ferrous armonium sulfate =~ blank

a = ml, ferrous ammonium sulfate —=C— sample ,

Ferrous ammonium sulfate was prepared as 0.1 N so-
‘Jution which was standardized against 0.1 N KMnOy, and di-
luted to 0.005 N, This was used to standardize the 0,005
N cerie sulfate solution. The latter is stable and was
used for standardization of the relatively unstable ferrous

ammonium sulfate solution each tlre an analysis was made.

9. Phosphorus determinations
a. FPhosphorus fractions. The phosphorus fractions

in skimmilk, buttermilk and butterserum were separated by
the method for phosphorus in blood serum suggested by
Youngburg and Youngburg (1930) and used for milk by Graham
and Kay (1932). Slight modifications in the technique
were Iintroduced.

(1) Total phosphorus. Weigh 0.10-0.15 g. sample
into a 10 ml, glass-stoppered volumetrie flask, dilute to
volume with 0.2 per cent NaCl solution and mix. Transfer 2mil.
aliquots to 10 ml, volumetric flasks, add 2 ml. 10 N H,S0,

to each and evaporate at 105-110°C until the residue turns
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dark brown. Remove from the hot platey add 3 drops of 30
per cent hydrogen peroxide, place a small glass funnel
(3/% in. diameter of cone and 1-1/4 in. stem) in the neck
of each flask} to prevent loss by spattering and continue
the digestion until the solution again turns dark. Rerove
from the hot plate, add 3 drops of hydrogen percoxide and
digest. Repeat until the residue in the flask remalns
clear upon prolonged digestion at high temperature (200-
250°C), The final digestion may be made over the flame

of a microburner, placing the flasks on an asbestos wire
gauze, Cool, remove the funnel and rinse it and the neck
of the flask with 3-4 ml, water. Heat in boiling water
bath for 5 min., cool and make to volume., Transfer ali-
quots (2 - 5 ml.) to 25 ml. amber colored, glass stoppered
volumetric flasks for colorimetric analysis.

(2). Inorganic phosphorus. Weigh a 0.15 - 0.25 g.

sample into a 10 ml. glass stoppered volumetric flask,
Add 2 ml. 10 per cent trichloroacetic acid to precipitate
the proteins, make to volume, mix and filter. Transfer 1
or 2 ml, aliquots of the filtrate to 25 ml. amber colored,
glass stoppered volumetric flasks.

(3)s Acid-soluble phosphorus. Transfer 1 or 2 ml.
aliquots of the non-protein filtrate from (2) to a 10 ml.

1
These funnels were made from Pyrex glass tubing by
shaping one end of a plece of tubing as the cone of a funnel.
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volumetrie flask, digest and proceed as for total phos-
phorus.

(4). Lipid phosphorus. Weigh 0.12 g. (butter=-
serum) to 0.8 g. (skimmilk and buttermilk) of sample into
a 10 ml, glass stoppered volumetric flaske Add 5 - 6 ml.
ethanol-ether mixture (3 vol. 95 per cent ethanol and 1
vol. ethyl ether), mix and bring to boiling for 5 min. in a
hot water bath., Cool and make to volume with alcohol-ether
mixture; filter and transfer 2 mi, aliquots of the filtrate
to 10 ml. volumetric flasks for digestion and treatment as

for total phosphoruse.

be Spectrophotometry. Spectrophotometric determi-

nation of phosphorus was made according to the method out=-
lined by Fontaine (1942) as follows: To the aliquots in
the 25 ml. volumetric flasks add sufficient 10 N H,S0, to
make the total amount equal to 5 ml. after allowance for
the acid in the aliquotsj add 2.5 ml. 7.5 per cent sodi-
um molybdate and enough water to make 20 - 22 ml,. Add
2.5 ml, dilute stannous chloride solution}, mix and place
the glass stoppered flasks in a beoiling water bath for 20
min. to develop the blue color of reduced phosphomolybdate.

Cool to room temperature and make to volume. A blank

1

Made by dissolving 10 g. fresh SnCl, in 25 ml. conc.
HC1 and diluting 1 ml. of this solution to 200 ml. Prepare
the dilute solution fresh every 8 - 10 days.
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containing all the reagents but no phosphate was prepared
in the same manner,

The transmittances were read at 820 ?ﬁain the Beclman
spectrophotometer using the Corex cuvettes. Two runs were
also read at 740 ?/u in both the Beckman and Coleman
spectrophotometers. The per cent phosphorus was calcu-
lated from regression equations established for each of
these wave lengths with the respective instruments,

The cuvettes used with the Coleman spectrophotometer
were standardized according to the method suggested by
Van Devender, Jr. (1948) by determining the transmittances
of a CuS0, solution (8 g. per liter) at 740 e/o with a
number of tubes. Of the cuvettes tested 8 were selected
which showed no greater variation than 0.2 per cent trans-
mittance when neasured against an arbitrarily chosen tube
as standard., These cuvettes were then used without ap-

plying corrections to the readings.

¢. Phosphorus determinstion with the Dubosecg colori-

meter., In one run the colorimeter determinations were
made as originally suggested by Youngburg and Youngburg.
An aliquot of the digest was transferred to a 10 ml. glass
stoppered volumetrie flask; 2 ml. of a molybdate-sulfuric
acid solution (equal volumes of 7.5 per cent sodium moly-

bdate and 10 N H,S0,) and 1 ml., dilute stannous chloride



56

1
solution were added, mixed and the solution made to

volume, A known standard was prepared simultaneously in
the same manner, and the two solutions were compared in

the colorimeter after 10-15 min.

d. Phosphorus determination of vprotein preparations.

Phosphorus was determined in 0,01 - 0.02 g. samples of
protein preparations weighed into 10 ml, glass-stoppered
volumetric flasks, digested and analyzed with the Beckman

spectrophotometer as above,

e, Phosphorus determination of ether extracts.

Phosphorus was determined in appropriate aliquots of the
ether extracts of the proteins, digested and treated as

above,

10. Preparation of casein and whey proteins

a. Casein. Skimmilk, buttermilk or butterserum (250-
400 ml.,) was placed in a 1 l. beaker and C,1 N HC1l was
added dropwise with mechanical agitation until pH 4.6 had
been obtained. The precipitated casein was szllowed to
settle at 2°C for several hours whereupon the whey was re=-

moved with suction through Buchner-type funnels with coarse

fritted discs and saved for the preparation of whey proteins.

1
See footnote p. 5k,
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The casein was distributed in several conical centri-
fuge tubes and washed 6 times with distilled water. After
each washing the tubes were centrifuged for 5 minutes at
1800 rpm., and the supernatant water discarded. The washed
casein was transferred to a 1 1. beaker and suspended in
300 ~ 400 nrl, water. Sufficient 0.1 N NaOH was added to
adjust the pH to 6.8 - 7.0 and the mixture was allowed to
stand in the refrigerator overnight or longer in order to
pernit complete suspension, If necessary the pH was re-
adjusted from time to time by adding more NaOH, This sus=-
pension was extracted twice with an equal volume of ethyl
ether, and the casein was reprecipitated at pH Y4.6 with
0.1 N HCl, washed 6 times with water, once with ethanol
and once with ethyl ether. It was then dried in vacuum
for several hours and left in a desiccator over CaCl, at
atmospheric pressure for several days to become completely
dry. The granular product was ground finely with glass
mortar and pestle,

Part of the washed casein was removed before the
final alcohol and ether washings and stored in a water

suspension (saturated with toluene) until needed.

b. Whey proteins. The whey resulting from the case-

in precipitation was distributed in several Visking cello-
phane casings (1 in, diameter) and dialyzed at 35°C

against a large volume (2 1l.) of distilled water which was
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changed 2 - 3 times during 48 hours. Dialysis was con-
sidered complete when the lastwater did not give a test
for chlorides. The dialyzed whey was distributed among
several 1 1. round bottom flasks with standard tapered
(29/42) openings. The contents were caused to freeze in
a thin layer over the entire inside surface of the flasks
by rotating them in the chilled methanol bath of the lyo-
philizer after which they were fitted to the condenser
and evacuated until the proteins were dry. This could

usually be achieved in 12 - 18 hrs.

11, Extraction of casein and whey proteins.

Casein and whey proteins were extracted by a pro-

cedure used by Blix (19%1) for extracting lipids from
blood sera. $p§ proteins were suspended in a phosphate
buffer (g@?,?) or in water, 15 ml., of the suspension was

- N
placed in each of several glass stoppered 60 ml. flasks

and dry, chilled acetone was added to £ill the flasks.
The contents were mixed for 10 min., placed at - 23°C and
centrifuged for 5 min. at 1800 rpm. The supernatant mix-
ture of acetone and buffer was discarded and the flasks
again filled with acetone, agitated in a shaking device
at - 23° for 30 min., and centrifuged as above. This ex~
traction was repeated once. A chilled mixture of acetone
and ether was then added to the flasks, mixed and allowed

to stand at 0°C for 5 min. and centrifuged. Two extractions
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were carried out with ethyl ether alone at - 23°C for 15
mine. and both of these extracts together with that of the
acetone-ether mixture were collected, filtered until clear
and evaporated to dryness at moderate heat on the steam
plate, The lipid residue was taken up in fresh ether,
transferred to a 25 or 50 ml. volumetrie flask and made to
volure, Aliquots of this solution were used in estimating
the amount of lipid and its phosphorus content.

The extracted protein was dried in vacuum for 2 - 3
hours to remove the ether and desiccated at atmospheric

pressure for several days.

12, Electrophoresis of casein and whey proteins

For electrophoresis the caseins were dissolved in a
veronal-citrate buffer (0.05 M sodium barbital, 0.,0075 M
sodium citrate, 0.05 M NaCl; adjusted to pH 8.45 with
citric acid; ionic strength = 0.15) and the whey proteins
in a phosphate buffer (0.0321 M K, HPOy, 0.0036 M KH,PO,,
0.1 M NaCl; pH 7.7; ilonic strength = 0.20). The solutions
were dialyzed for at least 24 nhrs. against 2 1. of the
corresponding buffers. Electrophoresis was carried out
at 2°C + O.S° at a constant field strength of 4.5 - 6,0
volts cm~1 and was continued until maximum resolution was
obtained (usually 16C - 180 min.). Exposures were made

of the initial boundary, of the final resolution and of

cne or two intermittent patterns.
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Tracings of the negatives, magnified under a standard
photographic enlarger to 8 times the actual cell dimen-
sions, were made on co-ordinate paper. The initial
boundary exposures were superimposed on these tracingse.
The component areas were separated according to the method
described by McInnes and Longsworth (194%4+) by dropping
vertical lines from the peaks to the base line, The areas
were measured with a compensating polar planimeter taking
the average value of 5 projections. The line bisecting
the area under each gradient curve was used as a basis

for mobllity measurements,

D, Results
l. Ling titrations

a. Removal of whey from curd by centrifugation. A

routine method of separating whey from curd by centri-
fugation was adopted. The following experiment demonstratad
that the whey obtained in this manner was comparable to
that obtained by filtration as described by Ling (1936).
Samples of a bateh of skimmilk were removed at 3
acidity levels, and the wheys from.each were prepared as
follows: (1) Coagulate 150 ml, skimmilk in a beaker, cut
with a spatula, stir and filter. (2) Coagulate 150 ml,
skimmilk in a beaker, cut, stir, transfer to 4 centrifuge

tubes and centrifuge for 10 min. at 1500 rpm. (3) Coagulate
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75 mle skimmilk in each of two centrifuge tubes, cut, stir
and centrifuge for 10 min. at 1500 rpme Inr all instances
0.7 ml. rennet was used per 100 ml, milk, and the milk was
coagulated for 5 min., at 30°C,

Duplicate titrations were made of the oxalated and non-
oxalated wheys prepared by each method. The results are
presented in Table 1.

Maximum deviation among methods (0.08 ml.) was no
greater than maximum deviation between duplicates (0,10 ml.).
The sample curdled in a tube at the highest acidity level
is an exception because of an accidental delay during which
acidity developed before titration could be completed. The
results indicate that the rapid centrifugation method yield s
whey which is comparable to that obtained by the slower
method of filtration.

b. Ling's concept of guantitative estimation of col-

loidal tricalecium phosphate. When milk is titrated with
a base, dicalcium phosphate is considered to be converted

as follows (Van Slyke and Bosworth, 191ka):
3 CaHPOy = Caz(POy), + H3POy

An"overrun" acidity (o) is thus produced which is
equivalent to one hydrogen per phosphate molecule. This
acidity increase may be prevented by precipitating the

calcium with potassium oxalate, in which case an alkalinity



Teble 1, Comparison of the titratable acidity of skimmilk vhey prepared by three methods

ml, ml, 0,1 N NaCGH{ per 10 g. vhey
0.1 N
NaCH Without potassium oxalate (W7) With potassium oxalate (W:)
per
10 g, Coagulated Coagulated Coagulated Cosgulated Coagulated Coagulated
milk in in in in in in
beaker beaker tube beaker besker tube
Dup- and and and and and and
licates filtered centrifuged centrifuged filtered centrifuged centrifuged
1.77 1 1.20 1.16 1,18 0.85 0.90 0.90
2 1.18 1,18 1.20 0.84 0.80 0.90
2.53 1 1.62 1.68 1.72 1.20 1.20 1.22
2 1.70 1.70 1.62 1.20 1.22 1.22
5.74 1 3.90 3.88 b1l R.68 2.70 2.90
2 3.90 3.90 4,18 2.68 2.70 2.95

29
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factor (x) is introduced because of the formation of po-

tassium phosphate, as indicated by the equation presented

by Pyne and Ryan (1932):
Ca3(PO;,_)2 + 3K2020u = 3 Ca CzOu + 2 KBPO)‘, .

Ling (1936) reasoned that by estimating the alkalinity
(x), equivalent to the third potassium in the salt, it
would be possible to determine the colloidal tricalcium
phosphate in milk, If the ordinary titration value of
milk (M;) is the sum of casein acidity (c¢), serum acidity

(s) and the Yoverrun" (o) we have
M=¢+ s +0 .

When oxalate is added the "overrun'" acidity (o) is
removed and the alkalinity factor (x) is introduced.

Hence the titration of oxalated milk may be represented as

M =c+s ~x,
non-oxalated whey

Vig =s+ 0 ,
and oxalated whey

WZ:'S,

Assuming that (¢) and (s) are not affected by the oxalate
we have
Ml -M2=O+x

Wy - W

L}
(o]
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and
(My = ¥p) = (Wy - Wy) = x.
Using the relationship
Ca3(P0y),=0=2K;P0, =— 2 1. N acid or base the (x)

value may be converted to g. Ca3z(POy)ze

ce Ling titrationgof skimmilk, buttermilk and

butterserum. In preliminary experiments 7 random lots of

skimmilk and 3 of buttermilk were incubated after additicn
of a lactic acid culture, and samples were removed for ti-
tration at various acidity levels.

Figure 1 is a composite of data of these 10 samples
and illustrates the linear relationship of the M, to the
M, values. Similar linear functions were obtained when W,
and W, were plotted against My;. This is in agreement with
Ling's observation with whole nilk. It will be noted from
Figure 1 that in this composite set of data the buttermilk
titration values fall on the same line as the skimmilk
values.

Data from the same experiments are presented in Figure
2 and illustrate the relationship between the titratable
acidity (M;) and the value (x) equivalent to colloidal tri-
calcium phosphate. Although there are considerable vari-
ations among samples the gradual decrease of the (x) value
with increasing titratable acidity is apparent. The col-
loidal tricalcium phosphate has disappeared completely
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when My is 7.0 - 7.5 ml. This corresponds approximately
to the acidity at which milk coagulates spontaneously.

This preliminary experiment demonstrated that Ling
titrations could be applied to skimmilk and buttermilk
and give results comparable to those for whole milk re-
ported by Ling (1936).

Figure 3 summarizes titration of skimmilk, buttermilk
and butterserum derived from the same whole milk source.
In all of these products the M, value increased with the
M, value at the same rate, but the buttermilk M, titrations
were slightly higher and the butterserum M, titrations
significantly higher than those of skimmilk at the same M,
values., If the W, to Wy relationships were relatively
the same in all three products this would suggest that the
alkalinity factor (x) resulting from colloidal tricalcium
phosphate is slightly less in buttermilk than in skimmilk
and appreciably less in butterserum.

Figure 3 might also be interpreted by taking the M,
titration as the independent variable and consider that
the difference between M; and M, represents the titration
of the caseinate-phosphate complex. It may then be con-
cluded that in skimmilk and buttermilk this complex is of
greater magnitude than in butterserum.

The decrease in colloidal tricalcium phosphate with
increasing acidity in skimmilk and buttermilk is shown in

Figure 7. The rate of decrease is about the same in the
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two products, but the data indicate that the colloidal
tricalcium phesphate phase in buttermilk is smaller than
in skimmilke.

The linear relationships between the W;, W, and M,
values for skimmilk and butftermilk respectively are shown
in Figures 4 and 5. They also illustrate the more rapid
rate of increase in the W; value compared with the W, value,
This difference has been interpreted as resulting from the
gradual solution of tricalcium phosphate as the acidity in-
creases,

Titrations of oxalated and non-oxalated whey from
butterserum cculd not be obtained due to the failure of
butterserum tc coagulate with rennet.

d. Alcohol-acetone titrations. An attempt was made

to measure the serum acidity (W,) by titrating the fil-
trate from a sample of milk after precipitating the pro-
teins with an ethanol-acetone mixture (7:3). The curves
representing these titrations are also drawn into Figures
4 and 5 and illustrate that the alecchol-acetone titration
is not identical with the oxalated whey titration (W,).
In general the alecohol-acetone wvalues are lower than the
W, values until My reaches 7.0 - 7.5 rls, Then they in-
crease rapidly and become greater than the W, values.
This is approximately the acidity at which milk coagulates
 spontaneously, and the curves indicate that the alcohcol-

acetone titration does not include the c¢olloidal tricalcium
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phosphate until the acidity in the milk is sufficiently
high to precipitate the casein, With buttermilk the differ-
ence between alcohol-acetone and W, values are smaller than
with skimmilk, suggesting a less completely formed case-
inate-phosphate complex in buttermilk,

Within the acidity range in which the butterserum was
examined the alcchol-acetone titrations yielded an almost
linear relationship to M;, but the values were much higher
than those obtained with skimmilk or buttermilk. This
is illustrated in Figure 6 and may be interpreted to indi-
caté an extremely incomplete caseinate-phosphate complex
infbutterserum or the absence of one. The evidence is not
aééquate, however, since titrations of the butterserum
were not made at acidities high enough to include the
coagulation point of casein.

The absence of a rennet coagulum in butterserum, the
séft coagulum often obtained in buttermilk and the failure
té substitute alcohol-acetone serum titrations for the
oxalated whey titrations made it impossible to apply
Qing's titration scheme in a study of the acidity factors
in skimmilk, buttermilk and butterserum.
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2. Coagulation of buttermilk and butterserum using differ-

ent amounts of rennet

A batech of sweet cream was ripened with a cheese cul-
ture, At various acidity levels samples were removed,
neutralized with calcium lime1 to approximately the origin-
2l acidity, pasteurized and churned. One sample was re-
moved and processed before any acidity had developed,
Buttermilk and butterserum from these creams were used for
coagulation experiments in which varying amounts of ren-
net (0.7, l.%, 3.5 and 7.0 ml. per 100 mli. milk) were
added, Table 2 summarizes the results of the buttermilk
coagulations. With all rennet additions satisfactory
coagulation was accomplished in 10 min., although the smal-
lest rennet addition produced a slightly soft coagulum and
a slightly turbid whey. The recovery of whey (by centri-
fugation) was practically the same with all rennet addi-
tions.

The neutralized buttermilk without rennet yielded a
small casein precipitate and milky whey when centrifuged;
this was not the case with the sweet non-neutralized
buttermilk and must be aseribed to the formation of a

calcium caseinate binding all the calcium it can at a

1

Use of a sodium-containing neutralizer would have in-
hibited coagulation further, while the use of a calcium-
containing neutralizer should have aided coagulation.



Table 2, Coagulability of buttermilks to wvhich various volumes of rennet were added

Source of ml, nl, ml, Appearance of Appearance of coagulum after
buttermilk Rennet Butter- VWhey coagulum before centrifuging at 1500 rpm for

per milk re~ centrifuging 10 min,

100 ml. used covered cosgulation time:

milk : 10 min,
Run 4 0 50 none No coagulation No coagulation
Sweet cream; not 0.7 50 38 Soft Soft curd; milky whey
neutralized 3¢5 50 38 Firm Firm curd; dark whey

7.0 50 38 Firm Firm curd; dark whey

Run 4
Souwr ereamy neutral- O 50 None Soft Small volume of soft curd
ized with lime from 0.7 50 35 Firm Firm curd; clear whey
0.29 to 0.14 per 3.5 50 35 Firm Firm curd; clear vwhey
cont acid 7.0 50 28 Firm Firm curd; clear whey
Run 4
Sour cream; neutral- O 50 38 Soft, Soft curd; milky whey
ized with lime from 0.7 50 36 Firm Firm curd; clear whey
0.44 to 0,12 per 3.5 50 38 Firm Firm curd; clear vhey
cent acid 7.0 50 39 Firm Firm curd; clear whey
Run 4
Sour cresm; neutral- 0 50 38 Soft Sof't curd; milky whey
ized with lime from 0.7 50 32 Soft Soft curd; clear whey
0.54 to 0,06 per 3.5 50 36 Soft Soft curd; clear whey

cent acid 7.0 50 38 Soft Soft curd; clear vhey

YA
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lower pH than under normal conditions. The lime effect did
not interfere with coagulation in the tubes of the same
buttermilk to which rennet had been added,

The results of the corresponding buttersera are sum-
marized in Table 3. Cozagula were formed in non-neutral-
ized sweet cream sera and in one butterserum from neutral-
ized cream. In no case did the buttersera "set up" and
yield firm coagula as does skimmilk, Increased amounts of
rennet did not improve the type of curd.

3. Experiments with dialyzed, concentrated and dialyzed-

concentrated rennet

With large rennet additions some dilution of the milk
takes place, and difficulties are likely to arise because
the rennet extract itself contains 17 - 20 per cent sodi-
um chloride., Dilution of the milk and addition of sodium
chloride both tend to retard coagulation,

In order to be able to add rennet enzyme without
these effects it was decided to prepare salt-free and
concentrated rennet extracts and use these in comparison
with the normal extract.

A guantity of commercial rennet was divided in 3
parts; one was dialyzed until it was free of salt, one
was concentrated to half its volume, and one was first
dialyzed then concentrated to one third its originzal velume.
The dialyzed sample increased in volume by about 40 per

cent.



Table 3. Coagulability of buttersera to which various volumes of rennet wers added.
Sourcs of ml, ml, ml, Appearance of Appesrance of
butterserun Rennet Butter Whey coagulum beforse coagulum after
per gerum ré- centrifuging centrifuging at 1500
100 mil, used covered coagulation times rpn, for 10 min,
serum 10 min,
Run 4
Sweet cream; not 0.7 50 None Very soft Very soft; no sepa-—
neutralized ration of whey
1.4 50 None Very soft
Run 4
Sweet creamj neutral- 0.7 40 25 No coagulation Small volume of soft
ized with lime from curd; nmilky whey
0.?29 to 0.14 per cent 3.5 40 29 No coagulation
acid
Run 4
Sour cream; neutral- 0.7 50 None Very soft Small volume of soft
ized with lime from curd; milky whey
0.44 to 0,12 per cent 1.4 50 None Very soft
acid
Run 4
Sour creamy neutralized 0.7 40 7 No coagulation Scant separation of
with lime from 0.53 to 0.06 curd and whey
per cent acid 3.5 40 9 No coagulation
7.0 40 10 No coagulation
Run 5§
Sweet oream; not 0.7 40 20 Very soft Soft; milky whey
neutralized 3.5 40 20 Very soft Soft; milky whey
7.0 40 20 Very soft Soft; milky whey

84
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Chloride titration (with silver nitrate) of the dia-
lyzed whey showed that all the salt had been removed. The
salt percentage in the concentrated whey did not increase
in proportion to the reduction in volume because some of
the salt passed through the membrane to the outside of the
casing while still in solution. Evaporation left large
crystals, presumably sodium chloride, on the cellophane
bag. The salt analyses are shown in Table k,

These rennet preparations were added to normal milk
samples on basis of the original volume of the normal ex-
tract, making proper allowances for increase or decrease
in volume during dialysis and concentration. Their coagu-
lating powers were determined by adding 1.4 ml, of each
preparation to 100 ml, of milk; duplicates were run on
several milks; these were allowed to coagulate for 5 and
10 min, respectively., The curd tension of each coagulum
was measured immediately after each coagulation period.
Results of the measurements are shown in Table 5. They
indicate that the different modified rennets when applied
in this manner have practically the same coagulating power
as the original rennet.

A series of & different buttersera was obtained from
commercial churnings before salt was added to the butter,
Each normal or modified rennet extract was added to sepa-
rate samples of each butterserum at the rate of 1.4 ml.

per 100 ml, milk (on basis of the original extract) and
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Table 4. Per cent sodium chloride in normal, dialyzed and concentrated
rennet extracts.

Rennet preparation Normal Dialyzed Concentrated
I 17.1 0 23,8
II 2.5 0 27.0

Table 5., Curd tension of milk samples coagulated with normal, dialyzed,
concentrated and dialyzed-concentrated rennet extracts.,

Normel Dialyzed Concentrated Dialyzed-
concentrated

5 10 5 10 5 o 5 10
- min, min, min, min, nin, min, min, m=in,

Curd tension in grams

Rennet prep. I with
butternilk, (Past. at
91°¢C) 0 0 0 © 0 0 = =

Rennet prep. I with
raw whole milk L 11 5 11 4 12 - -

Rennet prep. II with
whole milk, (Past. at
63°C for 30 min, 5 5 5 5 2 2 2 2

Rennet prep II with
raw whole milk 4 7 4 7 3 7 2 8
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allowed to stand for 10 min. at 30°C. Coaguletion did not
take place in any of these samples even after 12 - 14 hrs;
control samples of buttermilks from the same churnings
coagulated immediately.

At the end of the 10 min., coagulation period 6 nl,
of each non-coagulated butterserum sample was transferred
to an Ostwald pipette and the time required for this
volume to flow through the capillary was recorded. The
results are presented in Table 6. One butterserum shows
an increase in viscosity in all the samnples to which ren-
net was added but there is no significant change in vis-
cosity as a result of the various modifications of rennet.

It was concluded that coagulation of butterserum
could not be accomplished either by inereasing the amount
of rennet added or by modifying the rennet by dialysis,
concentration or bothe.

4, Distribution of protein fractions in skimmilk, butter-
milk and butterserum

a. Purpose of the experiment. The non-cozgulation

of butterserum and the variations in Ling titration curves
of skimmilk, buttermilk and butterserum suggested the pos-
sibility of important differences in the distribution of
salts and proteins among these products. The distribution
of total proteins, casein, albumin, globulin, proteose-

peptone and non-protein nitrogen in skimmilk, buttermilk



79

Table 6, Viscosities of four buttersera cozgulated with normal,
dialyzed, concentrated, dialyzed-concentrated rennet
extracts,

Source of No. seconds required to empty Ostwald pipette
butterserum (30° ¢)
Normal Dialyzed Concentrated Dislyzed- Without
concentrated remnet

Sweet cream; not
neutraiized. Pest., 331 359 367
71° C for 30 min,

Crean neutralized

with NaCH from 0,24 '

to 0,12 per cent acid, 401 605 578 440
Past., 71° C - 30 min,

Crean neutralized with

NaCH from 0.24 to 0.12

per cent acid., Past. 1041 1092 869 1045 542
71° ¢ for 30 min.

Sweet crezmgnot
neutralized. Past., 348 395 354, LAY 468
73° C for 30 min,
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and butterserum from the same whole milk source was ex-
plored in the following series of experiments. The series
included 9 runs which were spaced so that milks from all
seasons were included,

be Fat and total solids contents. Fat contents of

the products were determined in all runs, and total solids
were determined in runs % to 9. Results of these analyses
are shown in Table 7. The fat contents of the skimmilk
were slightly higher than might be expected in the com-
mercial product. In some runs this resulted from the use
of a small farm separator; in the others it was due to
separation at low temperature (4 - 6°C) in a cold bowl
separator. The fat contents of the buttermilks were also
slightly higher than normal for commercial churninge.
Overnight chilling (2 - 4°C) of the cream samples before
churning in the glass jars was helpful in keeping this at
a minimum, The fat content of the buttermilk in run 9 was
exceptionally low because a special attempt was made to re-
nove the fat from it by centrifugation in plastic tubes at
10,000 rpm. After centrifugation the buttermilk was
pipetted from below the fat layer.

The fat contents of the buttersera were high because
of the difficulties of removing it completely. Although
the sample in run 9 was centrifuged at 10,000 rpm. as was
the corresponding buttermilk it still contained 3.17 per

cent fat. The high fat contents of the buttersera are
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Table 7. Fat, solids and fat-free solids contents of skimmilks,
butternilks and buttersera from the same whole milks,t

Run Skimmilk Buttermilk Butterserm

Per cent fat

1 0.12 1.94 3.42
2 0,13 3.01 4420
3 .12 2,08 FARIA
& 0.13 1.82 7.2
5 0.09 0,83 3.64
6 0.12 1.20 2.64
7 .09 1.21 3.58
8 C.11 0.76 465
9 0.13 0.42 2,17
Per cent total solids
1 - - -
2 - - -
3 - - -
llr 8.08 9080 13070
5 9.4 9.50 10,30
é6 8.56 9.62 13.9¢
7 9.14 Q.78 8,52
g 9.48 10.00 11.37
2 g.12 2,90 9,28
Per cent fat-free solids
1 - - -
2 - - -
3 - - -
A 7.95 7.92 6.46
5 9.05 2,07 6.66
6 8.44, 8.42 5,26
7 2.05 8.57 4.9
8 9.37 9.2 6,72
9 8.99 8.48 6.11

Ipetermined by the Mojonnier method.
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partly responsible for their high total solids contents
although their fat-free solids contents are lower than those
in butter milk and skimmilk,

¢c. Use of selenium oxychloride. One sample of skim=-

milk was analyzed for total-, non-casein-, non-protein- and
proteose-peptone nitrogen. To one set of duplicates was
added 2 drops of selenium oxychloride before digestion;

the other set of duplicates was digested without the cata-
lyst. The comparative results are shown in Table 8 and
indicate that selenium oxychloride does not cause any
significant difference in the results. Variations between
duplicates were as great as variations between the two
methods.

d, Distribution of protein fractions. Distribution

of the protein fractions in fat-free skimmilks, buttermilks
and buttersera is shown in Tables 9 and 10, Each analysis
is the average of triplicate determinations.

Total protein and casein contents were practically
alike in skimmilk and buttermilk from the same source but
were slightly lower in the corresponding buttersera. With
a few exceptions (runs 5, 6 and 9) the albumin content of
the buttermilk was slightly higher than that of the corre-
sponding skimmilk. In all runs the albumin content of
butterserum was significantly lower than in the correspond-

ing skimmilk and buttermilk and constituted on the average
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Table 8, The effect of selenium oxychloride on the values determined
for the nitrogen distribution in skimmilk,

Nitro- Rep- Ne Two drops of
gen licates selenium oxychloride selenium oxychloride 1)
fraction

ml, 0,02 N Per cent nl, 0,02 N Per cent
Na® =C=N nitrogen Na® == N nitrogen

1 20,65 20,85
Total
2 20,45 20.40
Ave, 0.56 0.56
Non- 1 9.55 2.85
casein
2 8.55 9.65
Ave, 0.129 0.132
None- 1 5.10 5.40
protein
2 5.10 5,10
Ave, 0.035 0.036
Protecse~ 1 4,85 Le52
peptone
2 4.50 L0
Ave, 0.064 0.061

lTechnical grade.,



84

Table 9. Distribution of protein fractions as per cent of fat-free skim-
milks, buttermilks and buttersera from the same whole milks.

Ruan Total Protsose-
orotein Casein Albumin peptone Globulin

As per cent of fat-free product

Skimmilk 2.95 2,48 0,229 0.140 0.102
Butterserum 2,63 2.30 0,184 0.102 0.044
Skimmilk 2.85 2.39 (i.153 0.198 0,096
2, Buttermilk 2.75 2,34 C.249 0.146 0.023
Butterserun 2.56 2,29 0.077 0,115 0.083
Skimmilk 2,78 A 0,255 0.133 0.051
3. Buttermilk 2.89 2.45 0.267 0,140 0.032
Butterserum 2,728 2,01 0.076 0,146 0.051
Skimmilk 3.09 2.53 0.246 0.156 0,109
4o Buttermilk 3.06 2.56 0.319 0.134 0.051
Butterserum 2,62 2,23 0.050 0,266 C.076
Skimmilk 3.21 2,71 0.279 0,150 0.071
5, Buttermilk 3.18 2.69 0,242 G.164 0.091
Butterserum 2,60 2,27 0.085 C.137 0.111
Skimilk 3,12 2,62 0.290 0.128 0,082
6., Buttermilk 3.16 2,63 0.188 0,170 0.175
Butterserum 2.37 2,03 0,029 0.158 0.152
Skimmilk 3.19 2,69 0,247 0.167 0.089
7. Buttermilk 3,26 2.6/, 0.349 0.232 C.040
Butterserum 2.60 2,31 0.087 0.149 0.056
Skimmilk’ 3.19 2,69 0,785 0.127 0.089
8. Buttermilk 3.14 2.55 0,342 0.193 0.061
Butterserum 2.55 2.12 0.051 0.255 0.116
Skimmilk 3.10 2,61 0.198 0.178 0,108
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6., Buttermilk 3,16 2,63  0.188 0.170 0.175

Butterserum 2.37 2.03 0,029 0.158 0.152
Skimmilk 3.19 2,69 04247 0,167 0,089

7. Buttermilk 3.26 2,64 0.349 0,232 0,040
Butterserunm 2,60 2,31 0.087 0.149 0,056
Skinmilk 3.19 2,69 0.785 0.127 0.089

8, Buttermilk 3.14 2,55 0,342 0,193 0.061
Butterserum 2.55 2.12 0,051 0.255 0.116
Skimmilk 3.10 2,61 0.198 0,178 0.108

9, Buttermilk - - 0.185 - 0,140
Butterserum 2.21 1.94 0,006 0.185 0,082
Skimmilk 3.05 2,56 0,242 0.153 0.089
Ave, Buttermilk 3.05 2,54 0,268 0,161 0,076
Butterserunm 2.49 2,17 0.072 C.168 0.086

Table 10. The averages of the protein fractions in buttermilk and butter-
serum from Table 9 ag per cent of the corresponding fractions
in skimmilik,

Total Proteose-
protein Casein  Albumin peptone Globulin

Buttermilk 100.00 99,2 110,7 105,2 85.4
Butterserum 81.6 84.8 20,8 109.8 96,6
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only 29.8 per cent of the skimmilk albumin.

The globulin fraction was small and variable but had
no significant tendency to be high or low in any product.
The proteose-peptone fraction was slightly higher in
buttermilk and butterserum than in the skimmilk,

In runs % to 9 the protein contents were also calcu-
lated as per cent of fat-free sclids, These results are
presented in Tables 11 and 12. Calculated in this manner
total protein and casein in skimmilk and buttermilk are
again alike. In butterserum, on the other hand, total
protein is 110.8 per cent and casein 113.9 per cent of
that in skimmilk, The albumin content of butterserum is
only 28.5 per cent of that of skimmilk. The proteose-
peptone values for butterserum are higher than those for
skimmilk and buttermilk,

Proteoses and peptones are so-called derived proteins.
In milk they result from break-down of the more complex
casein, It can hardly be assumed that proteolysis has
taken place in any of these products since they were ade-
gquately pasteurized and stored under refrigeration. In
several runs total plate counts were made on each product
immediately before it was analyzed. These plate counts
were generally lower than 10,000 per ml. and were never
high enough to warrant suspicion that proteolysis resulting

from bacterial action might have taken place.
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Teble 11, Distributicn of protein fractions as per cent of fat-free solids
in skimmilks, buttermllks and buttersera from the same whole

milks,
Runl Total Proteose~
protein Casein Albumin peptone Globulin
As per cent of fat-free solids

Skimmilk 38,76 32.34 3.08 1.38 1.96

L, Buttermilk 38.04 31.84 3.82 0.65 1.73
Buttersermm 37.99 32,28 0.74 1.11 3.85
Skimmilk 35.48 29,92 3,10 0.79 1.67

5., Buttermilk 34.79 2241 2.59 0.99 1.80
Butterserum 37.69 32.85 1.24 1.61 1.98
Skimmilk 37.00 31.07 3.48 0.96 1.51

6., Buttermilk 37.19 30.94 2.19 2,06 2,00
Butterserun 41.08 35.15 0.53 2,63 2.75
Skimmilk 35.34 29,79 2.73 0.98 1.85

7. Buttermilk 37.58 30.43 4,08 0.47 2,61
Butterserum 50,84 45,17 1.67 1.08 2.92
Skimmilk 34.05 28.71 3.04 0.94 1.36

8, Bubtermilk 33.78 27.37 3,67 0.66 2,09
Butterserum 36,12 30.11 0.77 1,65 3.59
Skimmilk 34,76 29.35 2.26 1.94 1,21

9. Buttermilk - - 2.19 - 1.63
Butterserum 35.15 30.82 0.11 2.95 1,28
Skimmilk 35.9 30,2 2,95 1.12 1.59
Ave, Busttermilk 36.3 30.0 3.09 .07 1.27
Butterserum 39.8 344 0.8 1.84 2.73

1Total solids were not determined on the skimmilks, buttermilks and
buttersera in runs 1, 2 gnd 3. For that reason they could not be included
in this table.

Table 12, The gverages of the protein fractions in butitermilk and butter~
serum from Table 11 as per cent of the corresponding fractions
in skimmilk,

Total Proteose-
protein Casein Albumin peptone Globulin

Buttermilk 101.1 99.3 104.7 86,6 123.9
Butterserum 110.8 113.9 28,5 1643 171.4
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The non-protein nitrogen contents presented in Table
13 are an even better indication that proteolysis did not

take place.

Table 13. Non-protein nitrogen content of skimmilks,
buttermilks and buttersera from the same
whole milks.

Non-protein nitrogen
Per cent of fat-free

Run Skimmilk Buttermilk Butterserum
1 0.032 0.038 0.031
2 0,033 0.035 0,028
3 0.036 0.037 0,025

0.03% 0.037 0,029

5 0,024 0.027 0.022
6 0,027 0,026 0.018
7 0.026 0.014 0.020
8 0.027 0,027 0.031
9 0.026 - 0.024%
Ave, 0.029 0,030 0.025

Non-protein nitrogen shows few variations between products
or between runs., It is only slightly lower in butterserum
than in skimmilk or buttermilk,

On the basis of fat-free solids the globulin fractions
in buttermilk and buttersera are 123.9 and 171.%4 per cent
respectively of that in skimmilk., The globulin fraction
is comparatively small in all the products, and no signifi-

cance can be attached to the large percentage increase
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in butterserum as compared with skimmilk,

e. Effect of heating on the albumin and non-casein

fractions. The most significant result of the analyses re-
ported above is the consistently low albumin content in
butterserum. It might be argued that this was the result
of some treatment of the product rather than a property of
it.

Butterserun is removed from butter by a melting pro-
cess in which the butter is heated to 55°C for 60 - 80
min, If this treatment results in heat denaturation of
the albumin one would expect the albumin content to de-~
crease and the casein content to increase proportionally.
The averages in Table 14 indicate that in butterserum
albumin constitutes a smaller percentage of the total pro-
tein than in skimmilk or buttermilk, but only part of this
difference is accounted for in the larger percentage of
casein in butterserum.

In order to test the effect of heat-treatment on
butterserum during melting of the butter a sample of skim=-
milk was divided in two parts; one was heated in water
bath at 55°C for 90 min., the other was not heated., The
various protein fractions were determined in the two samples;
the results are shown in Table 15. Although there were
some differences in globulin, proteose-peptone and non-

protein nitrogen contents there was no evidence that the
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Table 1/, Protein fractions as per cent of total protein in skimmilks,
buttermilks and buttersera from the same whole milks,

Run Casein Albumin Proteose- Globulin
peptone
As ver cent of total protein

Skimmilk 8h.1 7.7 be'7 3.5
1 Butternilk 8.6 9.3 3.7 2.4
Butterserum 87.5 7.0 3.8 1.7
Skimmilk 83.9 5.6 6.9 3.6
2 Buttermilk g5.1 9.0 5.1 0.8
Butterserum 89.4 3.0 Le5 3.2
Skimmilk 84.1 9.4 4.7 1.8
3 Buttermilk 84.8 9.3 4.8 1.1
Butterserum 82,2 3¢5 6.2 2.1
Skimmilk 83.5 8.0 5.0 3.5
Butterserum 85.0 1.9 10.2 2.9
Skirmilk STANA 8,7 L'l 2.2
5 Buttermilk 8L.5 7.6 5.1 2.8
Butterserum 87.3 3.2 5.2 Le3
Skirmmilk 84.0 9.3 4.1 2.6
6 Buttermilk 83.2 5.9 54 545
Butterserum 85.7 1.2 6.7 6.4
Skimmilk 84.3 7.7 542 2.8
7 Buttermilk 81.0 10.7 7.1 1.2
Bubtterserum 8s8.8 3.3 5.7 2.2
Skimmilk 8443 8.9 4.0 2.8
8 Bu‘btel’milk 81.2 10 .8 6.1 1.9
Butterserum 83.4 2.1 9.9 4.6
Skimmilk 8.3 6.4 3.5 5.8

9 Buttermilk - - - -
Butterserum 87.6 0.3 3.7 Bud
Skimmilk 84,1 8.0 be'7 3.2
Ave, Buttermilk 83.5 9.1 5.2 2.2
Butterserum 87.0 2.8 6.2 4.0
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Table 15 Effect of heat treamentl on the distribution of the protein
fractions ir a sample of skimmilk,

Total Proteose~ Non-protein
protein Casein Alburin Globulin peptone nitrogen

As per cent of skimmilk

Not
heated 3.21 2.62 0.258  0.115 0.206 C.032
Heated at
55° C for 3.34 2.65 0.282  0.069 0.346 C.018
90 min,

lirhe heat treatments applied to the skirmilks are comparaeble to the
heating of the buttersera when meiting the butter.

Teble 16, Effect of heat treatmentl on the non-casein nitrogen in three
sarmvles of skimmilk,

Per cent
Sample non-casein
nitrogen
Not heated 0.108
1 Heated at 55° C
for 80 min, 0.108
Not heated 0,107
2
Heated at 54° C
for 120 min. 0,113
Not heated 0.123
3 o
Heated at 55 C
for 90 min, 0.127

lThe heat treatments applied to the skimmilks are comparable to the
heating of the buttersera when melting butter,
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heat-treatment lowered the albumin or increased the case-
in contents.

In Rowland's scheme of milk protein analysis the al-
bumin nitrogen is found indirectly by subtradting the sum
of globulin-, proteose-peptone- and non-protein nitrogen
from the non-casein nitrogen. Thus by determining the
non-casein nitrogen in heated and unheated duplicates of
the same milk an easy check could be made on the effect of
melting the butter on heat denaturation of albumin.

The results of 3 such experiments are shown in Table
16. They indicate that the heat exposure alone during
preparation of the butterserum did not cause any reduction
in the non-casein nitrogen and hence in the albumin content.

f. Significance of the low albumin content in butter-
serum, Two hypotheses may be presented to explain the low
albumin content in butterserum, One is that the washing
of butter granules during the buttermaking process has
caused part of the albumin to "dissolve" and to be washed
away. This is not likely, however, since butterserum is
relatively well dispersed in butter in the granular stage.
Washing of butter granules removes only the buttermilk
which i1s not dispersed within the butter granules. It
seems logical to assume that all fat-free compounds are
removed at the same rate.

The other hypothesis is that albumin has been re-

moved by some mechanism of the churning process.



92

During the churning of cream a foam develops which,
according to Bird et al. (1937) is stabilized primarily
by the labile materials in the fat globule-serum inter-
phasej these materials will then detach from the fat sur-
face and migrate into the water phase., When the fat
globules are packed sufficiently tightly in the foam
walls the condition there will be like that in heavy
cream (60 - 65 per cent fat) which is composed only of
the fat globule and its adsorbed membrane as suggested by
Jack and Dahle (1936).

Under these conditions the fat emulsion will be de-
stabilized and the fat globules coalesce to form macro-
scopic granules, The non-labile hydrophiliec proteins
still adsorbed on the fat globules will also be released
from the fat surface and become part of the buttermilk,

The suggestion is offered here that albumin is one
of the principal components of the labile protective ma-
terials on the fat globule and that it is removed from
the fat surface faster and in greater proportion than case-
in which is likewise one of the labile materials.

The figures in Tables 9 and 10 would substantiate
such a hypothesis. They show that there is, on the aver-
age, a slightly higher albumin content in buttermilk than
in skimmilk. From any given churning the weight of butter-
milk obtained is a little more than 10 times the weight

of butterserum which may be removed from the butter. On the
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basis of these relative quantities and the differencesin
per cent albumin between skimmilk and buttermilk (0.026
per cent) and buttermilk and butterserum (0.196 per cent)
it may be estimated that the slightly higher albumin con-
tent in buttermilk over that in skimmilk will more than
account for the loss of albumin in the butterserum.

The evidence is weakened somewhat by the fact that,
in runs 5, 6 and 9, the albumin content of buttermilk was
slightly lower than in the corresponding skimmilk, This
does not necessarily exclude the possibility that albumin
from the fat-serum interphase is removed with the butter-
milk,

In the light of current rennet coagulation theories
it is doubtful that the low albumin content in butterserum
in itself could be responsible for the non-coagulation
phenomenon. It is possible, however, that the albumin
carries with it into the buttermilk some of the colloidal
phosphate that had been adsorbed on the casein in the man-
ner of the veast preparations used by Van der Burg (1949).

According to van Dam (1908), Beau (1941), Pyne (1945)
and Berridge (1951) the phosphate-éaseinate complex plays
an important role in the formation of a normal coagulation
in milk and the disturbance of such a complex might con-
celvably be a cause of the non-coagulability of butter-
serume The caleium and phosphorus assays reported below

are in agreement with this hypothesis.
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5« Distribution of calcium in skimmilk, buttermilk and
butterserum

Total calcium was determined in skimmilk, buttermilk
and butterserum from the same whole milk source. The
series included 4 runs, and the results are presented in
Table 17.

Rothlin and von Bidder's (1945) modification of the
Kramer - Tisdall (1921) method used in these experiments
gave excellent checks with duplicate samples. The authors
of the modification claimed the method to be accurate to
+ 0.5 per cent.

The calcium content of buttermilk (on fat-free pro-~
duct basis) was approximately 80 per cent of that in skim~-
milk, and the caleium content of butterserum was 55 - 58
per cent of’that in skimmilk. For each product there were
only insignificant variations armong the & runs (with the
exception of the skimmilk sample in run 1l,which was low).

When calculated as per cent of fat-free product the
differences between the calcium content in buttermilk and
butterserum became much smaller,

In butterserum both sets of values are so constant
from one run to another that it suggests a limiting wvalue
for calcium in this product, There are too few analyses,

however, to permit any conclusion in that respect.
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Table 17, Calcium contents of skirmilks, bubttermilks and buttersera from
the same whole milks,

Run Repli- Fat Total Caleium
cates solids

As per cent of

Product Fatefree TFat-free solids
product in product
Skimmilk 1 0.108
2 0.109
Ave, 0.04 7.49  0.109 0.109 1.46
Buttermilk 1 0.103
1 2 0,103
Ave, C.%0 8.86 0©.103 0.104 1.29
Butterserum 1 0.069
2 0.069
Ave, 7.53 13.47 0,069 0.075 1.17
Skimmilk 1 0.128
2 O ° 129
Ave, 0.11 8.72 0.129 0.129 1.47
Buttermilk 1 C.097
2 2 0.097
Ave, 1,12 2.80 0.097 0.098 1.12
Butterserum 1 0.073
2 0.072
Ave, 4,04 10.54 0.073 0.075 1.10
Skirmilk 1 0.122
2 0.125
Ave' 0015 9007 00324 0‘121" 1-39
Buttermilk i 0.097
3 2 0,097
Ave, 1,44 8.75 0.097 0.098 1.33
Butterserum 1 0,064
2 0.064
Ave, 6,11 11,93 0,064 0,068 1.17
Skimmilk 1 0.122
2 0.122
Ave, 0.13 9,12 0.122 0,122 1.36
Buttermilk 1 0.103
4 2 0.102
Ave, 0.42 8,90 0.103 0.103 1.21
Butterserum 1. 0.069
' 2 0,068

Ave, 3.17 9.28 0.069 0.071 1.13
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The figures lend support to the hypothesis discussed
in the succeeding section that calcium phosphate has been
removed from the calcium caseinate-phosphate complex in
butterserum and indicate that the caleiur remaining is
bound more tenaciously to casein.

When milk, which will not coagulate satisfactorily
with rennet, is encountered in cormercial practice the
addition of calcium ions (as CaCl,) is the common remedy
employed to effect satisfactory coagulation.

An experiment was performed to investigate the possi-
bility of improving the coagulability of butterserum by
this means, Sufficient CaCl, was added to a sample of
butterserum to increase its total calcium content to that
of the skimmilk from the same whole milk source. Control
samples of skimmilk and buttermilk from the same whole
milk, a sample cf butterserum without added CaCl, and the
butterserum with added CaCl, were included in the experi-
ment. All samples were set with 0.7 ml. rennet per 100
ml, milk, in 50 ml, beakers at 30°C,

The results are presented below,

pH Coagulum after 30 min.
Skimmilk 725 firm
Buttermilk 7.20 firm
Butterserum 7.20 very soft
Butterserum + CaCl,; 7.40 very soft
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The addition of CaCl, did nct produce a firmer coagu-
lum in the butterserum than was obtained without it. All
samples were allowed to remain at room temperature over-
night. At the end of this periecd the coagulum in the skim~-
milk and buttermilk had shrunk and produced a large volume
of whey. The coagulum in the two butterserum samples was
still soft and milky and had expelled no whey.

This experiment suggests that the significantly low
calcium content in butterserum in itself is not the cause
of the non-coagulability of butterserum.

6. Distribution of phosphorus in skimmilk, buttermilk
and butterserum

a. Bvaluation of methods.

(1)e Digestion of samples. The technique de-

scribed by Youngburg and Youngburg (1930) for digesting
the various blood serum fractions presented several dif-
ficulties. The use of graduated test tubes did not afford
proper volumetric accuracy. The introduction of silica
pebbles in the digestion mixtures likewise caused errors.
Finally it proved difficult to carry out digestion in test
tubes without frequent spattering and loss of sample.
Digestion in 10 ml. volumetric flasks standing up-
right on a hot plate and equipped with small glass funnels
enabled the digestion to be carried out without spattering.

It also permitted preparation of accurately measured ali-

quot Se
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(2). tability of blanks. In the method

originally described the phosphomolybdate was reduced in
cold solution and compared visually with a known stand-
dard in a colorimeter., It seemed desirable to make the
color comparisons spectrophotometrically, in order to in-
crease the accuracy., Likewise, it seemed advisable to
investigate the stability of the color of the reduced
solution,

The latter was tested by the following experiment.
To each of two 10 ml. glass stoppered volumetric flasks
was added 2 ml. of standard phosphate solution (1 ml, =
0.01 mg. P), 6 ml, water and 2 ml. of a soluticn contain-
ing equai volumes of 7.5 per cent sodium molybdate and 10 N
H,S04. One ml, of dilute SnCl, solution was added and the
volume made to 10 ml, Transmittances were read in the
Coleman, model 11, spectrophotometer at 660 m/u (Dyer and
Wrenshall, 1938) at short intervals during 20 - 2% min.
These readings are presented in Figure 8, They demonstrate
the instability of the color and the difficulty of pro-
ducing the same color intensity with identical concen-
trations of phosphorus when the reaction proceeded at room
temperature,

Later Smith et al. (1939) called attention tc the in-
fluence of SnCl, concentration and to the importance of

using fresh SnCl, free of stannic tin. Fontaine (1942)
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reported a method of reducing the phosphomolybdate in
boiling solution which produced a stable color. These
factors were examined in two experiments.

In the first experiment 4 blanks were prepared by
rixing 2 wl. 10 N H,S04, 2 rl. 7.5 per cent sodiuvm molyb-
date and 1 ml, dilute SnCl, solution in 25 ml. amber-
colored, glass-stoppered volumetric flask. Two of the
blanks were made with an old SnCl, sample, the other two
with SnCl, from a freshly opened bottle. One blank with
0ld and one with fresh SnCl, were mixed at room tempera-
ture, and the other two were boiled for 20 min. after ad-
dition of SnCl,. After cooling and making to volume the
transmittances were read against distilled water in the
Coleman spectrorhotometer. Readings were made at various
intervals during 6 hrs. The results are shown in Figure 9.
The transmittances of the samples prerared at room tempera=-
ture decreased after 30 min. After 1 hr. transmittances in-
creased in all samples. Those prepared with old SnCl,
gradually lost all color during the 6 hrs. while those
prepared with fresh SnCl, stayed fairly stable during 5
hrs, The blanks prepared with fresh SnCl, had lower transe
mittances than those produced with old SnCl,.

In another experiment 2.5 ml, of the fresh SnCl, so-
lution was added to each blank, one was boiled, the other
prepared at room temperature, Figure 10 1llustrates the

superior stability of the blank prepared by boiling,
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Standard phosphate solutions prepared in this manner were
observed to produce colors which remained stable over a
period of 6 hrs.

(3). Influence of boiling time. Three samples
each containing 0.02 mg. P per 25 ml. were prepared ac-
cording to Fontaine's (1942) method. The flasks were re-
moved from boiling water after 4, 9 and 20 min. respect-
ively. After cooling and making to volume spectral trans-
mittance curves of each were prepared in the Coleman
spectrophotometer (PC-4 filter). All solutions showed
maximum absorption at 760 %/L regardless of boiling time.
The sample boiled for 4 min. did not develop the same color
intensity as those boiled for 9 and 20 min. This demon-
strated that boiling for 9 min, is sufficient to produce
maximum color. The curves are presented in Figure 1l.

(4). Influence of filter. When readings are

made above 650 %/4 in the Coleman, model 11, spectrophoto-
meter a PC~5 (red) filter must be used to prevent the ef-
fects of stray light. With this filter a reduced phospho-
molybdate solution did not exhibit maximum absorption
within the spectrum available with this instrument. This
situation is illustrated in Figure 11 (curve 4).

The spectral transmittance curves of two phosphate
solutions obtained with the Beckman, model DU spectro-

photometer are presented in Figure 12. They show maximum



Fig. 11, Effect of heat treatment on transmittance of
reduced phosphomolybdate solution (0.20 mg. P per 25 ml.),
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Fig. 12.

Spectral transmittance of two concentrations of

reduced phosphorolybdate (A: 0.015 mg. P per 25 ml.;

B: 0,020 mg. P per 25 ml.).
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absorption at 820 §#> s Which is in agreement with
Fontaine (1942).

b Calibration curves. Six standard solutions and

a blank were prepared according to Fontaine's method.
These were used in establishing the points for reference
curves at 740 my and 820 mi in the Beckman and at 740
%/L in the Colgman spectro%hotometer (PC-L4+ and PC-5 fil-
ters). The wave length, 740 msu , was chosen in order not
to operate too near the end og the spectrum in the Coleman
instrument, The followling regression equations were calcu-
lated statistiecally. In these equations G represents the
per cent transmittance.
Beckman (820 mu )3

Log G = 1.99322 - 30,7787 (mg. P per 25 ml,).
Beckman (740 mu )3

Log G = é.00886 ~ 19,6966 (mg. P per 25 ml.).
Coleman (740 mu )¢

Log G = 5.00000 - 22,4165 (mg. P per 25 ml.).

The curves are presented in Figure 13. Beer's law
applies for concentrations up to 0,030 mg. P per 25 ml,
except when the PC-4 (purple) filter is used with the
Coleman spectrophotometer.

c. Recovery experiment. A sample of skimmilk was

analyzed for total, inorganic and acid soluble phosphorus.
To another portion of this sample a known quantity of

Na,HPOy was added to increase the total phosphorus content



Fig. 13. Standard phosphorus reference curves from

reduced phosphomolybdate solutions,
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4 times., The sample to which Na,HPO, was added was like-
wise analyzed for total, inorganic and acid-soluble phos-
rhorus. The results are shown in Table 18.

Recovery of total and inorganic phosphorus was satis-
factory; that of acid soluble phosphorus slightly higher
than the calculated value,

8. Phosphorus analyses with the Beckman and Coleman

spectrophotometers. Although a reduced phosphomolybdate

solution prevared by boiling does not exhibit maximum ab-
sorption within the spectrum of the Coleman, model 11,
spectrophotometer it is evident (Figure 13) that the cali-
bration curve with a PC-5 filter at 740 ?po follows Beer's
law. Likewise the slope of the curve indicates a reason-
ably large change in transmittance with phosphorus concen-
trations For this reason it was considered of interest

to compare the results obtained with the Coleman and
Beckman instruments on the same samples,

In runs 2 and 3 transmittances were measured at 740
and 320 %f‘ in the Beckman spectrophotometer and at 740 %/o
in the Coleman spectrophotometer., The results are summar-
ized in Table 19, They show that varlations between dupli-
cate samples are as large as variations among the three
sets of readings for the same sample. It may be concluded
that the Coleman, model 11, spectrophotometer equipped with
a PC-5 filter may be used satisfactorily for the phosphorus

analyses.



Teble 18. Recovery of phosphorus added to a sample of skimmilk,
Phos= Phosphorus content
phorus Replicates g. per 100 g, milk Per cent
fraction recovery
In In skimmilk after
original addition of disodium
skimmilk phosphate
Calculated Found
1 0.0833 0.3333
Total 2 0.C798 0.3610
3 0.0805
Ave, 0.0812 C.3485 0.2472 29.6
Max, dev, 0.0021 €.0138
1 0.0610 0.3218
Ine- 2 0.0595 0.3178
orgenic 3 0.0605 0.3370
Ave. 0.0603 0.3272 0.3255 99.3
Max, dev, 0.0008 0,0115
1 0.0706 0.3519
Acid- 2 0.0687 0.3466
soluble Ave. 0.0697 0.3372 0.3493 103.6
Deviation C.0010 0.0026
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Table 19, Phosphorus contents of skimmilks, buttermilks and buttersera from the sam
two different instruments and at two wave lengths,

Per cent phospk‘zorus
Phosphorus FRun Repli- Skimmilk Buttermilk

fraction no, cates  Colemenl Beckman Beckman Max., Colemanl Beckman Bec

740 I?/J 740 y/ 820 n}c( var, 71.0?4{ 740 914 820

1 0.112 0.111 0.113 0.002 0,020 C.081 0.0

2 2 0.118 0,119 0,123 0.C05 ©.083 .08 0.0

Ave, 0.115 0,115 0,118 C.082 £.083 0.0

Total 1 0,225 0.229 0.236 0,011 0,192 ¢,190 0,1
3 2 0.230 0,231 0,233 C.003 0,174 0,170 C.1

Ave. 0.228 0.23C 0.235 C.183 ¢,180 0.1

1 0.075 0.073 0.069 0,006 C.057 G.058 C.0

2 2 0.077 0.075 0,065 €.012 0.057 0.055 0.C

Ave, 0,076 0.074 0,067 0,058 0.057 0.C

In- 1 0.068 0.068  C,070 0,002 (.03 c.032 G.0
organic 3 2 0,076 0.077 0.076 0,001 0,037 0.036 0.0
Ave, 0.072 0.073 C.073 0.036 C,034 0.0

1 0.083 0.084 0.079 0.C05 C.076 C.075 o0

2 2 0.080 C.080 0.072 0.008 0,066 ¢.066 0,.Gi

Acid Ave, 0,082 0.082 £.076 ¢.071 ¢.071 C.0t
soluble 1 C.190 0,195 C.180 0.005 0.142 C.145 C.L
3 2 0.171 0.171 0.163 (.008 0,135 C.135 .1l

Ave, 0.181 0,183 0.174 0,139 C 14O 0.1

1 0.012 0.013 0.011 ©,002 C.011 £.011 0.0:

2 2 0,012 0.012 0.011 0.001 - - -

Iipid Ave, 0.012 0,013 0,011 0.,C11 £.011 0.0
1 0.035 0.036 0.032 0,004 C.018 .C17 0,0

3 2 0,035 0.036 C.033 0.003 - - -

Ave, 0.035 0.036 C.033 0,018 0.017 0.0

lyith PC-5 filter.






- buttermilks and buttersera from the same whole milks,

at two wave lengths,

Transmittance readings made in

Per cent phosphorus in

Buttermilk Butterserum
. Beckman Mex, Colemanl Beckman geckman. Max Colemanl Beckman Beckman Max.
- 820 m var., 740 70 n 20 mey var, Ti0m 70 m 820 m«  var.
y / /'/ 40 / 40 /u /
0,113 0,002 (.080 C.081 0.075 0,006 0.179 0,188 0.184 0.009
0.123 0.C05 C.083 C.084 0.085 0.002 0,159 0.166 0.171 0.012
0.118 C.082 0,083 0.080 0.169 C.177 0.178
0.236 0,011 ©.192 C,190 C.197 0.007 0.214 0.216 0.223 0.C09
0.233 C,003 0.174 C.170 0,182 0.012 0,226 0.232 0.215 0,017
0.235 C.183 0,180 0.1%0 0.220 0224 0.212
0.069 0,006 C,057 0,058 C.052 C.002 0.043 0043 0.043 C.0
0.065 ©.012 0.057 0.055 0.056 0,003 0.035 0.035 0.035 0.0
0,067 0.058 0.057 0,058 0.03% C.039 0.039
¢.070 0,002 ©,034 0.032 0,031  0.003 0C.036 0.037 €.03%  ©,002
0.076 0,001 0,037 0.036 0.030 0,007 0,036 0.036 .036 G.0
0.073 0.0326 C.034 0.031 0.036 0.037 C.037
0,079 0.0C05 C.076 C.075 0.C070 c.006 0.075 0.C76 0.C069 0.007
0.072 0,008 0,066 C.066 0,068 0.002 0.052 C.061 ¢.059 0.002
C.076 .07 C.C71 C.069 0.067 0.06% 0.C70
C.180 0,005 C.1l42 - C.145 C.139 0.006 0,093 0.095 0.092 0.003
0,163 0,008 0.135 C.135 0,137 0.002 0.108 0.112 0.109 0.004
0.174 0,139 C.140 0,138 C.101 0,101 0,104
0.011 0,002 C.011 C.011 0.011 0.0 C.076 c¢,079 0.075 0.004
0.011 0,001 o - - 0.084 0,087 0.085 0.003
0.011 0.C1l1 c.011 0,011 0.080 0.083 0.080
0.032 0,004 0,013 C.C17 0.017 0.001 0.136 0.139 0142 0.006
0,033 0,003 ~ - - - - -
0.033 0,018 0.017 0.017 0.136 0,139 C.142
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e. Phosphorus in skimmilk, buttermilk and butterserum.

Total, inorganic, acid-soluble and lipid phosphorus con-
tents were determined in skimmilk, buttermilk and butter-
serum from the same whole milk source., The series included
the same 4 runs used for calcium determinations. The
phosphorus contents as per cent of the product are present-
ed in Table 20 and as per cent of fat-free product and of
fat-free solids in Table 21.

Total phosphorus in a given product showed wide vari-
ations between runs. It was generally lowest in the butter-
milk,

Inorganic phosphorus varied considerably in the butter-
milks but was rather constant in the skimmilk and butter-
serum although it was significantly lower in the latter than
it was in skimmilk,

Acid-soluble phosphorus includes the inorganic phos-
phorus plus that which can be obtained in the trichloro-
acetic acid filtrate upon digestion. Except for the skim-
milk sample in run 3 its value in all products is higher
than the corresponding value for inorganic phosphorus.

This increase may represent part of the phosphorus bound
to casein by phosphate ester linkages, some of which might
be broken during the trichloroacetic acid precipitation.

With the exception of run 3 the lipid phosphorus con-
tent of skimmilk and buttermilk generally is low. Run 3 shows
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Table 20. FPhosphorus contents of skimmilks, buttermilks and butitersera
from the same whole milks,

Dupli-
cates 1 2 3 A

Total phosphorus as per cent of product

1 0,095 0,113 0.236 0.081

Skimmilk 2 0,094 0.123 0,233 0.105
Ave, 0.095 0.118 0.235 0,093

1 0.095 0.075 0,197 0.099

Buttermilk 2 0,088 0.085 0,182 0,093
Ave, 0,092 0,080 0,190 0.096

1 0.093 0.184 0,223 0,107

Butterserum 2 0.082 0.171 0.215 0.105
Ave, 0,088 0,178 0.219 0.106

Inorganic'phosphorus as per cent of product

1 0.063 0,069 0,070 0,066

SkAmmilk 2 - 0.065 0,076 0,073
Ave, 0,063 0.067 0.073 0.070

1 0,060 0.059 0,031 0,076

Buttermilk 2 0.062 0.056 0.030 0,083
Ave, 0,061 0.058 0.031 0.080

1 0.035 0.043 0.038 0.036

Butterserun 2 0.034 0.035 0.036 0,033
Ave, 0,035 0,039 G.037 0,035

Acid soluble phosphorus es per cent of product

1 0.071 0,079 0,190 0.078
Skimmilk 2 - 0,072 0.163 0,072
Ave, 0.071 0.076 0.174 0,075

1 0.075 0.Q70 0.047 0.081

v






Inorganic phosphorus as per cent of product

1 0,063 0.069 0,070 0.066

Skimmilk 2 ~- 0,065 0,076 0,073
Ave, 0,063 0.067 0.073 0.070

1 0,060 0.059 0,031 0.076

Buttermilk 2 0.062 0.056 0.030 0.083
Ave, 0.061 0,058 0.031 0.0£0

1 0.035 0.043 0.038 0.036

Butterserum 2 0.034 0.035 0.036 0.033

Ave., 0.035 0.039 G.037 C.035

Acid soluble phosphorus as per cent of product

1 0,071 0,079 0.190 0,078

Skimmilk 2 - 0,072 0.163 0.072
Ave, 0.071 0,076 0,174 0,075

1 0,075 0,070 0.047 0.081

Buttermilk 2 0,074 0,068 - 0,076
Ave, 0.075 0,069 0.047 0.079

1 0.043 0.069 0,092 0,042

Butterserum 2 0.043 0.059 - 0,109 0,043
Ave, 0.043 0.064 0.101 0.043

Iipid phosphorus as per cent of product

i 0.013 0.011 0.032 0.002

Skimmilk 2 0.011 0.011 0,033 0.002
Ave, 0.012 0,011 0.033 0,002

1 0.011  0.011  0.017  0.011

Buttermilk 2 0,012 - - 0.010
Ave, 0.012 0.011 0.017 0.011

1 0.068 0,075 0.142 0,055

Butterserum 2 0.063 0.085 0.055

Ave, 0,066 0.080 0142 0.055

lthe transmittances in run 1 were read in a Duboscq colorimeter;
those in runs 2, 3 and 4 were made in the Beckman spectrorhotometer at
820 mu

/
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Table 21, FPhosphorus conients of skimmilks, buttermilks and butiersera
from the same whole miiks,

Phosphorus
As per cent of fet-free As per cent of fat-free
product solids in product
Run Skimmilk Buttermilk Butterserum Skimmilk Bubtermiik BEubtterserum
Total
1 0.095 0.092 0.095 1.27 1.15 1.48
2 0,118 0,081 0,185 1.37 0.92 2.7
3 0.235% 0,193 0.233 2.63 2.60 3,76
4 0.093 0,096 0,109 1.03 1.13 1.73
Inorganic
1 C.063 0.062 0.038 C.85 0.77 C.58
2 C.,067 0.C59 C.041 .78 C.67 C.60
3 £.073 0.031 C.039 c.82 C.42 O.64
A 0.C70 0.080 C.0326 .78 C.94 C.57
Acid sbdluble
1 0,071 0.075 0.CA7 0.95 .94 c.73
2 0.076 C.070 0.067 0.88 .79 0.98
3 0.174 048 G.108 1.95 0.64 1.73
4 0.075 0.079 D.C43 0.83 .93 0.69
Iipid

1 0.012 0.C12 C.069 0.16 0.15 1.10
2 0,011 0,011 C.084 0.13 0.13 1.23
3 0.033 0,017 C.151 .37 0.23 244
A 0.002 0.011 0,057 .02 C.13 .90
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Lipid phosphcrus in butterserum was 5 to 25 times
higher than in skimmilk or buttermilk. This agrees with
the findings of Jenness and Palmer (194%5), who observed
that washed cream butterserum had a higher phospholipid :
protein ratio than washed cream buttermilik.

Their explanation of this fact was based on the con-
cept presented by Bird et al. (1937) of a non-labile
phospholipid-protein complex irreversibly associated with
the fat globule surface. Jenness and Palmer (19%5a) pos=-
tulated that, during churning, the phospholipid-protein
complex is disrupted in such a manner that some of the
protein-phosphelipid linkages as well as some of the phos-
pholipid-fat linkages are broken. Therefore, the butter-
milk would contain a phospholipid-protein complex which
was richer in protein than the original complex at the
fat surface. The butterserum is left with a phospholipid-
protein complex relatively richer in phospholipid than the
original complex. When the butter is melted the phospho-
lipid, still clinging to the fat, is finally released in
the butterserum carrying with it a number of high-melting
fat globules,

The buttersera used in these experiments were not
prepared from washed-cream butter, but the high lipid
rhosphorus content of the butterserum compared to the
corresponding buttermilks is still evlidence that phospho-
lipids are intimately associated with the fat globule
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surface. Additional evidence of a phospholipid-protein
complex will be presented in a succeeding section.

In Table 21 the differences between inorganic phos-
phorus in skimmilk and butterserum are relatively constant.
In Table 17 the same may be observed with respect to total
calcium, If these differences are calculated as gram
equivalent weights it is found that the ratios of Ca to P,
represented by these differences, in runs 1 to % are 1.1,
1.6, 1.3 and 1.2 respectively. Thus butterserum contains
less inorganic calclum and phosphorus in amounts which
suggest that they have been removed as CaHPO, or Ca3(POy):.
The Ca/P ratios in these compounds are 1 and 1,5 respect-
ively.

According to ter Horst (1947), Pyne and Ryan (1950)
and others, both of these phosphates may be present in the
calcium caseinate-phosphate complex. If they are bound
to casein by rather weak forces it is entirely possible
that the variations observed above might occur.

The fate of the inorganic phosphorus in butterserum
cannot be accounted for by an increase in inorganic phos-
phorus in buttermilk except in run 4. Otherwise the inor-
ganic phosphorus in buttermilk is lower than in skimmilk
and in run 3 actually lower than in the butterserum. The
problem is also complicated by the fact that total phos-

phorus is higher in butterserum than in the other two
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products, although much of this results from the high
lipid phosphorus content of this product,

The data from these experiments may be taken in sup-
port of the evidence from the Ling titrations which indi-
cated that the calcium caseinate-phosphate complex in

butterserum is either disrupted or incompletely formed.

7. Casein and whey protein preparations from skimmilik,

buttermilk and butterserum .

a. General characteristics of the preparations. Two

different lots of whole milk were employed. From each lot
casein and whey proteins were prepared from the skimmilk,
buttermilk and butterserum. Skimmilk casein produced a
coarse, well-defined precipitate at the isoelectric point.
The whey was clear and filtered easily. The dried casein
had a clean, white color,

The casein precipitate in buttermilk was much finer
than that in skimmilk, and the whey was slightly turbid.
Separation of the precipitate was easily accomplished by
centrifugation; the whey filtered well,

The volume of 0.1 N HC1 required to reach a pH 4.6
in skimmilk and buttermilk was 125 - 150 ml. per 400 ml,
milk, In butterserum it was 60 - 80 ml. per 400 ml.
serum. This indicated a lower buffer capacity in butter-
serum than in skimmilk or buttermilk; it correlates with

the observation reported in the preceding section that
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the inorganic phosphate content in butterserum was lower
than that in skimmilk or buttermilk,

There was no visible separation of the casein precipi-
tate in butterserum at pH 4.6 suggesting that possibly the
true isocelectrie condition may not be at this pH or that,
if casein is united with phospholipid, the combination
does not aggregate to large clots. Prolonged centrifu-
gation (15 - 20 min.) at 1500 rpm. caused the casein to
settle out, but the supernatant whey was turbid and fil-
tered slowly. The casein from buttermilk and butterserum
had a slightly yellow color indicating possible contami-
nation with fat or other lipid material.

No difficulty was experienced in lyopnilizing the
dialyzed wheys; the protein preparations were white and
had a fluffy texture.

The casein and whey proteins from skimmilk dispersed
readily in their respective buffers and gave clear trans-
parent suspensions. The caseins from buttermilk and
butterserum dispersed less readily and gave turbid sus-
pensions which tended to obscure the electrophoretic
boundaries. The whey proteins from buttermilk and butter-
serum were readily suspended in the buffer but yielded
milky suspensions which were difficult to examine electro-
phoretically. BExtraction with acetone and ether at -23°C
of 211 the protein preparations improved their dispersibil-

ity and made their suspensions more transparent.
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b. Acetone-ether extractions of casein and whey

proteins. The turbid buffer suspensions cf casein and whey
proteins from buttermilk and butterserum suggested either
that extremely small fat globules were occluded in the
protein particles or that other lipid compounds were pre-
sent in appreciable quantities. Another possibility is

the eiistence of a submicroscopic emulsion of extremely
small fat globules protected by the proteins.

Blix (1941) extracted human blood serum with acetone
and ether at -14°C and was able to remove all the cholest-
erol and 75 per cent of the phospholipids by the treat-
ment. The extracted phospholipid was chiefly lecithin while
that remaining was mostly cephalin. After extraction the
serum protein dispersed easily in the buffers used.

McFarlane (1942) observed that filtered human blood
serum became turbid because of a lipid precipitate. He
made the observation that human blood serum dried from the
frozen state gave milky suspensions when reconstituted
with water; serum dried from the liquid state gave clear
suspensions. This suggested to him that the association
of a lipid with a stabilizing substance, depends on the
presence of liquid water and that this association is de-
stroyed by freezing. When thawed and redissolved the un-
protected l1lipid aggregates to visible particles which re~

associate with the original stabilizer., He claimed that
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the 1lipid particles may be observed to travel with the
boundary of the stabilizing substance in the electrophor-
etic cell., These lipids are not extracted with ether un-
less the extraction is accompanied by freezing. By ex-
tracting with ether at low temperatures he obtained lipid-
free, lyophilized serum proteins without destroying their
physical properties.

Delsal (1949) extracted blood serum at -15°C with a
mixture of acetone and ethancl or with ether and was able
to remove cholesterol and part of the phospholipids.

.In the present experiment casein and whey protein were
extracted according to the method of Blix (1941) except
that extraction was carried out at -23°C instead of -14°C,
A room at this temperature was the only one available,

The casein preparation in the first run were suspended
in a phosphate buffer temporarily made strongly alkaline
to enable complete dispersion of the casein. The whey
proteins in the first run were readily dispersed at the
original pH 7.7 of the buffer. Both were extracted from
these buffer suspensions. In the second run both caseins
and whey proteins were extracted from water suspensions
in order to avoid possible interference of phosphate from
the buffer in subsequent phosphorus analyses.

The acetone extracts were filtered and evaporated to
dryness. The extracts of skimmilk proteins contained lit-
tle residue, those of buttermilk and butterserum had
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residues of fatty material.

The residues from the filtered ether extracts were
weighed and analyzed for phosphorus. All the protein
preparations were analyzed for phosphorus before and after
extraction. Nitrogen determinations were made on the caseins
in the second run before and after extraction.

Data of the casein extractions are summarized in Table
223 phosphorus and nitrogen analyses of the caseins are
shown in Tables 23 and 2k.

Only insiginficant amounts of 1lipid material were
extracted from skimmilk and buttermilk casein, but appre-
ciable gquantities were removed from the butterserum casein.
None of the extracts contained phosphorus with the exception
of that of butterserum casein in the first run, which had
only a trace. The amount extracted from an acidified sus-
pension of butterserum casein was only half of that extracted
from the water suspension.

Phosphorus in buttermilk casein was slightly lower
than in skimmilk or butterserum casein. The phosphorus
contents of the extracted skimmilk and buttermilk caselns
were insignificantly lower than in the non-extracted
preparations., Extraction caused an appreciable increase
in phosphorus content of butterserum casein. This may be
explained partly by dehywration with acetone and partly by
the fact that fat and other lipid materials have been
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Table 22, Acetone-~ether extracts of casein preparations from skimmilks,
butternilks and buttersera fron the same whole milks,

Product from Medium in Lipid exe Phosphorus as
which casein which casein tractid by per cent of
was prepared was ether— as extracted
suspended per cent 1lipid
of protein
preparation
Phosphate
Skimmilk buffer
(1) 7.7 0.3 none
Buttermilk n 2
(1) 0.3 none
Butterserum 2
(1) " 6.7 0.1
Skimmilk
(2) Water 0.15 none
Buttermilk
(2) " none none
Butterserum
(2) " 9.8 none
Butterserum Water acidi-
(2) fied with HC1
to pH 2.0 4e3 none

lripids extracted after dehydration of proteins with acetone.
First extraction was made with s mixture of itwo volumes of acetone to
one of éthyl ether, second and third extractions with ethyl ether.

2The phosphate buffer in which the caseins from buttermilk and
butterserum were suspended were made alkaline to pH 11.0 - 12,0 with
2 N N2OH in order to bring about complete suspension of the protein,
When this had been accomplished the system was agsin adjusted to pH 7.7
wvith N BCL,
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Table 23, Phoschorus contents of casein preparations from skimmilks,

buttermilks znG buttersera from the same whole miliks,

Phosphorus
as per cent of casein
in
Skimmilk Buttermilk Butierserum

Casein 1 (not exiracted) 0.80 0.62 0.99
Number of replicates L 4 A
Maxdimm deviation from mean ¢.01 .02 0.02
Casein 2 (not extracted) 0.73 0.69 0.73
Number of replicates 4 2 4
Maximum deviation from mean C.03 0.01 C.Cl
Casein 2 (extracted from water) 0.70 0.66 0.92
Tumber of replicates 3 4 4
Moximun deviation from mean 0.0Z 0.02 0.03
Casein 2 (extracted at pH 2,0} - - 0.55
Mumber of replicates - - 2

Maximun deviation from mean - - .03




121

Table 24. Nitrogen contents of casein preparations from skimmilk,
buttermilk and butterserum from the same whole milk,

Nitrogen P/N ratio
as per cent of casein
Not Extracted Not Extracted
extracted extracted
Skimmilk 1 13,38 14,15
2 13.50 14,38
Ave, 13.44 14.27 C.054 0.049
Buttermilk 1 13,95 14,30
2 13.93 14.32
Ave, 13.94 14.31 0.049 0.046
Butterserum 1 10.86 11.52
2 10.82 11,90

Ave, 10.84 11.71 0.067 c.07
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removed in the acetone and ether extracts. Fat and choles-
terol would have been extracted with the acetone, phospho-
1ipids with the ether. Thus the total phosphorus in the
extracted casein was really calculated on a "fat-and-
moisture-free” basis.

Little or no phosphorus was found in the lipid materizl
extracted with ether. This suggests that dehydration with
acetone is not sufficiently strong to permit subsequent
extraction of phospholipids. Dehydration with alcohol,
followed by ether extraction or extraction with an alcohol-
ether mixture permitted extraction of phospholipids from
the butterserum itself, as reported in connection with the
phosphorus analyses. It is possible that the acetone
dehydration destabilized the sub-microscopic fat globule
emulsions just enough to permit extraction of triglycerides
leaving the phospholipids behind.

It may also be suggested that a chemical union rather
than a physical orientation of phospholipids is the cause
of non-extraction of phospholipids. This correlates with
the concept of Jenness and Palmer (19%5a) who suggested
that the phospholipid at the fat globule surface 'clings™"
to certain high-melting triglycerides which are removed
with the phospholipid-protein complex upon melting the
butter., These investigators were able to meke alcohol
extractions of such high-melting glycerides from butterserum

of washed cream butter.
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From Table 24 it is apparent that the nitrogen contents
of extracted skimmilk and buttermilk caseins are practically
alike. The nitrogen content is slightly higher in the non-~
extracted buttermilk casein than in the non-extracted skim-
milk casein. No explanation can be offered for this
difference. Extraction with acetone and ether caused the
nitrogen content of both to increase and the P/N ratios to
decrease slightly. This is probably due to removal of
lipid material other than phospholipids.

Both the extracted and non-extracted butterserum casein
had a much lower nitrogen content than the skimmilk and
buttermilk caseins. The P/N ratio was higher in the
butterserum casein than in the others and was increased
materially by acetone-ether extraction. Again this increase
may have been caused by extraction of 1lipids from submicro-
scopic fat globule emulsions.,

With respect to nitrogen and phosphorus contents, the
butterserum casein prepared in run 2 resembles the fat
membrane lipid-protein complex (11.8% and 12.64 per cent N
respectively) in 2 preparations reported by Wiese and Palmer
(1934%) or that isolated by Schwarz and Fischer (1936) and
called a new protein (11.25 per cent N and 0.63 per cent P).

These investigators isolated the protein material from
butter made from creams which were washed by the dilution

and separation technique. They did not separate it as
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casein by isoelectric precipitation but identified it merely
as a new protein or a lipid-protein complex. The electro-
phoretic experiments described subsequently will demonstrate
that the protein prepared here resembles casein.

The data presented in Tables 25 and 26 indicate that
extraction of skimmilk whey protein removed only traces of
lipid material which contained no phosphorus. Appreciable
guantities of lipid were extracted from the buttermilk whey
protein, and large quantities (20-25 per cent of the origi-
nal weight) were extracted from the butterserum whey protein.
The high, but variable phosphorus contents of the lipids
extracted from phosphate buffer suggest contamination with
phosphorus from this buffer. However, this is not in agree-
ment with the recent report of Van Slyke and Sacks (1953)
that ethanol-ether extractions of lipids are free of
inorganic phosphorus.

The phosphorus contents of the two non-extracted skim-
milk whey proteins were practically alike, and there was no
change resulting from the extraction of the skimmilik whey
protein in run 2. The phosphorus contents in the buttermilk
whey proteins were higher than those from skimmilk, and
there was a slight increase caused by extraction with acetone
and ether.

The non-extracted butterserum whey protein contained

almost three times as much phosphorus as the skimmilk whey
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Table 25. Acetone~-ether extracts of whey protein preparations from skim-
milks, butterrilks and buttersera from the same whole milks,

Product from Medium in Lipid ex- Phosphorus as
which whey which whey tracted by per cent of
protein was protein was etherl as extracted
prepared suspended per cent of lipid
protein
preparation
Phosrhate

Buttermilk buffer

(1) H 7.7 3.7 0.39
Butterserum n 14.0 4.00

(1)
Butierserum

(1) " 19.3 1.74
Butterserum

(1) Water 21.9 0.96
Skirmilk

(2) " A none
Butternilk

(2) " 2.0 trace
Butterserum

(2 " 25,0 0.12
Butterserum Water acidi-

(2) fied with HCL

to pH 2.0 11.3 0.20

11ipids extracted after dehydration of proteins with acetone,
First extraction was made with a mixture of two volumes of acetone to
one of ethyl ether, second and third extrasctions with ethyl ether.
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Table 26, Phosphorus contents of whey protein preparations from
skimmilke, bubtermilks and buttersera from the same

vhole milks,

Phosphorus
as per cent of whey protein
in
Skimmilk  Buttermilk Butterserum

Whey protein 1 (not extracted) 0.39 0.45 1.76
Number of replicates 3 yA L
Mextirum deviation from mean 0.01 0.02 .03
Whey protein 2 (not extracted) C.40 0.58 1,15
Number of replicstes 3 L 3
Maximm deviation from mean 0.01 o] 0.03
Whey protein 2 (extracted from

water) 0.39 0.65 1.75
Number of replicates 4 L L
Maximum deviation from mean C.03 C.03 0.16
Whey protein 2 (extracted at

H 2.0} 1.35
¥umber of replicates 4
Maximm deviation from mean C.07
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protein, and the extracted preparation contained over four
times as mueh, This again is due to removal of lipid
raterial and to determination of the remazining phosphorus
on "fat-free® basis.

Only half as rmuch lipid materizl was extracted from
the acidified suspension as from the water suspension.

The phosphorus content of the acid extracted protein was
lower than in that extracted from water but slightly higher
than in the non-extracted preparation. The same relation-
ship was observed with the extraction of casein from acid
solution. The lower phosphorus content of the proteins
extracted from acid suspension may be due to removal of
inorganic phosphate in acid solution. This inorganic
phosphorus remained in the agueous solution and was removed
with the first acetone extraction. The 1lipid residue from
the acid extraction of butterserum whey protein contained
0.20 per cent phosphorus,

In contrast to casein, which is classified as a con-
jugated phospho-protein, the whey proteins are considered
as simple proteins containing no significant amount of
phosphorus. The small phosphorus content of the two skim-
milk and buttermilk whey proteins may be due to incomplete
removal of phosphates during dialysis or to a reaction, dur-

ing dialysis, between phosphates and the proteins.
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The high phosphorus content of the butterserum casein
and whey protein is indication of the presence of a phospho-
lipid-protein complex in butterserum. Since the acetone-
ether extractions fziled to rencove appreciable quantities
of phosphorus-containing material they did not verify the
presence of phospholipids as did the lipid phosphorus
extraction with ethanol and ether of the butterserum itself.
They indicate that acetone dehydration is not drastic enough
to cause subsequent separation of phospholipids from the

protein with ether.

8. Electrophoresis of casein and whey proteins from
skimmilk, buttermilk and butterserum

a. Casein. For electrophoresis the caseins were
dissolved in veronal-citrate buffer at pH 8.45 and ionic
strength 0.15. The whey proteins were dissolved in phos-
phate buffer at pH 7.7 and ionic strength 0.20.

Electrophoretic patterns of caseins and whey proteins
from skimmilk, buttermilk and butterserum from the same
whole milk are presented in Figures 14 and 15 respectively.
Areas of peaks and mobilities of components are lsted in
Tables 27 and 28.

The patterns of skimmlilk casein are similar to those
previously shown by Krejei et al. (1941), Warner (194k)
and Hipp et al. (1952). The extracted preparations gave

better resolution of components and slightly increased



Figure 14. Electrophoretic patterns of caseins from
skimmilk, buttermilk and butterserum from the
same whole milk., Veronal-citrate-NaCl buffer;

pH 8.45; ionic strength 0.15; protein concen-
tration 1 per cent.

I Skimmilk casein ) 11 Skimmilk
III Buttermilk Not ex- casein Extracted
casein\ tracted IV Buttermilk with ace-
\' Butterserum casein tone and
casein VI Butterserum ether at

caseif/ -23°C
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Table 27, Electrophoresis of caseins from skimmilk, buttermilk and
butterserum from the same vhole milk., Areas of pesks
and mobilities of components in veronal-citrate ~ NaCl
buffer; pH 8.45; ionic strength 0.15; protein concen-
tration 1 per cent,

Ascending Descending
Component Por cent Mobility (-) Per cent Mobility (-)
of total om? of total om?
ares volt—1 ares volt—l
sec“l sec—l
x 105 x 105
Skimmilk caseins not extracted
a 74.5 803 73.8 705
X hind - 208 500
B 2345 5.1 21.5 440
¥ 2.0 4.0 1.9 2.0
Skimmilk caseins extractedt
a 75.8 8,7 71,6 7.7
% - - 2,6 5.5
B R2hLoR 5¢3 23.8 4ol
Y - - 2,0 1.5
Buttermilk casein; not extracted
a 6le5 8.4 63,8 7.7
X 11,6 6,7 15.4 5.6
B 23.9 5.3 17.8 3.9
Y ha bt 300 1.7






~Jed Jel £led 440
4.0 1.9 2.0

Skimmilk casein; extractedl

<
DN
*
o

a 75.8 8,7 71,6 7.7
x - - 2,6 5.5
B 2442 5.3 23,8 bel
‘Y - - 200 105
Buttermilk casein; not extracted
a 6.5 8.4 63,8 7.7
p ¢ 11.6 6,7 15.4 5,6
B 23,9 5.3 17.8 3.9
Y - - 300 1.7
Buttermilk casein; extractedl
a 65.6 - 8,8 67.0 7.8
X 15,6 7.2 13,9 5.9
‘3 1603 504 1700 402
Y 2,5 2,9 2.1 1,7
Butterscru: casein; not extracted
a 61.0 8,2 62,/ 7.6
x 17.3 6.9 18,8 6,1
B 20,6 5,2 16,2 Le3
Y 1Ql 305 200 205
Butterserum casein; extractedl
ay 6,0 8,2 5.2 8,0
a 58,0 7.6 52.2 7.1
X 15.0 5.6 6.0 5.3
Xy -~ - 17,2 4.9
B 19.0 4o6 14.9 4ol
Y 2.0 1.4 Lob 2.2

Iixtracted with acetons and ether at - 23° C.






Figure 15. Electrophoretic patterns of whey rroteins from

skimmilk, buttermilk and butterserum from the
sawe whole milk. Phosrhete buffer; pH 7.7
ionic strength 0.2; protein concentration 1

per cent.
I Skimmilk IT Skimmilk
whey protein whey protein | Extracted
ITI Buttermilk Not ex- IV Buttermilk vith ace-~
whey protein / tracted whey protein’ tone and
V Butterserum VI Butterserun ether at

whey protein whey proteln -23°C
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Table 28, Electrophoresis of whey proteins from skimmilk, buttermilk
and butterserum from the same whole milk. Areas of
peaks and mobilities of components in phosphate buffer;
pH 7.7; ionic strength 0.23 protein concentration 1

per cent.,
Component Ascending Deseending
Per cent Mobility (~) Per cent Mobility (-)
of total e of total o
area volt—~1 area volt~1
sec™l sec=1
x 105 x 10°
Skimmilk whey protein; not extracted
1 0.9. 1.1 - -
2 1.6 2.2 0.7 1.8
3 3.2 3.5 3.5 3.3
4 18,8 he3 26,0 3.9
5 73.0 5.1 59,6 4.8
6 2.5 6.5 10,2 5.7
Skimnilk wvhey protein; extractedl
l 202 1.0 hnd and
2 3.8 2.3 2.7 2.3
3 IAVA 3.4 6.5 3.2
4 1709 l&-oz 2104 308
5 65.0 5.0 61,6 L7
6 2.9 5.9 3.9 5.9
7 3.8 6.5 309 6.6

Buttermilk whey protein; not extracted






3 o< Y 3e0 JeJ
4 18.8 43 26,0 3.9
5 73.0 5.1 59.6 4.8
6 2.5 6.5 10.2 5.7

Skimmilk whey protein; extractedl

1 2,2 1.0 - -
2 3.8 2.3 2.7 2,3
3 bod 34 6.5 3.2
4 17.9 L2 21.4 3.8
5 6500 5.0 61.6 4-7
6 2.9 5.9 3.9 5.9
7 3.8 6.5 3.9 6.6

Buttermilk whey protein; not extracted

1 - - - -
2 1.6 1.7 L7 1.2

3 31'4 ’ 1?03 - 2 -
15», ig.g ' éfé 49.6 3.7
. Je . .1

6 -5 6.8 5.2 >
7 4ol 7.2 3.4° 6.0
Butternilk whey protein; extracteal

1 - - ) -
2 4.5? 2.0 6.0" 1.7

3 5.5 3.0 - -
4 32,2° Leb 32.0 bl
5 51.2 5.2 48,0 4.9
6 3.3 6.8 8.0 6.4
7 303 804 600 802

lixtracted with acetone and ether at - 23° C,

2Assumed to include the next slower component vhere this could not
be measured.
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mobilities. The small y-fraction and the secondary a-peak
(also observed by Warner) do not szppear on the ascending
boundary of the extracted casein., In the descending pat-
terns of both the extracted and non-extracted skimmilk
casein there is evidence of a small component designated
as X. This may be the o + B-complex previously discussed
by Krejei et al. (1941) and Warner (1944).

The principal difference between skimmilk and butter-
milk casein is that the x-component becomes more prominent
in both the extracted and non-extracted buttermilk caseins.
This is apparent in both the ascending and descending pat-
terns. It comprises 11.6 to 15.6 per cent of the total
area and has greater mobility than the corresponding
rudimentafy component in skimmilk cesein. In the pattern
of the extracted buttermilk casein the secondary a-peak is
not apparent.

The patterns of the non-extracted butterserum casein
shows poor resolution of components. The area of the a-
component constitutes a much smaller percentage of the
total than in the patterns of skimmilk casein. The secondary
a-component is prominent in both extracted and non-extracted
butterserum casein. It has the same mobility as the primary
a-component in skimmilk and buttermilk casein while the
primary a-component in butterserum has slightly lower

mobllity than in skimmilk and buttermilk casein. The x-
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component in the non-extracted butterserum casein is poorly
resolved and tends to be a part of the e-boundary. In the

descending pattern of the extracted ﬁreparation resolution

is better, and the x-component shows two distinct peaks.

The differences in electrophoretic patterns of butter-
serum casein as compared with skimmilk and buttermilk
casein are indicative of denaturation or of the presence
of phospholipid-protein complexes which appear as individual
components or cause abnormalities in the boundaries of the
original components. The greatest change occurs in the a-
fraction which, according to Mellander (1939) and Warner
(1944), contains more phosphorus than the p~ and y-frac-
tions. It is reasonable to assume that with the higher
phosphorus content the a~fraction would offer the greatest
opportunity for phospholipid-protein linkages and for com-
plex formation. The pronounced differences in the patterns
of extracted and non-extracted preparations may be evidence
of such complex formation.

In the light of these findings the hypothesis may be
presented that the non-coagulation of butterserum casein
with rennet results, in part, from the changes in the a-
fraction. The rennet enzyme may be unable to attack cer-
tain linkages in the c-casein because these are engaged in
the phospholipid-protein complex. Previous investigators

such as Nitschmann and Lehmann (1947a), Gonashvili (1949)
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and Kerns (1951) has presented evidence that the a-casein
primarily is involved in rennet coagulation.

b. Whey proteins. The ascending patterns of the non-

extracted skimmilk whey proteins show evidence of six com-
ponents. The patterns of the extracted preparztions are
resolved more completely and suggest a seventh component
with high mobility. Component five is the largest and
constitutes 59.6 to 73,0 per cent of the total area., The
skimmilk whey protein patterns are similar to those present-
"ed by Stanley et al. (1951).

The non-extracted buttermilk whey proteins yield pat-
terns with relatively poor resolution of components. This
is only slightly improved in the extracted preparation.

In buttermilk whey protein the peak area of component five
is a smaller portion of the total than in the skimmilk
whey protein,

The patterns of both extracted and non-extracted
butterserum whey proteins were incomplete due to the
opacity of the solutions which they yielded. On the
ascending boundary only the fastest moving components
were visibley, and on the descending boundary only the
slowest components were visible., Presumably this is due
to the presence of 1lipids or lipid-protein complexes in
the buffer, and it may be taken as further evidence that

the phospholipids were not extracted.
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The phenomenon is similar to that observed by Blix
et al. (19%41) and McFarlane (1942). Both of these investi-
gators reported that the opacity of solutions containing
lipid-protein complexes would move with the boundaries of
specific components in the electrophoretic cell.

In the pattern of butterserum whey protein the opacity
seems to be associated with component five to a greater ex-
tent than with the others., Likewise in the pattern of the
extracted buttermilk whey protein the height of the peak
of component five is lower than that of the non-extracted
preparation while its mobility is only slightly less.

A similar observation was made by Blix and Pedersen (1947)
in the electrophoresis of human serum proteins. They

noted that after extraction of the serum, the greatest
decrease in peak area took place in the B-globulin fraction
but that it retained its electrophoretic mobility after
delipidations. They stated that the change in pattern
brought about by extraction of the serum was caused by in-
cipient denaturation or to the breaking up of lipid-pro-
tein complexes,

In the electrophoretic patterns of the buttermilk and
butterserum whey proteins presented here there are differ-
ences between extracted and non-extracted preparations.
This indicates that lipid-protein complexes have been
broken up to some degree or that some denaturation has

taken place, Such differences are not apparent in the



139

patterns of skimmilk whey proteins, which would suggest
that rupture of lipid complexes and not denaturation might
be responsible for the differences between extracted and
non-extracted buttermilk whey proteins,

It may be stated that the extraction data and the
electrophoretic patterns together indicate the presence
of phospholipid-protein complexes in buttermilk and butter-
serum, that the complexes formed with whey proteins have
a greater lipid content than those formed with casein and
that the tenacity of the complex is likely greater among
the whey proteins than among the casein fractions.

For additional work on this problem it is proposed
that more drastic extractions of lipid material from the
proteins in buttermilk and butterserum be attempted.
Ethanol, for instance,appears to be more effective as a
dehydrating agent than acetone, but also more likeiy to
cause denaturation of the proteins. By treating the rela-
tively lipid-free skimmilk proteins with the same solvent
it should be possible to learn whether possible changes in
electrophoretic patterns were due to denaturation or to
extraction of lipids.

Protective material from the fat globule surface
might be obtained from cream washed by the Storch or Voltz
techniques. Examination of thls material from the stand-
point of composition, lipid extraction and electrophoretic

behavior would help to establish whether the protective
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materials at the fat globule surface are identical to the
butterserum proteins which have been studied in the pre-

sent work.
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IV, SUMMARY AND CONCLUSIONS

1. Skimmilks, buttermilks and buttersera from
the same whole milk sources were prepared. These products
were studied with respect to (a) behavior when titrated
according to the method of Ling (1936), (b) coagulability
with increased rennet addition aad with addition of dia-
lyzed or concentrated or dialyzed and concentrated rennet,
(¢) d@istribution of protein fractions, (d) distribution
of calcium and phosphorus and (e) composition and electro-
phoretic properties of the casein and whey proteins pre-
pared from them.

2. Complete Ling titrations involving titration of
oxalated and non-oxalated samples of the product and its
rennet whey could not be made on butterserum because of
its inability to coagulate with rennet.

3« Ling titrations made on skimmilk and buttermilk,
and titration curves of these products were found compa-
rable to those for whole milk presented by Ling (1936).
Complete titrations of skimmilk and buttermilk and incom-
plete titrations of butterserum from the same whole milk
source indicated a slightly lower colloidal phosphate con-
tent in buttermilk than in skimmilk and an appreciably

lower phosphate content in butterserum.
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4, Titration curves of alcohol-acetone (7.3) fil-
trates of skimmilk and buttermilk were found not to re-
serble those of oxalated and non-oxalated wheys from these
products. Tae shape of the alcohol-acetone titration
curves indicated that the calcium phosphate in these pro-
ducts might not be titrated in the alcohol-acetone sera
until the titratable acidity of the product had reached a
point corresponding approximately to the acidity at which
casein precipitates isoelectrically.

5. Increased addition of rennet and the use of dia-
lyzed, of concentrated and of dialyzed and concentrated
rennet did not improve the coagulability of butterserum.

6. A series of protein analyses were made on skim-
milk, buttermilk and butterserum from the same whole milks,
The series was comprised of 9 runs which included milks
from all seasons of the year.

It was found that skimmilk and buttermilk, on a fate
free basis, contained practically the same percentages of
total protein and casein; buttermilk contained slightly
more albumin and proteose-peptone and slightly less globu-
1in than skimmilk. Butterserum contained slightly more
proteose-peptone and less total protein, globulin and
albumin. The latter fraction in butterserum was only
29.8 per cent of its quantity in skimmilk.

On a fat-free solids basis the albumin content in

butterserum was 28.5 per cent of the quantity in skimmilk,
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while total protein, casein, proteose-peptone and globulin
contents were 110.8, 113,9, 164.3 and 171.% per cent of
those in skimmilk. In buttermilk, totzl protein and case=-
in contents were like those in skimmilk. Albumin, pro-
teose-peptone and giobulin contents were 104.7, 86.6 and
123.9 per cent of those in skimmilk.

The significance of the low albumin content in
butterserum was discussed, and the hypothesis was pre-
sented that albumin as one of the labile components of the
protective materlal on the fat globule was removed from
the fat-serum interface during churning and released in
the buttermilk,

6. Total calcium and total, inorganic, acid-soluble
and lipid phosphorus were determined in 4 series of skim-
milk, buttermilk and butterserum from the same whole milks.

Total calcium contents of buttermilk and butterserum
were 80 and 59 per cent respectively of the quantities in
skimmilk.

Total phosphorus in a given product varied among runs
but was lowest in buttermilk. Inorganic phosphorus in
butterserum was much lower than in skimmilk and butter-
milk and had a nearly constant value in all runs. Acid
soluble phosphorus varied among products; in each product
it was generally only slightly higher than the inorganiec
phosphorus. Lipid phosphorus was low in skimmilk and
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buttermilk; in butterserum it was 5 to 25 times higher
than in skimmilk,

If the differences in calcium and inorganic phosphate
radical between skimmilk and butterserum are calculated in
terms of calcium phosphates the resulting figures suggest
that di- or tri- calcium phosphate or a mixture of these
that are present in skimmilk are not present in butterserum,
Such lack of calcium and phosphate was considered as a
possible factor contributing to the non-coagulability of
butterserum, It was likewise considered that the high
phospholipid content might seriously influence coagulation
of butterserum.

Addition of calecium ions (as CaCl,) to butterserum
to make its calcium concentration equal to that of skim-
milk did not improve its coagulability.

7. Skimmilk, buttermilk and butterserum were pre-
pared from two different lots of whole milk. From each
of these products casein was precipitated at a pH of 4.6,
and the whey proteins were prepared by lyophilization of
the dialyzed wheys, Part of each protein preparation
(from one lot of whole milk) was extracted with acetone
and ether at -23°C., Extractions were made from water or
phosphate buffer suspensions,

Phosphorus was determined in the extracted and non-
extracted proteins and in the lipid residue from the ether

extracts.



145

Insignificant quantities of lipid material were found
in the ether extracts of skimmilk and buttermilk caseins
and of the skimmilk whey proteins. The extracts of
buttermilk whey protein contained small 1ipid residues
(2.0 and 3.7 per cent respectively of the original protein
in 2 preparations). The lipid residues from 2 butterserum
caseins were 6.7 and 9.3 per cent respectively of the
weight of the original protein., The lipid residues re-
covered from the extracts of several preparations of butter-
serum whey protein were from 14.0 to 25.0 per cent of the
original weight of protein.

Ether extracts from acidified (pH 2.0) suspensions
of butterserum casein and whey protein yielded only half
the amount of lipid which could be extracted from water
or phosphate buffer suspensions at pH 7.0 -~ 7.7.

The phosphorus content in buttermilk casein was
slightly lower than in skimmilk casein. The P/N ratios
in extracted skimmilk and buttermilk caseins were 0.049
and 0.046 respectively. Butterserum casein contained
11.71 per cent nitrogen when extracted (compared with
14.27 and 14%.31 per cent respectively in extracted skim-
milk and buttermilk casein). The phosphorus content of
butterserum casein increased from 0.73 to 0.92 per cent
after extraction with acetone and ether, and the P/N

ratio increased from 0.067 to 0.079,
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The phosphorus content in two non-extracted skimmilk
whey proteins was 0,39 and 0.40 per cent respectively.
Extraction did not change this value. The phosphorus econ-
tent in two buttermilk whey protein preparations were O.45
and 0.58 per cent respectivelyj in the latter this in-
creased to 0.65 per cent after extraction. Two unex-
tracted butterserum whey proteins contained 1.76 and 1.15
per éent phosphorus respectively; in the latter this in-
creased to 1.75 per cent as a result of extraction.

The high phosphorus content of butterserum casein
and whey protein indicated the presence of rhospholipid-
protein complexes in butterserum. The acetone-ether ex-
tractions of the protein preparations failed to remove
phosphorus-containing lipids and did not verify the pre-
sence of these complexes, It was assumed that the ap-
preciable amounts of lipid extracted from butterserum case-
in and whey protein constituted milk fat in submicroscopic
globules which were held in suspension by the hydrated
protein.

8. Electrophoretic patterns were presented of ex-
tracted and non-extracted caseins and whey proteins from
skimmilk, buttermilk and butterserum from the same whole
milk, The patterns of buttermilk and butterserum caseins
showed evidence of components which were not apparent in-

the patterns of skimmilk casein,
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Skimmilk whey proteins appeared to contain 6 or 7
components. Buttermilk whey proteins showed poorer resc=-
lution of components than those from skimmilk. Butter-
serum whey proteins yielded incomplete patterns because
of an opacity associated with the major component.

The possibility of the presence of phospholipid-
protein complexes in butterserum and their possible inter-
ference in the electrophoretic pattern formation was dis-
cussed,

9. The method of phosphorus determination in blood
serum presented by Youngburg and Youngburg (1930) and the
colorimetric methods of phosphorus determination by Dyer
and Wrenshall (1938) and Fontaine (1942) were studied
ceritically.

The phosphorus fractionation scheme of Youngburg and
Youngburg was modified with respect to the technigue and
was applied to milk., Spectrophotometric determinations
were made according to Fontaine.

Calibration curves were prepared and regression equa-
tions calculated for use with the Beclman, model DU,
spectrophotometer at 740 %%L and 820 3/4 and the Coleman,
model 11, spectrophotometer at 740 m/l. All curves ocbeyed
Beer's law within the concentrationfrange studied.

It was demonstrated that it was possible to use the

Coleman, model 11, spectrophotometer for the determination
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of phosphorus by reading transmittances of the reduced
phosphomolybdate solutions of 740 %/L with a PC-5 filter
even though this was not the wavelength of maximum

absorption.
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