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PART I
THE HEAT COAGULATION

OF

CALCIUM CASEINOGENATE



INTRODUCTION.

In view of the great complexity of the chemical structure
of protein molecules it 1s not surprising to find that the
golutions of these substances in water and dilute acids and
slkalies present many problems both of interest and at times of
cconomic importance. In the past two decades a large number
of these problems have bheen successfully tackled and the
chemistry of protein solutions has been to a great extent
unravelled, both in their behaviour as colloid systems and in
their chemical structure. Among the problems on which ruch
work has been done and yet which camnot be regarded as belng
altogether solved is the exact nature of the effect of heat on
solutions of the proteins. It is, of course, well known that,
by heating a dilute solution of certain proteins, such as egg-
albuwnin, some change or series of changes takes place in the
structure of the molecule whereby inter alia the stability of
the solution as a collold system 1s greatly diminished and the
protein can be easily coagulated by the addition of small amounts
of electrolytes. This change, whose exact nature is still
unimown, is termed "dematuration".  Although the chemical
changes iavolved in denaturation are small, the process itself
is probably irreversible. In this connection it is interesting
to note that Sgrensen (1925) has shown that small hydrolytic
cleavages take place during denaturation; these however he

appears to consider as incidental to denaturation rather +than




its cause. Denatured proteins are characterised by a
"ogs of solubility in water and in dilute salt solutions;
they dissolve, however, in dilute acids and alkalies giving
colloidal solutions which react as if they were of the
suspensoid type rather than the emulsold type character-
istic of normal proteins"{Jordan Lloyd (1926)).

Tn a comprehensive survey of this aspect of protein
chemistry W. C. K.Zewis (1931) has cited the work of
Chick and Martin (1911), P. S. Lewis (1928) and Cubin
(1929) showing that denaturation of egg-albumin and
naemoglobin at different temperatures and over a wide range
of pH values 1s a monomeclecular reaction and that it is at
a minimum at the pl of pure water. While this is no doubt
true for many other proteins besides those two mentioned it
is not necessarily the case for all. Indeed with regard to
caseinogen Lewis states "It is very doubtful whether caseino-
gen 1s denaturable, probably it is not. Incidentally the
change of caseinogen to casein by means of remnet ..... is of
a much nore profound character than would be demanded by
denaturation alone'. Certainly caseinogen is usually regarded
as a relatively heat-stable protein. At the same time, in
addition to the chemical changes which accompany the heating
of caseinogen solutions, to be hercinafter described, certain

other alterations occur in the nhysical properties of the




solutions. Por example after heating a neutral 3 per cent.
solution of calcium caseinogenate solution at 120°C. for
110 min. it was found that the pH had fallen by about 0.l
unit (at pH 6430 ), the relative viscosity as measured in an
Ostwald viscometer at 25°C. had also decreased from 1.53 to
1.23, while a similar decrease in the amount of electrolyte
required for coagulation at room temperature was also noted.
While caselnogen 1is probably not denaturable in tne
senerally accepted sense of the term yet fairly drastic heat
treatment (such as occurs in the sterilisation of evaporated
millt and the manufacture of milk powder) will lead at times 1o

its coagulation. As milk is such & complex colloid systemn,

conteining different amounts of electrolytes and non-electrolytes

dissolved in the dispersion medium, such coagulation may be,and
indeed probably is, not so rmch due to any structural changes
in the protein molecule itself as to changes taeking place in
the dispersion medium. No attempt appears to have been made
gso far to study the effect of drastic heat trectment on the
protein molecule in solution and to find out the possible
causes which vroduce heat coagulation of the protein per se.

It was for this purpose that the present investigation was
carried out.

Quite a number of investigators have shown that the

caseinogen molecule is relatively easily disrupted by the action
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of various agents; this 1s especially true of the cleavage of
phosphorus from the molecule. Thus Rimington and Kay (1906)

and Stirling and Wishart (1952) have shown that trypsin-kinase

liberates the phosphorus from caseinogen with comparative case,
in two experiments by the latter workers the entire phosphorus
content was disrupted in less than one hour. Rimington and

, , s 4 : . 20
Kay have further shown that hydrolysis in 17 21kali at 37°C.

also results, after about 3C hours, in complete dephosvhorisation

o

of the molecule. In 2ddition Rimington (1927) and more rc-
cently Lipmann (1933) and Levene and Hill (1933) cach claim to

have isolated a2 vhosvhopeptone from caseinogen; in the first

and third cases this was obbalned from a trywtic digest; and
in the scocond by acid (FCl) hydrolysis. Such examples serve

to show that the phosphorus grouping in caseinogen is a
relatively labile one,

While dealing with the ease of the brealkdown of caseinogen
it is well to state the views of Linderstrgm~Lang (1928). He
considers that caseinogen as normally prepared is heteromolecular)

being in reality an association of several very similar proteins,

each having a different phosphorus content. These proteins

act as a co=precinitation system in all normal reactions 1

)

which caseinogen tales part, thus accounting for the constancy

of the composition of the protein as zenerally prepared.

Whether or not this sugzestion is correct neced not concern




us here directly, since we are dealing with the protein as

1t occurs in normal cows' milk either as a single molecule or

o molecular complex, and the changes observed must be regarded

as occurring in the caselnogen system whether or not this

system 1s homowolecular or heteromolecular. For the sake

of simplicity, however, the data presented here will be analysed

on the assumption that caseinogen is a homor:olecular substance.
Tn view of the work cited above on the ease with which the

hogen molecule can be disrupted, it was not surprising to

[,_r »

cese
find that, when neutral solutions of sodium caseinogenate were
neated in closed tubes ot 120°C., there was a definite clesvage

of phosryhorus. It wes felt that these prelimlnory exper

wonld repay further study. A record of the work so ottarn:

i3 presented in the following sectlon.

I. THE EFFECT OF HEAT ON THE CLEAVAGE OF

PHOSPHORUS FROM CASEINOGEN.

Techhigue.

Preparation of sclutions:  Caseinogen "neeh Hammarsten" was
used throughout. It conbained ©% moisture, the nitrogen and
. f) ~

phosphorus ccntents (calculated on dv»ry motter) being 15.08

and 0.83% respsctively. Solubtiors wars

3.57 sodium caseinozenahe: 3.5




diluted to 100 ml., a final concentration of 0.0175 N NaCH.

3.5% calcium caseinogenate: 3.5 g. caseinogen were

mixed with sufficient water and solid Ca(OH)g to give, when
diluted to 100 ml., a final concentration of 0.0175H Ca(OH)o
The solutions were mechanically stirred until the
caseinogen was completely dissolved. The final solutions
appeered homosensous, the solutlons of gzodium cascinogenate

Boing almost clear and those of calcium caseinogenate opalescern

-

-

but transparent in thin layers. The pHd of the solutions Lo
between 6.5 and 7.0. It may be noted here that, lmmediately

thevy were immersed in the glycerol bath at 1209, both solutions

Tecame very turbid. There was, however, no flocculation,
and the solutions, 1if removed from the bath, remained stoble
for an indefinite period.

Heating control: The solutions were heated in an open tinned

copper bath‘containing glycerol. The bath was fitted with an
efficient stirrer, and the temperature was conitrolled by e
thermionic valve relay in conjunction with a eontact thers ome ter
(Baily, Grundy and Barrett, Carmbridge). The temperature used

-

ire gseries of cxperimentsvwas 120° and did

he gnt

not vary by more than 250
As the experiments were carried out above bolling-point it

was necessary to use closed tubes for the caseinogen solu-ions
sadl & 2 [ 32

= overy cneap and efficient method was devised Small heavsr
. RS S S SRS M-
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walled pyrex tubes were used, each being closed with a rubber
stopper. Bach tube was fixed tightly in a metal clamp, a

small piece of rubber being inserted as a cushion between the
bottom of the tube and the clamp (see Fig.1l ). This arrange~
ment enabled the observer to shake, invert and remove each

tube iﬁdependéﬁtly; After romoval from the bath the tubes were
cooled quickly in running water.

Analysis: uNitrogen determinations were made by the micro-
Ejeldahl method, (Pregl (1930)).  Phosphorus was estimated by
the method of Fiske and Subbarrow (1925).

BExperimental procedure: A number of tubes, each containing

5 ml. of 3,5% sodium (or calcium) caseinogenate, were immersed
in the glycerol-bath at 120° for periods of from 1 to 5 hours.
The tubes were removed from the bath at appropriate intervals,
cqoled and, where necessary, shaken to bréak up any coagulum
o wﬁibh.hgérbeen fqrmed. 5 ml. of 10% trichloracetic acid were
then addédiﬁoféadhftubef After standing for 5 minutes the con-
tents were filtered through a No.l Whatmsan filter. Nitrogen
end phosphorus determinations were made on aliquot portions of
_ﬁhe filtrate. Each experiment was carried thrbugh in duplicate,
Total nitrogen and phosphorus determinations were also

'”made on allquot portions of the original solution.

Results and Discussion.

_ 0 _
ine amount of acid-soluble nitrogen and phosphorus
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liberated from 5.5% éolutions of sodium and calcium caseino-
genate is shown in Table 1. These values are also shown
graphically in Figs. 2 and 3. It should be noted that neilther
in these experiments nor in later ones was inorganic phosphate
determined and that the values given for acid-soluble phosphorus
represent total phosphorus soluble in 5%.trichloracetic acid.
The Fiske and Subbarrow method for the estimation of inorganic
phosphate is not always reliablevin the presence of phospho-
peptone eté., but several approximate determinations by this
method gave definite evidence that a large part, if not all,

of the phsophorus liberated was present as inorganic phosphate.
In addition, the relatively'small amount of nitrogen liberated

by heat treatment, together with the fact that (as shown in

I1j
}..J

s« 2 and 3) nitrogen cleavage takes place at the same rate
with both the calecium and the sodium salts,{while the rate of
phosphorus cleavage differs, provides strong evidence that the
effect of heating is to liberate phosphorus as inorganic
phosphate. |

It is apparent that the general trend of the results is
the same for both the sodium and calcium sdl ts, namely a rapid
production of acid-soluble phosphorus and a relatively slow
P?Oduction of acid~soluble nitrogen. Inbaddition, there is
no evidence from the trend of the graphs to suggest a slowing

off in the liberation of nitrogen when the entire phosphorus

!




of the caseinogen molecule 1s broken off.' This finding 1is
comparable with the results of Rimington and Kay (1926) for
rnild alkaline hydrolysis. These workers continued to estimate
nitrogen after all the phosghorus had become acid-soluble and
found no slowing off in the rate of production. Theyvfurther
found that alkaline hydrolysis of caseinogen resulted in the
production of a part of the acid-soluble nitrogen in the Torm
of ammonia. The exact figures for the ammonia nitrogen pro-
ducéd expressed as a percentage of the total nitrogen pr;;ent
are not given. It is, however, possible to calculate from
their data, on the assumption that the caseinogen sample had
originally an N/P ratio of 20:1 that when the entire content
of phosphorus had been rendered acid-soluble (after about

25 hours) the ammonia nitrogen is about 3.4 per cent.

In the present experiments, no estimations of free ammonia
were made, but the fact that the solutions tended to become
slightly mOreracidbrather than alkaline ss heating proceeded
seoms to preclude the possibility of the formation of any con-
siderable quantity of ammonia. It appears probable therefore

that the mode of liberation of nitrogen from the caseinogen

rmplecule by heat-treatment differs from that resulting from

treatment with alkali. It is further of interest, in view

of the suggestion regarding the liberation of inorganic vhosphate,

to note that Rimington and Kay estimated acid-soluble phos-~

o
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phorus as inorganic phosphate by magnesium citrate mixture.
As regards the rate of liberation of acid-soluble phos -~
phorus conditions were not kept sufficilently constant to allow

for any definite conclusion, there being invariably a slight

increase in the acidity of the solution during heating. At
the same time the values obtained for the reaction constant K,

in the case of sodium caseinogenate, do correspond falrly

closely with a monomolecular reaction, while those obtained from |
the calcium salt, while not so close, also suggest the

probability of a similar order of reaction. Such a finding

of course would give weight to the'probability of all the
phosphorus of the caseinégen molecule being concentratéd in one
relatively small group in the protein.

There is, however, a marked -difference between the curves

for the sodium and calcium salts. With the sodium salt 100%

of the phsophorus is rendered acide-soluble within 5 hours,
whereas with the calcium salt only 80% is rendered acid-solublé
in the same period., At first sight it appeared possible that
this might De due to the fact that with %he calcium salt, a

clot is formed within two hours and that in spite of vigorous

shaking part of the phosphorus, although rendered acid-soluble,
mlghtrremain embedded in the clot. Such an explanation would
not, however, account for the difference in the amounts of

phosphorus which wers rendered acld-soluble within the first
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hour (i.e. 54 and 37% respectively), during which time no
coagulation occurred. Mofeover the form for the calcium

sélt indicates that the reaction is practically complete

when only 80% of the phosphorus is in the acid-soluble form,

It seems possible that the explanation of this marked difference
between the sodium and calcium salts lies in the catalytic
offect of the Na ions.

ITI. THE PREPARATION AND PROPERTIES OF HEAT=-

DEPHOSPHORISED CASEINOGEN.

Since 1t had been shown possible to rupture the entire
phosphorus content of caseinogen and yet leave in the solution
a protein presumably similar in some respects (since there
was no evidence of any great degradation),»it appeared
desirable to prepare a sample of this protein. Rimington and
Kay (1926) had obtained such a dephosphorised sample from a
36~hour digest of 1% caéeinogen in 1% alkali. The product so

obtained was a white powder similar in appearance to, and

giving all the colour reactions of, caseinogen but containing
S

only traces of phosphorus. It was decided to endeavour to

obtain a sample of this heat~dephosphorised product using in

general the method employed by Rimington ang Kavy. The method

finally adopted was as follows.




&
2
H

Preparation of Heat-dephosphorised Caseinogen.

One litre of 3.5% sodium caseinogenate (pH 6.,7) was
prepared as previously described and placed in a2 litre flask.
The mouth of the flask'was covered with a thin sheet of cello-~
phane and the flask heated in an autoclave. In about 30

minutes the pressure had reached 1 atmosphere (121°) and it

was retained at this value for 4 hours. A further 30 minutes

wag allowed for the pressure to fall, and the flask was then
removed and cooled in running water. o coagulation occurred
during the heating, but a thin skin was formed on the bottom

of the flask. The heated solution was definitely pink in
colour. The solution wasg then treated with small quantities

of 33% scetic acid until maximum precipitation took place.

The gelatinous ﬁrecipitate was filtered off through linen, well
washed with ﬁéter and redlissolved in dilute NaOQH. It was then
reprecipitated with 33% acetic acid. At this stage the
precipitate‘appeared white, but it soon darkened to brown even
though not directly exposed to air. After settling, decanting
off the supernatant ligquid and thorough washing, the precipitate
was again flltered through linen and well drained, It was

next transferred to a mortar and ground with absolute alcohol
for about an hour. On first contact with alcohol the pre-
cipltate became a gummy mass, but

with continued grinting it

became a fri o is w i
7 rlable powder. This was filtered off on a Bllehner




funnel, re-extracted with fresh alcohol for another hour, again

filtered off and finally allowed to dry in a current of air.

The final product was a brownish pink powder . The moisture
ontent (mostly alcohol) was 15%. This could be reduced by

treatment with ether to about 10%, but the product so obtained

, . . . . o
was less easily soluble in alkali: meximumnm yleld, 49%.

Properties of IHeat-dephosphorised Caselnopen.
& i il

In order to compare the properties of the heat-dephos-
phorised caselnogen'w1 th those of the untreated caseinogen and

of Rimington and Kay's alkali-dephosphorised caseinogen, samples

of the latter two products were also prepared. The allali-

depnosphorised caseinogen was prepared according to Riminston

()
nd Key'les directions. The control sample of caseinogen was

prepared from an untreated sclution of 3,5% sodium cas einogenate,

the methods of Dr001pltab1on and purification being identical

with those used for tne dephosphori sed produc The nitrogsen
)

and phosphOruﬁfGOntents of the three preparations (expressed as

ey

s

/o of dry matter) were as follows:-

&) P (%)
Original (untreated) caseinogen 15,08 0.830
Heat-dephosphorised caseinogen 13.86 0.032
Alkali-dephosrhorised caseinogen 13,58 0.018

Two methods ' 11fTe; i
were used for differentiating the three

p ( ) he e minatcs - ul".S S tltf c10on cu 'Veo n




T T
(b) the determination of their reiative‘rates of coagulation

when heated at 120°.

(a) Titration Curves.

Technigue: 1% solutions (on dry matter basis) of cach »rod
were prepared. For acid-binding‘capacity the solutions ware
made up with standard HC1l (approximately 0.1 N) of sufficient
amount to sive an initial pH of 2,0 = 3.0; Tfor base~binding
capacity sufficient standard NaOH (approximately 0.1 N) was
used to give an initial pl of 8.0 - 9.0. The amount of acid
or alkali added was noted. . The method of determining the
combining capacity was that of "hack-titration" from the
initial pH to the region of the lsoelectric point. For this
purpose known amounts of standard alkall or acid were added to
aliquot portions of the original solutions, and the pH was
determined after each addition. |

For base-binding capaclty the pH measurements were made
with a glass electrode. For acid-cbmbining capaclty a
quinhydrone electrode was used in combination with a satursted
calomel half-cell., With both methods of determination the
accuracy of the measurements was within 0.5 millivolt.

The method of calculation of the equivalents of acid or

base bound was ag follows:-

Acid-binding: At any given PH, equivalents bound psp -

e

protein = [H] added’ ~ (2] found, where




R ]

The concentration of acid added was obtalned directly from
the amoﬁnt of HCl added minus the amount of NalOH added
(expressed in equivalents). The concentration of free acid
([Hj found) was calculated from the observed pi.

Base-binding: At any given pH, equivalents bound per g.

protein = [oH added - Bﬂﬂ found, where

| [pﬁ] = concentration of alkali in equivalents.
The concentration of alkali added was obtained directly from the
smount of WaOH added minug the amount of HC1l added (expressed
in équivalents). The concentration of free alkali ([Oﬁl found)
was célculated from the observed pH.

The ionic product for water was teken as Ky = 0,74 x 10712

at 18° (iichaelis, 1926). The degree of dissociation, &,

was taken as unity throughout the concentrations employed.

} _Hoffmann and Gortner (1925) have pointed out that the degree

a,k35001at10n as determined by conductivity methods does nof
agree’ with the values obtalned by potentiometric methods and
suggest the use of the latter in calculating combining
capacities. It was found that, up to the concentrations used

in the present.experiments, this correction was not of sufficient

- magnitude to be considered necessary.

Results.,

The actual amounts of acid and basge bou various




 Acid-Binding Capacity per gm. Protein.

Untreated Alkali-Dephosphorised ' Heat-Dephosphor-
gggeinogen . Caselnogen ised Caselnogen.
pi Equiv. boun pH Equiv. _bound pH Equiv.bound
x 105 . x10° x 109
230 98,9 T 2680 110.4. 2.83 81.8
2436 94.3 2.37 106.3 3.04 68 .4
24l 89.3 2.47 103.1 , 3.14 63.5
2.58 83.6 2.66 91.8 3.18 59.4
2 e84 79.3 2.77 91.0 3432 54,4
277 74.0 - 2.85 75.9 3637 50.5
2.91 66.3 2.99 68.0 3.49 44,6
3.11 B9.1 3.12 °8.7 3.60 40,2
3«30 50.0 3435 48.8 3.72 34 .4
3449 59.9 3445 38.9 3.81 29.5
3.70 29.3 3.687 29.1 4.03 _3.7
4.03 10.1 3.99 17.7 4,15 19.5
4,51 4,1 4,86 7.1 4,38 12,57

4,78 5,18




1.

TABLE III .

Untreated
Caseinogen.
js) BEquiv.bound
H 5
x 10
9.58 93.9 -
92.15 91.9
8.58 88.6
8.22 84.8
7.91 80.8
7.50 72.8
7 .34 68,7
7.08 63.7
6.82 56.7
6.71 52.6
6.56 48.6
6.37 42,5
6.15 36.5
6.04 32.4
5.85 26.4
5,68 20.3
5.54 12.2
5.48 8.2
5.33 2.1
4.1 .11

Alkali dephosphorized Heat-dephosphorized

Py

8.02
T7.73
7.50
7.25
7.01
6.79
6.63
6.45
6.26
6.13
6.01
5.94
5.83
5.75
5.68
5.62
5.55
5.50
5.46

5.41

5.3%7
5.33
5.29
5.24
5.20
5.13
5.04

caseinogen.
Equilv. bound

b4 105

107.6
103.7
99.8
95.7
91.7
87.6
83.6
79.5
75.5
71.5
67 .44
63 .4
59.4
55.3
51.2
47 .2
43,2
- 39,2
35.1
31.1
27.1
23.2
19.0
14.9
10.9
6.9
2.8

Py

7.80
7.16
6.89
6.79
6.67
6.57
6.49
6,34
6.24
6.16
6.08
6.02
5.95
5.89
5.79
5.70
5.63
5.57
5.48
5.38
5.23
5.03
4.77
4.60
4.44

Base~binding capacity per gm. protein.

caseinogen.
Equiv. bound

x 105

61.0
53.0
49.0
46.9
44,9
42.9
40.9
38.9
36.9
34.8
32,8
30.8
28.8
26.8
22.7

20.‘7

1807

16.7
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o values are given in Tables IT and IIT. The titration
curves of the three products are shown in Figs.4 and 5 .

The curves for the untreated caseinogen coincide fairly

closely with those recorded by Pertzoff and Carpenter (1932).
It will be seen, however, that both alkaline hydrolysis and
heat treatment have effected marked alterations in the base-
bindihg cépécity and, to a less extent, in the acid-binding
capacity. lMoreover, 1t is of special significance that the
curves for the two dephosphoriséd products differ markedly, the‘
alkali-dephosphorised caseinogen having a higher and the heat-
dephosphorised caséinogen a lower base-binding capacity than
untreated caseinogen. It has already been noted that the mode
of liberation of phosphorus by heat appears to be identical with
that caused by alkaline hydrolysis. On the other hand, it has
been shown that the mode of cleavage of nitrogen probably

differs in the two treatments. It seems likely therefore that

- the differences in combining capacity are agsociated with the

cleavage of nitrogen rather than of phosphorus.
It should be added that, so far as the two dephosphorised

products are concerned, it is not legitinate to consider these

as specific proteins of fixed chemical composition, as in the
case of caseinogen. Owing to variations in thehrgtéféffheating
and cooling of the autoclave, as well as %o othér*&éﬁditions which

camnot be kept exactly constant, two_successive samples of the
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heat-dephosphorised caseinogen may vary somewhat in composition.
The same criticism holds for the alkali-dephosphorised
caselinogen. Such variations in composition are, however,
unlikely to affect the acid- and base-binding capacitles to

any serious extent, and it is reasonable to assume that the
curves shown in Figs.4 and 5 represent typical acid- and
base-binding capacities of the two types of dephosphorised

product.

(b) The Rate of Heat Coagulation.

7Tec}nlgue. The rate of heat coagulation of the calcium salis of
~each of the three products already described was measured in
3 per cent. solutions. The soluticns were prepared as Ifollows.
The requisite amounts of alkali required to give an
approximately neutral solution were calculated from the titration
curves . The actual quantities of ua(OA)h used, per 100 ml.
of solutlon, were 0.061 gm. for the untreated caseinogsn,
0.051 gm. for the heat-dephosphorised cas einogen, and 0.093 gm.
for the alkali-dephosvhorised caseinogen. The pH values of

the solutions varied from 6.83 to €.09.

O

The solutions were prevared as before by stirring the
caseinogen and the solid Ca(OE)g with about 80 ml. of water

from 1 - 2 hours. When the solution of the‘protein was complete

the solutions were;centrifugedvas before‘fofvl5'minutes at




TABLE 1V .

All amounts expressed in mgs. per 100 ml. of original solution.

Time of

| ?133325); Protein % Protein Acid-sol. % Acid  Protein % Protein Acid-Sol. # Acid  Protein @ Protein Acid-Sol. % Acid
: N in N in N in sol.N in N in N in N in s0l.N in N in N in N in sol.N in
solution solution solution solution  solution solution solution solution sélution solution solution solution
0 8425 100 11.5 3725 307 .5 100 5.5 1.76 344.5 100 9.0 2.55
1 38 92.8 25.5  7.20 101.0 32.8 9.5  3.03 151.5 44.0 59.0  11.03
R~ 273.5 . 79.8  35.0 9.89 72.2 23.6 15.0 4.79 - 146.5 42.5 51.5  14.57
E# 3 76.0 22.2 45.0 12.71 71 23.1 17.0 5.43 114 33.1 61.0 17.26
ﬁ 4 47.5 13.9 46.5 13.14 64 20.8 21.5 6.87 1130.5 37.9 59.0 16.69
 § 5 50.0 14.6 55.0 15.54 62 20.2 27.5 8.80 111.5 33.8 65.5 18.53
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3000 f.p.m. In the case of the heat dephosphorised caseinogen
tbére was a. considerable quantity of sediment after centrifug-‘
ing.  Tﬁe présence of this sediment is shown by the smaller
original total nitrogen content of the solution. Af ter
cenﬁrifuging, and decanting off from the sediment the solutions
were made up to 100 ml. in standard flasks.

Heating: 7-8 ml. portions of the solutions were transferred

. to stoppered fubes and the tubes were heated iIn a glycerol

bath at 120°¢. (as previously described) for periods of 1-5 hours
After  removal from the bath the tubes were cooled in cold
,‘fﬁhﬁiﬁg'ﬁater and the solutions again centrifuged for 5 minutes
at SGOO T.PeM, The supernatant liquid was decanted off and
aliquot portions of the liquid removed for analysis.

Analysis: Determinations were made of total and acid—soluﬁle
nitrogen (i.e, soiublé in 5 per cent. trichioracétic acid)

the difference representlng proteln nitrogen. The percentage
of uncoagulated protein and acid—soluble nitrogen were

calculated from theseAflgures;;,‘

ﬁRGSults'énd'Diédussion.

The results of these experlments are given in Table IV
(MINIMAL catcium)
and are Shown graphlcally in Figs. 6 ~ 8, A It will be seen

that ﬁhe dephosphorlsed products coagulate much more quickly

than the u ' eated caselnogen and that the form of the

talned with the dephosphorised products is
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fundamehtally different from that of caseinogen. Indeed the
coagulation curve of the latbter may be said to be made up of
two parts; the first a relatively slow process, followed by

a very rapid action coinciding with the point of "visible
coagulation". Thus there is during the first hour of heating
a rapid coagulation of the dephosphorised products, over 70 ‘per

cent. of the heat-dephosthorised caselnogen and almost 60 per

cent. of the alkall dephcosphorised casecinogen being coagulated
within this period. Within the same period barely 10 per

cent. of‘the untreated caseinogen is coagulated. After =lmost
5 hours heating, however, there is a sudden and marked increase
in the rate of coagulation of the untreated caseinogen. Ir
reference 1s made to Fig. 6 it will be seen that this increasze
coincides with the liberation of 80 to 70 per cent. of the
phosphorus, so that, in the part of the curve where coagulation
1s most rapid we are, in fact, dealing not with caseinogen as
generally understood but with a partly dephosphorised oroduct.
The fact that the two dephosphorised products glve coagula-
Ttion curves of similar type and that maximum coagulation occurs
in the untreated caseinogen only after it has been partly de=-
Phosphorised demonstrates the enhanced heat-sensitivity which
is associated with loss of phosphorus from -

the caseinogen
molecule,
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TITI. FURTHER EXPERIVENTS ON HEAT COAGULATION.

This apparently close connection between the rupthtre of
the phosphorus from the caseinogen molecule and the subsequent
neat coagulation of the solutions appeared to merit more
detaiied study. Tt was decided therefore to carry through
another series of experiments on the rate of heat coagulation
of calcium caselnogenate solutions at lower temperatures and
to determiﬁe the simultaneous production of acld-soluble

rhosphorus and nitrogen. The temperature range chosen was

90° -v115°C. inclusive.

The solutions used in this series of experiments were
S per cent. calcium caseinogenate solutions prepared exactly
as before. The amount of Ca(OH)2 used was 6.065 gm. per
100 ml. Thé amdunt'of sediﬁent'ﬁftéf4centrifuging was always
very small., | |
As the temperature at which the solutions were maintained
was . lowered, the time necessary to produce coagulation
naturally increased; thus While coagulation occurred after
22 hours at 115°C., over 40 hours were required at 90°c, -
The'?ime~intervals between successive tubes being talen from the
babh"Varied therefore throughout the series. Treatment after

removal from the bath was the same as previously




i\‘ﬁitfogéﬁ{v

‘Time of heating (hours)

Nitrogen

Temperature of heating

Total in
solution

Acid -
soluble

" TPotal in

Phosphorus

- Phosphorus

solution
Acid =
soluble

‘soluble

Potal in
solution

Aeid -
soluble

€]

388

3.8

21,9
0.0

TABLE VI.

o é;i amounts expressed in mgs. per 100 ml. of original solution’

90%.

9 18 17 36 45 0

380 347 297 229 98 391

3.8 6,7 - 8.6 10.0 11.2 0.0

108°¢.

2 4 6 8 o 1
827 222 106 &7 370 365
16,1 25.1 34.0 42,0 4.90 12.10

7.2 14.0 12.55 11.8 20.5 20,1
4.70 7.8 10,4 11.6 0.0 3,50

. 959,

.
358

16
275

24
110

20.9 19.6 18.1 15.8 11.1 21.65 20.5 17.15 12.1

5.9 9.2 10.6

110°c.

387
18.4

18.9
5.80

- 3

280
24.0

17.0
7.70

208
28,8

14,5
9,26

32

1l.1

5
108
32.6

0
392

]
387

N (5]
100 C. .
249 284

12.0 19.6 27.0 33.3 38.6 4.3 14.6 23,9 32.5 383 4.90 13,3 21.0 27.8

201

34,0

21,74 21.45 19,30 16.40 13,0

0.0

0

382
4.2

3.8

.
375
15.6

11.5 21l.7 2l.2

10.6

0.0

5.4

6.8

8.9

115°¢.

2

285
26.0

17.0
8.5

]

180
84.4

11.9
10.2

10.5

112
39.7

12,9

11.6

107
42,6

13.0
12,3



TABLE V

All amounts expressed as mgs. per 100 ml. of original solution.

o
Temperature of heating = 90%¢. . 95°¢. loo7c.
Time of heating (hours) O 10 18 27 35 45 0 8 16 2¢ 30 0 5 6 9 19
© Total in : »
; Nitrogen sglutien 385,7 392.0 319.9 289.8 250.6 98.0 390.6 361.2 275.1 111.3 = 392,0 394,11 338.1 283.5 203.1
Acld - :
') soluble 4.2 12.32 18,68 27.58 32.76 38.64 4.70 17.50 19.60 30.80 38.36 4,90 13.30 21.70 26.60 34.30
~ %Total in - _ I ,
- Selutiom  21.85 21.20 18.92 17.38 16.46 11.06 21.82 21.09 16.35 12.10 - 21,74 21.68 19.17 16.41 12.97
t soluble 0.0 %5.88 6.79 8.58 9.85 11.23_ 0.0 5.66 9,40 10.49 11.08 0.0 4,00 6.67 8.586 10.82
% | 10800.' ‘ ' 11000_ | [ _"11500‘ L
0 2 4 6 8 0 1 2 3 4 5 0 7 1 2 . G 4 ¥ 5
Total in * , S o |
{ Nitrogen  solution  392.7 508.0 264.6 84.0 100.1 368.6 566.8 335.2 158.9 208.6 108.5 380.8 382.2 268.1 184.8 108.5 109, 2
-80luble 5.6 16.1 24.8 34.3 41.7 4.9 13.16 1652 23.94.29.40. 58.62 4.20 17.92 23.10 33.60 40.46 42.70
/i Phosphorus A’:?'éﬂu@n 21l.66 17.15 12,92 13,59 11.84 20.51 20.23 18.52 12.51 I4.32 11.36 21.68 21.41 16.99 11.86 12.45 12,90

solukle 0.0  4.85 7.93 10.46 11.56 0.0 4.12 5.78 8,17 9.19 10.97 0.0 5.45 8.46 10.14 11.73 12.85
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Results.
The actual figures obtained for total ﬁitrogen‘and
phosphorus,'and acid-soluble nitrogen and phosphorus are given
in Table V . These figurés were subsequently graphed and

e series.offcurves _drawn through ‘the points; definitely

anomalous reéﬁlts being omitted in all cases. The values
corresponding to the various time intervals were then read off
from each curve; from these figures the percehtags of total
soluble (ungoagulated) nitrogen and ascid-soluble nitrogen and
phosphorus were calculated. They were also used to obtain the
/P ratios. The results are given in Table VI . In Figs.
9-20  the percexnta ‘

es of total soluble nitrogen and scid-

soluble nitrogen and phosphorus are shown grarhically.

Discussion.

It is at once evident that the effect of continucad heat
treatment of caloium.caséiﬁdgenaﬁg solutions at these slightly
1ower'temperatures is similar b@:that at 1200C. Thus there is
a slow liberatidn;cf'aéidQSOluble nitrogen and a rapid
liberation of acid-soluble phosphorus, but the effect is not
S0 maﬁked over the time-intervals used in these experiments.
Itrwillvbg pbtedrthat the amount of acid-soluble phosphorus
doeé»né%féxéeéd 80 pér cent, in any expnriment nor does the

;acid-soluble nitrogen rise above 12 per cent., at 120° C. the
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correspon ding maximum values were 80 and 22 per cent.
respectively.

Similérly the trend of the curves showing the progress of
cozgulation of the protein is simllar to that obtained at
120%. Tn all cases the amount of protein decreases slowly
at first and then more rapidly, although the distinct "S™
shape of the curve at 120°C, was not so easily discernible.

It should be noted here that after centrifuging these solutions

1ich had been in the bath for some time,a sediment, presumably
of coagulated protein, was observed in the bottom of the
centrifuge tubes, although visible coagulation'had not yet
taken nlace. The presence of this sediment in increasing
amounts undoubtedly accounts for the slow preliminary fall in
soluble nitrogen previously noted.

It seemed possible, from the figures given in Table VI 1
and the general shape of the curves in Figs. 9 - 20
that the appearance of visible coagulation might coincide
roughly with approximately the same percentage dervhosphorisation
o' the protein molecule. Accordingly the time taken to
produce visible coagulation, to effect 45 per cent. dephosphor -
isation and to reduce the soluble protein nitrogen to 50 per
cent., all expressed logarithmically in hours, were calculated

by

for each temperature, and plotted against temnerature in
and Table VIR
Flg. 21. A It is evident that at these tempsratures, the ap-




TABLE VITI.

Vd ue of the ratio:

Acid-soluble N (N/P)
. Agid~soluble P '
at the following temperatures.

- Time of heating : 0¢. . 95 C. : 100°C.
| {(hours) 0 9 18 27 36 45 o 8 1.8 24 32 0 3 & 9 12
/P =  3.16 2.92 3.14 3.33 3.45 - 2.47 2.60 3.07 3.45 - 3.5 3.09 3.13 3.24
| 108°C ;o o lio°C - usc
Time of heating 0 2 4 6 8 0 1 2 3 4 5 o 1 2 3 4 5
{hours) o . R : i o '
- 3.42 3.22 5.27 3.62 -  3.46 3.17 3,12 3.12 3.08 - B89 3.06 3.38 3.43 3.46
Time of heating
(hours) . : 120%g
0 1 2 3 4 5
- 2092 5.18 5.60 4;.06 4:.4:7
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pearance of visible coagulation colncides closel& with a
reduc tlon of the uncoagulated protein to 50 per cent. and
_that this takes place when the caseinogen molecule has
suffered about 45 per cent. dephosphorlsa JlOﬂ The close
connection suggested earlicr (p.22) appears to be fully
warranted.

One further point worth noting is suggested by the H/P
ratios of the‘aoid~soluble fractions given 1n Table VITT. The
value of this ratio appears to keep fairly constant so long as

the 7ﬁagé§éfiﬁﬁ03phorus is taking place fairly rapidly.

Whén this ceases, or becomes slow, as, for example, in the
sample heated ot 120°C., the ¥/P ratio tends to rise. Tt miocht

sumrzested therefore from &
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prefzrentially disrupted

pRosphorus grouping, and that only when this cleavege has largely

been completed does degradation occur in other parts of the

molecule.

ITIA. ADDENDUM OW THE DEDFOS?HORISA”LOu OF

CASEINOGEN AT LOWER TENPTRATIRES

,For various reasons it is sometimes necessary to store

vjmifk:'roducts, such as evaporated millz (unsweetened condensed

milk), for’long periods of time at fairly high s torage
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temperatﬁfes."rif the dephééphoriSatién of the caséinogen'
which proceeded rapidly at 12000. and more slowly at 90°¢.
still proceeded &t, say, 2500., such dephosphorisation might
result in subsequent coagulation of the solution, thus
renderingrthe produdt,unfit for éonsumption. In order to
obtain, if poséible, somé idea of the rate of thie reaction at
25°¢. an éxtrapolétion curve from the avaiiable data was
dravn . The times expressed logarithmlcally in hours
required to produce 50 per cent. dephosﬁlorisation at each

of the temperatures studied was plotted against temperature
in FPig. 22 . The points fell, within the limits of experi-
mental error, on a straight line which was extrapolated down

to storanse temperatures. FProm this graph the time required

. o, 1, 2 . O .
to produce 50 per cent. dephosprorisation at 25 C. is 2.4 yre.

which is well beyond the usual time limits of storage.

Since results ébtéinedﬂin'pure protein solutions, however,
cannot always be applied té milk, it was decided to investigate
a nunmber of samples of evaporated milk which were of different
ages and had been stored under different conditions to show if

any evidence of dephosphorisation could be secured.

Tecﬁnigue.

It was obvious that any change in the phosphorus content

of the caseinogen wouléd be reflected by an alteration in the

VN/P‘ratio. To obviate any long and tedious isolation7bf:the
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protein itself the follOWIhg me thod was adopted for determinin

the nitrogen and phosphorus content of the caseinogen.

Analysis: A dilution of known concentration (4-5 per cent.)
was prepared ffom the samplé of evapbrated.milk. The total
nitrogen and phosphorus of this dilution were determined.
*'Caselnogen Was preclpltated from another portion of this
dilution with acetlc acid (A.0.A.C. p.260) and after filtra-
tion the non-caseinogen nitrogen and phosphorus were determine
in the filtrate. The nitrogen and phosphorus values for the

caseinogeh'were obtained by difference.

Results and Discussion.

The results are given in Table TX . Any small
differences in the N/P ratios of the various samples do not

appear statlstlcally to be OL smgniflcance. ‘The conclusion

extent upder normal tlmes and temperatures, of storage

is
cvidently conflwmed

Iv. TEE TUFLUENCE OF T7% CALCTUNM SﬁL T3 .

Tt has been pointed out earlier (p. 16 ) that as
,F .5 tﬂe alkﬂll-blnﬂln@ cap301ty 01 qeat éep

caseangen is less than that of uncnanged cas”

the narfow llmltﬁ of the pH range used i Jipéfiﬁéhfs.



At pH = 6.9 this difference amounts to 10 % 10-5 om. -
eguivelent of alkali per 1 zm. protein., It seems reasonable
tb agsume therefo ¢ that Quﬂlﬂ" heat treafment of a neutral
alcium caseinogenate solution the production of dephosphorise
caseinogen will be accompanied by a liberation of calcium,
either. in aSDOClﬂulOP with inorgenic phosphate, probably
'jpartly—in~cblloidal solution, or in combination with some
protein degrédatibn products. In either case 1t seems

2lmost certain that the presence of such a sbtrong coagulsting

[

agent 1in an increasing corcont“atlon.lel urﬂou tedly

L]

accelerate heat coagulation.

In order to obtain experimental data on the subject the

following experiments were carried out.

(a) The Effec» of Added Calcium Salts.

Solutlons._ A3 per cent. solution of the celcium

-

: ephothOflsed caselnocor was prepared 28 in
Section IT “case, hovover the amount of Ca(“V)g

used was +hat requ ”ediby the ‘same volume of ordinary

caseinogenate (1.e. 0 061" gm Ga(OF)2 per 100 ml. in place

of 0.051 gm.). Taefp

s‘a gusted to the re 11red value by

the addition of small quant ties of
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denhowﬂhO?lged but with the original awmount of calciws ciill
nresent

A similar 3 per cent. solution of calcium caseinogenatc
wés prepared with the addition of a similar extra quantity of

B

Ca(0H)y and adjustlng the pH as before.

'Heatlng, etc.. Heating and methods of analysis were also

as in 3ection II .

Results and Discussion.

[9)]

esults obtained are given in Table X . Figs.
and 7 show the results graphically. (E*CEﬁﬁ caLcium)

It is evident that the »nresence of excess calcium lons
sccelerates the heat coagulation of both solutions, but the
effect is more striking with the untreated product than the
treated. The rate of heat coagulation of the untreated
caSginogenris, however, still markedly less than that of the
dephosphorised product, the relatlve proportions coagula ed at
the end of one hour being 30 and 75 per cent. respectively.

t will further be noticed that the amount of protein
coagulated in both solutions containing excess Ca lons is
considerably increased.

Itvappeared very desirable therefors to obiain evidence
on the question of the amount of soluble calcium in the
various solutions, esp001317y with a view to obtaining direct

evidence of the incrcace in gsoluble caleiurm surcected h-



o

v

TABLE XI.

All amounts expressed in ngs. per 100 ml. of original solution.

90°¢, S 95°C. : 100%c.
0 10 18 e 36 45 0 8 16 24 30 0 2e5 5.0 7.5 10 125
Total in ' ‘ o ‘ ,
solution 406,7 356.3 366.3 269.5 158.2 93.1 395.0 360.5 280.7 95.2 94.5 400,4 387.8 310.8 298.2 145.6 -
- Nitrogen : ' : , .
' Acid-

soluble 5.2 16.0 15;5 7.4 21.7 40.6 4.6 15.8 24.5 25.9 45.4 4,5 9.8 15.8 . 22.4 23.7 £22.4

" Calciuvm Total in

solution 37.1 32.8  33.0 - - 14.5 35.5 31.9 29.6 12.7 13.5 38.3 37.1 30:5afv29;5vj524.8 195
105°¢ . U 11.0%. 115%¢.
2 & & 8 0o 1 2 '3 4 5 0 1 2 3 4 5
Total 4n | . | |
Tit solution 392,5 395,5 287.0 220.5 107.0 379.8 352.8 322.0 194.5 114.0 105 395.5 315.7 115.5 101.5 88.2 109,
Nitrogen : : : .
‘ Acid-
soluble 4,2 13,7 20.7 29.4 35.0 ‘5.2 13.9 18.9 23.9 30.8 36.4 4.6 15.5 25.8 34.3 40.7 46.9

ECalcium‘ Total in ‘
: Solubion 53.2  52.8  26.5 £1.5  15.9 34.4 33.0 29.2 21.4 17.2 15.5 34.6 30.5 15.6 14.2 13.5 17.2
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titration curves.

(b) The Amounts of Soluble Calcium in Heated Solutions.

Technique: 3 per cent. solutions. of calcium caseinogenate
prepared exactly as in the preceding section were'éubjected
to the same heat btreatment as hefore; treatment after re-
moval from the bath was also the same.

Analysis: Total soluble nitrogen, acid-soluble nitrogen

end total calcium were determined. daloium was estimated
by Mcorudden'é me thod (1909); 4 or 5 ml. of the supernatant
liquidiwere ashed according to the amount of soluﬁion
available; due to the small aﬁounts present precipitation of
the caleiwm oxalate was made in a centrifuge tube, the
precipltate being washed free from ammonium oxalate by
repeated washings with water and syphoning off the supernatant
liguid after centrifuging for 5 minutes at 2000 r.p.m. The

titrations were made with N/50KMﬁO4;

Results.
The actual figures obtained for the various time-

intervals at each temperature are given in Table KT . As
¥ 3 »

bgfore_tbese values were graphed and from the curves s0

Obtained the values correspondi ti
tainec ues corresponding to each time-interval were

read off. o tl 1 gt
From these figures the percentage of total soluble

(uncoagulated) acid-s To s
) acid-soluble nitrogen, and total calcium were




TABLE XII

© All smounts expressed im mgs. per 100 ml. of original solution

90°¢. ' 95°C. 100°C.
0 9 18 27 36 45 0 8 16 24 352 0 25 5 7.6 10 125

Total in

Nitpogen SOlutiom 403 383 547 268 159 92 595.0 360 280 96 93 400 388 350 282 150 118
8354 - ,

soluble 5.2 12.2 15.6 17.6 22.0 40.6 4.6 16.2 25.4 34.0 40.9 4.2 11,0 17.0 21.0 23.1 23.9

: Total in , . ,
Calcium “solution 36.8 B83.3 32,6 29.4 18,3 14.5 35.0 31.8 27.4 14.0 12.3 38.3 86.6 33.7 29.7 24.9 19.5

105°¢C. ' " 110°C. : | '1159C.
0 2 4 6 8 0 1 2 3 4 5 0 1 2 3 4 5
Nitrogen Aggzgtiany;assi 380 315 223 103 380 354 321 195 116 106 396 316 117 102 95 91
, it %

soluble 4.2 13,8 21,9 29,0 35,0 5.2 12,8 19,4 25.2 31,0 5.7 4.6 15,8 25,6 34.1 4l.3 47,0

Calcium Total in _ '
solution 33.1 3264 27.5 - 21,6 15.3 34,5 33.0 2902 2%5 17.2 15,5 34,6 30,3 16.0 14.1 13.6 14.2
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obtained. They were also used to calculate the 11/Ca ratiocs.
The results are given in Table XII, and expressed graphically
in Figs. 23 - 28 . As might be expected the values obitnincd
for the various nitrogen fractions are similar to those

recorded in the earlier experiments.

Discussion.

It will be noticed that the only figure given for
calcium is the value for the total amount present in the
sclution. A figure for the amount actually in combinzction
with the protein would be of definite interest and would tlgs

allow the amount of non-caseinogen calcium to be calculsted
Q

D

sa for

-t

by difference. Unfortunately the various methods in t
the precipitation\of proteins such as caseinogen,~e.g.
trichloracetic acid, acetic acid and phosphotungstic acid,

depend partly on bringing the reaction of the linuid tc o pF
which is very close to the iso-electric point and so arf!
the amount of base bound by the protein. One method which
would give soﬁe idea of the relastive amounts of
in a series of solutions is that of dialysis. Zven on the

(questionable ) aggumption that only the ionic calcium wrould

o

dialyse and that no interfering effscts due Lo Donnan



TABLE XTIII.

Value of the ratio:

Protéin N in solution (%/Ca)

- Total Ca in solution

at the following temperatures.

| | | | 90°¢. ~ 95%. 100°¢.

Time of heating = O 9 18 27 36 45 .0 8 16 24 32 0 2L 5 7k 10 124
o (hours) ‘ '
Y 1/Ca | 10.8 11.1 10.2 8.50 7.48 3,55 11.1 10.8 9,32 4.43 4.24 10.3 10.3 9.9 8.8 5.1 4.3
| os% Cuge s

Time of heating . o 2 4 6 8 o 1 2 3 4 5 0 1 2 3 4 5

; (hours)
’ﬁzs/Ca | 11.8  11.3 10.7 9.1 4,44 : 10.9 10.3 10,377,987 4,95 4.4711.6 9.9 5.7 4.8 5.9 5.1

t



the solutlon after several hours heating at, say, 110°C,

could be combined with the protein present at the pH of the
solution, as (in, for example, the case cited) after 4 hours
heating the uncoagulated protein N has fallen to 23 per cent.
while the total soluble calcium is still 50 per cent. of its
initial value.

The 11/Ca ratios given in Table XIITshow the »Hrogressive
relative increase of calcium.

One interesting point which arises is that the increase
in amount of calcium in solution after several hours heating
i1s consgiderably greater than the amount expected from the
difference in the hase-binding capacities of the ordinary and
heat-dephosphorised caseinogen. The source of this increase
is obscure. One possibility which might be suggested is
thet the protein coagulated during the slow heat-coagulation
process reverts in part at least to a pseudo-iso-electric form
and so liberates the calciunm. Evidence on this point is
obviously desirable.

Talken as.a whole, however, the results fully confirm the

suggestion put forward on the basis of the titration curves
that the dephosphorisation process is accompanied by the
liberation of calcium into the solution.

The further effect of temperature in enhancing the

coagulating power of the calciun lons must not be overlceoled.
b Y




Thus, as is well known, the flocculation of any solution

is finally determined by two factors: the probability of
collision and the orobability of adhesion after collision.
Since, in the case under consideration, the collisions of
the particles are probably entirely the result of the
Brownian movement, any increase in the temperature of the
solutions by increasing the rate of Brownlan movements will
increase the probablllity of collision. Also the increased
speed of the particles @}11 lecad to a greater.probébility
of adhesion after collision. In a study by Deacon (19230)

|

of the effect of heat on the coagulation of a'copper colloidal g
solution, evidence 1s produced that these considerations are
fully borne out.

While it is very probable that factors such as these
may be of assistance in the process uﬁder consideration there
seems to be 1i£tle doubt from the data presented that the main‘
factors underlying the heat coagulation of calcium caseinogenate
solutions are

1. The production of a heat-sensitive dephosphorised
product, and

2. The simultaneous liberation into the solution of
caicium, probably present largely as colloidal calcium

phosphate, which when in sufficient concentration at the

e T 3y 1 3
terperatures of heating produces the phenomenon of visible

coazulation.



PART II

FAGCTORS AFFECTING THE SOLUBILITY

OF MILK POWDERS.
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INTRODUCTION .

In a very comprehensive study, Wright~(1952) has
recently investigated the effect of heat treatment on con-
céntrated milk solutions and on dfy milk powder, with a
view to discovering the factors affecting the solublility
of milk powders. (It is well to point out here that the term
golubility" of milk powders and solutions which will be re-
ferred to frequently applies only to the protein content of
the systeﬁ. The lactosge and the bulk of the inorganic salts
exhibit true molecular solubility under the conditions of heat
treatment employed in processing. The milk proteins (and, in
whole milk, the mill: fat) are, however, present in collcidal
solution whose stability méy readily be affected‘by heat. The

"suspension

term "solubility" will therefore be used to denote
stability" of the proteins under the prevailing conditions).
In order to obtain a sample of miik which would be identical
for all the experiments, and which could be obtained readily
in different concentrations, a sample of spray-dried separated
milk (prepared by the "Milkal" process) was used for the pre-
paration of the solutions throughout the experiments. The
sample was over 99.5 per cont. soluble in cold water and
easily reconstituted to any desired concentration.

Wright found that insolubility could be readily produced

mille solutions of greater concentration than
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20 per cent. It was also found possible to correlate the
degree of insolublility produced at any given temperature by
- a known period of heating in a time-temperature-concentration
curve . The action appears to be irreversible and the
gsolubility is not affected by the temperature at which the
concentrated solution is reconstituted to a standard dilution
(2 gm. powder in 20 ml. wabter). This type of insolubility
is termed by Wright "denaturation®. While the use.of this
term,applied to caseinogen, is, in the light of the work
recorded in Part T probably not justified, it will be retained
and understood in the special meaning given to it here, namely
an irreversible protein insolubility.

The effect of heating the milk powder in a dry state was
also studied. It was found that heat treatment of the
dry powder for different times at temperatures between 100°
and 139°¢C. resulted in the production of another +type of
protein insolubility. In this case, however, the amount of
insoluble protein was found to vary with the temperature of
reconstitution to standard dilution. Thus a sample of milk
powder which had been heated for 40 hours at 100°C. was
57 per cent. insoluble when reconstituted at ZOOC. but only
2 per cent. inéoluble whenbthe temperature of reconstitution
was raised to 90°¢. It is suggested that the cause of this

type of insolubility is a dehydration effect such as the
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removal of water of imbibition from the protein particles.
One further feature which is noted is that after reconstitution
at 90°C. it was found impossible to obtailn an accurate
separation of the caseinogen and albumin globulin fractions.
The explanation suggested for this is that after reconstitution

at 900C¢. for 30 minubtes the albumin-4 globulin really had becn

(0]

denatured. Vigorous stirring of the solution during re-~
constitution, however, csused some change in the condition of
the protein and nrevented the flocculation of the denatured
particles. In consegquence they were still in the supernatant
1iquidrafter centrifuging. The addition of acetic acid to
coagulate the caseinogen did, however, bring down the bulk of
the denatured albumin -+ globulin with it, and so an incorrect
distribution of the fractions was obtained. This point will
be referred to later.

A complex system such as milk, and more particularly
concentrated milk solutions, where the dispsrsion medium 1is
not pure water but a solution of lactose containing a mixture

of electrolytes cannot be expected to behave towards heat-

treatment in the same way as a solution of calcium.caseinogenate:

Hence the processes which precede and probably influence the
heat coagulation of calcium caseinogenate will not necessarily
talte place in milk solutions. Indeed it seems likely that

the cause of ccagulation in the latter 1s to be found in +the

|




dispersion medium and not in any structural changes in the
protein during heatin |

Wright had limited his observations on the effect of
temperature of reconstitution to two extreme temperatures,
20°C. and 90°C. In view of the marked difference in the
results obtained at these two temperatures it appeared

desirable to extend the investigation to include the influence

of intermediate tewperstures of reconstitution on the solubllityl|

of milk powders.

It should be noted that the methods used Tor the
determination of the solubility of milk vowders vary widely
as regards both technique and temperature of reconstitution.
Yarguardt (1920) recommends treating the sample with

-

. v = 0 . .
successive charges of water 2t 50 - 557C. centrifuging after

'y

each extraction and determining the amount of insoluble
residue. Suplee (1923) reconstitutes the milk powder by
stirring for 10 minutes in water held at 65°C. and‘unhqoﬂuently
determines the total protein in the supernauant liquid after
centrifuzing. On the other hand, Munziker (1926) records
results obtained by reconstituting for 10 minubes at 65°¢.

and for 5 minutes at 100°¢. At the time when these metheds
were devlised, however, the existence of *Wo types of protein

insolubility in milk powders was not clearly YCCO“nlsed




-'7.56 -

Technidue .
Tn the following experiments the technique employed was:
made as cdrastic a8 possible in order to obtain reliable and

reproducible results. -

Solutlons: 2 gm. of each sample of milk powder were stirred
into a smooth paste with 4-5 ml. of water and the volume was
made up to 20 ml. This diluted mixture contained in o

-

Pyrex bolling tube was stirred for 30 minutes by means of

SQ

small double propellor revolving at 2000 r.p.m.; the beliling

red

[Jn

tube was kept immersed in & small water-bath at the des
C.). After stirring, the
contents of the tube were transferred to a 25 ml. centrifuge

t 3000 r.p.m. e

951
O

tube and cenitrifuvged for 15 minute
supernatant liquld was rcmoved by a syphon to a collecting
tube, care being taken not to disturb the loose upper layer

of the sediment.

Analysis: Determinations were made in the supcrnatant

liquid ss follows: total soluble nitrogen; caseinogen

by Moir's method (1931 ); albumin globulin by trichloracetic

-
L

S

and precipitation of the caseinogen filtrate; and non-protein

[¢

-7
.

nitrogen in the filtrate from the trichloracetic acid

precipltation; total nitrogen in the original sample was

determined on a weighed sample of the powder. All nitrogen

4

determinations were carried out by the Kjeldahl method.
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The difference between the total nitrogen originally
present and the nitrogen in the supernatant liquid was taken
to represent insoluble protein; at any temperature the

percentage of insoluble protein being given by the formula

U =
U

% insoluble protein = x 100
~where U represents the total nitrogen of the
sample and T represents the total nitrogen

in the supernatant liguid.

TPhe influence of temperature of reconstitution on the

solubllity of an artificially heated milk powder.

It appeared probable that any alterations produced in
the solubility of a wmilk powder by variations in the
temperature of réconstitution would be primarily dependent on
the effect of the dry heat treatment to which the powder had
been subjected during manufacture. The preliminary
experiments were therefore limited to a study of this aspect
of solubility.

Technlquaes A guantity of spray-dried separated milk was
heated in thin layers in an electric air oven for 6 hours at
105-110°¢C. The percentage of insoluble protein in the
heated powder as well as in the criginal powder was then

determined after reconstitution. The temperature range

.y e moa 0 0 . |
over which solubility was measured was 20  to 100 ¢, inclusive. !
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Results and Discussion.

The results obtained are given ianableXIV . and Fig.29
It will be seen that the solubility of the unheated sample
"varies but slightly with the temperature of reconstitution,
the percentage falling from under 2 per cent. at 20°C. to
zero at 99°¢. On the other hand the sample which had bheen
gsubjected to dry heating showed practically 60 per cent.
insolubility at 20°C. but the solubility increased as the
temperature of reconstitution was raised until‘at 1OOOC. the
whole of the protein was soluble.‘

It was found impossible to obtain close agreement between
duplicate determinations on this powder, probably owing to
difficulties in sampling, and considerable errors were un-
doubtedly involved in determining the solubility at some
temperatures (see especially the rvesults at VOOC.). Tdken
as a wnole, however, the resultsbindicate that with a constant
time of heating the percentage of protein rendered soluble
ig directly proportional to the temperature of recoﬁstitution
as shown by the straight line relationship illustrated in
Flig. 29. |

One interesting pcint which should also be noted is that
the results show no sign of any production of the "denatured®
protein as characterised by its insolubility at any

temperature of reconstitution. Such a finding is, of course,




in harmony with Wright's original work.

B. The influence of temperature of reconstitution on the

solubility of cormercially prepared milk powders .

The above results were obtained on an artificially
heated milk powder. The next step wasgs to investigate the
influence of temperature of reconstitution on the solubility_
of commercial milk powders. For this purpose the percentage
of insoluble protein in each of the following eight samples
was determined after reconstitution at various temperatures
between 20O and 100°¢.:

Sample T. A commercial brand of roller-dried separated
milk powder.
) Sample IT. LA commercial brand of roller-dried whole
milk powder containing added lactose. |

Sample IIT. A sample of dried separated milk powder

prepasred on a single-cylinder model roller drier: steam
pressure in roll 25 1b./in.2, time of drying 1 sec.
Sample IV. A sample prepared 6n the same plant, but
~ from whole milk (4.2 per cent. butterfat).
| Sample V. Tdentical with IV, but preparéd from
separated milk (0.1 per cent. butterfat).
Sample VI. Identical with IV, but prepared from
whole milk to which cream had been added (7.7 per Cent.

butterfat).
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Sample VIT. A commercial brand of spray-dried

separated milk powder.

Sample VIII. A commercial brand of spray-dried whole

milk powder.

The results of the determinations on these samples are
shown in Figs.,?QFgrggénvenience they will be discussed
under three heads:

(a.) There is an increase in the solubility of each
roller-dried sample between 20 and 50°¢. There is little
doubt that this increase is chiefly due to the fact that the
@ilk powders contaln a considerable proportion of protein
which has been rendered insoluble by dry heating, but which
(as shown in the preceding section) will regain its solubllity
when reconstituted in hot water. With regard to the whole
milk powders, however, the increased solubility at the
higher temperatures may also be attributed in pért to the
influence of the fat content of the milk (see (c) below).

(b) Between 50 and 100°¢. the roller-dried Samples show
a more or less marked decrease in solubility, which 1s best
illustrated in Figs.sland 2. This decreased solubility
might very naturally be attributed to the precipitation of
albumin by the prolonged reconstitution at the higher

LD L L

of albumin commences at 63°C. and is completed instantaneously
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at 85°C, Further, in the samples examined the increase in
protein insolubility is about 10 per cent., while the per-
centage of albumin in milk accounts for approximately 12.5
per cent. of the total nitrogen. The experimental facts
do not, however; appear to bear out this assumption. Separate
determinations of caseinogen, albumin plus globulin, and
non-protein nitrogen were made on Sample III after reconsti-
tution at 20, 50 and 100°C. The results showed that
between 50 and 100°C. there was an apparent increase in
insolubility of caseinogen of 7.80 per cent,, while the
albumin plus globulin only showed an increased insolubility
of 3.68 per cent,. The non-protein nitrogen remained constant.
In view of the suggestion made by Wright (1932) and
cited previously, these results may be partly due to the
inherent difficulty of determining these proteins separately
after reconstitution at high temperatures, the increase in
caseinogen being apparent and not real. On the other hand
it is pOSSible'that there is a physical association of some
sort between the caseinogen and albumin which is onl& stable
under certain circumstances. In support of this latter
suggestion it is significant to note that the two spray-dried
gsamples do not show any decreased solubility after recon-
stitution at higher temperatures and that the caseinogen of

these powders is almost completely soluble. In spray-



dried powders therefore the high percentage of soluble

caseinogen may induce mutual stabiligz of the proteins,

whereas in the roller-dried powders which contain much less

soluble caseinogen the denaturation of the albumin may

‘induce mubtual precipitation.

(¢) In order to differentiate between. the direct effect
of heat treatment during drying on the p?ptein solubility,
and the indirect effect of the fat content on solubility
(for instance, through the influence of the latter on the
miscibility of the powder with water), éxperiments were made
with bhoth separated and whole milk powders. It will Dbe
seen that the effect of the fat is to depress protein
solubility throughout the entire range of temperatures at
which the samples were reconstituted. This is best shown
in Fig.33, where the solubilities of three powders, all
derived from the same bulk of whole milk and all manufactured
under similar conditlons, are compared. It is also
indicated in the cqmparafive solubilities of the two com-
mercially prepared yroller-dried samples (I and IT) and of
the two spray-dried samples (VII and VIII), although direct
comparisons are not valid in these instanées, the powders
beling manufactured on different types of plant. From the
point of view of the present study, however, thé important

fact is that the influence of fat content on protein

solubility is approximately constant throughout the entir



range of temperatures of reconstitution. The presence of
the fat in the powder therefore does not invalidate any
conclusions. which may be drawn from the comparative
solubllities Qf the protein at different temperatures. he
increase in solubility between 20 and 5000., and the sub-
sequént decrease betweén 50 and 10000., occur wheﬁher the
nilk powder is manufcctured from separated milk or from whole

milk. Appendix T shows the figures ortalined for eanch gamnle,

Application of the Results.

The results presented in the preceding section show
quite definitely that the temperature of reconstitution is
an exbtremely important factor in determining the solubility
of a given milk powder. If the results for Sample II are
examined 1t 1s seen that When the sample 1s reconstituted =2t
20°C. the insoluble protein amounts to almost 70 per cent.,
at 50°c‘. this value is only 25 per cent., while if the
tenperature of reconstitution be raised +to lOOOc. the amount
increases to about 35 per cent.

The determination of the solubility of the samples over
the wide raﬁge of temperatures employed in these experiments
effectively demonstrates the n»resence of both types of
protein Insolubility. loreover from the solubility-

temparature curve obtained 1t 1s possible to gauge the
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amount of each type produced in the manufacture of the

sanmple. Thus it appnears that the inerease in solubility

[0}

between 20°C. and 50°¢. is due %o the presence of wnrotein

-

which has been rendered insoluble by overheating in a dry

state. In Sample IT, for example, the proportion of such
nrote is 70 per cent. minus 25 per cent., or 45 per cent.

of the +0u31 protein in the powder. Further, the protein
which remains insoluble at 50°C., i.e. 25 per cent., is

undoubtedly that fraction which has bsen rendered insoluble
'\

T e
13

by moist heating during the drying process and whi

L

therefore 1rreve rsibly coagulated.

In view of these facts, 1t is apparent that, using the
rather drastic technigque employed in the present investiga-
tion, the most valuable indication of the extent and nature
of the protein insolubllity will be obtained by reconshitubing

a wmilk powder at 20°C. and 50°C. The values so obiained wil

enable the observer to gauge the extent of protein insolubili

indvced by moist and dry heat respectively during manufacture.

Such information should prove of real value in indicating

what modilications, 1f any, may be necessary in the Srormal

conditions of the drying plant. If less drastic methods

s

of reconstitution are employed i1t might be necessary to raise

h

the latter teuwperature somewhat but it is doubiful whether

. o . ,
a Leuperature greater thaon 607°C. could he used without



ous visk of denaturing the albumin.

[&]
®
=
| =]

Some physlco-chemical properties of concentr ted solutions

of milk solids;

In the preceding section the problem of the ultimate
cause of the protein insolubilify induced by moist heating
has not been dealt with. It may be assumed, however, that
the production of this type of insoluble protein is really a

neat-coagulation phenomenon. If this be so, then 1t is

(“I'

very pfobable that the ionised electrolytes in milk, con-
centrated as they are during the drying process on the rolls,
are the agents regponsible for the irreversible protein
insolubility. Electrolytes have a marked effect on the
stability of protein colutions and the effcct of the
increasing concentration of electrolytes in the highly
concentrated solutions of milk solids will uﬁdoubtediy inf luencq
the stability of the protein system. 1t therefore appeared

desirable to malie a detailed s*udy of those physico~chemical

properties which are primarily dependent on ilonic concentration.
!
The properties investigated were the electrical conductiv 7, i

the hydrosen-ion concentration and (as a means of measuring

the gencral ogmotic activity of tixe solutions) the depression

of the freezing-point.
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o

Techniqﬁé.

(a) Preparation of Solutions.

In order to obtain comparable results throughout the
entire series of experiments, all solutions of milk solids
were made up from the same highly soluble brand of spray-

dried separated nilk powder. This powder was similar to

)

that used by Wright and was readlly and completely soluble

in cold water. The method employed in the preparation of
the solutions, WLiéh.Were invariably made up in duplicate,
was as follows: The regulsite cuantity of milk powder was
weighed into a Pyrex bolling tube, a few millilitres of water
were added, and the nixture was stirred with-a steel rod into
a thick peste. After further dilution the contents of the
tube were transferred to a 50 ml. standard flask, and made

up to the mark with Washings. A drop of caprylic alcohol
wés added to prevent frothing. This was essential in the
highly concentrated solutions where thé occlusion of small
air bubbles was otherwise liable to lead to serious
inaccuracies, By this method homogeneous solutions could

be readlly prepared up to the highest concentration used in
the experirents, i.e. 6D per cent. Throughout this section
of the thesis psrcentage concentrations are exonressed as

7. solute ner 100 g. water and not as g. solute per 100 ml.

8.

solution. Although the wviscosities of the solutions increcsed|




£

markedly with the higher concentrations of milk solids, all
the golutions were definitely fluid and could be poured from
one vessel to another.

Conductivity measurements were made very shortly after
preparation of the solutions (within 2 hours); pH and
freezing-point determinations were made after standing for
20-24 hours at 3-4°C. |

it may be noted here that when solutions containing
34 per cent. or more of milk solids were allowed to stand
overnight, a white sediment invariably settled out. On
investigation this sediment proved to bhe lactose. The sig-

nificance of this fact is dealt with in a later section.

(b) Physico-chemical measurements.

Blectrical conductivity: Conductivity measurements were

made in a cell consisting of two. vertical platinunm
electrbdes, each about 1 cm. square, rigidly sealed into

glassktubes, the upper ends of the latter being firmly fitte

[@]

into the ebonite 1lid of the cell. The electrodes were
heavily coated with platinum blaclk. The readings were made

Co., Ltd.) in conjunction with a buzzer and telervhone. A31

o
neasurerments were made at 187C. The cell constant was

checked each day, but remeined constant at 0.112.



- 48 -

Freezing=-point determinations: These were made with a

Hortvet cryoscope, fitted with a Beckmann thermometer.
Check determinations on distilled water showed a variatlion
of only 0.01°C. throughout the course of the worlk. In the
solutions of low milk solids concentrations considerable
supercooling was experienced; for instance, in the 17.8 per
cent. solution thHe degree of supercoolihg was 1.72°

fhile this value greatly exceeds the optimum suggested by
Findlay (1923), two successive readings never showed a
greater difference than 0.005°C.,, and in general gave identicall
values. In solutions containing more than 40 per cent.
mnilk solids the degree of superdooling was smaller, and it
continued to decrease up to 65 per cent. milk solids content
At this concentration the degree of supercooling was asbout

0.30%.

Hydrogen-~ion concentrations: Determinations of the hydrogen-

ion.cqncentration wefe made with the quinhycrone electrode.
In the highly concentrated solutions there was always a
slight drift, but even.W1th the highest concentration (85 per
cent. millk solids) this only amounted to 1,0 millivolt in

5 minutes. A drift of this wmagnitude WOL not appreciably
alter the results. According to Clark (1928) such drifts

in complex solutions are due to secondary reactions af ter

normael equilibrium had been attained. In order to minimise
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any small errors arising from these drifts, measurements
were always made after the solution had been in contact
with the quinhydrone for the same period of time (10*minutes)

and check readings were made 5 minutes later. The

temperature at which measurements were made was 18°C. (£ 1%:.).

Discussion of Results.

_ and Tabhle XV.
The results are shown in Figs. 35 - 37 . A They will

be discussed separately under three heads:-

(a) Electrical Conductivity (Fig.35).

From the genefal shape of the conductivity curve it
is secen that the relation betwzen conduotivity and concentra-
tion is not linear, but that there is a definite retardation
in the rate of increase of conductivity with increasing
concentration of milk-solids. At high concentrations,
beyond 40 per cent. milk solids, this becomes so marked that
the iﬁ;rease in conductivity is scarcely appreciable. Now,

since the degree of lonisation of electrolytes diminishes

=

ith increasing concentration, the conductivity-concentration
curve will naturally be concave to the conductivity axis.

It will be seen from Fig. 35 that the type of curve obtained
coincides with that which would be expected theoretically.

On the other hand the magnitude of the retardation at the

b

higher concentrations demands some further explaration
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In this connection it might be noted that there is one
other property of solutions which might exert a marked
influence on the clectrical conductivity, l.e. viscosity.

No actual measurements of viscosity were made in these ex-
periments but there was no doubt from visual observétion that
the viscosity of the solutions increased greatly with
increasing concentrations of milk-solids.\ Bateman and Sharp
(1928) have shown that the visoosity of normal skim milk
(about 10 per cent. milk-solids) is increased by about 3.5
times by evaporation to 26 per cent. milk-golids. Further,
Greenbank, Steinbarger, Deysher, and Holm (1927) found that
at concentrations of 45~50 per cent., milk solids, skim milk
exhibited the properties of plastic flow. It must be co£~
4cluded, therefore, that the retardation in the-rate of in-
-crease of the conductivity is partly (and possibly laergely)
due to the increasing viscosity of the concentrated milk |
solutions.

The conduc tivity of a 10 per cent. solution of milke-
solids (corresponding to normal skim milk) is shown from
Fig.35 to be 40.0 x 1074 whos. This value falls outside
the general range noted by Rogers (1935) for whole milks,
i.e. 45 - 48 x 10~% mhos . The figures quoted by Rogers
are presumably based on measurcments made at 25°7. while

the temperature employed in these experiments was 18%¢ An
. s 0
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independent measurement made on 2 10 per cent. solution at

25°C. showed a conductivity of 49.0 x 10~% nhos.

(b) Freezing-Point Depression. (Fig. 36 ).

The curve showing the relaztion hetween concentration
of milk solids and the depression of the freezingwpoinﬁ
consists of two distinet parts, the first extending from
0 to 34% of milk-solids, and the second from 34% upwards .
The sharpness of the break in thé curve at 34% indicates.
that at this point there is a definite physical change in
some cocmponznt of‘the system.

Dealing first with the break at 34% milk solids, it
has already been noted (p.47) that above this concentration
a white sediment invariably sebttled from the solutions
after standing overnight.  On analysis this sediment was
found to consist of,pureilactose. It therefore a;@earéd
possible that a concentration of 34% milk-solids repreéented
the point of maximum solubility of the lactose present in
he system under the prevailing conditions. The increase
in the freezing-point depression beyond this point would
then be due to the remaining osmotically active milk
constituents, chlefly dissolved electrolytes. Two pre-
cedﬁres were adopted to test this theory.

In the first place determina tions were made of the

amount of solublg lactose nresent in varying concentrations
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of milk-solids. SoTu tions containing kmown guantiti of
milk~solids were prepared as nreviously described ahd were
left in an ice-chest at 3°C. overnight. On removal from
the ice-chest they were immediately centrifuged for 5 minutbes
at 3000 r.p.m. The amount of soluble lactose in the upper
layér was determined by the volumetric method of Shaffer
and Hartmann (1921) after removal of the proteins by pre-
cipitation with 10% tungstic aoid. The results are shown
in Fig. 38 . They show clearly that Ehe maximum solubllity
of the lactose in solutions of milk-solids at about 0 ©°C.
is reached at 2 concentration of 347 of the latter, and that
beyond. this point the solubility remains (within expori-
mental evror) constant. |
Secondly, the amount of lactose present in = 12% mile
SOlldS solutlon was calculated from the data used to prepare
Plg.ySB . The tbeoretlcal depres ion of the freezing-point

dve to this amount of ¢aotose wag calculated from.the‘formﬁla

Al - 10K
ML

where g 1s the weilght In gm. of the solute of molecular
welight & diesselved in L gm. of the solvent and K is the
molecular depression constant for the solve* This value

Le

was subtracted from the observed depression of the solution

containing 12 per cent. milk-solids, the difference represented

ES



the depression caused by the other osmotically active

milk constituents. In this way a freezing-point depression
curve for these odnstituents only was drawn. Pa?t_of‘

this c”rve is shown in the Xxxxmdxline XY in Fig. 56.

Tt is evident that the slope of the upper part of the

freezing-polnt curve coincides with that of XY. It may,

therefore, be safely concluded that the freezing-point

[RS8

deyressions given in the top part of the curve are due to

the action of electrolytes etec., the amount of lactose i:
solution remaining constant. .

Several workers,notably lewton and Gortner (1922),
Newton and HMartin (1930) and Briggs (1931) have reported
that in solutions of some lyophilic colloids, especially
certain proteins, a definite fraction of the water is "houna"
by the colleid, "bound" water being defined as water which
i1s no longer capable of acting as a normal solvent. TE is
obvious that, if any considérable quantity of "bound" water
existed.in the higher concentrations of wilk solids (con-
taining up to 20 per cent. of protein) it might cxert a
considerable influepoe on the physical prdperties of the
sclutions, since 1t would result in the production of

abnormally high concentrations of electrolvtes. Such in-

0

creases in concentration of clectrolytes (and of other

osmotically active constituents of the system) would, however
o ¢ o ) ROALAS GL
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be reflected in abnormally high osmotic pressures, and
hence in corresponding incfeases in the freezing~ppint:
depression. The linear relatlonship between concentration
of milk-~solids and freezing-point depression shown in
Fig.36 indicates that "bound" water is absent from-the
solutions otualed
Ag confirmatory evidence on this p01nt seemed

desirable, the following experiment was carried outb. A

85 per cent. solution of milk-solids was prepared (the

exact quantity’of water present being known) and the
depression of the freezing;point was determined. Sufficient
glucose was then dissolved in an aliquot part of this |
solution to give, with the amount of water prescent in the
aliguot, a 5 per cent. wlucose solution. The depression

of the freezing-point of this solution was also determined.
A further determinaﬁion of the freezing~-point devression was
made on a solution containing 5 g. glucose'dissolved in

100 ml. pure water. The results were as follows:-

FPreezing~-point depression of 65 per cent., milk-~
‘solids solution containing 5 per cent. glucose 2 870

Freezing~point depre931on of 65 per cent. milk-

solids solution alone 2,313
Difference due to dissolved glucose » 0.557

Freezing point depression of 5 per cent. glucose 0,558
in pure water (dupllcabe solutions) o 0.555
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Thig result confirms the previous conclusion that, up to
concentrations of 65 per cent. milk-solids, there 18 no

evidence of the existence of. "bound" water.

(c) Hydrogen-ion Concentration. (Fig. 37).

In order %o determine'whether or not a linear
rélationship'exists be tween the'concenfration of milk-solids
and the hydrogen-ion concentration, the lattef was plotted
as such and not in pH unitS; t will be seen that the
cﬁrve is roughly linear, any‘inérease in the concentration
of the milk-solids being accompanied by an equivalent in-
crease in the acidity of the solution. The slight
deviation from a straight line relationship is again ex-
plainable on the basis of small differences in the degree
- of ionisation of the electrolytes present occurring ags a
result of the amount of lactose in the solution becoming

constant.

Application of the Resnlts to the Heat-Coagulation of

Evaporated Nilk and to the Insolubility

Induced in Milk Powders.

As was pointed out earlier the object of the DfeCeding
expsriments wag to obtain some idea of the alterations in
the lonisation and concentration of the electrolytes and the

posgible relation of such changes to the stability of the
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milkfproteins in concentfated solutions of milk-solids.

As\regards determinations of electrical conductivity,
these failed to furnish aﬁy useful information owing to
fhe of fect of viscosity on ionic mobility in the more con-
centrated solutions, any changes in the degree of ionisation
béing'vitiated by the unknown magnitude of the viscosity
effect.

In the pH determinations, where this factor was no
lbnger'operative, very suggestive results were obtained.
Thus, while a 10 per cent. solution (roughly equivalent to
normal skim milk) had a pH of about 6.6, the pH of a
30 per cent. solution was 6,20 and in a 65vper cent.
solution it had fallen to 5.97. The sensitivity of
caselinogen to heat (and electrolyte) coagulation increases
towards its‘iéo-electric point and other experiments (un-
published data) have shown that milk solutions of normal
solids content may be rapidly coagulated by heating to 120°¢,
when the pH is on the acid side of €.0. It will be seen
therefore that the ooncentfation of mllk solutions (such
as takes place in the roller-drying of m;lk) will inevitably
produce conditions which are very favourable to heat
coagulation. Hence it may be stated with a fair degree of
certainty that the insolubility of milk powders induced

during the drying process on the rolls is partly attributable

o the increasing concentration of the milk salts,




- 57 =

While the results obtained for the freezing poimt
depressions, on account of the limited éolubility of
lactose at 0°C. are not of direct value in giving a
true picture of the osmotic activity of the solutions, the
regularity of the results for the depressions makes it
reasonable to assume that a similar relationship will
hold for the elevation of the boiling point. Moreover,‘
since at the boiling point complete saturation of
solutions of milk solids with lactose cannot be reached,
there will be no break in the boiling point curve
equivalent to that which is found in the freezing point
curve. Scott (1933) has in fact found that in solutions
!of milk solids up to 50 per cent. and at temperatures
between 140° and 150°F. the relation between concentration
and boiling point elevation (under reduced pressure) is
linear. 1In view of the fact that in commercial
evﬁporative processes such as roller-drying of milk
powders the temperéture tb which the heated milk is
subjected is dependent on its boiling-point, the establish-
ment of a basis on which the latfer value can be cglculated

is of definite practical importance.
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