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I. ILLRODUCTION

The sum of the ionic equilibrias of milk, which inciude
caseinate if not other entities among the proteins, generally
have been referred Lo by the term “salt balance". HNumerous
attempts have veen made to elucidate the salt components of
milk and to devise wmeans of measuring at least cationic con-
centrations in natural mili, that is, to study the salt
balance. This is logical, for not only is there theoretical
Interest in unraveling one of the wmost complex combinations
of systems anong biologlical fluids, but the technological
aspects of the systems are of Importance, For insfance, it
i1s well known that when the ratio of calcium plus magnesium
to citrate plus phosphuate is not "correct" condensed milk
willl curdle when sterilized in tin cans, coffee cream wiil
"feather" and difficulty likely will be experienced in
coasgulating milk with rennin. The addition of small amounts
of citrate, phosphate or bicerbonate ifons, iIf the ratio is
high, or of calciwm lon, if thc ratlio is low,usuaily will
correct the difficulties.

This study Initiaily had a two-fold objective as regards
the milk equilibria. The Tirst was to study the cationic,
permaselective resin membrane clectrodes of Kressman (36), to
determine whether or not they were elther sufficiently selec-

tive for use in determiining lonic concentrations in thie mixed
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system, milk, or could be useful if correction could be made
for ionic interference. The second was to study milk dialysis,
in the hope that some Information co.ld e obtained that would
conflrm or refutc the eclectrode measurements,

Data that will Le presented indicate the improbability of
employing the cationic resin electrodes in mixed salt systems
to measure ionie concenirations., This seems particularly true
wnen attempts are made to nicasure divalent cations in systems
containing monovalent cations in higher concentrations than
those of the divalent cations.

Consequently attention was focused upon the dialysis
aspects of the problem. As a result, a new dialysis apparatus
and procedure, termcd "continuous pressure dialysis" was
developed. The use of this method, together with a recently
acquired Spinco todel L Ultracentrifuge, made possible a study
of the diaslysis of milk and of its casein-free skim milk.
Certain aspects of the dliaslysis study, suggested that it would
be relatively easy to doveiope a simple ultrafilter, wiich was
aone,

As a result of these developments, the objectives of the
project were expanded. In addition to the electrode aspects,
the major objective Lecame Lhe physical separation of milk into
caseinate, fat and casein-free skim milk and the ultrafiltrates
of fat-frec and ol cuselin gnd fat-free skim milks, and the

lonic distribuiion of the major cations and anions amon;; these



physically-separated fractions, and vetween the ultrafiltrates

and the dialysabes of the milks,



II. RLVIkW OF LITERATURE
A. Llectrochemical Theory of Membrane Electrodes

Membrane electrodes consist of materials which are
permeable to cations and/or anions. An example of this would
be the glass electrode which 1s thought to be permeatle to
hydrogen ions and largely impermeable to all other catlons and
anlons., NNost ismbrane electrodes are either of the semi-
permeable membrane type, e.g. collodion, the clay membrane
type, e.g. Putnam clays, or the resin membrane type, e.ge.
polystyrene. ‘These meubrane types can te used for determining,
in pure solutions, the activities of various anions or cations.
kach membrane type has its own electrochemical characteristics
and will tehave accordinzly. HMarshall (50) considers there are
three distinct types of membranes each of which has its ouwn
electrochemical properties.

The first type is unchanged by the ions on either side
and merely assists in forming a normal liquid-liquid junction
by preventing mixing by convection.

The second type acts as an lonic sieve and prevents
either cations or anions from paasing through. Such membLrancs
were of interest in proventing passage of anions by mechanical
constriction, since, with the except on of hydroxyl and fluor.iuc,
cations are smaller than anions. The equation for the tehavior

of this typo of membrane is the Nernst equation. If the membrane
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will permit passage of cations, but is lmpermeaile to anions
it is actually a hydrated membrane through which water
molecules are llkely to penetrate. It should follow that the
H + OH:———3=H20 equilibrium, should allow some moblle ions
within the membrane. If OH™ lons can transport electricity,
other anions should btehave sinilarly at the membrane surface.
Such behavior ghould bLe negligible in acid solution,

The third type, which Ycorell (99) and Meyer and Sievers
(58) have proposed, restrains ionic mobility only by virtue of
the electrical charge on the membrane. These authors consider
that this action may e combined with "sieve action". They
proposed that the relative mobilities of cations and anions
within the membrane were assumed to be different than those in
the pure solvent; the moi:l1lilty ratio through the membrane of a
palr of lions having oqual mobiilties in water, was a measure of
the restrictive or sieve action. When no slieve action occurred
the potential across the menmtrane was determined by: a. The
charge on the memirane expressed as ionic activity; be. The
relative mobilities of the anion and cation in water; and
c. The ionic concentrations on the two sides of the membrane.
The mathematical model for this type of effcct is shown below.

If the concentrations of the cations and anions are Clc
and C3,, the concentration: of ions on the two sides of the
membrane are Cy and Cp and the mobilities of the anions and
cations were Uy and Uy, the EMF across the membrane, the charge

of which is baianced by monovalent cations of the same kind ms



those in solution, is
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in which U= U%WS and A = lonic activity of the membrane.

If a ratlo of concentration, C3 : Cp, of 1 : 10 wcre
chosen, I becomes a function of U and of C3/A. 1If values were
assigned to U,/Ug, E can be exprecssed as a function of A/C3
or as log A/Cl and a family of curves can be plotted. The
shape of the curve which is identical with the experimentsl
curve def'ines Uc/Ua. The experinental curve can be used to
measure the effective lonlc charge, A, on the membrane and
also the value for U,/U, which for corresponding water solu-
tions of the ions glves o measure of the sieve action.

Kressman (36) using cationic resin membrane clectrodes
of tho sulfonated polystyrene type found that, when mecasur-
ing ionic activities of various solutions they obeyed the
Nernst equation, E ==g% iog %%, where A, amd Ay are the
activities of the cations on the two sides of the membrane,

All work done in this tiwsis was done with the $yi¢ which



Kressman (36) used. Thus, all measurements were in agreement

with the Nernst equation.

Be Determination of lonic Calcium and Magnesium in Milk

by Resin Contact Methods

Several authors have attempted to study the amount of
lonizable calcium and magnesium in milk by bringing milk into
contact with a cationic resin. Contact time and conditloning
of the resin in buffer sclutions was adjusted, presumably to
prevent disturbing the equilibrium between the lonizable and
other forms of calecium and magnesium in milk. The ions bound
to the resin then were cluted and determined.

Gehrke und Almy (28) studied the effect of mineral ion
exchange resing on milk constituents. They studied the
exchange cheractcristics of pure solution, effect of one ion
on exchange of another, adsorption of lactose at various piH
levels, effoct of non-protein nitrogen on ion exchange and the
exchange of ions from cheddar cheese whey with Zeo-Kari-ii,
DeAcidite and Amberlite 1R-lli resins. They found that calcium
end magnesium affinity was greater than that of sodium and
potassium with the Amberlite resin. 2Zeo-Rarb-li exchanged
non-protein nitrosenous substances btut LeAcidite did not.

When the threc resins were tested for iactose adsorption be-
tween ph levels of 6.0 to £.5 none were found to have an
affinity for lactosc.

Baker ¢t al. (6) used Amberlite IRC-50 and TR-UB cationic



and anionlc resins, respectiveliy, to study the exchange of
ionizable calcium and magnesium in skim milk. The resin,
placed in the potassium form with a potassium buffer, was
allowed to ccntact the milk for various lengths of time. The
cations were eluted from the exposed resins, fthelr findings
indicated that 36 per cent of tne total calcium in milk were
removed in 10 sec. The rate of removal of calcium Trom 10 to
180 sec. was constant and was presumed to be the removal of
dissolved salts or the conversion of dissolved salts to the
ionic state. From 180 to 300 sec. the removal rate was con-
stant and was attribtuted to an exchange of colloidal calcium
phospnates to the disscived calcium phosphates. Vhen phos-
phorous was oxchanged, l). per cent was removed in 10 sec.,
from Iy per cent to 65-58 per cent removal the rate of ex-
change was slower then that during the first 10 sec., and
beyond 65-5 per cent the rate bLecame constant. This indicated
that one third of the phosphorous in milk was bound orpanically
and not avallable as ions.

Christianson et gl. (17) studied the ionizable calcium
and magnesium in relatively the same manner as Baker et al., (0)
except that Lhese workers used constant levels of sodium and
potassium to condition thelr rcsin snd varied the calclum con-
tent. The solutlons of varying calcium concentrations then
vere nixed with the resin and allowed to equilitrate. From
these standard calcium solutions ilonic concentrations of

exchangeable calcium were determined after elution of calcium



from the resin; the exchanged calclum was plotted against
caleium concentration of the solutions emp:oyed in preparing
a standard curve. OSanples of skim mllk treated in the same
manner gave levels of cxchanged calcium from lL.0-L.5 mg. per
100 ml. of milk. Christisnson et al. (18), using the same
method as aibove, studied the ionlzable calcium and magnesiunm
and found thnem to Le 2.0-2.3 and 0.82-0.85 millimol., respec-
tively, per liter. They also studied the effect of pli, of
addition of citrate and heating of milk. As the pll decreused
the amount of calicium exchange increased. Addition of sodium
cltrate reduced %he cxchanpge of calcium more than did sodium
chloride, supresting that sodium ions lower exchanpge of
calcium to a lesser desree than complexing it by citrate.
Heating milk, prior to exposure to the resin, decreascd the
availability of calcium and, slightly, that of magnesium.
Storage subsequent to heatins, caused a reversal in that more
calcium was free to react with the resin.

van Kreveld and van Minnen (103) studied the amount of
ionizable calcium and mapgnesium in milk with a Duolite C-20
resin., They treated the resin with a salt solution iso-lonic
with milk. Their data indicaced that from }.0-l.6 milli-
normal calcium and l.)4 to 1.7 millinormal magnesium were in the
jonic state. ‘These data agrced well with those of Smeets (85)
and Scekles and “mecobs {8l)). Seekles and Smeets (Bh) did not
use a resin contact method as did the other workers but com-

plexed the culclum and magnesium from milk ultrafiltrate with
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amnonium purpurate or murexide.

Results obtained for calcium and magnesium activity, when
milks were heated, indicated that heating caused a reduction
in activity of Loth calcium and magnesium ions and that as the
period of heating increased the activity decreased (18, 8,
103). Condensing milk on the other hand was found to increase the
activity of calcium and magnesium, Sterilization, subsequent to

condensing, caused a decrease in ionic activity (103).
C. Studies of Memtranes of Different Types

Considerable data have teen reported relstive to various
types of membranes and their pnysical properties. Types which
have ieen widely studied include collodion, mineral, resin-
colledion and artificial resin membrancs. Little work has been
done on the application of these types to measuring ionic con-
centrations in biological fluids. However, if this could te
done easily and simply it would be of great value both clini-

cally and for manufacturing purposes in the Lairy Industry.

l. Collodion membranes

a. Diffusion of ions throush collodion mem.ranes. Loeb

(42) first studled She osmotic and diffusion effects of
electrolytes and non-slectrolytes through pure collodion mem-
branes. lle concluded that the rate of diffusion of non-
electrolytes was dircctly proportional to the concentration.

llectrolytes were found to behave similarly except that the
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diffusion rate was greater at the higher concentrations and
diffusion continued to a lower concentration than with non-
electrolytes., Loeb (};3) considered that the rate of diffusion
depended upon the sign, valency and radius of the ions in
addition to their concentration gradient. When membranes were
treated with various apgents, such as gelatin, casein and egg
albumin, water diffused more rapidly into the salt solution
than when untrcated collodion membranes were used. 'This dif-
ference in diffusion rates for water when mono-, di- and tri-
valent ions were present, resulted not from differences in
permeability but to the negative ciharge which the water dis-
played in presence of the hizh positive ionic charges. When

a collodion memirune Separated water and sodium gelatinate
solution, the water diffused into the gelatinate solution at a
definite rate bub when aslkalis or salts of varying valencies
were added bto the geleatinate solution the rate of water
mipration diminished (Lly).

Loeb (4%, 1j6) also established that the rate of diffusion
of electrolytes through a memirane was dependent upon the
vaienecy of the ion, because as the valency of the ion increased
the water toundary layer Lecame more negative. The rate of
water diffusion through the membrane was accelerated by ions
having large positive charpes but the rate was dependent upon
the concentration of the ions. When Loeb (47, 48) studied the
effect of reversal of siyn of the collodion membrane, he

employed hydrozgen and trivalent cations. Membranes were trested
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with protein as before. Heversal of sign of the membrane by
varying the hydrogen ion concentration vazried with the iso-
electric point of the protein with which the collodion was
treated. Ordinarily, the pH at which the reversal of the sign
of the membrane occurred was slipghtly higher than that of the
isoelectric point of the protein. Trivalent icns caused a
protein treated memirane to be charged positively as did the
hydrogen ion. However, low pli caused the protein to be con-
verted to a protein salt of the acid employed, which was
capacle of jonizing into a positive protein ion and the anion
of the amcid; reversal of sign of the protein by trivalent
cations on the alkaline side of the isoelectric point of the
proteln ceused the formaution of free carboxyl groups. The
reversal of sign was duc to the formation of non-ionizable
metal proteinate salts.

Studies of the permesbility of membranes with pure
solutions of sodium, potassium, lithium and hydrozen chlorides
Jieclded theoretical potontials, calculated from Wernst equation,
when measurod across the collodion membranes in the ratio of
0.1/0.01 . (60)., Monovalent anions were found to diffuse at

a slower rate than monovalent cations.
K
C
116 log 22

Trans{erence numbers, ¢ = 0.5 , & measure of
diffusion, were calculated for various monovelent lon solutions;
these showed bthat, whien bthe solutions were dilute, the transfer-

ence numbers were small but increased a8 the concentration
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gradient increased (59). Such measurements were found to
correlate with the riobiilties of the catlions and anions within
the memurane (61, 62). By use of this technique a correlation
was established vetween the membrane pore size and the dlameter
of varlous molecules. These workers postulated, on the basis
of their data, thut 98 per cent of the pores were large enough
to pass acetone while only 0.3 pexr cent would pass glucose
(107).

be Llectrical behavior of collodion membranes. Latsa

discussed this far, with regard to collodion memiranes, con-
cerned the diffusion of ions bLut did not consider thelr elec-
trical characterization under vuried conditions. Tnis section
concerns the eiectrical behavior of collodion membrsnes.
Sollner et al. {80) measured concentration potentiesls
across various commercial collodion membranes with 0.1 and
0.01 M. potassium chloride solutions. They indicated that the
electrochemnical activity of thc membranes depended directly
upon the amount of acidic impurities in the collodion. When
the collodion was subjected to oxidation by 1.0 H. sodium
hydroxide, concentration potentials were uniform and approached
the theoretical values calculated by the Nernst equation (87).
I'ase exchanpe studies were conducted with collodion. The mem-
brane was saturated with hydrogen fon and was placed in con-
tact with a neutral salt solution, the cations of which re-
placed the hydropen ion, which then was titrated. There was no

correlotion evidence wetweon replacement of hydrogen ion by
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other cations and the electrochemical activity of the membrane
(93). Electrochemical activity was found to be dependent upon
the number of dissociable sroups on the membrane (88).

In order to determine whether collodion membranes were a
homogenous phase or a micellar-structure phase Sollner and
Carr (90) oxidized, redissolved and recast the collodion. It
was Indicated that concentration potentials of recast collodion
membranes were lower than those of oxidized membranes. Thcse
results sugsested that the membranes were of micellar- rather
than homogenoua~structure. &tudies of the effects of the
thickness of membLranes indicated that concentration potentials
were dependent upon the tirickness of the membrane which indi-
cated a micellar-structure as the true stale of the membrane
(91).

Studies =’ water uptaike and swelli:p of collodion in water
solutions of organic and inorganic electrolytes and non=-
electrolytes, indicated thaet in inorgenic electrolyte solutions,
60-70 per cent of the water was taken up in swellin:; the
remainder cntercd intramicellar and intermicellar cavities.

In water solutions of corganic electrolytes and non-clectrolytes,
collodion swelling depcnded upon the solute, e.ge glycerine,
glucose, citric amcid (13, 89).

Special membranes prepared for study were those having high
ionic selectivity, hizh pcruesbility, low resistance and good
mechanical properties (1, 12, 1llj). Some membranes were prepared

which contained protaaine sulfate (12, 95). Those membranes
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containing the protamine yielded low resistance, low ionic
selectivity and high permeability. JIonic selectivity and
permeatility of non-protamine-containing membranes was
dependent entirely upon the time of oxidation by 1 g. sodium
hydroxide. The nighest selectivity, permeatility and mechani-
cal strength of tho nmembranes was obtained when an oxidation
time of 6 to 7 min. was used. Longer oxidation perlods
resulted in weaker membranes and shorter oxivation perlod
vielded membiranes with low selectivity and permeability.
Membranes prepared a8 indicated above did not obey the
Teorell and Meyer-Sievers thecory of membrane behavior (92).
However, both menmbrane types rapldly established their con-~

centration potentials across 0.1 and 0.01 M. potassium

chloride sclutions, showing that they have permeablility (96,
97) .
c. Studics of lon iinding Ly proteins usinc collodion

memtranes., ostudles using protamine collodion membranes were
made concerning the Linding of calclum, magnhesium, sodiunm,

and potassium by various proteins (8, 9, 10, 11, 1%, 16, 97).
Measurements were made by imuorsing the membrane containing
the protein plus ion Into a known volume of water and titrat-
ing the water with a standard pure ion soiution, usually 10
times preater than that within the membrane. The titrations
were followed eclicctrometrically until the voltage across the
membrane was zero. At Lhis pcint the concentration inside the

membrane was considered cqual to thut outslde and the
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concentration and activities of the lons within the membrane
were calculated.

Carr and Topol (15) studied the activities of sodium and
chloride ions in protein solutions using a protamine collodion
membrane. Their findings indicated thaet negative membranes
were useful from pil 3.0 to 9.5. During the course of these
investigations it was found thet ciiloride ion activity was not
affected by clther zelatin or casein in the pll range employed.
However, sodium was bound to casein at pH values alove 7.0. At
pH 7.5 it was found that 0.18 to 0.20 meqg. of sodium was bound
per gram of casein but that sodium was not bound by gelatin.
Further {indings indic::ted bthat the amount of sodium bound was
directly proportional to the amount of casein present and that
thls binding was lowered when the pH was alkaline.

Carr (8) found that there was no difference in binding of
chloride ion Ly bovine or human serum albumin below pH 7.0;
above pH 7.0 therc was diffcrence. Using other proteins, Carr
(10) found that proteins, with isoelectric points between ph
1.0 and 3.0, would not bind chloride ions in the pH range of
3.0 to 7.0, while those with hirh isoelectric points (8.5 to
11,0) showed affinity for chloride vetween pH values of 3.0
and T.0. There was no direct correlation belween anion binding
and isoelectric point of the protein, in the pH range 4.0 to
10.0.

Binding, of calcium by various proteins was studied using

protamine collodion mombranes (9, 1l). When the binding of
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bovine serum albumin wus studled at physiologicel pH (7.l4)
over concentration ranges of 1 to 50 millimol. of calcium per
liter, with solutlons containing 1 to 3.3 per cent protein,
i1t was found that 8 caleium ions were bound per protein
molecule at the higher calcium concentrations. Binding of
calclum ions per molecule was determined by assuming an
average molccular weicht and calculating the amount of calciunm
bound per moleculec. It was found that as the pll inereased
above the isoelectric point of serum sltumin there was a large
inecrease in calclum binding by this protein. Within the pH
range of 5.7 to 7.6 there was a TS5 per cent increase in
calcium binding. Carr (11) found thet calcium binding by 0.8
per cent casein solutions increased from a low of 0.01 millimol.
per liter at pl 5.6 to a high of 1.49 millimol. per liter at
10.6. With other proteins, e.s. lysozyme, gamma globulin and
hemoglobin, there was no correlation between calcium binding
and isoelectric points. For instance, lysozyme (I.P. 10.6)
bound more calcium than peuma globulin (I.P. 6.5) but hemo-
globin (I.P. 6.8) bound less calcium than gamma globulin. How=-
ever, it senerally was found that calcium binding among pro-
teins was preater for those nroteins which had low isoelectric
points (1.0 to 3.0); among those with high isoelectric points
(8.5 to 11.0) there was llttle difference in calcium binding.
Carr and Yoods (16) found that at pH 7.4 the amount of
magnesium bound by various proteins was the same as the amount

of calcium bound. It was further found that binding of magnesium
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increased as the piH decreased and increased as the concentration
of magnesium increased until the ion concentration (depending

upon the protein) was 6 to 10 millimols. of magnesium per liter.

2. Mineral membrancsd

Mineral wmenmbranes were prepared by grinding and casting
various clays in the form of disks from 0.1 to 0.5 mm. thick
(52, 53, 54, 55, €6, 57). These membrasnes were heated,
mounted and tested for eciianical leaks.

Activities of solutions of sodium, potassium, ammonium,
calcium and magnesium chlorides were measured by use of
saturated calomel half cells, salt agar bridges and a Leeds-
Northrop potontiometer. Potasslum activities could not be
measured with any degree of reproducibility with Montmorillonite
membranes when the concentration was below 0.1 M. (53, Sk).
However, tentonite membranes could be used to measure ammonium
ion activities when the concentrations were telow 0.1 #. (55).
Marshall and Xrinbill (57) also determined the activities of
sodiun lon scluticons using i‘cidellite membranes. These mem-
branes werce sonsitive and theoretical potentials were observed
when the concontration of sodium was as low ass 0.03 g.

Calcium and magnesiwm activitles were measured with
Putnam mentranes; the recsults did not agree with those caicu-
laied by the Nernst equation (Y1, 52, 56, 6l). These memiranes
were found non-sensitive to hydrogen lons and divalent ions but

were sensitive to monovalent fons other than hydrogen.
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Mineral membranes, in general, were found to be sensitive
to systems invelving meonovelent ions but were quite erratic in
a mixturs of mono- and di-valcnt ions. However, mixtures of
divalent lons were found to behave like systems of monovalcnt

fons (51).

3, Resin membrancs

Wyllie and Patnode (110) developed membranes from artificilal
cationic-exchange resins by molding resins at 2500 p.s.i.g. and
150° C, and used them to measurc sodium ion activities. These
workers found that a membrane thlckness from 0.5 to 5.0 mm.

did not affect the potentials measured across them by
saturated calomel half cells. Yhen 60 per cent Amberlite
IR-100 was incoryorated into the membrane together with methyl-
methacrylate and polystyrene, immediate potential readins were
obtained. Ho.cver, when 20 and 50 per cent resin concentra-
tions were used, constant potentlsls were obtained after 30
days and 20 :sin., respectively. The structure of these mem-
branes were found to be similar to the porous or sicve struc-
ture of collodion membranes.

Affsprung et al. (2) preparcd membranes using Amberlite
IR=120 and Dowex 50 by tho molding process. Wwhen these mem-
branes were studied in solutions of mono- and di-valent ions
it was found that Lheoretical Nernst potentials were obtained.

Kressman (35, 36) studicd permaselective resin rod mem-

tranes of the polysulfonuted styrene type. Memoranes of this
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type were put into a cationic form, ec.gz., sodium, potassium,
ammonium, were rounted and the potentials were measured by
means of saturated calomel half cells and a Lceds-Northrop
potentiometer. Xressman (306) found that ionic activities of
monovalont lons could be determined when the concentration
gradient across the membrare was 0.1/0.01 M. for all salts
studled. Theoretical lernst potentials were obtained for both
mono-~ and di-valent ions in the pH range of 5.0 to 9.0. How-
ever, when lon mixtures were used, corrections had to Le made

Tor the Interferring ion effect.
L. Dlalysis and Ultrafiltration of Milk

LDlalysis and ulirafiltration have teen used for years as
a tool in the puriflcation and concentration of protein so.iu-
tions. There are, hovever, but few studies of the dialyzable
and ultrafiltersble constituents of the various biological
flulds. The following summary applies only to milk.

Saito (80) dialyzed milk using Pergament Paper; the
paper memirene wes placed in a beaker and the milk placed
within it. The space bLotween the memirane and the Leaker was
filled with distilled woter and the bealker rotateu constantly.
A stirrer was pleced in the milk which was agitated for - hrs.
at 50 r.p.m. Saito was primarily interested in the dlalyzable
nitrogen fractions of milke. He found 2.2l per cent of the
total nitropoen in milk dialyzable; this dialyzed component

ylelded a strong ninhydrin rcaction but negutive Pluret test,
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indicating 1t was not a volyneptide but an amino scid. When
milk samples were dialy;ed aftor heating at 100° C. for
various lengths of time, the amount of total and ammonia
nitrogen which were dlalyzable increased as the time of heat~-
ing increased. Salto (81) found that when milk was treated
with ultra violet light, prior to diaslysis, no increase was
noted in total dialyzable nitrogen. However, when milk was
treated with rennin, the amount of total dialyzable nitrogen
decreased. 1Thls was attributed to partial adsorption of
dialyzable nitrogen by the coagulwu.

khen Sgito (81) dialyzed milks which had been innoculated
with various acld producing organisms, the amount of dialyzavle
amino and ammonia nitrogen increased rapidly.

Lampitt and Tushlll (37) studied the distribution of
phosphorous in miik by static and continuous dialysis and by
ultrafiltration. Static dialysis consisted of immersing 25
mi. of distilled water, in a collodion membrane, in 900 ml.
of milk at 0-5° C. for 2 days. Ultrafiltration was carried
out at 5° C. by pulling a 70 em. lig vacuum on a collodion
memtrane; the yield was 2.5 ml. of filtrate per hour. Con-
tinuous dialysis of milk was accomplished by placing 20 ml. of
milk in a collodion tube, which was inserted into a tule of
water surrounded by a brine (5° C.) jacket. Distilled water
pessed between the jacketed tube and the membrane and was con-
ducted to a 8t:11l in which 1¢ was svaporated under 70 cm. Hg

vacuum. The vapors from the still psssed to & condsnser and



the condensate returned to the dialysis water. Milk inside the
memorane was stirred by a mechanical stirrer. Water was added
to the milk to maintain a constant level inside the membrane.

Static dialysis and ultrafiltration methods were compared
on samples of milk held for & days at ® C. Kesults of the
comparison indicated that the ccncentretion of phosphorous
(Loth total and inorganic) were the same in the cvaporated dialy-
sate and the ultrafiltrate. However, when static and con-
tinuous dialysis procedures wore studied, results indicated
that more inorgenic phos liorous was dialyzed by the continuous
method than by the static method. This was attribvuted to dis-~
turbing the salt equiliirium by the dilution which occurred in
the continuous method, causing increased solubility of inorganic
phosphorous (presumably calcium-phosphorous complex). However,
no difference was noted in the amount of organic phosphorous
left in the dimlysate residue by either method.

Resul$s from the static dialysis procedure iIndicated that
}46 per cent of the total phosphorous were dialyzable; while
60 per cent werc dlalyzable by the continuous method.

Comparison of results from statlic dialysis and ultrafil-
tration showed that 6 and L0 per cent, respectively, of the
total phosphorous was found in tho dialysates and ultrafil-
trates. Hesults obtained by Norbd (66) substantlated the above
data concerning the ultrafiltcrable phosphorous.

Lampitt and Bushill (383) further studied the distribution

of calcium and phosphorous in milk by static dialysis. Twenty-
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five to thirty-three per cent of the calcium was dialyzable;
33-41 per cent of the inorgenic phosphorous was dialyzable.

The effects of dilution, pH and heating on the dialyzable
calclum and phosphorous were studlied by the static dialysis
technique (38). Dilution of milk (1:2) caused an increase of
12 per cent dialyzable calcium and 5-7 per cent dialyzable
inorganic phosphorous. Vhen pH was lowered from 6.55 to
5.75 an increase of 11 and 17 per cent in dialyzable Inorganic
phosphorous and calcium, respectively, was noted. However,
this change in pH (6.55 %o 5.75) did not cause the organic
phosphorous to dialyze. Ilcating caused a decrease in the
dialyzable calcium and the inorganic phosphorous of about
per cent.

Lampitt ct al. (39) studied the dialyzavle calcium,
magnesium and phosphorous in normal milk and found that 62-83
per cent of the total magnesium in milk was dialyzable. These
authors also studied the effecct of agitation on the dialysis
of milk. Thelr results showed that agitation reduced the
dialyzable magnesiwm and calcium and increased the dialyzable
inorganic phosphorous.

These authors (37) indicated that as the acidity of milk
incressed, the dialyzable organic phosphorous increcased and
became maximal ot 0.25 per cent acid; dialyzable calclum,
magnesium and inorganic phosphorous increased steadily as the
per cent acid increased (limits not given). Ling (40) reportecd
that the entire quantity of tricalcium phosphate of milk
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disappears when the milk reaches 0.68 per cent acidity and
that tire total increase in phosphorous in the whey is
equivalent to the decreuse in tricalcium phosphate.

Some workers dialyzed milk against solvents other than
water in order to determine the amounts of dialyzable and
soluble inorganlc constituents. Kona and Micheelis (78)
dialyzed milk against rennet whey from the original milk and
whey resulting from cascin precipitation with ferrous hydrox-
ide. Calcium decrcased in the iron whey and increased in the
rennet whey. By tuis mctiod they estimated that 0-50 per
cent of the total calcium was soluble.

Pyne (69) dlaly:zed milk against rennet whey and estimated
that 56 per cent of the inorganic phosphorous and 3l per cent
of the total caleiwn in fresh nilk {(pH 6.6-6.65) was soluble.
However, at a pl value of 5.28 the scluvilities of calcium
and phcsphorous were 80.3 and 99.3 per cent, respectlively.
Verma and Sommer (1006), dialyzing milk against rennet wheys,
found 35 per cent of the total calcium, & per cent of the
total magnesium, 37 per cent of the total phosphorous and 85
per cent of the citric acid to exist in the soluble form.

GyOrgy (31) dialyzed milk against rennet whey and found
that the undialyzatle phosphorous amounted to 50-60 per cent
of the Sotal and that an incrcase in acldity caused an in-
crease in the dialyzable calcium and phosphorous. When casein
was at the isoelectric point all the calcium snd phosphorous

was dissolved in the whey. He conciuded that the casein and
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the undialyzable dicalcium phosphate showed chemical affinity
for one another.

Bell (7) obtained ultrafiltrates from heated milks and
Tfound a decrease in soluble or filterable calcium and phos-
phorous. He attributed this decrease to the fact that
calclum and phosphorous go from the scluble to the insolutile
state by formlng an insoluble salt-protein compound. Centri-
fugal studies at 306,000 to 40,000 r.p.m. on heated milks showed
that there was an increase in the amounts of calcium and phos-
phorous found in the portions thrown out. He also found that
the amount of culcium and phosphorous centrifuged from skim
milk was greater the hirshor the heat treatment.

Magee and Harvey ()j9) dialyzed fresh, pasteurized and
bolled milks in cclliodion membranes against cold running water
for various lengths of time and then analyzed the contents of
the membrane. There were 206.ly, 20.L and 15.7 per cent of the
calcium diffusible from fresh, pasteurized and boiled milks,
respectively., They attributed the decrease in diffusible
calcium to the formation of colloidal tricalcium phosphate

from soluble dicalcium phosphate.
E. The State of Calclum, Phosphorous and Casein in Milk

Investipations concerning the stute of calcium, phos-
phorous and casein in milk are of importance in manufacturing
problems. The principle repgions of interest sre the distri-

bution of calcium and phosphorous in the soluble and colloidal
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state and the association hetween calcium, phosphate and
casein. |

The distribution of calcium and phosphorous in the
soluble state were considercd in the preceding section,

Pyne (68, 70, 72) considered that the colloidal calcium
in milk existed as a tricalcium phosphate which in turn formed
a chemical bond with casein. His premis was based upon the
difference in Iformol titration values of milk with and without
added potassium oxalate. Hc also investigzated the electro=-
metric titration curves of tricalcium phosphate and tricalcium
phosphate plus casein over the pH range of 7.0 to 10.0. In
later work Pyne and Eyan (73) using a modified Ling (LO)
titration with potassium oxalate and excessive phenolphthalein
concluded that 88 per cent of the calcium existed as tri-
calcium phosphate. Porcher and Chevallier (67) had postu-
lated that both di- and tri-calcium phosphate existed in milk.

Van Slyke and Eosworth (109%) considered the natural
acidity of milk rc¢sulted Irom colloidal dicalcium phosphate.
They considered that it was maintained in the colloidal state
by a protective collold action of casein. When dicalcium
phosphate was titrated with calcium hydroxide these workers
postulated that the dicalcium phospnate was converted to tri-
calclum phosphate.

Linz (40, 41) titrated oxalated and non-oxalated milk and
rennet whey in order to ecstlimate the amount of tricalcium phos-

phate in milk. Iis findings Indicuted that ncarly one half of
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the total lnorganic phosphate in milk existed as colloidal
tricalcium phosphate. As the acidity in milk incerceased the
casein "acidity" incrcased proportionally to the calcium
removed. Furthermore, as the total calelium content of milk
changed with season the umount of calcium-caseinate complex
varied whlle the colloidal tricalcium pnhnosphate remained con-
stant. Ie interpreted this to indicate that the formation of
tricalcium phosphate took precedence over that of calcium=-
caseinate. On the basis of this, he concluded that there was
no chemical union between tricalcium phosphate and casein.
ter Horst (100) criticized Ling's (41) work and agreed with
Pyne and Ryan (73) that the error in the original Ling
titration of miik and rennet whey resulted from titrating to
phenolphthalein end points which corresponded to different pH
values. Such an error indicated the presence of more tri-
calcium phosphate than was actuaily present as a result of
the titration of some dicalcium phosphate in the Ling (L0)
method.

de Xadt and van Minnen (20) separated casein from milk
by ultracentrifugation. They concluded that only calcium and
phosphate were bound to caseln on the basis of their analyses
of casein, uwhey and of the original milk. Furthermore, they
proposed that phosphate and calcium were bound to casein through
an ester btype linkage. Analyses ghowed that the calcium to
phosphorous ionic ratio was 3 : 2, after subtracting the amount

of ester linked calcium; this is the same as for tricalcium
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phosphate. On the Lasis of their studies these workers pro-
posed the lollowing complex between tricslcium phosphate and
casein,
Ca-POu = Ca
Casein———POu or Casein——-POu = Ca——-Ca3(POu)2

Ca-POb = Ca

Eilers et al. (23) titrated phosphoric acid with calcium
hydroxide in the presence of casein between pH values of 4.0
and 9.0; they postulated the following form for the calcium~

caseinate complex.

Ramsdell and whilttier (7Y) supercentrifuged the calcium-
caseinate-phosphate complex from milk. They found that after
titration of the complex with potasslium oxalate an incresase
in acidity occurred. From this reaction it was concluded
that tricalcium phosphate rather than dicalcium phosphate was
the molecule attached to casein. The isolated complex con-
tained 95.2 per cent calcium-caseinate and L.8 per cent tri-
calcium phosphate w:ich was distributed as 0.742 per cent
organic and 0.985 per cont inorganic phosphorous. The casein
contained 0.789 per cent organic phosphorous. Ford and
Ramsdell (26) and Ford et al. (27) centrifuged skim milk at

various speods up to 48,000 r.p.m. and collected the serum and
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casein colloids removed. Upon analysis of the original milk
and casein free serums it was found that the calcium to phose-
phate ratios were 1.0 or close to that of tricalcium phos-
phate. DLeposits obuained from centrifuging at various
gpeeds, when analyzed, shovwed calcium to phosphorous ratlos
of 1.5, again close to that of tricaicium phosphate. They
concluded that 70-90 per cent of the casein appeared as a
single phosphoprotelin which was considered to be a mixture of
&=, A - and ¥ -casein. Over the range of speeds studied these
authors considered the phosphoprotein to be combined with
calcium and tricalclum phosphate. Larger protein particles
removed at low spceds were found to have less organic phos-
phorous and some nonprotein substarnces while those obtained
at higher spoeds had a higher organic phosphorous content.

ter Horst (101), using an ultracentrifuge, fractionated
the calclium-caselinate complex and found that the varilous
fractions had different calcium combining capacities and iso-
electric points. She also stucled the ion adsorption of casein
and found that casein could cumbine with considerable quantities
of scdium and chloride even in presence of large excesses of
calcium,

Van der Burg (102), employing yeast suspensions, adsorved
the calcium phosphate on the cell surfaces during the heating of
milk. He showed that heating of yeast suspension in milk caused
a 21 per cent decremse in the colloidal tricaleium phosphate

associated with milk. fhere was only a very slipht change
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in the amount of calcium appearing as the ester phosphate of
casein. He concluded that the calclum In casein was attached
to the phosphate ester sroups and that the remalining free
amino and carboxyl groups tled up tricalcium phosphate in
varying amounts. ter ilorst (100) believes that this hy-
potheses approaches more ncarly the actual state of the
calcium-caseinate complex than any of the other postulations.,
Pyne (71) studied the behavior of barium analogs of phosphates,
polarographically, Iin casein sclutions and substantiated Van
der kurg's (102) hipothesis on the heat sensitivity of, and
the type of union between caseinate and phosphate complex.
Evenhuis and de Vries (2)) disagree with Van der Burg's (102)
premis that tricalcium phosphate is adsorbed to the yeast cell
upon heating. They postulate that 1t is not an adsorption
but » erystallization process. <They demonstrated this by using
cotton wool instead of yecast cells. As much tricalcium phos-~
phate was crystallized on the cotton wool as was adsorbed on
the yeast cells. Thus, they propose that the influence in the
crystallilzation of tricalcium phosphate, when milk is heated,
resuited from a difference in the rate of tricalcium phos-
phate (present as colloidal phosphate) solublization and the
rate of precipitation of this tricalclum phosphate which
erystallized on the yeast cell surface.

Edmondson and Tarrassuk (21, 22) studied the effect of
heat and addition of disodium hydrogen phosphute on the dis-

tribution of calcium, phosphorous and nitrogen in the fractions
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obtained after centrifuging at 20,000 r.p.m. for various
lengths of time. Heating of skim milk cauvsed an increase in
total sedimented cesein during 40 min.; beyond 4O min. a
reversal occurred. This reversal was attributed to a shift

in size of the casein complex and to some settling of denatured
serum proteins. Additlon of disodium hydrogen phosphate caused
a decrease in caseinate complex sedimentation. Heating and
addition of disodium h;drogen phosphate to mllk samples,
folloved by centrifucration rave Increases in Ca:N and @ :X
ratios for the sediment. From the sedimentation data, a

molar ratio of Ca:P of 1.5 (the same as that of tricalcium
phosphate) was calculuted for raw skim milk. For milks with
added disodium hydrogen p osphote but without heat the same
molar ratio was found to be 1.25. However, calcium in the
serum phase was decreased to about 1/3 of its original value

by adding 0.15 per cent disodium hydrogen phosphate.
#+ Mineral Constituents in Milk

Large numbers of analyses have been made of the mineral
content of milk. There is consideravle variation among the
values reported, The main causes of varistion are probably
the difference in location, brecd and feeds used. Probably
considerable variation results from the methods of analysls
ocmployed. Hore recent analyses may be more accurate because
of improvcment in methods and techniques.

Table 1 presents some of the values reported for the



iable l. FHeported values for tiie minoeral consiituents of normal fluid milk.

ne., per 100 ml. of milk

Total
norkerxr Sodium Potassium_ Chloride Calcium Hagnesium Phosohorous
Van Elyke and

Bosworth (105) 57.0 12L..0 78.0 136.0 12.5 65.2%
Hess et al. (32) 39.7 127.5 76.0 103.3 L2 76.1P
Whittier (108) 57.0 124.0 - 127.0 8.0 62.02
Roadhouse and b

Koestler (76) 116.8 161.2 85.3 113.0 6.6l 87.2
Robinson et al. (77) - - - 123.0 - -
¥eirs and Speck (34) 46.6 138.7 - 118.9 - -
Pavis and b

MacDoneld (19) 41.5 143.5 106.0 136.0 i2.1 96.2
Sommer (98) 58.L 151.8 110.0 149.0 - 93.0P

gInorganic Phosphorous.
Total Phosphorous.

2¢
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mineral constituents of normal fluid milk.

The values reported by these authors are average values

which were determined in their particular locality. Con-

sideratle variation 1s evident for most of the important con-

stituents of milk.



ITI. MATBRIALGS AkD MeTnobDS

A. HMaterials

l. Milk

The raw whole milk used was bulk mixed milk including
various breeds, but was from predominstely Holstein, Guernsey
and Jersey cattle. The majority of the samples obtained was
from milk held in raw milk storage tanks, in the College

Market lNillk Department.
2. Water

Distilled water was used in all experiments. [or the
electrode meatureucnts, for all standsrd salt sclutions and
for the ionic analyses, the water wes distilled a second
time in a Pyrex apparatus, equlipped with a condenser having
a clear quartz inner tube. Prior to the second distillation
the water was treated with a sulfuric acid potassium dichro-

mate mixture.

3. heagents

All chemicals used vwere of rearent srade or of spccilal
high grades.
Referenco phosphorous sclutions were made from a sample

of potassium dihydrogen phosphate obtained from the kational



Bureau of Standards (Sample Ko. 186-I-a).
All standard salt solutions were made from reagent grade
chemicals whiich had been recrystallized three times from re-

distilled water.
. Mcmbranes

Cellulose Viaking tubing used was purchased from the
Visking Corporation, Chicago, Illinois.

Cation menbrane eclectrode measurements were made with
Zerolit 315 cation exchange membrane rod furnished Ly United

Water Lofteners Co., Gunnersbury Ave.,, London Wl, England.
Be Methods

l. Calcium and masmesium determinations

Calcium snd magnesium were determined by the method of
Jenness (33) as follows: weigh 10 g. of milk into a 100 ml.
volumetric flask, dilute with 20 ml., of distilled water,
add 2 mi. of 1 g. hydrochloric acid (to dissolve calcium
salts and disperse casein), agitate by gently swirling the
solution, and after 10 min. add 2.5 ml. of 0.5 N. sodium
hydroxide (to bring pl to .0 to l;.1 and precipitate iso-
electric casein). Ma%te the contents of the flesk to 100 ml.,

mix thorourhly and filter discarding the first 5-10 ml., Pass
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10 ml. aliquots of filtrate through a buolite A-hl column
(for removal of phosphorous) and follow each aliquot by two
10 ml. portions of distilled water to rinse the column.
Collect the aliquot {10 ml.) plus the 20 ml. of rinse water
(chromatographed aliquot) in a 125 ml. erlenmeyer flask.

Calcium detcrimination. Add sufficlent 1.5 N. sodium
hydroxide (usually 2 ml.) to bring the chromatographed
aliquot to a pli above 10, audd 0.2 g. murexide (ammonium
purpurate) indicator (0.2 g. emmonium purpuraste plus 100 g.
sodium chloride, intimately mixed) and titrate to a purple
color from pink with standard EDTAZ.

Calcium and magnesium determination. A4dd 0.5 ml. of
borate buffer (l1.0 g. sodium tetraborate in 80 ml. disiilied
water) to a chromatographed aliquot plus washings, bring the

pH to 8-10 with 1.5 L. sodium hydroxide (usually 1-2 drops),

1Duolite A-l; {Cheamical Process Co., hedwooé City,
California) resin column. Place 3 g. of resin on a glass
wool plug in a 7 x 250 mn. column with a 15 x 100 mm.
reservolr on top and a 1 x 25 mm. capiliary tip on the
bottom to which polyethylene tubing and & screw clamp were
attached. Dack wasi with distilled water to stratify the
resin and to romove air, and convert the resin to its ex-
change cycle by passing, two 50 ml. portions of 1 N. sodium
acetate throupgh the column. HRinse with ten 10 ml, portions
or distilled water. BRegenerate after four aliquots (10 ml.)
of de-protcinized milk have teen treated (33).

2Make lp g. disodium dihydrogen ethylenediamine tetra-
acebate dihydrate and 1 g. sodlum hydroxide to 1 L. with
water. Standardize against standard cslcium carbonate, 1 mge.
per ml. (1.0 7. triple precipitated and dried calcium carbonate
plus 2 ml. concentratcd hydrochloric acid, made to 1 L.) (33).
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add 5 drops Lriochrome Black T (1 g. indicator plﬁs 30 ml,
distilled water containing 1 mle 1 N. sodium carbonate made
to 100 ml. with isopropyl alcohol) and titrate from pink to
blue with standard EDTA.

2. Phosphorous determination

Total inorganic phosphorous was determined by the method
sugzgested by Fontaine (25) and Graham and Kay (30) for milk.
Weigh 0.15 to 0.25 g« of milk into a 10 ml. glass

stoppered volumetric flasi, add 1.5 ml. of 15 per cent
trichloroacetic acid, make to volume, mix and filter from
precipitated proteins. Discard the first If ml. of filtrate
and transfer 1 ml. aliquots of the remaining filtrate to 25
ml. amber g.s. flasks, add sufficient 10 g. sulfuric acid to
make the total volume 5 ml. and add 2.5 ml. of 7.5 per cent
sodium molybdate and enouph distilled water to make to 20-22
ml. Add 2.5 ml. of dilute stannous chloridel, mix and place
the stoppecred flasks in a voiling water bath for 20 min. to
develop the blue color of reduced phosphomolybdate. Cool to

room tempecrature, make to volume and read at 820 my in a

Beckman DU spectrophotometer {corex cuvettes). Run a reagent

lpjlute stannous chloride solution was prepared by
diluting 1 ml. of a solution of 10 z. stannous chloride in
25 ml, of ccnucentrated hydrochloric acid, to 200 ml. The
dillute solution was not stable and should be prepured fresh
every 8-10 days (25),
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blank with each group of determinations. Phosphorous was
calculated by a regression equation established with samples

of known phosphorous concentration.
3. Pitratable acidity

Acldity of milk samples was determined by titrating 18 g.
of milk (containing 10 drops of 1 per cent phenolphthalein)
with 0.1l g. sodium hydroxide (3). Results were recorded as

per cent lactic acid.

lj. Chloride determination

Heat approximately 50 e rav whole milk in a boiling
water bath for 3 min., remove, cool to room temperature and
mix well, Weigh 10 ge samples of this milk into 27 x 113 am.
plastic round bottom centrifuge tubes, precipitate the caseln
with 5.5 ml. of 15 per cent trichloroacetic acid with constant
agitation (to yleld very small casein particles), remove
casein from the sides of the plastic tubes with a stirring rod,
and centrifuge in an International Clinical centrifuge for 3
min. at 2,500 r.p.m. Decant the centrifugate into & second
clean plastic centrifupe tubec. Wash the casein by resus-
pending In two successive 3 ml. portions of water (pH l.T7)
acidified with 1 drop of 15 per cent trichloroacetic acid, and
centrifuge again for 3 min., decant all washings into the tube
containing the centrifugate of the original milk, <Titrate the

combined centrifugates to the phenolphthalein end point (5 drops
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of 2 per cent phenolphthalein) with 2 N., followed by 0.1 N,
sodium hydroxide (the latter used when approaching the end
point), centrifuge the precipitated phosphates at 2,500 r.p.m.
for 3 min. Decant the clear centrifugate into a 125 ml.
Erlenmeyer flask, bring to pii 6.6 by adding l.5 ml. of 0.1 i,
acetic acid, titrate with constant stirring with a standard
silver nitrate solution (1 ml, equivalent to 1 mg. chloride)
to the potassium chrcuate (12 drons, 10 per cent solution) end

point. Results were calc.lated and recorded as per cent

chloride.

S. Potassium determination

Potassium determinations were made by the method of Haff
and brotz (7l) and Schober and Fricker (82). Weigh a 10 g.
sample of raw whole milk into a platinum evaporating dish,
dry on a steam plate, ash at 390-410° C. for 8 hrs., cool and
dissolve the asn in 10 ml. of dilute (10 per cent) hydrochloric
acid. Filter through a Whatman No. }j2 paper, wash the paper
and contents with distilled water and collect filtrate and
washings in n 250 ml. beaker. Re-ash residue and filter paper
for 1 hr. at 600° C. (after charring with a Bunsen burner),
cool and dissolve with 10 ml. of 10 per cent hydrochloric acid.

Comblne thoe filtrate and the second ash solution, make
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alkaline* with potassium-free sodium carbonate (usually 2 g.)
to precipitate phosphorous, filter to remove the precipitated
phosphates and acidify* with 40 per cent acetic acid.
Evaporate the solublons to 20-25 ml. on a steam plate, adjust
the pH to 4.0 with dilute (5 per cent) acetic acid, warm to
70° C. and add a 50 per cent excess of sodium tetraphenyl
boronl, filter, after 5 min., through fine porosity frittegd
glass crucibles that have been brought to constant welight.
Wash the precipitate 7 times with 5 per cent acetic acid, dry
at 1002 C. for 0.5 hr., cool and weigh. Run a blank with each
group of samples (usual blank 0.0 to 0.0004 g.). Potassium
tetraphenylboron is stable to 120° C.; it contains 3.787 per

cent potassium (29).

6. Sodiwn determination

Weigh 20 g. raw whole milk Into a platinum evaporating

dish, dry on a steam plate, place in a cold muffle furnace,

*Hote: Keep beaicers covered at all times with watch
glasses during addition of sodium carbonate and hydrochloric
acid to prevent loss by spattering. KRinse watch plasses into
the beakers tefore proceeding.

lDisaolve 0.2 g. sodlun tetraphenylboron (Hach Cheins Co0.,
Ames, Ja.) in 10 ml. distilled water. Prepare and filter at
least 1 hr. before using; if clcudiness appears in filtrate,
refilter (29). Use within 2l hrs. because of instability; if
not used immediately store in absence of light. Fifteen ml,
of this solution yields a 50 per cent excess for 10 g. of
normal whole milk.



L1

heat to L00° C. and hold for 8 hrs. Cool the dishes, dissolve
the ash with 10 ml. of 10 per cent hydrochloric acid, filter
through a Whatman No. [}2 paper and wash paper and contents
with distilled water. Collect filltrates and washings in 250
ml. beakers., Return the ashless papcr to the platinum dish,
charr and ignite at 600° C., for 1 hr. Cool the dishes, dis-
solve the residue in 10 ml. of 10 per cent hydrochloriec acid,
and combine with filtrate from the first ashing. Sodium was
determined by the magnesium uranyl acetate method (109). Re-~
duce the combined filtrates to 50-75 ml. on a steam plate, add
3 g. of solid zinc carbonate and digest on the steam plate for
at least 0.5 hr. Zinc carbonate raises the pH and precipitates
the phosphates. ¥Filter, wash the filter paper and precipitate
thoroughly with 5 ml. portions of distilled water (usually 8-
10 times) and collect the filtrate and washings in a 400 ml,
beaker. Acidify with 0.1 g, hydrochloric acid to the methyl
orange end uoint and evaporate to a volume of 5-7 mli. If the
solution is not acid to methyl orange, adjust at this point;
ad justment cannot be made after the reagent is added.

Adjust the solution to 20 * 1° C., add 100 ml. of the

magnesium uranyl scctate reamentl and stir (500-1,000 r.p.m.)

1Magnosium uranyl acetate solution: Dissolve 45 g. uranyl
acetate, 300 g. nmugnesium acetate and 60 ml. of glecial acetic
acid in 800 ml. of distilled water, heat to dissolve all sslts,
cocl and dilute to one liter. Store at 20° C. for a minimum of
2 hrs. with frequent stirring or agitation. Filter through a
Buchner funnel, and place in a clean storage bottle and store
at 209 C. (109).
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for L5 min. at 20° ¢. Filter through a previously double washed

and weighed Gooch crucible1

s wash the precliplitate with two 10

ml. portions of the reagent at 20° ¢. and four S ml. portions

of the sodium wash solutionz. A blank was run on all reagents
used. The crucibles were dried at 100° C. for 0.5 hr.,

cooled and weighed. The sodium complex, NaM&(U°2)3(02H3°2)9'

6.5 H,0, contains 1.528 per cent sodium.

7. Freezing point deternination

Freezing pzint determinations were made according to the

metnod of Association of Official Agricultural Chemists (4.).

8. Continuous pressurc diaglysis

The apparatus eémployed is shown in detall in Figure 1.
Weigh a 50 g. sample of unheated whole milk into a 100 ml.
beaker and add 0.1 g. of finely ground thymol. Pour the milk

through a funnel into a 10 inch plece of wetted (outside)

1bigest ashestos fibers (5) in 1 : 3 hydrochloric acid for
2-3 days, wash free of acid, digest 2-3 days with 10 per cent
sodfium hydroxide, wash free of alkall, digest in hot alkaline-
tartrate solution scveral hours, wash free of alkall, digest
geveral hours in 1 ¢ 3 nitric acid, wash free of acid, shake
into a fine pulp in distilled wator and storec. Prepare
alkxaline-tartrate solution as follows: Dissolve 173 5.
sodium potassium tartrate and 50 g. sodium hydroxide in and
make to 500 ml. with distilled water; after 2 days filter
throupgh prepared asbestos.

2The sodium wash sclution: 35 ml. of glacisl acetic acid,
405 ml. anhydrous ethyl acetate and [;60 ml. of absolute alcohol;
maintain and use at 20° C. (109),



Figure 1. Letaile. drawing of continuous pressure dialysis
and dialysate evaporation apparatus.
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27/32 in. (flat width) Visking Cellulose tubing, L, tied
tightly, with string, at one end. Slip the untied end over
the end of the mineral oil reservoir, K, and tie securely

with string in three places. Float mineral oil on the sur«
face of the milk to {111 the reservoir. Remove free air from
the assembly by massaging and twisting the membrane. Dry the
outer surface of the memvrane with faciai tissue and weigh

the entire wmembrene-reservoir assembly (G + K + L). Insert
the reservoir asseubly into the dialyzing apparatus, R,

attach and secure to the pressure manometer, C. Apply pressure
by means of compressed nitrogen; adjust pressure to 115 mm.,
Hze FL11 the dialyzing chamver, R, with distilled water, flow
distilled water through the chamber at 2 drops per second,
colicet dialysate in a 90 x 170 mm. crystaliizing dish, N,
resting on a hot plate, P, the heat of which was turned on
when the dlalysie was started and the temperature of which
was such that the inflow rate equaled the evaporation rate.
Control pressure within & 1 wm. Hg by an 1/8 in. needle valve,
A, mounted on the one liter expansion chamber, B. Continue
the dialysis and evaporation for 1% hrs., remove the reservoir-
membrane assembly, dry and reweigh. hkomove the milk reslaue
from the membrane sa follows: Tie a string around the mem-
brane just above the oll-milk interface, to separate the

milk residue from the oil, drain the oil from thc membrane

and cut the lower portion from the rest of' the membirune with

a scissors. Store the milk residue at h.hp C. until analyzed.
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Evaporate the dialysate to approximately 150-175 ml. in
the crystallizing dish, transfer to a 250 ml. beaker, evaporate
to 25-30 ml. on a steam plate, make to a volume (50 ml.) equal
to that of the original milk sample and store at L.4° C. until
analyzed. Unused portions of dialysates were stored at

-28.8° ¢, for reanalysis in case of doubtful results.

9. Ultrafiltration

The apparatus euployed was @ modification of that used
for pressure dlalyasis (Firure 1). The indicating pressure
manometer (IFigure 1, C) was not chenged. <The pressure
regulation system amd the ultrafiltration unit are descrited
in detall in Figure 2.

Place 50-70 ml. of product into a 10-12 in. length of
27/32 in. ({lat width) Visxing tubing, G, tled tightly with
string at one end, attach the untied end to the mineral oil
reservoir, i, float 200 ml. wmineral oil on the milk sanmple,
dry the outside of the membrane with facisl tissue, place the
0il reservoir-membrane assembly in the ultrafiltration chamter,
Jy, close the screw clamp on the Tygon tublng, H, and attach
the complete assembly to the pressure-indicating manometer
(Figure 1, C). Add § ml. waler to the water trap, L, to
prevent evaporation of the filtrate.

To adjust the pressure close the needle valves, K, to
atmosphere, cpen those to the terminal suction flasks, i, open

the needle valve on the nitrogen tank in such a manner that



Figure 2. Detailed drawing of ultrafiltretion apparatus and
pressure control system for dual ultrafiltration.
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the pressure rises slowly bto 225 mm. in the regulating mano-
meter, N,and then close the needle valves leading into the
suction flasks until the pressure on the indicating mano-
meters (Figure 1, C) is 200 mm. Re-regulate the needle valve
on the nitrogen tank until the regulating manometer, N,1is st
about 225 rm.

Filtration can be continued untll the protein-rich
residue {PRR) is 5-10 ml. The length of time the filtration
is continued will depend on the purpose of the filtration.
PRR can be recovered by tielng off the membrane just above
the oil-sample interface, puncturing the membrane and
collecting PRR in a beaker. PRR was transferred by a 25 ml.
hypodermic syringe to a 50 ml. volumetric flask. Both mem-
brane and beaker in which PRR was caught were washed 3 times
with distilied water and the washings were transferred to

the volumetric flask and the contents made to 50 ml.

10. Physical separation of milk

The physical separations of milk are shown in Figure 3,
which is self explanatory.

Fraction II C, laboled lipoprotein, was not studied.
There is a probablility that it may not be lipoprotein; it

appears lipoid in nature.

1l. Analyses of the milk fractions

Sodium, pobassium, calcium, msgnesium, chloride, inorganic
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ﬁhosphorous and freezing point were determined on unheated
whole milk (UWi4), its dialysate (UWMD) and dialysis residue
(UWMDR), on purified unheated centrifugal skim milk (PUCS),
its dialysate (PUCSD), dialysis residue (PUCSLK) and ultra-
filtrate (PUCSF), on purified unheated centrifugal whey
(PUCW), its dialysate (PUCVWD), dialysis residue (PUCWLR) and
ultrafiltrate (PUCWF) and on the redispersed, washed, native
casein (RWNC), its dialysate (RWNCD) and dlalysis residue
(RWNCDR) «

In addition per cent nitrogen, fat and total solids
were run on UWM and PUCS. Percentage nitrogen was determined
on PUCW. Diuret and ninhydrin tests were made on PUCSK and
PUCKF. Total phosphorous was determined on washed native
casein (WNC) and nuclear phosphorous (hydroxy amino acid-
esterified phosphoric acid) was determined on isoelectric
caseln obtained from C suspensions and from PUCS.

Modifications made in the sodium, potassium, calcium,
magnesium, chloride and inorpganic phosphate analyses of
dialysates and filtratos are: a. Sodium. Transfer S ml.
aliquots of dlalysates and filtrates to 50 ml. beakers,
dilute to 20-2% ml., add 3 5. solid zinec carbonate, digest
on the ateam plate for one hour, filter, evaporate to 30-40
ml., adjust to the methyl orange end point with 1 g, hydro-
chloric acid, evapcrate to 3-5 ml. volume and precipitate as
previously deseritced. b. Potassiume. Transfer 5 ml. aliquots

of dialysates and filtrates to 50 ml. beakers, dilute to
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20-25 ml, and add 2 g. sodium carbonate. Proceed from this
point as previously described. c¢. Chloride, phosphorous,
calcium and magnesium. I{ransfer 5 ml. of dialysates and
filtrates to 100 ml. volumetric flasks and make to volume
at 25° C. Use 1 ml. aliquots for total inorganic phos-
phorous determinstions 28 described before. Use 10 ml.
aliquots for calcium and mapnesium. Pass each aliquot
directly through the Duolite A-l resin column and titrate as
described previously. Use 5 ml. aliquots of dialysates and
filtrates for the chloride determination. Remove phosphate
by adjusting the pHd to the phenolphthalein end polnt with
0.1 H. sodium hydroxide and centrifuge at 2,500 r.p.m. for
3 min. decanting and washing with alksline water at pH 8.3
(sodium hydroxide). Adjust the clear centrifugate to pH
6.6 and titrste with standard silver nitrate.

UWMDR were analyzed in thc same manner as was unheated
whole milk. PLR were analyzed as were unheated whnole milk

after diluting to 50 nml. volume.

12. Preparation of caseins for nuclear phosphorous determinations

Add 1 H. hydrochloric acid slowly to approximately 200 (.
UCS to precipitate isoelcctric casein (pH 4.7). Place ths
precipitated caseln into 27 x 113 mm. plustic round bottom
centrifuge tubes, centrifuge for 5 min., at 2,500 r.p.m.,
decant supernatant, rosuspend and wash with water acidified

with hydrochloric acid (pH lL.7), three times. Add sufficicnt
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1 N. sodium hydroxlde to the casein precipitated from the
200 g. of UCS to cause complete peptization, following this
with precipiltation at pH L.7 with 1 g. hydrochloric acid and
wash with hydrochloric acid solution (pH 4.7). Repeptization,
precipitation and washing were repeated five times. Suspend
as much as possible of the final casein obtained in water and
make to 100 ml. volurme. JUetermine per cent total nitrogen on
this suspension by Rowland's (79) method. To determine
organic phosphorous ash 10 ml. aliquots of the suspension at
550° C. for 3 hrs., cool, dissolve ash in 10 ml. of 10 per
cent hydrochloric acid, dilute to 100 ml. volume and determine
phosphorous by Fontaine!s (25) method as previously described
for UCS.

Casein obtained by centrifuging PUCS at 40,000 r.p.m. in
a Spinco Model L ultracentrifuge was treated in the manner
described above to obtain ilsoelectric cagsein. The procedure
was the same as above except that the casein was first
peptized with 1 g. sodium hyaroxide then precipitated with
1 g. hydrochloric acid at pH 4.7. From this point on the pro-
cedure was the samec as for casein obtained from normal skim

milk.

13. Preparation of cationic resin membrsne electrodes

Cut cationic resin rod (2 mm. diameter) membrane (sodium
form), of the sulfounated polystyrens type, (obtained from

Kressman (36)) into 8 mm, longths and place in a 10 per cent
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hydrochloric aclid solution to cornvert to the hydrogen form.
Decant the acid solution after 2l hrs., wash repeatedly with
redistilled water until the wash water is neutral, place the
sections in test tubes contuaining 10 per cent solutions of
either sodium, potassium, calcium or magnesium chlorides and
allow to stand for 2l hrs. Decant the salt solutions and
remove excess salt by repeuted washing with redistilled

water., Test complete salt removal by adding & per cent

silver nitrate to thc wash water. Place the 8 mm. resin rod
sections in 5 rm. sections of 1/16 x 1/32 in. rubber tubing,
fit this combination snugly into the tapered end of the glass
slectrode cell. Tost for mochanical leals by filling the
electrode with a 0.0l per cent solution of Niagara Sky Blue

F F and hanging it in an enclosed apace to prevent evaporation.
Appearance of dye on the under side of the electrode indicates
mechanical leakage Lecause the ionic diameter of the dye is
too great to pess the pores of the resin membrane. lYash
mechanically perfect electrodes free of dye with redistilled
water and characterize sgainst a solution of pure salt, the

cation of which corresponds to the membrane form.

1. Measurecuent of potentials with catlonic resin membrane

electrodes

Voltages were measurod with a Leeds and Rorthrop hycro-en-
ion potentiometer. The circuit was standardized asgainst an

Epley cadmium standard ccll. A lamp and scale galvanometer
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(Leeds and Northrop) was employed (Figure ). Saturated
Schollenberger (83) type celomel half cells were used. The
salt solution under conslderation was placed in its respec-
tlve resin membranc electrode and the electrode immersed to

a depth of approximately one inch in 100 ml. of redistilled
water in a 150 ml. beaker. The beaker containing the water
was placed in a constant temperzture (25 * 0.01 °C.) bath.
One calomel half cell was immersed to a depth of one inch

in the sclution contained in the resin rod memtrane elect-
rode; the other was immersed to the same depth in the water
contained in the 150 ml. beaker. A concentratlon potential
existed and in order to deternine tne concentration of

cation inside the electrode a standard salt solution (usually
10 times greater than in the sample) was added to the water in
the beaker until the potential across the membrane was zero.
The null point was determined by adding the standard salt
solution in 1 wml. quantities, from a 25 ml. burette, agitating
the solution with nitrogen* for 1 min., then reading the
voltege. Repeated 1 ml. additions of standard salt solution,
agitation and voltage measurements were continued until the
data ranged from a larpge positive to a large negstive poten-

tisl. The calomel half cells were removed after sach

“Before the nitrogen was bubbled through the solution 1t
was conveyed through a rHendall Tube to remove any oxygen,
bubbled through a sodium stannite solution and finally through
redistilled water (Figure L).
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measurement to prevent electrode polarization. The voltages
were plotted against mi. of standard salt solution and the
point of zero voltage was read from the plot. The concentra-~
tion of cation within the clectrode was calculated on the
agsumptlon that the concentration within the electrode and
wlthout the electrode are the same at zero voltage; the con-

centration outside the membrane was known.
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IV. RESULTS

A. LEvaluation of the accuracy of the Analytical Methods

1, Chloride (Cl) determination

The procedure described (III, B-l) was developed because
the Milk Industry Foundation method (63) was not reproducible
in this lavoratory, apparently hecause of protein interference.
The method developed, denatured the whey proteins by heating
the milk sample in a bolling water bath and precipitating
these protecins together wit: casein at the isocelectric point
of the latter (79); trichloroacetic acid was employed as the
precipitant. The protecins were centrifuged from the sample,
were washed tiree times with trichloroacetic acid solution
(pH 4.7), tho original centrifugate and washings were con-
bined, were adjusted to the phenolphthalein end point to
precipitate phosphates, the phosphates were removed by centri-
fugation, the supernatant was decanted quantitatively and
was titrated with standard silver nitrate after adjusting the
pH to 6.8 with scetic acid, to the potassium chromate end
point.

Certain data obtained in the above development will be
reported below.

The quantity of 0.1 . acetlc acid needed to bring the

clear centrifugate to pH 6.8 was found to be 1.5 ml. as shown
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in Table 2.

It was found that the number of ml. of silver nitrate
required to reach the votassium dichromate end point was a
function of the iIndicator quantity., Table 3 indicates that
from 10 to 1l drops yieclded the minimum titration; this was
considered the correct titration because below 10 drops,
additlonal silver ion was nceded to satisfy the solubility
product of silver chromate and above 1l drops, the concentra-
tion of chromate ion is apparently sufficiently large to
react at an end point with some of the silver ions. Based
on the data presented, 12 drops of 10 per cent potassium
chromate vere adopted in the determination.

Data relative to the recovery of added chloride are shown
in Table 4. These data indicate reasonably satisfactory
recoveries; the average was 97.8 per cent, while with one ex-

ception (94.5) the rance was 95.5 to 100.0 per cent.

2+ Sodium determination

The determination of sodium by the gravimetric, magnesium
uranyl acetate (109) method is one of the most accurate for
this element. The accuracy of the method for sodium determina-
tion In milk was tested by analyzing milk samples to which vary-
ing amounts of a standard sodium chloride solution were added.
Table 5 contains the rocovered anounts and percentages. The
average per cent recovery for all milk samples was 96.5; the

range, barring onc zample (92.0) was 95.5 to 99.1 per cent.
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Table 2. Quantity (ml.) of 0.1 N. acetic acid
added to clear centrifugate at phenol-
phthalein end point to obtaln a pH of

ml, 0.lggi>acetic acid pH
0.3 7.75
0.5 7.40
0.75 7'30
1.0 T.20
1.5 6.802
2.0 6.60

2Correct pH.

Table 3. Lffect of indicator concentration on
quantity of silver nitrate required in
the titration.

Lrops of 10 per cent nl. of silver nitrate
potassium chromate at end point
L 20.3
6 19.6
8 19.4
10 19.2
12 19,22
1 19,2
16 19.6
18 19.7

8Tndicator concentration used.
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Table L. Recovery of chloride added to milk.

Chloride added Chloride recovered Percentage
Run mg. /10 ml, mng. /10 ml, recovery
I 16.7 15.7 92.5
31.2 30.2 96.8
25.7 46.0 100.5
0.l 5746 95.5
II 23.2 23.6 97.5
3 '5 35'8 9802
60.0 60.5 100.5
III 12.7 12.h4 97.5
2%.8 23.8 96,0
36.0 36.1 100.0
61.1 5905 970)4
Table 5. Lecovery of sodium added to milk.
Sodium added Sodium recovered Percentage
Eun mg, /20 ml, mz./20 ml. _recovery
I 5.00 4.90 98.0
10.00 9.20 92.0
15,01 14.55 97.0
II 99 h.QS 99.1
10.00 9.55 95.5

15,03 15.00 99.7
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This was considered satisfactory.

3, Potassium determination

Recovery runs were based on a series of milk samples to
which various concentrations of potassium were added and on
the milks without added potassium. Table 6 indicates that the
potassium tetraphenylboron (7l, 82) precipitation method yields
excellent results. The average recovery of potassium was 98.0,

the range G6.l to 99.2 per cent.

Iy, Inorpanic phosphorous determination

A regrossion, relating log & Transmittancy (820mp) and
mgs phosphorous was determined for the Fontaine (25) method;
potassium dihydrogen phoschate (N.B.S5. Sample No, 186-=1-a)
solutions were employed containing from 0.0 to 0.035 mg. of

phosphorous per 25 nl. The regression determined is:
Log % Transmittancy = 1,99817 - (30.587L)(mg. P/25 ml.),

which 1s shown, togethoer with the data from which it was calcu-
lated, in graphical form in Figure 5. This equation was em-
ployed in calculating all phosphorous values reported. The
accuracy of the phosphorous determination in this laboratory
was evaluated LY a series of recovery runs, Known amounts of
phosphorous wvere added to mlilk; phosphorous determ'nations

were run on milk plus phoaphorous and the original milk. The

data (Teble 7) obtained indicute that the recoveries were
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Table 6., Recovery of potassium added to milk.

Potassium added Potassiwi recovered Percentage
Run mg. /10 ml, mg. /10 ml, recovery

1 4.99 h.91 98.5

10.00 9.81 98.1

15,00 1.98 99.2

20,09 19.69 98.1
II l1.96 .38 98.
9098 9075 970

14.93 1.62 98.0

19.91 19.20 96.l

Table 7. Rccovery of inorganic phosphorous added to milk.

Phosphorous added Phosphorous recovered Percentage

Run mere /10 ml. me. /10 ml, recovery
I 0.113 0.111 98.2
0.206 0.199 96.6
0.252 0.2I19 98.8
IT 0.112 0.109 97.3
0.157 0.154 98,1
0.203 0.200 98.5

0.250 0.248 99.2




Figure 5.

Standard regrcsglon curve for phosphcrous determination.
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satisfactory. The average recovery wes 98.1 per cent, the

range of values was 96.6 to 99.2.

5. Calcium and marnesium dotermination

The accuracy of the methods for calcium and magnesium
was determined in a manner similar to that used for the other
methods Ly recovery of calcium and magnesium, added to milk.
The method of Jenness (33) was employed. The data in Tables
8 and 9, indicate the method was satisfactory as used. The
average recoveries and recovery ranges were; magnesium, 96.l4
and 95.6 to 97.0 per cent, respectively, and calcium, 100.2
and 99.3 to 100.8 per cent, respectively. The magnesium
recoveries were not as good as would have been hoped but
are still within ranges frequently encoutered in biological

materiais.
5. Continuous Pressure Lielysis

The first diaiysis attempts followed the usual pattern:
milk was placed in Visking Cellulose tubing which was
immersed in a stream of distilied water for 15 hrs. (Con-
siderable waler was taken up by the milk residue. It was
considered that this water uptake would cause a shift in
milk salt equilibria and yield erroneous results. It was
considered that it might Le possible to maintain constant
volume of the naterial dialyzed, if pressure wvere gxerted on

tho fluld in the membrane. In the first attempts at use of
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Table 8. Recovery of calcium added to milk.

Calcium added Calcium recovered Percentage

Run me. /10 mi, mz./10 ml, recovery
1 3.63 3.6l 100.3
T.45 7.40 99.3
10.91 10.89 99.8
150).}.() 15.51 10003
I1 3.65 3.68 100.8
T.48 7.53 100.7
10.90 10.9%5 100.5
15.50 15.45 99.7

Table 9. Iiecovery of magnesium added to milk,

Magnresium added Megnesium recovered Percentage

Run m7e /100 ml,e mg. /100 ml, recovery
I 1.56 1.50 96.2
3.60 3.149 96.9
S.%B 5.27 97.0
99 6 9.58 9603
I1 1.59 1.52 95.6
3450 3.82 9.7
5.30 5.20 96.3
9. ‘5 905,.] 9698
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pressure, the pressure was exerted upon the milk by means of
a layer of mineral oil injected into the membrane cavity

from a hypodermic syringe to which the membrane was attached.
The pressure could be varied by the depth to which thse
plunger was inserted into the syringe barrel. The pressure
exerted by this method decreased the amount of water uptake
by the milk during dialysis, in fact the maximum pressure
that could be exertad caused the final velume in the membrane
to be less than that of the original milk. Becsuse pressures
could not be duplicated, this method was discontinued. In
order to duplicate pressures, the apparatus in Figure 1 was
designed and built. 'The proessure was exerted on the mineral
0il and not the milk, because when milk was dialyzed alone

it took up water and displaced any air present in the mem-~
brane. lMineral oil floated over the milk surface excluded all
alr and reduced the possibility of water uptake in the manner

described.

1. Develovment of nethod

Lefore the contlnuous pressure dialysis spparatus could
be used as 8 rescarch tool, it was necessary to determine the
optimum dlalyzing pressure. This was done by dialyzing a
series of samples for 1l hrs. at pressures from 70 te 170 mm.
Hg. PFigure 6 indicates the gain or loss of water for a 50 g.
sample of milk at the end of the dialysis period for various

pressures. UThese data indicate that there was no loss or gain
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of water at the end of a 11 hr. dialysis when 92 mm. Hg
pressure was emplo;ed.‘ The total weight change, st the end
of the dialysis period, is indicated as a linear function of
the applied pressure. 1t was considered that the final
welgnt might not indicate volume changes during the dialysis
period. To determine whether or not there was a fluctuation
in weight during the dilalysis period, several runs were made
at different pressures (applied pressure 0, 115, 150 and
170 mm. Hg). Fifty g. samples of milk were used in all
cases and one aliquot was dialyzed for each of the follow-
ing periods: 2, 4, 6, 8, 10, 11 and 1} hrs. The weight be-
fore and after each dialysis was recorded and plotted as
shown in iigure 7. These data indicate that when no
pressure was gpplied water was taken up rapidly during l
hrs., after which the welight remained constant. A pressure
of 115 mm. lig on the other hand allowed water uptake (4 g.)
during I hrs., followed by a decrease to the original weight
at 7 hrs.; beyond 7 hrs. the milk lost weight until at 11
hrs. the loss (l g.) equalled the maximum gain at L4 hrs. It
has been determined that tihls loss (4 g.) is constant through
15 hrs. With pressures of 150 and 170 mm. Hg weight loss
began at 3 and 2 hrs., reapectively; total losses were 1ll.5
and 17.0 g., respectively, at the end of 11 hrs,.

On the basls of these results it was considered that a
pressure of 115 mm, Hg pave the most nearly satisfactory

rosults, because the maximum loss of water was equal to the
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gain, with the initial weight the reference point. This
pressure kept the milk closest to its original weight
throughout the dialysis. All succeeding dlalyses were
made at 115 mm, lig.

When dialysis prcssure was established it was con-
sidered advisable to ascertain the distribution of dialyz-
able elements with respcct to dialysis time. This was done
by dialyzing 50 ;. samples of milk at 115 mm. Hg and collect-
ing the dialysate in 500 ml. fractions. Lach fraction was
collocted in approximately L5 min. The fractions were
evaporated to approximately 30-40 ml., transferred to 100
ml. volumetrlc flasks and made to volume. Lach fraction
was analyzed for calcium, magnesium and phosphorous. Ten
nle and 1 ml. aliquots of ecach fraction were used for
calcium and magnesium, and for phosphorous, respectively.

All results were caliculated as milllequivalents per fraction.
The data are presented in Figure 8. ‘The removal of calcium,
magnesium and phosphorous proceeded in logarithmic manner
during the rfirst 7 hrs., during which the weight within the
membrane was equal to or greatoer than the originai weight.
Beyond 7 hrs. the weipht within the membrane became less

than the original welght (Fipure 7) and although the remcval
of lons was still approxinately logarithmic, the rate was
less than during the {irst 7 hrs. and a discontinuity occurs
in the curve at the point at which the welght within the mem-

brane equalled the original weight. This suggests that during
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the first 7 hrs. the action probably is & true dialysis and
that from 7 to 15 hrs. it may be a combination of dialysis
and ultrafiltration. Another explanation may be that during
the first 7 hrs. the majority of the readily dialyzable
constituents are removed and that from 7 to 15 hrs. the con-
stituents removed are those released by a slow hyurolysis of
colloidal salts and/or by desorption of ions from ion-
protein complexes, allowlng the ions thus releuased to pass
through the membrane. ILvidence for the rapidity of dialysis
during the first 7 hrs. is shown by the fact that of the
total calcium, magnesium and phosphorous dialyzable in 15
hrs. an average of 83.7, 85.8 and 86.l per cent, respectively,
was dialyzed in the first 7 hrs.

To further =study the efficiency of dlalysis freezing
points werc determined on the dialysis residues after
various dialyzing periods. Fifty g. samples of the same
parent milk (held in ice water) were dialyzed for various
lengths of time ranging from 1 to 25 hrs. The residues were
removed from the membrane and freezing points were deter-
mined with a Hortvet Cryoscope by the A.0.A.C. (l}) method.
The addition of thymol used as a preservative was found to
have no effect upon the freezing point; therefore, its use
was continucc.

Figure 9 shows changes in freezing points of dialysis
residues with increased time of dialysis. These data indi-

cate that the majority of the ions or molecules which have
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the greatest effect on the freezing point are removed during
the first 7 hrs., for during this time the freezing point of
the residue rises apprcximately 0.5l$ C., whereas the rise
from the 7th to the 25th hr. is approximately 0.05° C.
Except for the change in curvature caused by water intake
which appears to occur and diminish rapidly, the curve
indlcates a logarithmic change in curvature and suggests
that several hours aduitional dislysis mizht be needed before
the freezing point was dependent only on non-dialyzable con-
stituents. It is possible therefore, that the increase in
ionic concentration of the dialysates after 7 hrs, results
from some ultrafiltration in addition to dialysis.

The inflection occurring at that roint of pgrestest water
uptake () hrs.) by the menbrane contents, very likely results
from a dilution effect of the contents of the dialysis
membrane, because the rate of change in f{reezing point
decreases from a freezing point of about -0.2° C. and in-
creases shortly after the maximum water intake is reached.
The curve apparently assumes a natural curvature again at
about -0,08° ¢. If the above interpretation 1s correct it
corroborates the hypothesis that the increase in ionic re-
moval after 7 hrs. may result from incluslion of some ultra-
filtration. Despite this fact 1t is considered that this type
of dialysis will yicld a more nearly representative plcture

of the ionic species of milk than will static dialysis.
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2. Data obtained with continuous pressure dlalysis

a. Comparison of 15 and 20 hr. dialysis times. The

data of Fipgure 9 1ndicate that at 15, 19 and 2l hrs., 93.9,
9.l and 96.L4 per cent, respectively, of the osmotically
active materials had been dialyzed from the milk samples,
if it is assumed that some materials, that were not osmoti-
cally active in the original milk did not become active as
equilibria were changed during dialysis. These data to-
gether with those in Figure 8 suggested that possibly little
would be gained by dialysis times longer than 15 hrs.

As a check on the above the same milk was dialyzed for
15 and 20 hrs. The original milk and the dialysates were
analyzed; the data arc shown in Table 10. The data indicate
that there would be no advantage in 20 hrs. as compared to
15 hr. periods for sodium, potassium or chloride. There is
some advantage in using the longer time as regards calcium
and inorganic phosphorcus and considerable advantage as
regards magnesium. At the time these data were obtained,
a refrigerator of sufficlient size was not available for the
dialysis apparatus and an excessive amount of thymol was
considered undesirablc. Thymol dialyzed from the sample,
together with other constituents and it was considered that
15 hrs. might be as long a time as it was feasible to use.

It was considered that 1% hrs. might give a better

estimate of the dialyzablo constituents than longer times if
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Table 10, Amounts and percentages of elements dialyzed from 50 g, unheated whole mill

Element Analyses of
Original milk Dialysate Dialysatse ‘Dialysate Dial
0 to 15 hrs, 15vto 20 hrs. residue 20 h
mg./50 g. mge/50 ml, ng./50 ml, " mg./50 g (sum

(1) (2) (3) (L) 3)

Sodium 21,08 20,58 0,0 0,0 2C
Potassium 87.24 87.15 0.0 0.0 87
Calcium 57495 17.39 1,79 3%.28 15
Magnesium 5623 3.19 0.61 1,92 ki
Chiloride 149.90 49.00 0.2 0.08 LS
Inorganic 29,58 18,05 0.86 11.85 19

Phosphoraous




50 g. unheated whole milk in 15 and 20 hours

Percentage

Dialysate Dialysate Elements in original Elements dialyzed
e residue 20 hrs, milk dialyzed in 'in 20 hrs, obtained
" mg./50 g. (sum 2 and 15 hrs, 20 hrs, %:t 15 hrs. 15 to 20 hrs.
(L) 3)
0,0 20,58 97.6 97.6 100,0 0,0
0.0 07.15 9949 9949 100.0 0.0
39.28 19,18 30.0 33.1 90,7 93
1.92 3.80 60.9 7047 83.9 16,1
0.08 49.20 98,2 98.6 99.6 Oals

11,85 19.71 63.7 66.6 95.6 hals
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some ultrafiltration occurred after 7 hrs. Some justifica-
tion for selecting 1% hrs. exists in the curve for 115 mm.

Hg pressure in Figure 7. These data suggest that tre balance
of gain and loss should not be far out of line at 15 hrs.

Lampitt and Bushill (38) reported dialyzable calcium
and phospuiorous {(by continuous dialysis) as 25-33 and 60 per
cent of their totals in milk, The percentages of the total
calcium and panosphorous that were found to dialyze in 15
hrs. were 30.0 and 63.7, respectively. These data are in
good agreement.

Ce/P and (Ca + Mg)/P atomic ratlos” were calculated for
each of the fractions shown in Figure 8§, to determine whether
or not these would throw any light on the length time of
dialysis to adopt. These ratios (Figure 10) indicate that
the (Ca + Mg)/? ratio gradually increases from 0.8 in
fraction 1 0 1.33 in fraction 15, with inflections at about
fraction 6 (about l.5 hrs.) and fraction 10 (7.5 hrs.). Ca/P
ratios behave peculiarly in that the curve passes through two
mexima (fractions 6 and 12). The data indicate that the ions
appear to dialyze in a manner independent of each other and do
not aid in choosing a dialysis time. It 18 interesting that
both ratios most closely approach that of mono-phosphate durlng
the initial stages of the dialysis and that of tri-phosphate

#co/P atomic ratios for CaB(POu)a = 1.5, CafiP0) = 1.0 and
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toward the end of the dialysis., The (Ca + Mg)/P ratios in
the plateau region (fractions 6 through 12) are close to that
for the di-phosphate. These ratios are not particularly
helpful.

b. Elements dialyzable from raw whole milks obtained

from August 1955 through March 19%96. During the period
August 1955 through March 1956, a series of unheated W ole

milk samples were dilalyzed. Ail dialysates, parent milks

and dialysate residues were analyzed for sodium, potassium,
calcium, magnesium, chloride and inorganic phosphorous. The
quantities of elements dlialyzed during 15 hrs., were calcu-
lated as per cent of these elements found in their respective
original unheated whole milk and are plotted in Figure 11.
These data indicate that chloride, sodium and potassium

wers almost completely dialy:zed (96-100 per cent) from the
milks. Average percentages of the total calcium, magnesium
and inorganic phosphorous which dialyzed, were 2.9, 36.6
and 61.3, respectively. Reported values (31, 39, L49) for
dialyzable calcium and inorganic phosphorous agree with
those obtained in this study. However, Lampitt et al. (39)
reported that 62-83 per cent of the magnesium was dialyzable;
the data obtainod in this study indicated 27-60 per cent to
be dislyzable. The data of Lampitt et al. (39) were obtained
by static dialysis procedures; no data were reported for
magnesium by thelr continuous method.

The data in Figure 11 indicate that dlalyzable calcium
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and inorganic phosphorous vary in the same directions with
chronological tlme. Magnesium seems to vary inversely with
calcium. The similarity between variation of calcium and
inorganic phosphorous suggests, when first noted, the
possibility that they may be dialyzing in definite atomic
ratios., The calculated ratios presented in Table 11 indi~
catle cénsiderably variation in the Ca/P ratios, and those in
Flgure 10 suggest that in as much as the atomic ratios change
with time, it should not be expected that definite atomic
ratios would exist in the total dialysate.

As was pointed out above dialyzable magnesium tends to
vary inversely with calcium and inorganic phosphorous. Such
a variation could mean that as the calcium and inorganic
phosphorous decrease the magnesium increases. This may indi-
cate that milks which have low calcium content might be
expectoed to have high magnesium contents.

Data in Figure 11 also indicate a tendency for the
dialyzable inorganic phosphorous to be low during the late
fall months, (October, November and Lecember) and rise in the
early winter months, (January, February and March). Dialyz-
able calcium tended to follow this same pattern except for
one analyses during January. The trend in dlalyzable
magnesium was pgenerally upward from August 1955 through
March 1956, despite considerable fluctuation.

Average values for dialyzable elements from unheated

whole milk were calculated {rom the data plotted in Figure 11l;
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Table 1l. Calcium, magnesium and inorganic phosphorous in
unheated whole milk dialysates.®

Calcium lagnesium Phosphorous Atomic ratios
Date ne. rg. ne. Ca/P_(Ca+ Mg)/P

8-19-55 398.38 71.53 429.55 0.72 0.93

9-16-55 301.0! 50.57 387.40 0.60 0.27
9-29-55 273.0 37.10 378.51 0.5% 0.68
10-27-55  309.42 67.96 363.45 0.66 0.90
11-10-55 359,81 57,1l 367.29 0.76 0.93
11-29-55  }27.18 28.2) 508.91 0.65 0.72
12-22-55 292.79 98,97 437.67 0.52 0.81
1-16-56 3h2.25 57.09 393.19 0.67 0.88
1-30=56 290,81 57.09 478.40 0.81 0.62
2-15-56 281.29 70,87 458.76 0.47 0.67
3=1l~56 342.52 85.65 492.24 0.53 0.76
Average  331.47 65.63 Lh33.25 0.59 0.78

8Calculated as mg. per 100 g. solids-not-fat in the
original mili.

they were: sodium 98.7, potassium 99.9, calcium 2;.88,
magnesium 36.6, chloride 100.1 and inorganic phosphorous

61.3. The per cent diaslyzable inorganic phosphorous, 61.3
agrees well with the amount of phosphorous found 1in purified
unheated centrifugal whey, 6li.1 (lable 1li;). The percentuges
dialyzable calcium (2}.9) and magnesium (36.6) are considersbly
lower than the percentages of the total calcium (}42.0) and
magnesium {89.2) found in the centrifugal whey. These
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differences may be considered to result from liberation of
weakly bound calcium and magnesium possibly not phosphate
combined, which subsequently appears in the whey. If this
is correct it would suggest that the bonding between salts
and proteins is very weak and is easily broken by the centri-
fugal forces applied. It 1s also possible that during
dialysils, proteins (especially cascin) may ouffer the system
by serving as a sequestering agent which would cause slower
liveration of calcium and magnesium than of phosphorous.
Such a situation might channe equilibria as ionlc concentra-
tions lower Ly having caseinates function as sequestering
agents or as cationic exchangers.

¢ Distribution of calclum, _mecnesium and phosshorous

in vhole milk dialvsates. The data for calcium, magnesium
and inorpanic phosphorous (Fijure 11) were calculated as mg.
per 100 g. solids-not-fat {Table 11).

The average Ca/P and (Ca+ Mg)/P atomic ratios calculated
from the data (Table 11) were 0.59 and 0.78, respectivcly.
If it is assumed that the salts in milk appear as simple
calcium or mixed calcilum-magnesium phosphate salts, e.g.
tri-phosphate or di-phosphabte, the ratios presented would
suggest that the phosphates were mixtures of mono- (Ca/P =
0.5) and di- (Ca/P = 1.0) phosphates. It should be kept in
mind, however, that Ca/P ratios change as dialysis proceeds
(Figure 10), although the data do suj;zest mixtures of mono-

and di-phosphates during the first 12 hrs.
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The Ca/P ratios (Table 11) show a tendency to decrease
in the late fall and increase in the early winter, which may
indicate that dry feeds increase the amount of calcium to

phospnate in milk.

d. Effect of heat on dialyzable elements from milk. Heat-

ing mllk is considered to precipitate tricalcium phosphate
{7, 149).

Magee and Harvey (LL9) and Lampitt and Bushill (38) have
shown that less calcium dialyzed from heated than from un-
heated milk. In these studies a milk sample was divided, one
half was dialyzed a&s unhested whole milk, the other half was
pasteurized at 62.8° ¢. for 30 min., adjusted to the original
weight with distilled water and dialyzed, at 115 mm. Hg for
15 hrs. The dialysates were evaporated and made to 50 ml,
(approximately the original volume dialyzed). Eoth dlalysates
and the oririnal milk were analyzed for sodiwm, potassium,
calclium, mepgnesium, chloride and inorganic phosphorous. The
results obtained were c¢alculated as per cent of the total for
each element in the original whole milk (Table 12).

Lacoratory pastcurization of unheated whole milk caused
a decrease in the amount of dialyzable inorganic phosphorous
and dialyzable calicium tv the extent of 2.7 and 3.2 per cent,
respectively. llowever, pasteurization increased the amount of
dialyzable nmugnesium from 58,4 to 64.5 per cent. One would
suspect that dialyzable magnesium would have behaved in a

manner similar to calcium; this was not the case, suggesting
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Teble 12. Per cent of total elements in original milk that
vwere dialyzed from unheated and pasteurizeda
samples of the original milk.

Percentapge of elements in original milk

found in
Unheated milk Pasteurized milk
flement diaslysate dialysate
Sodium 99.5 100.2
Potassium 100.1 100.2
Calcium 2%.1 20.9
Magnesium S8 6li.5
Chloride 99.7 99.8
Inorganic phosphorous 63.9 61.2

8pasteurized at 62.8° C. for 30 min.

that megnesium is not involved with phosphate in the pre-~
cipitation. This anomolous bLehavior of magnesium is
similar to its behavior on centrifugation of mllk, as a
result of which magnesium appears to be freed from some
ccmbination in the original milk and appears in the purified
unheated centrifugal whey (Tables 13 and 1l).

Pasteurization at 62.8° C. for 30 min. apparently does
not reduce the amount of dialyzatle sodium, potassium or

chloride.
C. Ultracentrifugatlion and Continuous Pressure Dislysis

It was proposed to conduct a dialysis study of the dis-

tritution of inorganic conastituents of the various miik
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fractions obtainable with a Spinco Model L Ultracentrifuge.
The ultracentrifuge afforded an opportunity to separate
native casein from milk so that a clear whey and the native
caseinate could be studled. Fractionation procedures used in

these studlies are shown in Figure 3.

l. Distributlion of elenients in verious milk fractions

To determine more completely the distritution of sodium,
potassium, calcium, magnesium, chloride and inorganic phos-
phorous in milk, a study involving continuous pressure
dialysis, ultracentrifugation and freezing points of the
fractions was undertaken. All milk samples were mixed
herd milks and were taiien from raw milk storage tanks after
thorough agitation. Samples collected were held at thho C.
(40° F.) for not longer than 3 hrs. before analyses and
treatments vere started.

All samples studied were fracticnated or otherwise
treated according to scheme shown in Figure 3. The data
were calculauted as ng. of element per 50 g. original milk
(Table 13).

Freezlng points werec determined for all fractions
(Table 13). The frcozing points of the original unhcated
whole milks were =0.550 and ~0.523° €. those of the corres-
ponding purified unhcated centrifugal wheys, were -0.553 and
-0.523° C. These freezing points indicate that the contribu-

tion of cascin to the total freezing point or milk is
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Table 13, Analysis of elements in the various milk fractions.

Fraction Treezing  mg. elements, calculated as per 50 g, whole milk
point
igc. Potassium Sodium Calcium Hagnesium C
Unheated whole Sy =0.558 7965 23.143 58470 L4.50
milk (UWM) S;  =0.523 71,55 2hool  61.85 5.1
Unheated whole S3  =0.515 78.80 24,20 18.59 1,22
milk dialysate Sp . =0.50h4 71.30 25,20 12,07 1.6k
(WMD)
Unheated whole Sy  =0.,028 0.0 0.0 Lo.25 3.18
milk dialysate Sp  =0,03h 0,0 0.0 49422 3.55
residue
( UWMDR)
Purified unheated S  =0.553 80,50 23.2l 23.30 L.Lé
centrifugal whey S,  -0.523 69.80 bl 20,5k 5.45
(rucw)
Purified unheated 83  ~0.509 78.95 23.80 18,18 3.6L
centrifugal vhey S,  -0.498 69.60 2431 12,58 L.26
dialysate
(PUCHD)
Purified unheated Sy  «0.031 0.0 0.0 5459 0,73
centrifugal whey S,  =0,030 0.0 0.0 .69 1.02
residue
(PUCWR)
Vashed native Sy ~0.021 0.0 0.0 L.128 0.UP
casein (WNC) Sp  =0.022 0.0 0.0 3,262 0.18P
WQShed na.ti\"e 81 +0.021 0.0 . 000 0079 000
casein dialysate Sy  +0.021 0.0 0.0 0.90 0.0
(wNcD)
Washed native Sy  -0,012 0.0 0.0 3.19% 0.12°
casein residue Sp  =0.,008 0.0 0.0 2,22 0,16°
(WNCR)
8Total calcium
brotal magnesium

CTotal phosphorous
S=Sample



86

lements in the various milk fractions.

“Treezing  m3Z. elements, calculated as per 50 g. whole milk, for each fraction

poipt Inorganic
C, Potassium Sodium Calcium Magnesium Chloride Phosphorous

«0,558 79.65 23,43 58,70 14,50 51,60 28,63
~0,523 71.55 2oL 61,85 5.1 49.76 32.04
~0.515 78,80 211,20 18,59 1,22 51,60 20,71
~0.50L 71.30 25,20 12,07 1.6k 51.55 16.73
-0,028 0.0 0.0 L0,25 3.18 0,0 10.61
"0003)4 ooo 000 h9022 3055 000 15.59
«0,553 80.50 23,2 23.30 L6 50,10 20.10
—00523 69.80 2’40111 2005)4 50’45 52055 16‘39
-0,509 78.95 23,80 18,18 3,64 51,60 20,10
-0,498 69.60 2h.31 12,58 Li26 51.55 16,4k
-00031 0.0 000 5059 0.73 000 0019
"'0.030 000 000 ,.l.69 1.02 000 O.m
-0.021 0.0 0.0 li 128 0,1LP 0.0 8.90¢
0,022 0.0 0.0 3,268 0.18P 0.0 7.60°
+0,021 0,0 0.0 0.79 0.0 0.0 2.80
+0,021 0.0 0.0 0.90 0.0 0.0 3.12
-0,012 0.0 0.0 3,198 0.12P 0.0 5,85¢
-0,008 0.0 0.0 2,248 0,16 0.0 4, 31°
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negligible. Data of tnis nature have been found to be re-
producible during many trials. As regards washed native
caseinates, the freezing points of their suspensions (-0.021
and -0.022° C.) made to concentrations present in the
original milk together with the freezing points of washed
caseinate dialysates (-0.021 and -0.022° ¢,) further show
that caselnates exert essentially no osmotic activity.
Percentages of the total sodium, potassium and chloride
in the original whole milk that were found in the milk and
whey dialysates were calculated and found to be similar to
the values in Tauvle 10 (97.6 to 99.9). Per cent dialyzable
calcium, magnesium and phosphorous from the whole milk and
centrifugal whey werc also found to be essentiaily the same
as those in Table 10 except for the dialyzable magnesium
in the centrifugal whey. The amount of dlalyzable magnesium
(4446 and S.45 per 50 g. milk) from the centrifugal whey was
much greater than that dialyzable from the original milk
(1.22 and 1.6} mpz. per 50 g. whole milk) indicating that

centrifugation nay have caused a desorption of mggnesium from

protein or that magnesium may occur in a different form than
calcium.

The amounts of inorganic phosphorous dialyzable from
whole milk and bentrirugal whey were the same; however, all

the inorganic phosphorsus in the centrifugal whey was

dlalyzable, while approximately 61.3 per cent of the inorganic

phosphorous was dialyzuble from the whole milk., It is presumed
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that the remaining inorganic phosphorous in milk 1is
present as non-dialyzeble phosphates, or is bound in a
calcium-phosphate~-calcium caseinate complex.

The analysis of the whole milk dialysate residues and
centrifugal whey dlalysate resldues confirm the previous
findings that alimost all the potassium, sodium and chloride
are dialyzed in 15 hrs., at 115 mm. lig.

Most of the sodium, potassium and chloride present in
the milk was found in the centrifugel whey. There are slight
differences between the quantities of these elements in the
milk and in the whey; these differences may be indicative of
binding or adsorption by the caseinates. Amounts of calcium
and inorganic phosphorous, found in the centrifugal whey are
approximately one-thlrd and three=fourths, respectively, of
those in the originsl whole milk., Furthermore, slmost all
of the magnesiunm in the whole milk was found in the centri-
fugal whey. Since thers are smaller amounts of calcium and
inorganic phosphorous found in the whey than in the whole
milk this difference may offer some suggestion as to the
amount of these elements bound by the caseilnates. Thus upon
centrifuration there i1s an average of 62.8 and 39.0 per cent
of the calcium and inorganic phosphorous, respectively, in
the whole milk, remaining in the caseinates. Since most of the
magnesium in the whole mllk was found ln the centrifugal whey
this tends to further substantiate the premis that centrifu-

gation causes a desorption of magnesium from protein or that
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magnesium exlists In a different form in milk than does calcium.

It was considered that the amount of inorgsnic phos-
phorous remaining in the caseinates upon centrifugation was
chemically bound with the caseinate. It was assumed, for
purposes of calculation, that the difference in inorganic
phosphorous contents of the whole milk and centrifugal whey
(UWM=-PUCW) represents the amount of non-dialyzable tricalcium
phosphate 1n the milk. If an amount of calcium is calculated
which is equivalent to thls inorganic phosphorous (UWM-PUCW)
and this quantity is compared to the quantity of calcium
obtained when the calcium of washed native casein (WNRC) is
subtracted from the difference in calcium between the whole
milk and whey, (UWM-PUCW)-WLC, and found to be similar, then
it would suggest that the phosphorous remaining with the
caseinate upon centrifugation occurred as tricalcium phos-
phate. These calculations were made but the values did not
corroborate such a hypothesis. However, Ca/P ratios were
calculated for the expcrimental values of calclum and in-
organic phosphorous in the caseinutes and were found to be
2.53 and 1,95, ‘These values are not indicative of any known
calclum and phosphorous compound but they may be indicative
of the ratio of calcium and inorganic phosphorous bound to
the caselinate.

The caseinate obtalincd by ultracentrifugation was washed
three times with redistilied water, made to the concentration

occurring in the parent mllk and dialyzed for 15 hrs. a$ 115 mm,
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Hg. The average Ca/P and (Ca <+ Mg)/P ratios calculated for
the washed native caseln residues reported in Table 13 were
0.41 and 0.43, respectively. "The average Ca/P ratio for
the washed native casein dialysate was found to be 0.22.
Essentially no magnesium was detected in the washed native
caseinate and none was present In its dialysate. This
suggests that the caseinate essentlially was not a mixed
calcium and magnesium "salt".

The Ca/P and (Ca + Mg)/P ratios for the washed native
caseinate residues, 0.};1 and 0.43, respectively, may be
indicative of the amount of calcium and phospnorous bound to
the caseinate aggregate. The ratio of Ca/P (J.56) in the
washed native caselnate dialysate would be the dialyzable
calcium and phosphiorous associated with the caseinate. These
values may indlcate the proportion in which the calecium, and
phosphorous are bound to the caseinate or they may be
residual adsorbed calcium, and phosphorous.

If the amount of nuclear phosphorous (0.51lly per cent)
present in the casein, obtained by centrifugation, is sub=-
tracted from the total phosphorous in the washed native
caseinate this difference (inorganic phosphorous) may be
indicative of the phosphorous bound to the caseinate. Cal-
culations were made and the Ca/P ratlos for the bound calcium

and phosphorous were found to average 0.245.

a. Calcium, magnesium and phosphorous content of purified

unhcated centrifugal whoy obtained from unheated whole milk.
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The duta of Table 1l were obtained as confirmatory evidence
regarding the distribution of calcium, magnesium and inorganic
phosphorous between purifled unhsated centrifugal wheys and
the parent milks. These data show that 42.0 per cent of the
calcium, B87.8 per cent of the magnesium and that 6li.1 per
cent of the inorganic phosphorous in the unhecated whole milk
were found in the purified unheated centrlifugal whey. The
average percentages of calcium, magnesium and inorganie phos-
phorous that had been found to dlalyze (Figure 11) were 24.8,
36.6 and 61.3 per cent, respectively, of the amounts in the
milks. The percentage of inorganic phosphorous that dia:yzed
from the milk was the same as that found in the whey. Tle
percentages of the totals of calciuvm and magnesium in the
centrifugal whey were preater than those in the milk dialys-
ates. VWhether or not, tuils difference in calcium and
magnesium betieen the centrifugal wnhey and the milk dialysate
results from a possible cation exchange or a sequestering
activity of the caseinates, as equilibria snift during
dialysis, 18 not clear. It is offered as a possible explan-
ation because 1t seems unlikely that the cations would be
combined with the proteins in a manner that could be changed
to thils degree by centrifugal force.

The average Ca/P ratio, 0.92, in the centrifugal whey
varies considerably from the theoretical Ca/P ratio in the tri-
phosphate (1.5). It agreed closely with the Ca/P ratio, in
the di-phosphate (1.00). The Ca/P ratio, 1.39, in the unheated
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Table 1. Calcium, magnesium and inorganic phosphorous in
unheated wnole mllk snd in purified unheated
centrifugal whey.2

me. per 50 o, sample Ratios
Inorganic
Calcium Macnesium phosphorous ca/P (Ca 4 Mg)/P

Unheated Whole Milk (IFat and Protein Free)

55.33 8.13-9 33'85 1.21 1058
S.63 4.19 26 .65 1.59 1.78
57.76 5.03 29.82 1.49 1.69
53.17 8.16 32.53 1.27 1.59
59,18 5.18 31.91 1.45 1.6l
Av. 56.01 6,21 30.95 1.39 1.66

Purified Unheated Centrifupgal Wheya (Fat and Protein Free)

24.21 6,33 21.33 0.88 1.28
23.06 Ll 19.89 0.89 1.18
20.32 5.09 16.22 0.97 1.39
2L .32 5.88 21.42 0.88 1.22
25.53 k.21 20.0); 0.98 1.25
Av, 230’.{.8 5;96 19078 0092 1027

Percentape LElements in Milk Found in
Purified Unhcated Centrifugal Whey

43.8 80.4 63.0
h2.2 105.3 4.6
35.3 100.1 Skl
L5.7 72.1 65.9
43.1 81.3 62.8
Ave 2.0 87.8 6.1

8Calculsted to an equivalent Laslis of the parent milk.
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whole milk approaches the theoretlical for the tri-phosphate
(1.50). However, in unheated whole milk, caseinates are
considered to bind considerable calcium. (Ca + Mg)/P
ratios for both whole milk (1.66) and centrifugal wheys

{1.27), suggest the possibility of mixed phosphates.

2. Nuclear phosphorous determinations

The nuclear hydroxyaminoacld-esterified phosphorous cén-
tents of various isoc.iectriccaseins were determined as an
ad Junct to the studies of sult distribution. It was thought
that there might be a difference in the nuclear phosphorous
contents of' isoelectiric caseins obtained by centrifugation
follovwed by 1soelectric precipitation and those obtained
directly from unheated skim milk by isoelectric precipita-
tion. The cascin obtained from milk by ultracentrifuration
was washed, reconstltuted and acid precipitated in the same
manner a8 used when casein was precipitated from unheated
skim milk at its lsoelectric psint. After repeptization and
precipitation (5 times) the phosphorous contents of the two
isoelectric cmseins were determined. The phosphorous found
was considured esterified with the hydroxyl of hydroxy amine
acids in the casein (nuclear pnosphorous). Nuclear phos-
phorous In casein centrifuged from the milk and then precipi-
tated was found to be 0.523, 0.519 and 0.502 per cent; that
for casein acid precipitated directly from unheated centri-

fugal skim milk contained 0.569, 0.566 and 0.53l per cent.
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Average values for the centrifuged and acid precipitated
caseins and for the case;ns acid precipitated directly were
0.511 and 0.556 per cent, respecctively. The difference in
the two nuclear phosphorous values may result from the
manner In which the caseins were obtalined. One possitle
explanation for the lower nuclear phosphorous content of
centrifuged casein may be that some of the smaller phos-
phorous rich casein particles (27) were lost during the wash-
ing of the casein. This would result in a concentration of
the larger particles with lower phosphorous content. Another
explanation micht be that the casein precipitated directly
from skim milk may adsord calcium and phosphate ions despite
the acidity of the medium.

Ransdell and Whittier (75) reported a value of 0.7L42
per cent nuclear phosphorous in casein acid-precipitated
from skim milk. Values obtalned in the study reported in
this thesis were 0.51ly and 0.556 per cent for the centri-
fuged, acid-precipitated casein and for the casein acid-
precipitated from normal skim milk, respectively, The latter
value, when comparcd to that reported by Ramsdell and
Whittier, tends to substantiate the hypothesls that the
value for nuclear phosphorous, determined on casein acld-
precipitated from 8kim milk may be influenced by adsorbed

phosphate.
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De Ultrafiltration Studies

The method of ultrafiltration reported in these studies
was an outgrowth of the work with continuous pressure
dialysis. It was tnought that some aspects of ultrafiltra-
tion were concerned in later stapes of the pressure dialysis.
For this reason it was considered advisable to determine
whether or not so simple an apparatus could Le employed for

ultrafiltration,

l. Development of method

Most reported methods of ultrafiltration (7, 37, 8l4)
were opcrated by pulling a nigh vacuum on a vessel wherein
the sample, contained in a semipermeable membrane, was
placed. The vacuum caused the filtrate to pass through
the membrane and collect at the bottom of the contalner.

It 1s conslidcred that this metiiod is not reliable because
evaporation of water {rom the filtrate would cause the
analytical data to Le hiph.

The method reported in this study does not employ a
vacuum but a positive pressure which is exerted on the
sample contained in a semlpermeable membrasne. The pressure
was exeried by nitrogen gas on a layer of mineral oil cover-
ing the sample surface. The filtrate passing through the
membrane was collected st the bottom of the ultrafiltration

chamber (Fipure 2) and drawn off through the sampling tube.
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To prevent evaporation of the filtrate a water trap was
placed on the filfration chamber. This prevented loss of
water to the refrigerating unit in the refrigerator. It
likewise served as an expansion valve to allow excess air %o
escape when pressure was gpplied to the membrane. It was
considered that if any change in concentration of the fil-
trate occurred, it should be one of dilution since the

vapor pressure of water in the water trap should be pgreater
than that alove the filtrate. The maximum operating pressure
was determined with water-filled membranes. The limiting
factor was found to be the strength of the membrane. It

was found thal & pressure of 200 mm. Hg was satisfactory

as far as rate of filtration was concerned and that generally
menbranes remained intact at this pressure for at least 72
hrs.

a. PFiltration rate. DBefore using this method as a

routine research tool, the filtration rate was studied. The
filtration rate wcs determined by filtering centrifugal whey
and purified centrifuzal skim milk for varying lengths of
time and measuri-g the volume of filtrute obtained. When
two ultrafiltrations were carried on simultaneously, the
pressure rogulating devico shown in Figure 2 was employed.
Representative data obtained from one dual ultrafiltration
are shown in Figure 12. The rate curve for centrifugal whey
showa that the filtration rate was rapid during the first 20

hrs.; approxinately 35 ml. were obtained from 55 ml. of skim
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milk. From 20 hrs. to 6l hrs. 20 ml. of filtrate were
collected. All purified centrifugal skim milks were
found to filter at a slower rate than centrifugal wheys.

b. Distritution of elements in filtrute fractions. To

ascertain whether or not the filtrate collected from purified
centrifugal vhey at different times during a filtration wers
alike, composition-wilse, approximately 10 ml. quantities of
filtrate were collected durlng a 60 hr. filtration. These
fractions were analyzed for sodium, potassium, calcium,
magnesium, chloride and inorganic phosphorous. The data
(Table 15) indicate that any variations that occurred as
the filtration proceeded were within the experimental
error of the analytical methods. These data indicate that
it would be necessary to collect only that amount of fil-
trate that would be needed for the particular inorganic
analyses desired.

Becausc, all ultrafiltrations were carried out at
L.4° C., water condensed on the inside of the ultrafiltra-
tion chamber. It wos considerecd that this water distilled
from the menbrane surface and consequently it was rinsed
from the surface by theo filtrate collected to avold higher
concentrations of clemonts than should have been in the fil-

trates.

2. Results obtained with ultrafiltration

The ultrafiltration apparatus was employed to determine



Table

15.

Distribution of clements in fractions of ultrafiltrate collected over
a 50 hour per:iod.

(NN G " A\ I

Cumulative

e

Yolume Time

ml,
i1.5
22.0
33.5
La.s
52.5
58.0

hrs.

0194
0.1475
0.487
0.511
0.487

gsium
2.987
3.033
3.098
2.920
2.800

0.399
0.387
0.360
0.399
0.399
0.399

olements per ml. filtrate

0.119
0.131
0.135
0.125
0.12}
0.121

Inorganic

0.L5N
0.6
0.457
0.460
0.4,75
0.487

66
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whether or not there were differences in the concentrations
of inorganic elements in the flltrates obtained from purified
urheated centrifugal whey and the skim milk from which the
whey was obtalned. Freezing polnt determinations were made
on all milks, wheys and filtrates and biuret and ninhydrin
tests were run on all centrifugal wheys and filtrates.

a. Comparison of the inorgsenic constituents jin the

ultrafiltrates from purified unheated centrifucal whey and

its parent skim milk. Samples of centrifugal whey and the
parent skim milk were ultrafiltered for approximately 65
hrs. to obtain as much filtrate as possible. The flltrates
were analyzed for the major inorganic elements (Tavle 16).
Results for all products obtained were calculated on a fat-
and protcin-free bvasis.

The data (Table 16) indicate a difference between the
quantities of clements contained in the ultrafiltrate from
the centrifupal whey and that from its parent skim milk.
Percentages of the total sodium, calcium, magnesium and in=-
organic phosphorous presont in the parent skim milk, that
were found in the whey ultrafliltrate, were greater in all
cases than those in the paront skim milk ultrafiltrate. A
possible reason for the lesser amounts of clements in the
ultrafiltrate from skim milk mey be binding or adsorption
of ions by the proteins or to a sequestering or lon-exchange
activity of caseinate. II it were the former, ultrafiltra-~

tion 1ight possiuly Le used to study the lon binding properties



Table 146. Listritution of inorganic constituents of various milk fractions.

Fraction

rie, elesients per 60 . (fat and prctein free) product

Purified Unheated
Centrifugal Skim

Purified Unheated
Centrifugal whey

Purified Unhecated
Centrifugal Skim
Ultrafliltrate

Purified Unheated
Centrifugal Whey
Ultrafiltrate

Inorganic
Sodiurm Potassium Cajcium Magnesium Chlorjde phosphorous
29.36 The7h 55.33 8.49 55.68 33.85
29.69 The7 2l.21 6.83 55.41 21.
(101.0) (100.2 (43.8)  (80.4) (99.%) (63. g
20.16 Th.62 22.18 5.78 55.75 20.0
(68.7) (99 8) (40.1) (68.1) (100.1) (59. 2?
23.52 70.15 22479 T.42 55.90 22.65
(80.1)  (93.9) (41.1)  (87.4) (100.4) (66.9)

( ) Percentage elements in sitim milk found in verious milk fractions,

10T




102

of various proteins.

Here again 1s evidence which may indicate centrifugal
desorption of ions and/or salts by proteins. The percentages
of calcium, magnesium and phosphorous in the original skim
mllk found in the whey ultralfiltrates were larger than those
in the skim ultrafiltrates, again indicating that these be-
come more dialyzable or fillterable when caseinates are

centrifuged from the s;ster, skim milk,

b. Ca/P and (Ca+ Mr)/P ratios in purified skim wilk,
its whey and their ultrafiltrstes. Table 17 contd ns the
Ca/P and (Ca+ Mg)/P ratlos for the various fractions
analyzed.

Avera-e Ca/P (0.84) and (Ca + Mg)/P (1.16) ratios for
the centrifugal whey, {for the skim milk ultraliltrate, 0.81
and 1.18, rcopectively, and for the whey ultrafiltrate,

0.79 and 1.09, respectively, are in good agrecment. Howcver,
none of the Ca/? ratios agree with those of the di- or iri-
phosphate, 1.00 and 1.50, respectively, indicating that the
elements may occur in milk as mixed salts or may be bound by
or adsorbed to proteins. Ca/P ratios for skim milk approxi=-
mate that of tricelcium phosphate, however, this ratio would
include all of the ester- and carboxy-linked calcium which

if not considered would lead one to think that sll the calcium
in milk was in the form of tricalcium phosphate.

Ca/P and (Ca + I{g)/P ratios for the above data as well

a8 those for whole milk and centrifugal whey (Table 1lly) and



Table 17.

Ca/P and (Ca+ Iig)/P ratios found in variocus milk fractions.

Practi ons

Ultrafiltrates of purified unheated

rurified unheated Purified unihcated centrifugal
Run centrifugsl skim® centrifugel whey® skim y
Ca/F (Ca + Mg)/P ca/F (Ca + MNg)/P Ca/P (Ca + Mp)/P Ca/P (Co 4+ Mg)/P
1 lahs 10614, 0089 lalL]_ - - 0078 1002
2 1.27 1.59 0.88 1.28 0.85 1.22 0.78 1.19
3 1.22 1.59 0.76 1.08 0.78 1.1¢ 0.79 1.05
Av. 1.32 1.60 0.84 1.16 0.81 1.18 0.79 1.09

“calculated as fat and protein free.

£0T
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for milk dislysates are discussed in the following section
and are sumnarized in Table 18.

c. Sumnary of Ca/P and (Ca + Mg)/P ratios for various

fractions. Ca/P and (Ca+ Mg)/P ratios, found in this study,
for all milk fractions and dialysates are summarized in

Table 18 .

Table 18. Average Ca/P and (Ca + Mg)/P ratios for milks,
milk fractions and dialysates.

Ratios

Milk Fractions Ca/P _(Ca+ Mp)/F
Unheated Whole Milk (UuM) 1.39 1.67
Unheated Whole Milk Dialysate (UWMD) 0.59 0.78
Purificd Unhcated Centrifugal Skim

(rPucs) 1.32 1.58
Purified Unhcated Centrifugal Skim

Ultrafiltrate (PUCSY) 0.81 1.18
Purified Unhecated Centrifugal Whey

(PUCW) 0.89 1.27
Purified Unheated Centrifugul VWhey

Dialysate (PUCWD) 0.64 0.93
Purified Unheated Centrifugal Whey

Ultrafiltrate (PUCWT) 0.78 1.09

Average Ca/P ratios for unheated whole milk (1.39) and
purificd unhoated centrifuirnl skim (1.32) approach the
theoretical ratio for tri-phosphate (1.50). This might
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suggest a mixture of di- and tri-phosphates milk. The ratios
would be lower were it possilble to deduct the calcium that
is bound by carboxyl or nuclear phosphate groups of casein
from the tobtal calcium found and then recalculate the values,

Average Ca/P and (Ca+ Mg)/P ratios for centrifupal
skim milk, whey ultrafiltrates and centrifugal whey reduce
from about the value of tri-phosphate in the skim, to that
of an approximately cqui-molar mixture of di- and tri-
phousphates in unheated centrifugal whey, to approximately
that of di-phosphate in unhcated centrifugal whey ultra-
filtrute. These data suggest that the salts in milk do not
occur as single salts but as mixtures.

The Ca/P ratios f'or the whole milk and centrifugal
whey dialysates, 0.59 and 0.6}, respcctively, are much lower
than any of thc other Ca/P ratios ottained. Such low values
may indicate that durin- dialysis the proteins had a tendency
to bind the cations end leave anions free to dialyze; this
would entail preferential binding for calcium and allow
othor cations to dlalyze to maintuin caticniasnion balance
in the dialysates. If this were the case it would account
for the small ratios.

Several workers (20, 21, 22, 27, 73) have studied the
Ca/P ratios in the clear whey resulting from centrifugation
of sikim milk and have found values approximeting that of tri-
phospnate (1.50). Ratlos of Ca/P in centrifupgal whey, deter-

mined in these studies, were found to average 0.89 which was
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conslderatly lower than the ratio of the tri-phosphate and
the ratios for centrifugal whey reported by others. How-
ever, the Ca/P ratios obtained from whole milk (1.39) and
purified centrifugal skim milk (1.32) were found to
approach that of tri-phosphate. If it is considered that
centrifugation causes a desorption of salt and/or ions by
protein complexes, and these studies have indicated that
this might be the case, it would be necessary to release
more phosphate than calcium to decrease the Ca/P ratio. As
was indicated previously, the Ca/P ratios in products con-
taining natlve caseinates likely have wvut little meaning
because of calcium bound by caseinate as an ion.

(Ca 4+ Mgz)/P ratios for skim milk and whey ultrafil-
trates and whey dialysatcs all approach 1.0 {di-phosphate)
indicating similarity awmong these salt systems. The
(Ca + Mz)/P ratio for whey more nearly approximates that
of an egui-molar mixture of di-~ and tri-phosphates.

vhen comparing theoretical and experimental Ca/P and
(Ca + Mg)/P ratios it rust be consjdered that mixzed salts
of calcium, magnesium and phosphorous may appear in milk
as well as single salts. Thus, the assumption that all
Ca/P ratios must compare favorably with that of the tri-
phosphate may be complctely in error. It must be kept in
mind, however, that an amount of magnesium equivalent to mors
than 80 per cent of that in skim milk is present in and will

filter from contrifuged whey, whereas but 68 per cent will
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filter from skim milk (Table 18). A simllar relationship
occurs with regard to the dilalyzable magnesium from whole
milk and 1its centrifugzal whey (TalLle 1l). This raises s

question as to the similarity of occurrence of magnesium

and calcium and the presence of mixed phesphates.

d. Other physical and chemical characteristics of the

originsl milk and its whev, dialysates and ultrafiltrates.

Freezlng points and pH values were run on all original
milks, centrifugel wheys, dialysates and ultrafiltrates.
Biuret and ninhydrin tests were run on the centrifugal
wheys and ultrafiltrates. Data obtained from these deter-
minations are shown in Table 19.

The average freczing point for the centrifugal wheys
(<0.520° C.) wes close to that of the original milk
(-0.530o C.) while the avorage freezing point of the milk
(-0.510° C.) and of the whey (=-0.506° c.) dialysates was
higher than that of thc parent substance. The values for
the milks and their centrifugal wheys indicate that the
greatest portion of the smaller ions, those responsible for
freezing point depression, wore in the centrifugal whey
indicating that the casseinates had 1little effect up:n the
freezing point.

Ultrafiltrates of contrifugal skim milk and its whey
had lower average {reezing points (-0.560° C.) than the
parent skim milk (~0.530° C.) and the parent whey (-0.521° C.).

This depressaion of freezing polnt in the skim milk and
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Table 19. Some physical and chemlical properties of the
various milk fractions,

Averape

freezing

points  Average  Bluret  linhydrin
Fractions oc. pH reaction  reaction
Purified Unheated
Centrifugal Skinm -0.530 6.70 + +
Unheated Whole Milk
Dialysate? -0.510  6.70 NRP NRP
Purified Unhieated
Centrifugal Skinm
Ultrafiltrate ~0.560 6.90 - -
Purified Unheated
Centrifugal Vhey -0.520 6.80 + +
Purified Unheated
Centrifugal Whey b b
Dialysate® ~0.500 6.65 NR NR
Purified Unheated
Centrifugal .hey
Ult!‘afiltrate -0.560 6085 hand -

aDialysate evaporated to small volume and made to the
volume of the skim milk that was dlalyzed.
bNR = Not Run.

centrifugal whey ultrafiltrates was found to be caused by
water soluble sutstances coming from the cellulose membrane.
Distilled water was filtered through a section (10 in.) of
membrane and the freczing point taken. The freezing point
depression of the distilled water flltrate was found to be

equivalent to the difference in freczing polnts of the skim
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milk and whey filtrates and thelr parent fractions.

The pH values of the origlinal milk and the skim milk
and the whey dialysates were in good agreement with each
other and were similar to that usually found in normal
milks. The pH values of the centrifugal whey and the skim
mllk and the whey ultrafiltrates were higher than those of
their parent fractions. Such an effect may result from a
buffering effect of proteins in the skim milk although it
would not seem likely in the centrifugal whey, in which the
protein concentration 1s small. There is a possibility
that protein bound ions may have been released during
filtration thus causing this increase in pH.

Biuret and ninhydrin tests for proteins or peptides
and for amino acids, respoctively, were run on the centri-
fugal wheys and ultrafiltrates. It was surprising to find
that all ultrafiltrates yielded negative ninnydrin tests
when unheated milks were the starting materials. One sample
of ultralriltrate did give a positive ninhydrin reaction;
the centrifugal whey from which it was obtained was 5 days
old and some enzymatic decomposition may have occurred.
This sample was not included in the reported results. It
would be expected that i1f the psrent whey or milk gave posi-
tive ninhydrin and biuret reactions that the ultrafiltrates
might also be positive. Since thoy are not, this would
indicate that little enzymic decomposition has occurred and

that the smallest polypeptides that might have formed were
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greater in diameter than the pore dlameters of the membrane,
and that the membrane character was such that amino acids
fin the quantlities present) were not released.
E. Distribution of Inorganic Elements of Milk from
April 1955 to March 1956

At the time the resin membrane electrode studies were
started it was decided to determine the inorganic constit-
uents of milk for possible purposes of calculating the
ionic, colloidal and bound salt concentrations. Although
the resin nmenbrane electrodes were found unusable, the
gross analysis of the milk samples was continued for a one
year period at intervals of approximately two weeks. The
elements for which the milks were analyzed were sodium,
potassium, calcium, magneslum, culoride and inorganic phos-
phorous. The results were calculated as mg. element per
100 g. solids-not-fat. These data are shown 1n’?able 20
and plotted in Figure 13,

According to Figure 13 the magnesium concentration in
milk stayed relatively constant throughout one year. Sodiunm
did not vary much durlng the year but secmed to increase
8lipghtly during the winter wmonths and then decrease in the
early springe. Inorganic phosphorous decreased slightly
during the summer months and increased in the winter. Thse
inorganlc phosphorous and calcium ssemed to fluctuate more

or less simultaneously indicating that the two were directly
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Table 20, Inorganic constituents of milk from April 1955 through March 19562,

Elements
Date Sodium Potassium Calcium Magnesium Chloride Ino
nge g nNge MZe MNZe
h—15-55 53’4.9 13 79502 1, 33800 13605 1,10303
L-29-55  519,3 1,694.3 1356k 136.7 1,151.1
5-12-55  540,3 1,636.9 1,358,3 109.2 1,100.1
5-26-55  532,3 1,h72.6 1,326,1 127,2 1,063.9
6-10-55  509.6 1,379.1 1,305.5 139.6 1,132.2
6-23=55  509.3 1,189k 1,520,5 160,2 1,166.9
7- 8-55  193.3 1,511.6 1,352.1 120.1 1,172.5
7-21-55  559.1 1,L32,7 1,278.7 .9 1,160.5
8" 5’55 52709 1’705¢6 1,30’4-’4 lhlol l,h2503
8-18-55  U483.8 1,659.9 1,327.6 19,2 1,135.1
9"‘ 1“55 53707 1,7&9.6 1,350.2 176.9 1,25)402
9-16-55  687.5 1,621,5 1,35L.7 Ui3.6 1,329.1
9-29-55 558,k 1,618,3 1,399.3 122,3 1,125.3
10-13-55  565.5 1.878.5 1,38L.4 106,2 1,215.8
10-27-55  595.L 1,590,2 1,373.7 151.1 1,171..1
11-10-55  618.2 1,564.7 1,306.1 132,2 1,172.9
11-29-55  571.7 1,710.9 1,336.9 96,0 1,271.7
12-22-55  612,5 1,753.5 1,333.8 16):,0 1,243.0
1- 4-56  613.7 1,598.9 1,382.3 131,2 1,313,0
1“16"56 61]509 1,13602 1, 2913 06 198.3 1,063.)4
1-30-56  631.8 1,258,1 1,37k.h 169.9 1,130.3
2-15-56  562.2 1,453.8 1,1456,2 Uiy 3 1,117.2
3-1-56  572,0 1,733,8 1,421.2 146,6 1,109.9
Average 560.1 1,584.6 1,367.1 139.8 1,181.8

8Calculated as my, element per 100 g. solids-not-fat in the original milk
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onstituents of milk from April 1955 through March 19568,

Tlements
~ Potassium Galcium Magnesiun CUhloride Inorganic Phosphorous
e nZe Ze Tife Mo
1,795.2 1,338,0 136.5 1,103.3 700.1
1,694.3 1;56h.4 136.7 1,151,1 775.3
1,636.9 1,358,3 109.2 1,100.1 706,1
1,472.6 1,326,1 127,2 1,063.9 710.2
1,379.1 1,305.5 139.6 1,132,2 756.8
1,489.4 1,520.5 160.2 1,166,9 6687
1,511,6 1,352,1 120,1 1,172.5 6942
1,&32.7 1,278.7 k.9 1,160.5 575.4
1,705.6 1,30h.L U1 1,425,3 672.3
1,659.9 1,327.6 119,2 1,135.1 677.3
1,749.6 1,350.2 176.9 1,254.2 6P1.6
1,621.5 1,35h.7 143.6 1,329.1 636.9
1,618.3 1,399.3 122.3 1,125.3 72l,6
1.878.5 1,384k 106,2 1,215.8 675.2
1,590,2 1,373.7 151.1 1,171.1 79C.1
1,564.7 1,306,1 132,2 1,172.9 791.1
1,710,9 1;336.9 96,0 1,271.7 78l.1
1,753.5 1,333.8 1640 1,243.0 711.9
1,598.9 1,382.3 131,2 1,313.0 £19.6
1,136.2 1,29k.6 198.3 1,063,k 703.9
1,258.1 1,37h.b 169.9 1,130.3 £16.3
1,453.8 1,456,2 i3 1,117.2 78549
1,733.8 1,421.2 1:6.6 1,109.9 770.7
1,584.6 1,367.1 139.8 1,161.8 722.9

+ element per 100 g. solids-not-fat in the original milk
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Fipure 13. Distribution of the inorganic constituents in

normal whole milk from April 1955 through
March 1956.
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related, however, calcium did not vary greatly over the
period studied.

Chloride content of milk had a tendency to increase
during the summer reaching its pesk in the late summer and
fall then decreasing during the winter.

Potassium varied considerably over the entire period
studied. The tendency lor potassium varlation was to de-
crease durlng the early spring to a low in June and July
then increase in August and September when the pasture cone-
ditions improved. Another low appeared in December and
January followed Ly an increase to the early spring level.
Potassium did not seem to correlate with any particular ion
over the entire year of study. High values occurred in March
to April, August to October and during November.

The average values for the wmain inorganic conatituents
in milk were sodium 560.1, potassium 1,584.6, calcium
1367.1, magnesium 139,08, chloride 1,181.8 and inorganic
phosphorous 722.9 mg. per 100 g. solids~-not=fat. Table 21
compares the valuos reported by other workers (II-F) to
those found in these studies. Other workers reported thelir
values on a mge. per 100 ml, of milk basis while values re-
ported in these studies are on a mg. per 100 g. solids~not-
fat basis. The values from the literature were calculated
to the 100 g. solids-not-rfat basis using an average value
of 8.5l per cent solids-not-fat found in these studies.

The average sodium and calecium values (Table 21) found



Tabvle 21. Comparison of reported and experimental amounts of constituents in milk

as mgs. per 100 g. solids«not-fat.

Elements

Worker Sodium Potassium Calcium Megnesium Chloride Phosphorous
Van Slyke and Bosworth

(105) 667.4  1,451.9 1,593.0  1h6.4 913.3 731.9%
Hess et gl. (32) 46hed  1,492.9 1,206.0 49.6 889.9 891,1P
¥hittler (108) 667-1]4 l,hSlag 1,1&8701 9307 - 725098
Koasdhouse and Kcestler b

(76) sLk8.0 1,887.6 1,373.2 T7.8 1,000.0 1,021.1
fiobinson et al. (77) - - 1,440.3 - - -
Keirs and Speck (3L} 5L5.6 1,621.1 1,392.3 - - -
pavis and Macbonald (19) 485.9 1,680.3 1,593.0 ih41.7 1,241.1 1,126.2b
Sommer (98) 683.8 1,777.-5 1,745.0 - 1,288.0 1,088.9°
Av. 580.4 1,623.7 1,478.2 101.2 1,066.0 728.9%
Av. of deta reported

in Table 20 560.1 1,58L.6 1,367.1 139.8 1,181.1 722.9%

a

bTotal phosphorous,

Inorganic phosphnorous.

e
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in these studies asgree well with those of Roadhouse and
Koestler (76) and Keirs and Speck (34) and with the

average of the dava from the literature. Potassium values
¢ld not agree well with any of the reported values except
those of Xeirs and Speck (344). The experimental magnesium
value subvstantiates the values reported by Van Slyke and
Bosworth (105) and Davis and MacDonald {(19). The average
chloride value approacnes the value reported by Lavis and
MacDonald {19). Values reported by Van Slyke and Bosworth
(105) and Whittier (108) agree with the inorganic phosphor-
ous value determined in this study. The other workers (19,
32, 76, 98) reported their values as total phosphorous which
could not be compared to the inorganic phosphorous values
obtained in this study.

Values of this nature do not ordinarily have to agree
exactly wlith one another for factors such as location,
environment, feed, herd type an. duration of the experiment
will affect the quantity of milk constituents. It is grati-
fying, however, that in essentially all cases the values
obtained in this study are in good agresment with averages
of the values reported in the literature.

A further use for these data, reported on mg. per 100 g.
solids-not-fat, may be in calculatling dlabetic and dletetic
diets. This 18 of special importance for many dairy products

are often used in such diets.
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F. Resin Membrane Electrode Studies

Before Kressman's (36) cationie resin membrane elec-
trodes could be apnlied to the study of lons in milk, the
membranes had to be electrically characterized. Membrane
eloctrodes were characterized for asymmetry potentials,

stability and effect of pll on titration end points.

l. Asymmetry potentials

The asymmetry potential of each membrane was measured
at 25° C. (Figure l4) by placing the same solution (0.1 g.)
on elther side of the membrane. Potentials obtained ranged
up to ¥ 3 mv. among menbranes but was consistent for any one
membrane. ‘The asymmetry potential of an slectrode was added

algebraically to any readings made with it.

2. Stability of resin membrane elecirodes

The stability of each membrane electrode type, sodium,
potassium, calcium or magnesium, was determined by placing
a 0,01 gf sclutlion of its catlion inslde the electrode and
immersing the electrode (1 in.)} in a 0.1 g, solution of the
same salt, Potentials were read at one minute intervals for
20 min. the potentisls were constent but beyond 20 min. the
voltages dropped. Ilowever, if the elecirode, containing
the 0.01 g, salt solution, was inverted once ard the

potential reread; the original potential was attalined.
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At the same time the statility of each electrode type
was being determined, the agreement between theoretical and
actual voltape drops was noted. Theoretical voltage drops

for a 0.01/0.1 M. system were calculated by the Nernst

RT A2
o 1n KE s for each electrode type. The

theoretical EMF values for sodium, pctassium, calcium and

equation, E =

magnesium were calculated to be 55.28, 55.00, 50,54 and
50.61 mv., respectively. The potentials read by electrodes
of all types agreed wlth the caslculated values; all elec~

trodes showed good stability under these conditions.

3. Effect of pH on titration ondpoints

Solutions of sodium, potassium, calclum and magnesium
chlorides were made up in 1 L. quantities at various pH
levels, e.g. L.0, L4.5, 5.0, 5.7, 6.0, 6.5, 7.0 and 8.0; they
were adjusted to pH values greater than those of the salt
solutions with 0.01 g. solutions of their respcctive bases,
and for pH values below that of the pure salt solutions, with
0.1 ﬁ; hydrochloric acid. Although the amount of base added,
In the adjustment of the pH, was known each finished solution
was analyzed to verily the concentration. The null point for
each solutlion then was determined as previously described
(III-1}). During the course of study it was found that a
different resin membrane had to be used at each pH value for
any one membrane type. The membranes apparently were sensi-

tive to hydrogen ions and exhibited a hysteresis effect
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probably because they were partially converted to a mixed
hydrogen-metal form. If & new membrane was not used for
each pll value the concentration measured at zero voltage
varied considerably from its true value. Concentrations
obtained at zero voltages for the sodium, potassium, cal-
cium and magnesium membranes are shown in Table 22. Each
pH value shown was not run with every electrode type.

The theoretical amount of 0.1 g. solution at zero
potential was 11.11 ml. in all cases. When this amount of
0.1 g. standard salt solution was added to 100 ml. of re-
distilled water the concentration was 0.01 g., or the con-
centration of the solution within the membrane electrode.
The primary purpose of tihis study wss to determine whether
the different resin membrane electrodes would function at
the normal pH (6.6) of milk and secondly, to fine the pH
values at which the salt concentrations were the same on
elther side of the membrene. The pH values at which the
salt concentrations were the same on both sides of the mem-
brane were found to be 6.3, 7.7, 7.1 and 6.5 for the sodium,
potassium, calclum and magnesium membranes, respectively.
These results Indicated that the membranes could be used
effectively in measuring ionic concentrations st or around
the pH of millk.

When it was found that the membrane slectrodes could be
easily charpcterized and that they’would function satis-

factorily at the pli of normal milk, a study involving mixed
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Table 22. i&rfect of pld on titration values of resin membrane
electrodes,

mle O.1 M, standard salt solution®

nH Sodium Potassium Calcium Mapgnesium
4.0 11.40 - - -
b3 - - 11.40 -
h.5 11.35 11.30 - 11.40
L7 - - 11.35 -
5.0 11.20 11.23 11.20 11.30
5.6 - - 11.15 11.20
5.7 - 11.25 - -
6.0 11.10 - 11.10 11.15
6.4 - - 11.20 -
6.5 11,10 - - -
6.6 - 11.15 - 11.10
7.0 11.00 - - -
7.1 - - 10.00 -
T.2 - - - 10.90
7.8 - 11,10 - -
8.5 - 11.10 - -

BTheoretical quantity for sll electrodes: 1l.11 wml.
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salt sclutions was initiated., Mixed solutions of two cations
were made and standardized. One cation concentration was
held constant while the second was varied to yield a range

of concentrations above and below that occurring in milk.
Concentrations used were hesed upon Whittierts (108) data.
The primary purpose was to determine the interference of one
cation on the behavior of a membrane of another cationic
t:pe. When potential mecasurencnts were made, the data
sugpested that the interferinpg cation caused a partial con-
version of the membrane from a single cationic type to a
mixed cationic type, e.;., converted a sodium form membrane
to a sodium-potassium form. As a result of this interference,
the data obtained were unreliable. The interference of
sodium ion in a calcium mcnbrane measurement was more pro-
nounced than that of sodium on potassium. W%When a calcium
form membrane was titrated In presence of scdéium ion the
sodium apparently replaced the calecium so rapidly that no
rellable estimate of the calclum concentration could be ob-
tained.

After finding that the interference of one cation on
another was so rreat it was decided to try sn equilibration
of the membrane with a salt solution similar to that of the
milk dialysste. Stock solutions were prepared leaving out
the calcium ion, then calcium was added at concentrations
above, below and at the concentration occurring in the milk

dlalysates. The solution containing the concentration of
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calcium found in milk dialysates was placed on the inside
of a calcium form membrane electrode and the electrode was
immersed (1 in.) in stock solutions containing from no
calcium lon te caelcium concentrations twice that occurring
in the milk dlalysate. Potentlials were recorded at 10 min.
intervals for 3.5 hre.; the systems did not attain equili-
brium.

On the basis of these data it was decided that 1t was
improbable that these resin membrane électrodes could be
applied to tne measurement of ionic concentrations or of
equilibrium shifts in mixed salt solutions because of the

ease with which base exchange occurred in the membrane.
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V. OUMNARY ARD CONCLUSIONS

1. An evaluation of the accuracy of the analytical
methods employed for the chief inorganic constituents of
milk was made and the methods were considered to be satis-
factory. Average percentage recovered found were: sodium
96.5, ptassium 93.0, calcium 100.2, magnesium 96.l,
chloride 97.8 and inorganic phosphorous 98.1.

2. A new method of dialysis, "continuous pressure
dialysis", was developed. Iriefly the method consisted of
placingz a sample (50 g.) of milk into a semipermeable mem-
brane (cellulose Visking tubing tied off at one end), which
then was tied to a mlneral oil reservoir. Mineral oll was
flouted over the sample surface, the membrane inserted in-
to the dialyzing chamber and the membrane-reservoir attached
to a Hg pressure manometer (0 to 300 nm. Hg capacity)
(Figure 1). Pressure was exerted by nitrogen gas on the
mineral oil and at the same time the flow of the dialysis
water (distilled) was started. Pressure was adjusted to the
desired level (115 mu. Yr) by means of a needle valve on an
expansion flask end Lhe water rate was adjusted to 2 drops
per second. VWabter which passed the membrane was conducted
to a crystallizing dish, in vwhich it was continuously
evaporated at a rate equivalent to that of the water intake

(2 drops per sec.). The dialysis period was 15 hrs. in most
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of these studies; 1ln some instances longer periods were
employed.

3. The development of the method of continuous pressure
dlalysis was considered necessary vecsuzse of the fact that
usual dialysis methods appeasred to have definite shortcom-
ings when applied to milk. Various dialysis pressures were
studied. It was found that 92 mm. Hg pressure resulted in
a reslidus weight, equal tec that of the original milk,
after dlalysis Tor 11 hrs, However, this pressure (92 mm.
Hg) did not maintain a constunt weight of milk (50 g.) in
the membrane during the dialysis period. A pressure of 115
mm. Hg was found to maintain a nearly constant weight; the
maximum pgaln above and loss below the original weight was
4.0 g. during dialysis. To study the completeness of
dialysis, a series of samples of the same milk were dialyzed
for various lengths of time and the freezing polints were
run on the dialysis residues. At 15, 19 and 2| hrs. dialysis
93.9, 9.l and 96.} per cent, respcctively of the osmoti-
cally active materials were dialyzed. The data likewise
supg: - sted that beyond 7 hrs. dialysis there may be a com=-
bination of dialysis and ultrafiltration. A 15 hr. dialysis
period was selected because at the time these data were
obtained a refrizerator large enough to hold the apparatus
vas not available and ecxcessive use of thymol as preservative
was thought undesiratle.

Some confirmation of a 15 hr. dialysis was found by
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dialyzing several milk samples for 15 and 20 hrs.; approxi-
mately 98 per cent of the sodium, potassium and chloride
were dialyzed in 15 hrs. while 30.0, 61.0 and 6li.0 per cent
of the calclium, magnesium and inorganic phosphorous,
respectively, in the original whole milk, were dislyzed
during the same period. Leported velues for dlalyzable
calcium and inorganic phosphorous agreed closely with those
above, but not with those lfor magnesium; the results re-
ported by others for magnesium were by static dialysis.

It would be of interest to determine the time at which
the freezing point of the dialysate residue indicated that
the residual osmotic materials were non-dialyzable and non-
filterable, The described method may also be applicable
to the simultaneous purification and concentration of pro-
tein solutions. Likewise thls method could be applied to
following enzymic or bacterial proteolysis by removal of
amino acids as the proteolysis occurred.

e A study of the dialyzable elements from normal
vhole milk was made fromn August 1955 through March 1956.

It was found that 96-100 per cent of the sodium, potassium
and chloride in the original milk were dialyzable during 15
hrs. while only 24.9, 36.6 and 61.3 per cent of the calcium,
magnesium and inorganlc phosphorous, respectively, were
dialyzable. Ca/P and (Ca + Mg)/P ratios for the complete
dialysates from whole milk did not iIndicate that any known

combinations of calcium, magnesium or phosphorous were
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dialyzed exclusively. However, a tendency was noted for Ca/P
ratios to decrease 1n the fall and increase in the winter,
indicating that dry {eeds may increase the ratio.

5. Laboratory pasteurization of milk (62.8° ¢. for 30
min.) was found to decrease the amount of dialyzable calcium
and inorganic phosphorous but to increasc the amount of
dialyzable magnesium. Pasteurization did not seem to have
any effect upon diaslyzable sodium, potassium and chloride.

6. Unheated whole milk samples were fractionated into
clear whey and native caseinate (Figure 3) using a Spinco
Model L Ultracentrifuge. Fractions obtained in this manner
were analyzed for the major inorganic constituents. Dialy-
sates of these fractions and of the parent milks were also
obtained and analyzed. [Freezing points were determined for
all fractions and dialysates.

Freezing point data showed that the native caseinate
had little if any osmotic activity.

The percentages of sodium, potassium, chloride, calcium,
magnesium and inorganic phosphorous, present in the original
milk, that were found in the centrifugal whey and milk
dialysates were the same except for dialyzable magnesium
which was pgreater in the centrifugal whey.

All of the inorgesnic phosphorous in the centrifugal
whey (equivalent to 6li.1 per cent of that in the oripginal
milk) was dialyzable while only 51.3 per cent of the total

inorganic phosphorous was dialyzable from whole milk itself.
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In addition 87 per cent of the magnesium in the original
milk was found in the centrifugal whey and was completely
dialyzable from the whey; only 36.6 per cent was dialyzable
from the original milk. These data indicated that the re-
maining almost 39 per cent of the inorganic phosphorous in
milk, possibly was adsorbed to the caseinates and that
centrifugation caused sorie desorption or freeing of mag-
nesiun or that magnesium appears in milk in a different
form than does calcium.

Ca/P ratios in the centrifugal whey spproached that of
di-phosphate (1.00) vhereas the same ratio for whole milk
and centrifugal skim milks apprcached that of tri-phosphate
(1.5). lowever, in the milk and skim milk, the amounts of
calcium and phosphorous chemically bound to the caseinate
are included in these ratios,.

Nuclear (hydroxyaminoacid-esterified) phosphorous
values for caseins obtalined by lsoelectric precipitation
of centrifured caselnates and by isoelectric precipitation
from normal skim milk were obtained. The averapge nuclear
phosphorous value for isoelectric casein, from precipitated
centrifuged caseinate was smaller than that of casein oi-
talned by isoelectric precipitation from normal skim milk.
This difference may roesult from loss of some phosphorous rich
casein particles during washing of the centrifuged caseinate
prior to peptization and isoelectric precipitation or from

adsorption of inecrganic phosphorous to the cascein particles
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precipitated from normal skim milk,

It would be of interest to study the electrophoretic
mobilities of the varlous casein aggregates which would be
obtainable by differentisl centrifugation, to study the
calcium and phosphorous bound to thcse different casein
aggrehates, to analyze the lipoid material (Figure 3) to
see whether it contained a high content of phospholipid
and to determine the effects of heat on the sizes of the
casein aggregates obtained by centrifugation.

7« A new ultrafiltration apparatus was designed, built
and tested. The method of ultrafiltration, in brief, con-
sisted of Lleing a section of Visking cellulose tubing
(tied off at one end) onto the mineral oil reservoir
(Figure 2), introducing the sample into the membrane, float-
ing 200 ml, of minersl oil over the surface, inserting the
membrane into the ultrafiltration chamber (equipped with
water trap), fastening the mineral oil reservoir to the
pressure manomcter and adjusting the pressure of nitrogen
gas to the desired level by s needle valve on an expansion
chamber. As filtrate was cobtained, it was removed, as
desired, through the Typson sampling tube at the bottom of
the filtrstion chamber,

The filtration rate of centrifugal whey was found to
be more rapid than that of centrifuzal skim millkk (Figure 12).
The filtrate was found to be homogonous from one portion to

another; this was shown by the fact that a serles of
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subsequent 10 mle. fractions of ultrafiltrate from centri-
fugal whey vere 1In agreement as regards analyses for the

ma jor inorganic constituents, It was concluded from this
study that the various fractions were the same, composition-
wise, and that samplcs could be drawn off at any time during
the ultrafiltration.

Filtrates of centrifugal whey and skim milk were
analyzed for the major inorganic elements and it was found
that the percentages, of the elements in the original milk
found in the centrifugal whey filtrate, were greater in all
cases than percentages found in the skim milk filtrate.

This indicated that casein possibly may adsorb the ultra-~
filterable elements in the skim milk to a greater degree
than do the proteins in the centrifugal whey (albumin and
globulins), or that it may serve as an ion exchange entity
or a sequestering agent.

Ca/P and (Ca + Mg)/P ratios for centrifugal whey and
centrifugal skim milk filtrates were calculated and were
found to be in close agreemont with each other suggesting
that the calcium, magnesium and inorganic phosphorous are
in the same form in these two fractions,

pH and freezing points were determined on all ultra-
filtrates, wneys and skim milks. Freezing points of file
trates were found to be lower than these of the parent {race
tions. The pH values for all filtrates were found to be
higher than those of tho parent fractions. The hipgher pH

[N
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values for filtrates sugrested that ions were released from
proteins upon filtration or that caseinate exerted a buffer-
ing effect toward the acidic side. The lower freezing points
of the filtretes than of thelr parent fractions may result,
on the basis of preliminary cata, from water socluble sub-
stances dissolved from the cellulose membrane. All filtrates
gave negative ninhydrin and biuret reactions, aslthough their
parent fractions (centrifupal whey and skim milk) were posie
tive. Such data indicated the absence of polypeptides and

L -amino acides in the filtrates and suggest that the posi-
tive ninhydrin in tho parent substances resulted from poly-
pentides or proteins ratner than amino acids.

This method of ultrafiltretion possibly could be applied
to the concentrztion of protein solutions, the study of ion
binding of various proteins and possibly the separation of
amino acids from proteins and peptides during proteolysis by
native enzymes or those f{rom mieroorganisms,

8. Samples of milk taken at two week intervals were
analyzed for the major inorganic constituents, fat and
total solids from April 1955 through March 1956. The re-
sults showed that mapgnesium stayed relatively constant,
sodium increascd siightly during the winter and decreased
during early spring, inorganice phosphorous and calcium
fluctuated sinmultaneously but calcium did not vary greatly
during the year., Chloride increased during the summer and

decreased during the winter while potassium values were high
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in March to April, August to October and during November.

Average values for smounts of ilnorganic elements as mg.
per 100 g. solids-not-fat were sodium 560.1, potassium,
1,58L.6, caleium 1,367.1, magnesium 139.8, chloride
1,181.8 and inorganic phosphorous 722.9.

These experimental values reported on the above basis
may be of value in calculating various diets since many
dalry foods usually are included in a number of dietetic
regimes.

9. Cationic resin membrane electrodes studied were
found to have good electrochemical stability and would
function at the pH value of milk (6.6) in pure salt solu-
tions. Howeover, interforence of monovalent with divalent
ions apparently caused a partial conversion of the resin to
a mixed cationic form, giving unreliable results. It was
impossible t¢ equilibrate the resin membrane elsctrodes
against a stock sclution (made to the concentration of
elements in milk dialysate) or these stock solutions con-
taining calcium concentrations avove and below that appear-
ing iIn milk diaslysates, within usable time limits. This
lack of equilibration was attributed to the strong base
exchange propertics of the resin whlich would make it diffi-

cult to apply the electrodes to milk.
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