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I, liii'RUiiUC'i'IQN 

The sum. of the ionic equilibria of milk, which include 

caseinafce if not other entities among the proteins, generally 

have been referred to by the term "salt balance". Uumerous 

attempts have Deen made to elucidate the sale compon&nts of 

milk and to devise vuearis of measuring at least cationic con­

centrations in natural milJc, that la, to studj the salt 

balance. This is loj^jical, for not only is there theoretical 

interest in unraveling one of the most complex combinations 

of systems anonrr blolof^ical fluids, but the technological 

aspects of the syste^as are of importance. For instance, it 

is well knovm that lihen che ratio of calcium plus magnesium 

to citrate plus phosphate is not "correct" condensed milk 

will curdle when sterilized in tin cax^s, coffee cream will 

"feather" and difficulty likely will bo experienced in 

coagulating milk vJith rennin. The addition of small ajnounts 

of citrate, phosphate or bicarbonate ions, if the ratio is 

high, or of calcium ion, if the ratio is low, usually will 

correct the difficulties. 

This study initially had a two-fold objective as rejiards 

the milk equilibria. The first was to study the cationic, 

permaselectlve resin mcnilrane electrodes of Kressman (3^), to 

determine whether or not they were either sufficiently selec­

tive for use in detcrnirJng ionic concentrations in tine mixed 
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system, milk, or could be useful if correction could be made 

for ionic interference. The second was to study loilk dialysis, 

in the hope that some inforriation could be obtained that would 

confirm or refute the electrode raeasurements. 

Data that v;ill be presented indicate the improbability of 

employing the cationic res3n electrodes in mixed salt systems 

to measure ionic concentrations. This seems particularly true 

when attempts are made to measure divalent cations in systems 

containing monovalent cations in higher concentrations than 

those of the divalent cations. 

Consequently attention was focused upon the dialysla 

aspects of the problem. As a result, a new dialysis apparatus 

and procedure, termed "continuous pressure dialysis" was 

developed. The use of this metliod, together with a recently 

acquired Spinco Model L Ulti'acentrifuge, made possible a study 

of the dialysis of milk and of its casein-free akira milk. 

Certain aspects of the dialysis studj', suggested that it would 

be relatively easy to dcvelope a simple ultrafilter, which was 

done* 

As a result of these developments, the objectives of the 

project were expanded. In addition to the elcctrode aspects, 

the major objective became the physical separation of milk into 

caselnate, fat and caaein-free skim milk and the ultrafiltrates 

of fat-frec and of casein and fat-free sklra milks, and the 

ionic distribution of the major cations and anions amon*^ these 
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physlcally-separaced fractions, and between the ultrafJ.ltrates 

and the dialysates of the milks. 
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II. KLVIi:.W OF LITERATURE 

A. Electrociiepiioal Theory of Membrane iilecfcrodes 

Membrane electrodes consist of materials which are 

permeable to cations and/or anions. An example of this would 

be the glass electrode which Is thought to be permealle to 

hydrogen ions and largely impermeable to all other cations and 

anions, Kost r.:orabrane electrodes are either of the semi­

permeable membrane type, e.g. collodion, the clay membrane 

type, e.£. Putnam clays, or the resin membrane type, e.g. 

polystyrene. These membrane types can be used for determining, 

in pure solutions, the activities of various anions or cations. 

Each momtrano type has its own electrochemical characteristics 

and will behave accordingly. Harahall (^0) considers there are 

three distinct types of membranes each of which has its own 

electrochemical properties. 

The first typo is unchanged by the ions on either side 

and merely assists in fornin^ a normal liquid-liquid junction 

by preventin(- mixinc by convection. 

The second type acts as an ionic sieve and prevents 

either cations or anions from passing through. Such membranes 

wore of interest in preventing passage of anions by mechanical 

constriction, aincc, with the except'on of hydroxyl and fluorine, 

cations are smaller than anions. The equation for the behavior 

of this typo of membrane Is the Hornst equation. If the membrane 
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will permit passage of cations, but is impormeaile to anions 

it is actually a hydrated nienibrane through which water 

molecules are likely to penetrate. It should follow that the 

H"*" +• 5̂ 1120 equilibrium, should allow some mobile ions 

within the nembrane. If OH" ions can transport electricity, 

other anions should behave similarly at the membrane surface. 

Such behavior should be negligible In acid solution. 

The third type, which Tcorell (99) and Meyer and Sievers 

(5B) have proposed, restrains ionic mobility only by virtue of 

the electrical charge on the membrane. These authors consider 

that this action may be 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 mobility ratio through the membrane of a 

pair of ions having equal mobilltioa in water, was a measure of 

the restrictive or sieve action. When no sieve action occurred 

the potential across the morubrane was determined by; a. The 

charge on the memtrane expressed as ionic activity; b. 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 typo of effect is shown below. 

If the concentrations of the cations and anions are 

and the concentration:, of ions on the two sides of the 

membrane are and C2 and the mobilities of the anions and 

cations wore and U^, the EMP' across the membrane, the charge 

of which is balanced by monovalent cations of the same kind as 
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those in solution, is 

KT 
nP 

Acp -1 
I -t-U 

u A' 

Ac? -
4_ i » 
^ 2 

-hU 

-

Acf -

+ 1 

- 1  

Acf -1 

LA' 

- 1 
+•1 

C fit 
in which U — n—, j. and A = ionic activity of the membrane, 

"c + "a 

If a ratio of concentration, : C2> of 1 : 10 were 

chosen, E bccomos a function of U and of C^^/a. If values were 

assigned to  ̂ expressed as a function of A/Ĉ  

or as log A/Cj and a family of curves can be plotted. The 

shape of the curve which is identical vnth the experimental 

curve defines Uq/U^^. The experiinental curve can be used to 

measure the effective ionic charge. A, on the menbrane and 

also the value for which for corresponding water solu­

tions of the ions gives a measure of the sieve action. 

Kressman (3^) usinf; cationic reain membrane electrodcs 

of the sulfonated polystyrene type found that, when measur­

ing ionic activities of various solutions they obeyed the 

RT Ap 
Nernst equation, S = log whore A2 and are the 

activities of the cations on the two aides of the membrane. 

All work done in this tteoia waa done with the ty; t which 
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Kressman (36) used. Thus, all measurements were in agreement 

with the Kernst equation. 

B. DeteriTiination of Ionic Calcium and Magnesium in Milk 

by Resin Contact Methods 

Several authors have attempted to study the amount of 

ionizable calcium and rnasnesium in milk by bringing milk into 

contact with a catlonic resin« Contact time and conditioning 

of the resin in buffer solutions was adjusted, presumably to 

prevent disturbing the equilibrium between the ionizable and 

other forms of calcium and magnesjum in milk. The ions bound 

to the resin then were cluted and determined. 

Gehrke and Almy (2fl) studied the effect of mineral ion 

exchange resins on milk constituents. They studied the 

exchange characteristics of pure solution, effect of one ion 

on exchange of another, adsorption of lactose at various pH 

levels, effect of non-protein nitrogen on ion exchange and the 

exchanfte of ions from Cheddar cheese whey with Zeo-Kart-ii, 

I^eAcidiCo and Ambcrlite 1R-I}i> resins. They found that calcium 

and magnesium affinity was greater than that of sodium and 

potassium with the Amberlite resin, Zeo-Karb-H exchanged 

non-protein nitrogenous substances but DeAcidite did not. 

When the three resins were tested for lactose adsorption be­

tween pH levels of 6,0 to 8.5 none were found to have an 

affinity for lac lose, 

BaJcer ot al. (6) used Ambcrlite IRC-50 and IR-ljB cationic 
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and anionic resina, respectively, to study the exchange of 

ionizable calcium and nagnesium in skim railk« The resin, 

placed in the potassium form with a potassium buffer, was 

allowed to contact tho milk for various lengths of time. The 

cations were eluted from tho exposed resins. Their findings 

indicated that 36 per cent of the total calcium in milk were 

removed in 10 sec. The rate of removal of calcium from 10 to 

l60 sec. was constant and was presumed to be the removal of 

dissolved salts or tho conversion of dissolved salts to tho 

ionic state. Prom 180 to 300 sec. the removal rate was con­

stant and was attributed to an exchange of colloidal calcium 

phosphates to the dissolved calcium phosphates, \vhen phos­

phorous was oxchanf-ed, per cent was removed in 10 sec., 

from Ijl}. per cent to per cent removal the rate of ex­

change vias slower than that durinj? the first 10 sec., and 

beyond 65-60 per cent tho rate bocamo constant. This indicated 

that one third of tho phosphorous in milk was bound organically 

and not available as ions. 

Christiansen et. al. (17) studied the ionizable calcium 

and magnesium in relatively the same manner as Baker et (6) 

except that these workers used constant levels of sodium and 

potassium to condition their rosin and varied the calcium con­

tent. The solutions of varying calcium concentrations then 

wore nixed with the resin and allowed to equilibrate. Prom 

these standard calcium solutions ionic concentrations of 

exchangeable calcium were deternjincd after elutlon of calcium 
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from the resin; the exchanged calcium was plotted against 

calcium concentration of the solutions empioyed in preparing 

a standard curve, iiainplea of skim milk treated in the same 

inanner gave levels of exchanged calcium from mg. per 

100 ml. of milk. Christiansen £t (lO), using the same 

method as above, studied the ionizable calcium and magnesima 

and found them to bo 2.0-2.3 and 0.82-0.85 milliraol., respec­

tively, per liter. They also studied the effect of pli, of 

addition of citrate and heating of inilk. As the pli decreased 

the amount of calcium exchange increased. Addition of sodium 

citrate reduced the cxchan^'.e of calcium more than did sodium 

chloride, su--,<3;e3tin|7. that sodium ions lower exchange of 

calcium to a lesser decree than complcxing it by citrate. 

Heating milk, prior to exposure to the resin, decreased the 

availability of calcium and, slightly, that of magnesium. 

Storage subsequent to heating, caused a reversal in that more 

calcium was free to react with the resin. 

van Kreveld and van Mlnnen (103) studied the amount of 

ionizable calcium and Magnesium in milk with a Duolite C-20 

resin. They treated the resin with a salt solution iso-ionic 

with milk. Their data indicaued that from lj.0-l|..6 milli-

normal calcium and l.I|. to 1.7 mlllinornial magnesium were in the 

ionic state. Thcae data agreed well with those of iimeets (85) 

and Seeklea and iimecfco (Bi|.), Seekles and Sraeets (01;) did not 

use a resin contact rJiethod as did the other workers but com-

plexed the calcium and magnesium from milk ultraflltrate with 



www.manaraa.com

10 

aiTLTionium purpurafce or murexide. 

Results obtained for calcium and magnesium activity, when 

milks were heated, indicated that heating caused a reduction 

in activity of both calciura and magnesium ions and that as the 

period of heating increased the activity decreased (l8, 8i|., 

103)• Condensing milk on the other hand vms found to increase the 

activity of calcium and magnesium. Sterilization, subsequent to 

condensing, caused a decrease in ionic activity (IO3), 

C. Studies of Membranes of Different Types 

Considerable data have been reported relative to various 

typos of membranes and their physical properties. Types which 

have teen widely studied include collodion, mineral, resin-

collodion and artificial resin membranes. Little work has been 

done on the application of these types to measuring ionic con­

centrations in biological fluids. However, if this could be 

done easily and simply it would be of great value both clini­

cally and for manul'acturing purposes in the Dairy Industry. 

1, Collodion membranes 

a. Diffusion of iona throu^.'^h collodion memiranea, loeb 

(14-2) first studied the osmotic and diffusion effects of 

electrolytes and non-olectrolytes through pure collodion mem­

branes. He concluded that the rate of diffusion of non-

electrolytes was daroctly proportional to the concentration. 

Electrolytes wore 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 v;ith non-

electrolytes. Loeb {Lj.3) considered that the rate of diffusion 

depended upon the uign, valency and radius of the ions in 

addition to their concentration gradient, Vvhen membranes were 

treated with various agents, such as gelatin, casein and egg 

albumin, water diffused more rapidly into the salt solution 

than when untreated collodion membranes wore used. This dif­

ference in diffusion rates for v;ater when mono-, di- and tri-

valent ions were present, resulted not from differences in 

permeability but to the negative charge which the water dis­

played in presence of the high positive ionic charges. Vi'hen 

a collodion nemLrane separated water and sodium gelatinate 

solution, the watei* diffused into the gelatinate solution at a 

definite rate but when alkalis or salts of varying valencies 

were added to the gelatinate solution the rate of water 

mii^ration diminished 

Loeb (lj.5, 1̂ 6) also established that the rate of diffusion 

of electrolytes through a membrane was dependent upon the 

valency of the ion, because as the valency of the ion increased 

the water boundary layer lecame more negative. The rate of 

water diffusion throuch the membrane was accelerated by ions 

having large positive charges but the rate was dependent upon 

the concentration of the ions. When Loeb UB) studied the 

effect of reversal of sign of the collodion membrane, he 

employed hydrogen and trivnlent cations, ^5embranes were treated 
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with protein as before. Kevorsal of sign of the raewbrane by 

varying the hydroccn ion concentrabion varied with the iso­

electric point of the protein with which the collodion was 

treated. Ordinar'ly, the pli at which the reversal of the sifrn 

of the membrane occurred was slightly higher than that of the 

isoelectric point of the protein. Trivalent ions caused a 

protein treated :iiembrane to be ciiarged positively as did the 

hydrogen ion. Ilov.ever, low pH caused the protein to be con­

verted to a protein salt of the acid employed, which was 

capaole of ionizing into a positive protein ion and the anion 

of the acid; reversal of sign of the protein by trivalent 

cations on the alkaline side of the isoelectric point of tho 

protein ce'jscd tho formation of free carboxyl groups. The 

reversal of sign was duo to the format5on of non-ionizable 

metal protelnate salts. 

Studies of the pernoability of membranes with pure 

solutions of sodiuiii, potassium, lithium and hydrogen chlorides 

yielded theoretical potontJals, calculated from Nernst equation, 

when measured across the collodion membranes in the ratio of 

0.I/O.01 K. (60), Monovalent anions were found to diffuse at 

a slower rate than monovalent cat 'ions. 

Transference numbers, t = 0.5 , a measure of 
116 log rS 

^ Ci 

diffusion, were calculated for various monovalent ion solutions; 

these showed tliat, when the solutions were d J lute, the transfer­

ence numbers v;ere small but increased as tho concentration 
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gradient increased Such measurements were found to 

correlate with the moibiiities of the cations and anions within 

the membrane (61, 62). By use of this technique a correlation 

was established between the membrane pore size and the diameter 

of various molecules. These v/orkers postulated, on the basis 

of their data, that 98 per cent of the pores were large enough 

to pass acetone while only 0,3 per cent would pass glucose 

(107). 

b. Electrical behavior of collodion membranes. Data 

discussed this far, with refjard to collodion membranes, con­

cerned the diffusion of ions but did not consider their elec­

trical characterization under varied conditions. This section 

concerns the electrical behavior of collodion membranes. 

.Sollner et a3̂ . (86) measui'ed concentration potentials 

across varioua conu^iercial collodion menibraneo with 0.1 and 

0.01 M. potassiuBi chloride solutions. They indicated that the 

electrochemical activity of the membranes depended directly 

upon the amount of acidic impurities in the collodion. When 

the collodion wuo subjected to oxidation by 1.0 M. sodium 

hydroxide, concentrntion potentials were uniform and approached 

the theoretical values calculated by the Nernst equation (8?). 

1 asG oxchannje studios were conducted with collodion. The mem­

brane was saturated with hydrogen ion and was placed in con­

tact with a neutral salt solution, the cations of whjch re­

placed the hydrogen ion, which then was titrated. There was no 

correlation evidence betvieon replacement of hydrogen ion by 
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other cations and blic electrochemical activity of the membrane 

(93)» Electrochemical activity was found to be dependent upon 

the number of dissociable groups on the membrane (88). 

In order to determine v/hether collodion membranes were a 

homogenous phase or a micellar-structure phase Sollner and 

Carr (90) oxidiiied, redissolved and recast the collodion. It 

was indicated that concentration potontjials of recast collodion 

membranes were lower than those of oxidized membranes. Those 

results suggested that the membranes vjere of micellar- rather 

than homogenous-structure. Studies of the effects of the 

thickness of membranes indicated that concentration potentials 

were dependent upon the thickness of the membrane which indi­

cated a micellar-structure as the true state of the membrane 

(91). 

Studios f water uptaJvO and svielll; g of collodion in water 

solutions of organic and inorganic electrolytes and non-

electrolytes, indicated that in inorganic electrolyte solutions, 

60-70 per cent of the water was taken up in swellin;:; the 

remainder entered intramicellar and intermicellar cavities. 

In water solutions of organic elcctrolytca and non-electrolytes, 

collodion swelling depended upon the solute, £.£. glycerine, 

glucose I citric acid (13» C9). 

Special membranes prepared for study were those having high 

ionic selectivity, hi^h permeability, low resistance and good 

mechanical propertioQ (1, 12, lli.) • Some membranes were prepared 

which contained protaiine sulfate (12, 95)* Those membranes 
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containing the protar.iine yielded low resistance, lovf ionic 

selectivity and high perineabjlity. Ionic selectivity and 

permeability of non-protaraine-containing membranes was 

dependent entirely upon the time of oxidation by 1 M. sodium 

hydroxide. The hinJi^est selectivity, permeability and mechani­

cal strength ol' the nerabranes was obtained when an oxidation 

time of 6 to 7 nin, was used. Longer oxidation periods 

resulted In weaker nembranes and shorter oxidation period 

yielded membranes with low selectivity and permeability. 

Membranes prepared as indicated above did not obey the 

Teorell and Meyer-Sievers theory of membrane behavior (92). 

Hovijever, both :i3es:brane types rapidly established their con­

centration potentials across 0.1 and 0.01 potassium 

chloride solutions, showing that they have permeability (96, 

97). 

c. Studies of Ion i .  indln;'! bv proteins usinr collodSon 

membranes. Studies using protamine collodion membranes were 

made concerninr; the binding of calciiwi, magnesium, sodium, 

and potassium by various proteins (6, 9» 10, 11, 15* l6» 97)* 

Measurements were made by immersinc the menibrane containing 

the protein plus Ion into a known volume of water and titrat­

ing the water with a standard pure ion solution, usually 10 

times e;reater than that within the membrane. The titrations 

were followed eloctromctrlcally until the voltage across the 

membrane was zero. At this point the concentration inside the 

membrane was considered equal to that outside and the 
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concentration and activities of the ions within the membrane 

V7er© calculated. 

Carr and Topol (l5) studied the activities of sodium and 

chloride ions in pi-otein solutions using a protamine collodion 

membrane. Their findings indicated that negative membranes 

•ere \jseful from pll 3*0 to During the course of these 

investigations it was found that chloride Jon activity was not 

affected by cither [^^.elatin or casein in the pii range employed. 

However, sodium was bound to casein at pfl values above 7«0. At 

pH 7*5> it v;aa found that 0.18 to 0.20 meq. of sodium was bound 

per gram of casein but that sodium was not bound by gelatin. 

Further findings indie.i tod that the amount of sodixiui bound was 

directly proportional to the amount of casein present and that 

this binding was lowered when the pH was aikaline. 

Carr (8) found that there was no difference in binding of 

chloride ion by bovine or human serum albumin bolox^ pli 7»0; 

above pH 7»0 there was difference. Usin^ other proteins, Carr 

(10) found that proteins, k3th isoelectric points between pK 

I.0 and would not bind chloride ions in the pH range of 

3»0 to 7«0, while t!:oso w.'th hij-h isoelectric points (6.5 to 

II,0) showed affinity for chloride between pIJ values of 3»0 

and 7.0* There was no direct correlation between anion binding 

and isoelectric point of the protein, in the pH range 1|.0 to 

10.0. 

Bindin/- of calcium by various proteins was studied using 

protamine collodion membranes (9, 11). When the binding of 
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bovine serum albumin was studied at physiological pH (T.ij.) 

over concentration rarjgea of 1 to millimol, of calcium per 

liter, with solutions containing 1 to 3*3 per cent protein, 

it was found that 0 calcitan ions were bound per protein 

molecule at the hi^^her calcium concentrations. Binding of 

calcium ions per molecule was deter.iiined by assuming an 

average inolccular x%'c-l;-:ht and calculating the amount of calcium 

bound per raoleculc. It was found that as the pll increased 

above the isoelectric point of serum albumin there was a large 

increase in calcium binding by this protein. Within the pH 

range of 6.7 to 7*6 there was a 75 per cent increase in 

calcium binding. Carr (11) found that calcium binding by 0,6 

per cent casoin solutions increased from a low of 0.01 millimol. 

per liter at pll to a high of I.I1.9 millimol. per liter at 

10.6. Vkith other proteins, e.̂ .̂ lysozyme, F.amma globulin and 

hemoglobin, there waa no correlation between calcium binding 

and isoelectric points. For Instance, lysozyme (I.P. 10.6) 

bound more calcium than prainna globulin (I.P. 6,5) but hemo­

globin (I,P. 6.8) bound leas calcium than Ramma globulin. How­

ever, it Generally waa found that calcium bindin;^ among pro­

teins was creator for those proteins which had low isoelectric 

points (1.0 to 3.0); among those with isoelectric points 

(8.5 fco 11.0) there was little difference in calcium binding. 

Carr and V.'oods (I6) found that at pH 7*U 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 pH decreased and increased as the concentration 

of magnesium increased until the ion concentration (depending 

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

2. Mineral membranea 

Mineral inonbranes were prepared by grinding and casting 

various clays in the forr.i of disks from 0,1 to rm, thick 

{^2, 53» Shs ^7)« These membranes were heated, 

mounted and tested for laochanical leaks. 

Activities of solutions of sodium, potassium, amrnonium, 

cslcium and magnesium chlorides were measured by use of 

saturated calomel half cells, salt agar bridges and a Leeds-

I^orthrop potentiometer. Potassium activities could not be 

measured with any decree of reproducibility with Montmorillonite 

membranes when the concentration was below 0.1 M, (53, 

However, Bentonite nembranes could be used to measure arainoniura 

ion activities when the concentrations were below 0.1 (55). 

j^arshall and Krinbill (57) also determined the activities of 

aodiuia ion solutions usin^^ i-'cidelllte jnembranes. These mem­

branes were sensitive and theoretical potentials were observed 

when the concentration of sodiu.n was as low as 0.03 li* 

Calcium and niai'^nesiuin activities were measured with 

Putnam membrunes; the rcaults did not agree with those calcu­

lated by the Hernst equation (51, 52, $6, 61|.). These raensbranes 

were found non-sensitive to hydrogen ions and divalent ions but 

were oensitive to monovalent ions other than hydrogen. 
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Mineral membranes, in ̂ ^eneral, were found to be sensitive 

to sjfstems involving monovalent ions but were quite erratic in 

a mixture of mono- and di-valent ions. However, mixtures of 

divalent ions were found to behave like systems of monovalent 

ions (51)• 

3. Besin nenbranca 

Wyllie and Patnode (110) developed membranes from artifdcial 

cationic-exchange resins by molding resins at 2500 p.a.i.g, and 

150° C. and used then to measure sodium ion activities. These 

workers found that a membrane thickness from 0.5 to 5*0 mm, 

did not affect the potentials nieaaured across them by 

saturated calomel half cells. Vi'hen 60 per cent Amberlite 

IR-100 was incorporated Into the membrane together with methyl-

methacrylate and polystyrene, immediato potential readins were 

obtained. Ho ever, when 20 and $0 per cent rt-sin concentra­

tions were used, constant potentials were obtained after 30 

days and 20 ;nin., respectively. The structure of these mem­

branes were found to be similar to the porous or sieve struc­

ture of collodion membranes. 

Affsprunc ejk ol* ^2) prepared membranes using Amberlite 

IR-120 and Dowex 50 by the noldinr; process. When these mem­

branes were studied in solutions of mono- and di-valent ions 

it was found that theoretical Hernst potentials were obtained. 

Kressman (35» 3^) studied permaseiective reain rod mem­

branes of the polyoulfonutod styrene type. Membranes of this 
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type -were put into a cat Ionic form, sodium, potassium, 

arrunonium, v;ere mounted and the potentials were measured by 

means of 3atm->ated calomel half cells and a Lceds-Korthrop 

potentiometer. Kressnan (36) found that ionic activities of 

monovalent ions could be determined vjhen the concentration 

gradient across the membrane was 0,1/0.01 M. for all salts 

studied. Theoretical Nornst potentials wore obtained for both 

mono- and di-valent ions in the pH range of fj.O to 9.0. How­

ever, 'When ion mixtures were used, corrections had to be made 

for the interferring ion effect. 

V, Dialysis and Ultrafiltration of Milk 

Dialysis and ultrafiltration have been used for years as 

a tool in the purification and concentration of protein solu­

tions. There are, hovjever, but Tew studies of the dialyzable 

and ultraf3Itcrable constituents of the various biological 

fluids. The followinc summary applies only to mill:. 

Saito (80) dialyzcd nilk using Pergament Paper; the 

paper memlrane was placed in a beaker and the milk placed 

X'jithin it. The space between the membrane and the beaker was 

filled with distilled water and the beaker rotateu constantly. 

A stirrer wan placed In the milk which was agitated for hrs. 

at 50 r.p.m. Saito was primarily interested in the dialyzable 

nitrogen fractions of milk. He found 2.214. per cent of the 

total nitroGon in milk dialysable; this dialyzed component 

yielded a strong ninhydrin reaction but negative Biuret test. 
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indicating it was not a polypeptide but an amino acid. Virion 

milk aamplea were dialyzed after heating at 100° C. for 

various lengths of time, the anount of total and ammonia 

nitrogen which were dialyzable increased as the time of heat­

ing increased# Saito (81) found that when milk was treated 

with ultra violet li^ht, prior to dialysis, no increase was 

noted in total dialyaable nitrogen. However, when milk was 

treated with rennin, the amount of total dialyzable nitrogen 

decreased. This was attributed to partial adsorption of 

dialyzable nitrogen by the coagulum. 

Ivhen tiaito (81) dialyzed milks which had been innoculated 

with various acid producing;: or^janiams, the amount of dialyzable 

amino and atniaonia nitrogen increased rapidly. 

Larapitt and Bushlll (37) studied the distribution of 

phosphorous in milk by static and continuous dialysis and by 

ultrafiltration. Static dialysis consisted of immersing 25 

ml. 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 pullinij a 70 cm. Ilg vacuum on a collodion 

meraLrane; the yield was 2.5 ml. of filtrate per hour. Con­

tinuous dialysis of milk was accomplished by placing 20 ml, of 

snilk in a collodion tube, which was inserted into a tube of 

water surrounded by a brine (5° C.) jacket. Distilled water 

passed between the jacketed tube and the membrane and was con­

ducted to a still in which it was evaporated under 70 cm. Hg 

vacuum. The vapors from the still passed to a condenser and 
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the condensate returned to the dialysis water. Milk inside the 

membrane was stirred by a meclianical stii'rer. V/ater was added 

to the milk to maintain a constant level inside the rneiTibrane. 

Static dialysis and ultrafiltration methods were compared 

on samples of milk held for 8 days at i}.® C. Results of the 

comparison indicated that the concentration of phosphorous 

(both total and inorganic) were the same in the evaporated dialy 

sat© and the ultrafiltrate. However, when static and con­

tinuous dialysis procedures wore studied, results indicated 

that more inorganic phos horous was dialyzed by the continuous 

method than by the static method. This was attributed to dis­

turbing the salt equililriiJin by the dilution wh3ch occurred in 

the continuous method, causing increased solubility of inorganic 

phosphorous (presumably calcium-phosphorous complex). However, 

no difference was noted in tho amount of organic phosphorous 

loft in the dialysate residue by ei ther method. 

Results from the static dialysis procedure indicated that 

i|.6 per cent of the total phosphorous were dialyzable; T-fhJle 

60 per cent were dialyzable by the continuous method. 

Comparison of results from static dialysis and ultrafil­

tration showed that ii.6 and 14.0 per cent, respectively, of the 

total phosphorous was found in the dialysates and ultrafil-

trates. Results obtained by Norb'o (66) substantiated tho above 

data concerning the ultrafiltorable phosphorous. 

Lampitt and Bushill (38) 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 dialyzablej 

33-il.l per cent of the inorganic phosphorous was dialyzable. 

The effects of dilution, pH and heating on the dialyzable 

calcium and phosphorous were studied by the static dialysis 

technique (30)• Dilution of milk (1:2) caused an increase of 

12 per cent dialyzable calcium and 5-7 per cent dialyzable 

inorganic phosphorous. V/hen pH was lowered from 6,55 to 

5.75 an increase of 11 and 17 per cent in dialyzable inorganic 

phosphorous and caicixua, respectively, was noted. However, 

this chan^^e in pH (6.55 to 5*75) di<i not cause the organic 

phosphorous to dialyze. Heating; caused a decrease in the 

dialyzable calcium and the inorganic phosphorous of about ij. 

per cent. 

Lampitt ejb al. (39) studied the dialyzable 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 effect of agitation on the dialysis 

of milk. Their results showed that agitation reduced the 

dialyzable magnesium and calcium and increased the dialyzable 

inorganic phosphorous. 

These authors (39) indicated that as the acidity of milk 

increased, the dialyzable organic phosphorous increased and 

became maximal at 0.25 por cent acid; dialyzable calcium, 

magnesium and inorganic phosphorous increased steadily as the 

per cent acid increased (limits not given). Ling (I4.O) reported 

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 the total increase in phosphorous in the whey is 

equivalent to the decrease in tricalcium phosphate. 

Some workers dialyaed milk against solvents other than 

water in order to deter;r.ine the amounts of dialyzable and 

soluble inorganic constituents. Kona and Michaelis (78) 

dialyzed nilk agaanst rennet whey from the original milk and 

whey resulting from cascin precipitation with ferrous hydrox­

ide. Calcium decreased in the iron whey and increased in the 

rennet whey. By this lacthod they estimated that l|.0-50 per 

cent of the total calcium was soluble. 

Pyne {69) dialyued :nilk agaiiist rennet whey and estimated 

that $(3 per cent of the inorganic phosphorous and 31+ per cent 

of the total calcium in fresh nilk (pH 6.6-6.65) was soluble. 

However, at a pH value of 5*20 the solubilities of calcium 

and phosphorous wore 3G.3 and 99*3 per cent, respectively. 

Verraa and So?:ner (106), dialyzing milk against rennet wheys, 

found 35 per cent of the total calcium, 8 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) dialyaed milk against rennet whey and found 

that the uadialyzable phosphorous amounted to 50-60 per cent 

of the total and that an incroase in acidity caused an in­

crease in tho dialyzable calcium and phosphorous. When casein 

was at the isoelectric point all the calcium and phosphorous 

was diasolvod in the whey. Ho concluded that the casein and 
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the undialyzable dicalcium phosphate showed chemical affinity 

for one another. 

Bell (7) obtained ultrafiltratea from heated milks and 

found a decrease in soluble or filterable calcium and phos­

phorous. He attributed this decrease to the fact that 

calcium and phosphorous go from the soluble to the insoluble 

state by forming an insoluble salt-protein compound. Centri­

fugal studies at 3^,000 to ij.0,000 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 calcium and phosphorous centrifuged from skim 

milk wa3 greater the higher the heat treatment. 

Magee and Harvey Ui9) dialyzed fresh, pasteurized and 

boiled milks in collodion membranes against cold running water 

for various lengths of time and then analyzed the contents of 

the membrane. There were 26.14,, 20,}  ̂ and 15*7 por cent of the 

calcium diffusible from fresh, pasteurized and boiled milks, 

I'eapectlvely. They attributed the decrease in diffusible 

calcium to the formation of colloidal tricalciura phosphate 

from soluble dicalcium phosphate. 

E. The State of Calcium, Phosphorous and Casein in Milk 

Investications concerning the state of calcium, phos­

phorous and casein in r.iilk are of importance in manufacturing 

problems. The principle regions of interest are the distri­

bution of calciun and phosphorous in the soluble and colloidal 
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state and the association between calcivun, phosphate and 

casein. 

The distribution of calcium and phosphorous in the 

soluble state were considered in the preceding section. 

Pyne (60, 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 formol titration values of milk with and without 

added potassium oxalate. He also investij-ated 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 Ryan (73) using a modified Ling (I4.0) 

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 (105) considered the natural 

acidity of milk i^csultod from colloidal dicalcium phosphate. 

They considered that it was maintained in the colloidal state 

by a protective colloid action of casein. When dicalcium 

phosphate was titrated with calcium hydroxide these workers 

postulated that the dicalcium phosphate was converted to tri­

calcium phosphate. 

Ling (1|.0, I4.I) titrated oxalated and non-oxalated milk and 

rennet whey in order to estinate the amount of tricalcium phos­

phate in milk. His findings indicated that nearly one half of 
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the total inorganic phosphate in milk existed as colloidal 

tricalclum phosphate. As the aciditj^ in milk Increased the 

casein "acidity" increased proportionally to the calcium 

removed. Furthermore, as the total calcium content of milk 

changed with season the miiount of calciura-caaeinate complex 

varied while the colloidal tricalciura phosphate remained con­

stant. He 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 Horot (100) criticized Ling's (i}.!) work and agreed with 

Pyne and Ryan (73) that the error in the original Ling 

titration of milk 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 actually present aa a result of 

the titration of sone uicalcium phosphate in the Ling ([̂ O) 

method. 

de Kadt and van Hinnen (20) separated casein from milk 

by ultracentrifuijation. They concluded that only calcium and 

phosphate were bound to casein on the basis of their analyses 

of casein, whey and of tlic original milk. Furthermore, they 

proposed that phosphate and calcium were bound to casein through 

an ester typo linJcafjC. Analyses showed that the calcium to 

phosphorous ionic ratio was 3 5 2, after subtracting the amount 

of ester linked calciur:; this is the same as for tricalcium 
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phosphate. On the basis of their studies these workers pro­

posed the follo\vin{^j complex between tricalcium phosphate and 

casein. 

Ĉa-PO|ĵ  =: Ca 

Casein — P0|^ or Casein——Ca2(POj^)2 

"^Ca-PO. = Ca 

Eilers et al. (23) titrated phosphoric acid with calcium 

hydroxide in the presence of casein between pH values of ij-.O 

and 9.0; they postulated the following form for the calcium-

caseinate conplex. 

Protfcln-H-OH + 2 Ga(0H)2 + = 

i'rotein-R-O-Ca-PO^ = Ca-ljiigO 

Rarasdell and VJhitticr (75) supercenbrlfuged the calciuni-

caseinate-phosphabe complex from milk. They found that after 

titration of the complex with potassium oxalate an Increase 

in acidity occurred. From this reaction it was concluded 

that tricalcium phosphate rather than dicalclum phosphate was 

the molecule attached to casein. The isolated complex con­

tained 95»2 per cent calcium-caseinate and 14.8 per cent tri­

calcium phosphate wlich was distributed as 0.714-2 per cont 

organic and 0.985 per cont inorganic phosphorous. The casein 

contained 0.7^9 per cent organic phosphorous. Ford and 

Rarasdell (26) and Ford et al.. (27) centrifuged skim milk at 

various speeds up to 14.8,000 r.p.m. and colloctod the serum and 
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casein colloids renoved. Upon analysis of the original milk 

and casein free serums it was found that the calcium to phos­

phate ratios were l.l^O or close to that of tricalciuia phos­

phate. Deposits ob-..ained from centrifuging at various 

speeds, when analyzed, showed calcium to phosphorous ratios 

of again close to that of tricaicium phosphate. They 

concluded that 70-90 per cent of the casein appeared as a 

single phosphoprotein v;hich was considered to be a iuixture of 

c<-, and r -casein. Over the range of speeds studied these 

authors considered the phosphoprotein to be combined with 

calcium and tricaicium phosphate. Larger protein particles 

removed at low speeds were found to have less organic phos­

phorous and aonjo nonprotein substances while those obtained 

at higher speeds had a higher organic phosphorous content. 

tor Horat (101), usinf- an ultracentrifuge, fractionated 

the calclura-caseinate cotnplex and found tiiat the various 

fractions had different calcium combining capacities and iso­

electric points. She also stucied the ion adsorption of casein 

and found that casein could combine with considerable quantities 

of sodium and chloride even in presence of large excesses of 

calcium* 

Van der Burg (102), employing yeast suspensions, adsorbed 

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 decrease in the colloidal tricaicium phosphate 

associated w.1 th milk. There was only a very slight change 
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in the amount of calcium appearing as the ester phosphate of 

caseiHt He concluded that the calcium in casein was attached 

to the phosphate eater /groups and that the remaining free 

amino and carboxyl /groups tied up tricalcium phosphate in 

varying amounts, ter Horst (100) believes that this hy­

potheses approaches more nearly the actual state of the 

calcium-caaelnate complex than any of the other postulations, 

Pyne (71) studied the behavior of barium analogs of phosphates, 

polarographically, in casein solutions and substantiated Van 

der burg'a (102) hypothesis on the heat sensitivity of, and 

the type of union betvjeen caseinate and phosphate complex. 

Evenhujs and de Vries (2lj.) disagree with Van der Burg's (102) 

premia that tricalcium phosphate is adsorbed to the yeast cell 

upon heating. They postulate that It is not an adsorption 

but a crystallization process. They demonstrated this by using 

cotton wool instead of ycriat 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 

crystallization of tricalcium phosphate, when milk is heated, 

resulted from a difference in the rate of tricalcium phos­

phate (present as colloidal phosphate) aolublizatSon and the 

rate of precipitation of this tricalcium phosphate which 

rryatallized on the yeast cell surface. 

Edmondson and Tarrassuk (21, 22) studied the effect of 

heat and addition of disodium hydrogen phosphate on the dis­

tribution of calcium, phosphorous and nitrogen in the fractions 
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lengths of tiine. Heating of skim milk caused an increase in 

total sedimented casein during IfO rain.; beyond 4^ 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. Addition of disouium hydrogen phosphate caused 

a decrease in caselnate complex sedimentation. Heating and 

addition of diaodiuin hjurogen phosphate to nilk samples, 

followed by centrifu^ation r,a.ve increases in Ga:N and 

ratios for the sediment. From the sedimentation data, a 

molar ratio of Ca;P of 1.5 (the same as that of tricalciura 

phosphate) was calculated for raw skim milk. For milks with 

added disodium hyaro^en 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 por cent disodium hydrogen phosphate. 

?. Mineral Constituents in Milk 

Large numbers of analyses have teen made of the mineral 

content of milk. There ia considerable variation among the 

values reported. The main causes of variation are probably 

the difference in location, breed and feeds used. Probably 

considerable variation results from the methods of analysis 

employed. Here recent analyses may bo more accurate because 

of improvement in methods and techniques. 

Table 1 presents sorae of the values reported for the 
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Table 1. Reported values for the mineral constituents of normal fluid milk. 

nrr. oer 100 ml. of milk 

v;orker Sodium Potassium Chloride Calcium MaRnesiura 
Total 

Phosahorous 

Van Slyke and 
Bosworth (105) 5:7.0 I2IJ..O 78.0 136.0 12.5 65.2̂  

Hess et al. (32) 39.7 127.5 76.0 103.3 14-.214. 76.1̂  

Whittier (108) 57.0 12lf.O - 127.0 8.0 62.0̂  

Roadhouse and 
Koestler (76) I4.6.8 161.2 85.3 113.0 6,6i). 87.2̂  

Robinson e_t al. (77) - - - 123.0 - -

Keirs and Speck (3^-) I1.6.6 I3G.7 - 118.9 - -

Cavis and 
MacDonald (19) lî 3.5 106.0 136.0 12.1 96.2̂  

Sormner (98) 151.0 110.0 lii.9.0 — 93.0̂  

^norganic Phosphorous, 
Total Phosphorous. 
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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

siderable variation is evident for most of the important con­

stituents of milk. 
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III. MATHUALli AwU Ml:.THOJDS 

A, Materials 

1. Kllk 

The rai; v;hole milk used was bulk mixed milk including 

various breeds, btit was frora predominately Holstein, Guernsey 

and Jersey cattle. The majority of the samples obtained was 

from rnilk held in raw milk storage tanks, in the College 

Market Milk Department. 

2. Water 

Distilled water was used in all experiments. For the 

electrode laoa^iureiiients, for all standard salt solutions and 

for the ionic analyses, the water was distilled a second 

time in a Pyi'ox apparatus, equipped with a condenser having 

a clear quartz inner tube. Prior to the second distillation 

the water was treated with a sulfuric acid potassium dichro-

niate mixture. 

3* Reanents 

All chemicals used were of reagent ,?rade or of special 

high grades. 

Keferenco phosphorous solutions wei'e made from a sample 

of potassium dihydrof-en phosphate obtained from the Kational 
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Bureau of Standai'ds (Sample Ko, l86-I-a). 

All standard salt solutions were made from reagent grade 

chemicals xvhich had been recrystallized three times from re­

distilled water. 

Membranes 

Cellulose Viakin^; tubing used was purchased from the 

Visking Corporation, Chicago, Illinois. 

Cation rncrabrane electrodc ineasurenients were made with 

Zerolit 315 cation exchanf-e membrane rod furnished by United 

V.'ater Softeners Co., Gunnerabury Ave., London V/i)., England. 

B. Methods 

Calc5urn and marrnesium determinatjons 

Calcium and magneaiiim 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 ml. of 1 N. hydrochloric acid (to dissolve calcium 

salts and disperse casein), agitate by gently swirling the 

solution, and after 10 min. add 2.5 i^l* of 0.5 N. sodium 

hydroxide (to brine to Ij-.O to Ij..l and precipitato iso­

electric casein). Make the contents of the flask to 100 ml., 

mix thoroughly and filter discarding the first 5-10 ml. Pass 
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10 ml. all quota of filtrate through a Duo lite 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 12$ ml. erlenraeyer flask. 

Calcium detcrialnation. Add sufficient 1.5 N, sodium 

hydroxide (usually 2 ml.) to bring the chroiautographed 

aliquot to a pll above 10, add 0.2 murexide (arfunonium 

purpurate) indicator (0.2 3. ammonium purpurate plus 100 g. 

sodium chloride, intimately mixed) and titrate to a purple 
p 

color from pink v/ith standard EDTA . 

Calcium and magnoaium determination. Add 0.5 ml. of 

borate buffer (ij-.O g. sodium tetraborate in GO ml. distilled 

water) to a chroraatographcd aliquot plus washings, bring the 

pK to 8-10 with 1.5 H.. sodium hydroxide (usually 1-2 drops). 

Duolite A-li- (Chemical Process Co., Redwood City, 
California) I'csin colutJin. Place 3 of resin on a glass 
wool plug in a 7 X 250 mm. column with a 15 x 100 mm. 
reservoir on top and a 1 x 25 mm. capillary tip on the 
bottom to which polyethylene tubing and a screw clamp were 
attached. Back wash v/ith distilled water to stratify the 
resin and to romove air, and convert the resin to its ex-
chanpo cycle by passing, two 50 ml. portions of 1 N. sodium 
acetate througii the column. Hinse with ten 10 ml.'̂ portions 
or distilled water. Regenerate after four aliquots (10 ml.) 
of de-protclnized milk have been treated (33)* 

^Make 1}. 3. diaodiun dih^drogen ethylenediaraine tetra­
acetate dihydrate and 1 g. sodium hydroxide to 1 L. with 
water. Standardize against standard calcium carbonate, 1 mg. 
per ml. (1.0 2. triple precipitated and dried calcium carbonate 
plus 2 ml. concentrabcd hydrochloric acid, made to 1 L.) (33)* 
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add S drops Eriochrome Black T (1 g. indicator plus 30 ml, 

distilled water containing 1 ml. 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 pliosphoroua was determined by the method 

suggested by Fontaine (2i?) and Graham and Kay (30) for milk. 

Weigh 0.15> to 0,25 S* of milk into a 10 ml. glass 

stoppered volumetric flas];, add 1.5 ml. of 15 per cent 

trichloroacetic acid, nalce to volume, mix and filter from 

precipitated proteins. Discard the first ml. of filtrate 

and transfer 1 ml. aliquots of the remaining filtrate to 25 

ml. amber flasks, add sufficient 10 N. sulfuric acid to 

make the total volume 5 "il« and add 2.5 ml. of 7«5 per cent 

sodium molybdato and enough distilled water to make to 20-22 

ml. Add 2.5 ̂ 1* of dilute stannous chloride^, mix and place 

the stoppered flasks in a boiling water bath for 20 mln. to 

develop the blue color of reduced phosphomolybdate. Cool to 

room temperature, make to volume and read at 820 myt/ in a 

Beckman DU spectrophotometer (corex cuvettes). Run a reagent 

^Dilute stannous chloride solution was prepared by 
diluting 1 ml, of a solution of 10 g. stannous chloride in 
25 rtil. of ccncentratcd hydrochloric acid, to 200 ml. The 
dilute solution wus not stable and should be prepared fresh 
every 8-10 days (25)* 
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blank with each group of deterrainationa. Phosphorous was 

calculated by a regression equation established vjith saraples 

of known phosphorous concentration. 

3» Titratable acidity 

Acidity of milk samples was determined by titrating 16 g. 

of milk (containing 10 drops of 1 per cent phenolphthalein) 

with 0.1 N. sodiiira hydroxide (3)« Results were recorded as 

per cent lactic acid. 

i}.. Chloride determination 

Heat approximately ̂ 0 g. raw whole milk in a boiling 

water both for 3 xnin., remove, cool to room temperature and 

mix well. Vv't-igh 10 g. samples of this milk into 27 x 113 

plastic round bottom centrifuge tubes, precipitate the casein 

with 5*5 Jil» of 15 per cent trichloroacetic acid with constant 

agitation (to yield 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 a second 

clean plastic centrifuge tube. Wash the casein by reaus-

pendins In two succcssive 3 Ĵ l* portions of water (pK Ij..?) 

acidified with 1 drop of 15 per cent trichloroacetic acid, and 

centrifuge again for 3 win., 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. 

aodiura hydroxide (the latter used when approaching the end 

point), centrifuge the precipitated phosphates at 2,^00 r.p.m. 

for 3 niin. Decant the clear centrifugate into a 12^ ml. 

Erlenmeyer flask, bring to pH 6.6 by adding 1.5 ml. of 0.1 N. 

acetic acid, titrate with constant stirring with a standard 

silver nitrate solution (1 ml. equivalent to 1 nig# chloride) 

to the potassium chroniate (12 drops, 10 per cent solution) end 

point. Results were calculated and recorded as per cent 

chloride. 

Potassium determination 

Potassium deterniinations were made by the method of Raff 

and brotz (7i{-) and Schober and Pricker (82). V^elgh a 10 g. 

sample of raw whole milk into a platinum evaporating dish, 

dry on a steam plate, ash at 390-lj.l0° C. for 8 hrs., cool and 

dissolve the ash in 10 ml. of dilute (10 per cent) hydrochloric 

acid. Filter through a Whatman No. l}.2 paper, wash the paper 

and contents with distilled water and collect filtrate and 

washings in a 250 ml. beaker. Re-ash residue and filter paper 

for 1 hr. at 600® C. (after charring with a Bunson burner), 

cool and dissolve with 10 ml, of 10 per cent hydrochloric acid. 

Combine the 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 1|.0 per cent acetic acid. 

Evaporate the solutions to 20-2^ ml, on a steam plate, adjust 

the pH to Ij-.O with dilute (5 per cent) acetic acid, warm to 

70° C. and add a $0 per cent excess of sodium tetraphenyl 

boron , filter, after ̂  min., through fine porosity fritted 

glass crucibles that have been brought to constant weight. 

Wash the precipitate 7 times with 5 per cent acetic acid, dry 

at 100° C. for 0.5 hr., cool and weigh. Run a blank with each 

group of samples (usual blank 0.0 to O.OOOl^. g.). Potassium 

tetraphenylboron is stable to 120° C.; it contains 3*787 per 

cent potassium (29). 

6. Sodium determination 

Weigh 20 g. raw vaiole milk into a platinum evaporating 

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

'̂ Kote: Keep beakers covered at all tines with watch 
glasses during addition of sodium carbonate and hydrochloric 
acid to prevent loss by spattering. Rinse \<atch glasses into 
the beakers before proceeding. 

•1 

Dissolve 0.2 g. sodium tetraphenylboron (Hach Chem. Co., 
Ames, la.) in 10 nl. distilled water. Prepare and filter at 
least 1 hr. before using; if cloudiness appears in filtrate, 
refilter (29). Use within 2I4. 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 
noj?mal whole milk. 
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heat to 14.00° C. and hold for 8 hra. Cool the dishes, dissolve 

the ash with 10 ral. of 10 per cent hydrochloric acid, filter 

through a V/hatman Ko. l\.2 paper and wash paper and contents 

with distilled water. Collect filtrates and washings in 2̂ 0 

ml, beakers. Return the ashless paper to the platinuai dish, 

charr and ignite at 600° C. for 1 hr. Cool the dishes, dis­

solve the residue in 10 »ti1. of 10 per cent hydrochloric acid, 

and co;Tibine x^ith filtrate frora the first ashing. Sodium was 

determined by the magnesium uranyl acetate method (109). Re­

duce the combined filtrates to 50-75 J'll* 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 nil, portions of distilled water (usually 8-

10 times) and collect the filtrate and washings in a ij.00 ml. 

beaker. Acidify with 0,1 N, hydrochloric acid to the methyl 

orange end point and evaporate to a volume of 5-7 ml. If the 

solution is not acid to methyl orange, adjust at this point; 

adjustment cannot be made after the reagent is added. 

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

magnesium uranyl acotate reagent^ and stir (500-1,000 r.p.m.) 

Magnosium uranyl acetate solution: Dissolve ij.5 g* uranyl 
acetate, 300 g. mugnesium acetate and 60 ral, of glacial acetic 
acid in 800 ml, of distilled water, heat to dissolve all salts, 
cool 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 20° C. (109). 
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for min, at 20° C. Filter through a previously double washed 

and weighed Gooch cruciblê , wash the precipitate with two 10 

ml. portions of the reagent at 20° C. and four 5 portions 

2 of the sodium wash solution . A blank was run on all reagents 

used. The crucibles were dried at 100° C. for 0.5 hr., 

cooled and \ireighed. The sodium complex, I^a>Ig(U02)2(0211202)9* 

6,5 HgOj contains 1.528 per cent sodium. 

7. Freeainn point detornination 

Freezing point detorminations wore made according to the 

method of Association of Official Agricultural Chepiists {I4.). 

6. Continuous presauro dialvsia 

The apparatus employed is shown in detail in Figure 1. 

V.eigh a 50 G» sample of unheated whole milk into a 100 nil. 

beaker and add 0.1 g. of finely ground thymol. Pour the milk 

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

Î/igest asbestos fibers (5) in 1 : 3 hydrochloric acid for 
2-3 days, wash free of acid, digest 2-3 days with 10 per cent 
sodium hydroxide, wash free of alkali, digest 3n hot alkaline-
tartrate solvit ion several hours, wash free of alkali, digest 
several hours in 1 : 3 nitric acid, wash free of acid, shake 
into a fine pulp in distilled water and store. Prepare 
alkaline-tartrato solution as follows: Dissolve 173 S* 
sodium potassixxm tartrate and 50 g. sodium hydroxide in and 
make to 500 nl. with distilled water; after 2 dajfs fjlter 
through prepared asbestos. 

p 
The sodium wash solution: 35 J"l* o£ glacial acetic acid, 

li.05 anhydrous ethyl acetate and 1|.60 ml. of absolute alcohol; 
maintain and use at 20° C. (109)• 
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Figure 1. Letaileu drawinc of continuous pressure dialysis 
and dialysato evaporation apparatus. 
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27/32 in. (flat width) Viskin^j 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 fill the reservoir. Remove free air from 

the assembly by massaging and twisting the membrane. Dry the 

outer surface of the meiiibrane with facial tissue and weigh 

the entire membrane-reservoir assembly (G + K + L). Insert 

the reservoir assembly into the dialyzing apparatus, R, 

attach and secure to the pressure manometer, C. Apply pressure 

by means of comprossed nitrogen; adjust pressure to 11$ mm, 

Hg. Fill the dialyzln{3 chamber, R, w3th distilled water, flow 

distilled water through the chamber at 2 drops per second, 

collect dialji^sate in a 90 x 170 mjiu crystallizing dish, N, 

resting on a hot plate, P, the heat of which was turned on 

when the dialysis was started and the temperature of which 

was such that the inflow rate equaled the evaporation rate. 

Control pressure within •: 1 imi. Hg by an 1/8 in. needle valve, 

A, mounted on the one liter expansion chamber, B. Continue 

the dialysis and evaporation for 15 hrs., remove the reservoir-

membrane assembly, dry and reweigh. I^etnove the milk residue 

from the membrane as follows: Tie a string around the mem­

brane just above the oil-milk interface, to separate the 

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

and cut the lower portion from the rest of the metnLrane with 

a scissors, iitoro the milk I'csldue at U.li.® C. until analyzed. 
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Evaporate the dialysate to approximately 150-175 nil* in 

the crystallizing dish, transfer to a 2^0 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 C. until 

analyzed. Unused portions of dialysates were stored at 

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

9. Ultrafiltration 

The apparatus employed was a modification of tnat used 

for pressure dialysis (Pinire 1). The indicating pressure 

manometer (Figure 1, C) was not changed. Tlie pressure 

regulation system and the ultrafiltration unit are described 

in detail in Figure 2. 

Place 50-70 '•'il* of product into a 10-12 in. length of 

27/32 in. (flat width) Visking tubing, 0, tied tightly with 

string at one end, attach the untied end to the mineral oil 

reservoir, B, float 200 ml. mineral oil on the milk sample, 

dry the outside of the rrienibrane with facial tissue, place the 

oil reservoir-membrane assembly in the ultrafiltration chamber, 

J, cloao the screw clamp on the Tygon tubing, H, and attach 

the complete asseviibly to the prosauro-indicating manometer 

(Figure 1, C). Add 5 I'll* water to the water trap, E, to 

prevent evaporation of the filtrate. 

To adjust the pressure close the needle valves, K, to 

atmosphere, open those to the terminal suction flasks, M, open 

the needle vulvo on the nitrogen tank in ouch a manner that 
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Figure 2. Detailed drawing of ultrafiltration apparatus and 
pressure control aystcn for dual ultrafiltration. 
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the pressure rises slowly to 22^ iiiin. 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 rnm. Re-regulate the needle valve 

on the nibrogen tank until the regulating manometer, N, is at 

about 22^ mm* 

Filtration can be continued until the protein-rich 

residue (PRE) is 5-10 ml. The length of time the filtration 

is continued will depend on the purpose of the filtration. 

PRE can be recovered by tieing off the membrane just above 

the oil-sample interface, puncturing the membrane and 

collecting PRR in a beaker. ?RR was transferred by a 25 ml. 

hypodermic syringe to a 50 ml. volumetric flask. Both mem­

brane and boaker in which PRR was caught were washed 3 times 

with distilled 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, labeled lipoprotein, was not studied. 

There is a probability that it may not bo lipoprotein; it 

appears lipoid in nature. 

11. Analyses of the milk fractions 

Sodium, potassium, calcium, magnosiun, chloride, inorganic 
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phosphorous and freezing point were determined on unheated 

•whole milk (UVM), its dialyaate (UWMD) and dialysis residue 

(UWI4DR), on purified uniieated centrifugal skim milk (PUCS), 

its dialyaate (PUCSD), dialysis residue (PUCSDR) and ultra-

filtrate (PUCSP), on purified unheated centrifugal whey 

(PUCW), its dialysate (PUCV;D), dialysis residue (PUCWDR) and 

ultrafiltrato (PUClvP) and on the redispersod, washed, native 

casein (RV.'1JC), its dialysate (RViNCD) and dialysis residue 

(RWKCDR). 

In addition per cent nitrogen, fat and total solids 

were run on and PUCS. Percentage nitrogen was determined 

on PUCK'. Biuret and ninliydrin tests were made on PUCSF and 

PUCWP. Total phosphorous was determined on washed native 

casein (V;NC) and nuclear phosphorous (hydroxy amino acid-

esterified phosphoric acid) was determined on isoelectric 

casein obtained frosi Vil^C suspensions and from PUCS. 

Modifications made in th© sodium, potassium, calcium, 

magnesium, chloride and inorganic phosphate analyses of 

dialysates and filtrates are: a. Sodium. Transfer $ ml. 

aliquots of dialysates and filtrates to 50 beakers, 

dilute to 20-2i> ml., add 3 S» solid zinc carbonate, digest 

on the stcaJTi plate for one hour, filter, evaporate to 30-Il.0 

ml., adjust to the methyl orange end point with 1 N. hydro­

chloric acid, evaporate to 3-5 sul- volume and precipitate as 

previously described, b. Potassium. Transfer ^ ml. aliquots 

of dialysates and filtrates to ̂ 0 fil. beakers, dilute to 
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20-2̂  ml, and add 2 g. sodiu.Ti carbonate. Proceed from this 

point as previously described, c. Chloride, phosphorous, 

calcium and magnesiuia. Transfer 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 deterninations as described before. Use 10 ml. 

aliquots for calcium and nar;iiesiun. 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 pH to the phenolphthalein end point with 

0,1 £, sodium hydroxide and centrifuge at 2,^00 r.p.m. for 

3 min. decanting and washing with alkaline water at pli 8.3 

(sodium hydroxide). Adjust the clear centrifugate to pH 

6,6 and titrate with standard silver nitrate. 

U'a'MDR vjcre analyzed In the same manner as was unheated 

article milk, PKR were analyzed as were unheated whole milk 

after diluting to $0 ml. volume. 

12. Preparation of caseins for nuclear phosphorous determinations 

Add 1 N, hydrochloric acid slowly to approximately 200 g, 

UCS to precipitate isoelectric casein (pH Place the 

precipitated casein Into 27 x 113 mm. plastic round bottom 

centrifuge tubes, centrifuge for 5 min, at 2,500 r,p,m., 

decant supernatant, rosuspcnd and wash with water acidified 

with hydrochloric acid (pH tlH*e© times. Add sufficient 
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1 sodium hydroxide to the casein precipitated from the 

200 g. of UCS to cause conplete peptization, following this 

with precipitation at pH with 1 hydrochloric acid and 

wash with hydrochloric acid solution (pH I;#?). Repeptization, 

precipitation and washing wore repeated five times. Suspend 

as much as possible of the final casein obtained in water and 

make to 100 ml. volume, iieter.'nine per cent total nitrogen on 

this suspension by Rowland's (79) method. To determine 

organic phosphorous ash 10 nl. 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 (2^) method as previously described 

for UCS. 

Casein obtained by centrifuging PUCS at ̂ 0,000 r.p.m. in 

a Spinco FiOdel L ultracentrifuge was treated in the manner 

described above to obtain Isoelectric casein. The procedure 

was the sanie as above except that the casein was first 

peptized with 1 13., sodium hydroxide then precipitated with 

1 hydrochloric acid at pH From this point on the pro­

cedure was the saaic aa for casein obtained from normal skim 

milk, 

13* Preparation of cationic resin membrane electrodes 

Cut cationic resin rod (2 mm. diameter) membrane (sodium 

form), of the sulfonated polystyrene type, (obtained from 

Kresaman (3^)) into 0 imn, lengths and place in a 10 per cent 
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hydrochloric acid solution to convert 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 containing 10 per cent solutions of 

either sodium, potassium, calcium or magnesium chlorides and 

allow to stand for 21^. hrs. Decant the salt solutions and 

remove exceca salt by repeated washing ivith redistilled 

water. Teat complete salt removal by adding 5 per cent 

silver nitrate to the wash water. Place the 8 ram, resin rod 

sections in S ̂nm* sections of l/l6 x 1/32 in. mabber tubing, 

fit this combination snugly 3nto the tapered end of the glass 

electrode cell. Tost for mechanical leaks by filling the 

electrode with a 0.01 per cent solution of Niagara Sky Blue 

P P and hanging it in an enclosed apace to prevent evaporation 

Appearance of dyo on the under aide of the electrode indicates 

mechanical leakage because the Ionic diameter of the dye is 

too great to pass the pores of the resin membrane. Wash 

mechanically perfect electrodes free of dye with redistilled 

water and characterize against a solution of pure salt, the 

cation of which corresponds to the membrane form. 

llj., Measurenient of potentials with cationlc realn membrane 

electrodea 

Voltages were measured with a Leeds and l^orthrop hycro en 

ion potentiometer. The circuit was standardized against an 

Epley cadmium standard ccll. A lamp and scale galvanometer 
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(Leeds and HSorthrop) was employed (Figure If). Saturated 

Schollenberger (83) type calorael half cells were used. The 

salt solution under consideration was placed in its respec­

tive resin taeribrane electrode and the electrode irnmersed to 

a depth of approximately one inch in 100 ml. of redistilled 

water in a 1^0 ml. beaker. The bealter containing the water 

was placed in a constant temperjiture (2$ 1 0.01 *^0.) bath. 

One calomel half cell was imjiiersed to a depth of one inch 

in the solution contained in the resin rod raenibrane elect­

rode; the other was iinmeraed to the same depth in the water 

contained in the 1^0 ml. beaker. A concentration potential 

existed and in order to doternine the 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 detorwined by adding the standard salt 

solution in 1 ml. quantities, from a 25 ml. burette, agitating 

the solution with nitrogen^^ for 1 rain., then reading the 

voltage. Repeated 1 ml. additions of standard salt solution, 

agitation and voltage measurenients were continued until the 

data ranged from a largo positive to a large negative poten­

tial. The calomel half cells wore removed after each 

before the nitrogen was bubbled through the solution it 
was conveyed through a Kendall Tube to remove any oxygon, 
bubbled through a sodium stannite solution and finally through 
redistilled water (Piguro l̂ .). 
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measurement to prevent electrode polarization. The voltages 

were plotted against ml. of standard salt solution and the 

point of zero voltage i^as read from the plot. The concentra­

tion of cation within the cloctrode was calculated on the 

assumption that the concentration within the electrode and 

without the electrode are the same at zero voltage; the con­

centration outside the nenbrane was known. 
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IV. RESULTS 

A. Evaluation of the Accuracy of the Analytical Methods 

1. Chloride (CI) determination 

The procedure described (III, B-i}.) was developed because 

the Hllk Industry Foundation method (63) was not reproducible 

in this laboratory, apparently because of protein interference. 

The method developed, denatured the whey proteins by heating 

the milk sanple in a boiling water bath and precipitating 

these proteins toc;othor wj t - casein at the isoelectric point 

of the latter (79); trichloroacetic acid was employed as the 

precipitant. The proteins were contrlfuged from the sample, 

were washed three times with trichloroacetic acid solution 

(pH l^•?), the original centrifugete and washings were com­

bined, were adjusted to the phenolphthaleln 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 acetic acid, to the potassium chromate end 

point. 

Certain data obtained in the above development will be 

reported below. 

The quantity of 0.1 |1,. acetic acid needed to bring the 

clear centrlfugate to pH 6.B was found to be 1.5 nil. as shown 
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in Table 2. 

It was found that the number of ml. of silver nitrate 

required to reach tho potaaoiura dichromate end point was a 

function of the indicator quantity. Table 3 indicates that 

from 10 to li|. drops yielded the niiniraum titration; this was 

considered the correct titration because below 10 drops, 

additional silver ion was needed to satisfy the solubility 

product of silver chromate and above li}. drops, the concentra­

tion of chroraato 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 v;ere adopted in tho determination. 

Data relative to the recovery of added chloride are shown 

in Table k. These data indicate reasonably satisfactory 

recoveries; the average was 97•6 per cent, while with one ex­

ception (9I1..5) the ranne was 95*$ to 100.0 per cent. 

2. Sodium determination 

The determination of sodium by the fjravinietric, magnesium 

uranyl acetate (109) method is one of the moat accurate for 

this element. The accuracy of tho 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 $ contains the recovered amounts and percentages. The 

average per cent recovery for all milk seunples was %•$', the 

range, barring one aamplc (92.0) was to 99*1 per cent. 
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Table 2. Quantity (ml.) of 0.1 N. acetic acid 
added to clear centrifcrgate at phenol 
phthalein end point to obtain a pH of 
6.8. 

mi, 0.1 N. acetic acid pH 

0,3 7.75 
0.5 7.Î 0 
0.75 7.30 
1.0 7.20 
1.5 6.80̂  
2.0 6,6o 

^Correct pH. 

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

Drops of 10 per cent ml. of silver nitrate 
potassium chromate at end point 

k  20.3 
6 19.6 
8 
10 19.2 

12 19.2' 
I k  19.2 
16 19.6 
18 19.7 

^Indicator concentration used. 
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Table Ij.. Recovery of chloride added to milk. 

Run 
Chloride added 

mcc./lO ml. 
Chloride recovered 

mp:./l0 ml. 
Percentage 
recovery 

I 16.7 15.7 9̂ .5 
31.2 30.2 9° .8 
fe.7 46.0 100,5 
60.Ij. 57.6 95.5 

II 2ii.2 23.6 97.5 
36.5 35.8 98.2 • 
60.0 60.5 100.5 

III 12.7 I2.I4. 97.5 
2k.8 23.8 96.0 
36.I4. 36.1}. 100.0 
61.1 59.5 97. 

Table 5- Recovery of aodium added to milk. 

Sodim added Sodium recovered Percentage 
Hun mp:,/20 ml, mtz./ZO ml. recovery 

I 5.00 4.90 98,0 
10.00 9.20 92.0 
15.01 11̂ .55 97.0 

II 1̂ .99 11..95 99.1 
10.00 9.55 95.5 
15.03 15.00 99.7 
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This was considered satisractory. 

3* Potasaluii determination 

Recovery runs were based on a series of milk samples to 

which various concencrations of potassium t̂ ere added and on 

the milks without added potassium. Table 6 indicates that the 

potassium tetraphenylboron 82) precipitation method yields 

excellent results. The average recovery of potassium was 98.0, 

the range 96.If to 99*2 per cent. 

Inorganic phosphorous determination 

A refjrosaion, relating log % Transmittancy (820^/*) and 

mg. phosphorous was determined for the Fontaine (25) methodj 

potassium dihydrogcn phosphate (N.B.S. Sample No. l86-l-a) 

solutions were employed containing from 0.0 to 0.035 wg« of 

phosphorous per 25 nl. The regression doterruined is; 

Log /S Transjiittancy S 1,99817 - (30*58714-) (mg. i'/25 ml.), 

which Is shora, tOi;ethor 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 by a series of recovery runs. Known amounts of 

phosphorous v/ere added to willc; phosphorous determ nations 

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

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

Run 
Potassium added 

in;?./lO i7il» 
Potassiuia recovered 

mpi,/lO ml. 
Percentage 
recoverv 

1  I1..9I 98.5 
10.00 9.81 98.1 
lî .OO 111-. 98 99.2 
20.05 19.69 98.1 

II I1..96 ij.86 98.k 
9.98 9.75 97.8 
11̂ ..93 1̂ .62 98.0 
19.91 19.20 96.li. 

fable 7. Recovery of lnor{janic phosphorous added to milk. 

Run 
Phosphorous added 

nr r . / lO  ml .  
Phosphorous recovered 

mj7./l0 ml. 
Percentage 
recoverv 

I 0.113 0.111 98.2 
0.156 98.7 
0.206 0.199 96.6 
0.252 0.21|.9 98.8 

II 0.112 0.109 97.3 
0.157 0.l5ij 98.1 
0.203 0.200 98.5 
0.250 0.211.8 99.2 
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satisfactory. The average recovery was 98»1 per cent, the 

range of values was 96.6 to 99.2. 

Calcium and raarnesiun doter.'nination 

The accuracy of the niethous for calcium and magnesium 

was determined in a manner similar to that used for the other 

methods "by recovery of calcium and magnesium, added to milk. 

The method of Jenness (33) was employed. The data in Tables 

8 and 9j indicate the method was satisfactory as used. The 

average recoveries and recovery ranges were; magnesium, 96.1}. 

and 9$«6 to 97«0 per cent, respectively, and calcium, 100.2 

and 99.3 to 100.8 per ccnt, respectively. The magnesium 

recoveries were not as good as would have been hoped but 

are still within ranges frequently encoutered in biological 

materials. 

B. Continuous Pressure Dialysis 

The first dialysis attempts followed the usual pattern; 

milk was placed in Yiskint; Cellulose tubing which was 

Immersed in. a streain of distilled water for l5 hrs. Con­

siderable water 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 

cons-idered tliat it might Lo possible to maintain constant 

volume of the material dialyzed, if pressure were exerted on 

tho fluid in the meribrane. In the first attempts at use of 
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Table 8. Recovery of calcium added to ruilk. 

Run 
Calcium added 

mrt./lO ml. 
Calcium recovered 

mpr./lO ml. 
Percentage 
recovery 

1 3»63 3.614. 100.3 
l . kS  7.̂ .0 99.3 
10.91 10.89 99.8 
l$.kO 100.3 

II 3.6̂  3.68 100.8 
7.i|.8 7.53 100.7 
10.90 10.95 100.5 
15.̂ 0 l5.ii.5 99.7 

Table 9« necovory of niagneaium added to milk. 

Run 
Magnesium added 

mrr./lOO ml. 
Magnesiuni recovered 

mft./lOO ml. 
Percentage 
recovcrv 

I 1.56 1.50 96.2 
3.60 3.1̂ 9 96.9 
5.̂ 3 5.27 97.0 
9.06 9.58 96.3 

II 1.59 1.52 95.6 
3.6U 3.52 96.7 
5.̂ 0 5.20 96.3 
9.05 9.51+ 96.8 
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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 the 

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 exerted caused the final volume in the membrane 

to be less than that of the original milk. Because pressures 

could not be duplicated, this method was discontinued. In 

order to duplicate pressures, the apparatus in Figure 1 was 

designed and built. The pressure was exerted on the mineral 

oil and not the milk, because when milk was dialysed alone 

it took up v;ater and displaced any air present in the mem­

brane. Mineral oil floated over the milk surface excluded all 

air and reduced the possibility of water uptake In the manner 

described. 

1. Development of i i e  thod 

Before the continuous pressure dialysis apparatus could 

be used as a research tool, it was necessary to determine the 

optimum dialyzing pressure. This was done by dialyzing a 

series of samples for 11 hrs. at pressures from JO to 170 mm, 

lig. Figure 6 indicates the c^in or loss of water for a 50 g. 

sample of milk at the end of the dialysis period for various 

pressures. These data indicate that there was no loss or gain 
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Figure 6, Sample weight change (g.) at end of 11 hour 
dialysis at different pressures. 
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of water at the end of a 11 hr. dialysis when 92 ram. Hg 

pressure was eraplo; cd. The total weight change, at the end 

of the dialysis period, is indicated as a linear function of 

the applied pressure. It was considered that the final 

weight might not indicate volume changes during the dialysis 

period. To determine whether or not there was a fluctuation 

In weight during the dialysis period, several runs were made 

at different pressures (applied pressure 0, 11$, 1^0 and 

170 lam. Hg), Fifty g. samples of milk were used in all 

cases and one aliquot was dlalyzed for each of the follow­

ing periods: 2, tj., 6, 8, 10, 11 and li^. hrs. The weight be­

fore and after each dialysis was recorded and plotted as 

shown in Figure ?• These data indicate that when no 

pressure was applied water was taken up rapidly during 

hrs. after which the weight remained constant. A pressure 

of 115 mm. Hg on the other hand allowed water uptake (ij. g.) 

during I4. 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 (i|. equalled the maximum gain at hrs. It 

has been determined that this loss (Ij. g.) is constant through 

15 hrs. With pressures of 150 and 170 mm. Hg weight loss 

began at 3 cind 2 hra., reapectivoiy; total losses were 11)..5 

and 17»0 g., respectively, at the end of 11 hrs. 

On the basis of these results it was considered that a 

pressure of llf> mm. Ug gave the most nearly satisfactory 

rosulta, because the maximum loss of water was equal to the 
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gain, with the initial weisht the reference point. This 

pressure kept the milk closest to its original weight 

throughout the dialysis. All succeeding dialysea were 

made at 11$ mm. Hg. 

Vlhen dialysis pressure was established it was con­

sidered advisable to ascertain the distribution of dialyz-

able elements with respect to dialysis time. This was done 

by dialyzing ^0 g. samples of milk at 115 nira. Hg and collect­

ing the dialysate in 500 ml. fractions. Lach fraction was 

collocted in approximately inin. The fractions were 

evaporated to approxiraately 30-̂ 4-0 ml., transferred to 100 

ml. volumetric flasks and made to volume. Each fraction 

was analyzed for calcium, magnesium and phosphorous. Ten 

ml. and 1 ral. aliquots of each fraction were used for 

calcium and masneaium, and for phosphorous, respectively. 

All results were calculated as milllequivalents per fraction. 

The data are presented in Figure 6. The removal of calcium, 

magnesium and phosphorous proceeded in logarithmic manner 

during the first 7 hrs., during which the weight within the 

membrane waa equal to or greater than the original weight. 

Beyond 7 hrs. the weight within the membrane became less 

than the original weight (Pifsure 7) and although the removal 

of ions was still approximtely logarithmic, the rate was 

less than during the first 7 hrs. and a discontinuity occurs 

in the curve at the point at which the weight within the mem­

brane equalled tlio original weight. This suggests that during 
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the first 7 hrs, the action probably is a true dialysis and 

that from 7 to l5 hrs. it may be a combination of dialysis 

and ultrafiltration. Another explanation may be that during 

tto first 7 hrs, the majority of the readily dialyzable 

constituents are reraoved and that from 7 to 1$ hrs. the con­

stituents removed are those released by a slow hydrolysis of 

colloidal salts and/or by desorption of ions from ion-

protein complexes, allowin^^ the ions thus released to pass 

through the jnerabrane. Evidence 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» and 86.14. per cent, respectively, 

was dialyzed in the first 7 hrs. 

To further study the efficiency of dialysis freezing 

points were determined on the dialysis residues after 

various dlalyzing periods. Fifty g. samples of the same 

parent milk (held in ice water) were dialyzed for various 

lengths of time r&n .̂ing 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.O.A.C. (li.) method. 

The addition of thymol used as a preservative was found to 

have no effect upon the froesinp; point; therefore, its use 

was continuec. 

Figure 9 shows chap./'ea 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 apprcx.irnately C.,, whereas the rise 

from the 7th to the 25th hr, is approximately 0.0^® C. 

Except for the chanije in curvature caused by water intake 

which appears to occur and diminish rapidly, the curve 

indicates a logarithmic change in curvature and suggests 

that several hours adidtional dialysis might 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 occvirrin^ at that point of greatest water 

uptake {l| hrs.) by the meTabrane contents, very likely results 

from a dilution effect of the contents of the dialysis 

membrane, because the rate of change in freezing 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 -0.00° C. If the above interpretation is correct it 

corroborates the hypothesis that the increase in ionic re­

moval after 7 hrs. may result from Inclusion of some ultra­

filtration. Despite this fact it is considered that this type 

of dialysis will yield a more nearly representative picture 

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

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

data of Figure 9 indicate tliat at 1̂ , 19 and 2i\. hrs., 93.9, 

9k'k and 96.1}. per cent, respectively, of the osmotically 

active materials had been dialyzed from the milk samples, 

if it is assiuTied tlmt some materials, that vfere not osmoti­

cally active in the original laill-^ 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 1$ hrs. 

As a chock on the above the same milk was dialyzed for 

15 and 20 hrs. The original milk and the dialysates were 

analyzed; the data are 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 phosphorous and considerable advantage as 

regards magnesium. At the time these data were obtained, 

a refrigerator of sufficient size was not available for the 

dialysis apparatus and an excessive amount of thymol was 

considered undesirable. Thymol dialyzed from the sample, 

together with other constituents and it was considered that 

15 hrs. might be as long a thne as it was feasible to use. 

It was considered that 15 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 ̂ 0 g, wnheated w/iole mill: 

Element Analyses of 
Original milk Dialysate Dialysate Malysaio Mai 

0 to l5 lirs, 1? to 20 hrs. residue 20 h 

g. mg./fjO ml, rag,/50 ml, ' mg»/$0 g. (sun 
(1) (2) (3) (U) 3) 

Sodium 21,08 20.58 0,0 0,0 2C 

Potassium 87,2lt 87,1̂  0.0 0,0 8? 

Calcium 7̂.9$ 17.39 1.79 39,28 IS 

Magnesium ,̂23 3«25 0,6l 1,92 2 

Cliloride 1̂ 9.90 li9.00 0,2 0.08 li9 

Inorganic 29.58 18.85 0,86 11.85 19 
Phosphorous 
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E>0 g, unheated whole milk in 15 and 20 hours 

Percentage 
Dialysate Dlalysa-be Elemisnbs in original Elements diâ ysed 

B. residue 20 hrs. milk dialysed in in 20 hrs. obtained 
in 

mg./̂ O g, (sum 2 and l5 hrs, 20 hrs. 1st 1̂  hrs, 1$ to 20 hrs. 
ih) 3) 

0,0 20.58 71,6 97.6 100,0 0,0 

0,0 07,15 99.9 99.9 100,0 0,0 

39.28 19.18 30,0 33.1 90,7 9.3 

1,92 3.80 60.9 70,7 83.9 16,1 

0,08 U9.20 98.2 98,6 99,6 0,ii 

11,85 19.71 63.7 66.6 95,6 U,li 
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some ultrafiltration occurred after 7 hrs. Some justifica­

tion for selecting 15> hrs. exists in the curve for 115 inm, 

Hg pressure in Figure 7* These data suggest that tne balance 

of gain and loss should not be far out of line at 15 hrs. 

Lampitt and Bushill (30) reported dialyzable calcium 

and phosp-iorous (by continuous dialysis) as 25-33 and 60 per 

cent of their totals in iriilk. The percentages of the total 

calcium and phosphorous that wore found to dialyze in l5 

hrs. vere 30*0 and 63.7^ respectively. These data are in 

good agreement. 

Ca/P and (Ca Mg)/P atomic ratios* were calculated for 

each of the fractions shovm in Figure 6, 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)/P ratio gradually increases from 0.8 in 

fraction 1 to 1.33 in fraction l5i with inflections at about 

fraction 6 (about 4.«5 hrs.) and fraction 10 (7»5 hrs.). Ca/P 

ratios behave peculiarly in that the curve passes through two 

maxima (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 is interesting that 

both ratios most closely approach that of mono-phosphate during 

the initial stages of the dialysis and that of tri-phosphate 

Ĉa/P atomic ratios for Cao(P0),)5 = 1*5* CaHPOi, = 1.0 and 
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Figure 10. Ca/P and (Ca+ Mg)/P ratios of fractions taken during dialysis 
at 115 nm. Hg for 1^ hours. 
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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. Those ratios are not particularly 

helpful. 

b. Elements dialyzable from raw whole milks obtained 

from August 19^^ throun:h March 19^6. During the period 

August 1955 through March 1956, a series of unheated i4i ole 

milk samples were dialyzed. Ail dialysates, parent milks 

and dialysate residues v;ere analyzed for sodium, potassium, 

calcium, magnesium, chloride and inorganic phosphorous. The 

quantities of elements dialyzed during 15 hrs., were calcu­

lated aa per cent of these elements found in their respective 

original unlieated whole milk and are plotted in Figure 11. 

These data indicate that chloride, sodium and potassium 

were almost completely dialysed (96-100 per cent) from the 

milks. Average percentages of the total calcium, magnesium 

and inorganic phosphorous which dialyzed, were 2ij..9, 36.6 

and 61.3, respectively. Reported values (31, 39, ij.9) for 

dlalyzable calcium and inorganic phosphorous agree with 

those obtained in this study. However, Lampltt et al. (39) 

reported that 62-83 per cent of the magnesium was dlalyzable; 

the data obtained in thia study indicated 27-60 per cent to 

be dlalyzable. The data of Lampltt £t al. (39) were obtained 

by static dialysis procedures; no data were reported for 

magnesium by their continuous method. 

The data in Figui*o 11 indicate that dlalyzable calcium 
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and inorganic phosphorous vary in the same directions with 

chronological time. Magnesium seems to vary inversely with 

calcium. The similarity between variation of calcium and 

inorganic phosphorous suggests, when first noted, the 

possibility that they :aay be dialyzing in definite atomic 

ratios. The calculated ratios presented in Table 11 indi­

cate considerably variation in the Ca/P ratios, and those in 

Figure 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 

expected to have high luagnesiura 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 December) 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 dialyzable 

magnesium was generally upward from August 1955 through 

March 1956, despite considerable fluctuation. 

Average values for dialyzable elements from unheated 

whole milk were calculated from the data plotted in Figure 11; 
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Table 11. Calcium, xnaEnesium and inorganic phosphorous in 
unheated whole milk dialysates.®-

Date 
Calcium 

me. 
Magnesium 

rnn:. 
Phosphorous 

ItlK. 
Atomic ratios 
Ca/P (Ca+MK)/P 

8-6-55 295.59 87.70 458.1|4 0.50 0.74 
8-19-55 398.38 71.53 429.35 0.72 0.93 
9-1-55 U28.85 122.96 404.15 0.82 1.20 
9-16-55 301«Ok 50.57 387.40 0.60 0.77 
9-29-5̂  273.08 37.10 378.51 0.55 0.66 

10-13-55 î -38.1̂ 1̂ - 28.67 488.1̂ 4 0.69 0.77 
10-27-55 309.U2 67.98 363.45 0.66 0.90 
11-10-55 359.81 57.11}. 367.29 0.76 0.93 
11-29-55 U27.18 28.2i|. 508.91 0.65 0.72 
12-22-55 292.79 98.97 437.67 0.52 0.81 

l-l;-56 290.50 62.85 452.28 0.49 0.68 
1-16-56 31̂ 2.25 57.09 393.19 0.67 0.88 
1-30-56 290.811 57.09 478.40 0.81 0.62 
2-15-56 281.29 70.87 458.76 0.47 0.67 
3-II1-56 311-2.52 85.65 492.24 0.53 0.76 

Average 331.47 65.63 433.25 0.59 0.78 

^Calculated as mg. per 100 g. aolids-not-fat in the 
original milk. 

they were; sodium 98.7» potassium 99.9» calcium 2i|..88, 

magnesium chloride 100.1 and inorganic phosphorous 

61.3. The per cent dialyzable inorganic phosphorous, 61.3 

agrees well with the amount of phosphoroua found in purified 

unheated centrifugal whey, (Table lit). 1''^® percentages 

dialyzable calcium (2l|.9) and magnesium (36.6) are considerably 

lower than the percentages of the total calcium (l).S.O) and 

magnesium (89«2) found in the centrifugal whey. These 
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differences raay 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 sugf^est that the bonding between salts 

and proteins is very weak and is easily broken by the centri­

fugal forces applied* It is also possible that during 

dialysis, proteins (especially cascin) may ouffer the system 

by serving as a sequestering agent which would cause slower 

liberation of calcium and magnesium than of phosphorous. 

Such a situation night change equilibria as ionic concentra­

tions lower by having caseinates function as sequestering 

agents or as cationic exchangers, 

c. Distribution of calcium, magnesium and ohosohorous 

in whole milk dialvsates. The data for calcium, magnesium 

and inorganic phosphorous (Figure 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, respectively. 

If it is assumed that the salts in mil]< appear as simple 

calcium or mixed calcium-magnosium phosphate salts, 

tri-phosphate or di-phosphate, 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 suingest mixtures of mono-

and di-phocphatea during the first 12 hra. 
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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 

phosphate in rnilk. 

d. Effect of heat on dlalyzable elements from milk. Heat­

ing milk is considered to precipitate tricalciura phosphate 

(7, k.9)* 

Mage© and Harvey (I4.9) 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 aa unheated whole milk, the other half was 

pasteurized at 62.8® C» for 30 min., adjusted to the original 

weight with distilled water and dialyzed, at 115 Hg for 

15 hra. The dialysates were evaporated and made to $0 ml, 

(approximately the original volume dialyzed). Both dialysates 

and the oririnal iiilk were analyzed for sodium, potassium, 

calcium, magnosiun, chloride and inorganic phosphorous. The 

results obtained were calculated as per cent of the total for 

each element in the original vjhole milk (Table 12). 

Laboratory pasteurization of unheated whole milk caused 

a decrease in the amount of dialyzable inorganic phosphorous 

and dlalyzable calcium to the extent of 2.7 and 3»2 per cent, 

respectively. However, pasteurization increased the amount of 

dlalyzable magnesium from 58•ll- to 64.5 per cent. One would 

suspect that dlalyzable magneaiuni would hav^e behaved in a 

manner similar to calcium; this was not the case, suggesting 



www.manaraa.com

Gil 

Table 12. Per cent of total elements in original milk that 
v/ere dialyzed from unheated and pasteurized^ 
samples of the ori^^lnal railk. 

Element 

Percentage of elements in original milk 
found in 

Element 
Unheated milk 
dialysate 

Pasteurized railk 
dialysate 

Sodium 99.^ 100.2 
Potassium 100.1 100.2 
Calcium 2ii..l 20.9 
Magnesitm 6i}..5 
Chloride 99.7 99.8 
Inorganic phosphorous 63.9 61.2 

^Pasteurized at 62«8'' C. for 30 rain. 

that magneaitini is not Involved with phospha-e in the pre­

cipitation. This anoraolous behavior of magnesium is 

similar to its behavior on centrifugation of milk, as a 

result of which magnosium appears to be freed from some 

combination in the original millc and appears In the purified 

unheated centrifugal vhey (Tables 13 and ll|). 

Pasteurization at 62.8° C. for 30 min, apparently does 

not reduce the amount of dialyaafcle sodium, potassium or 

chloride. 

C. Ultracentrifugat.lon and Continuous Pressure Dialysis 

It was proposed to conduct a dialysis study of the dis­

tribution of inorganic constituents of the various railk 
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fractions obtainable vjith a Spinco Model L Ultracentrifuge. 

The ultracentrifuge afforded an opportunity to separate 

native casein from milk so that a clear vhey and the native 

caseinate could be studied. Fractionation procedures used in 

these studies are shown in P'igure 3* 

1. Distribution of clesients In various mi Ik fractions 

To determine more completely the distribution of sodium, 

potassium, calcium, laagncsiura, 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 taken from raw milk storage tanks after 

thorough agitation. Saniplos collected were held at C. 

(1+0° F.) for not longer than 3 hrs. before analyses and 

treatments v;ere started. 

All samples studied viere fractionated or otherwise 

treated according to scheme shown in Figure 3* The data 

wore calculated as )ig. of element per 50 g. original milk 

{Table 13). 

Freezing points were determined for all fractions 

(Table 13). Tho freezing points of the original unhcated 

whole milks were -O.550 aJ^d -0.523® C. those of the corres­

ponding purified unheated centrifugal wheys, were -0.553 and 

-0.523° C. Those freezing points indicate that the contribu­

tion of casein to the total freezing point or milk is 
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Table 13« Analysis of elements in the various raillc fractions. 

Fraction Freezing mg. elements, calculated as per 50 g« whole milli 
point 

C. Potassium SodiTan Calcium >lagnesium C 

Unheated whole 
milk (UWM) 

51 
52 

-0.558 
-0.523 

79,65 
71,55 

23,U3 
2U.9li 

58,70 
61.85 

lt.5o 
5.U 

Unlieated whole 
milk dialysate 
(UtMD) 

51 
52 

-0.515 
. -0.50U 

78.80 
71.30 

2I1.2O 
25.20 

18.59 
12.07 

1.22 
1.6U 

Unheated whole 
milk dialysate 
residue 
(Ulfl®R) 

Si 
Sg 

-0.028 
-0.03U 

0.0 
0.0 

0.0 
0.0 

ltO.25 
U9,22 

3.18 
3.55 

Purified unheated 
centrifugal whey 
(PUCW) 

51 
52 

-0.553 
-0.523 

80.50 
69.80 

23.2U 
2U.ia 

23,30 
20.5li 

kM 
5.U5 

Purified unheated 
centrifugal whey 
dialysate 
(PUCWD) 

51 
52 

-0.509 
-0.1̂ 98 

78.95 
69.60 

23.80 
2li.31 

18.18 
12.58 

3.6it 
I1.26 

Purified luiheated 
centrifugal whqy 
residue 
(puci-ra) 

51 
52 

-0,031 
-0.030 

0.0 
0.0 

0.0 
0.0 

5,59 
U,69 

0.73 
1.02 

Washed native 
casein (WC) 

51 
52 

-0.021 
-0.022 

0.0 
0.0 

0,0 
0.0 

li.l2a 
3,26̂  

O.UiJ 
0.18̂  

Washed native 
casein dialysate 
(WNCD) 

51 
52 

+0.021 
+0.021 

0,0 
0.0 

. 0.0 
0.0 

0.79 
0.90 

0.0 
0.0 

Washed native 
casein residue 
(ITOCR) 

51 
52 

-0.012 
-0.008 

0.0 
0,0 

0.0 
0.0 

3.19̂  
2.2Û  

0.12̂  
o.l6t> 

®Total calcium 
^otal magnesium 
®Total phosphorous 
S«Sample 
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Lements in the varioiis milk fractions. 

Freezjing mg. elements, calculated as per 50 g. whole milk, for each fraction 
poig.t Eorganic 

C« Potassim Soditaa Calcium Magnesium Chloride Phosphorous 

-0.̂ 58 79.65 23.143 58.70 U.50 51.60 28.63 
-0*523 71.55 2li.9U 61.85 5.U1 U9.76 32. OU 

78.80 2lt,20 18.59 1.22 51.60 20.71 
-o.5olt 71.30 25.20 . 12,07 1.6U 51.55 16.73 

-0,028 0.0 0.0 I4O.25 3.18 0,0 10.61 
-0.03U 0.0 0.0 it9.22 3.55 0.0 15.59 

-0.553 80.50 23.2U 23.30 li.U6 50.10 20.10 
-0.523 69.80 2h.ia 20.5U 5.U5 52.55 16.39 

-0.509 78.95 23.80 18.18 3.6U 51.60 20.10 
-O.U98 69.60 2li.31 12,58 ii.26 51.55 l6.1|Ji 

-0.031 0.0 0.0 5.59 0.73 0.0 0.19 
-0.030 0.0 0.0 U.69 1.02 0.0 O.lU 

-0.021 0.0 0.0 U.12a O.lliJ 0.0 8,90c 
-0.022 0.0 0.0 3.26̂  0.18̂  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 3.19® 0.12̂  0.0 5.85° 
-0.008 0,0 0.0 2,2U® 0.16̂  0,0 U.31° 
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negligible. Data of this 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° 0.) made to concentrations present in the 

original milk together with the freezing points of washed 

caseinate dialysates (-0.021 and -0.022° C.) further show 

that caseinates exert essentially no osmotic activity. 

Percentages of the total sodium, potassium and chloride 

in the original \^hole nilk that were found in the milk and 

whey dlalysatea were calculated and found to be similar to 

the values in Table 10 (97*6 to 99.9). Per cent dialyzable 

calcium, magnesium and phosphorous from the whole milk and 

centrifugal whey were also found to be essentially the same 

as those in Table 10 except for the dialyaable magnesium 

in the centrifugal whey. The amount of dialyzable magnesium 

(ll..i}.6 and por ̂ 0 g* milk) from the centrifugal whey was 

much greater than that dialyzable from the original milk 

(1.22 and lo6lj. mg. per 5>0 g. whole milk) Indicating that 

centrifugation :!iay havo caused a desorption of magnesium from 

protein or that niagneaium may occur in a different form than 

calcium. 

The amounts of inorganic phosphorous dialyzable from 

whole milk and centrifugal wlioy wore l;he same; however, all 

the inorganic phosphorous in the centrifugal whey was 

dialyzable, while approximately 61.3 per cent of the inorganic 

phosphorous was dialyzable from the whole milk. It ia presumed 



www.manaraa.com

88 

that the remaining inorganic phoaphorous in milk is 

present as non-dialyzable phosphates, or is bound in a 

calciuun-phosphate-calciuin caseinate complex. 

The analysis of the whole milk dialysate residues and 

centrifugal whey dialysate residues confirm the previous 

findings tlmt almost all the potassium, sodium and chloride 

are dialyzed in 15 hrs, at ll5 mm. Ilg. 

Most of the sodium, potassium and chloride present in 

the milk was found in the centrifugal whey. There are slight 

differences between the quantities of these elements in the 

milk and in the whey; those 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-third and three-fourths, respectively, of 

those in the original vihole milk. Furthermore, almost all 

of the magneaiura in the whole milk was found in the centri­

fugal whey. Since there 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 caseinates. Thus upon 

centrifU|:ation there is 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 milk was found In the centrifugal whey 

this tends to fuither substantiate the premis that centrifu-

gation causes a deaorption of magnesium from protein or that 



www.manaraa.com

89 

magnesium exists in a different form in milk than does calcium. 

It was considered that the amount of inorganic 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-PUCVi) represents the anount of non-dialyzable tricalcium 

phosphate in the milk. If an amount of calcium is calculated 

which is equivalent to this Inorganic phosphorous (UWM-PUCV) 

and this quantity is compared to the quantity of calcium 

obtained when the calcium of washed native casein (IvHC) is 

subtracted from the difference in calcium between the whole 

milk and whoy, (U"IVM-PUCW)-V»'KC, and found to be similar, then 

it would suggest that the phosphorous remaining with the 

caseinate ui^on centrifugation occurred as tricalcium phos­

phate. These calculations were made bub the values did not 

corroborate such a hypothesis. However, Ca/P ratios were 

calculated for the experimental values of calcium and in­

organic phosphorous in the caseinates and were found to be 

2.53 and 1.95» These values are not Indicative of any known 

calcium and phosphorous compound but they may be indicative 

of the ratio of calcium and inorganic phosphorous bound to 

the caseinate. 

The caseinate obtained by ultracentrifugation was washed 

three times w5th rediattlied vaterj, made to the concentration 

occurring In the parent milk and dialyzed for 1$ hrs. at 115 «im. 
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Hg. The average Ca/P and (Ca •+ Mg)/P ratios calculated for 

the washed native casein residues reported in Table 13 were 

0.i|.l and respectively. The average Ca/P ratio for 

the washed native casein dialysate was found to be 0.22. 

Essentially no magnosiuin vjas detected in the washed native 

caseinate and none v/as present in its dialysate. This 

suggests that the caseinate essentially was not a mixed 

calcium and magnesium "salt". 

The Ca/P and (Ca + Hg)/P ratios for the washed native 

caseinate residues, O.Ij,l and 0.i|.3» respectively, may be 

indicative of the amount of calcium and phosphorous bound to 

the caseinate aggregate. The ratio of Ca/P (ii,56) in the 

washed native caseinate dialysate would be the dialyzable 

calcium and phosphorous associated with the caseinate. These 

values may indicate the proportion in which the calcium, and 

phosphorous are bound to the caseinate or they may be 

residual adsorbed calcium, and phosphorous. 

If the amount of nuclear phosphorous (0.5114- per cent) 

present in the casoin, 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 ratios for the bound calcium 

and phosphorous were found to average 0.21̂ .$. 

a* Calcium. maKnesium and phosphorous content of purified 

unheated centrifugal who-y obtained from unheated whole milk. 
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The data of Table 11^. were obtained aa confirmatory evidence 

regarding the distribution of calcium, magnesium and inorganic 

phosphorous between purified unheated centrifugal wheys and 

the parent milks. These data show that 1^2,0 per cent of the 

calcium, 8?*8 per cent of the magnesium and that 6lj.,l per 

cent of the inorganic phosphorous in the unheated whole milk 

were found in the purified unheated centrifugal whey. The 

average percentages of calcium, magnesium and inorganic phos­

phorous that had been found to dialyze (Figure 11) were 2l|.8, 

36.6 and 61.3 per cent, respectively, of the amounts in the 

milks. The percentage of inorganic phosphorous that diaj.yzed 

from the milk was the same aa that found in the whey. The 

percentages of the totals of calcium and magnesium in the 

centrifugal whey were greater than those in the milk dialys-

ates. Whether or not, this difference in calcium and 

magnesium boti.een the centrifugal whey and the milk dlalysate 

results from a possible cation exchange or a sequestering 

activity of the caseinutes, as equilibria shift during 

dialysis, is not dear. It is offered as a possible explan­

ation because it seems unlikely that the cations would be 

combined with the proteins in a manner that could be changed 

to this 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 (!.!?)• It agreed closely with the Ca/P ratio, in 

the dl-phoaphate (1.00). The Ca/P ratio, 1.39ii In the unheated 
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Table IJ4.. Calcium, magnesium and inorganic phosphorous in 
unheated v;hole milk and in purified unheated 
centrifuĵ al vjhey.°-

ITIK. per ^0 P:» sannle Ratios 
Inorganic 

Calcium I'ar^ncalum phosuhorous Ca/P (Ca-4- Mfr.)/P 

Unheated Vihole Milk (Fat and Protein Free) 

55.33 e.ii.9 33.85 1.21 1.56 
5ii-.63 i|..19 26.65 1.59 1.78 
57.76 5.03 29.82 l.li-9 1.69 
53.17 8.16 32.53 1.27 1.59 
59.10 5.18 31.91 1.11-5 1.6̂  

Av. 56.01 6.21 30.95 1.39 1*66 

Purified Uniieated Centrifugal V/hey® (Fat and Protein Free) 

2ii..21 6.83 21.33 0.80 1.28 
23.06 19.89 0.89 1.18 
20.32 5.09 16.22 0.97 1.39 
21̂ .32 5.88 21. kZ 0.88 1.22 
25.53 l;.21 20.0k 0.98 1.25 

Av. 23.14.8 5.96 19.78 0.92 1.27 

Percentafje Elements in Milk Found In 
Purified Unheated Centrifuf-al Whey 

11-3.3 
k.2,2 
3$.3 
li.5.7 
U.l 

Av. 42*0 

80.1|. 63.0 
105.3 7U.6 
100,1 5U.U 
72,1 65.9 
81,3 62.8 

87.S 61{..l 

^Calculated to an equivalent basis of the parent milk. 
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whole milk approaches the theoretical for the tri-phosphate 

(1.^0). However, in unheated whole milk, caseJnates 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. Muclear phosphorous determinations 

The nuclear hydroxyarainoacid-esterifled phosphorous con 

tents of various isoelectric caseins were determined as an 

adjunct to the studies of salt distribution. It was thought 

that there might bo a difference in the nuclear phosphorous 

contents of isoelectric caseins obtained by centrifugation 

followed by isoelectric precipitation and those obtained 

directly from unheated skim milk by isoelectric precipita­

tion. The casein obtained from milk by ultracentrifuration 

was washed, reconstituted and acid precipitated in the same 

manner as used when casein was precipitated from unheated 

skim milk at its isoelectric point. After repeptization and 

precipitation (^ times) the phospliorous contents of the two 

isoelectric cascins were determined. The phosphorous found 

was considered esterified with the hydroxyl of hydroxy amino 

acids in the casein (nuclear phosphorous). Nuclear phos­

phorous in casein centrlfufjed from the milk and then precipi 

tated was found to be 0.523> 0.^19 and 0.502 per centj that 

for casein acid precipitated directly from unheated centri­

fugal skim milk contained 0.^69, 0.566 and 0.53it per cent. 
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Average values for the centrifuged and acid precipitated 

caseins and for the caseins acid precipitated directly were 

0.^11 and per cent, respectively. The diff ei ence in 

the two nuclear phosphorous values may result from the 

manner in which the caseins were obtained. One possible 

explanation for the lower nuclear phosphorous content of 

centrifuged casein nay 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 v/ith lower phosphorous content. Another 

explanation might be that the casein precipitated directly 

from skim milk may adsorb calcium and phosphate ions despite 

the acidity of the medium. 

Ransdell and h'hittier (7$) reported a value of 0.714-2 

per cent nuclear phosphorous in casein acid-precipitated 

from skim nilk. Values obtained in the study reported in 

this thesis were 0.5114. and 0.556 per cent for the centri­

fuged, acid-precipitated casein and for the casein acid-

precipitated from normal skira milk, respectively. The latter 

value, when compared to that reported by Ramsdell and 

Whittier, tends to substantiate the hypothesis that the 

value for nuclear phosphorous, determined on casein acid-

precipitated from skim milk may be influenced by adsorbed 

phosphate. 
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V* Ultrariltration Studies 

The method of ultrafiltration reported in these studies 

was an outgrowth of the work with continuous pressure 

dialysis. It was thoui^ht that some aspects of ultrafiltra­

tion were concerned in later stages of the pressure dialysis. 

For this reason it was considered advisable to determine 

whether or not so simple an apparatus could be employed for 

ultrafiltra tion. 

1. Development of method 

Most reported mothods of ultrafiltration (7j 37» 8ij.) 

were operated by pulling a high 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 container. 

It is considered that this netiod is not reliable because 

evaporation of water from zho filtrate would cause the 

analytical data to be high# 

The method reported in this study does not employ a 

vacuum but a positive pressure which is exerted on the 

sample contained in a semipermeable membrane. The pressure 

was exerted by nitrogen gaa on a layer of mineral oil cover­

ing the sample surface. The filtrate passing through the 

membrane was collected at the bottom of the ultrafiltration 

chamber (Pijjuro 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 filtration chamber. This prevented loss of 

water to the refrlgeratino unit in the refrigerator. It 

likewise served as an expansion valve to allow excess air to 

escape when pressui-e was applied 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 Ki*eater 

than that a. ove the filtrate. The maxiraura operating pressur e 

was determined with water-filled raexabranes. The limiting 

factor was found to be the strength of the membrane. It 

was found that a pressure of 200 mm. Hg was satisfactory 

as far as rate of filtration was concerned and that generally 

membranes remained intact at this pressure for at least 72 

hrs. 

a* Filtration rate. Before using this method as a 

routine research tool, tho filtration rate was studied. The 

filtration rate was determined by filtering centrifugal whey 

and purified centrifugal akim milk for varying lengths of 

time and measurl-g the volume of filtrate obtained. V/hen 

two ultrafiltrations were carried on simultaneously, the 

pressure rof^lating devico shown in Figure 2 was employed. 

Representative data obtained from one dual ultrafiltration 

are shown in Figure 12. Tho rate curve for centrifugal whey 

shows that tho filtration I'ate was rapid during the first 20 

hrs.; approximately 35 nil* wore obtained from 55 ml. of skim 
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o PURIFIED UNHEATED CENTRIFUGAL WHEY 

PURIFIED UNHEATED CENTRIFUGAL SKIM 

0 8 
. .J -

16 -

FILTRATION TIME, HOURS 

56 64 72 

nO 
->1 

Figure 12. Ultrafiltration rates of purified unheated centrifugal whey 
and skim at 200 mm. Hg pressure. 
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milk. From 20 hrs, to 61}. hrs. 20 xnl, of filtrate were 

collected. All purified cei^trifugal skim milks were 

found to filter at a slower rate than centrifugal wheys. 

b. Distribution of elements in filtrate fractions. To 

ascertain whether or not the filtrate collected from purified 

centrifugal whey at different times during a filtration v;ere 

alike, coraposition-vjiso, approximately 10 ml. quantities of 

filtrate viere collected during 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. 

Because, all ultrafiltrations were carried out at 

C., water condensed on the inside of the ultrafiltra­

tion chamber. It was considered that this water distilled 

from the menbrano surface and consequently it was rinsed 

from the surface by the filtrate collected to avoid higher 

concentrations of elements than should have been in the fil­

trates. 

2. Results obtained with ultrafiltration 

The ultrafiltration apparatus was employed to determine 
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Table 15« Distribution of elements in fractions of ultrafiltrate collected over 
a 60 hour perfod. 

CutHulative nn. elements oer ml. filtrate 

Fraction 
Volume 
ml* 

Time 
hrs. nodium Pofcaaaium Calcium Macfnesium Chloride 

Inorganic 
phosphorous 

1 11.5 5 2.987 0.399 0.0973 0.119 o.k^k 

2 22.0 12 O.I4.75 3.033 O.3O7 0.0973 0.131 0»l4J4.6 

3 33.̂  21 O.P7 3.09S 0.360 0.103 0.135 0.1̂ 57 

k 1̂ 2.5 30 0.511 2.920 0.399 0.0951 0.125 0.i|.60 

$ 2̂.5 0.1̂ .87 2.800 0.399 0.0914-6 0.12i; 0.14-75 

6 58.0 60 - 0.399 0.0973 0.121 0.14.87 
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whether or not there were differences in the concentrations 

of inorganic elements in the filtrates obtained from purified 

unheated centrifugal v^hey and the skim milk from which the 

whey was obtained. Pree^-lng point determinations x-jere made 

on all milks, wheys and filtrates and biuret and ninhydrin 

tests were run on all centrifuj^al wheys and filtrates. 

Comi:>arison of the -jnorKanic constituents in the 

ultrafiltratea from nurlfied unheated centrifu?^al 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 filtrates 

wei'e analyzed for the major inorganic elements (Table l6). 

Results for all products obtained were calculated on a fat-

and protein-free basis. 

The data (Table 16) indicai;e a difference between the 

quantities of elements contained in the ultrafiltrate from 

the centrifu£;al whey and that from its parent skim milk. 

Percentafes of the total sodium, calcium, magnesium and in­

organic phosphorous present in the parent skim milk^ that 

were found in the whey ultrafiltrate, were greater in all 

cases than those in the parent skim milk ultrafiltrate. A 

possible reason for the leaser amounts of elements in the 

ultrafiltrate from slzin milk may be binding or adsorption 

of ions by the proteins or to a sequestering or ion-exchange 

activity of caseinate. If it were the former, ultrafiltra­

tion ili^ht possibly Lo used to study the ion binding properties 
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Table 16. Distribution of Inorganic constituents of various milk fractions. 

Fraction 

Purified Unheated 
Centrifugal Skim 

Purified Unheated 
Centrifugal Vihey 

Purified Unheated 
Centrifugal Skim 
Ultraflltrate 

Bip', elerients per ̂ 0 r;» (fat and protein free) r)roduct 
Inorganic 

Sodiun Potasaium Calcium Hap:nesi.um Chloride phosphorous 

29.36 

29.69 
(101.0) 

20.16 
(60.7) 

(100 

7is..62 
(99.0) 

5̂ .33 

2k. 21 
(1̂ 3.8) 

22.18 
(1̂ .0.1) 

8.ij.9 

6.83 
(SO.ii.) 

5.78 
(66.1) 

55.68 

55.1f.i 
(99.5) 

55.75 
(100.1) 

33.85 

21.33 
.0) (63 

20,0k 
(59.2) 

Purified Unheated 
Centrifugal Whey 
Ultraflltrate 

23.52 
(60.1) 

70.15 
(93.9) 

22.79 
( k l ' l )  

7.42 
(87.il.) 

55.90 
(100.4) 

22.65 
(66.9) 

( ) Percenta{?e eleraenta in skira miUc found In various milk fractions. 
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of various proteins. 

Here again la evidence which iraay indicate centrifugal 

desorption of ions and/or salts by proteins. The percentages 

of calcium, magnesiura and phosphorous in the original skim 

milk found in the whey ultrafiltrates were larger than those 

in the skim ultrafiltrates, again indicating that these be­

come more dialyzable or filterable when caseinates are 

centrifuged from the s./sten, skim milk. 

b. Ca/P and (Câ f- Mft)/? ratios in purified skim milk. 

ita whey and their ultrafiItrates. Table 1? cental ns the 

Ca/P and (Ca-f Hg)/P ratios for the various fractions 

analyzed. 

Avera e Ca/P (O.Sli-) and (Ca + Mg)/P (1.16) ratios for 

the centrifugal whoy, for the skim milk ultrafiltrate, 0.81 

and I.l8, respectively, and for the xhey ultrafiltrate, 

0.79 and 1»09» respectively, are in good agreement. However, 

none of the Ca/? ratios agree with those of the di- or tri­

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 tricalciura phosphate, however, this ratio would 

Include all of the ester- and carboxy-linked calcium which 

if not considered would lead one to think that all the calcium 

in milk was in the form of tricalcium phosphate. 

Ca/P and (Ca Kgj/P ratios for the above data as well 

as those for whole nilk and centrifugal whey (Table II4.) and 
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Table 1?. Ca/P and (Ca IIg)/P ratios found in various milk fractions. 

Fracti ons 
Ultrafiltrates of purified unheated 

Purified unheated Purified unheated centrifugal 
Run centrifugal skin^ centrifugal v;hey®^ skim whey 

Ca/P (Ca •» Mg)/? Ca/F (Ca Mpr)/!' Ca/P (Ca • Mg)/P Ca/P (Ca 4- Mg)/P 

1 1.U5 1.61j. 0.G9 l.lij. mm - 0.78 1.02 

2 1.27 1.59 0.88 1.28 0.85 1,22 0.78 1.19 

3 1.22 1.59 0.76 l.OO 0.78 1.15 0.79 1.0$ 

Av. 1.32 1.60 O.Oij. 1.16 0.81 1.18 0.79 1.09 

'^Calculated as fat and protein free. 
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for milk dialysates are discussed in the following section 

and are sunt̂ iari zed in Table 18. 

C* Sumraary of Ca/P and (Ca + MP:)/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 l8. 

Table l8. Average Ca/P and (Ca-f Mg)/P ratjos for milks, 
milk fractions and dialysates. 

Ratios 
Milk Fractions Ca/P (Ca-f MJT)/? 

Unheated Whole Hilk (UViM) 1»39 1.67 

Uniieated Vihole Hilk Dialysate (UWMD) 0.59 0.78 

Purified Unheated Centrifugal Skim 
(PUCS) 1.32 1.58 

Purified Unheated Centrifugal Skim 
Ultrafiltrate (a*CSU) 0.81 1.18 

Purified Unheated Centrifugal Whey 
(PUCW) 0.89 1.27 

Purified Unheated Centrifugul Whey 
Dialysa te (PUCViD) O.6I4. 0.93 

Purified Ujiheated Centrifugal Vihey 
Ultrafiltrate (PUCWU) 0.78 1.09 

Average Ca/P ratios for unheated whole railk (1.39) and 

purified unhoatod centrifuf-al skim (1.32) approach the 

theoretical ratio for tri-phosphate (1.50). This might 
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suggest a mixture of di- and trl-phosphates mllk» The ratios 

would be lower were it possible to deduct the calcium that 

is bound by carboxyl or nuclear phosphate groups of casein 

from the total calcium found and then recalculate the values. 

Average Ca/P and (Ga+ Mg)/P ratios for centrifugal 

skira milk, v;hey ultrafiltrates and centrifugal whey reduce 

from about the value of tri-phosphate in the skim, to that 

of an approxinately equi-raolar mixture of di- and tri­

phosphates in unxieated centrifugal whey, to approximately 

that of di-phosphate in unheated centrifugal whey ultra-

filtrate. These data suEgest that the salts in milk do not 

occur as single salts but as mixtures. 

The Ca/P ratios for the whole milk and centrifugal 

whey dialyaates, 0,^9 iind O.6I4., respectively, are much lower 

than any of the other Ca/P ratios obtained. Such low values 

may indicate that during dialysis the proteins had a tendency 

to bind the cations and leave anions free to dialyze; this 

would entail preferential binding for calcium and allow 

other cations to dialyse to maintain cation:anion balance 

in the dialyaates. 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 whoy resulting from centr3fugation 

of skim milk and have found values approximating that of tri­

phosphate {l.J?0). Ratios of Ca/P in centrifugal whey, deter­

mined in these studies, were found to average 0.09 which was 
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considerably 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 akim nilk (1.32) were found to 

approach that of tri-phoaphate. 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 calciun to decrease the Ca/P ratio. As 

was indicated previously, the Ca/P ratios in products con-

taining native caseinates likely have out little meaning 

because of calcium bound by caseinate as an ion. 

(Ca + Mc)/P ratios for skim milk and whey ultrafil-

trates and whey dialysatcs all approach 1.0 (di-phosphate) 

indicating sinilai^ity a;non[» these salt syatoma. The 

(Ca + Mg)/P ratio for whey more nearly approximates that 

of an equi-molar mixture of di- and tri-phosphates. 

Vihen comparing theoretical and experimental Ca/P and 

(Ca +• Mg)/P ratios it must be considered that mixed salts 

of calcium, magnesium and phosphorous may appear in milk 

as well as sini^jlc salts. Thus, the assumption that all 

Ca/P ratios raist compare favorably with that of the tri­

phosphate may bo completely in error. It must be kept in 

mind, however, that an aanount of magnesium equivalent to more 

than 80 per cent of that in skiia milk is present in and will 

filter from contrifu/jed whey, whereas but 66 per cent will 
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filter from skim milk (Table 18). A similar relationship 

occui'S with regard to the dialyzable magnesium from whole 

milk and its centrifugal v/hey (Table ll\.) * This raises a 

question as to the similarity of occurrence of magnesium 

and calcium and the presence of mixed phosphates. 

Other physical and chemical characteristics of the 

original milk and its whev, dialyaates and ultrafiltrates, 

Freezing points and pH values were run on all original 

milks, centrifugal 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 freezing point for the centrifugal wheys 

(-0.520° C.) was close to that of the original milk 

(-0.530° C.) while the average freezing point of the milk 

(-0.510° C.) and of the whey (-0.506° C.) dialysates was 

higher than that of the 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, woi^e in the centrifugal whey 

Indicating that the caselnatea had little effect up ;n the 

freezing point. 

Ultrafiltratos of centrifugal skim milk and its whey 

had lower average freezing points (-0.560° C.) than the 

parent skim milk (-0.530° C.) and the parent whey (-0.521° C. 

This depression of fi'oezing point in the skim milk and 
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Table 19• Some physical and chemical properties of the 
various milk fractions. 

Fractions 

Average 
freezing 
points 
"OC. 

Average 
T)H 

Biuret 
reaction 

Kinhydrin 
.reaction 

Purified Unheated 
Centrifugal Skim -0.530 6.70 + 

Unheated Whole Milk 
Dialysate^ -O.^;IO 6.70 NR  ̂

Purified Unheated 
Centrifugal Skim 
Ultrafiltrate -0.560 6.90 . «• 

Purified Unheated 
Centrifugal Vihey -0.520 6.80 + + 

Purified Unl^ieatod 
Centrifugal Whoy 
Dialysate'i -0.506 6.65 NR^ NR^ 

Purified Unheated 
Centrifugal i.hey 
Ultrafiltrate -0.560 6.85 - -

^Dialysato evaporated to small volume and made to the 
volume of the skim milk that was dialyzed. 

^NR = Mot Run. 

centrifucal whey ultrafiltratea was found to be caused by 

water soluble substances coming from the cellulose membrane* 

Distilled water was filtered through a section (10 in.) of 

membrane and tho freezing point taken. The freezing point 

depression of the distilled water filtrate was found to be 

equivalent to tho difference in freezing points of the skim 
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milk and whey filtrates and t:ieir parent fractions. 

The pH values of the original milk and the akira milk 

and the whey dialysates were in good agreement with each 

other and were similar to that usually found in normal 

milks. The pK values of the centrifugal whey and the skim 

milk 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 is 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, respectively, were run on the centri­

fugal wheys and ultrafiltrates. It was surprising to find 

that all ultrafiltrates yielded negative ninhydrin tests 

when unheated milks were the starting materials. One sample 

of ultrafiltrate 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 if the parent whey or milk gave posi­

tive ninhydrin and biuret reactions that the ultrafiltrates 

might also be positive. Since they are not, this vjould 

indicate that little ensymic decomposition has occurred and 

that the smallest polypeptides that might have formed were 
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greater in diaineter than the pore diameters of the membrane, 

and that the merabrane character was such that amino acids 

(in the quantities present) were not released. 

E. Distribution of Inorganic Elements of Milk from 
April 1955 to March 195̂  

At the time the resin membrane electrode studies were 

started it was decidcd to determine the inorganic constit­

uents of milk for possible purposes of calculating the 

ionic, colloidal and bound salt concentrations. Although 

the resin menibrane 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 vihich the milks wore analyzed were sodium, 

potassium, calcium, macnesium, chloride and inorganic phos­

phorous. The results were calculated as rag. element per 

100 g. aolids-not-fat. These data are shown in Table 20 
V 

and plotted in Figure 13# 

According to Figure 13 the magnesium concentration in 

milk stayed relatively constant throughout one year. Sodium 

did not vary much during the year but seemed to increase 

slightly during the winter months and then decrease in the 

early spring. Inorganic phosphorous decreased slightly 

during the summer months and increased in the winter. The 

inorganic phosphorous and calcium seemed to fluctuate more 

or loss simultaneously indicating that the two were directly 

r 
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Table 20, Inorganic constituents of milk from April 1955 throng iMarch 1956®. 

Elements 
Date Sodium 

mg. 
jE>otassiura 

rag. 
Calcium 
mg. 

Magnesium 
mg. 

Chloride 
nig. 

Ino3 

li-l5-55 
U-29-55 
5-12-55 
5-26-55 

53U.9 
519,3 
510.3 
532.3 

Ii795.2 
l,69ii.3 
1,636.9 
1,172.6 

1-, 338.0 
li56i;.ii 
1,358.3 
1,326.1 

136.5 
136.7 
109.2 
127.2 

1,103.3 
1,151.1 
1,100.1 
1,063.9 

6-10-55 
6-23-55 
7- 8-55 
7-21-55 

509.6 
509.3 
ii93.3 
559.1 

1,379.1 
l,li89.1i 
1,511.6 
l,Ii32.7 

1,305.5 
1,520.5 
1,352.1 
1,278.7 

139.6 
160.2 
120.1 
l2ili.9 

1,132.2 
1,166.9 
lil72.5 
1,160.5 

8- 5-55 
B-18-55 
9- 1-55 
9-16-55 

527,9 
U83.8 
537.7 
687.5 

1,705.6 
1,659.9 
1,71̂ 9.6 
1,621.5 

1,30U.U 
1,327.6 
1,350.2 
1,35U.7 

Hil.l 
119.2 
176.9 
3ii3.6 

l,ii25.3 
1,135.1 
l,25ii.2 
1,329.1 

9-29-55 
10-13-55 
10-27-55 
11-10-55 

558.U 
565-5 
595.U 
618.2 

1,618.3 
1.878.5 
1,590.2 
l,56a.7 

1,399.3 
1,3BU.U 
1,373.7 
1,306.1 

122,3 
106.2 
151.1 
132.2 

1,125.3 
1.215.8 
1,171.1 
1.172.9 

11-29-55 
12-22-55 
1- li-56 
1-16-56 

571.7 
612.5 
613.7 
6U5.9 

1,710.9 
1,753.5 
1,598.9 
1,136.2 

1̂ 336.9 
1,333.8 
1,382.3 
1,29U.6 

96.0 
16U.0 
131.2 
198.3 

1,271.7 
l,2lj3.0 
1,313.0 
l,063.1i 

1-30-56 
2-15-56 
3-lIi-56 

631.8 
562.2 
572.0 

1,258.1 
l,i»53.8 
1,733.8 

1,37ii.it 
l,ii56.2 
l,ii21.2 

169.9 
ll4ii.3 
lii6.6 

1,130.3 
1,117.2 
1,109,9 
* • 

AveraGe 560.1 l,58l|..6 1,367.1 139.8 1,181.8 

"Calculated as mg, elment per 100 g, solids-not-fat in the oricinal ndlk 
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onstituents of milk from April 1955 throû  March 1956̂ ® 

Elements 
t^otassium 

ng. 
Calcium 
mg. 

Nagnesim 
niR. 

(/hloride 
mg. 

inorganic Phosphorous 
mg. 

1;795.2 
1,69U.3 
1,636.9 
l,li72.6 

r,338.0 
li56l!..U 
1,358.3 
1,326.1 

136.5 
136.7 
109.2 
127.2 

1,103.3 
1,151.1 
1,100.1 
1,063.9 

700.1 
775.3 
706.1 
710.2 

1,379.1 
l,ii89.1i 
1,511.6 
l,li32.7 

1,305.5 
1,520.5 
1,352.1 
1,278.7 

139.6 
160.2 
120.1 
3lil|.9 

1,132.2 
1,166.9 
lil72.5 
1,160.5 

756.8 
668.7 
69li.2 
575.14 

1,705.6 
1,659.9 
l,7ii9.6 
1,621.5 

l,30lt.U 
1.327.6 
1,350.2 
1.351.7 

llil.l 
119.2 
176.9 
aJi3.6 

1,U25.3 
1,135.1 
l,25ii.2 
1,329.1 

672.3 
677.3 
6P1.6 
636.9 

1,618.3 
1.870.5 
1,590.2 
1,56U.7 

1,399.3 
1,38U.U 
1,373.7 
1,306.1 

122.3 
106.2 
151.1 
132.2 

1,125.3 
1.215.8 
1,171.1 
1.172.9 

72lj.6 
675.2 
790.1 
791.1 

1,710.9 
1,753.5 
1,598.9 
1,136.2 

li336.9 
1,333.8 
1,382.3 
1,291). 6 

96.0 
l6h.O 
131.2 
198.3 

1,271.7 
l,2li3.0 
1,313.0 
1,O63.U 

78I4.I 
711.9 
819.6 
703.9 

1,258.1 
l,li53.8 
1,733.8 

l,37li.U 
1,U56.2 
1,1|21.2 

169.9 
M.3 
lii6.6 

1,130.3 
1,117.2 
1,109.9 * • 

816,3 
785.9 
770.7 

1,5814.6 1,367.1 139.8 1,101.8 722.9 

• element per 100 g, solids-not-fat in the oricinal ndlk 
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Figure 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 suiomer reaching its peak in the late summer and 

fall then decreasing during the winter. 

Potassiiun varied considerably over the entire period 

studied. The tendency for potassium variation was to de­

crease during the early spring to a low in June and July 

then increase in August and September when the pasture con­

ditions improved. Another low appeared in December and 

January followed by 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 14arch 

to April, August to October and during November. 

The average values for the main Inorganic constituents 

in milk were sodium 560.1, potassium l,58l4..6, calcium 

1367.1, magnesium 139*8, chloride l,l8l.8 and inorganic 

phosphorous 722.9 mg. per 100 g. solids-not-fat. Table 21 

compares the valuos reported by other workers (II-P) to 

those found in these studios. Other workers reported their 

values on a mg» 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-fat basis using an average value 

of per cent solids-not-fat found in these studies. 

The average sodium and calcium values (Table 21) found 
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Table 21* Comparison of reported and experi-iental amounts of constituents in milk 
as ing. per 100 solida-not-fat. 

Eletnenta 
V/orker 0odium Potassium Calcium Mae^nesium Chloride Phosphorous 

Van Slyke and Bosworth 
(105) 667. i,U5i.9 1,593.0 li;6.ii. 913.3 731.9̂  

Hess et al« (32) l4-6i{..9 1,U92.9 1,206.0 il.9.6 869.9 691.1̂  

Vihittier (108) 667 •i]. 1,U51.9 l,Ij.87.1 93.7 - 725.9̂  

Roadhouse and Koestler 
(76) 5I{.0.0 1,087.6 1,373.2 77.8 1,000.0 1,021.1̂  

Robinson e_t al. (77) - 1,I|40.3 - - -

Keirs and Speck (3^1-) 1,6214.1 1,392.3 - - -

Davis and MacDonald (19) Ij.85.9 1,680.3 1,593.0 ll].1.7 l,2lj.l.l 1,126.2̂  

Sommer (98) 603.8 1,777.5 1,714-5.0 - 1,288.0 1,088.9̂  

Av. $80.k 1,623.7 1,I|-7B.2 101.2 l,066.l|. 728.9® 

Av« of data reported 
In Table 20 560.1 1,581|..6 1,367.1 139.8 1,181.1 722.9a 

^Inorf^anic phoaphorouy. 
Total phosphorous. 
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in these studies agree well with those of Roadhouse and 

Koestler (76) and Keira and Speck (3l|.) and with the 

average of the data from the literature. Potassium values 

did not agree v;ell with any of the reported values except 

those of Keirs and Speck (3h) * experimental magnesium 

value substantiates the values reported by Van SlyJre and 

Boaworth (10^) and Davis and 15acDonald (19) • The average 

chloride value approaches the value reported by Davis and 

MacDonald (19). Values reported by Van Slyke and Boaworth 

(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 with one another for factors such as location, 

environment, feed, herd typo anv. 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 ̂ ood agreement with averages 

of the values reported in the literature. 

A further uoo for these data, reported on mg. per 100 g. 

sollds-not-fat, may be in calculating diabetic and dietetic 

diets. This ia of special importance for many dairy products 

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

Before Kressirsan's (36) cationic reain laerabrane elec­

trodes could be applied to the study of ions in milk, the 

membranes had to be electrically characterized. Membrane 

electrodes were characterized for asymmetry potentials, 

stability and effect of pll on titration end points. 

1, Asymmetry potentials 

The asyrriraetry potential of each membrane was measured 

at 25° C. (Figure Ij.) by placing the same solution (0.1 M.) 

on either aide of the membrane. Potentials obtained ranged 

up to t 3 niv. among menbranes but was consistent for any one 

membrane. The asywraetry potential of an electrode was added 

algebraically to any readings made with it. 

2* Stability of resin membrane electrodes 

The stability of each membrane electrode type, sodium, 

potassium, calcium or magnesium, was determined by placing 

a 0.01 solution of its cation inside the electrode and 

immersing the electrode (1 in.) in a 0.1 M. solution of the 

same salt. Potentials were road at one minute intervals for 

20 min. the potentials vere constant but beyond 20 min. the 

voltages dropped. However, if the elect-rode, containing 

the 0.01 M. salt solution, was Inverted once and the 

potential reread; the original potential was attained. 
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At the same time the stability of each electrode type 

was being determined, the agreement between theoretical and 

actual voltage drops was noted. Theoretical voltage drops 

for a O.Ol/O.l M. system were calculated by the Nernst 
Drn A 

equation, E = ̂  in ̂  , for each electrode type. The 

theoretical EI^IF values for sodium, pctaasium, calcium and 

magnesium were calculated to be 5^.28, 55*00, and 

50.61 rav., respectively. The potentials read by electrodes 

of all types agreed v.'ith the calculated valuesj all elec­

trodes showed good stability under these conditions. 

3* Effect of ̂  ̂ titration ondpoints 

Solutions of sodium, potassium, calcium and magnesium 

chlorides were made up in 1 L. quantities at various pH 

levels, e.[i. li-.O, 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 M. solutions of their respective bases, 

and for pH values below that of the pure salt solutions, with 

0.1 M. hydrochloric acid. Although the amount of base added, 

in the adjusfcmoiit of the pH, was Vinown each finished solution 

Was analyzed to verify the concentration. The null point for 

each solution then was determined as previously described 

(III-ll|.). 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 typo. The membranes apparently were sensi­

tive to hydrof,eo ions and exhibited a hysteresis effect 
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probably because they were partially converted to a mixed 

hydrogen-metal form. If a new membrane was not used for 

each pH value the concentration measured at zero voltage 

varied considerably from its true value. Concentrations 

obtained at zero voltaj^oa 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 M. solution at zero 

potential was 11.11 ml. in all cases. When this amount of 

0.1 M, standard salt solution was added to 100 ml. of re­

distilled water the concentration was 0.01 M,, or the con­

centration of the solution within the membrane electrode. 

The primary purpose of this study was 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 wriich the salt concentrations were the same on 

either side of the membrane. The pH values at whidi the 

salt concentrations were the same on both sides of the mem­

brane were found to bo 6,3, 7*7i 7.1 and 6.5 for the sodium, 

potassium, calcium and magnesium membranes, respectively. 

These results indicated that the membranes could be used 

effectively in measuring ionic concentrations at or around 

the pH of milk. 

When it Was found that the membrane electrodes could be 

easily characterized and that they would function satis­

factorily at the pil of normal milk, a study involving mixed 
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Table 22. i^ffect of 
electrodes 

pH on titration values of resin membrane 

ml. 0.1 M. standard . salt solution^ 
oH Sodium Potassium Calcium Mafcnesium 

k>o ll.lj-O - - -

U.3 - - ll.il-O -

11.35 11.30 - ll.il-O 

k*7 - - 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 

64 - «• 11.20 M 

6.5 11.10 - - mm 

6.6 - 11.15 - 11.10 

7.0 11.00 - - -

7.1 - •• 10.00 -

7.2 - - - 10.90 

7.8 - 11,10 - -

0.5 - 11.10 - -

'^Theoretical quantity for all electrodes: 11.11 ml. 
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salt solutions 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 baaed upon Whittier's (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 neaaurerrients were made, the data 

suggested that the interfering 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 membrane measurement was more pro­

nounced than that of sodium on potassium. When a calcium 

form membrane was titrated in presence of sodium ion the 

sodium apparently replaced the calcium so rapidly that no 

reliable estimate of the calcium concentration could be ob-

talned. 

After finding that the 3nterference of one cation on 

another was so sreat it was decldcd to try an equilibration 

of the membrane with a salt solution similar to that of the 

milk dialysate. 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 



www.manaraa.com

121 

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 ion to calcium concentrations twice that occurring 

in the milk dialysate. Potentials were recorded at 10 min. 

intervals for hrs,; the systems did not attain equili­

brium. 

On the basis of these data it was decided that it was 

improbable that these reain membrane electrodes could be 

applied to the measurement of ionic concentrations or of 

equilibrium shifts in mixed salt solutions because of the 

ease v»ith which base exchange occuired in the membrane. 
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V, SmS-lARY AKD CONCLUSIONS 

1. An evaluation of the accuracy of the analytical 

methods eniployed for the chief inorganic constituents of 

milk was made and the methods were considered to be satis­

factory. Averaf3e percenta{je recovered found were: sodium 

96.ptassiuiu 90'0, calcium 100.2, magnesium 96.lt, 

chloride 97«8 and inorganic phosphorous 98.1. 

2. A new method of dialysis, "continuous pressure 

dialysis", was developed. Briefly the nethod consisted of 

placing a sample (50 g.) of milk into a semipermeable mem­

brane (cellulose Vioking tubing tied off at one end), which 

then was tied to a mineral oil reservoir. Mineral oil was 

floated over the sample surface, the membrane inserted in­

to the dialyzing chamber and the membrane-reservoir attached 

to a Kg pressure manometer (0 to 3OO mm. Hg capacity) 

(Figure 1). Pressure was exerted by nitrogen gas on the 

mineral oil and at tiie same time the flow of the dialysis 

water (distilled) was started. Pressure was adjusted to the 

desired level (ll5 mm. H^) by means of a needle valve on an 

expansion flask and the water rate was adjusted to 2 drops 

per second. Ivater which passed the membrane was conducted 

to a crystallizing dish, in which it was continuously 

evaporated at a rate equivalent to that of the water intake 

(2 drops per sec.). The dialysis period was 1$ hrs. In most 
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of these studiesj in some instances longer periods were 

employed. 

3» The development of the method of continuous pressure 

dialysis was considered necessary because of the fact that 

usual dialysis methods appeared to have definite shortcom­

ings when applied to milk. Various dialysis pressures were 

studied. It was found tiiut 92 mm. Hg pressure resulted in 

a residue weieht, equal to that of the original milk, 

after dialysis for 11 hrs. Uovjever, this pressure (92 mm. 

Hg) did not maintain a constant weight of milk (50 g.) in 

the membrane during the dialysis period. A pressure of 11̂  

mm, Hg was found to maintain a nearly constant weight; the 

maximum gain above and loss below the original weight was 

ij-.O g. during dialysis. To study the completeness of 

dialysis, a series of aaMplos of the same milk were dialyzed 

for various lengths of time and the freezing points were 

run on the dialysis residues. At If?, 19 and 2I4. hrs, dialysis 

93»9, 9)4..^}- and 96.Ij. per cent, respectively of the osmoti-

cally active materials were dialyzed. The data likewise 

sugg' stcd 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 refrigerator largo enough to hold the apparatus 

was not available and oxcessive use of thymol as preservative 

was thought undesirable. 

Some confirmation of a 15 hr, dialysis was found by 
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dialyzing several milk samples for If? and 20 hrs.j approxi­

mately 98 per cent of the sodium, potassium and chloride 

were dialyzed in l5 hrs. while 30.0, 61.O and 6i}..0 per cent 

of the calcium, magnesium and inorganic phosphorous, 

respectively, in the ori'jinal whole milk, were dialyzed 

during the same period. Reported values for dialyzable 

calcium and inorganic phosphorous agreed closely with those 

above, but not with those for 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 this method could be applied to 

following enzymic or bacterial proteolysis by removal of 

amino aclda aa the proteolysis occurred. 

A study of the dialyzable elements from normal 

vhole milk was nado from August 1955 through March 195̂ . 

It was found that 9^-100 per cent of the sodium, potassium 

and chloride in the oi^iginal milk wore dialyzable during 15 

hrs. while only 2li..9» 3&.6 and 61.3 per cent of the calcium, 

magnesium and inorganic phosphorous, respectively, were 

dialyzable. Ca/P and (Ca + Mg)/P ratios for the complete 

dialysates from whole milk did not indicate that any known 

combinatlono of calcium, magnesium or phosphorous wore 
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dialyzed excliisively. However, a tendency was noted for Ca/P 

ratios to decrease ;ln the fall and increase in the winter, 

indicating that dry feeds may increase the ratio. 

5. Laboratory pasteurization of milk (62.8° C. for 30 

min.) was found to decrease the amount of dialyzable calcium 

and inorganic phosphorous but to increase the amount of 

dialyzable siasnesium. Pasteurization did not seem to have 

any effect upon dialyzable sod5.um, potassium and chloride. 

6, Unheated whole nilk samples were fractionated into 

clear whey and native caseinate (Figure 3) using a Spinco 

Model L Ultracentrifuge. Fractions obtained in this manner 

ivere 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 \^ere the sane except for dialyzable magnesium 

which was greater in the centrifugal whey. 

All of the inorganic phosphorous in the centrifugal 

whey (equivalent to 61i..l per cent of that in the original 

milk) was dialyzable while only 61,3 per cent of the total 

inorganic phosyjhorous was dialyzable from whole milk itself. 
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In addition 87 per cent of the rtjagnesium 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 alnoat 39 per cent of the inorganic phosphorous in 

milk, possibly was adsorbed to the caseinates and that 

centrifugation caused sone desorption or Treeing of mag­

nesium or that magnesium appears in milk in a different 

form than does calcium. 

Ca/P ratios in the centrifugal whey approached that of 

di-phosphate (1.00) v/hereas the same ratio for whole milk 

and centrifugal skim millcs approached that of tri-phosphate 

(1.5). IloX'jever, in the milk and skim milk, the amounts of 

calcium and phosphorous chemically bound to the caaeinate 

are included in these ratios. 

Nuclear (hydroxyaminoacid-eaterified) phosphorous 

values for caseins obtained by isoelectric precipitation 

of centrlfuGod caseinates and by isoelectric precipitation 

from normal skim milk were obtained. The average nuclear 

phosphorous value for isoelectric caseSn, from precipitated 

centrifuged caseinate was aiialler than that of casein ob­

tained by isoelectric precipitation from normal skim milk. 

This difference may result from loss of some phosphorous rich 

casein particlos during washing of the centrifuged caseinato 

prior to peptization and isoelectric precipitation or from 

adsorption of inorganic phosphorous to tlie casoin particles 
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precipitated from normal skim milk. 

It would be of interest to study the electrophoretic 

mobilities of the various casein aggregates which would be 

obtainable by differential centrifugation, to study the 

calcium and phosphorous bound to these different casein 

aggregates, 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. Tlie method of ultrafiltration, in brief, con­

sisted of tieing 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 mineral oil over the surface, inserting the 

membrane into the ultrafiltration chamber (equipped with 

water trap), fastening the mineral oil reservoir to the 

pressure manometer and adjusting the pressure of nitrogen 

gas to the desired level by a needle valve on an expansion 

chamber. As filtrate was obtained, it was removed, as 

desired, througli the Tygon sampling tube at the bottom of 

the filtration ciiamber. 

The filtration rate of centrifugal whey was found to 

be more rapid than that of centrifugal akim milk (Figure 12). 

The filtrate was fovmd to be homof,cnous from one portion to 

another; this was shown by the fact that a aeries of 
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subsequent 10 ml. fractions of ultrafiltrate from centri­

fugal whey were in agreement as regards analyses for the 

major inorganic constituents. It was concluded from this 

study that the various fractions were the same, composition-

wise, and that samples could bo drawn off at any time durfng 

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 way 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 agreenont vfith 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, wheys and skim milks. Freezing points of fil­

trates were found to bo lower than those of the parent frac­

tions. The pH values for all filtrates were found to be 

higher than those of the parent fractions. The higher pH 
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values for filtrates suggested 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 filtrates than of their parent fractions may result, 

on the basis of preliminary uata, from water soluble sub­

stances dissolved from the cellulose membrane. All filtrates 

gave negative ninhydrin and biuret reactions, although their 

parent fractions (centrifugal whey and skim milk) were posi­

tive. Such data indicated the absence of polypeptides and 

-amino acids in the filtrates and suggest that the posi­

tive ninhydrin in the parent substances resulted from poly­

peptides or proteins rather than amino acids. 

This method of ultrafiltration possibly could be applied 

to the concentration 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 from microorganisms. 

8. Samples of milk taken at two week intervals were 

analyzed for the major inorganic constituents, fat and 

total solids from April 195^ through March 1956. The re­

sults showed that magnesium stayed relatively constant, 

sodium increased slightly during the winter and decreased 

during early aprin/-, inorcanic phosphorous and calcium 

fluctuated simultaneously 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 amounts of inorganic elements as mg. 

per 100 g. solids-not-fat were sodium 5oO,l, potassium, 

l,581j-.6, calcium 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 

dairy 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, However, interference of monovalent with divalent 

ions apparently caused a partial conversion of the resin to 

a mixed cationic form, giving unreliable results. It was 

impossible to equilibrate the resin membrane electrodes 

against a stock solution (made to the concentration of 

elements in milk dialysate) or these stock solutions con­

taining calcium concentrations above and below that appear­

ing in milk dialysates, within usable time limits. This 

lack of equilibration was attributed to the strong base 

exchange properties of the resin which would make it diffi­

cult to apply the electrodes to milk. 
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