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SUMMARY 

Analyses of ultrafiltrates collected from milk at temperatures up to 230 ° P. illdicated 
that temperature changes affect the inorganic composition of milk nmch more drastically 
than has previously been demonstrated from the analyses of cooled milks. At 200 ° F., 
the amount of calcium passing into the ultrafiltrate was approximately 50%, and the 
phosphate about 82%, oil that found at 80 ° F. On the other hand, the hydrogen ion con- 
centration of ultrafiltrate eolleeted at 200 ° F. was at least double that of ultrafiltrate 
collected at 80 ° F. 

Similar tests made with solutions of calcium and phosphate indicated that these changes 
in the inorganic composition of milk can be explained entirely on the basis of changing 
solubility and composition o±' the insoluble calcium phosphate salts. No change in the 
dissociation of cMeium citrate with temperature could be detected. 

No correlation was observed between the changes induced by heat and the heat sta- 
bility of various samples of milk. 

Two studies (5, 15) have led to the belief that  the inorganie composition of 
the milk serum is a major faetor whieh eontrols the heat stability of the milk 
colloids. However, beeause the composition of milk sera separated from the 
proteins at low temperatures has failed to correlate with the heat stability of 
the eolloids (18), it has been suggested that ehanges in the inorganic composition 
of the sermn dur ing heating eontroI the heat stability (5). No experimental 
proof for this suggestion has been obtained. 

Modifieation o'f our reeently published (17) ultrafiltration technique made 
possible the eolleetion of ultrafiltrates from nfilk over a wide range of tempera- 
tures, and a s tudy of the heat-induced ehauges in sermn composition was, there- 
fore, undertaken. Results of this s tudy are presented herewith. 

~kTERIALS AND METHODS 
Mixed-herd milk, and milk from individual cows, was obtained fronl morning 

milkings at the Central ExperimentaI  Farm, Ottawa. Bulk milk was separated 
at 90 ° F. in a eream separator;  milk from individual cows was separated by 
centr ifuging for 15 min. at 1,500 r.p.m., in an Internat ional  No. 2 centrifuge 
and withdrawing the skimmilk from below the cream layer by siphon. All tests 
were made on milk which had not been heated before the beginning of the test. 

Ultrafiltrates at 80 ° F. were obtained by the method previo~usly described 
(17). At  temperatures between 80 and 210 ° F. the apparatus  shown in Figure  1 
was used. Approximately  600 rot. of milk, preheated to the desired temperature, 
was poured into the reservoir and a portion pumped into the filter chamber with 
the needle valve open. Approximately  the first 300 ml. of milk flowing from the 
re turn  line rinsed residual water or milk (several samples can be filtered without 
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changing the membrane)  from the unit  and were discarded. The re turn  line 
was then at tached to the reservoir  as shown, and the needle valve slowly closed 
uuti l  the pressure gauge registered 25 lb. F rom 0.25 to 1 ml. of ultrnfiltrate 
collected iu the receiving flask per  minute,  the amount  increasing with increas- 
ing temperature .  The stainless steel heating coil assured that  the nfilk was 
within 1 ° F, of the desired t empera tu re  when it entered the ultrafilter.  The 
need for  the ro ta t ing  brush is discussed below. 

Fro. 1. A p p a r a t u s  for  collecting ultrafi l trate from milk at  tempera tures  up to and hi- 
ctuding 200 ° F.  

At tempera tures  above 210 ° F., the appara tus  previously described (17) was 
filled with hot milk and hermeti<~ally sealed into a metal  cylinder in which steam 
could be generate:l (F igure  2). The pressure relief valve controlled the steam 
pressure a~d, heine, the temperature .  Ai r  pressure on the milk sample was 
kept the same as the steam pressure until  the milk attainted the desired tempera-  
ture, as indicated by a thermocouple immersed in the milk. Condensate was then 
drained off through the outlet valve, the air  pressure increased by 25 lb., and 
ul traf i l t rate  collected in the stainless steel receiver for periodi(, removal thro'ugh 
the outlet  valve into an ice-cooled receiving flask. 

Ultrafi l t rates were analyzed direct ly by the following procedures:  calcium 
ion {17), total ealcimn (11), phosphate (14), ci trate (12), magnesimn (13), 
and potassimn and sodium by flame photometry.  

When require_q, for  calculation of the product  (Ca ++) ( H P O 4 = )  and (Ca++) "~ 
(PO4---) 2, concentrations of di- and t r iphosphate  ion were eah, nlated f rom the 
dissociation constants derived by Heutola  (8) [cf. also' (17) ]. This calculation 
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ignores the phosphate eomplexed as undissoeiated calcium salts, which Bjer rum 
(2) estimates as between 0.08 and 7%, but the errors thus introduced into the 
calculated products would not affect the conclusions reached. 

AtR PRESSURE 

AS BURNER 

]~IG. 2. A p p a r a t u s  f o r  c o l l e c t i n g  u l t r a f i l t r a t e  f r o m  m i l k  a b o v e  210 ° F .  

Heat stability was estiniated by sealing 2-ml. aliquots of niilk into a 150- by 
16-ram. test tube and immersing the tube in a thermostatted oil bath at 284 ° F. 
The saniple was shaken nianually at about 2-sec. intervals, in such a way that milk 
was splashed on to the sides of the tube. The time required for distinct granu- 
lation to show in the milk as it flowed back down the side of the tube was recorded 
as the "hea t  s tabi l i ty"  of the sample. 

RESULTS 

Need for the rotating br~tsh. During the early tests with the apparatus,  
shmvn in Figure  1, no rotat ing brush was provided, and a deposit of milk col- 
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loids formed on the imler surface of the membrane at tempera tures  above 160 ° F. 
Samples of ul t raf i l t rate  collected when this deposit was on the membrane con- 
tained abnormal ly  high amounts of several ions, especially potassium, and suc- 
cessive samples collected at one tempera ture  had widely vary ing  compositions. 
Development  of the brushing system shown in F igure  1 made it possible to 
obtain successive samples of un i fo rm composition, and reduced the potassium 
content of the serum to that  of the original milk. 

The in terpre ta t ion  of this phenomenon is of considerable interest  but, because 
of the var iabi l i ty  of the results obtained in the presence of the deposit, firm 
cmlclusions can no't: be drawn, except to the effect tha t  brushing o.f the membrane 
is essential for  reliable results. I t  appears  probable that  the sermn in the 
interstices of the deposit becomes more concentrated because ions are a t t racted 
to the deposited proteins, and tha t  this concentrated serum is forced outward 
thro'ugh the memhrane.  As the thickness of the deposit increases, the composition 
of the ul t raf i l t rate  p resumably  approaches that  of the ionic a tmosphere around 
the protein part icles in the deposit ;  whereas, in the absence of the deposit the 
ul t raf i l t ra te  has the composition of the sermu itself. 

The brushing system was not used with the appara tus  for collecting ultra-  
filtrate f rom nlilk above 210 ° F. and some error thus may  have been introduced. 
IIowever,  little deposit of protein formed on the membrane at 230 ° F. and it 
is, therefore, unlikely that  this error  would be large. 

Effe.ct of time a~d temperature of t~eah:~g. The composition of ultrafi l trate 
collected at various times f rom a sample of skimmilk held at 200 ° F. is shown 
in F igure  3. The 0 time samples were toilet.ted at  room tempera tu re  before 
heating the milk. Collection of hot ul trafi l t rate was begun 11 rain. af ter  the 
milk had been heated, and sufficient sample for  analysis was collected in a 
fu r the r  15 rain. This 11- to 26-rain. sample had the same composition, within 
reasonable limits of error,  as the la ter  samples, although the p H  was slightly 
higher. Suf~cient sample for  a complete analysis could not be collected within 
a shorter  interval,  but  analyses for  calcium and phosphate made on smaller 
amounts  of ul t raf i l t rate  collected at  short intervals indicated that  equilibrium 
was established within 5 min. at 180 ° F. 

Increasing tempera tures  progressively increased the loss of calcimn ion, 
total calcimn, and phosphate,  and decreased the p H  of ul trafi l t rates f rom skim- 
milk (F igure  4A).  There was no significant change in the citrate, magnesimn, 
sodium, or potassimn content of the ultrafi l trate at any t empera tu re  studied. 
The loss of phosphate and the decrease in p H  appeared  to be grea ter  per uni t  
t empera tu re  change at the higher tempera tures  ; the loss of calcium ion and total 
calcium was relat ively un i form throughout  the t empera tu re  range studied. 

The composition of ul trafi l t rates f rom 2 : 1  concentrated skimmilk changed 
with t empera tu re  of fil tration in the same manner  as the composition of those 
f rom skimmilk (F igure  4B).  The change in p H  and calcium ion concentration 
was of the same order in concentrated and normal  samples, but  approximate ly  
iwiee as much total calcium and phosphate  became nonultrafil terable.  
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TABLE 1 
Composition of ultrafi l trates from unheated, heated, and cooled skimmilk 

Treatment  

Composition of ultrafi l trate 

[Ca ++] [Ca++]" 
Total PO~ x X 

pH Ca ++ Ca [HPO~ = ] [PO~----] ~ 

(~nM/liter) 
Sample I 

Unheated 6.77 2.6 8.7 8.6 1].l  × l0 -~ 6.1 × 10 -:~ 
140 ° F. 130 rain. 6.42 1.9 7.4 8.0 4.7 × 10 -~ 0.2 × 10 =~ 

Cooled 1.5 hr. 6.63 2.2 8.2 8.1 7.4 × 10 -6 1.2 × 10 -~ 
Sample I I  

Unheated 6.83 2,9 8.9 10.2 15.7 × 10 -~ 18.4 × 10 -~ 
200 ° F. 20 rain. 6.22 1.1 5.2 7.6 1.8 × 10 -6 0.6 × 10 -~z 

Cooled I hr. 6.64 2.2 8.4 9.0 8.4 × 10 -~ 1.6 × 10 -~ 
Cooled 4 hr. 6.69 2.4 8.7 9.4 10.2 × l0 -~ 3.3 × 10 -~ 
Cooled 22 hr. 6.73 2.7 9.2 9.8 12.6 × 10 -~ 6.7 × 10 -~ 

W h e n  h e a t e d  m i l k  w a s  r e e o o l e d ,  t h e  c o m p o s i t i o n  of  t h e  s e r u m  t e n d e d  to  
r e t u r n  t o  t h a t  of  t h e  o r i g i n a l  m i l k ,  a n d  t h e  c o m p o s i t i o n  of  u l t r a f i l t r a t e s  col- 
l e c t e d  a f t e r  c o o l i n g  f o r  1 h r .  o r  l o n g e r  ( T a b l e  1 ) a g r e e d  w i t h  v a l u e s  f o r  h e a t e d  
m i l k  r e p o r t e d  b y  e t h e r  w o r k e r s  (8 ,  10 ) .  H o w e v e r ,  t h e  v a l u e s  f o r  ( C a  ++) ( H P O ~  = )  
a n d  (Ca++) 3 ( P O d = )  2 r e m a i n e d  s l i g h t l y  b e l o w  t h o s e  of  t h e  o r i g i n a l  mi lk ,  e v e n  
a f t e r  22 h r .  a t  40  ° F .  

Studies  w i th  artificial sera. H e a t i n g  s y n t h e t i c  s e r a  p r e p a r e d  as  i n  ( 1 6 ) ,  w h i c h  
c o n t a i n e d  s u s p e n d e d  c a l c i u m  p h o s p h a t e ,  to  200  ° F .  a l t e r e d  t h e  c o m p o s i t i o n  of  
t h e  u l t r a f i l t r a t e  i n  m u c h  t h e  s a m e  w a y  t h a t  h e a t i n g  s k i m m i l k  a l t e r e d  i t s  u l t r a -  
f i l t r a t e  ( T a b l e  2 ) .  H o w e v e r ,  t h e  d r o p  i n  p H  w a s  m o r e  m a r k e d  i n  t h e  s y n t h e t i c  
s e r a ,  a n d  t h e  loss  of  c a l c i u m  a n d  p h o s p h a t e  a p p e a r s  to  h a v e  b e e n  s o m e w h a t  
g r e a t e r .  

T o  d e t e r m i n e  t h e  e f fec t  o f  h e a t i n g  o n  s o l u t i o n s  o f  c a l c i u m  p h o s p h a t e  a lone ,  
t h r e e  s o l u t i o n s  o f  v a r y i n g  C a : P  r a t i o  w e r e  p r e p a r e d  a t  i on i c  s t r e n g t h  0.08 

TABLE 2 
Composition of ultrafi l trates from synthetic sera a t  200 ° F. 

Composition 

t l ea t ing  time Total 
(rain.) pH ~o+~ Ca P O ] - -  Na ~ K ÷ Citrate 

(~nM/liter) 
Sample I 

Unheated 6.55 2.1 8.3 9.7 22 37 7.3 
5 to 16 5.68 1.1 4.2 6.6 23 38 

16 to 34 5.6~ 0.7 3.8 6.8 23 38 7:~ 
34 to 52 5.60 0.7 3.4 6.5 24 38 7.3 
52 to 70 5.57 0.6 3.5 6,5 23 38 7.3 

Sample I I  
Unheated 6.68 1.8 7.5 7.7 17 28 7.2 

5 to 24 5.66 1.0 4.2 5.7 18 32 7.2 
50 to 64 5.54 0.8 3.6 5.4 19 33 7.1 
90 to 114 5.62 0.6 3.4 4.9 17 31 6.9 
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(adjusted with potassium chloride),  and adjusted to approximately p H  6.7 
to induce precipitation. Aliquots of these solutions were then heated for 20 
to 30 rain. and the precipitate removed in a heated centrifuge. The supernatants  
were cooled and analyzed. No correction for  evaporation of the hot solutions 
was made, as the increase in concentration (about 10% loss of volume at 200 ° F.)  
would merely cause some additional precipitat ion and not significantly affect 
either the p i t  or the composition of the saturated supernatants.  

The results (Table 3) indicate that  even under  these conditions heating the 
suspensions caused changes to occur in the p H  of the supernatants,  and in the 
(Ca *+) ( H P 0 4  =-) and (Ca~÷) ~ (P0~-=) 2 products. Precipi tat ion o'f calcium phos- 

T A B L E  3 

Composi t ion  of s u p e r n a t a n t s  f r o m  solu t ions  of ca lc ium phospha t e  c e n t r i f u g e d  
at, va r ious  t e m p e r a t u r e s  

(Al l  so lu t ions  con ta ined  sol id  ca lc ium phospha t e  in  suspens ion)  

Solut ion  
No. 80 ° 120 ° 140 ° 160 ° 180 ° 200 ° 

p t I  of s u p e r n a t a n t  
1 '~ 5.98 5.76 5.53 5.19 5.19 4.87 
2 ~ 6.13 5,83 5,6'0 5,32 5.22 5.08 
3 ~ 6,36 6.24 6.19 6.13 6.12 6.07 

Calc ium confront of s u p e r n a t a n t  (,raM~liter) 
1 4.32 4.13 4,26 4,79 ,i.86 4.93 
2 3.22 2,80 2.68 2.66 2.87 2.96 
3 0.79 0.40 0.32 0.17 0.16 

P h o s p h a t e  con ten t  of s u p e r n a t a n t  (~nM/Iiter) 
1 4.50 4.32 4.36 4.70 4.84 5.18 
2 6.22 5.94 5.96 6.26 6.40 6.48 
3 12.20 12.00 12.31 12.82 12.82 13.56 

Loss  o f ca lc ium f rom s u p e r n a t a n t  (~nM/liter) 
1 2.58 2.77 2.64 2.11 2.04 1.97 
2 2.98 3'.40 3.52 3.54 3.33 3.24 
3 3.21 3.60 3.68 3.83 3.84 . . . .  

Loss  of p h o s p h a t e  f rom s u p e r n a t a n t  (mM/I i te . r )  
1 1.50 1.68 1.64 1.30 1.16 0.82 
2 1.78 2.o6 2.04 1.74 1.60 1.52 
3 2.80 3.00 2.6~ 2,18 2.18 1.44 

R a t i o n  of ca lc ium l o s s / p h o s p h a t e  loss (mole basis) 
1 1.72 t .65 1.61 t..62 1.76 2.40 
2 1.67 1.65 1.73 2.03 2.08 2.13 
3 1.15 1.20 1.37 1.76 1.76 ...... 

[Ca *+] [ I t P O , = ]  X 10" 
1 2.7 1.6 1.0 0.6 0.6 0.3 
2 3.7 1.7 1.0 0.6 0.5 0.4 
3 2.7 1.1 0.8 0.4 0.4 .... 

[Ca++ F leOn_----] ~ X 1.0 ~ 
1 156 19 2.9 0.22 0.25 0.015 
2 440 20 2.3 0.20 0.11 0.034 
3 163 78 2.8 0.28 0.21 ........ 

Before  a d j u s t m e n t  to p H  6.70, which i n i t i a t e d  p r ec i p i t a t i on ,  Solut ion  1 con ta ined  6.90 
r a M / l i t e r  ca lc ium and  6.0t) raM~liter phospha te ,  Solu t ion  2, 6.20 mM and  8.00 mJl, and  Solu- 
t ion  3, 4.00 mM a nd  15.00 mM, respec t ive ly .  

~) Too low to determine .  
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phate  in excess of that  precipi ta ted at 80 ° F. was not extensive, and occurred 
only at  120 and 140 ° F. The fu r the r  decrease in p H  and in the apparen t  solu- 
bi l i ty products  at higher tempera tm'es  was largely  caused by a change in the 
composition of the precipi tate  (re-solution of phosphate in excess of calcium). 

Since t empera tu re  could affect the dissociation of any weakly dissociated 
acids present  in ultrafi l trate,  a few p i t  measurements  were made at 180 ° F., 
with a Beckman Model G ins t rument  and the recommended Beckman procedure. 
Samples ill which a precipi ta te  formed on heat ing (milk, ul t raf i l t rate  collected 
at  room temperature ,  synthetic serum) decreased in p H  by 0.25 to 0.4 units. 
Samt)les in which no' precipi ta te  formed, i.e., ul trafi l t rate collected at 180 ° F., 
superna tan t  f rom synthetic serum centr i fuged at 180 ° F., and calcium-free 
synthetic serum, increased in p i t  by 0.07 to 0.16 units (average increase, 0.11 
refit) .  

An a t tempt  was also made to utilize the murexide method for  the deternfi- 
nation of caleimn ion (17), to qual i tat ively estimate whether the dissociation 
of ealeim~l ci t rate  increased as tile t empera ture  increased (Table 4). The small 

T A B L E  4 

A p p a r e n t  ca lc ium ion concent ra t ion  of ca lc ium c i t r a t e  solut ion 

O.D. O.D. 515-470 O.D. O.D. 515-470 
Solut ions  515 m~ 4.70 m~ values  ~ [Ca +'] 515 m~ 470 m~ values  ~ [Ca ++] 

80 ° F.  200 ° .F. h 
Stand,qrd 
] r a M / l i t e r  Ca 0.854 0,638 +0.22 1 0.629 0.469 +0.16 1 
2, r a M / l i t e r  Ca 0.796 0.745 +0.05 2 0.638 0.561 -t0.08 2 
3 r a M / l i t e r  Ca 0.782 0.824 --0.04 3 0.629 ~L602 +0.03 3 

Tes t  
10 mM Ca + 

9 mM eit- 
r a t e / l i t e r  0.810 0.699 40.11 1.6 0.653 0.505 +0.15 1.1 

1.6 mM C a / l i t e r  
0 c i t r a t e  0.796 0.699 +0.10 1.6 0.629 0.549 +0.08 2.0 

" Cf. Reference 15. 
~' Murexide  so lu t ions  f ade  a t  200 ° F.,  bu t  r eproduc ib le  resu l t s  were ob ta ined  by  ca re fu l ly  

con t ro l l ing  the h e a t i n g  t imes.  

difference in observed optical density on heat ing indicates an increase in ap- 
paren t  calcium ion in the ci trate-free solution (probably  because heat-induced 
fading was slightly greater  at 515 than at 470 m~),  but a decrease ill the calcium 
(.itrate solution. 

Relat ion of ultra filtrate co mpositio~ to heat  stability.  Since  tile changes in- 
duced by heat occur relat ively rap id ly  (F igure  3), and are progressive with 
increasing t empera tu re  (F igure  4), it is reasonable to a t t empt  to relate the 
effect of heat ing milk to 200 ° F. to its s tabil i ty at higher temperature .  Ultra- 
filtrates were, therefore, p repared  f rom several bulk milks, and f rom a series 
of samples f rom each of four  individual  cows, at  80 and at 200 ° F., and the heat 
s tabil i ty of the same samples was determined at  284 ° F. Two of the cows selected 
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had freshened only a, few days before the first sampling,  whereas the other two 
were near ing  the end of their  lactation period. 

Nolle of the a t t r ibutes  tested at either t empera ture  (Table 5) showed ally 
relation to the heat  stability, and the differences between the 80 and 200 ° F. 
ul trafi l t rates also failed to show ally relation to heat stability. Grouping the 
samples in terms of their  heat s tabil i ty failed to indicate ally relat ion between 
these groups and the composition of the ultrafil trates.  Of par t icular  interest  is 
the observation that  even though the samples received four  or five days af ter  
freshening of the cows had a high calcium ion eontent (19), they were not un- 
stable in comparison to la ter  samples of normal  calcium ion content f rom the 
same cows. 

D I S C U S S I O N  

Most of the results repor ted  in this pape r  were obtained by the analysis of 
ul traf i l t rates  collected f rom hot milk, but  cooled before analysis. Total  calcium 
and phosphate in the ul traf i l t rates  would not, of course, be affected by the change 
ill t empera ture  af ter  filtration, but in te rpre ta t ion  of the p H  and caleimn ion 
reslfits is more difficult. 

The p H  of phosphate buffers passes through a min imum at about 115 ° F., 
but  would be essentially the same at  the two tempera tures  (80 and 200 ° F.)  
used in these studies (1). Similar  data  were not found for  citrate solutions. 
Data  presented in the present  paper  indicate tha t  the p H  of ul traf i l t rates  may  
be about 0.1 unit  higher at  180 ° F. than at  room temperature .  The p H  value 
recorded for  cooled samples of ul t raf i l t ra te  is, therefore,  probably  about 0.1 p t I  
uni t  below tha t  actual ly  developed in the hot milk. 

The only factor  besides p H  likely to affect calcium ion co~leentration dur ing  
cooling appears  to be eitrate~ and Evenhuis  (5) has suggested that  calcium dis- 
sociates to a greater  extent at  high tempera ture .  To the best of the au thors '  
knowledge, there is no evidence for  this suggestion. The da ta  presented herewith 
(m the o'ptieal density of calcium murexide solutions indicate tha t  no increase, 
but possibly a slight decrease, in calcium ion concentrat ion occurs when calcium 
citrate solution is heated (Table 4). Thus, it appears  probable  tha t  the ealeimn 
determined af ter  cooling the ul traf i l t rates  is essentially the same as, or sl ightly 
higher than, that  of the hot milk. 

These considerations lead to the conclusions that  heat  affects the inorganic com- 
position of milk serum to ~ a much greater  extent than  has previously been demon- 
s t rated by analysis of reeooled milks. When  milk is heated to 200 ° F., approxi-  
mate ly  50% of the soluble calcium and 18% of the soluble phosphate  become non- 
ultrafilterable, calcium ion eoncentratio~l decreases by approx imate ly  60%, and 
the acidity ( H  + concentrat ion) increases at  least twofold. On cooling, these 
changes are f rom 75 to 90% reversible. 

Since similar changes were observed when artificial sera and solutions of cal- 
cium phosphate were separated f rom their  precipi tates  at various tempera tures  
(Tables 2 and 3), the p r i m a r y  cause appears  to' be a heat- induced change in the 
solubility and composition of the solid calcium phosphate.  Association and dis- 
sociation of calcimn caseinate and calcium ci trate  probably  modify  the effect of 



T A B L E  5 
Composition and heat  s tabil i ty of raw skimmilks and composit ion of their ultrafi l trates collected at 80 and 2000 F. 

Milk analysis 80 ° Ultrafi l trate analysis  

Date 

Hea t  p H  Ca ++ Total Ca PO~ 
Total  Total  Inorg .  stabil- 

p H  Ca PO,  PO, i ty 80 ° F.  200 ° F. 80 ° ~. 200 ° F.  80 ° F. 200 ° F.  80 ° F. 200 ° F. 
Citrate 
average 

Bulk milks 
Dec. 9, 1957 
Dec. 11, 1957 
Dec. 16, 1957 
Dec. 18, 1957 
Jan .  1, 1958 
Jan .  8, 1958 
Jan.  13, 1958 
Jan.  15, 1958 

Dec. 2, 1957 
Dec. 16, 1957 
Dee. 23, 1957 
Dec. 30, lq57 
J~n. 6, 1958 
Jan .  13, 1958 

Dec. 2, 1957 
Dec. 16, 1957 
Dee. 30, 1957 
Jan .  6, 1958 
Jan.  13, 1958 

Dec. 11, 1957 
Dec. 18, 1957 
Jan .  8, 1958 
Jan .  15, 1958 

Dec. 11, 1957 
Dee. 18, 1957 
Jan .  8, 1958 
Average 

. . . . . .  ( r a M ~ l i t e r )  . . . .  (~ i .~ . )  ( m J l / l i t e r )  
6.47 31.6 39.1 20.7 13.3 6.57 6.03 3.8 1.4 ~.8 5.0 11.7 
6.57 30.0 3(}.9 19.1 10.3 6.72 6.13 3.8 1.3 9.1) 4.9 10.1 
6.63 30.0 29.1 19.9 8.5 6.72 6.26 2.5 1.1 7.6 3.5 10.2 
6.58 25.8 30.2 19.2 9.0 6.73 6.18 2.8 1.2 8.2 4.5 1(}.2 
6.59 25.0 2 ¢.5 18.~i 11.0 6.8(} 6.19 2.6 1.1 8.5 4.4 10.0 
6.62 24.2 27.8 17.8 9.5 6.77 6.26 2.9 1.2 7.7 3.9 9.9 
6.63 24.8 27.2 18.0 11.6 6.77 6.18 2.7 1.0 7.7 3.8 10.5 
6.60 24.8 27.9 19.4 11.9 6.68 6.10 3.0 1.2 8.7 4.3 10.4 

Cow No. 1, freshened November 27, 1957 
0 . 6 4  3O.6 38.1 20.3 8.3 6.72 6.06 4.4 1.6 9.7 5.8 9.3 
6.60 28.2 28.8 18.4 9.1 6.82 6.17 2.6 0.8 6.2 4.1 8.9 
6.60 25.4 29.7 6.5 6.72 6.23 2.6 1.3 8.2 5.6 9.9 
6.57 28.1 27.5 17:8 5.6 6.76 6.26 3.1 1.5 8.6 5.7 9.3 
6.62 24.5 27.5 18.8 6.3 6.82 6.27 2.8 1.3 7.3 4.7 9.8 
6.62 24.4 27.9 1&7 6.0 6.86 6.21 2.7 0.8 8.3 4.¢ 10.6 

Cow No. 2, freshened November  28, 1957 
6.40 30.2 35.5 20.O 6.0 6.54 5.94 5.3 1.8 11.1 6.4 10.2 
6.55 28.6 32.0 19.6 5.3 6.70 6.18 2.7 0.9 9.0 4.5 10.5 
6.60 27.3 28.5 19.5 6.3 6.76 6.26 2.9 1.4 8.8 4.8 10.4 
6.58 26.3 27.1 18.6 5.8 6.80 6.22 3.0 1.4 8.9 5.7 9.2 
6.59 26.7 27.9 18.7 8.1 6.78 6.14 3.0 1.0 10.3 4.5 10.2 

Cow Nc. 3, freshened March 20, 1957 
6.69 31.7 28.0 17.3 5.1 7.00 6.40 3.0 1.2 6.5 3.5 7.0 
6.71 24.0 26.0 1.8.1 3.8 7.12 6.55 2.5 0.8 5.8 3.0 7.2 
6.81 31.0 27.5 ].7.2 3.3 7.16 6.56 2.7 1.1 5.3 2.7 7.7 
6.59 28.2 27.4 17.9 7.1 7.01 (!.44 2.7 1.0 5.3 3.2 6.5 

Cow. No. 4, freshened March 20, 1957 
6.61 26.8 28.4 18.7 5.5 6.79 6.32 2.7 1.0 6.5 3.6 10.6 
6.59 26.0 28.2 20.1 5.0 6.80 6.30 2.4 0.9 7.1 3.9 11.7 
6.60 25.9 30.3 20.2 4.8 6.80 6.30 2.6 1.0 6.6 3.4 11.9 
6.59" 27.3 29.5 18.9 7.4 6.79 ~ 6.21 ~ 3.0 1.2 7.9 4.4 9.4 

10.0 
7.8 
8.0 
8.7 
8.2 
8.5 
8.5 
8.1 

7.1 
6.7 
8.8 
7.7 
8.7 
8.3 

8.1 

7.5 
7.1 
7.8 

5.4 
5.7 
4.7 
5.5 

8.8 
10.3 
10.4 

7.7 

8.8 
8.5 
7.7 
8.7 
8.3 
8.3 
8.1 
8.0 

7.6 
5.6 
8.6 
8.6 
8.4 
8.0 

9.0 
7.9 
9.2 
9.9 
8.8 

6.4 
6.3 
6.0 
5.8 

7.5 
7.8 
7.9 
7.9 

" Average H ÷ concentrat ion reconverted to pH.  
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heat on the composition of the ul trafi t t rate,  but  there is no reason to assmne that  
they p lay  a major  role in determining the extent of the changes. 

On the basis of analyses made on cooled samples, Pyne  and MeHenry  (15) 
concluded that  only a small port ion of the heat-induced decrease in p H  resulted 
f rom precipi ta t ion of calcium phosphate,  aud that  most of the p H  change was 
caused by decomposition of lactose and casein phosphate ester. However,  forma- 
tion of acid f rom these sources would be expected to o'ecur relat ively slowly, 
par t i cu la r ly  at tempera tures  below the boiling point, and probably  accounts for 
only a small pa r t  of the rapid  p H  change demonstra ted by the hot ul t raf i l t ra t ion 
technique. 

Both Evenhuis  (5) and Pyne  and McHenry  (15) have suggested that  calcium 
ion concentrat ion ~ in hot milk should be higher than that  of cold milk:  Evenhuis  
assumed an increased dissociation of calcium citrate with increasing tempera-  
ture, and Pyne  and McHcnry  based their  suggestion on the assumption that  the 
dominant  effect would be that  :induced by increasing acidity. However,  the data 
presented herewith show that  there is a marked  decrease in calcium io~n concen- 
t ra t ion  as milk is heated, and it therefore  appears  that  the dominant  effect is 
the decreased solubility and al tered composition of calcium phosphate.  Explana-  
tions of the heat  coagulation of milk colloids based on an assumed increase in 
calcium ion act ivi ty (5, 6, 15) are, therefore,  unacceptable.  

Analyses of ul trafi l t rates obtained f rom cold and hot milk have not provided 
any indication of the factors  controll ing heat stabili ty,  but  make it appea r  im- 
probable  tha t  changes in the inorganic composition of the serum as the milk is 
heated are a major  factor.  The extent to which calcium combines with casein may 
be impor tant ,  but  the assumption tha t  a constant amount  of inorganic calcium 
is a t tached to' casein (3) is not acceptable if  the calcium ion act ivi ty  and the p i t  

Ca + Mg 
are not  constant,  and Evenhuis '  conclusion (7) that  there is a constant  

P 
rat io in the precipi tate  requires f u r t he r  proof, in view of the known ~ariabil i ty 
of calcium phosphate precipi tates (2, 4) and the observed effect of heat on the 
eompositio'n of the precipi tate  f rom calcimn phosphate  solutions (Table 3). Cal- 
culation of the caseinate calcium is, therefore,  not possible at  present.  

1 Evenhuis (5) uses the term activity but, from the context [e.g., "The calcium ion activity 
of milk was estimate(] by Smeets by the purpurato method" (5) p. 228], it is apparent that 
he uses the term as a syn(mym for concentration. 
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