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I n v e s t i g a t i o n s  e n c o m p a s s i n g  5 to 7 s e r i e s  and  invo lv ing  105 

d i f f e r e n t  s a m p l e s  w e r e  c o n d u c te d  on v a r i o u s  p h y s i c a l ,  c h e m i c a l ,  and  

o r g a n o l e p t i c  p r o p e r t i e s  of h a l f - a n d - h a l f  h o m o g e n i z e d  m i l k  p r o c e s s e d  

u n d e r  v a r i o u s  c o n d i t i o n s .  D a ta  o b ta in e d  i n d i c a t e d  th a t  the  v i s c o s i t y  

a n d  h e a t  s t a b i l i t y  of 10.5 p e r c e n t  h a l f - a n d - h a l f ,  w i th o u t  a d d e d  n o n fa t  

d r y  m i l k  s o l i d s ,  w e r e  s i m i l a r  to th o se  p r e v i o u s l y  r e p o r t e d  f o r  h o m o g ­

e n i z e d  m i l k .

As  the  f a t  p e r c e n t a g e  i n c r e a s e d ,  the  p r o d u c t  b e c a m e  i n c r e a s -  

ing ly  m o r e  s e n s i t i v e  to h o m o g e n i z a t i o n  so f a r  a s  the  r e s u l t a n t  s t a ­

b i l i t y  of the  s a m p l e s  w a s  c o n c e r n e d .

E x t e n s i v e  t r i a l s  s h o w e d  th a t  h a l f - a n d - h a l f  w a s  s t a b l e  in  coffee
)

m a d e  w i th  h a r d ,  tap  w a t e r .  H o w e v e r ,  w h e n  the  coffee  w a s  m a d e  w i th  

d i s t i l l e d  w a t e r ,  the  h a l f - a n d - h a l f  o c c a s i o n a l l y  f e a t h e r e d .  A l th o u g h  the 

a d d i t io n  of n o n fa t  d r y  m i l k  s o l id s  to h a l f - a n d - h a l f  p r o v i d e d  s o m e  

b u f f e r i n g  a c t i o n  a g a i n s t  the  e f f e c t s  of the d e s t a b i l i z i n g  i o n s ,  f o r t i f i ­

c a t i o n  w i th  t h e s e  s o l id s  did  n o t  i m p r o v e  the  s t a b i l i t y  of h a l f - a n d - h a l f  

a g a i n s t  f e a t h e r i n g  in ho t ,  d i s t i l l e d - w a t e r  co f fee .

The r a t e  of m i g r a t i o n  of the  f a t  g lo b u le s  in an e l e c t r i c a l  f i e l d  

i n c r e a s e d  a s  the  r e s u l t  of h o m o g e n i z a t i o n .
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W hen  h o m o g e n i z e d - i n d u c e d  f a t  c l a m p in g  w a s  e v id e n t ,  the  a d d i ­

t io n  of the  e m u l s i f i e r ,  s o r b i t a n  m o n o s t e a r a t e ,  r e d u c e d  the v i s c o s i t y  

an d  i n c r e a s e d  the  h e a t  s t a b i l i t y  of h a l f - a n d - h a l f  and  c r e a m .

The  d r y - w e i g h t  a n a l y s i s  of the  f e a t h e r e d  m a t e r i a l  f r o m  h a l f -  

a n d - h a l f  a n d  c r e a m  i n d i c a t e d  th a t ,  in  a d d i t io n  to 81 to 94 p e r c e n t  

f a t ,  o v e r  40 p e r c e n t  of the  o r i g i n a l  c o l lo id a l  c a s e i n  w a s  p r e s e n t  in 

the  p r e c i p i t a t e .  H o w e v e r ,  only  a s m a l l  p e r c e n t a g e  of the  h e a t -  

c o a g u la b l e  p r o t e i n  f r a c t i o n  w a s  fo u n d  in th is  f e a t h e r e d  m a t e r i a l .

I t  m a y  be  c o n c lu d e d  th a t  h o m o g e n i z a t i o n  of h a l f - a n d - h a l f  

t e s t i n g  10 to 11 p e r c e n t  f a t  d o e s  no t  p r o d u c e  the  i n s t a b i l i t y  a s  h a s  

b e e n  e x p e r i e n c e d  w i th  t a b le  c r e a m .  If f e a t h e r i n g  of h a l f - a n d - h a l f  

does  o c c u r  in  co f fee ,  the  f a c t o r s  w h ic h  sh o u ld  be  c o n s i d e r e d ,  in 

o r d e r  of i m p o r t a n c e ,  a r e :  (1) q u a l i ty  of i n g r e d i e n t s  in  the  h a l f -

a n d -h a l f ;  (2) pH  of the  coffee  b r e w ;  and  (3) p r e s s u r e s  of h o m o g e n i ­

za t io n .
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IN T RO D U C T IO N

H a l f - a n d - h a l f  h o m o g e n i z e d  m i l k ,  a p r o d u c t  t e s t i n g  b e t w e e n  10 

a n d  13 p e r c e n t  f a t  a n d  8 to 10 p e r c e n t  s o l i d s - n o t - f a t ,  w a s  i n t r o d u c e d  

in to  the  S ta te  of M ic h i g a n  in 1952. H a l f - a n d - h a l f  w a s  d e f in e d  by  the  

M i c h i g a n  D e p a r t m e n t  of A g r i c u l t u r e  (1952) a s  T,a h o m o g e n i z e d  p r o d u c t  

r e s u l t i n g  f r o m  c o m b in in g  o r  m ix in g  m i l k  and  c r e a m ,  w i th  o r  w i th o u t  

the  a d d i t io n  of n o n fa t  m i l k  s o l i d s ,  a n d  s h a l l  c o n ta in  n o t  l e s s  th a n  10.0 

p e r c e n t  b u t t e r f a t  a n d  s h a l l  have  a  s p e c i f i c  g r a v i t y  a t  60 d e g r e e s  F a h r e n ­

h e i t  n o t  g r e a t e r  th a n  1.0 3 3 . "

While  t h i s  p r o d u c t  i s  s t i l l  r e l a t i v e l y  n e w  in M ich ig an ,  i t  h a s  

b e e n  d i s t r i b u t e d  in m a n y  o t h e r  s t a t e s  f o r  s o m e  t i m e .  I t  h a s  b e e n  

s o ld  in  t h e s e  a r e a s  u n d e r  su ch  n a m e s  a s  " b r e a k f a s t  c r e a m , "  " c e r e a l  

c r e a m , "  " c e r e a l  t r e a t , "  and  " c e r e a l  m i l k . "  T r a d e  n a m e s  a l s o  c o m ­

m o n ly  a s s o c i a t e d  w i th  t h i s  p r o d u c t  a r e  " M e l - O - R i c h "  and  " T a s t y -  

R i c h "  ( T r o u t  an d  W e i n s t e i n ,  1950).  N e v e r t h e l e s s ,  t h i s  p r o d u c t  w a s  

n o t  r e c o g n i z e d  by  the  U n i te d  S t a t e s  P u b l i c  H e a l th  S e r v i c e  un t i l  1953, 

w h en  i t  w a s  d e f in e d  a s  " a  p r o d u c t  c o n s i s t i n g  of a  m i x t u r e  of m i l k  

and  c r e a m  w h ic h  c o n t a i n s  n o t  l e s s  th a n  11.5 p e r c e n t  f a t . "

The  i m p o r t a n c e  of th i s  p r o d u c t  in the  d a i r y  i n d u s t r y  c an n o t  

be  m i n i m i z e d .  A l th o u g h  on ly  a  f e w  r e p o r t s  a r e  a v a i l a b l e  (C o leb an k ,
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1953; C o l e s ,  1952a, 1952b, 1952c),  th e s e  h ave  e m p h a s i z e d  i t s  i n c r e a s ­

ing i m p o r t a n c e  d a r i n g  the  p a s t  f e w  y e a r s .

A m o n g  the  a d v a n t a g e s  s u g g e s t e d ,  the  ch ie f  one s e e m s  to be  i t s  

p a l a t a b i l i t y . Due to the  l o w e r  b u t t e r f a t  c o n ten t ,  the  p r o d u c t  d o e s  no t  

h ave  too r i c h  a  t a s t e ;  h e n c e ,  m o r e  of the  p u b l ic  s e e m s  to p r e f e r  i t s  

u se  on c e r e a l .  H a l f - a n d - h a l f ,  w hen  p r o p e r l y  p r o c e s s e d ,  a l s o  c o m ­

p e t e s  f a v o r a b l y  w i th  t a b le  c r e a m  so f a r  a s  c o l o r i n g  a b i l i t y  in  coffee  

i s  c o n c e r n e d .  In a d d i t io n ,  m a n y  c r e a m e r y  o p e r a t o r s  f e e l  t h a t  th i s  

p r o d u c t  h a s  m e r i t  in  i t s  l o w e r  c o s t ,  thus  open ing  n ew  f i e l d s  f o r  s e l l ­

ing .  A t  the  s a m e  t i m e ,  the p r o d u c t  c a n  s t i l l  t ake  the p l a c e  of tab le  

c r e a m  s u c c e s s f u l l y .

O n  the  o t h e r  h an d ,  som e  p o s s i b l e  p o t e n t i a l  d i s a d v a n t a g e s  have  

b e e n  m e n t i o n e d .  M any  c r e a m e r y  o p e r a t o r s  f e a r  th a t ,  t h r o u g h  the 

i n t r o d u c t i o n  of h a l f - a n d - h a l f ,  a  d e c l i n e  in  to ta l  b u t t e r f a t  s a l e s  m i g h t  

o c c u r .  T h e s e  o p e r a t o r s  f e e l  a l s o  t h a t  th e y  a r e  m e r e l y  add ing  a  n ew  

p r o d u c t  to t h e i r  a l r e a d y  long  l i s t  of s m a l l  o p e r a t i o n s  in t h e i r  p l a n t s .  

Some c o n s u m e r s  d i s l i k e  t h i s  l o w e r - f a t  p r o d u c t  b e c a u s e  i t  l a c k s  r i c h ­

n e s s  in  t a s t e ,  a n d  d o e s  n o t  c o l o r  the  coffee  in  the  s a m e  m a n n e r  as  

t a b le  c r e a m .

A l th o u g h  h a l f - a n d - h a l f  h a s  b e e n  on the m a r k e t  in  v a r i o u s  a r e a s  

f o r  s o m e  t i m e ,  w h i le  b e in g  i n t r o d u c e d  on ly  r e c e n t l y  in  o t h e r s ,  l i m i t e d



r e s e a r c h  h a s  b e e n  u n d e r t a k e n  in  t h i s  f i e ld .  V o lu m in o u s  s t u d i e s ,  h o w ­

e v e r ,  have  b e e n  c o n d u c t e d  w i th  the  1 8 - p e r c e n t - f a t  p r o d u c t ,  t a b le  c r e a m .  

U n f o r t u n a t e l y ,  the r e s u l t s  o b t a in e d  on the  l a t t e r  p r o d u c t  s o m e t i m e s  

h a v e  b e e n  a p p l i e d  d i r e c t l y  to h a l f - a n d - h a l f .  With  s u c h  a  d i f f e r e n c e  

in  c o m p o s i t i o n  b e t w e e n  the  two p r o d u c t s ,  t h i s  would  c e r t a i n l y  n o t  s e e m  

a d v i s a b l e  in  a l l  c a s e s .

T he  m a n u f a c t u r e  a n d  i n t r o d u c t i o n  of h a l f - a n d - h a l f  h a v e  n o t  b e e n  

w i th o u t  t h e i r  p r o b l e m s ,  one of w h ic h  h a s  b e e n  f e a t h e r i n g  in co f fee .

The  p h y s i c o - c h e m i c a l  p r o p e r t i e s  of th i s  r e a c t i o n ,  a s  a p p l i e d  to a h igh  

s o l i d s - n o t - f a t  to f a t  p r o d u c t ,  s u c h  a s  h a l f - a n d - h a l f ,  have  n o t  b e e n  

s a t i s f a c t o r i l y  e x p l a i n e d .  In a d d i t io n ,  the  in f lu en c e  of v a r i a t i o n s  in 

s p e c i f i c  p r o c e s s i n g  t e c h n i q u e s  a l s o  s e e m e d  to r e q u i r e  f u r t h e r  e x p l o r ­

a t io n .  To tl^ese e n d s  the p r e s e n t  s tu d y  w a s  m a d e .



R EV IE W  O F  L I T E R A T U R E

L i t t l e  a v a i l a b l e  i n f o r m a t i o n  r e g a r d i n g  the  p r o p e r t i e s  of h a l f -  

a n d - h a l f  h o m o g e n i z e d  m i l k  a p p e a r s  in  the  l i t e r a t u r e  a t  th i s  t i m e .  

H o w e v e r ,  e x t e n s i v e  s tu d i e s  h a v e  b e e n  c o n d u c te d  on b o th  the h i g h e r -  

f a t  p r o d u c t ,  t a b le  c r e a m ,  an d  upon r e g u l a r -  and  h i g h - f a t  m i l k s .  The 

g e n e r a l  f in d in g s  of t h e s e  s t u d i e s  w h ic h  m i g h t  p e r t a i n  to h a l f - a n d - h a l f  

h ave  b e e n  in c l u d e d  so t h a t  the  r e v i e w  on the  s u b j e c t  m i g h t  be  a s  

t h o r o u g h  a s  p o s s i b l e .

V i s c o s i t y

D e f i n i t i o n . D a v ie s  (19 39) d e f in e d  the  v i s c o s i t y  of a l iq u id  as

fo l lo w s :

The i n t e r n a l  f r i c t i o n  o r  i t s  r e s i s t a n c e  to s h e a r ,  a g i t a t i o n  
o r  f low ,  m e a s u r a b l e  in a b s o lu t e  u n i t s - - t h e  p o i s e - - w h i c h  m a y  be 
d e f in e d  a s  the f o r c e  r e q u i r e d  to p r o d u c e  a d i f f e r e n c e  in  the v e ­
l o c i t y  of f low  of a l i q u id  1 c m .  p e r  s e c .  w h e n  th i s  f o r c e  is  e x ­
e r t e d  on 1 sq .  c m .  b e t w e e n  two p a r a l l e l  p l a n e s ,  e a c h  1 sq.  c m .  
in  a r e a  and  1 c m .  a p a r t .  The v i s c o s i t y  i s  u s u a l l y  e x p r e s s e d  in  
c e n t i p o i s e s ,  the  s t a n d a r d  b e in g  th a t  of w a t e r  a t  20° C. (= 1.005 
c e n t i p o i s e  s ) .

V i s c o s i ty  of h o m o g e n iz e d  m i l k  a n d c r e a m .  B i sh o p  an d  M u r p h y  

( 1911) c o n d u c t e d  one of the  e a r l i e s t  o r g a n i z e d  i n v e s t i g a t i o n s  on h o m o g ­

e n i z e d  m i l k  and  c r e a m .  U s ing  a g l a s s  p l a t e  h e ld  a t  an a n g le ,  t h e y
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o b s e r v e d  g r e a t e r  v i s c o s i t i e s  in  c r e a m s  h o m o g e n i z e d  a t  140° F .  th an  

a t  70 F .  B a b c o c k  an d  R u s s e l l  (1896) had  p r e v i o u s l y  s u g g e s t e d  th a t  

c a s e i n  e x e r t e d  a  g r e a t e r  in f lu en c e  on c o n s i s t e n c y  than  f a t ,  and ,  in 

m i l k ,  w a s  the  c h ie f  f a c t o r ,  whi le  in c r e a m ,  the  f a t  a s s u m e d  a  m o r e  

i m p o r t a n t  r o l e  b e c a u s e  of i t s  h ig h  p e r c e n t a g e .

D o a n  (19 38) s t a t e d  t h a t  the  v i s c o s i t y  of h o m o g e n i z e d  m i l k  w a s  

h i g h e r  t h a n  u n h o m o g e n i z e d .  T h i s  w a s  a t t r i b u t e d  to the c lu m p in g  p h e ­

n o m e n o n '  (Doan a n d  Swope , 1927),  b u t  i t  w a s  n o te d  th a t  th i s  d id  n o t  

b e c o m e  a p p a r e n t  un t i l  abou t  4 to 6 p e r c e n t  f a t  w a s  p r e s e n t .  Doan 

(1927) f u r t h e r  e x p l a i n e d  t h a t  w hen  f lu i d  m i l k  o r  c r e a m  co n ta in in g  8 

p e r c e n t  o r  m o r e  f a t  w a s  h o m o g e n i z e d  a t  a  p r e s s u r e  of 2,000 to 3,000 

p o u n d s ,  the  g lo b u le s  w e r e  g r e a t l y  r e d u c e d  in  s iz e  and t e n d ed  to c lum p  

t o g e t h e r  w i th  the  c l u m p s  showing  a  t e n d e n c y  to a r r a n g e  t h e m s e l v e s  in  

s u c h  a  f a s h i o n  t h a t  th e y  o c c u p i e d  the g r e a t e s t  p o s s i b l e  s p a c e .  Doan 

(1929a) a d d e d  th a t  t h i s  c lu m p in g  of the  s m a l l  f a t  g lo b u le s  in  h o m o g ­

e n i z e d  m i x t u r e s  w a s  g r e a t l y  s t i m u l a t e d  by  an  i n c r e a s e d  f a t  c o n ten t ,  

an d  a l s o  by  i n c r e a s e d  h o m o g e n i z a t i o n  p r e s s u r e s .

I n v e s t i g a t i n g  the in f lu en c e  of t e m p e r a t u r e  on h o m o g e n i z a t i o n ,  

T r o u t  a n d  S ch e id  (1941) s t a t e d  t h a t  l i t t l e  o r  no d i s p e r s i o n  of the  f a t  

g l o b u l e s  o c c u r r e d  un t i l  the  f a t  a p p r o a c h e d  a l iq u id  s t a t e .  M o r e o v e r ,  

T r o u t ,  H a l l o r a n ,  a n d  G o u ld  (1935) found  th a t  the r e d u c t i o n  in s iz e  of
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the f a t  g l o b u l e s  w a s  g r e a t e r  w hen  the  h o m o g e n i z a t i o n  w a s  done a t  

145° F .  th a n  a t  90° F .  a t  any  g iven  p r e s s u r e  of h o m o g e n iz a t io n .

F r o m  the  r e s u l t s  of s i m i l a r  s t u d i e s ,  W h i t a k e r  an d  H i l k e r  

(1937) i n d i c a t e d  t h a t  no c l u m p in g  of f a t  g lo b u le s  w as  n o te d  in any  of 

the  h o m o g e n i z e d  m i l k s  p r o c e s s e d  a t  90° F .  o r  l e s s ,  w i th  v e r y  s l ig h t  

c l u m p i n g  b e in g  n o t e d  above  100° F .  Doan and  M i n s t e r  (1933) o b ­

t a i n e d  the  g r e a t e s t  d e g r e e  of f a t  c lu m p in g  in  v e r y - h i g h - f a t  h o m o g e n ­

i z e d  m i l k ,  w h e n  the  s a m p l e  w a s  p r e h e a t e d  a t  145° F .  a n d  p r o c e s s e d  

a t  100° F .  o r  l o w e r .  T h i s  l e d  to the  c o n c l u s i o n  th a t ,  in  g e n e r a l ,  the 

g r e a t e r  the  d r o p  i n  t e m p e r a t u r e  b e t w e e n  p r e h e a t i n g  a n d  h o m o g e n iz in g ,  

the  g r e a t e r  w a s  the c l u m p in g  t e n d e n c y .  H o w e v e r ,  when the  p r e h e a t ­

ing and  h o m o g e n i z i n g  t e m p e r a t u r e s  w e r e  i n c r e a s e d  to 180° F . ,  no 

f a t  c l u m p i n g  w a s  found  in the s a m p l e s  c o n ta in in g  up to 10 p e r c e n t  

f a t .

D o a n  (1929a) ,  in  s tu d y in g  the  e f f e c t  of p l a s m a  so l id s  in c l u m p ­

ing ,  p o s t u l a t e d  t h a t  a l i m i t i n g  f a c t o r  in  the  f a t  c lu m p in g  p h e n o m e n o n  

w a s  the  r a t i o  of the  a m o u n t  of p l a s m a  so l id s  to the  a m o u n t  of f a t  in 

the  m i x t u r e s  p r o c e s s e d .  A c r i t i c a l  r a t i o  w a s  s u g g e s t e d  above  w h ich  

no c lu m p in g  w a s  o b ta in e d ,  b u t  b e lo w  w h ic h  c lu m p in g  w a s  e v i d e n t  o r  

e v e n  p r o n o u n c e d .
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T r o u t  an d  W e i n s t e i n  (1952) n o t e d  th a t  s i n g l e - s t a g e  h o m o g e n i z a ­

t io n  i n d u c e d  v a r y i n g  d e g r e e s  of f a t  c lu m p in g  w hen  the  f a t  w a s  10 p e r ­

c e n t  o r  m o r e ,  a n d  t h a t  a p r o n o u n c e d  i n c r e a s e  in  v i s c o s i t y  w a s  p r e s e n t  

a f t e r  48 h o u r s  of s t o r a g e  a t  40° F .  W ith  t w o - s t a g e  h o m o g e n i z a t i o n ,  

h o w e v e r ,  f a t  c l u m p in g  w a s  r e d u c e d  to a  m i n i m u m  and  v e r y  l i t t l e  

c h an g e  in  v i s c o s i t y  o c c u r r e d  a f t e r  the s a m e  l e n g th  of s t o r a g e .  Doan 

(1931a) a l s o  p o i n t e d  ou t  t h a t ,  w h i le  dua l  h o m o g e n i z a t i o n  m a d e  i t  p o s ­

s ib le  to u se  a  m u c h  h i g h e r  to t a l  p r e s s u r e ,  th u s  i n c r e a s i n g  the  e f f i ­

c i e n c y  of h o m o g e n i z a t i o n ,  i t  a l s o  r e d u c e d  the v i s c o s i t y .

F a c t o r s  A f fe c t in g  the S ta b i l i t y  of M ilk  and  C r e a m

I n t r o d u c t i o n . The  v a r i a b i l i t y  of m i l k  t o w a r d s  h e a t  c o a g u la t i o n  

w a s  n o t e d  b y  H o lm ,  W ebb ,  a n d  D e y s h e r  (1932).  F r o m  an  i n v e s t i g a ­

t ion  of m i l k  f r o m  in d iv id u a l  c o w s  d u r in g  t h e i r  l a c t a t i o n  p e r i o d s ,  wide 

v a r i a t i o n  w as  o b s e r v e d .  T h e s e  a u t h o r s  e m p h a s i z e d  th a t  a wide  d i f ­

f e r e n c e  e x i s t e d  in the p r o p e r t i e s  of m i l k  a s  i n d i c a t e d  by  the l a c k  of 

c o r r e l a t i o n  in  t h e i r  d a t a .  Cole  an d  T a r a s s u k  (1946) r e p o r t e d  m u c h  

the  s a m e  r e s u l t s .  T h e y  found  c o n s i d e r a b l e  v a r i a t i o n  b e t w e e n  the 

s a m p l e s  of c o w s '  m i l k  so f a r  a s  c o a g u la t io n  t i m e  a t  a  g iv e n  t e m p e r a ­

t u r e  w a s  c o n c e r n e d .
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H o m o g e n i z a t i o n . W h i t t i e r  and  Webb (1950) s u g g e s t e d  t h a t  the 

h e a t  s t a b i l i t y  of m i l k  an d  c r e a m  w a s  a f f e c t e d  by  the  t e m p e r a t u r e ,  

p r e s s u r e  of h o m o g e n i z a t i o n ,  a n d  by  the f a t  and  s o l i d s - n o t - f a t  co n ten t .

A. r e p o r t  by  Doan  (1929a) n o t e d  th a t  p r o t e i n  s t a b i l i t y  in h o m o g ­

e n i z e d  m i x t u r e s  d e c r e a s e d  w i th  i n c r e a s i n g  p r e s s u r e s  of h o m o g e n i z a ­

t ion .  He a d d e d  th a t  the  f a t - c l u m p i n g  t e n d e n c y  w a s  found  to p a r a l l e l  

v e r y  c l o s e l y  the  s t a b i l i t y  of the  p r o t e i n s ,  w i th  a d e c r e a s e  b e in g  n o te d  

a s  the  c lu m p i n g  i n c r e a s e d .  T h i s  w a s  v e r i f i e d  by  a  s u b s e q u e n t  r e p o r t  

of D o a n  (1931a) ,  w hen  he c o n c lu d e d  th a t  the  d e g r e e  of f a t  c lu m p in g  

in n o r m a l ,  s w e e t ,  h o m o g e n i z e d  c r e a m  w a s  p r o b a b l y  the  m o s t  i m p o r ­

t a n t  s in g le  f a c t o r  a f f e c t in g  the  s t a b i l i t y  of the  c r e a m  t o w a r d s  h e a t .

W ebb  (1931) e x p l a i n e d  t h a t  c o a g u la t i o n  of s u c h  a  h y d r o p h i l i c  

c o l lo id  a s  c a s e i n  d e p e n d e d  upon the  d e s t r u c t i o n  of i t s  w a t e r - h o l d i n g  

c a p a c i t y  a n d  upon the f l o c c u l a t i o n  of the d e n a t u r e d  p a r t i c l e s .  Us ing  

a c r y o s c o p e  to d e t e r m i n e  b o u n d  w a t e r ,  P y e n s o n  a n d  D ah le  (1938) 

s h o w e d  th a t  h o m o g e n i z a t i o n  of ice  c r e a m  m i x e s ,  w i th  one p r e s s u r e ,  

p r o d u c e d  an  i n c r e a s e  in  v i s c o s i t y ,  b u t  d e c r e a s e d  the b o u n d - w a t e r  

c o n te n t .  Dual h o m o g e n i z a t i o n ,  th e y  p o in t e d  out,  i n c r e a s e d  b o th  b o u n d  

w a t e r  a n d  v i s c o s i t y .

An e n d o t h e r m i c  r e a c t i o n  w as  shown by  L e i g h t o n  and  Mudge 

(1923) to have  a c c o m p a n i e d  the  c o a g u la t i o n  of c a s e i n  of m i l k ,  w hen
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th i s  c o a g u l a t i o n  w a s  b r o u g h t  ab o u t  by  h e a t .  Th is  p h e n o m e n o n  w a s  

a t t r i b u t e d  to the  p r e c i p i t a t i o n  of c a l c i u m  a n d  m a g n e s i u m  a s  c i t r a t e s  

an d  p h o s p h a t e s .

H o w e v e r ,  t e s t s  c o n d u c te d  b y  S u l l a m  (1942) w i th  a l c o h o l ,  a c e ­

to n e ,  an d  n e u t r a l  s a l t s  i n d i c a t e d  th a t  h o m o g e n i z a t i o n  i n c r e a s e d  the 

s t a b i l i t y  of m i l k .

S o l i d s - n o t - f a t . The s o l i d s - n o t - f a t  a p p a r e n t l y  p l a y  an i m p o r ­

t a n t  r o l e  in  the  h e a t  s t a b i l i t y  of m i l k  a n d  c r e a m .  D oan  and  M i n s t e r  

(1930) r e p o r t e d  th a t ,  u n d e r  s o m e  c o n d i t io n s ,  a d d ed  s o l id s  i n c r e a s e d  

the s t a b i l i t y  of c r e a m  a s  c o m p a r e d  w i th  the  p r o d u c t  h o m o g e n i z e d  a t  

a n o r m a l  s o l id s  c o n te n t .  H o w e v e r ,  Webb (1931) s t a t e d  t h a t  an  i n ­

c r e a s e  in  the  c o n c e n t r a t i o n  of m i l k - s o l i d s - n o t - f a t  g r e a t l y  d e c r e a s e d  

the c o a g u l a t i o n  t i m e ,  e x p r e s s e d  as  h e a t  s t a b i l i t y ,  of b o th  the u n ­

t r e a t e d  and  h o m o g e n i z e d  c r e a m s .  The c o n c l u s i o n  w as  d r a w n  f r o m  

th i s  i n v e s t i g a t i o n  t h a t  a s  the s o l i d s  c o n te n t  i n c r e a s e d ,  the s t a b i l i t y  

of the h o m o g e n i z e d  s a m p l e  t e n d e d  to a p p r o a c h  th a t  of the  u n t r e a t e d  

c r e a m .  F u r t h e r m o r e ,  D o a n  (1931a) c a u t i o n e d  a g a i n s t  u s in g  e x c e s s i v e  

a m o u n t s  of c o n d e n s e d  s k i m m i l k  o r  s k i m m i l k  p o w d e r ,  a s  t h i s  cou ld  

c a u s e  a l o s s  of s t a b i l i t y .
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P r o c e s s ing  t e m p e r a t u r e s .  W h i t t i e r  and  Webb (1950) f e l t  t h a t  

the a c t u a l  t e m p e r a t u r e  of h o m o g e n i z a t i o n  w a s  m o r e  i m p o r t a n t  than  

the  p r e h o m o g e n i z a t i o n  h e a t  t r e a t m e n t  w hen  n o n c o n c e n t r a t e d ,  h i g h - f a t  

p r o d u c t s  w e r e  u s e d .

T r o u t ,  H a l l o r a n ,  a n d  G ou ld  (1935) r e p o r t e d  th a t ,  whi le  h o m o g ­

e n i z a t i o n  d e c r e a s e d  the  p r o t e i n  s t a b i l i t y  of m i l k  t o w a r d  a l c o h o l ,  the  

m i l k  p a s t e u r i z e d  b e f o r e  h o m o g e n i z a t i o n  w a s  c o n s i d e r a b l y  m o r e  s tab l e  

to a l c o h o l  th a n  h o m o g e n i z e d  r a w  m i l k .

D oan  (1929b) a t t r i b u t e d  th i s  h e a t i n g  e f f e c t  p o s s i b l y  to the 

r e d u c e d  a m o u n t  of so lub le  c a l c i u m ,  thus  m a k in g  the p r o t e i n  m o r e  

s t a b l e  to the  e f f e c t  of h o m o g e n i z a t i o n .  W o rk in g  w i th  h o m o g e n i z e d  

m i l k s  r a n g i n g  f r o m  0 to 10 p e r c e n t ,  D oan  and  M i n s t e r  (1931) found  

th a t  a  h ig h  p r e h e a t i n g  t e m p e r a t u r e  t e n d e d  to in h ib i t  o r  l i m i t  f a t  

c lu m p in g  w h ic h  c o n s e q u e n t l y  r e d u c e d  the  l o s s  of s t a b i l i t y  upon 

h o m o g e n i z a t i o n .  T h i s ,  th ey  c o n t in u e d ,  w o u ld  n o t  e l i m i n a t e  f a t  c l u m p ­

ing in  any  of the  m i x t u r e s  c o n ta in in g  o v e r  7 p e r c e n t  fa t ,  if the  m i x ­

t u r e  w a s  s u b s e q u e n t l y  p r o c e s s e d  a t  the  lo w  t e m p e r a t u r e  of 100° to 

120° F .  T h i s  i n d i c a t e d  to t h e s e  i n v e s t i g a t o r s  t h a t  the  p r e c i p i t a t i o n  

of c a l c i u m  io n s  w a s  p r o b a b l y  n o t  a s  i m p o r t a n t  a s  h ad  b e e n  though t .

Webb a n d  H o lm  (1928) s u g g e s t e d  th a t  the m a x i m u m  h e a t  s t a ­

b i l i t y  f o r  a n y  p e r c e n t a g e  of b u t t e r f a t  a s  h ig h  a s  30 p e r c e n t  co u ld  be
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a t t a i n e d  by  h a v in g  c r e a m  p r e h e a t e d  to 80° C . ,  w i th  the  e x c e p t io n  of 

t h o s e  w i th  low  f a t  c o n te n t  and  low  h o m o g e n iz in g  p r e s s u r e s ,  w h e r e  

90° C, s l i g h t ly  i n c r e a s e d  the  s t a b i l i ty .

In g e n e r a l ,  D o a n  (1931a) though t  t h a t  c r e a m  shou ld  n o t  be 

h o m o g e n i z e d  a t  a  t e m p e r a t u r e  l o w e r  than  t h a t  a t  w h ic h  i t  w a s  p r e ­

h e a t e d  u n l e s s  t h i s  w a s  170° F .  (7 6.6° C .) f o r  30 m i n u t e s ,  o r  180° F .  

(82.2° C.) f l a s h .  In o r d e r  t h a t  the  h e a t  s t a b i l i t i e s  of c r e a m s  c o n t a i n ­

ing m o r e  th a n  15 p e r c e n t  f a t  be  i n c r e a s e d ,  Webb (1931) s t a t e d  t h a t  

double  h o m o g e n i z a t i o n  a t  80° C.  (176° F .), w i th  the  s e c o n d  s tage  in 

the v i c in i ty  of 500 p o u n d s ,  w ou ld  be b e n e f i c i a l .  T h e s e  r e s u l t s  w e r e  

v e r i f i e d  b y  the  w o r k  of W h i t t i e r  a n d  Webb (1950),  who c o n te n d e d  th a t  

if the  c r e a m s  w e r e  h e a t e d  to the  o p t i m u m  h o m o g e n iz in g  t e m p e r a t u r e ,  

176° F . ,  a n d  then  c o o le d  and  h o m o g e n i z e d  a t  a  l o w e r  t e m p e r a t u r e ,  

s u c h  a s  140° F . ,  t h e i r  h e a t  s t a b i l i t i e s  w ou ld  be  a l m o s t  a s  low  as  if 

b o th  h e a t i n g  and  h o m o g e n iz in g  w e r e  done a t  140° F .

The  r e s u l t s  of P y e n s o n  and  Dahle  (1938) i n d i c a t e d  th a t  the 

h e a t i n g  of m i l k  to h ig h  t e m p e r a t u r e s  d e c r e a s e d  the b o u n d - w a t e r  

c o n te n t ,  b u t  i n c r e a s e d  the s t a b i l i t y ' t o w a r d s  a l c o h o l .
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E f f e c t  of S a l t s  on S ta b i l i t y  of M i lk  and  C r e a m

S ta te  of c o m p o n e n t s in  m i l k . R o g e r s  (1935) r e p o r t e d  th a t  

c a s e i n  w a s  e n t i r e l y  in  s u s p e n s i o n .  T h i s  a u t h o r  p o in t e d  out,  h o w e v e r ,  

t h a t  w h e t h e r  c a s e i n  e x i s t e d  in c o m b i n a t i o n  w i th  c a l c i u m  a lo n e ,  w i th  

c a l c i u m  p h o s p h a t e ,  w h e t h e r  the  a g g r e g a t e  w as  a  c o m b i n a t i o n  of c a l ­

c i u m  c a s e i n a t e  w i th  c a l c i u m  p h o s p h a t e ,  o r  w h e t h e r  s o d iu m  w a s  in -  ' 

vo lved ,  w a s  a  q u e s t i o n  s t i l l  in  doub t  a t  th a t  t i m e .

In  an  e a r l y  s tu d y ,  Van Slyke and  B o s w o r t h  (1914) s t a t e d  th a t  

the  p r o t e i n  c o m b i n e d  w i th  c a l c i u m  a m o u n t e d  to 3.20 p e r c e n t .  In 

1915, t h e s e  s a m e  i n v e s t i g a t o r s  n o t e d  t h a t  the b e l i e f  a t  t h a t  t im e  

s u g g e s t e d  t h a t  m i l k  c a s e i n  w a s  c o m b i n e d  w i th  c a l c i u m  (abou t  1.07 

p e r c e n t )  , w h ic h  f o r m e d  a c a l c i u m  c a s e i n a t e  s a l t ,  a n d  in  add i t io n ,  

the  c a s e i n  w a s  b e l i e v e d  to be c h e m i c a l l y  c o m b i n e d  d i r e c t l y  w i th  

c a l c i u m  p h o s p h a te  a n d  th a t  th i s  p r o t e i n  w a s  a  double  c o m p o u n d  of 

c a l c i u m  c a s e i n a t e  c o m b i n e d  w i th  c a l c i u m  p h o s p h a t e .

T h i s  c a l c i u m  c a s e i n a t e - c a l c i u m  p h o s p h a te  c o m p l e x  w as  i s o ­

l a t e d  f r o m  m i l k  by  R a m s d e l l  a n d  W h i t t i e r  (1944),  t h r o u g h  the  use  of 

an  u l t r a c e n t r i f u g e .  On th i s  b a s i s ,  the c o m p l e x  w as  fo u n d  to c o n ta in  

4.80 p e r c e n t  t r i c a l c i u m  p h o s p h a t e  an d  95.20 p e r c e n t  c a l c i u m  c a s e i n a t e .  

The  c a l c i u m  c a s e i n a t e  f r a c t i o n  of the  c o m p l e x  w a s  r e p o r t e d  to c o n ­

t a in  1.18 p e r c e n t  c a l c i u m .
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P r e v i o u s l y ,  P y n e  (1932) h a d  s u g g e s t e d  th a t  c a l c i u m  c a s e i n o g e -  

n a t e  an d  the  c o l l o i d a l  p h o s p h a te  of m i l k  e x i s t e d  in  s o m e  f o r m  of 

c h e m i c a l  c o m b i n a t i o n .  S u b s e q u e n t  r e s u l t s  of P y n e  (1934) show ed  th a t  

t h i s  doub le  s a l t  c o n s i s t e d  of c a l c i u m  c a s e i n o g e n a t e  and  t r i c a l c i u m  

p h o s p h a t e .  T e r  H o r s t  (1947) a d d e d  th a t  the  c a l c i u m  c o m b i n e d  w i th  

the p h o s p h a t e  in  m i l k  w a s  in  a  q u a n t i ty  e x c e e d in g  the s o lu b i l i ty  

p r o d u c t  of t r i c a l c i u m  p h o s p h a t e .

V a n  d e r  B u r g  (1947) p o s t u l a t e d  th a t  th i s  c a l c i u m  c a s e i n a t e  

k e p t  in so lu t io n  an  a m o u n t  of c o l lo id a l  c a l c i u m  and  p h o s p h a te  w i th  

the m o l e c u l a r  r a t i o  of th i s  c a l c i u m  and  p h o s p h a te  v a r y i n g ,  be ing  

abou t  1 to 50 on  the  a v e r a g e .  I t  w a s  a l s o  b e l i e v e d  th a t  the  c a l c i u m ,  

u n i t e d  w i th  the o r g a n i c  p h o s p h a t e  of the  c a s e i n ,  f o r m e d  the c a l c i u m  

c a s e i n a t e .

R e c e n t l y ,  H a u r o w i t z  (1950) r e p o r t e d  th a t  p r o t e i n s  c o m b i n e d  

p a r t i c u l a r l y  w i th  c a l c i u m ,  m a g n e s i u m ,  p h o s p h a t e ,  a n d  b i c a r b o n a t e  

ions  a n d  the  l in k a g e  th e y  f o r m e d  w as  so s t a b l e  t h a t  the io n s  w e r e  

r e m o v e d  n e i t h e r  b y  d i a l y s i s  n o r  b y  e l e c t r o p h o r e s i s ,  a l th o u g h  they  

co u ld  be p o s s i b l y  r e m o v e d  by  e l e c t r o d i a l y s i s .  In a d d i t io n ,  th is  

a u t h o r  e x p l a i n e d  t h a t  the  s t a b i l i t y  of the bon d  f o r m e d  w a s  due to the  

h igh  e l e c t r o s t a t i c  a t t r a c t i o n  of the  b i v a l e n t  i n o r g a n i c  i o n s ,  w h e r e a s  

u n i v a l e n t  io n s  w e r e  l e s s  f i r m l y  bound .  H e n c e ,  i t  w a s  r e a s o n e d  th a t
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the  c a t i o n s  w e r e  a t t r a c t e d  to the n e g a t i v e l y  c h a r g e d  c a r b o x y l  g r o u p s ,  

w h i le  the  a n io n s  w e r e  b o u n d  to the p o s i t i v e l y  c h a r g e d  g ro u p  of the  

p r o t e i n .  Van d e r  B u r g  (1947) a d d e d  th a t  the  p o s i t i v e  a m in o  g ro u p  

of l y s i n e  took  p a r t  in the b in d in g  of the n e g a t iv e  p h o s p h a t e  g r o u p s ;  

c o n s e q u e n t l y  o n ly  the  n e g a t i v e  c a r b o x y l  g r o u p s  w e r e  l e f t  f o r  the  c o l ­

l o id a l  c a l c i u m .

E a r l y  i n v e s t i g a t i o n s  by  Van Slyke  a n d  B o s w o r t h  (1916) s u g ­

g e s t e d  th a t  the  i n s o lu b le  c a l c i u m  in  f r e s h  m i l k  w as  in  c o m b i n a t i o n

w i th  p h o s p h o r i c  a c i d  a s  C a H P O , an d  w i th  c a s e i n  a s  C a ,  c a s e i n a t e .4 4

L i n g  (1936) r e p o r t e d  t h a t  i t  w as  g e n e r a l l y  a g r e e d  th a t  the  m a j o r  p a r t  

of the c o l lo id a l  i n o r g a n i c  p h a s e  c o n s i s t e d  of c a l c i u m  p h o s p h a t e ,  b u t  

he  n o t e d  t h a t  o p in io n s  w e r e  d iv id ed  a s  to w h e t h e r  i t  w a s  the  d i -  o r  

t r i c a l c i u m  p h o s p h a t e .  The r e s u l t s  of h i s  i n v e s t i g a t i o n s  s h o w e d  th a t  

t r i c a l c i u m  p h o s p h a te  a c c o u n t e d  f o r  a l m o s t  a l l  the c o l lo id a l  i n o r g a n i c  

p h o s p h a t e  of m i l k .  P y n e  a n d  R y a n  (1950) c o n c u r r e d  b y  s t a t i n g  th a t  

ab o u t  88 p e r c e n t  of the  c o l lo id a l  p h o s p h a te  a p p e a r e d  to be t r i c a l c i u m  

p h o s p h a t e  w i th  the  r e m a i n d e r  th o u g h t  to be in  the  d i c a l c i c  f o r m .

A s  L e i g h t o n  and  D e y s h e r  (1923) n o te d ,  the  c a l c i u m  and  m a g ­

n e s i u m  w e r e  p r o b a b l y  p r e s e n t  in  m i l k  in c o m b i n a t i o n  w i th  p r o t e i n s ,  

a s  i o n s ,  o r  in  u n - i o n i z e d  m o l e c u l e s  and  in an in s o lu b le  f o r m .  S e e k l e s  

(undated) p i c t u r e d  the  p r e s e n c e  of c a l c i u m  in  m i l k  a s  fo l low s :
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Ca++

S e e k l e s  and  S m e e t s  (1947) e x p l a i n e d  the  p r e s e n c e  of c a l c i u m

o n  the  b a s i s  of i t s  u l t r a f i l t e  r a b i l i t y ;  t h a t  i s ,  an  e q u i l i b r i u m  e x i s t e d

b e t w e e n  (1) u l t r a f i l t e r a b l e  c a l c i u m  b o u n d  to p r o t e i n ,  (2) u l t r a f i l t e r a b l e  

c a l c i u m  i o n s ,  and  (3) c a l c i u m  bound  to u l t r a f i l t e  r a b l e  o r g a n i c  and  

i n o r g a n i c  c o m p l e x e s  s u c h  a s  c i t r a t e s  and  p h o s p h a t e s .

N o r d b o  (1939) c a l c u l a t e d  th a t  on ly  ab o u t  20 p e r c e n t  of the c a l ­

c i u m  w a s  p r e s e n t  in  ion ic  f o r m .  As  f o r  m a g n e s i u m ,  i t  w a s  r e p o r t e d  

t h a t  a  t o t a l  of 0 .4  to 0 .5  m M .  of m a g n e s i u m  ions  w e r e  p r e s e n t  in 

the  u l t r a f i l t r a t e s  of f r e s h  m a r k e t  m i lk ,  w h i le  the  to t a l  d i f fu sab le  

m a g n e s i u m  a m o u n t e d  to ab o u t  2.5 m M .  p e r  l i t e r .

The s t a t e  of c a l c i u m  in  m i l k  w a s  r e p r e s e n t e d  by  L in g  (1937)

to be a p p r o x i m a t e l y  a s  fo l lows :

to ta l  c a l c i u m
I---------------------   1

s o lu b le  (1 /3) c o l lo id a l  (2/3)

c a l c i u m  a s  c a s e i n o g e n
Ca P  O (4 /9) c a l c i u m  (2/9)

3 Z o
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E ff e c t  of h e a t i n g  on  s t a t e  of c o m p o n e n t s . W hen  s k i m  m i l k  w as  

h e a t e d  to 62° ,  7 7 ° ,  and  100° C. f o r  30 m i n u t e s ,  and  to 100° F .  f o r  

30, 60, and  90 m i n u t e s ,  H a r m o n  a n d  S l a t t e r  (1950) s h o w e d  t h a t  in  a l l  

c a s e s  the  r a t e  of d i f fu s io n  of the  c a l c i u m ,  p h o s p h o r u s ,  a n d  m a g n e s i u m  

w a s  d e c r e a s e d  m a r k e d l y ,  w h e r e a s  the c i t r i c  a c i d  w a s  a p p a r e n t l y  u n ­

a f f e c t e d .  T h e s e  r e s u l t s  s u b s t a n t i a l l y  a g r e e d  w i th  t h o s e  of B e l l  (1925),  

who h a d  p r e v i o u s l y  r e p o r t e d  th a t ,  w i th  an  i n c r e a s e  in t e m p e r a t u r e ,  

t h e r e  w a s  a  c o r r e s p o n d i n g  l o s s  of the  s o lu b le  c a l c i u m  an d  p h o s p h o r u s  

c o n t e n t  of s k i m m i l k .  He n o te d  a l s o  t h a t  w h e n  the t e m p e r a t u r e  of 170° 

F .  w a s  r e a c h e d ,  no m e a s u r a b l e  a m o u n t s  of t h e s e  s u b s t a n c e s  w e r e  r e ­

m o v e d  f r o m  s o lu t io n .

V e r m a  a n d  S o m m e r  (1950) found  a d e c r e a s e  in the a m o u n t  of 

so lub le  c a l c i u m  a f t e r  p a s t e u r i z a t i o n ,  b u t  t h i s  t e n d e d  to  c o m e  to n o r ­

m a l  on c o o l  a g in g ,  and  a t  the e n d  of 24 h o u r s  of s t o r a g e  a t  45° F . ,  

the  a m o u n t  of so lu b le  c a l c i u m  in  m i l k  w a s  h i g h e r  th an  t h a t  c o n t a i n e d  

in  r a w  m i l k .  S i m i l a r  r e s u l t s  w e r e  n o t e d  by  H i l g e m a n  an d  J e n n e s s  

(1951),  who ,  w h e n  u s in g  a  h e a t  t r e a t m e n t  of 80° C. f o r  30 m i n u t e s ,  

r e p o r t e d  a 12 to 18 p e r c e n t  d e c r e a s e  in the  d i s s o l v e d  c a l c i u m  and  

i n o r g a n i c  p h o s p h o r u s  of s k i m m i l k .  A s low r e v e r s a l  of the  e f f e c t  

w a s  show n to o c c u r  on cool s t o r a g e .
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Van d e r  B u r g  (1947) e x p l a i n e d  th a t  by  h e a t in g  m i l k  the  c o l lo id a l  

c a l c i u m  a n d  p h o s p h a t e  w e r e  s p l i t  off f r o m  the c a s e i n .  In w hey  s e r u m  

t h e s e  s a l t s  w e r e  p r e c i p i t a t e d  a s  t r i c a l c i u m  p h o s p h a t e .  T h i s  i n v e s t i ­

g a t o r  a l s o  s u g g e s t e d  t h a t  u n d e r  th e s e  c o n d i t i o n s ,  th e y  w e r e  r e a d s o r b e d  

b y  the  c a s e i n .

A s  e a r l y  a s  1918, S o m m e r  an d  H a r t  (1918) sh o w ed  th a t  c i t r i c  

a c i d  w a s  no t  d e s t r o y e d  on the  h e a t i n g  of m i l k ,  e v e n  in  an  a u to c l a v e  

a t  15 p o u n d s  p r e s s u r e  f o r  one h o u r .  H e n c e ,  i t  w a s  c o n c lu d e d  th a t  

t h e  c i t r i c  a c i d  s a l t s  w e r e  no t  c o n v e r t e d  to the  in s o lu b le  t r i c a l c i u m  

c i t r a t e  on  h e a t i n g .

E f f e c t  of s a l t  b a l a n c e . Som e of the f i r s t  s ig n i f i c a n t  i n v e s t i g a ­

t ions  c o n c e r n i n g  the  s a l t  b a l a n c e  in  d a i r y  p r o d u c t s  w e r e  a c c o m p l i s h e d  

by  S o m m e r .  T h i s  i n v e s t i g a t o r  (1929a) c o n s i d e r e d  the m a i n  f a c t o r  in  

the  a l c o h o l  c o a g u l a t i o n  t e s t  w i th  m i l k  to be  the  s a l t  b a l a n c e ;  t h a t  i s ,  

the  a m o u n t  of c a l c i u m  a n d  m a g n e s i u m  s a l t s  in  the  m i l k ,  a s  o p p o s e d  

to the  a m o u n t  of c i t r a t e s  a n d  p h o s p h a t e s .  E a r l i e r ,  S o m m e r  an d  H a r t  

(1919) h a d  e x p l a i n e d  t h a t  c a s e i n  a p p a r e n t l y  r e q u i r e d  an  o p t i m u m  c a l ­

c i u m  c o n t e n t  f o r  i t s  m a x i m u m  s t a b i l i t y ,  and ,  in ad d i t io n ,  the  c a l c i u m  

d i s t r i b u t e d  i t s e l f  c h ie f ly  to the  c i t r a t e s  and  p h o s p h a t e s .  H e n c e ,  th ey  

p o s t u l a t e d  t h a t  if m i l k  w e r e  h ig h  in  c i t r a t e s  and  p h o s p h a t e s ,  m o r e  

c a l c i u m  w a s  n e c e s s a r y  in o r d e r  t h a t  c a s e i n  co u ld  r e t a i n  i t s  o p t i m u m
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c a l c i u m  c o n te n t .  In a d d i t io n ,  th e y  f e l t  t h a t  if  m i l k  w as  h ig h  in  c a l ­

c i u m ,  t h e r e  p o s s i b l y  w o u ld  n o t  be en o u g h  c i t r a t e s  and  p h o s p h a t e s  to 

c o m p e t e  w i th  the c a s e i n  in  o r d e r  to l o w e r  the  c a l c i u m  to the  o p t i m u m .  

The  fu n c t io n  of m a g n e s i u m  w a s  e x p l a i n e d  a s  a r e p l a c e m e n t  of c a l c i u m  

in  the  c i t r a t e s  and  p h o s p h a t e s .

Webb a n d  H o lm  (1932) c o n s i d e r e d  m i l k  to have  a  c e r t a i n  c r i t ­

i c a l  s a l t  c o n c e n t r a t i o n ,  b e y o n d  w h ic h  r a p i d  s e n s i t i z a t i o n  of the sol  to 

h e a t  o c c u r r e d .  T h e y  u n d e r s t o o d  t h a t  the  va lue  of the  c r i t i c a l  s a l t  

b a l a n c e  d e p e n d e d  on the  s o l i d s  c o n te n t  of m i l k  and  the  p r e c i p i t a t i n g  

ion .  The  a c t i o n  of a d d e d  c a l c i u m  w a s  n o t  c o n s i d e r e d  to be the  r e s u l t  

of c a l c i u m  i t s e l f ,  b u t  r a t h e r  t h a t  of the p o s i t i v e  c h a r g e  i t  c a r r i e d .  

F r o m  t h e i r  r e s u l t s  i t  w a s  c o n c lu d e d  t h a t  the  c r i t e r i o n  f o r  m a x i m u m  

s t a b i l i t y  w a s  a c r i t i c a l  b a l a n c e  of s t r o n g l y  p o s i t i v e  c a t i o n s  a s  o p p o s e d  

to the  a c t i o n  of h e a v y  a n i o n s .

D oan  (1929b) i n d i c a t e d  t h a t  the  c a l c i u m  ion  c o n c e n t r a t i o n ,  o r  

a m o u n t  of so lu b le  c a l c i u m ,  w a s  a p r i m e  f a c t o r  w h ic h  a f f e c t e d  b o th  

f a t  c lu m p in g  a n d  p r o t e i n  s t a b i l i t y .  F o r  s t a b i l i z a t i o n  p u r p o s e s ,  Doan 

(1929b) sh o w e d  t h a t  a d d i t i o n s  of s o d i u m  c i t r a t e ,  d i s o d iu m  p h o s p h a t e ,  

an d  s o d i u m  c a r b o n a t e  s t a b i l i z e d  the  p r o t e i n s  in b o th  the  h o m o g e n i z e d  

an d  n o n h o m o g e n i z e d  s a m p l e s ,  w i th  the  g r e a t e s t  i n c r e a s e  in s t a b i l i t y  

b e i n g  show n in  the h o m o g e n i z e d  p o r t i o n s .  He th o u g h t  i t  r e a s o n a b l e
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to s u p p o s e  t h a t  so m e  of the  e f f e c t  of t h e s e  s a l t s  in s t a b i l i z i n g  the 

p r o t e i n  w a s  due  to the  f a c t  t h a t  th e y  p r e c i p i t a t e d  so lub le  c a l c i u m .

D oan  (1931b) s u g g e s t e d  t h a t  t h e s e  s a l t s  sh o u ld  be a d d e d  p r i o r  to 

h o m o g e n i z a t i o n .

S o m m e r  an d  B in n e y  (1923) n o te d  th a t  a  s l ig h t  i n c r e a s e  in the 

m a g n e s i u m  o r  c a l c i u m  c o n t e n t  w ould  c a u s e  a  p o s i t i v e  a l c o h o l  t e s t ,  

w h i le  i n c r e a s e s  in  p o t a s s i u m ,  s o d iu m ,  c h l o r i d e s ,  c i t r a t e s ,  and  p h o s ­

p h a t e s  w o u ld  n o t  g ive  a  p o s i t i v e  t e s t .

A. p h o s p h a te  t e s t ,  d e v e lo p e d  by  R a m s d e l l ,  J o h n s o n ,  an d  E v a n s  

(1931) ,  s h o w e d  t h a t  if m i l k ,  w hen  m i x e d  w i th  a  p h o s p h a te  so lu t io n ,  

c o a g u l a t e d  upon i m m e r s i o n  in  b o i l in g  w a t e r ,  then  th i s  p r o d u c t  w a s  

fo u n d  to be  of lo w  h e a t  s t a b i l i t y .

E f f e c t  of ac_id on s t a t e  of c o m p o n e n t s . D oan  (1929c) r e p o r t e d  

t h a t  the  s t a b i l i t y  of the  p r o t e i n s  w a s  d e c r e a s e d  b y  l a r g e r  a m o u n t s  of 

so lub le  c a l c i u m  a n d  h i g h e r  h y d r o g e n - i o n  c o n c e n t r a t i o n s .  H o w e v e r ,  a 

r e p o r t  b y  S o m m e r  a n d  H a r t  (1919) h a d  s t a t e d  t h a t  in  f r e s h  m i l k ,  

t h e r e  w a s  no r e l a t i o n  b e t w e e n  t i t r a t a b l e  a c id i ty  and  h e a t  c o a g u la t i o n ,  

and  i t  w a s  c o n c l u d e d  th a t  the  h y d r o g e n - i o n  c o n c e n t r a t i o n  w as  n o t  the  

d e t e r m i n i n g  f a c t o r  in  f r e s h - m i l k  c o ag u la t io n .

W ebb a n d  H o lm  (1932) s u g g e s t e d  th a t  two d i f f e r e n t  ty p e s  of 

m i l k  e x i s t e d  w i th  r e s p e c t  to the  e f f e c t  of the h y d r o g e n - i o n  c o n c e n t r a t i o n



20

upon i t s  h e a t  s t a b i l i t y .  T h e s e  i n v e s t i g a t o r s  e x p la i n e d  th a t  an  ad d i t io n  

of a c id ,  o r  a b a c t e r i a l  d e v e l o p m e n t  of a c id ,  in  a  m i l k  e i t h e r  cou ld  

i n c r e a s e  o r  d e c r e a s e  i t s  s t a b i l i t y .  The f in a l  e f f e c t ,  t h e y  e x p la i n e d ,  

c o u ld  be  d e p e n d e n t  on s e c u r i n g  in  the  m i l k  the o p t i m u m  pH f o r  the  

p a r t i c u l a r  s a m p l e  in  q u e s t i o n .

M i l l e r  a n d  S o m m e r  (1940) fo u n d  m i l k  to be  v e r y  s e n s i t i v e  to 

p H  c h a n g e s ,  e s p e c i a l l y  w i th in  two r a n g e s ;  n a m e l y ,  f r o m  a p p r o x i m a t e l y  

6.4 to 6.2 an d  to a  l e s s e r  e x t e n t  b e tw e e n  pH  5.4 and  5.2 .  B e t w e e n  

p H  6.6 a n d  6 .4 ,  the  c o a g u la t i o n  t e m p e r a t u r e  sh o w ed  v e r y  l i t t l e  change  

w i th  pH.

L a m p i t t  and  B u s h i l l  (1934) r e p o r t e d  t h a t  an  i n c r e a s e  in a c id i ty  

b y  b a c t e r i a l  a c t i o n  m a t e r i a l l y  i n c r e a s e d  the p r o p o r t i o n  of d ia ly z a b le  

c a l c i u m  an d  i n o r g a n i c  p h o s p h o r u s .

B e n t o n  a n d  A l b e r y  (1926),  u s in g  the a l c o h o l  t e s t ,  s u g g e s t e d  th a t  

w h e t h e r  the  a l co h o l  t e s t  w a s  p o s i t i v e  o r  n e g a t i v e  d id  n o t  p r o v e  a n y ­

th ing  a s  to the  h e a t  s t a b i l i t y  of t h a t  m i lk .  T hey  e x p l a i n e d  th a t  by  

tu r n i n g  an  a l c o h o l - p o s i t i v e  m i l k  n e g a t i v e  by  the a d d i t io n  of c i t r a t e s  

o r  o t h e r  b u f f e r s  d id  n o t  i n c r e a s e  the s t ab i l i t y ,  u n l e s s  the  o p t im a l  

c o m b i n a t i o n  of pH a n d  s a l t  b a l a n c e  w as  a p p r o a c h e d .

E f f e c t  of m i l k  e v a p o r a t i on.  A s tu d y  of v a r i o u s  p r o c e s s i n g  

t e c h n i q u e s  and  t h e i r  s i g n i f i c a n c e  in  e v a p o r a t e d  m i l k  w ou ld  be  of
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d e f in i te  i m p o r t a n c e  in  the  s tudy  of s a l t s  a n d  h e a t  s t a b i l i t y  in m i lk .  

D e y s h e r ,  W ebb ,  a n d  H o l m  (1929) c o n s i d e r e d  the  h e a t  s t a b i l i t y  of an  

e v a p o r a t e d  m i l k  to be d e p e n d e n t  upon s e v e r a l  f a c t o r s ,  the m o s t  i m p o r ­

t a n t  of w h ic h  w a s  the t e m p e r a t u r e  of f o r e w a r m i n g ,  while  h o m o g e n i z a ­

t i o n  a f f e c t e d  s t a b i l i t y  to  a  l e s s e r  d e g r e e .  F o r e w a r m i n g  of a  n o r m a l  

m i l k ,  a c c o r d i n g  to L e ig h to n  a n d  D e y s h e r  (1923),  m a d e  the  n o n c o n c e n ­

t r a t e d  m i l k  l e s s  s t a b l e  t o w a r d s  h e a t ,  b u t ,  if the  m i l k  h a d  b e e n  c o n c e n ­

t r a t e d  a f t e r  h av in g  b e e n  f o r e w a r m e d ,  a  m u c h  m o r e  s t a b l e  p r o d u c t  

w ou ld  r e s u l t .

R o g e r s ,  D e y s h e r ,  and  E v a n s  (1921) u n d e r s t o o d  the e f f e c t  of 

h ig h  f o r e w a r m i n g  in  r a i s i n g  the  c o a g u l a t i o n  t e m p e r a t u r e  of e v a p o r a t e d  

m i l k  as  e v id e n t ly  be ing  due to the  p r e c i p i t a t i o n  of p a r t  of the  c a l c i u m .  

If, h o w e v e r ,  the  f o r e w a r m i n g  t e m p e r a t u r e s  w e r e  m u c h  b e l o w  95° C. 

(203° F . ) ,  l i t t l e  e f f e c t  w a s  n o t e d  on the  c o a g u la t i o n  t e m p e r a t u r e . The 

r e s u l t s  of Webb a n d  B e l l  (1942) w e r e  in  a g r e e m e n t ,  in  t h a t  the  s t a ­

b i l i t y  of t h e i r  t e s t  s a m p l e s ,  w h ic h  w e r e  f o r e w a r m e d  o v e r  a  t e m p e r a t u r e  

r a n g e  of 101° C. (213.8° F . )  to 165° C. (329.0°  F . )  w a s  i n c r e a s e d  a s  

m u c h  a s  s i x  t i m e s  o v e r  t h a t  of the c o n t r o l  s a m p l e s  f o r e w a r m e d  a t  

95° C. (203° F . ) .

A s  D e y s h e r ,  W ebb ,  and  H o lm  (1929) h a d  p r e v i o u s l y  m e n t i o n e d ,  

h o m o g e n i z a t i o n  a p p e a r e d  to be of s e c o n d a r y  i m p o r t a n c e  in the h e a t
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s t a b i l i t y  of e v a p o r a t e d  m i l k .  T h e s e  i n v e s t i g a t o r s  h o m o g e n i z e d  e v a p ­

o r a t e d  m i l k  c o n ta in in g  18 p e r c e n t  s o l i d s - n o t - f a t  an d  8 p e r c e n t  f a t  a t  

p r e s s u r e s  up to 4,000 p o u n d s ,  and  found  th a t  t h i s  t r e a t m e n t  on ly  

s l i g h t ly  a f f e c t e d  the h e a t  s t a b i l i t y .

H o w e v e r ,  S o m m e r  an d  H a r t  (1922) c o n s i d e r e d  the m a i n  f a c t o r  

in  the  h e a t  c o a g u l a t i o n  of e v a p o r a t e d  m i l k  to be the s a l t  c o m p o s i t i o n  

in the  m i l k .  O t h e r  f a c t o r s  in  o r d e r  of i m p o r t a n c e  a c c o r d i n g  to S o m ­

m e r  (192 3) w e r e  a l b u m i n  c o n te n t ,  a c i d i t y ,  and  r e n n e t - f o r m i n g  o r g a n ­

i s m s .  T h i s  i n v e s t i g a t o r  s u g g e s t e d  t h a t  h e a t  c o a g u la t i o n  w a s  m o r e  

p r e v a l e n t  in  w i n t e r  b e c a u s e  m o s t  cows w e r e  f r e s h e n i n g  o r  d ry in g  off 

a t  t h a t  t i m e ,  a n d  a s  a  r e s u l t ,  the  a l b u m i n  and  c a l c i u m  c o n te n t  of the 

m i l k  w e r e  h i g h e r .  The l o w e r  c i t r i c  a c i d  c o n te n t  of the  m i l k  in the 

w i n t e r  w a s  a t t r i b u t e d  to the  l a c k  of g r e e n  f e e d .  S o m m e r  an d  H a r t  

(1926) p o s t u l a t e d  t h a t  the  h ig h  f o r e w a r m i n g  t r e a t m e n t  n o t  on ly  p r e ­

c i p i t a t e d  a  l a r g e r  a m o u n t  of c a l c i u m  s a l t s ,  b u t  a l s o  c o a g u l a t e d  the  

a l b u m i n  to a  g r e a t e r  e x t e n t .

W ebb  (1928) s u g g e s t e d  th a t  f o r  e v e r y  m i l k  t h e r e  w as  a n  o p t i ­

m u m  p H ,  the  a t t a i n m e n t  of w h ic h  w ould  r e s u l t  in  m a x i m u m  h e a t  

s t a b i l i t y  f o r  the  s y s t e m  in v o lv e d .  R o g e r s ,  D e y s h e r ,  an d  E v a n s  (1921) 

p o i n t e d  ou t ,  h o w e v e r ,  t h a t  t h e r e  w a s  no v e r y  d e f in i te  r e l a t i o n  b e t w e e n  

the c o a g u la t i o n  of e v a p o r a t e d  m i l k  and  the t r u e  a c i d i t y ,  a l th o u g h  if a
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s m a l l  i n c r e a s e  in  a c i d i t y  o c c u r r e d ,  a  d i s t i n c t  l o w e r i n g  of the  c o a g u ­

l a t i n g  t e m p e r a t u r e  of the  e v a p o r a t e d  m i l k  w a s  n o te d .  A c c o r d i n g  to 

S o m m e r  an d  H a r t  (19^6) ,  the  e f f e c t  of a  s l i g h t  i n c r e a s e  in  a c i d i t y  on 

the c o a g u l a t i o n  of e v a p o r a t e d  m i l k  w a s  n o t  due to the h y d r o g e n - i o n  

c o n c e n t r a t i o n  a s  a d i r e c t  f a c t o r ,  b u t  r a t h e r  to the  i n d i r e c t  e f f e c t  of 

the  c o n v e r s i o n  of the  s e c o n d a r y  to p r i m a r y  p h o s p h a t e .

T a k in g  a l l  f a c t o r s  in to  c o n s i d e r a t i o n ,  Webb and  B e l l  (1942) 

i n d i c a t e d  t h a t  the u se  of  o p t i m u m  h i g h - f o r e w a r m i n g  t e m p e r a t u r e s  

b r o u g h t  a b o u t ,  in the  m i l k  t e s t e d ,  a g r e a t e r  i n c r e a s e  in h e a t  s t a b i l i t y  

in  the  e v a p o r a t e d  p r o d u c t  th a n  co u ld  be a t t a i n e d  by  the  a d d i t io n  of an 

o p t i m u m  q u a n t i ty  of s t a b i l i z i n g  s a l t s  to a n o r m a l l y  f o r e w a r m e d  m i lk .

F  e a the  r in g

C h a r a c t e r i s t i c s .  D oan  (1931b) r e p o r t e d  th a t  f e a t h e r i n g  w a s  

c h a r a c t e r i z e d  by  the  a p p e a r a n c e  of a  f l o c c u le n t ,  f e a t h e r - l i k e  p r e c i p i ­

t a t i o n  upon  the  a d m i x t u r e  of u n s ta b l e  c r e a m  w i th  h o t  co f fee .  Th is  

p h e n o m e n o n ' o f  f e a t h e r i n g  of h o m o g e n i z e d  ta b le  c r e a m  and  the  c o a g u ­

l a t i o n  of s t e r i l i z e d  c r e a m  w e r e  b o th  r e g a r d e d  a s  a h e a t  c o a g u la t i o n  

of the c a s e i n  s i m i l a r  to t h a t  e n c o u n t e r e d  in  the  p r o c e s s i n g  of e v a p ­

o r a t e d  m i l k .  S o m m e r  (1952) s u g g e s t e d  t h a t  the s c u m  w h ic h  f l o a t e d  

to the  s u r f a c e  of the  c o f fe e ,  w hen  a d d e d  c r e a m  f e a t h e r e d ,  c o n s i s t e d
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of ' ' c o a g u l a t e d  p r o t e i n s  w i th  e n o u g h  o c c lu d e d  f a t  to f l o a t  the  p a r ­

t i c l e s  r

E f f e c t  of q u a l i ty  of i n g r e d i e n t s . F r o m  the r e s u l t s  of t h e i r  

s t u d i e s ,  A t h e r t o n  and  B r a d f i e l d  (1952) th o u g h t  th a t  f e a t h e r i n g  of c r e a m  

in  coffee  a p p e a r e d  a s  a  r e s u l t  of an  i n t e r p l a y  of s e v e r a l  f a c t o r s ,  

r a t h e r  t h a n  b y  any  one s ing le  e f f e c t .  Webb and  H o lm  (1928) p a s ­

t e u r i z e d  p u r e ,  f r e s h  c r e a m ,  t e s t i n g  20 p e r c e n t  f a t  and  0 ,15 p e r c e n t  

a c i d i t y ,  f r o m  65 °  to 85° C . ,  an d  h o m o g e n i z e d  a t  p r e s s u r e s  up to 3,000 

p o u n d s  w i th  the  g e n e r a l  r e s u l t  t h a t  no f e a t h e r i n g  o c c u r r e d .  The  o p i n ­

ion of t h e s e  i n v e s t i g a t o r s  w as  t h a t  the  b a s i c  c r i t e r i o n  a s  to w h e t h e r  

o r  n o t  c r e a m  w o u ld  f e a t h e r  w a s  q u a l i ty .

E f f e c t  of p a s t e u r i z a t i o n  and  h o m o g e n i z a t i o n . D a h l b e r g  (1944) 

c o n s i d e r e d  h o m o g e n i z a t i o n  of 1 8 - p e r c e n t  c r e a m  a d v a n ta g e o u s  in  t h a t  

i t  i n c r e a s e d  v i s c o s i t y ,  r i c h n e s s  of t a s t e ,  a n d  c o lo r in g  in co f fee .  In 

a d d i t io n ,  c r e a m  p l u g s  an d  s k i m m i l k  l a y e r s  w e r e  e l i m i n a t e d ,  a n d  f a t  

l o s s e s  b y  a d h e r e n c e  to the b o t t l e  w e r e  r e d u c e d .  The on ly  o b je c t io n  

v o i c e d  w a s  i n c r e a s e d  f e a t h e r i n g  in  co f fee ,  a f a u l t  w h ic h  he f e l t  co u ld  

be  l i m i n a t e d  by  h i g h - t e m p e r a t u r e  p a s t e u r i z a t i o n ,  l o w - p r e s s u r e  h o m o g ­

e n i z a t i o n ,  a n d  the u s e  of v e r y  f r e s h  c r e a m  of f ine  q u a l i ty .
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B u r g w a l d  (1923),  h o w e v e r ,  h a d  p r e v i o u s l y  p o in t e d  out t h a t  

p a s t e u r i z a t i o n  o n ly  h a d  b u t  l i t t l e  e f f e c t  on f e a t h e r i n g ,  a l th o u g h  t h e r e  

w a s  a  t e n d e n c y  f o r  p a s t e u r i z e d  c r e a m  to f e a t h e r  a t  a  s l i g h t ly  l o w e r  

a c i d i t y  th a n  the  s a m e  c r e a m  n o t  p a s t e u r i z e d .

M a x i m u m  s t a b i l i t y  w as  o b t a in e d  w hen  Webb and  H o lm  (1928) 

p r e h e a t e d  c r e a m  a t  80° C . f b u t  w hen  the  s a m p l e  w a s  p a s t e u r i z e d  a t  

70° to 74° C. f o r  30 m i n u t e s ,  p r e v e n t i o n  of f e a t h e r i n g  w a s  only  p a r ­

t i a l l y  s u c c e s s f u l .  T r a c y  an d  R u e h e ' s  (1930) s u g g e s t io n  w a s  t h a t  c r e a m  

s h o u ld  b e  p a s t e u r i z e d  a t  155° F .  f o r  30 m i n u t e s ,  h e a t e d  to 165° F . ,  

and  th e n  c o o le d  to 145° F .  f o r  h o m o g e n i z a t i o n .

D o a n  (1929a) c o n c lu d e d  f r o m  h i s  w o r k  th a t  as  a  g e n e r a l  ru le  

the  t e n d e n c y  f o r  h o m o g e n i z e d  c r e a m  to f e a t h e r  p a r a l l e l e d  the d e g r e e  

of f a t  c l u m p i n g ,  b u t  in an  i n v e r s e  f a s h io n .

H e n d e r s o n  (1944) r e p o r t e d  th a t  h o m o g e n i z e d  c r e a m  w ould  

f e a t h e r  q u i c k e r  th a n  n o n h o m o g e n i z e d  c r e a m  b e c a u s e  of the d e c r e a s e d  

p r o t e i n  s t a b i l i t y .  W i th  2 5 - p e r c e n t  c r e a m ,  H e n d e r s o n  s u g g e s t e d  an  

o p t i m u m  h o m o g e n i z a t i o n  p r e s s u r e  of 1,000 p o u n d s .  A t h e r t o n  and  

B r a d f i e l d  (1952) s u g g e s t e d  600 p o u n d s  p r e s s u r e .  D oan  (1931b) p r e ­

f e r r e d  1,000 p o u n d s  if a s i n g l e - s t a g e  h o m o g e n i z e r  w e r e  u sed ;  b u t  

w i t h  a t w o - s t a g e  m a c h i n e ,  he  r e c o m m e n d e d  t h a t  the p r e s s u r e  on the 

s e c o n d  s t a g e  sh o u ld  n o t  be  g r e a t e r  th a n  th a t  p u t  on the  f i r s t  v a lv e .
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F o r  a s i n g l e - s t a g e  h o m o g e n i z e r ,  T r a c y  and  R uehe  (1930) r e c o m m e n d e d  

a  p r e s s u r e  of 500 to 1,000 p o u n d s .  If, h o w e v e r ,  two s t a g e s  w e r e  u s e d ,  

they  s u g g e s t e d  a  to t a l  p r e s s u r e  of 1,500 to 2,500 p o u n d s ,  w i th  500 to 

1,000 p o u n d s  b e in g  p l a c e d  on the  s e c o n d  v a lv e .

T r a c y  and  R u eh e  (1928) though t  i t  p o s s i b l e  th a t  the  e f f e c t  of 

h o m o g e n i z a t i o n  w o u ld  be  a n  i n c r e a s e  in  the  a m o u n t  of f a t - a d s o r b i n g  

s u r f a c e s  w i th  the  r e s u l t  t h a t  an i n c r e a s e d  a m o u n t  of p r o t e i n  w ou ld  

b e  a d s o r b e d  on the f a t - g l o b u l e  m e m b r a n e ,  w h ic h ,  a c c o r d i n g  to T i t u s ,  

S o m m e r ,  and  H a r t  (1928),  c o n s i s t e d  m o s t l y  of c a s e i n .  T r a c y  and  

R uehe  (1928) a l s o  c o n s i d e r e d  i t  p r o b a b l e  t h a t  s o m e  of the  p h o s p h a t e s  

and  c i t r a t e s  w e r e  r e m o v e d  f r o m  the  c o l lo id a l  s o lu t io n  and  had  b e c o m e  

f i x e d  to the f a t  g lo b u le ,  w h ic h  r e s u l t e d  in a  c a l c i u m  e x c e s s  in the 

r e m a i n i n g  s e r u m .

T r a c y  and  R u eh e  (1930b) f u r t h e r  t h e o r i z e d  th a t  th i s  l o c a l i z i n g  

of the  c a s e i n  on the  f a t  g lobu le  m a d e  the  c a s e i n  m o r e  s u s c e p t i b l e  to 

h e a t  c o a g u la t i o n ,  and  th ey  though t  i t  p o s s i b l e  t h a t  t h r o u g h  m o l e c u l a r  

o r i e n t a t i o n  of the  c a s e i n  m o l e c u l e  in  the a d s o r b e d  f i l m ,  the  s t a b i l i t y  

of the p r o t e i n  i n  the p r e s e n c e  of so lub le  c a l c i u m  w a s  l e s s e n e d .

T h e s e  p o s t u l a t i o n s  w e r e  s u b s t a n t i a t e d  by  D oan  (19 38), who b e l i e v e d  

th a t  the  l o s s  of m o b i l i t y  of the  c a s e i n  w as  one of the f i r s t  s t a g e s  

of c o a g u l a t i o n .
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K in g  (1953) n o t e d  t h a t  the  s t a b i l i t y  of the p r o t e i n  p h a s e  d e ­

c r e a s e d  w i th  i n c r e a s e d  p r e s s u r e s  of h o m o g e n i z a t i o n  a n d  f a t  c o n te n t  

w i th  n o n s t e r i l i z e d  c r e a m .  The s a m e  w as  t r u e  w i th  s t e r i l i z e d  h o m o g ­

e n i z e d  c r e a m ,  a l t h o u g h  th e s e  e f f e c t s  w e r e  n o t  shown a s  c l e a r l y .

E f f e c t  of c o f f e e . A n o t h e r  i m p o r t a n t  f a c t o r  in  the  f e a t h e r i n g  

of c r e a m  in  coffee  i s  t h a t  of the  coffee  i t s e l f .  Ruehe (1948b) p o in te d  

ou t  t h a t  so m e  b r a n d s  of co f fee  w e r e  m o r e  l ik e ly  to c a u s e  f e a t h e r i n g  

t h a n  o t h e r s t  a s  s o m e  c o n t a i n e d  a h ig h  p e r c e n t a g e  of so lub le  a c i d s .  In 

a  s tu d y  of c u r i n g  b e a n s  a n d  t h e i r  e f f e c t s ,  T r a c y  and C o r b e t t  (1938) 

fo u n d  t h a t  the  m e t h o d  of c u r i n g  the  b e a n s  h a d  no r e l a t i o n  to the  pH 

of the  b r e w  on f e a t h e r i n g .  H o w e v e r ,  a c c o r d i n g  to t h e s e  i n v e s t i g a t o r s ,  

the  d e g r e e  of r o a s t  to w h ic h  the  b e a n  w a s  s u b j e c t e d  d id  a f f e c t  f e a t h ­

e r i n g ;  a s  m o r e  r o a s t i n g  o c c u r r e d ,  the  h i g h e r  w ould  be  the  pH of the  

b r e w ,  an d ,  c o n s e q u e n t l y ,  l e s s e r  the  d e g r e e  of the f e a t h e r i n g .  In the 

s a m e  s tu d y ,  i t  w as  n o te d  t h a t  th e  c o n c e n t r a t i o n  in the  b r e w  h a d  no 

de f in i te  r e l a t i o n  to f e a t h e r i n g .  A f u r t h e r  p o in t  w as  n o te d  by  Ruehe  

(1948b) in  t h a t  the  b r e w  m a d e  f r o m  aged  coffee  h a d  a h i g h e r  a c id i ty .

S l ig h t ly  m o r e  f e a t h e r i n g  w as  n o t e d  by T r a c y  and  C o r b e t t  (1938) 

w i th  b r e w  m a d e  f r o m  the d r i p o l a t o r  m e t h o d  th a n  f r o m  th a t  of the p e r ­

c o l a t o r  o r  the  b o i l in g  m e th o d .  T h e s e  i n v e s t i g a t o r s  a l s o  p o in te d  out 

t h a t  m o r e  f e a t h e r i n g  co u ld  r e s u l t  w hen  the  coffee  w a s  a d d e d  to the
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c r e a m ,  r a t h e r  t h a n  w hen  the  c r e a m  w as  a d d e d  to the  co f fee .  The 

s low ,  r a t h e r  t h a n  f a s t  a d d i t i o n s  of s m a l l  q u a n t i t i e s  of m i l k  to the  

c o f f e e ,  a c c o r d i n g  to W h i t a k e r  (1931),  e n h a n c e d  the f e a t h e r i n g  of e v a p ­

o r a t e d  m i l k  in  ho t  co f fee .

In  i s o l a t e d  c a s e s ,  D oan  (1931b) w a s  ab le  to a t t r i b u t e  f e a t h e r i n g  

to the  h a r d  w a t e r  u s e d  in  m a k in g  the  co f fee .  S o m m e r  (1929b) e x ­

p l a i n e d  th a t  if the c r e a m  w a s  of good  q u a l i ty ,  p r o p e r l y  p a s t e u r i z e d ,  

h o m o g e n i z e d  a t  a  low  p r e s s u r e  and  y e t  show ed  t r o u b l e  w i th  f e a t h e r ­

ing ,  the  c a u s e  w a s  a l m o s t  c e r t a i n  to be in  the h a r d n e s s  of the w a t e r

a n d  th e  s a l t  c o n t e n t  of the  c r e a m .

A n o t h e r  m e t h o d  f o r  the p r e v e n t i o n  of f e a t h e r i n g  of c r e a m  in 

coffee  w o u ld  be  the a d d i t io n  of c e r t a i n  s a l t s .  D oan  (1931b) and 

M u l d e r  (1949) s u g g e s t e d  th a t  if o t h e r  p r o c e d u r e s  f a i l e d  to h e lp ,  s a l t  

s t a b i l i z e r s  s u c h  a s  s o d iu m  c i t r a t e ,  s o d i u m  b i c a r b o n a t e ,  o r  d i s o d iu m

p h o s p h a te  w ou ld  be  b e n e f i c i a l ,  w i th  the  f o r m e r  i n v e s t i g a t o r  s u g g e s t in g

the  r a t e  of 0 .025  to 0.1 p e r c e n t .  T r a c y  a n d  R uehe  (1930a) r e c o m ­

m e n d e d  u s in g  t h e s e  s a l t s  a t  the  r a t e  of 8 to 20 p o u n c e s  p e r  1,000 

p o u n d s  of c r e a m .  T h i s  i n v e s t i g a t o r  a d d ed  th a t  th e s e  s o d iu m  s a l t s  

s h o u ld  be  a d d e d  b e f o r e  any  p r o c e s s i n g  o c c u r r e d .

To p r e v e n t  d r y  m i l k  f r o m  f e a t h e r i n g  in  c o f fe e ,  K e m p f  and 

B l a n c h a r d  (195 3) a d d e d  d i s o d i u m  p h o s p h a te  to the  m i l k  j u s t  p r i o r  to 

c o n d e n s i n g .
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C o l o r i n g  A b i l i ty  of C r e a m  in  Coffee

T he  c o l o r i n g  a b i l i t y  of the  c r e a m  in  co f fee ,  a c c o r d i n g  to M a c k  

(1939),  d e p e n d e d  upon  (1) s o l i d s - n o t - f a t ,  and  (2) s ize  of the f a t  g l o b ­

u l e s .  To i n c r e a s e  th i s  c o l o r i n g  p o w e r ,  he s u g g e s t e d  t h a t  the  s e r u m  

s o l id s  of the  c r e a m  sh o u ld  be b u i l t  up and  f a t  g lo b u le s  su b d iv id e d  by 

h o m o g e n i z a t i o n ,  w h ic h  H e n d e r s o n  (1944) e x p la i n e d  i n c r e a s e d  the  s u r ­

f a c e  of the  f a t ,  h e n c e  m o r e  l i g h t  w as  r e f l e c t e d .

N e i t h e r  ag in g  the c r e a m  n o r  the  d e v e l o p m e n t  of a c id i ty ,  a c ­

c o r d i n g  to W h i t a k e r  (1934),  h ad  any  in f luence  on ftie q u a n t i ty  of c r e a m  

r e q u i r e d  to c o l o r  c o f fe e .  In a d d i t io n ,  he p o i n t e d  ou t  t h a t  the p a s t e u r ­

i z a t i o n  of c r e a m  b y  the  u s u a l  h o ld ing  m e t h o d  a l so  h a d  no in f luence  

on the  c o l o r  of the  c o f f e e - c r e a m  m i x t u r e .

H a l f - a n d - H a l f  H o m o g e n i z e d  M ilk

A s  th i s  s tu d y  i s  p r i m a r i l y  c o n c e r n e d  w i th  the  p r e p a r a t i o n  and  

t e s t i n g  of d i f f e r e n t  ty p e s  of h a l f - a n d - h a l f  h o m o g e n i z e d  m i l k ,  a  r e v i e w  

of the  p r o c e s s i n g  t e c h n i q u e s  a s  u s e d  by o t h e r  i n v e s t i g a t o r s  would ,  at  

t h i s  p o in t ,  be a d v a n t a g e o u s .

P r e p a r a t i o n .  R uehe  (1941,  1948a) r e c o m m e n d e d  t h a t  m i l k  and 

c r e a m  sh o u ld  be  s t a n d a r d i z e d  f r o m  10 to 10.5 p e r c e n t  f a t .  In a d d i t io n ,
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he  s u g g e s t e d  t h a t  the s o l i d s - n o t - f a t  c o n te n t  sh o u ld  be  i n c r e a s e d  by  

ab o u t  2 p e r c e n t  b y  add ing  e i t h e r  h i g h - q u a l i t y  s k i m m i l k  p o w d e r  o r  

c o n c e n t r a t e d  s k i m m i l k .

R o a d h o u s e  a n d  H e n d e r s o n  (1941) p r o p o s e d  t h a t  h a l f - a n d - h a l f  

sh o u ld  b e  p a s t e u r i z e d  and  h o m o g e n i z e d  a t  145° F .  Ruehe  (1941),  

h o w e v e r ,  h a d  r e c o m m e n d e d  coo l ing  to 115° to 125° F .  f o r  h o m o g e n ­

iz in g ,  b u t  l a t e r  (1948a) r a i s e d  th i s  t e m p e r a t u r e  to 145° to 150° F .  

f o r  30 m i n u t e s .

T h i s  p r o d u c t ,  h a l f - a n d - h a l f ,  s hou ld  be h o m o g e n i z e d  a t  a  p r e s ­

s u r e  u n d e r  2 ,500 p o u n d s ,  a c c o r d i n g  to R uehe  (1941,  1948a).  H o w e v e r ,  

R o ad h o u s e  an d  H e n d e r s o n  (1941) f e l t  t h a t  p r e s s u r e s  of 1,000 to 1,500 

p o u n d s  w o u ld  be su f f i c i e n t .  In  the  s tu d y  of T r o u t  and  W e in s t e in  (1952),  

b o th  s in g l e  a n d  doub le  s t a g e s  w e r e  u t i l i z e d .  When us ing  only  the 

s ing le  s t a g e ,  a p r e s s u r e  of 2,500 p o u n d s  w a s  u sed ;  and  f o r  dua l  

h o m o g e n i z a t i o n ,  500 p o u n d s  p r e s s u r e  w a s  p l a c e d  on the  s e c o n d  v a lv e .  

They  s u g g e s t e d  t h a t  two s t a g e s  sh o u ld  be u s e d  in  o r d e r  t h a t  a p r o d u c t  

of u n i f o r m  v i s c o s i t y  m i g h t  be o b ta in e d .

T h e o r i e s  R e g a r d i n g  F a t  C lu m p in g  in  M i lk  and  C r e a m

I n t r o d u c t i o n .  S o m m e r  (1952) r e p o r t e d  t h a t  w hen  m i l k  l e f t  the  

c o w ' s  u d d e r ,  the  f a t  g lo b u le s  w e r e  in s u s p e n s i o n  a s  s e p a r a t e ,
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i n d iv id u a l  g l o b u l e s ,  b u t  on s t a n d in g  f o r  a  s h o r t  t im e  t h e s e  g lo b u le s  

g a t h e r e d  in to  c l u s t e r s ,  w h i le  s t i l l  h a v in g  r e t a i n e d  t h e i r  id e n t i t y .  Th is  

c l u s t e r i n g  of f a t  g l o b u le s  w a s  n o t i c e d  b y  B a b c o c k  (1889),  and  Wol l ,  

B a b c o c k ,  and  R u s s e l l  (1903),  w i th  the  l a t t e r  a t t r i b u t i n g  the  ho ld ing  

t o g e t h e r  of the  c l u s t e r s  to s o m e  in v i s ib l e  m a t e r i a l .  B a b c o c k  and  

R u s s e l l  (1896) s u g g e s t e d  t h a t  t h e s e  a g g r e g a t i o n s  of f a t  globules  h a d  a 

v e r y  i m p o r t a n t  i n f lu e n c e  in  d e t e r m i n i n g  the  c o n s i s t e n c y  of m i lk  and ,  

e s p e c i a l l y ,  c r e a m .

I n c r e a s e d  v i s c o s i t y  in  c r e a m s  w hen  ag ed  w e r e  a t t r i b u t e d  to 

c lu m p i n g  of f a t  g lo b u le s  b y  S h e rw o o d  and S m a l l f i e l d  (1926) and  D ah l -  

b e r g  and  H en ing  (1925) .  Th i s  v i s c o s i t y ,  h o w e v e r ,  w a s  shown by  N a i r  

an d  M o o k  (1933) to have  b e e n  r e d u c e d  b y  a g i t a t io n .

P a l m e r  (1923) n o t e d  t h a t  the  r i s e  of f a t  g lo b u le s  w as  due p r i ­

m a r i l y  to the  d i f f e r e n c e  b e t w e e n  the  s p e c i f i c  g r a v i t y  of m i l k  f a t  and  

the p l a s m a  in  w h i c h  i t  w a s  d i s p e r s e d .  H o w e v e r ,  i t  w a s  i n d i c a t e d  by  

P a l m e r ,  H e n in g ,  an d  A n d e r s o n  (192 6) th a t  the d i f f e r e n c e s  in  d e n s i t i e s  

of f a t  and  p l a s m a  d id  n o t  d e t e r m i n e  the v o lu m e  of c r e a m  n o r  the r i s e  

of f a t ,  b u t  w a s  d e t e r m i n e d  l a r g e l y  by the  p l a s m a  c o l lo id s .  P a l m e r  

a n d  A n d e r s o n  (1926) a n d  van D a m  a n d  S i r k s  (1922) e s s e n t i a l l y  a g r e e d  

t h a t  the  p r o p e r t i e s  w h ic h  i n f l u e n c e d  the  s e p a r a t i o n  and  vo lum e of the 

c r e a m  w e r e  d e t e r m i n e d  l a r g e l y  by  the  p l a s m a ,  and  n o t  by  the fa t .



32

D oan  (1926) a d d e d  s o l i d s - n o t - f a t  in  the  f o r m  of p l a in  c o n d e n s e d  s k i m ­

m i l k  a n d  s k i m m i l k  p o w d e r ,  b u t  fo u n d  th e y  gave  no i n c r e a s e d  c r e a m i n g  

p o w e r  e i t h e r  to r a w  o r  to p a s t e u r i z e d  m i l k .  The r e s u l t s  of S ke l ton  

and  E l l e n b e r g e r  (1939) t e n d e d  to m i n i m i z e  the  i m p o r t a n c e  h i t h e r t o  

p l a c e d  upon f a t - g l o b u l e  c lu m p in g  a s  a m a j o r  f a c t o r  in f luenc ing  c r e a m  

v i s c o s i t y .

T r o y  and  S h a rp  (1928) c a l c u l a t e d  the r i s e  of f a t  g lo b u le s  and 

r e p o r t e d  t h a t  t h e y  w e r e  in  a c c o r d a n c e  w i th  S to k e ' s  L aw .  F r o m  t h e i r  

r e s u l t s ,  t h e y  c o n c l u d e d  th a t  the  in d iv id u a l  f a t  g lo b u le s  r o s e  so s low ly  

th a t  i t  w o u ld  have  r e q u i r e d  m a n y  t i m e s  the n o r m a l  c r e a m i n g  t im e  of 

m i l k  f o r  t h e m  to r e a c h  the  c r e a m  l a y e r .  H o w e v e r ,  they  sh o w ed  th a t  

c l u s t e r s  d id  r i s e  r a p i d l y  e n o u g h  to a c c o u n t  f o r  the  n o r m a l  c r e a m i n g  

t i m e .

H a m m e r  (1916) h a d  p o s t u l a t e d  th a t  the  s i z e  of the  f a t  g lo b u le s ,  

the p e r c e n t a g e  of the  to t a l  a m o u n t  of f a t  p r e s e n t  in  g lo b u le s  of v a r y ­

ing s i z e ,  a n d  the c o n s t i t u t i o n  of the  f a t - g l o b u l e  c l u s t e r s  m u s t  a l l  be 

of i m p o r t a n c e  in  the  c r e a m i n g  a b i l i t y  of m i l k .  No s im p le  r e l a t i o n  

b e t w e e n  the  v i s c o s i t y  of m i l k  a n d  the r a t e  of f o r m a t i o n  of c r e a m  w as  

fo u n d  by  R a h n  (1921).

A g g lu t in in  t h e o r y .  B a b c o c k  (1889) a t t r i b u t e d  the c l u s t e r i n g  of 

f a t  g lo b u le s  to Ma  p r i n c i p a l  in m i l k  when  i s  a n a l a g o u s  o r  i d e n t i c a l
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w i th  b lo o d  f i b r i n , ”  w h ich ,  t h r o u g h  s p o n ta n e o u s  c o a g u la t i o n ,  c lo t t e d  

and  th u s  e n t a n g l e d  the  f a t  g lo b u le s ,  w h i c h  c o n s e q u e n t ly  p r e v e n t e d  

e f f i c i e n t  c r e a m i n g .  H o w e v e r ,  H e k m a  (1922) p o in t e d  ou t  t h a t  f i b r i n  

w a s  n o t  a  n o r m a l  c o n s t i t u e n t  of m i l k .

M u l d e r  (1949) n o t e d  t h a t  c r e a m i n g  w as  s t i m u l a t e d  by  the 

a g g l u t i n a t i o n  of the  f a t  g lo b u le s ,  w h ic h  c o m b i n e d  in to  c l u s t e r s .  Sha rp  

a n d  K r u k o v s k y  (1939) h a d  p r e v i o u s l y  c o n c lu d e d  t h a t  th i s  a g g lu t in a t in g  

s u b s t a n c e  w a s  a d s o r b e d  on the  s u r f a c e  of the  so l id  o r  so l id i fy ing  f a t  

g l o b u l e s ,  and  n o t  on the s u r f a c e  of the  l iq u id  f a t  g lo b u le s .  F u r t h e r  

e v id e n c e  w a s  s u p p l i e d  b y  D u n k le y  an d  S o m m e r  (1944),  who p o in te d  

ou t  the  s i m i l a r i t y  of the  m e c h a n i s m s  in v o lv e d  in  the  a g g lu t in a t io n  of 

b a c t e r i a  a n d  the  c l u s t e r i n g  of f a t  g lo b u le s  in  m i l k .

R o w la n d  (1933) r e p o r t e d  t h a t  the  h e a t in g  of n o r m a l  m i l k  c a u s e d  

a  d e n a t u r a t i o n  of the  a l b u m i n  and  g lobu l in ,  b u t  n o t  t h e i r  c o a g u la t io n .  

L a t e r ,  R o w la n d  (1937) w a s  ab le  to p o s t u l a t e  t h a t  g lobu l in  p r o b a b l y  

w a s  the  m a j o r  f a c t o r  in  th e  r e d u c t i o n  of the  c r e a m i n g  p o w e r  of h e a t e d  

m i l k .  The  a m o u n t  of a l b u m i n  and  g lobu l in  c o a g u l a t e d  a t  a p a s t e u r i z a ­

t io n  t e m p e r a t u r e  of 143° F .  f o r  30 m i n u t e s  w as  c a l c u l a t e d  b y  S hahan i  

an d  S o m m e r  (1951) to be  9 and  5 p e r c e n t ,  r e s p e c t i v e l y .

B r o u w e r  (1924) ,  m e a n w h i l e ,  h a d  f r a c t i o n a t e d  g lobu l in  into 

e u g l o b u l i n  a n d  p s e u d o g l o b u l i n ,  and  d e m o n s t r a t e d  t h a t  the  e u g lo b u l in
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w a s  v e r y  e f f e c t i v e  in  i m p r o v i n g  the c r e a m i n g  p r o p e r t i e s  of m i lk ,  

w h i le  p s e u d o  g lo b u l in  h a d  v e r y  l i t t l e  e f f e c t .

S t i c k i n e s s . When c r e a m  w a s  co o led ,  King (1950) e x p la i n e d  

t h a t  the f a t  g lo b u le s  b e c a m e  c l u m p e d  a s  a  c e r t a i n  a m o u n t  of the  

l iq u id  f a t  w a s  s q u e e z e d  ou t  f r o m  the  g lo b u le s  and  s e r v e d  a s  a d h e s iv e  

m a t e r i a l  b e t w e e n  the  g l o b u l e s .  King (1951) a l s o  s u g g e s t e d  t h a t  a t  

v e r y  low  t e m p e r a t u r e s  the f a t  g lo b u le s  f a i l e d  to c lu m p  s in ce  the 

a m o u n t  of the  l iq u id  f a t  f r a c t i o n  in  the  g lo b u le s  w as  too  s m a l l  f o r  

c lu m p  f o r m a t i o n .  H o w e v e r ,  B r u n n e r  a n d  J a c k  (1950) p o in t e d  out th a t  

e v e n  a t  t e m p e r a t u r e s  of 0° to 10° C. f o r  18 h o u r s ,  the  d e g r e e  of 

s o l i d i f i c a t i o n  in  c r e a m  r a n g e d  f r o m  48 to 68 p e r c e n t  s o l id i f i e d  fa t .

T h e o r y  of e l e c t r o k i n e t i c s . N o r t h  a n d  S o m m e r  (1935) t h e o r i z e d  

t h a t  the  p o t e n t i a l  a t  the  f a t - l i q u i d  i n t e r f a c e  w a s  the n e t  r e s u l t  of r e ­

v e r s i b l e  a n d  i r r e v e r s i b l e  ions  w i th  the  f i l m  of i r r e v e r s i b l e  a d s o r b e d  

m i l k  c o l lo id s  p l a y in g  the  d o m i n a n t  ro le  in  d e t e r m i n i n g  the  p o t e n t i a l .  

P r e v i o u s l y ,  S i r k s  (1923),  who h a d  a s s u m e d  t h a t  the e l e c t r o p h o r e t i c  

m o b i l i t y  of the  f a t  g lo b u le s  w a s  p r o p o r t i o n a l  to t h e i r  s u r f a c e  p o t e n ­

t i a l  and  c h a r g e ,  found  th a t  th i s  m o b i l i t y  s h o w ed  no r e l a t i o n s h i p  to 

the  e x t e n t  of c l u s t e r i n g  of the  f a t .  H e n c e ,  th i s  i n v e s t i g a t o r  w a s  able  

to c o n c lu d e  t h a t  the  c h a r g e  on the f a t  g lobu le  w as  n o t  i m p o r t a n t  in
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d e t e r m i n i n g  the  e x t e n t  to w h ic h  f a t  g lo b u le s  c l u s t e r e d .  S o m e w h a t  

d i f f e r e n t  r e s u l t s  w e r e  o b t a in e d  b y  N o r th ,  C o u r t n e y ,  a n d  S o m m e r  (1935),  

who o b s e r v e d  a g e n e r a l  r e l a t i o n s h i p  b e t w e e n  the c h a r g e ,  a n d  b o th  

c l u s t e r  f o r m a t i o n  and  c r e a m  v o lu m e .

J a c k  an d  D ah le  (1937a) w e r e  unable  to f in d  any s ig n i f i c a n t  

d i f f e r e n c e  in  the  m o b i l i t y  of f a t  g lo b u le s  f r o m  cows of d i f f e r e n t  

b r e e d s .  The e l e c t r o p h o r e t i c  m o b i l i t i e s  of f a t  g lobules  w e r e  shown 

to be  c o n s t a n t  up to a  f a t  c o n te n t  of 65 p e r c e n t  by  t h e s e  s a m e  i n v e s ­

t i g a t o r s  (1937b) ,  b u t  above  t h i s ,  t h e r e  w a s  a  r a p i d  i n c r e a s e .  By  i n ­

c r e a s i n g  the  t e m p e r a t u r e  above  the p a s t e u r i z a t i o n  po in t ,  Dahle  and 

J a c k  (1937) s t a t e d  t h a t  t h e r e  w a s  a n  i n c r e a s e  in the m o b i l i t y  of the 

f a t  g l o b u l e s .  T h i s  p h e n o m e n o n  h a d  b e e n  p r e v i o u s l y  e x p l a i n e d  by  

N o r t h ,  C o u r t n e y ,  a n d  S o m m e r  (1935) to be  an i n c r e a s e  in  the  c h a r g e  

on the  f a t  g l o b u l e s .

E l e c t r o  s t a t i c  t h e o r y .  The m o s t  p l a u s i b l e  r e a s o n  f o r  the 

c r e a m i n g  of r a w  an d  p a s t e u r i z e d  m i l k ,  a c c o r d i n g  to D a h lb e r g  a n d  

M a r q u a r d t  (1929,  1931), w a s  the a c t i o n  of the c a l c i u m  io n s  on the  

c l u s t e r i n g  of f a t  g l o b u l e s .  T h e s e  i n v e s t i g a t o r s  s u g g e s t e d  th a t  the 

p o s i t i v e l y  c h a r g e d  c a l c i u m  ions  w e r e  a t t r a c t e d  by  the n e g a t i v e  c h a r g e  

of the  f a t  g lo b u le s  in  s u f f i c i e n t  a m o u n t s  so a s  to c a u s e  an e l e c t r i c  

a t t r a c t i o n  of one f a t  g lobu le  f o r  a n o t h e r ,  h e n ce  the f o r m a t i o n  of
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c l u s t e r s .  D oan  (1932) th o u g h t  th i s  t h e o r y  to be l o g i c a l  w i th  the  e x ­

c e p t i o n  t h a t  i t  d id  n o t  e x p l a i n  the  e f f e c t s  of h o m o g e n iz a t io n .

I n t e r f a c i a l  t e n s i o n . F a t  c l u m p in g  s e e m e d  to be  b e s t  e x p la i n e d  

a c c o r d i n g  to D oan  (1929a) on the  b a s i s  of an  i n t e r f a c i a l  t e n s i o n  e f fe c t .  

He t h e o r i z e d  t h a t  the  f a t  and  w a t e r  i n t e r f a c e  gave  r i s e  to r e l a t i v e l y  

h ig h  i n t e r f a c i a l  t e n s i o n s ,  a n d  s in c e  t h i s  f r e e  e n e r g y  co u ld  be d i m i n ­

i s h e d  b y  a  d e c r e a s e  in  s u r f a c e  a r e a ,  c o a l e s c e n c e  o c c u r r e d .  H o w e v e r ,  

he c o n t in u e d ,  c o a l e s c e n c e  w o u ld  n o t  take  p l a c e  p r o b a b l y  b e c a u s e  an  

a d s o r b e d  l a y e r  p r e v e n t e d  an  in t i m a t e  c o n t a c t  of the g lo b u le s .  S t i l l  

the  i n v e s t i g a t o r  r e a l i z e d  t h a t  the  c o m p le t e  e x p l a n a t io n  of s u c h  a 

c o m p l e x  p h e n o m e n o n  w ou ld  p r o b a b l y  be  b a s e d  on m o r e  th a n  one e f ­

f e c t .

N o r t h ,  C o u r t n e y ,  a n d  S o m m e r  (1935) a n d  D unk ley  and  S o m m e r  

(1944) d i s a g r e e d  w i th  t h i s  h y p o t h e s i s ,  a s  t h e y  w e r e  unab le  to f ind  

any  r e l a t i o n s h i p  b e t w e e n  i n t e r f a c i a l  t e n s i o n  a t  the  f a t - s e r u m  i n t e r f a c e  

and  the  e x t e n t  of f a t - g l o b u l e  c l u s t e r i n g .  The l a t t e r  i n v e s t i g a t o r s  d id  

s t a t e ,  h o w e v e r ,  t h a t  th i s  f r e e  e n e r g y ,  whi le  n o t  b e in g  a c a u s e  in  

c l u s t e r i n g ,  co u ld  p l a y  a p a r t  t h r o u g h  i t s  in f lu en c e  on the a d s o r p t i o n  

b y  the f a t .

The  p r e s e n t - d a y  k n o w led g e  of the  r e l a t i o n s h i p  b e t w e e n  f a t -  

g lo b u le  c l u s t e r i n g  and  v i s c o s i t y  in  c r e a m  w as  u t i l i z e d  by  H en ing  and



D a h l b e r g  (1932); W i e s e ,  N a i r ,  and  F l e m i n g  (1939); S m i th  and  D ean  

(1948);  a n d  S n y d e r  (1948),  a s  a  m e t h o d  of i n c r e a s i n g  c r e a m  v i s c o s i t y  

t h r o u g h  v a r i o u s  s e p a r a t i n g  an d  h e a t in g  t e c h n i q u e s .
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E x p e r i m e n t a l  P r o c e d u r e

F a c t o r s  a f f e c t in g  the  p h y s i c a l ,  c h e m i c a l,  a n d o r g a no l e p t ic  

p r o p e  r t i e  s of h a l f - a n d - h a l f . F r e s h  r a w  m i l k  was  o b t a in e d  f r o m  the 

M ic h i g a n  S ta te  C o l leg e  C r e a m e r y .  The m i l k  w as  w a r m e d  to 90° F . ,  

an d  s e p a r a t e d .  The r e s u l t a n t  s k i m m i l k  w a s  p l a c e d  i m m e d i a t e l y  into 

the  m i l k - s t o r a g e  r o o m ,  h e l d  a t  37° F .  M ea n w h i le  the c r e a m  w a s

p l a c e d  in  c o ld ,  ru n n in g  w a t e r  (5 3° F . ) .  A p e r i o d  of a p p r o x im a te ly

30 m i n u t e s  w a s  r e q u i r e d  f r o m  the t im e  the  s e p a r a t i o n  w a s  c o m p l e t e d  

un t i l  the  b e g in n in g  of the  p a s t e u r i z i n g  p r o c e s s .  T h r e e  s e p a r a t e  

s e r i e s  w e r e  c o n d u c t e d  w i th  e a c h  v a r y i n g  in  c o m p o s i t i o n  a s  fo llows:

S e r i e s  1. S k i m m i l k  and  c r e a m  s t a n d a r d i z e d  to 10.5 p e r c e n t

fa t .

S e r i e s  2. S k i m m i l k  and  c r e a m  s t a n d a r d i z e d  to 10.5 p e r c e n t  

f a t  p lu s  the  a d d i t io n  of 2 p e r c e n t  l o w - h e a t ,  s p r a y - p r o c e s s  s k i m m i l k  

powde r .

S e r i e s  3. S k i m m i l k  and  c r e a m  s t a n d a r d i z e d  to 10.5 p e r c e n t  

f a t  p lu s  the a d d i t io n  of 5 p e r c e n t  l o w - h e a t ,  s p r a y - p r o c e s s  s k i m m i l k  

powde r .

E a c h  s e r i e s  w a s  h e a t e d  in  a 3 0 -g a l lo n ,  s t a i n le  s s - s t e e l  u n iv a t

an d  p a s t e u r i z e d  a t  150° F .  f o r  30 m i n u t e s .  The p r o d u c t  w as  then
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h o m o g e n i z e d  a t  150° F .  in  a  M a n t o n - G a u l i n  (Model  E) tw o - s t a g e  

h o m o g e n i z e  r  w i th  a  c a p a c i t y  r a t e d  a t  75 g a l lo n s  p e r  h o u r .

The h o m o g e n i z a t i o n  p r e s s u r e s  u s e d  w i th  the  s ingle  s tag e  w e r e  

2,500 a n d  5 ,000 p o u n d s  p e r  s q u a r e  i n c h .  H o w e v e r ,  w hen  the  s a m p l e s  

w e r e  s u b j e c t e d  to d u a l  h o m o g e n i z a t i o n ,  in  a d d i t io n  to the  above p r e s ­

s u r e s  on the f i r s t  s t a g e ,  500 p o u n d s  p e r  s q u a r e  in c h  p r e s s u r e  was  

p l a c e d  on the  s e c o n d  v a lv e .  Th is  gave  h o m o g e n i z a t i o n  p r e s s u r e s  of 

0,  2 ,500 ,  5 ,000 ,  2,500 + 500, and  5,000 + 500 p ounds  p e r  s q u a r e  inch  

f o r  e a c h  s e r i e s .

The  s a m p l e s  w e r e  c o o l e d  to 60° F .  w i th  ru n n in g  w a t e r ,  b o t t l e d  

b y  h a n d  in to  h a l f - p i n t  b o t t l e s ,  an d  p l a c e d  in  co ld  s t o r a g e  a t  a  t e m ­

p e r a t u r e  of 37° to 38° F .

In o r d e r  to d e t e r m i n e  the  v i s c o s i t y  of the  v a r i o u s  s e r i e s ,  a 

B r o o k f i e l d  S y n c h r o - L e c t r i c  v i s c o m e t e r  w a s  e m p l o y e d .  The v i s c o s i t i e s  

w e r e  m e a s u r e d  a t  t e m p e r a t u r e s  of 20° C. (68° F . )  and  3° C. (37.4° 

F . ) ,  w i th  the  r e s u l t s  b e in g  e x p r e s s e d  in c e n t i p o i s e s .  W hen  the  r e a d ­

ings  w e r e  t a k e n  a t  20° G.,  the  h a l f - p i n t  s a m p l e s  w e r e  r e m o v e d  f r o m  

c o ld  s t o r a g e  a n d  p l a c e d  in  a w a t e r  b a th ,  h e ld  a t  20° ± 1 °  C. f o r  30 

m i n u t e s  p r i o r  to the  d e t e r m i n a t i o n  of the  v i s c o s i t y .  The s a m p l e s  

e x a m i n e d  a t  3° C .  w e r e  t a k e n  d i r e c t l y  f r o m  c o ld  s to r a g e  and  r e a d ­

in g s  w e r e  m a d e  i m m e d i a t e l y .  All  s a m p l e s  w e r e  h e ld  in  co ld  s t o r a g e
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f o r  a  p e r i o d  of s ix  h o u r s  p r i o r  to die in i t i a l  d e t e r m i n a t i o n s . O t h e r  

r e a d i n g s  w e r e  o b ta in e d  a t  i n t e r v a l s  of t h r e e  and  s e v e n  d a y s .

The  h e a t  s t a b i l i t y  of the  s a m p l e s  w a s  d e t e r m i n e d  a t  the s a m e  

t im e  the v i s c o s i t y  r e s u l t s  w e r e  o b ta in e d .  O n e - m i l l i l i t e r  s a m p l e s  

w e r e  s e a l e d  in  8 - m i l l i l i t e r  P y r e x  g l a s s  tub ing  an d  i m m e r s e d  in an 

oil  b a t h  h e ld  a t  a t e m p e r a t u r e  of 120° C. (248° F . ) .  The s u b m e r g e d  

tu b e s  w e r e  r o t a t e d  a t  a  c o n s t a n t  r a t e  of s e v e n  r e v o lu t io n s  p e r  m i n ­

u te .  The t i m e  i n t e r v a l  b e t w e e n  i m m e r s i o n  of the  s a m p l e s  and  the 

a p p e a r a n c e  of the  f i r s t  s ig n s  of p r e c i p i t a t i o n  in the g l a s s  tu b e s  w as  

r e c o r d e d ,  in  m i n u t e s ,  a s  the m e a s u r e m e n t  of h e a t  s t a b i l i t y .

T i t r a t a b l e  a c i d i t y  and  pH  d e t e r m i n a t i o n s  w e r e  c o n d u c te d  on 

a l l  s a m p l e s .  A B e c k m a n  (Model G) p H  m e t e r  w a s  u s e d  f o r  r e c o r d ­

ing the  p H .  T i t r a t a b l e  a c i d i t y  w a s  e x p r e s s e d  a s  p e r c e n t a g e  l a c t i c  

a c id .

The  p e r c e n t a g e  to t a l  s o l id s  and  f a t  w a s  d e t e r m i n e d  a s  o u t l in e d  

b y  M o j o n n i e r  a n d  T r o y  (1925) f o r  c r e a m  t e s t i n g  25 p e r c e n t  and  u n d e r .  

The p r o c e d u r e  of B r u n n e r  (1952) w as  u s e d  to d e t e r m i n e  to t a l  n i t r o ­

gen .  A f a c t o r  of 6 .38  w a s  u s e d  to c o n v e r t  to ta l  n i t r o g e n  in to  to ta l  

p r o t e i n .

The  s p e c i f i c  g r a v i t y  w a s  d e t e r m i n e d  by  m e a n s  of a Q uevenne  

l a c t o m e t e r  a t  60° F . ,  the s a m p l e s  be ing  t e m p e r e d  f o r  30 m i n u t e s  in 

w a te  r .
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The  p e r c e n t a g e  of a s h  w a s  d e t e r m i n e d  by e v a p o r a t i n g  10 g r a m s  

of h a l f - a n d - h a l f  to d r y n e s s  on a  s t e a m  b a t h .  The d r i e d  p r o d u c t  th e n  

w a s  p l a c e d  in  a m u f f l e  f u r n a c e ,  h e l d  a t  a  t e m p e r a t u r e  no h i g h e r  th an  

550° C. (1 ,022° F .) u n t i l  f r e e  of c a r b o n .  The a s h e d  s a m p l e  w as  

c o o le d  f i n a l l y  in  a  d e s i c c a t o r ,  w e ig h ed ,  a n d  the  p e r c e n t a g e  of a s h  

th e n  c a l c u l a t e d .

In  o r d e r  t h a t  the  s t a b i l i t y  of h a l f - a n d - h a l f  in  coffee  m i g h t  be 

d e t e r m i n e d ,  s e v e r a l  t r i a l s  w e r e  c o n d u c te d .  F i v e  m i l l i l i t e r s  of the 

p r o d u c t  w a s  p i p e t t e d  f i r s t  in to  a  b e a k e r  to w h ic h  50 m i l l i l i t e r s  of 

h o t  c o f f e e ,  r a n g in g  in t e r m p e r a t u r e  f r o m  195° to 205° F . ,  w as  ad d ed .  

The m i x t u r e  w a s  a l l o w e d  to r e m a i n  q u i e s c e n t  f o r  two m i n u t e s ,  a f t e r  

w h ic h  the  f e a t h e r i n g  a b i l i t y  of the s a m p l e s  w as  o b s e r v e d  and  r e c o r d e d .  

The  coffee  u s e d  in  the t r i a l s  f o r  the d e t e c t i o n  of f e a t h e r i n g  w a s  p r e ­

p a r e d  by  add ing  3 g r a m s  of r e g u l a r - g r i n d  coffee  to 50 m i l l i l i t e r s  of 

b o i l in g  w a t e r  c o n ta in in g  the  v a r i o u s  c o n c e n t r a t i o n s  of c a l c i u m  io n s .

The b r e w  w a s  a l l o w e d  to  b o i l  f o r  one m i n u t e ,  a f t e r  w h ic h  i t  w as  

f i l t e r e d  t h r o u g h  a  p i e c e  of c h e e s e c l o t h  and  th e n  ad d ed  to a  b e a k e r  

c o n ta in in g  the  5 - m i l l i l i t e r  s a m p l e .  T r i a l s  w e r e  r u n  a l so  w i th  the 

coffee  m a d e  b y  the  p e r c o l a t o r  m e th o d .  H e r e ,  d i r e c t i o n s  a s  r e c o m ­

m e n d e d  by  the m a n u f a c t u r e r s  w e r e  fo l lo w ed  f o r  the  p r e p a r a t i o n  of 

the  c o f f e e .  The p r o p o r t i o n s  u s e d  w e r e  15 g r a m s  of r e g u l a r - g r i n d
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coffee  p e r  cup  (150 m l . )  of w a t e r .  B o th  d i s t i l l e d  an d  h a r d  w a t e r  

w e r e  u s e d  in  t h i s  m e t h o d  of coffee  m a k i n g .

The  o r g a n o l e p t i c  q u a l i t i e s  of h a l f - a n d - h a l f  w e r e  d e t e r m i n e d  by 

a p a n e l  of e x p e r i e n c e d  d a i r y  j u d g e s .  The s a m p l e s  w e r e  ju d g e d  when  

th e y  w e r e  f r o m  t h r e e  to f ive  days  o ld .  S p e c ia l  e m p h a s i s  w a s  p l a c e d  

on the  b o d y  and  f l a v o r  of the  p r o d u c t s .

In f l u e n c e  of a d d e d  n o n fa t  d r y  m i l k  so l id s  and  p r e s s u r e s  of

h o m o g e n i z a t i o n  on the  s t a b i l i t y  of h a l f  - and  - h a l f . With  the v iew  of 

s tu d y in g  the  e f f e c t  of a d d e d  s o l i d s - n o t - f a t  a n d  p r e s s u r e s  of h o m o g ­

e n i z a t i o n  on the  s t a b i l i t y  of h a l f - a n d - h a l f  h o m o g e n i z e d  m i l k ,  ion ic  

so lu t io n s  of c a l c i u m ,  m a g n e s i u m ,  an d  c i t r a t e  w e r e  p r e p a r e d  in  d i s ­

t i l l e d  w a t e r .  C o n c e n t r a t i o n s  of e a c h  g ro u p  of ions  r a n g e d  f r o m  0 

to 500 p a r t s  p e r  m i l l i o n ,  in  g r a d u a t i o n s  of 100 p a r t s  p e r  m i l l i o n .

F i v e  m i l l i l i t e r s  of e a c h  s p e c i f i c  c o n c e n t r a t i o n  w as  p i p e t t e d  

in to  a  t e s t  t u b e .  To t h i s ,  1 m i l l i l i t e r  of the  s a m p l e  of h a l f - a n d - h a l f  

u n d e r  s tu d y  w a s  a d d e d .  The c o n t e n t s  w e r e  i n v e r t e d  five  t i m e s .  To 

th i s  m i x t u r e ,  v a r i o u s  i n c r e m e n t s  of N /1 0 0  HC1 w e r e  a d d e d  f r o m  a 

b u r e t t e ,  a f t e r  w h ic h  the  tube  w a s  i n v e r t e d  f ive  t i m e s  and  o b s e r v e d .

T h i s  t e c h n i q u e  w a s  c o n t in u e d  un t i l  the f i r s t  s ig n s  of a f ine  p r e c i p i ­

t a t e  in  the  t e s t  tube  w e r e  n o te d ,  a t  w h ich  p o in t  the n u m b e r  of m i l l i ­

l i t e r s  of N /1 0 0  HC1 w e r e  r e c o r d e d  a s  the  r e l a t i v e  s t a b i l i ty  of the  s a m p l e .
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R e s u l t s

The  r e s u l t s ,  o b t a in e d  f r o m  the  f i r s t  s e c t i o n  of th i s  s tudy ,  w e r e  

s e c u r e d  f r o m  t h r e e  s e r i e s  of h a l f - a n d - h a l f  h o m o g e n i z e d  m i lk .  F i v e  

to s e v e n  t r i a l s  w e r e  c o n d u c t e d  on e a c h  s e r i e s .  T h e s e  s a m p l e s  w e r e  

s t a n d a r d i z e d  a t  10.5 p e r c e n t  f a t ,  w i th  the  m i l k - s o l i d s - n o t - f a t  c o n t e n t  

r a n g in g  f r o m  8.7 3 to 12 .38 p e r c e n t  (T ab le  1) b y  the  a d d i t io n  of lo w -  

h e a t ,  s p r a y - p r o c e s s  s k i m m i l k  p o w d e r .  The  d a t a  a r e  p r e s e n t e d  in  

T a b l e s  1 to 9> i n c l u s i v e ,  a n d  a r e  shown g r a p h i c a l l y  in F i g u r e s  1 to 

12, i n c l u s i v e .

V i s c o s i t y . The d a t a  f r o m  Tab le  2, i l l u s t r a t e d  in  F i g u r e  1, 

m a y  be d iv id e d  in to  two m a j o r  c a t e g o r i e s :  (1) the  e f f e c t  of s ing le

a n d  double  h o m o g e n iz a t io n ;  and  (2) the  e f f e c t  of a d d e d  m i l k - s o l i d s -  

n o t - f a t  on  the  v i s c o s i t y  of h a l f - a n d - h a l f .  The v i s c o s i t y  m e a s u r e m e n t s  

r e c o r d e d  in th i s  t a b le  w e r e  o b t a i n e d  a f t e r  the  s a m p l e s  h a d  b e e n  h e ld  

in  s t o r a g e  f o r  s ix  h o u r s .

In  g e n e r a l ,  the  v i s c o s i t y  d id  n o t  e x c e e d  17.8 c e n t i p o i s e s ,  ev en  

w hen  h o m o g e n i z e d  a t  5,000 p o u n d s  p e r  s q u a r e  in c h  p r e s s u r e  w i th  one 

s t a g e .  The g r e a t e s t  in c r e a se in  v i s c o s i t y  o c c u r r e d  when  on ly  one 

s t a g e  w a s  u s e d ,  the  g r e a t e s t  b e in g  11.2 c e n t i p o i s e s  a t  5,000 p o u n d s  

p e r  s q u a r e  i n c h  p r e s s u r e .  When 500 p o u n d s  p e r  s q u a r e  in c h  p r e s s u r e
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w a s  a p p l i e d  to the  s e c o n d  v a lv e ,  the  v i s c o s i t y  i n c r e a s e d  on ly  s l ig h t ly  

a s  the  p r e s s u r e  of h o m o g e n i z a t i o n  i n c r e a s e d .  W ith  the  two s t a g e s  in 

o p e r a t i o n ,  the  g r e a t e s t  i n c r e a s e  in  v i s c o s i t y  w as  only 1.5 c e n t i p o i s e s  

o v e r  t h a t  of the  n o n h o m o g e n i z e d  c o n t r o l  s a m p l e  (T ab le  2).

F u r t h e r  i n s p e c t i o n  of T ab le  2 show s  t h a t  the  ad d i t io n  of n o n ­

f a t  d r y  m i l k  s o l i d s  d id  i n c r e a s e  the  v i s c o s i t y  s l ig h t ly .  With  one 

e x c e p t i o n ,  t h e r e  a p p e a r e d  to be a s m a l l  b u t  de f in i te  i n c r e a s e  in  v i s ­

c o s i t y  a s  a  r e s u l t  of ad d in g  s k i m m i l k  p o w d e r .  Th is  o c c u r r e d  when 

the  s a m p l e s  w e r e  h o m o g e n i z e d  a t  a  p r e s s u r e  of 5,000 p o u n d s  p e r  

s q u a r e  i n c h ,  s in g le  s t a g e ,  r e s u l t i n g  in  an  i n c r e a s e  in  v i s c o s i t y  of 

4 .3  c e n t i p o i s e s .  The r e m a i n i n g  s a m p l e s  s h o w ed  o n ly  an  i n c r e a s e  of 

f r o m  1.0 to 1.8 c e n t i p o i s e s .

On ly  s l i g h t  i n c r e a s e s  in  v i s c o s i t i e s  w e r e  n o te d ,  e v e n  a f t e r  

the  s a m p l e s  w e r e  h e ld  in  s t o r a g e  f o r  s e v e n  d a y s .  Th i s  i s  c l e a r l y  

i l l u s t r a t e d  in  T a b le  3. A s  th e s e  d a t a  i n d i c a t e ,  the g e n e r a l  i n c r e a s e  

in v i s c o s i t y  w a s  v e r y  s m a l l ,  and  in  m o s t  c a s e s  w o u ld  no t  be  c o n s i d ­

e r e d  a s  b e in g  s ig n i f i c a n t .  T h i s  w a s  t r u e  w h e t h e r  n o n fa t  d r y  m i l k  

s o l i d s  w e r e  a d d e d  o r  no t .  W i th  on ly  two e x c e p t i o n s ,  the l a r g e s t  

i n c r e a s e  in  v i s c o s i t y  n o t e d  in  s e v e n  days  w a s  only  2.5 c e n t i p o i s e s .  

The  r e a s o n  f o r  the  a b n o r m a l l y  h ig h  v i s c o s i t y  show n in  the  s e c o n d  

t r i a l  in  S e r i e s  1 (T ab le  3) c a n n o t  be e x p l a i n e d .  The s a m p l e  w as
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n o r m a l  in  a l l  o t h e r  r e s p e c t s .  Th is  w as  the on ly  t i m e  t h i s  d e v ia t io n  

o c c u r r e d  in a l l  the  t r i a l s  c o n d u c te d  on h a l f - a n d - h a l f  i n  the  c u r r e n t  

s tudy .

H e a t  s t a b i l i t y .  The e f f e c t  of v a r i o u s  a d d i t io n s  of n o n fa t  d r y  

m i l k  s o l id s  on the  h e a t  s t a b i l i t y  of h a l f - a n d - h a l f  i s  p r e s e n t e d  in Tab le  

4 a n d  F i g u r e  2. F r o m  t h e s e  r e s u l t s ,  s e v e r a l  d i f f e r e n t  f a c t s  m a y  be  

n o te d .  The f i r s t  i s  t h a t  the  m a x i m u m  h e a t  s t a b i l i t y  o c c u r r e d  in  the 

n o n h o m o g e n i z e d  s a m p l e s  to w h ic h  no s k i m m i l k  so l id s  h a d  b e e n  ad d ed .  

A s  the  p e r c e n t a g e  of m i l k - s o l i d s - n o t - f a t  i n c r e a s e d  in  t h e s e  n o n h o m o g ­

e n i z e d  s a m p l e s ,  t h e r e  a p p e a r e d  a  d e f in i te  d e c r e a s e  in h e a t  s t a b i l i t y .

In a l l  c a s e s ,  h o m o g e n i z a t i o n ,  w h e t h e r  s in g le  o r  double  s t a g e ,  a l so  

d e c r e a s e d  the  h e a t  s t a b i l i t y  of the  h a l f - a n d - h a l f  h o m o g e n i z e d  m i l k s .

H o w e v e r ,  a d i s t i n c t  d i f f e r e n c e  a p p e a r e d  b e t w e e n  s i n g l e -  and  

d o u b l e - s t a g e  h o m o g e n i z a t i o n .  The r e s u l t  of p l a c i n g  500 p o u n d s  p e r  

s q u a r e  i n c h  p r e s s u r e  on flie s e c o n d  va lv e  m o r e  than  d o u b le d  the  h e a t  

s t a b i l i t y  o v e r  the s a m p l e s  w h ic h  w e r e  s u b j e c t e d  to the  s a m e  s in g l e -  

s t a g e  p r e s s u r e s .  I t  m i g h t  w e l l  be p o in t e d  o u t  t h a t  in  the  s e r i e s  

w h e r e  the  s k i m m i l k  p o w d e r  w a s  ad d ed ,  the h e a t  s t a b i l i t y  a t  the two 

d i f f e r e n t  p r e s s u r e s  w i th  the  s i n g l e - s t a g e  p r o c e s s  w as  i d e n t i c a l .  The 

r e s u l t s  o b t a i n e d  f r o m  the d u a l - h o m o g e n i z e d  s a m p l e s ,  a l th o u g h  no t  

i d e n t i c a l  w i th  e a c h  o t h e r ,  w e r e  v e r y  c l o s e .  The s e r i e s  w h e r e  no



p o w d e r  w a s  a d d e d  sh o w e d  a  g r a d u a l  d e c r e a s e  in s t a b i l i t y  a s  the  p r e s  

s u r e  i n c r e a s e d ,  w i th  the  s i n g l e - s t a g e  h o m o g e n i z e d  s a m p l e s  b e in g  the  

l e a s t  s t a b l e .

T i t r a t a b l e  a c id i ty  a nd  p H . The i n f o r m a t i o n  su p p l i e d  in  T ab le  

5 an d  F i g u r e  3 i s  of c o n s i d e r a b l e  i m p o r t a n c e  w hen  c o n s i d e r i n g  use  

of a d d e d  m i l k - s o l i d s - n o t - f a t  in  h a l f - a n d - h a l f .  P e r h a p s  the  m o s t  s i g ­

n i f i c a n t  i n f o r m a t i o n  t h a t  i s  show n  by th e s e  d a ta  i s  the  de f in i te  i n ­

c r e a s e  in  t i t r a t a b l e  a c i d i t y  a s  the  p e r c e n t a g e  of m i l k - s o l i d s - n o t - f a t  

i n c r e a s e d .  As  show n in  F i g u r e  3, f o r  e v e r y  p e r c e n t a g e  i n c r e a s e  in 

the s o l i d s - n o t - f a t ,  up to 5 p e r c e n t ,  the  c a l c u l a t e d  i n c r e a s e  in t i t r a t ­

ab le  a c i d i t y  a m o u n t e d  to 0 .0189  p e r c e n t .  H o w e v e r ,  add ing  m i l k -  

s o l i d s - n o t - f a t  a p p e a r e d  to p r o d u c e  no s ig n i f i c a n t  d i f f e r e n c e  in  pH 

of the  s a m p l e s  u s e d  in th is  s tudy .

S p e c i f ic  g r a v i t y . The s p e c i f i c  g r a v i t y  w a s  found  to i n c r e a s e  

d i r e c t l y  a s  i n c r e m e n t s  of m i l k - s o l i d s - n o t - f a t  w e r e  a d d e d  to the  s a m ­

ple  s .

F e a t h e r i n g  of h a l f  - and  - h a l f  in co f fee .  The d a t a  show ing  the  

s t a b i l i t y  of the s a m p l e s  of h a l f - a n d - h a l f  in coffee  a r e  c o m p i l e d  in  

T ab le  6. P e r h a p s  the  m o s t  s ig n i f i c a n t  f a c t o r  in  th i s  s tudy  w a s  th a t ,  

w i th  one e x c e p t i o n  w h e r e  the v i s c o s i t y  w a s  a b n o r m a l l y  h igh  ( S e r i e s  1
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T r i a l  2, T a b le  6), no s a m p l e  of h a l f - a n d - h a l f  p r e p a r e d  in  t h i s  s tudy  

f e a t h e r e d  w h e n  the  coffee  w a s  m a d e  w i th  h a r d  tap  w a t e r .  The h a r d ­

n e s s  of th is  w a t e r  w a s  c a l c u l a t e d  to be 419.2  p a r t s  p e r  m i l l i o n  c a l ­

c i u m  c a r b o n a t e .  H o w e v e r ,  a s  i n d i c a t e d  in  T ab le  6, w hen  the  coffee  

w a s  m a d e  w i th  d i s t i l l e d  w a t e r ,  d i f f e r e n t  r e s u l t s  w e r e  o b ta in e d .  The 

n o n h o m o g e n i z e d  s a m p l e s  w e r e  quite  s tab le  w hen  a d d e d  to t h i s  co f fee .  

W hen  the s a m p l e s  w e r e  h o m o g e n i z e d ,  t h i s  s t a b i l i t y  a g a i n s t  f e a t h e r i n g  

d r o p p e d  s h a r p l y .  The  d u a l - h o m o g e n i z e d  s a m p l e s  sh o w e d  s l ig h t ly  

m o r e  s t a b i l i t y  th a n  th o s e  t r e a t e d  w i th  the  s ing le  s t ag e .  U n d e r  the  

c o n d i t i o n s  of t h i s  s tudy  the  ad d i t io n  of s k i m m i l k  p o w d e r  d id  no t  i m ­

p r o v e  s i g n i f i c a n t l y  the  s t a b i l i t y  of the  h a l f - a n d - h a l f  in coffee  w hen  

m a d e  w i th  d i s t i l l e d  w a t e r .

W hen  coffee  w a s  m a d e  e i t h e r  w i th  d i s t i l l e d  o r  w i th  tap  w a t e r ,  

a  d i f f e r e n c e  in  the  pH  of the b r e w s  w as  n o te d .  The coffee  m a d e  w i th  

d i s t i l l e d  w a t e r  h a d  a  p H  ra n g e  f r o m  5 .18  to 5 .65,  while  t h a t  m a d e  

w i th  h a r d  w a t e r  w a s  m u c h  h i g h e r ,  r a n g in g  f r o m  6.00 to 6 .32.

A p a n e l  of e x p e r i e n c e d  d a i r y - p r o d u c t  ju d g e s  c o n s i d e r e d  the  

s a m p l e s  f r o m  a n  o r g a n o l e p t i c  p o in t  of v iew. The n o n h o m o g e n i z e d  

p r o d u c t s  w e r e  c r i t i c i z e d  b e c a u s e  of t h e i r  s a lv y  type  of c r e a m  p lug ,  

w h ic h  f o r m e d  upon s t o r a g e .  In ad d i t io n ,  t h e s e  s a m p l e s  w e r e  c o n s i d ­

e r e d  to l a c k  the f l a v o r  and  body w h ich  is  d e s i r e d  in  h a l f - a n d - h a l f .
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The s a m p l e s  to w h ic h  2 p e r c e n t  s k i m m i l k  p o w d e r  w e r e  a d d ed  

w e r e  c o n s i d e r e d  to have  a  good b o d y  and  e x c e l l e n t  f l a v o r .  H o w e v e r ,  

w h e n  the a d d i t i o n s  w e r e  i n c r e a s e d  to 5 p e r c e n t  (a l though  the  p r o d u c t s  

w e r e  c o n s i d e r e d  to have  a  d e s i r a b l e ,  h e a v y  body) ,  th e y  h a d  a d e f in i te ,  

u n d e s i r a b l e  s a l t y  t a s t e .

O c c a s i o n a l l y ,  w hen  the  s a m p l e s  w e r e  h o m o g e n i z e d  a t  the l o w e r  

p r e s s u r e s  u s e d  in  t h i s  s tudy ,  t h e y  w e r e  c r i t i c i z e d  f o r  the  a p p e a r a n c e  

of a f a t  r ing  a r o u n d  the  top  of the  b o t t l e .  Th is  w as  n o t i c e a b l e  b o th  

w i t h  s i n g l e -  a n d  w i th  d o u b l e - s t a g e  h o m o g e n iz a t io n .  W hen  the  h i g h e r  

p r e s s u r e s  w e r e  u s e d ,  th i s  d e f e c t  d id  n o t  o c c u r .

The  in f lu e n c e  of a d d e d  n onfa t  d r y  m i l k  so l id s  and  p r e s  s u r e  

of h orn o g e n iz a t io n  o n  the  s t a b i l i t y  of h a l f  - and  -  h a l f . The d a t a  p r e ­

s e n t e d  in  T a b l e s  7, 8, and  9, show the  in f lu en ce  of v a r i o u s  c o n c e n ­

t r a t i o n s  of c a l c i u m ,  m a g n e s i u m ,  and  c i t r a t e  ion ic  s o lu t io n s  on the 

s t a b i l i t y  of d i f f e r e n t  ty p e s  of h o m o g e n i z e d  m i l k s ,  a s  m e a s u r e d  by 

a c i d  p r e c i p i t a t i o n .  T h r e e  s e p a r a t e  t r i a l s  w e r e  c o n d u c te d .  The f i r s t  

t r i a l  w as  m a d e  in  J a n u a r y  ( F i g u r e s  4, 7, and  10), the  s e c o n d  in 

M a r c h  ( F i g u r e s  5, 8, and  11), and  the t h i r d  in  M ay ( F i g u r e s  6, 9, 

and  12).

P e r h a p s  the  m o s t  s ig n i f i c a n t  p o in t  th a t  m i g h t  be n o t i c e d  f r o m  

t h e s e  t h r e e  t a b l e s  i s  t h a t  a c id  w a s  n o t  r e q u i r e d  to p r e c i p i t a t e  the
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n o n h o m o g e n i z e d  s a m p l e s  w hen  th e y  w e r e  m i x e d  w i th  d i s t i l l e d  w a t e r .  

A l th o u g h  the  t h r e e  d i f f e r e n t  ty p e s  of io n ic  so lu t io n s  of v a r y i n g  c o n ­

c e n t r a t i o n s  w e r e  a d d e d  to h a l f - a n d - h a l f ,  t h e s e  s a m p l e s  w e r e  s t i l l  

r e a d i l y  p r e c i p i t a t e d  upon m ix in g .  H o w e v e r ,  w hen  the  s a m p l e s  of 

h a l f - a n d - h a l f  w e r e  h o m o g e n i z e d ,  the  a d d i t io n  of a c i d  w a s  n e c e s s a r y  

to g ive  t h i s  p r e c i p i t a t i o n ,  thus  s u g g e s t in g  i n c r e a s e d  s t a b i l i t y .

The g e n e r a l  e f f e c t  of add ing  m i l k - s o l i d s - n o t - f a t  to h a l f - a n d -  

ha l f  w a s  t h a t ,  a s  the p e r c e n t a g e  i n c r e a s e d ,  m o r e  a c i d  w as  r e q u i r e d  

to p r o d u c e  a  p r e c i p i t a t e ,  t h u s  in d i c a t in g  a  g r e a t e r  s t a b i l i t y .  F u r t h e r ­

m o r e ,  w hen  t h e s e  s a m p l e s  w e r e  h o m o g e n i z e d  a t  h i g h e r  p r e s s u r e s ,  

i n c lu d in g  b o t h  s in g le  a n d  double  s t a g e ,  a d d i t io n a l  a c i d  u s u a l l y  w as  

n e c e s s a r y  f o r  p r e c i p i t a t i o n .  T h i s  w as  e s p e c i a l l y  n o t i c e a b le  in  the 

f i r s t  two t r i a l s .

The e f f e c t s  of the  c a l c i u m ,  m a g n e s i u m ,  and  c i t r a t e  ions  on 

the s t a b i l i t y  of the  d i f f e r e n t  s e r i e s  of h a l f - a n d - h a l f  p r o v e d  i n t e r e s t ­

ing .  The e f f e c t  of the  c a l c i u m  io n s  w a s  t h a t  of d e s t a b i l i z a t i o n  ( F i g ­

u r e s  4 ,  5, a n d  6). M a g n e s i u m  t e n d e d  to have  b u t  l i t t l e  e f f e c t ,  f o r  

a s  the  c o n c e n t r a t i o n  of th e s e  ions  i n c r e a s e d ,  the a m o u n t  of a c id  

r e q u i r e d  f o r  p r e c i p i t a t i o n  r e m a i n e d  f a i r l y  c o n s t a n t  ( F i g u r e s  7 ,  8, 

and  9). The a d d i t io n  of c i t r a t e  i o n s ,  h o w e v e r ,  t e n d e d  to i n c r e a s e  

s l ig h t ly  the s t a b i l i t y  of the s a m p l e s  a s  the  ion ic  s t r e n g t h  w a s
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i n c r e a s e d  ( F i g u r e s  10, 11, a n d  1Z). The above e f f e c t s  of t h e s e  ions  

w e r e  m o s t  n o t i c e a b l e  in  the  two s e r i e s  w h ic h  c o n ta i n e d  a d d e d  i n c r e ­

m e n t s  of 2 a n d  5 p e r c e n t  m i l k - s o l i d s - n o t - f a t ,  e s p e c i a l l y  w hen  they  

w e r e  h o m o g e n i z e d  a t  5,000 and  5,000 + 500 p o unds  p e r  s q u a r e  in c h  

p r e s s u r e  s .

Of i n t e r e s t  a l s o  i s  a c o m p a r i s o n  of the d a t a  f r o m  the  t h r e e  

s e p a r a t e  t r i a l s .  When c o m p a r i n g  the t r i a l s  in  w h ic h  no  s o l id s  w e r e  

a d d e d ,  i t  m a y  be s e e n  t h a t  the  t r i a l  c o n d u c te d  in  J a n u a r y  a p p e a r e d  

to b e  r a t h e r  u n s t a b l e ,  a s  l i t t l e  a c i d  w a s  r e q u i r e d  to g ive  a  p r e c i p i ­

t a t e .  The o t h e r  two t r i a l s ,  w h ic h  w e r e  ru n  in  M a r c h  and  M ay ,  did  

g ive  s o m e w h a t  h i g h e r  r e a d i n g s .  The a d d i t io n  of s k i m m i l k  p o w d e r  

t e n d e d  to m i n i m i z e  the  d i f f e r e n c e s  in  the  r e s u l t s  of  the  t h r e e  t r i a l s ,  

a s  w a s  n o t i c e d  in  the  f i r s t  s e r i e s .

A. m a r k e d  d i f f e r e n c e  o c c u r r e d  b e tw e e n  the  d a t a  o b t a in e d  f r o m  

the f i r s t  two t r i a l s  and  t h o s e  of the  t h i r d .  The r e s u l t s  f r o m  th i s  

l a s t  t r i a l  sh o w e d  th a t ,  a l th o u g h  the  d i f f e r e n t  h o m o g e n i z a t i o n  p r e s s u r e s  

w e r e  u s e d  in  e a c h  s e r i e s ,  the  r e s u l t s  w e r e  a l m o s t  i d e n t i c a l .  H ow ­

e v e r ,  in  the  f i r s t  two t r i a l s ,  the  d a t a  w e r e  m o r e  e r r a t i c ,  t h e r e  be in '  

a m a r k e d  d i f f e r e n c e  in the f i n d i n g s ,  due to the  d i f f e r e n t  p r e s s u r e s  of 

h o m o g e n i z a t i o n .  As  in  a l l  t h r e e  t r i a l s  of e v e r y  s e r i e s ,  l i t t l e  s i g n i f i ­

c a n t  d i f f e r e n c e  c o u ld  be  d e t e c t e d  b e t w e e n  s in g l e -  an d  d o u b l e - s t a g e  

h o m o g e n i z a t i o n .
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T ab le  1. The  in f lu en c e  of a d d e d  s o l i d s - n o t - f a t  on the c o m p o s i t i o n  of 
h a l f - a n d - h a l f  h o m o g e n i z e d  m i l k .

S e r i e s
No..*

Adde  d 
I n c r e ­
m e n t s  

of 
S o l ids  - 

N o t - F a t

The
M ilk

C o m p o s i t i o n  of H a l f - a n d -  
W hen  V a r i o u s  A m o u n ts  

W e r e  A dded

H alf  H o m o g e n i z e d  
of S o l i d s - N o t - F a t

F a t P  ro te  in A s h
S o l i d s - 

N o t - F a t
T o ta l

Sol ids

(pet.) (pet.) (pet.) (pet.) (pet.) (pet.)

1 0 10.58 3,36 0.6967 8.73 19.20

2 2 10.47 4.18 0 .8353 10.05 20.53

3 5 10.28 4,66 1.0168 12.38 22.57

* F i v e  to s e v e n  t r i a l s  on e a c h  s e r i e s .
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T ab le  2.  The  in f lu e n c e  of a d d e d  s o l i d s - n o t - f a t  on the v i s c o s i t y  of 
h a l f - a n d - h a l f  w hen  h o m o g e n i z e d  a t  v a r i o u s  p r e s s u r e s .

A d d e d  
I n c r e -

T e m -  
pe r a -  
t u r e

The V i s c o s i t y  of H a l f - a n d - H a l f  
When H o m o g e n i z e d  at:

S e r i e s
N o .*

m e n t s
of

S o l i d s -
N o t - F a t

OI
V i s ­

c o s i t y
M e a ­
s u r e ­

m e n t s

0
l b s . / 
sq . in .

2500
l b s . /
sq . in .

2500 
+ 500 
l b s . / 
sq . in .

5000 
lb s . / 
sq . in .

5000 
+ 500 
l b s . / 
sq . in .

(pet.) (°C.) ( cen t i -  
p o i s e  s)

(cen t i -  
p o i s e  s)

(c e n t i -  
1 p o i s e s )

(c e n t i -  
p o i s e  s)

(c e n t i -  
p o i s e  s)

1 0 20 4.9 6.7 5.4 8.9 5.8

3 6.7 8.9 7.0 13.5 7.5

2 2 20 5.7 8.0 6.3 10.4 6.7

3 6.6 9.3 7.5 17.8 8.1

3 5 20 5.9 7.8 6.7 9.1 7.2

3 7.9 10.3 8.6 15.9 9-3

* F i v e  to  s e v e n  t r i a l s  on e a c h  s e r i e s .
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Tab le  3. The  In f luence  of l e n g t h  of s t o r a g e  and  ad d ed  s o l i d s - n o t - f a t  
on  the  v i s c o s i t y  of h a l f - a n d - h a l f  h o m o g e n i z e d  a t  v a r i o u s  
p re  s s u r e  s .

H o-  V i s c o s i t y  of H a l f - a n d - H a l f  W hen  S t o r e d  a t  3° C. for :

e n i -  0 days  3 d a y s  7 days
z a t i o n   -----—— --------       —-----------
P r e s -  T r i a l  T r i a l  T r i a l  T r i a l  T r i a l  T r i a l  T r i a l  T r i a l  T r i a l  
s u r e s  1 2 3 1 2 3 1 2 3

( c e n t i p o i s e s ) *  ( c e n t ip o i s e s )  ( c e n t ip o i s e s )

S e r i e s  1: No S o l i d s - N o t - F a t  A dded

0 4.6 4.7 4.9 4.8 5.1 5.3 5.6 5.9 5.7
2500
2500+

7.4 7.5 6.8 7.0 - 7.6 7.8 7.2

500 5.1 39.3 5.4 5.5 78.4  5.5 5.8 82.6 5.5
5000
5000+

9-2 8.6 9.5 10.0 - - 10-.4 8.9 10.0

500 5.0 79 .8  5.7 

S e r i e s  2:

6.3 

Adde d

169.8 5.1 

S o l i d s - N o t - F a t

6.8

(2%)

209.6 5.6

0 5.4 5.4 5.6 5.5 5.6 5.2 6.1 6.0 6.0
2500
2500+

8.2 8.7 8.1 7.9 — - 8.4 9.6 8.3

500 5.8 7.9 6.2 6.1 8.2 5.4 6.0 8.9 6.0
5000
5000+

9.3 8.3 11.9 9.8 — — 10.3 8.8 14.4

500 6.7 15.2 6.5 

S e r i e s  3:

7.5

A dded

18.2 6.7

S o l ids  - N o t - F a t

7.1

(5%)

21.4 6.8

0 9.9 5.8 5.8 10.7 7.5 6.3 11.9 6.8 6.5
2500
2500+

7.5 7.8 8.2 10.4 7.6 8.6 8.1

500 7.6 7.1 6.5 8.3 7.3 6.4 9.2 7.6 7.2
5000
5000+

8.4 10.5 8.4 8.6 “  ” 8.6 12.0 8.9

500 7.6 7.8 6.8 8.3 7.9 7.4 9.2 8.2 7.6

* R e a d i n g s  m a d e  a t  20° C.
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Tab le  4. The  in f lu en c e  of a d d e d  s o l i d s - n o t - f a t  on the h e a t  s t a b i l i t y  
of h a l f - a n d - h a l f  h o m o g e n i z e d  m i l k  w hen  s u b j e c t e d  to 
v a r i o u s  p r e s s u r e s .

Adde d 
I n c r e ­

The H e a t  S t a b i l i t y  of H a l f - a n d -  
When H o m o g e n iz e d  at:

Half

r i e s
ro.*

m e n t s
of

S o l i d s -
N o t - F a t

0
l b s . /
s q . in .

2500 
l b s . /  
sq . in .

2500 
+ 500 
l b s . /  
sq . in .

5000
l b s . /
sq . in .

5000 
+500 
l b s . / 
s q . in .

(pet.)
( m i n ­ (m i n ­ ( m i n ­ ( m i n ­ ( m i n ­
ute s) ute s) ute s) ute s) ute s)

1 0 97 28 80 15 76

2 2 92 11 59 11 58

3 5 76 15 33 15 37

* F i v e  to s e v e n  t r i a l s  on e a c h  s e r i e s .
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T ab le  5. The  in f lu e n c e  of a d d e d  s o l i d s - n o t - f a t  on the s p e c i f i c  g r a v ­
i ty  , pH ,  a n d  t i t r a t a b l e  a c id i ty  of h a l f - a n d - h a l f  h o m o g e n i z e d  
m i l k .

The A c id i ty  of H a l f - a n d -  
Ha lf  H o m o g e n iz e d  M i lk  

T r i a l  Spec i f ic  a s  M e a s u r e d  by:
N o .  G r a v i t y  ------------------------------------------

T i t r a t a b l epH
A c id i ty

S e r i e s  1: No S o l i d s - N o t - F a t  A dded

1 1.0261 6.55 0.180
2 1.0242 6.67 0 .155
3 1.0255 6.52 0 .180
4 1 .0268 6.65 0 .185
5 1 .0263 6.67 0 .160
6 1.0259 6 .68 0 .155

S e r i e s  2: S o l i d s - N o t - F a t  A d d ed  (2%)

7 1 .0319 6 .78 0 .205
8 1.0330 6.58 0 .205
9 1.0320 6.49 0 .210

10 1 .0313 6.53 0 .195
11 1.0310 6.62 0 .195
12 1.0302 6.59 0 .190
13 1.0302 6.58 0 .195

S e r i e s  3:__ S o l i d s - N o t - F a t  A d d ed  (5%)

14 1.0405 6 .43 0 .275
15 1.0422 6.50 0 .270
16 1.0410 6.57 0 .245
17 1 .0438 6.59 0 .235
18 1 .0428 6.64 0 .265
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T a b le  6. The  in f lu e n c e  of c a l c i u m - i o n  c o n c e n t r a t i o n ,  c o m p o s i t i o n ,
an d  p r e s s u r e s  of h o m o g e n i z a t i o n  on f e a t h e r i n g  of h a l f - a n d -  
h a l f  in  c o f fe e .

C a l c i u m - I o n
C o n c e n t r a t i o n

O c c u r r e n c e  of F e a t h e r i n g  in  H a l f - a n d -  
Ha lf  w h e n  H o m o g e n i z e d  at:

0 2500  25Z  5000 50° °
l b s . /  l b s . /  +50°  l b s . /  +50°lb  s . /  . lb s . /
s q . m .  s q . m .  s q . m .

s q . m .  s q . m .

S e r i e s  S e r i e s  S e r i e s  S e r i e s  S e r i e s
1* 2 3 1 2 3 1 2 3 1 2 3 1 2 3

_ _ _

- - -  + + ? ? - -  + +  + + ?  + 

_ _ _  +  +  +  +  _ +  +  +  +  +  +  +

-  + + + + ? + + + + + + +

_ _ _  + + + + + + + + + + + +

-  -  -  + + + + + + + + + + + +

+ + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + +

(ppm)

H a r d * *

0

50

75

100

125

150

200

300

400

500

* Two t r i a l s  c o n d u c te d  on e a c h  s e r i e s .

** H a r d ,  tap  w a t e r ,  t e s t i n g  419.2  p p m  c a l c i u m  c a r b o n a t e .  

- No f e a t h e r i n g .

? Q u e s t i o n a b l e .

+ D e f in i t e  f e a t h e r i n g .
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Tab le  7. The  in f lu e n c e  of v a r i o u s  c o n c e n t r a t i o n s  of io n i c  s o l u t io n s  
c a l c i u m  on the  s t a b i l i t y  of h a l f - a n d - h a l f  h o m o g e n i z e d  

m i l k ,  a s  m e a s u r e d  b y  a c i d  p r e c i p i t a t i o n .

A c id  R e q u i r e d  to P r e c i p i t a t e

C a l c i u m - 0 l b s . / s q . i n . 2500 l b s . / s q . i n .
C o n c e n t r a t i o n

T r i a l T r i a l T r i a l T r i a l T r i a l T r i a l
1 2 3 1 2 3

(ppm) (m l . N /1 0 0 HC1) ( m l . N / 1 0 0 HC1)

S e r i e s  1: No Sol ids - N o t - F a t  A d d e d

0 0 0 0 0 .715 1.305 2.050
100 0 0 0 0 .500 0 .875 1.915
200 0 0 0 0 .195 0 .930 -
300 0 0 0 0.210 0 .750 1.180
400 0 0 0 0 .135 0 .825 -
500 0 0 0 0 .000 0 .545 1.0 30

S e r i e s  2: A d d ed  S o l i d s - N o t - F a t (2%)

0 0 0 0 1.305 1.900 3.520
100 0 0 0 1.130 1.935 3.435
200 0 0 0 0 .715 2.020 -
300 0 0 0 0.870 2.220 2.380
400 0 0 0 0 .490 1.780 -
500 0 0 0 0 .000 1.610 1.915

S e r i e s  3: A dded  S o l i d s - N o t - F a t

0 0 0 0 1.375 2.620 4.375
100 0 0 0 1.845 2 .680 4.135
200 0 0 0 1.935 3.380 -
300 0 0 0 1.930 2.920 3.140
400 0 0 0 1.665 2.725 -
500 0 0 0 2.415 2.455 2.370
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H a l f - a n d - H a l f  w h e n  H o m o g e n i z e d  at:

2500+500 l b s . / s q . i n . 5000 l b s . / sq . in . 5000+500 lb s . / sq . in .

T r i a l T r i a l T r i a l T r i a l T r i a l T r i a l T r i a l T r i a l T r i a l
1 2 3 1 2 3 1 2 3

(m l . N /1 0 0 HC1) (m l . N /1 0 0 HC1) (ml . N /1 0 0 HC1)

Se r i e  s 1: No S o l i d s -■Not-Fa t  A d d ed

0 .655 0 .865 0.990 0.680 0.800 2.810 1.130 1.305 1.515
0 .430 0 .785 0 .815 0 .470 0.590 2.400 0.910 1.890 2.545
0 .360 0 .970 - 0 .450 0.710 - 0.745 1.915 -
0.400 1.420 0.530 0 .425 0.350 1.710 0.600 1.455 2.005
0 .120 1.320 - 0.20 5 0.410 - 0 .630 1.490 -
0 .000 0 .985 0 .555 0 .190 0.670 1.290 0.550 1.460 1.430

S e r i e s 2: A d d e d  S o l i d s - N o t - F a t (2%)

0 .955 1.790 3.575 3.240 3.240 3.760 3.525 3.435 3.650
1.215 1.815 3.500 2.980 2.900 3.015 3.085 3.225 2.805
1.625 1.890 - 2.500 2.585 - 2.800 3.225 -
2.165 2.290 2.815 1.985 2.000 2.645 2.580 2.730 3.130
0 .635 2.085 - 1.620 1.460 - 2.170 2.495 -
0 .595 1.680 2.090 1.225 1.495 2.100 1.665 2.420 2.410

Se r i e  s 3: A d d e d  S o l i d s - N o t - F a t (5%)

2.275 2.740 4.205 4.345 4.425 4.210 4.810 4.60 5 4.520
1.760 2 .365 3.840 4.070 3.960 3.830 4.505 4.340 4.110
1.965 2.910 - 3.580 3.615 - 4.275 3.795 -
1.610 3.115 3.315 2.985 3.460 3.370 3.970 3.140 3.220
1.735 2.755 - 2.865 2.870 - 3.700 2.950 -
1.650 2.840 2.470 2.665 2.710 2.800 3.290 2.720 2.575
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Tab le  8. The in f lu en c e  of v a r i o u s  c o n c e n t r a t i o n s  of io n i c  s o lu t io n s
m a g n e s i u m  on the  s t a b i l i t y  of h a l f - a n d - h a l f  h o m o g e n i z e d  

m i l k ,  a s  m e a s u r e d  b y  a c i d  p r e c i p i t a t i o n .

A c id  R e q u i r e d  to P r e c i p i t a t e

M a g n e s i u m -  0 l b s . / s q . i n .  2500 l b s . / s q . i n .
concentra tion

T r i a l
1

T r i a l
2

T r i a l  
3

T r i a l
1

T r i a l
2

T r i a l
3

(ppm) (m l . N /1 0 0 HC1) • (m l . N /1 0 0 HC1)

Se r  ie s 1: No Sol ids  -- N o t - F a t  A d d e d

0 0 0 0 0 .790 1.480 2.170
100 0 0 0 0.560 1.610 2.115
200 0 0 0 0 .370 1.710 -

300 0 0 0 0.280 1.920 1.820
400 0 0 0 0.160 1.450 -

500 0 0 0 0 . 1 8.0 1.485 1.870

S e r i e s  2: A d d ed  S o l i d s - N o t - F a t (2%)

0 0 0 0 1.940 2.220 3.575
100 0 0 0 1.885 2.770 3.130
200 0 0 0 1.480 3.245 -

300 0 0 0 0 .885 3.345 3.075
400 0 0 0 0 .865 3.240 -

500 0 0 0 0 .540 3.310 3.100

S e r i e s  3: A dded  S o l i d s - N o t - F a t (5%)

0 0 0 0 1.970 1.995 4.380
100 0 0 0 1.890 2 .330 3.940
200 0 0 0 2.125 2.420 -

300 0 0 0 2.425 3.545 3.935
400 0 0 0 2.325 3.795 -

500 0 0 0 2.115 3.930 3.970



T ab le  8 (C ontinued)
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H a l f - a n d - H a l f w h e n  H o m o g e n i z e d  at:

2500+500 l b s . /  s q . i n . 5000 l b s . /  s q . i n . 5000+500 l b s . / s q . i n .

T r i a l T r i a l T r i a l T r i a l T r i a l T r i a l T r i a l T r i a l T r i a l
1 2 3 1 2 3 1 2 3

(m l . N / 1 0 0 HC1) (m l . N /1 0 0 HC1) (m l . N /1 0 0 HC1)

Se r i e  s 1: No S o l id s -■Not-Fa t  A d d e d

0 .640 1.110 1.650 0.750 3.280 2.825 0.700 3.120 2.900
0 .535 1.420 1.975 0.460 2.930 2.665 0 .485 3.210 2.600
0 .175 1.0 40 - 0 .275 2.980 - 0 .745 3.165 -
0 .135 1.370 2 .135 0.370 2.970 2.300 0.520 3.140 2.685
0 .130 1.660 - 0 .370 2.645 - 0 .695 3.115 -
0.0  60 1.480 2.580 0.270 2.785 2.415 0 .945 2.995 2.745

S e r i e s 2: A d d ed  S o l i d s - N o t - F a t (2%)

0 .640 1.685 3.655 3.890 3.660 3.325 3.830 3.245 3.800
0 .905 1.745 3.600 3.760 3.445 3.415 4.005 3.855 3.450
1.405 1.405 - 3.695 3.420 - 3.790 3.880 -
1.005 1.775 3.025 3.660 3.425 3.385 4.170 3.820 3.190
1.240 1.775 - 3.455 3.340 - 3.975 3.600 -
1.275 1.490 3.355 3.560 3.500 3.210 3.815 3.685 3.280

S e r i e s 3: A d d e d  S o l i d s - N o t - F a t  (5%)

1.370 2.035 4.555 4.245 4.475 4.315 4.430 3.805 4.725
2.005 1.995 4.410 4.070 4.430 4.070 4.365 4.400 4.290
2.325 1.910 - 4.010 - - 4.300 4.205 -
1.870 2 .305 3.930 3.640 4.420 3.935 3.920 4.020 4.115
1.700 2.165 - 3.630 4.320 - 4.140 4.260 -
1.620 2.135 3.985 3.775 4.290 4.0 80 3.970 4.315 4.120
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Tab le  9. The  in f lu en c e  of v a r i o u s  c o n c e n t r a t i o n s  of io n ic  s o lu t io n s  
of c i t r a t e  on the  s t a b i l i t y  of h a l f - a n d - h a l f  h o m o g e n i z e d  
m i l k ,  a s  m e a s u r e d  by  a c i d  p r e c i p i t a t i o n .

A c id  R e q u i r e d  to P r e c i p i t a t e

C i t r a t e -  0 l b s . / s q . i n .  2500 l b s . / s q . i n .
Ion C o n c e n t r a t i o n  ~

T r i a l
1

T r i a l
2

T r i a l
3

T r i a l
1

T r i a l
2

T r i a l
3

ppm) (ml . N /1 0 0 HC1) (m l . N / 1 0 0 HC1)

S e r i e s  1: No S o l id s -■Not-Fa t  A d d e d

0 0 0 0 0 .495 0 .920 1.955
100 0 0 0 0 .715 1.345 2.745
200 0 0 0 0 .385 1.585 -

300 0 0 0 0 .365 1.80 5 2.815
400 0 0 0 0 .290 1.690 -

500 0 0 0 0.290 1.740 3.330

S e r i e s  2: A dded  S o l i d s - N o t - F a t (2%)

0 0 0 0 1.215 2.600 3.985
100 0 0 0 1.195 2.885 4.185
200 0 0 0 1.045 2 .765 -

300 0 0 0 1.170 2.910 4.415
400 0 0 0 1.350 2.865 -

500 0 0 0 1.950 2.815 5.180

S e r i e s  3: A d d e d  S o l i d s - N o t - F a t (5%)

0 0 0 0 1.800 2.045 4.300
100 0 0 0 1.5 80 2 .155 4.805
200 0 0 0 1.620 2.220 -

300 0 0 0 1.780 2.415 5.320
400 0 0 0 2.430 2.395 -

500 0 0 0 2.370 2.335 5.590



T ab le  9 (C ontinued)

63

H a l f  -  an  d -  H a l f  w h e n  H o m o g e n i z e d  at:

2500+500 l b s . / s q . i n .  5000 l b s . / s q . i n .  5000+500 l b s . / s q . i n .

T r i a l T r i a l T r i a l T r i a l T r i a l T r i a l T r i a l T r i a l T r i a l
1 2 3 1 2 3 1 2 3

(m l . N /1 0 0 HC1) (m l . N /1 0 0 HC1) (ml . N /1 0 0 HC1)

S e r i e s 1: No S o l i d s - N o t - F a t  A dded

0 .520 1.570 1.975 0 .780 2.7 85 2.960 1.130 3.475 2.980
0 .430 1.960 2.800 1 .110 3.795 3.040 1.295 3.275 3.185
0 .380 1.680 - 1 .270 3.145 - 1.655 3.200 -

0 .345 1.770 3.690 1 .520 2.805 3.200 1.330 3.135 3.460
0 .175 1.865 - 1 .620 3.360 - 2.015 3.130 -

0.160 1.715 4.070 1 .630 2.850 3.710 2.220 3.295 3.625

S e r i e  s 2: A d d e d  S o l i d s - N o t - F a t (2%)

1.190 1.945 3.985 3 .775 3.610 3.510 3.750 3.720 3.890
1.425 2.475 4.250 4 .210 3.855 3.815 4.220 4.060 4.290
1.240 2.420 - 4 .505 4.455 - 4.665 3.700 -

1.840 2.590 4.680 4 .280 4.500 4.240 4.715 3.700 4.610
1.375 2 .265 - 4 .485 4.350 - 4.630 3.870 -

1.760 2 .385 4.795 4 .655 4.165 4.550 5.100 3.910 4.940

Se r i e  s 3: A d d e d  S o l i d s - N o t - F a t
i m

1.835 1.765 4.185 4 .475 4.305 4.225 4.500 4.445 4.185
1.780 1.975 4.550 4 .990 4.785 4.335 5.130 5.215 4.685
1.785 1.990 - 5 .310 4.925 - 5.515 5.355 -

2 .455 2 .225 4.990 5 .320 5.335 4.980 5.555 5.575 4.820
2.495 2 .435 - 5 .455 5.620 - 5.620 5.730 -

2.2  60 2.630 5.250 5 .575 6.125 5.195 6.205 6.295 5.285
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F i g u r e  1. The  e f f e c t  of s i n g l e -  an d  d o u b l e - s t a g e  h o m o g e n i z a t i o n  
the  v i s c o s i t y  of h a l f - a n d - h a l f  h o m o g e n i z e d  m i lk .
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100
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F i g u r e  2. The  e f f e c t  of s i n g l e -  a n d  d o u b l e - s t a g e  h o m o g e n i z a t i o n  
the h e a t  s t a b i l i t y  of h a l f - a n d - h a l f  h o m o g e n i z e d  m i lk .
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F i g u r e  3. The  in f lu e n c e  of a d d e d  i n c r e m e n t s  of l o w - h e a t ,  s p r a y -  
p r o c e s s  s k i m m i l k  p o w d e r  on the t i t r a t a b l e  a c id i ty  of 
h a l f - a n d - h a l f  h o m o g e n i z e d  m i lk .
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The in f lu e n c e  of i n c r e a s i n g  a m o u n t s  of c a l c i u m - i o n  c o n ­
c e n t r a t i o n  on the s t a b i l i t y  of h a l f - a n d - h a l f  h o m o g e n i z e d  
m i l k  of v a r y i n g  c o m p o s i t i o n ,  a s  m e a s u r e d  by a c i d  p r e ­
c i p i t a t i o n  ( T r i a l  1, J a n u a r y ) .



N
/1

00
 

HC
L 

(M
L

.)

F i g u r e

4.0

2.0

5%  M.S.N.F.

2 %  M.S.N.F.
4.0

2.0

0 %  M.S.N.F. L B S ./S Q .IN .— 0
4.0 2 5 0 0

2 5 0 0  + 5 0 0  

5 0 0 0
5 0 0 0 + 5 0 0

2.0

5 0 04 0 03 0 02001000

CALCIUM-ION CONCENTRATION (RPM.)

5. The  in f lu e n c e  of i n c r e a s i n g  a m o u n t s  of c a l c i u m - i o n  c o n ­
c e n t r a t i o n  on the  s t a b i l i t y  of h a l f - a n d - h a l f  h o m o g e n i z e d  
m i l k  of v a r y i n g  c o m p o s i t i o n ,  as  m e a s u r e d  by a c i d  p r e ­
c i p i t a t i o n  ( T r i a l  2, M a r c h ) .
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F i g u r e  6. The in f lu e n c e  of i n c r e a s i n g  a m o u n t s  of c a l c i u m - i o n  c o n ­
c e n t r a t i o n  on the s t a b i l i t y  of h a l f - a n d - h a l f  h o m o g e n i z e d  

of v a r y i n g  c o m p o s i t i o n ,  a s  m e a s u r e d  by a c id  p r  e — 
c i p i t a t i o n  ( T r i a l  3, May).
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7. The in f lu e n c e  of i n c r e a s i n g  a m o u n t s  of m a g n e  s i u m - i o n
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F i g u r e  11. The  in f lu e n c e  of i n c r e a s i n g  a m o u n t s  of c i t r a t e - i o n  c o n ­
c e n t r a t i o n  on the s t a b i l i t y  of h a l f - a n d - h a l f  h o m o g e n i z e d  
m i l k  of v a r y i n g  c o m p o s i t i o n ,  as  m e a s u r e d  by a c i d  p r e ­
c i p i t a t i o n  ( T r i a l  2, M a r c h ) .
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D i s c u s s i o n

The  s t u d i e s  u n d e r t a k e n  in the f i r s t  s e c t i o n  of th i s  i n v e s t i g a t i o n  

w e r e  d e s i g n e d  to g a t h e r  i n f o r m a t i o n  on so m e  of the  p h y s i c a l  and  c h e m ­

i c a l  p r o p e r t i e s  of h a l f - a n d - h a l f  h o m o g e n i z e d  m i l k .  F a c t o r s  c o n s i d e r e d  

w e r e  (1) the  e f f e c t  of v a r y i n g  the  c o m p o s i t i o n  t h r o u g h  the  ad d i t io n  of 

l o w - h e a t ,  s p r a y - p r o c e s s  s k i m m i l k  p o w d e r ,  an d  (2) no t ing  w h e t h e r  

h o m o g e n i z a t i o n  w a s  a  s i g n i f i c a n t  f a c t o r  in  a p r o d u c t  t e s t i n g  10 to 11 

p e r c e n t  f a t .

T h e s e  s e r i e s  of h a l f - a n d - h a l f  w e r e  s t a n d a r d i z e d  to  10.5 p e r ­

c e n t  f a t .  T h i s  w a s  in  a c c o r d a n c e  w i th  the  l a w s  of the  S ta te  of M i c h ­

ig a n  (1952) ,  w h ic h  s p e c i f i e d  t h a t  the a m o u n t  of b u t t e r f a t  sh o u ld  n o t  be 

l e s s  t h a n  10 p e r c e n t .  A s  the p u r p o s e  of i n t r o d u c i n g  h a l f - a n d - h a l f  

w as  to p r e s e n t  to the  p u b l ic  a l o w - f a t ,  c r e a m - l i k e  p r o d u c t ,  the  p e r ­

c e n ta g e  of f a t  w a s  r e d u c e d  to 10.5 p e r c e n t ,  t h e r e b y  r e t a i n i n g  a  s a f e ty  

m a r g i n  of 0 .5  p e r c e n t .

V i s c o s i t y .  In the o p in io n  of t h i s  i n v e s t i g a t o r ,  the  m o s t  s i g ­

n i f i c a n t  f a c t  n o t e d  in  th i s  s tu d y  was  the  r e l a t i v e l y  s m a l l  i n c r e a s e  

in v i s c o s i t y ,  r e g a r d l e s s  of h o m o g e n i z a t i o n  o r  a d d i t i o n s  of n o n f a t  d r y  

m i l k  s o l i d s .  N e v e r t h e l e s s ,  the e f f e c t  of add ing  s k i m m i l k  p o w d e r  d id  

i n c r e a s e  the  v i s c o s i t y  of the  h a l f - a n d - h a l f  s l ig h t ly .  T h i s  i n c r e a s e
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w a s  c o n s i s t e n t ,  w h e t h e r  the  p r o d u c t  w a s  h o m o g e n i z e d  o r  n o n h o m o g ­

e n i z e d .  T h e s e  o b s e r v a t i o n s  w e r e  e s s e n t i a l l y  in  a g r e e m e n t  w i th  th o se  

of T r o u t  an d  W e i n s t e i n  (1952) an d  B a b c o c k  (1931).  H o w e v e r ,  t h e s e  

i n v e s t i g a t o r s ,  b y  ad d in g  d i f f e r e n t  ty p e s  of n o n fa t  d r y  m i l k  s o l i d s ,  did 

o b t a in  a  g r e a t e r  i n c r e a s e  in  v i s c o s i t y .

Of c o n s i d e r a b l e  i m p o r t a n c e  a l s o  w a s  the  c o n t r a s t i n g  e f f e c t  of 

s i n g l e -  v e r s u s  d o u b l e - s t a g e  h o m o g e n i z a t i o n  on the  h a l f - a n d - h a l f  

h o m o g e n i z e d  m i l k .  The  g r e a t e s t  i n c r e a s e  in  v i s c o s i t y  o c c u r r e d  a s  

the  r e s u l t  of s i n g l e - s t a g e  h o m o g e n i z a t i o n .  When the  p r e s s u r e  w as  

i n c r e a s e d  to 5 ,000 p o u n d s  p e r  s q u a r e  in c h ,  the  i n c r e a s e  in  v i s c o s i t y  

w a s  e r r a t i c ,  the  g r e a t e s t  i n c r e a s e  b e in g  11.2 c e n t i p o i s e s .  H o w e v e r ,  

w h e n  a  p r e s s u r e  of 500 p o u n d s  p e r  s q u a r e  i n c h  w a s  p l a c e d  on the 

s e c o n d  v a l v e ,  the g r e a t e s t  i n c r e a s e  w a s  only  1.5 c e n t i p o i s e s .  A l ­

th ough  the  v i s c o s i t y  r e a d i n g s  w e r e  h i g h e r  w h e n  the d e t e r m i n a t i o n s  

w e r e  m a d e  a t  3° C . ,  no s i g n i f i c a n t  d i f f e r e n c e  in the  i n c r e a s e  in  

v i s c o s i t y  a s  a  r e s u l t  of p r o c e s s i n g  co u ld  be d i s t i n g u i s h e d  f r o m  th o s e  

r e a d i n g s  r e c o r d e d  a t  20° C.

I n f o r m a t i o n  c o n c e r n i n g  v i s c o s i t i e s  of h a l f - a n d - h a l f - t y p e  p r o d ­

u c t s  a r e  s o m e w h a t  s c a r c e .  H o w e v e r ,  t h e s e  r e s u l t s  a r e  in  r e a s o n a b l e  

a g r e e m e n t  w i th  t h o s e  of T r o u t  and  W e i n s t e i n  (1952),  who h ad  m a d e  

i n v e s t i g a t i o n s  on s i m i l a r  ty p e s  of p r o d u c t s .  Using  m i l k  t e s t i n g  3.7
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to 4.1 p e r c e n t ,  D e m o t t  (1954) o b t a i n e d  a  m a x i m u m  v i s c o s i t y  of 4 .3  

c e n t i p o i s e s  a t  6,000 + 500 p o u n d s  p e r  s q u a r e  in c h  p r e s s u r e  w hen  us ing  

the s a m e  h o m o g e n i z e r  a s  w a s  u s e d  in  t h i s  s tudy .  In m i l k  t e s t i n g  up 

to 6 p e r c e n t  f a t ,  B r u n n e r  (1952),  u s in g  a  h o m o g e n i z a t i o n  p r e s s u r e  of

3,500 p o u n d s  p e r  s q u a r e  in ch ,  o b t a in e d  v i s c o s i t y  v a lu e s  up to 6.2 

c e n t i p o i s e s .  H e n c e ,  in t h i s  l a t t e r  c a s e ,  a l th o u g h  u s in g  a  d i f f e r e n t  

h o m o g e n i z e r ,  the  r e s u l t s  w e r e  c l o s e  to s o m e  of the  r e a d i n g s  o b s e r v e d  

in  t h i s  i n v e s t i g a t i o n .

T h e  g e n e r a l  c o n s e n s u s  of op in ion  a m o n g  i n v e s t i g a t o r s  (Doan,  

1938; B a t e m a n  a n d  S h a r p ,  1928; an d  T r o u t ,  H a l l o r a n ,  and  G ould ,  1935) 

i s  t h a t ,  a l t h o u g h  t h e r e  m a y  be a  s l i g h t  i n c r e a s e  in  the  v i s c o s i t y  of 

m i l k  a s  a  r e s u l t  of h o m o g e n i z a t i o n ,  t h i s  i n c r e a s e  co u ld  no t  be c o n ­

s i d e r e d  a s  s i g n i f i c a n t .  T h e r e  i s ,  h o w e v e r ,  s o m e  d i s a g r e e m e n t  a s  to 

the p e r c e n t a g e  of f a t  n e c e s s a r y  in  o r d e r  f o r  c lu m p in g  to be p r o d u c e d  

upon h o m o g e n i z a t i o n .  D oan  a n d  Swope (1927) s u g g e s t e d  f r o m  4 to 6 

p e r c e n t  fa t;  w h e r e a s  D o a n  (1927) b e l i e v e d  6 to 8 p e r c e n t  f a t  to be 

the  c r i t i c a l  p e r c e n t a g e  to b r i n g  a b o u t  c lu m p in g .  L a t e r ,  D oan  and 

M i n s t e r  (1931) sh o w e d  th a t  h igh  p r e h e a t i n g  t e m p e r a t u r e s  w ou ld  e l i m ­

in a te  c lu m p i n g  w hen  the  p r o d u c t  c o n t a i n e d  l e s s  th a n  7- p e r c e n t  f a t .

W h en  h o m o g e n i z i n g  a t  a  t e m p e r a t u r e  of 37° C. (100° F .),

D oan  (1929) s u g g e s t e d  t h a t  the  t h r e s h o l d  p o in t  of c lu m p in g  o c c u r r e d
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w h e n  a  p r o d u c t  c o n ta i n in g  f r o m  10.5 to 10 .6  p e r c e n t  f a t  w a s  h o m o g ­

e n i z e d  a t  3,500 p o u n d s  p e r  s q u a r e  i n c h  p r e s s u r e .  U s ing  the  s a m e  

p r o c e s s i n g  t e c h n i q u e ,  D o a n  c o n s i d e r e d  the  c r i t i c a l  r a t i o  of p l a s m a  

so l id s  to f a t  to  be  0 .60  to 0 .85 w hen  the  f a t  c o n c e n t r a t i o n  w a s  f r o m  

8 to 18 p e r c e n t .

The  r a t i o s  of p l a s m a  s o l i d s  to f a t  u s e d  in  th i s  s tudy  w e r e  

0 .8 3 ,  0 .9 6 ,  a n d  1.2 f o r  S e r i e s  1, 2, and  3, r e s p e c t i v e l y .  U n d e r  the  

c o n d i t i o n s  of t h i s  i n v e s t i g a t i o n ,  w h e r e  the h o m o g e n iz in g  t e m p e r a t u r e  

w a s  150° F . ,  s o m e  f a t  c lu m p in g  w a s  e v id e n t ,  e s p e c i a l l y  in  th ose  

s a m p l e s  h o m o g e n i z e d  a t  2,500 a n d  5,000 p o u n d s .  H o w e v e r ,  the  c l u m p ­

ing in  t h e s e  l a t t e r  c a s e s  w a s  r e l a t i v e l y  l i g h t .  T h e r e f o r e ,  a l th o u g h  a 

good  h o m o g e n i z i n g  t e m p e r a t u r e  w a s  u s e d ,  a n d  the  p l a s m a  s o l i d s - t o -  

f a t  r a t i o  w a s  above  th a t  of D o a n ’s (1929a),  f a t  c lu m p in g  w a s  e v i d e n t  

a t  a  p r e s s u r e  of 2,500 p o u n d s  p e r  s q u a r e  in ch .

D o a n  (1931a) a l s o  th o u g h t  t h a t  f a t  c l u m p in g  c o u ld  be r e d u c e d  

by  i n c r e a s i n g  the a m o u n t  of p l a s m a  so l id s  in  h o m o g e n i z e d  c r e a m ,  

th u s  l o w e r i n g  the  v i s c o s i t y .  The d a t a  p r e s e n t e d  in th i s  s tudy ,  h o w ­

e v e r ,  do n o t  show  a n y  d e c r e a s e  in  v i s c o s i t y  a s  a  r e s u l t  of add ing  

n o n f a t  d r y  m i l k  s o l i d s .  H e n c e ,  i t  m i g h t  be  a s s u m e d  th a t  the  s a m p l e s  

in  the  f i r s t  s e r i e s ,  w h e r e  no s o l i d s  w e r e  ad d ed ,  h ad  a  s u f f i c i e n t  

a m o u n t  of s o l i d s  in the  p l a s m a  f o r  a d s o r p t i o n  onto the n e w  s u r f a c e s
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of the  h o m o g e n i z e d  f a t  g l o b u l e s .  P r o b a b l y  the m a i n  e f f e c t  of add ing  

n o n f a t  d r y  m i l k  s o l i d s  to h a l f - a n d - h a l f  w a s  a  s l i g h t  i n c r e a s e  in  the  

v i s c o s i t y  due to the  p r e s e n c e  of a d d i t i o n a l  s o l id s  in  the  p l a s m a  p h a s e .

A s  e v i d e n c e d  by  the  s m a l l  d e g r e e  of c l u m p i n g ,  the  t h r e e  s e r i e s  

s tu d i e d  h a d  r e l a t i v e l y  lo w  v i s c o s i t i e s .  T h e r e f o r e ,  a s  m i g h t  be e x ­

p e c t e d ,  l i t t l e  i n c r e a s e  in  v i s c o s i t y  o c c u r r e d  w h e n  the  s a m p l e s  w e r e  

s t o r e d  f o r  7 d a y s .  T h i s  w a s  in  a c c o r d a n c e  w i th  the  v ie w s  of S h e r ­

wood  an d  S m a l l f i e l d  (1926),  who n o t e d  t h a t  w hen  v i s c o s i t y  i n c r e a s e d  

upon s t o r a g e ,  the  c l u m p s  of f a t  g lo b u le s  w e r e  l a r g e r .  I t  s h o u ld  be 

n o t e d  th a t  the  i n i t i a l  d e t e r m i n a t i o n s  w e r e  m a d e  a f t e r  the  s a m p l e s  

w e r e  s t o r e d  f o r  6 h o u r s .

He a t  s t a b i l i t y . The  m a x i m u m  h e a t  s t a b i l i t y  w a s  fo u n d  to be 

in the n o n h o m o g e n i z e d  c o n t r o l  s a m p l e s  of S e r i e s  1, in w h i c h  s k i m ­

m i l k  p o w d e r  w a s  n o t  a d d e d .  As  the  s o l i d s - n o t - f a t  c o n te n t  w a s  i n ­

c r e a s e d  b y  the  a d d i t i o n  of t h i s  p o w d e r  ( S e r i e s  2 a n d  3), the  s t a b i l i t y  

of the n o n h o m o g e n i z e d  s a m p l e s  d e c r e a s e d .  Th is  d e s t a b i l i z i n g  e f f e c t  

of s k i m m i l k  p o w d e r  o c c u r r e d  a l s o  in the h o m o g e n i z e d  s a m p l e s .  

H o w e v e r ,  the  a d d i t i o n  of  s k i m m i l k  p o w d e r  to the s a m p l e s  h o m o g e n i z e d  

a t  a p r e s s u r e  of 5 ,000 p o u n d s  p e r  s q u a r e  in c h  p r o d u c e d  no f u r t h e r  

d e c r e a s e  in the  h e a t  s t a b i l i t y .
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In a l l  c a s e s ,  h o m o g e n i z a t i o n  of h a l f - a n d - h a l f  d e c r e a s e d  the  

h e a t  s t a b i l i t y .  A d i s t i n c t  d i f f e r e n c e  c o u ld  be d e t e c t e d  b e t w e e n  the 

s t a b i l i t i e s  of t h o s e  s a m p l e s  p r o c e s s e d  w i th  a s ing le  a n d  w i th  a  double  

s t a g e .  H o w e v e r ,  once  the so l id s  h a d  b e e n  ad d ed ,  and  the  p r e s s u r e  of

2,500 p o u n d s  p e r  s q u a r e  i n c h  w a s  r e a c h e d ,  no f u r t h e r  d e c r e a s e  in 

h e a t  s t a b i l i t y  w a s  n o t i c e a b l e  w i th  i n c r e a s e d  p r e s s u r e s .  In a d d i t io n ,  

once  the  s a m p l e s ,  w i th  the a d d e d  s o l i d s ,  w e r e  h o m o g e n i z e d  a t  p r e s ­

s u r e s  of 2 ,500 + 500 p o u n d s  p e r  s q u a r e  in ch ,  any  i n c r e a s e  in  p r e s s u r e  

on the  f i r s t  v a lv e  d id  n o t  p r o d u c e  a n y  f u r t h e r  d e s t a b i l i z a t i o n .

The  h e a t  s t a b i l i t y  of the  n o n h o m o g e n i z e d  p r o d u c t s  to w h ich  no 

p o w d e r  w a s  a d d e d  (97 m i n u te s )  a p p e a r e d  to be  w i th in  r e a s o n a b l e  

a g r e e m e n t  w i th  t h a t  fo u n d  on m i x e d - h e r d  m i l k ,  w h e r e  the  h e a t  s t a ­

b i l i t y  v a r i e d  f r o m  50 to 120 m i n u t e s ,  d e p en d in g  upon the t im e  of y e a r  

(O s b o r n e ,  1953).  D e m o t t  (1954) ,  in  d e t e r m i n i n g  the e f f e c t  of d u a l ­

h o m o g e n i z a t i o n  on m i l k ,  fo u n d  t h a t  b y  u s in g  p r e s s u r e s  up to  6,000 +

500 p o u n d s  p e r  s q u a r e  i n c h ,  the  h e a t  s t a b i l i t y  r a n g e d  f r o m  128 to 

154 m i n u t e s  f o r  3.7 p e r c e n t  m i l k ,  an d  98 to 128 m i n u t e s  f o r  4.1 

p e r c e n t  m i l k .  In b o th  c a s e s ,  p r e s s u r e s  of h o m o g e n i z a t i o n  did  n o t  

a f f e c t  the  r e s u l t s  s i g n i f i c a n t ly .  W ebb  and  H o lm  (1928),  who h a d  

p r e v i o u s l y  r e p o r t e d  d a t a  f o r  5- and  1 0 - p e r c e n t  p r o d u c t s ,  i n d i c a t e d  

th a t ,  w h i le  s o m e  r e d u c t i o n  in  h e a t  s t a b i l i t y  d id  o c c u r  in  m i l k  a s  a
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r e s u l t  of h o m o g e n i z a t i o n ,  a g r e a t e r  d e c r e a s e  w a s  found  w h en  the f a t  

c o n te n t  w a s  i n c r e a s e d  to 10 p e r c e n t .

H e n c e ,  the r e l a t i v e l y  s m a l l  d e c r e a s e  in  h e a t  s t a b i l i t y  th a t  

o c c u r r e d  in  S e r i e s  1 a s  a  r e s u l t  of h o m o g e n i z a t i o n  a p p e a r e d  to be 

in  r e a s o n a b l e  a g r e e m e n t  w i th  the  v a l u e s  o b t a i n e d  f o r  b o th  m i l k  a n d  

the  10- p e r c e n t - f a t  p r o d u c t .  The l o w e r i n g  in h e a t  s t a b i l i t y  of p r o d u c t s  

c o n ta in in g  a b n o r m a l l y  l a r g e  a m o u n t s  of m i l k - s o l i d s - n o t - f a t  w a s  b o r n e  

out by the  r e s u l t s  of Webb (1931) a n d  W h i t t i e r  a n d  Webb (1950),  

a l t h o u g h  the  f i n d i n g s  in  t h i s  i n v e s t i g a t i o n  w e r e  n o t  in  a g r e e m e n t  w i th  

t h o s e  of D o a n  a n d  M i n s t e r  (1930).

As  ye t ,  the  r e a s o n  why h o m o g e n i z e d  p r o d u c t s  have  a l o w e r  

h e a t  s t a b i l i t y  a p p e a r s  to be n o t  fu l ly  u n d e r s t o o d .  T h i s  i n s t a b i l i t y  

h a s  b e e n  e x p l a i n e d  b y  Doan (1931a) ,  T r a c y  an d  Ruehe  (1930b) ,  a n d  

Webb an d  H o l m  (1928) a s  due to the  c lu m p in g  of the  f a t  in  h o m o g ­

e n i z e d  c r e a m .  W ebb (1931) f e l t  t h a t  the f a t  c l u m p s  in  c r e a m  co u ld  

p r o v i d e  a  s u i t a b l e  n u c l e i  a r o u n d  w h ic h  f l o c c u l a t i o n  cou ld  p r o c e e d .

Doan  (1931a) b e l i e v e d  t h a t  the  c a s e i n  a d s o r b e d  on the f a t  g lo b u le s ,  

a s  a  r e s u l t  of h o m o g e n i z a t i o n ,  w ou ld  lo se  i t s  m o b i l i t y  and  h e n c e  be 

m o r e  s u s c e p t i b l e  to a g e n t s  of c o a g u la t i o n .  If th i s  w e r e  t r u e ,  he 

p o s t u l a t e d ,  th e n  the  f a t  c l u m p s  co u ld  b r i n g  su ch  e a s i l y  p r e c i p i t a t e d  

c a s e i n  in to  i n t i m a t e  c o n t a c t ,  thus  p r e s u m a b l y  f a v o r in g  c o a g u la t i o n .
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T h a t  the  m e m b r a n e - p r o t e i n  of the  h o m o g e n i z e d  f a t  g lo b u le s  i s  

d i f f e r e n t  f r o m  the  n o n h o m o g e n i z e d  m a t e r i a l  h a s  b e e n  i n d i c a t e d  by- 

B r u n n e r ,  D u n c a n ,  a n d  T r o u t  (1952) an d  B r u n n e r ,  D uncan ,  T r o u t ,  and  

M a c K e n z i e  (1953) .  In  a d d i t io n ,  1he r e s u l t s  of t h e i r  w o r k  show  th a t  

t h i s  m e m b r a n e - p r o t e i n  m a t e r i a l  on  the  h o m o g e n i z e d  f a t  g lobu le  d i f ­

f e r e d  m a r k e d l y  f r o m  a n y  of the  r e c o g n i z e d  p r o t e i n s .

In l o w - f a t  p r o d u c t s ,  w h e r e  c lu m p i n g  i s  n o t  so p r o n o u n c e d ,  

o t h e r  f a c t o r s  m a y  be  in v o lv e d .  A s  a  r e s u l t  of h o m o g e n i z a t i o n ,  s o m e  

of the  s e r u m  p r o t e i n  b e c o m e s  a d s o r b e d  onto the new  f a t  s u r f a c e s  

( B r u n n e r ,  L i l l e v i k ,  T r o u t ,  a n d  D u n can ,  1953), t h e r e b y  l e a v i n g  a  h igh  

p r o p o r t i o n  of s a l t s  to the  p r o t e i n  r e m a i n i n g  in  the  s e r u m .  If th i s  

l e f t  a  h i g h e r  p r o p o r t i o n  of c a l c i u m  in  the  s e r u m ,  th e n  i n s t a b i l i t y  

w ou ld  r e s u l t .  T h i s  i n s t a b i l i t y  w o u ld  i n c r e a s e  a s  h o m o g e n i z a t i o n  

b e c a m e  m o r e  e f f i c i e n t .

T i t r a t a b l e  a c i d i t y , p H , s p e c i f i c  g r a v i t y , and  o r g a n o l e p t i c 

p r o p e r t i e s  of h a l f - a n d - h a l f . The a d d i t io n  of s k i m m i l k  p o w d e r  r e s u l t e d  

in  a  d e f in i t e  i n c r e a s e  in  t i t r a t a b l e  a c id i ty .  W hen  5 - p e r c e n t  so l id s  

w e r e  a d d e d ,  th e  c a l c u l a t e d  i n c r e a s e  in  a c id i ty  f o r  e a c h  p e r c e n t  w as

0 .0189  p e r c e n t  l a c t i c  a c id .  T h e r e  w a s  no s i g n i f i c a n t  chan g e  in  pH  as  

a  r e s u l t  of t h e s e  a d d i t i o n s .  The s o l i d s - n o t - f a t ,  p r e s e n t  in  m i l k ,  c o n ­

t a i n s  the c o n s t i t u e n t s  w h ic h  a r e  r e s p o n s i b l e  f o r  the a p p a r e n t  a c id i ty
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of m i l k  ( S o m m e r ,  1952).  H e n c e ,  the a d d i t io n  of n o n fa t  d r y  m i l k  so l id s  

to h a l f - a n d - h a l f  w o u ld  i n c r e a s e  the  t i t r a t a b l e  a c id i ty .  H o w e v e r ,  a s  

t h e s e  c o n s t i t u e n t s  h a v e  a  lo w  io n i z a t i o n  c o n s t a n t ,  l i t t l e  e f f e c t  on the 

p H  w ou ld  be  e x p e c t e d  b y  add ing  s k i m m i l k  p o w d e r .

The  i n c r e a s e  in  s p e c i f i c  g r a v i t y  w a s  in  p r o p o r t i o n  to the  

a m o u n t  of n o n f a t  d r y  m i l k  s o l id s  ad d ed .  The m a x i m u m  specif ic  

g r a v i t y  a l l o w e d  in  h a l f - a n d - h a l f  h o m o g e n i z e d  m i l k  in M ic h i g a n  is  

1.0 32 (M ic h ig a n  D e p a r t m e n t  of A g r i c u l t u r e ,  1952).  T h e r e f o r e ,  a c c o r d ­

ing to the  r e s u l t s  of t h e s e  t r i a l s  (T ab le  5), w i th  h a l f - a n d - h a l f  c o n ­

t a in in g  b e t w e e n  10 a n d  11 p e r c e n t  f a t ,  the  m a x i m u m  a m o u n t  of 

p o w d e r  t h a t  m i g h t  be a d d e d  l e g a l l y  w o u ld  be  a p p r o x i m a t e l y  2 p e r ­

c e n t ,  f o r  a t  t h i s  s o l i d s - n o t - f a t  to f a t  r a t i o ,  the  s p e c i f i c  g r a v i t y  

v a r i e d  f r o m  1.0 302 to 1 .0330.

W hen  c o n s i d e r i n g  the p r e f e r e n c e  f o r  the  p r o d u c t s  of the  t h r e e  

s e r i e s  of h a l f - a n d - h a l f  b a s e d  on  t h e i r  o r g a n o l e p t i c  p r o p e r t i e s ,  the 

s e r i e s  w h i c h  c o n t a i n e d  no  a d d e d  i n c r e m e n t s  of m i l k - s o l i d s - n o t - f a t  

w as  o m i t t e d  f r o m  f u r t h e r  c o n s i d e r a t i o n  due to the s a lv y  c r e a m  p lu g ,  

th in  b o d y ,  an d  l a c k  of f l a v o r .  The a d d i t io n  of s k i m m i l k  p o w d e r  

y i e l d e d  a  h e a v i e r  b o d y  a n d  e n h a n c e d  the f l a v o r  of the p r o d u c t .

H o w e v e r ,  w h e n  5  p e r c e n t  s k i m m i l k  p o w d e r  w a s  ad d ed ,  a l t h o u g h  the  

bo d y  w a s  c o n s i d e r e d  a s  b e in g  v e r y  d e s i r a b l e ,  the  f l a v o r  w a s
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u n d e s i r a b l e ,  b e i n g  d i s t i n c t l y  s a l t y .  C o n s e q u e n t ly ,  f o r  d e s i r a b l e  body  

and  f l a v o r ,  th e  s e r i e s  c o n ta i n in g  2 p e r c e n t  a d d e d  s k i m m i l k  p o w d e r  

w a s  p r e f e r r e d .

The  s t a b i l i t y  of h a l f  - a n d - h a l f  in  c o f f e e . The m o s t  u n e x p e c t e d  

f a c t  n o t e d  w a s  t h a t  h a l f - a n d - h a l f  d id  n o t  f e a t h e r  in coffee  m a d e  w i th  

h a r d ,  tap  w a t e r ,  w h i le  i n  s o m e  c a s e s  f e a t h e r i n g  d id  o c c u r  in coffee 

m a d e  w i t h  d i s t i l l e d  w a t e r .

W i th  th i s  p r o b l e m  of f e a t h e  ing ,  th e  p H  of the  b r e w  a p p e a r s  

to be  of c o n s i d e r a b l e  i m p o r t a n c e .  I n v e s t i g a t o r s  s u c h  a s  R uehe  (1948b) 

and  T r a c y  a n d  C o r b e t t  (1938) w e r e  c o n c e r n e d  w i th  the  m e t h o d s  of 

p r e p a r a t i o n  a n d  the  u s e  of d i f f e r e n t  t y p e s  of coffee  on the  pH  of the 

b r e w .  T h e i r  o p in io n  w a s  t h a t  b r e w s  w i th  h i g h e r  a c i d i t i e s ,  o r  l o w e r  

pH  v a l u e s ,  w o u ld  h a v e  a  g r e a t e r  t e n d e n c y  to f e a t h e r .  The p o in t  t h a t  

sh o u ld  be  n o t e d  i n  t h i s  s tu d y  w a s  t h a t  the  p H  of the b r e w s  m a d e  f r o m  

h a r d  w a t e r  w e r e  m u c h  h i g h e r  th a n  th o s e  m a d e  w i th  d i s t i l l e d  w a t e r .

The l a c k  of any  b u f f e r i n g  a c t i o n  of the  s a l t s ,  w h ic h  a r e  p r e s e n t  in 

h a r d  w a t e r ,  m a y  be one e x p l a n a t i o n  f o r  the  d e c r e a s e d  pH in the 

b r e w s  m a d e  w i th  d i s t i l l e d  w a t e r .

The  f a c t  t h a t  no f e a t h e r i n g  o c c u r r e d  in  coffee  m a d e  w i th  h a r d  

w a t e r  n e e d  n o t  s e e m  too s t a r t l i n g .  P r e v i o u s l y  D oan  (1931b) w as  ab le  

on ly  in  i s o l a t e d  c a s e s  to a t t r i b u t e  f e a t h e r i n g  to the h a r d  w a t e r  u s e d
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in the  co ffee  m a k i n g .  S o m m e r  (1929b) a g r e e d  b y  s t a t in g  th a t  if a l l  

o t h e r  p r o c e s s i n g  t e c h n i q u e s  w e r e  s a t i s f a c t o r y  a n d  f e a t h e r i n g  s t i l l  r e ­

s u l t e d ,  t h e n  the c a u s e  w a s  a l m o s t  c e r t a i n  to be  in  the  h a r d n e s s  of 

the w a t e r  a n d  the  s a l t  c o n t e n t  of the  c r e a m .  O t h e r  i n v e s t i g a t o r s  

( T r a c y  a n d  R u e h e ,  1930a; B u r g w a l d ,  1923; and  A t h e r t o n  and  B r a d -  

f i e ld ,  1952) t e n d e d  to a g r e e  t h a t ,  a l th o u g h  the  h a r d n e s s  of w a t e r  

m i g h t  be  a  f a c t o r  in  the  f e a t h e r i n g  of c r e a m  in  co f fee ,  o t h e r  f a c t o r s  

su c h  a s  q u a l i t y  of i n g r e d i e n t s  in  th e  c r e a m ,  o c c u r r e n c e  of f a t  c l u m p ­

ing a s  a  r e s u l t  of h o m o g e n i z a t i o n ,  a n d  p H  of the  b r e w  w e r e  c o n s i d ­

e r e d  to be  of g r e a t e r  i m p o r t a n c e .

The  in f l u e n c e  of a d d e d n o n f a t  d r y  m i l k  s o l id s  and p r e s s u r e s  

of h o m o g e n i z a t i o n  on the  s t a b i l i t y  of h a l f - a n d - h a l f . The r e a s o n  why 

a c id  w a s  n o t  r e q u i r e d  to b r i n g  a b o u t  p r e c i p i t a t i o n  of the  n o n h o m o g ­

e n i z e d  s a m p l e s ,  w hen  m i x e d  w i th  d i s t i l l e d  w a t e r ,  i s  o pen  to c o n s i d e r ­

able  s p e c u l a t i o n .  I t  i s  r a t h e r  i m p r o b a b l e  t h a t  t h i s  p r e c i p i t a t i o n  w as  

due to c h u r n i n g ,  s i n c e  the  a g i t a t i o n  w as  l i m i t e d  b e f o r e  the  o b s e r v a ­

t i o n  w a s  m a d e  (the t u b e s  w e r e  i n v e r t e d  on ly  f ive  t i m e s ) .  F u r t h e r ­

m o r e ,  the  r e p o r t  of P a l m e r  a n d  W ie s e  (1932),  t h a t  the  l a y e r  of 

a d s o r b e d  m a t e r i a l  w a s  so f i r m l y  h e ld  a t  the f a t  s u r f a c e  th a t  r i c h  

c r e a m s  co u ld  be  r e p e a t e d l y  d i lu te d  w i th  d i s t i l l e d  w a t e r  and
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r e  s e p a r a t e d  w i th o u t  b r e a k i n g  the e m u l s i o n ,  w ou ld  l e n d  s u p p o r t  a g a i n s t  

c h u r n i n g  a s  the p o s s i b l e  c a u s e  of p r e c i p i t a t i o n .

One  c o n j e c t u r e  in  f a v o r  of d i lu t io n  a s  c o n t r ib u t in g  to p r e c i p i ­

t a t i o n  i s  t h a t  of the  d i lu t i o n  of the  s a l t s  t h e m s e l v e s .  As the  p r o t e i n  

r e q u i r e s  an  o p t i m u m  q u a n t i t y  of s a l t s  ( S o m m e r  an d  H a r t ,  1919; T r a c y  

and  R u e h e ,  1930b),  the  e f f e c t  of d i lu t io n  w o u ld  be a d e s t a b i l i z i n g  

f a c t o r ,  due to the  r e m o v a l  of s o m e  of the  s a l t s  f r o m  the  p r o t e i n .

T h i s  d e s t a b i l i z a t i o n  o c c u r r e d  e v e n  w hen  the  v a r i o u s  c o n c e n t r a t i o n s  

of the  t h r e e  i o n s r c a l c i u m ,  m a g n e s i u m ,  a n d  c i t r a t e ,  w e r e  u s e d  a s  a  

d i lu e n t .  H e n c e ,  i t  m i g h t  be  s u p p o s e d  t h a t  a  c o n c e n t r a t i o n  of 500 p a r t s  

p e r  m i l l i o n  of t h e s e  io n s  w a s  n o t  a d e q u a te  f o r  p r o p e r  s t a b i l i z a t i o n .

The  a d d i t i o n  of a c i d  w a s  n e c e s s a r y  to p r o d u c e  p r e c i p i t a t i o n  

in  a l l  the  h o m o g e n i z e d  s a m p l e s .  A p o s s i b l e  e x p l a n a t i o n  of th i s  e f ­

f e c t  m i g h t  be  in  the  f o r m a t i o n  of n ew  m e m b r a n e - p r o t e i n  l a y e r s  a s  

a  r e s u l t  of h o m o g e n i z a t i o n .  T h i s  p r o t e i n  c o m p o n e n t  of the  f a t  g lobu le  

m e m b r a n e  of h o m o g e n i z e d  m i l k  w a s  a l t e r e d  due to the  a d d i t io n  of 

m i l k  p l a s m a  p r o t e i n s  to the  n o r m a l  c o m p l e m e n t  of the m e m b r a n e  

p r o t e i n  c o m p l e x  ( B r u n n e r ,  D u n c an ,  T r o u t ,  and  M a c K e n z i e ,  195 3; 

B r u n n e r ,  L i l l e v i k ,  T r o u t ,  and  D u n can ,  1953). Doan (1931a) h a d  

p r e v i o u s l y  d e s c r i b e d  t h i s  a l t e r e d - m e m b r a n e  p r o t e i n  a s  h a v in g  l o s t  

i t s  m o b i l i t y .  T h e r e f o r e ,  u n d e r  the  c o n d i t i o n s  of th i s  e x p e r i m e n t ,
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the a l t e r e d  m e m b r a n e  m i g h t  p o s s i b l y  be m o r e  r e s i s t a n t  to t h i s  d i l u ­

t i o n  e f f e c t .

W h en  s k i m m i l k  p o w d e r  w a s  a d d e d  to h a l f - a n d - h a l f ,  m o r e  a c id  

w a s  n e c e s s a r y  to b r i n g  a b o u t  p r e c i p i t a t i o n  (T a b le s  7, 8, an d  9). T h i s  

a m o u n t  of a c i d  i n c r e a s e d  a s  a d d i t io n a l  i n c r e m e n t s  of the p o w d e r  w e r e  

ad d e d  to the  h a l f - a n d - h a l f .  T h e s e  a d d i t i o n s  of s k i m m i l k  p o w d e r  w ould  

i n c r e a s e  the  c o n c e n t r a t i o n  of the p l a s m a  s o l id s  a n d  h e n c e  p r o v i d e  a 

b u f f e r i n g  a c t i o n ,  n o t  on ly  f o r  the  v a r i o u s  i o n s ,  b u t  a l s o  a g a i n s t  the 

a d d i t i o n s  of a c id .  C o n s e q u e n t l y ,  the  a s s u m p t i o n  m i g h t  be  m a d e  th a t  

a s  m o r e  n o n f a t  d r y  m i l k  s o l id s  w e r e  a d d e d  to the  s a m p l e s ,  a s  in  

S e r i e s  2 a n d  3, m o r e  a c i d  w o u ld  be r e q u i r e d  to p r e c i p i t a t e  the  p r o ­

t e in .  In a l l  th e  t r i a l s  c a r r i e d  ou t ,  t h i s  w a s  shown to be the c a s e .  

T h e r e f o r e ,  i t  m a y  be s a i d  t h a t  w h e n  l o w - h e a t ,  s p r a y - p r o c e s s  s k i m ­

m i l k  p o w d e r  i s  a d d e d  to h a l f - a n d - h a l f ,  i n c r e a s e d  s t a b i l i t y  of the p r o d ­

uc t  i s  i n d i c a t e d .

W i th  the e x c e p t i o n  of the  M a y  t r i a l ,  m o r e  a c i d  w as  r e q u i r e d  

to p r o d u c e  p r e c i p i t a t i o n  w h e n  the  h i g h e r  p r e s s u r e s  of h o m o g e n i z a t i o n  

w e r e  u s e d .  T h i s  w as  e s p e c i a l l y  n o t i c e a b l e  in  the  s e r i e s  w h e r e i n  2 

and  5 p e r c e n t  s k i m m i l k  p o w d e r  w e r e  added .  One p o s s i b l e  e x p l a n a ­

t ion  of t h i s  a p p a r e n t  i n c r e a s e  in  s t a b i l i t y  m i g h t  be a s s o c i a t e d  w i th  

the  f a t - g l o b u l e  m e m b r a n e  a s  p r e v i o u s l y  e x p l a i n e d  f o r  the d i f f e r e n c e
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of s t a b i l i t y  b e t w e e n  h o m o g e n i z e d  an d  n o n h o m o g e n i z e d  s a m p l e s  in  d i s ­

t i l l e d  w a t e r .  In t h i s  i n s t a n c e ,  the  i n c r e a s e  in  p r e s s u r e  w o u ld  c r e a t e  

a  g r e a t e r  n u m b e r  of f a t  g l o b u l e s ,  w h ic h  w o u ld  r e s u l t  in  a  g r e a t e r  

a m o u n t  of p r o t e i n  b e in g  i n c o r p o r a t e d  in  the  f a t - m e m b r a n e  l a y e r .  

T h e r e f o r e ,  t h i s  g r e a t e r  p r o p o r t i o n  of a l t e r e d  p r o t e i n  c o n c e iv a b ly  

co u ld  r e q u i r e  m o r e  a c i d  f o r  p r e c i p i t a t i o n  th a n  t h a t  of the  s a m p l e s  

h o m o g e n i z e d  a t  the  l o w e r  p r e s s u r e s .

L i t t l e  d i f f e r e n c e  w a s  n o t e d  in a c i d  s t a b i l i t y  of the  s a m p l e s  

s u b j e c t e d  to s i n g l e -  a n d  to d o u b l e - s t a g e  h o m o g e n i z a t i o n .  H o w e v e r ,  on 

c lo s e  o b s e r v a t i o n  of the  t r i a l s  c o n d u c te d  in  J a n u a r y  a n d  M a r c h ,  the 

p r o d u c t s  h o m o g e n i z e d  a t  p r e s s u r e s  of 5 ,000 + 500 p o u n d s  p e r  s q u a r e  

i n c h  g e n e r a l l y  w e r e  fo u n d  to be s l i g h t ly  m o r e  s t a b l e  th a n  the  o t h e r  

s a m p l e s .  No d i f f e r e n c e  co u ld  be d i s t i n g u i s h e d  b e t w e e n  the  two s a m ­

p l e s  h o m o g e n i z e d  a t  the  l o w e r  p r e s s u r e s  of 2,500 and  2,500 + 500 

pounds  p e r  s q u a r e  i n c h .  The above  r e s u l t s  m i g h t  s e e m  c o n t r a r y  to 

th o s e  w h ic h  have  b e e n  p r e v i o u s l y  r e p o r t e d  b o t h  in  th i s  and  in  oth  r  

i n v e s t i g a t i o n s  (Doan,  1931a; W ebb ,  1931).  T h e r e i n  the  s t a b i l i t y  of 

h i g h - f a t  p r o d u c t s  w e r e  r e p o r t e d  a s  h a v in g  b e e n  d e c r e a s e d  m a r k e d l y  

a s  a r e s u l t  of s i n g l e - s t a g e  h o m o g e n i z a t i o n .  The d e c r e a s e  in s t a b i l i t y  

w a s  a t t r i b u t e d  to the  c l u m p in g  of f a t  g l o b u l e s .  If, h o w e v e r ,  t h e s e  

c l u m p s  w e r e  b r o k e n  up a s  a  r e s u l t  of l o w - p r e s s u r e  h o m o g e n i z a t i o n
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o r  a g i t a t i o n  (Doan,  1929a) ,  a  r e s u l t a n t  i n c r e a s e  in  s t a b i l i t y  o c c u r r e d .  

T h e r e f o r e ,  b e c a u s e  of the  d i lu t io n  a n d  a g i t a t i o n  f a c t o r s  u s e d  in  the  

p r o c e d u r e  of t h i s  s tu d y ,  t h e s e  f a t  c l u m p s  w ou ld  be b r o k e '  up in  l a r g e  

p a r t .  C o n s e q u e n t l y ,  th i s  t e c h n iq u e  w o u ld  n o t  show any  s ig n i f i c a n t  d i f ­

f e r e n c e s  in  th e  s t a b i l i t i e s  of the  s i n g l e -  a n d  d u a l - h o m o g e n i z e d  s a m p l e s .

W hen  c o m p a r i n g  the  e f f e c t s  of the  c a l c i u m ,  m a g n e s i u m ,  an d  

c i t r a t e  io n s  on th e  s t a b i l i t y  of the  v a r i o u s  ty p e s  of h a l f - a n d - h a l f ,  

so m e  d e f in i te  t r e n d s  w e r e  i n d i c a t e d .  C a l c i u m  io n s  t e n d e d  to d e s t a b ­

i l i z e  the  p r o d u c t s .  The  m a g n e s i u m  i o n s ,  in  the  c o n c e n t r a t i o n  u s e d ,  

a p p a r e n t l y  d id  n o t  a f f e c t  the  s t a b i l i t y  of the  s a m p l e s .  O n  the  o t h e r  

h a n d ,  the  c i t r a t e  io n s  t e n d e d  to a c t  a s  a s t a b i l i z i n g  ion ,  f o r  a s  the 

io n ic  c o n c e n t r a t i o n s  w e r e  i n c r e a s e d ,  m o r e  a c i d  w a s  r e q u i r e d  to 

p r o d u c e  a  p r e c i p i t a t e .  T h e s e  r e s u l t s  w e r e  in  a g r e e m e n t  w i th  those  

p r e v i o u s l y  r e p o r t e d  b y  s u c h  i n v e s t i g a t o r s  a s  Doan (1931b),  S e e k le s  

and  S m e e t s  (1947) ,  S o m m e r  (1929b) ,  a n d  T r a c y  a n d  R uehe  (1930b) ,  

who n o t e d  t h a t  c a l c i u m  io n s  h e l p e d  d e s t a b i l i z e  p r o d u c t s  and  the  c i t r a t e s  

w e r e  u s e d  f o r  s t a b i l i z a t i o n  p u r p o s e s .  L i t t l e  i n f o r m a t i o n  h a s  b e e n  

r e p o r t e d  on the  s t a b i l i t y  of p r o d u c t s ,  a s  a f f e c t e d  by  the m a g n e s i u m  

i o n .

T h r e e  s e p a r a t e  t r i a l s  w e r e  c o n d u c te d  in  t h i s  p h a s e  of the 

e x p e r i m e n t ,  the  f i r s t  in  J a n u a r y ,  the  s e c o n d  in  M a r c h ,  a n d  the t h i r d
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in M a y .  The r e s u l t s  o b t a i n e d  f r o m  the  f i r s t  t r i a l ,  on the  s e r i e s  in 

w h ic h  no s o l i d s  w e r e  a d d e d ,  i n d i c a t e d  an  u n s t a b l e  p r o d u c t  ( F i g u r e s  4, 

7, and  10). W h e t h e r  c a l c i u m ,  m a g n e s i u m ,  o r  c i t r a t e  io n s  w e r e  ad d ed ,  

v e r y  l i t t l e  a c i d  w a s  r e q u i r e d  f o r  p r e c i p i t a t i o n .  C o m p a r i n g  th i s  s a m e  

s e r i e s  to  T r i a l  2 ( F i g u r e s  5,  8, a n d  11) a n d  T r i a l  3 ( F i g u r e s  6, 9, 

a n d  12), a  g r a d u a l  s t a b i l i z a t i o n  of h a l f - a n d - h a l f  w a s  s e e n  to o c c u r .  

T h i s  w o u ld  s e e m  to a g r e e  w i th  the  w o r k  of S o m m e r  and  H a r t  (1926) 

and  H u n z i k e r  (1949),  who b e l i e v e d  th a t  the c i t r i c  a c i d  c o n t e n t  in  m i l k  

w a s  i n c r e a s e d  w h e n  the  c o w s  w e r e  t u r n e d  to g r e e n  s p r in g  p a s t u r e .  

H o w e v e r ,  O s b o r n e  (1953) s u g g e s t e d  th a t  the  c i t r i c  a c id  c o n te n t  of m i l k  

m i g h t  i n c r e a s e  o r  d e c r e a s e  in  the s p r i n g ,  d e p en d in g  on su c h  f a c t o r s  

a s  the  cow  a n d  type  of p a s t u r e .  In ad d i t io n ,  th e s e  r e s u l t s  w e r e  in 

a g r e e m e n t  w i t h  th o s e  of J a c o b s e n  a n d  W a l l i s  (1939) a n d  E l l e n b e r g e r ,  

N e w l a n d e r ,  a n d  J o n e s  (1950),  who found  the  c a l c i u m  a n d  p h o s p h o r u s  

v a lu e s  to be  l o w  f o r  m i l k  d u r in g  the  s u m m e r ,  b u t  r e a c h i n g  t h e i r  

h i g h e s t  l e v e l  in  the  w i n t e r  m o n t h s  of N o v e m b e r  t h r o u g h  F e b r u a r y .

In S e r i e s  2 an d  3, w h e r e i n  2 and  5 p e r c e n t  s k i m m i l k  w e r e  

a d d ed ,  r e s p e c t i v e l y ,  t h i s  d i f f e r e n c e  in  s t a b i l i t y  of the  t h r e e  t r i a l s  

w a s  m i n i m i z e d .  W hen  5 p e r c e n t  p o w d e r  w a s  ad d ed ,  on ly  a  l i t t l e  

d i f f e r e n c e  in  the  r e l a t i v e  s t a b i l i t i e s  of the t h r e e  t r i a l s  w a s  n o te d ,  

e s p e c i a l l y  w h e n  the  s a m p l e s  w e r e  h o m o g e n i z e d  a t  the  h i g h e r  p r e s ­

s u r e s  .



In  T r i a l  3, al though, th e  s a m p l e s  w e r e  h o m o g e n i z e d  a t  the 

u s u a l  h i g h  a n d  lo w  p r e s s u r e s ,  v e r y  l i t t l e  d i f f e r e n c e  in  the  r e s u l t  

w a s  o b s e r v e d .  One p o s s i b l e  e x p l a n a t i o n  m a y  be t h a t  a t  the  lowe 

p r e s s u r e s ,  the n e c e s s a r y  d i s p e r s i o n  of the  f a t  g lo b u le s  to b r i n g  

ab o u t  s t a b i l i t y  a g a i n s t  the  e f f e c t  of a c i d  w a s  a t t a in e d .
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E x p e r i m e n t a l  P r o c e d u r e

The  e f f e c t  of d e c r e a s i n g  r a t i o s  of s o l i d s - n o t - f a t  to^ f a t  on 

s o m e  c h e m i c a l  a n d  p h y s i c a l  p r o p e r t i e s  of h a l f - a n d - h a l f  a nd  c r e a m .  

F r e s h  r a w  m i l k  w a s  r e c e i v e d  b y  the  M ic h i g a n  S ta te  C o l leg e  C r e a m e r  

w h e r e  i t  w a s  s e p a r a t e d  a t  40° F .  w i th  a  c o l d - m i l k  s e p a r a t o r .  The 

r e s u l t a n t  c r e a m  a n d  s k i m m i l k  w e r e  u t i l i z e d  to s t a n d a r d i z e  v a r i o u s  

s e r i e s  of h a l f - a n d - h a l f  a n d  c r e a m s .  A t o t a l  of s ix  d i f f e r e n t  s e r i e s  

w a s  p r e p a r e d  w i t h  e a c h  v a r y i n g  in  c o m p o s i t i o n  a s  fo l lows :

S e r i e s  A .  S k i m m i l k  and  c r e a m  s t a n d a r d i z e d  to 10.5 p e r c e n t

f a t .

S e r i e s  B .  S k i m m i l k  a n d  c r e a m  s t a n d a r d i z e d  to 10.5 p e r c e n t  

f a t  p l u s  the  a d d i t i o n  of 2 p e r c e n t  l o w - h e a t ,  s p r a y - p r o c e s s  s k i m m i l k  

p o w d e r .

S e r i e s  C. S k i m m i l k  a n d  c r e a m  s t a n d a r d i z e d  to 10.5 p e r c e n t  

f a t  p l u s  the  a d d i t io n  of 5 p e r c e n t  l o w - h e a t ,  s p r a y - p r o c e s s  s k i m m i l k  

p o w d e r .

S e r i e s  D. S k i m m i l k  a n d  c r e a m  s t a n d a r d i z e d  to 13.0 p e r c e n t

f a t .

S e r i e s  E .  S k i m m i l k  a n d  c r e a m  s t a n d a r d i z e d  to 18 p e r c e n t  f a t

S e r i e s  F .  S k i m m i l k  a n d  c r e a m  s t a n d a r d i z e d  to 23 p e r c e n t  f a t
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H e n c e ,  S e r i e s  A to  C w e r e  p r e p a r e d  in  the s a m e  m a n n e r  a s  

S e r i e s  1, Z, a n d  3 in  S e c t io n  I, an d  S e r i e s  D, E ,  a n d  F  w e r e  s t a n d ­

a r d i z e d  so a s  to  p r o d u c e  s a m p l e s  of i n c r e a s i n g  f a t  co n ten t .  E a c h  

s e r i e s  w a s  p a s t e u r i z e d ,  h o m o g e n i z e d ,  an d  b o t t l e d  a s  s t a t e d  in  S e c ­

t ion  I .

The  v i s c o s i t y ,  h e a t  s t a b i l i t y ,  t i t r a t a b l e  a c id i ty ,  pH,  p e r c e n t a g e  

to ta l  s o l i d s ,  a n d  f a t  a l s o  w e r e  d e t e r m i n e d  a s  o u t l in e d  in  the E x p e r i ­

m e n t a l  P r o c e d u r e  u n d e r  S e c t io n  I.

A n  a t t e m p t  w a s  m a d e  to no te  w h e t h e r  an  e m u l s i f y i n g  a g e n t  

w ou ld  h a v e  a n y  e f f e c t  on the  c lu m p in g  p h e n o m e n o n  of h o m o g e n i z e d  

h a l f - a n d - h a l f  an d  c r e a m .  The e m u l s i f y i n g  a g e n t  u s e d  f o r  t h i s  s tudy  

w a s  s o r b i t a n  m o n o  s t e a r a t e .  T h i s  a g e n t  w a s  ad d ed ,  a t  the  r a t e  of 

0.05 p e r c e n t ,  j u s t  p r i o r  to  the  ho ld in g  t i m e  of p a s t e u r i z a t i o n .  All  

o t h e r  f a c t o r s  in  the  p r e p a r a t i o n  of the  s a m p l e s  w e r e  k e p t  a s  s i m i l a r  

to the  c o n t r o l  a s  p o s s i b l e .  The  e f f e c t  of the e m u l s i f i e r  w a s  d e t e r ­

m i n e d  b y  h e a t  s t a b i l i t y  a n d  v i s c o s i t y .

A p r e l i m i n a r y  i n v e s t i g a t i o n  w a s  u n d e r t a k e n  w i th  the  v iew  of 

s tu d y in g  the m i g r a t i o n  of f a t  g lo b u le s  in  an  e l e c t r i c a l  f i e ld  as  a f ­

f e c t e d  b y  v a r i o u s  p r e s s u r e s  of h o m o g e n i z a t i o n  a n d  by  d i f f e r e n c e s  in 

c o m p o s i t i o n  of the  s a m p l e s .
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A. p h o s p h a t e  b u f f e r ,  s t a n d a r d i z e d  to a  p H  of 7.6  a n d  an  ion ic  

s t r e n g t h  of 0 .0 2 ,  w a s  p r e p a r e d  by  d i s s o l v i n g  0 .309  g r a m  of m o n o b a s i c  

s o d iu m  p h o s p h a t e  an d  6 .36  g r a m s  of d i b a s i c  so d iu m  p h o s p h a te  in a 

l i t e r  of d i s t i l l e d  w a t e r .  The M udd  m o d i f i c a t i o n  of the  N o r t h r o p - K u n i t z  

C a t a p h o r e s i s  A p p a r a t u s  w a s  u s e d  in t h i s  e x p e r i m e n t .

The  s a m p l e s  w e r e  p r e p a r e d  b y  f i r s t  t e m p e r i n g  the p r o d u c t  and  

the b u f f e r  to 70° F . ,  o r  r o o m  t e m p e r a t u r e ,  a n d  th e n  s u sp e n d in g  0.15 

m i l l i l i t e r  of the  p r o d u c t  in  50 m i l l i l i t e r s  of the  b u f f e r .  The m i g r a ­

t ion  of  the  f a t  g l o b u le s  w a s  o b s e r v e d  u n d e r  a  m i c r o s c o p e  a t  a  f ix e d -  

f o c u s  d e p th  in  the  c a t a p h o r e t i c  c e l l ,  in  a  f i x e d  e l e c t r i c a l  f i e ld .  The 

t i m e  f o r  the  f a t  g l o b u le s  to m i g r a t e  2 3 4 .6p w a s  r e c o r d e d ,  and  the

r e s u l t s  w e r e  th e n  c a l c u l a t e d  on the b a s i s  of t i m e ,  in  s e c o n d s ,  r e ­

q u i r e d  f o r  the  g l o b u le s  to m o v e  1 O O jjl u n d e r  the  above  c o n d i t io n s .

F iv e  to s ix  r e a d i n g s  w e r e  m a d e  f o r  e a c h  s a m p l e .

P r e p a r a t i o n  a n d  a n a l y s i s  of f e a t h e r e d  h a l f - a n d - h a l f  and  c r e a m .

A. s a m p l e  of f e a t h e r e d  m a t e r i a l  w as  p r e p a r e d  t h r o u g h  the  u se  of a

300 p a r t s  p e r  m i l l i o n  c a l c i u m - i o n  s o lu t io n ,  an d  h a r d ,  tap  w a t e r  w i th  

the h a r d n e s s  c a l c u l a t e d  to be  419.2  p a r t s  p e r  m i l l i o n  c a l c i u m  c a r b o n ­

a t e .  The c a l c i u m - i o n  s o lu t io n  w as  u s e d  in the  f i r s t  two t r i a l s ,  w i th  

the  h a r d  w a t e r  b e in g  e m p l o y e d  f o r  the  t h i r d  t r i a l .  F i f t y  m i l l i l i t e r s  

of the  w a t e r  w a s  h e a t e d  to b o i l in g  (200° to 205° F . ) ,  r e m o v e d  f r o m
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the  s o u r c e  of the h e a t ,  a n d  t h e n  5 m i l l i l i t e r s  of the  s a m p l e  to be 

t e s t e d  w a s  a d d e d .  The p r e c i p i t a t e d  m a t e r i a l  w a s  r e m o v e d  by  f i l t e r i n g  

t h r o u g h  a  n u m b e r  42 f i l t e r  p a p e r .

The  r e s u l t a n t  f i l t r a t e s  a n d  the o r i g i n a l  s a m p l e s  w e r e  a n a l y z e d

f o r  to ta l  n i t r o g e n ,  n o n c a s e i n  n i t r o g e n ,  n o n h e a t - c o a g u l a b l e  n i t r o g e n ,  

and  n o n p r o t e i n  n i t r o g e n  a c c o r d i n g  to the  p r o c e d u r e  as  g iv en  b y  

B r u n n e r  (1952) .

The  p e r c e n t a g e  of c a s e i n  n i t r o g e n  w a s  o b ta in e d  b y  s u b t r a c t i n g  

the n o n c a s e i n  n i t r o g e n  f r o m  the  t o t a l  n i t r o g e n ,  and  the  he a t - c o a g u l a b l e  

n i t r o g e n  w a s  o b t a i n e d  by  s u b t r a c t i n g  the  n o n h e a t - c o a g u l a b l e  n i t r o g e n  

f r o m  the  n o n c a s e i n  n i t r o g e n .

The p e r c e n t a g e  to t a l  s o l id s  a n d  f a t  w e r e  d e t e r m i n e d  b o th  on 

the p a r e n t  s a m p l e  a n d  on the  m a t e r i a l  p r e c i p i t a t e d  f r o m  it .

E x p e r i m e n t a l  R e s u l t s

A to ta l  of s i x  s e r i e s  of s a m p l e s  w a s  p r e p a r e d  in th i s  p h a s e  

of the s tu d y .  T he  f i r s t  t h r e e  s e r i e s ,  A, B ,  a n d  C, w e r e  s t a n d a r d i z e d

a t  10.5 p e r c e n t  f a t .  I n c r e m e n t s  of 2 and  5 p e r c e n t  n o n f a t  d r y  m i l k

s o l id s  w e r e  a d d e d  to S e r i e s  B and  C, r e s p e c t i v e l y .  A s  th e s e  p r o d u c t s  

w e r e  s i m i l a r  to th o s e  i n v e s t i g a t e d  in S e c t io n  I, on ly  one t r i a l  f o r  

e a c h  s e r i e s  w a s  c o n d u c te d .  The r e m a i n i n g  t h r e e  s e r i e s ,  D, E ,  and  F ,
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w e r e  p r e p a r e d  w i th  i n c r e a s i n g  p e r c e n t a g e s  of fa t ,  an d  w e r e  s t a n d a r d ­

i z e d  on  the b a s i s  of t h e i r  s o l i d s - n o t - f a t  to f a t  r a t i o .  The  r e s u l t s  of 

the a n a l y s e s  of t h e s e  p r o d u c t s  a r e  i n c l u d e d  in  T ab le  10.

V i s c o s i t y . The  r e s u l t s ,  a s  show n in  T ab le  11 an d  i l l u s t r a t e d  

in F i g u r e  13,  i n d i c a t e d  th a t ,  a s  p r e v i o u s l y  r e p o r t e d  in  S e c t io n  I,

Tab le  2, h o m o g e n i z a t i o n  of the  t h r e e  s e r i e s  t e s t i n g  10.5 p e r c e n t  f a t  

p r o d u c e d  o n ly  a r e l a t i v e l y  s m a l l  i n c r e a s e  in  v i s c o s i t y ,  e v e n  w hen  s u b ­

j e c t e d  to v e r y  h ig h  p r e s s u r e s .  F u r t h e r m o r e ,  a s  a  r e s u l t  of s i n g l e -  

s tag e  h o m o g e n i z a t i o n ,  v i s c o s i t y  of the  s a m p l e s ,  t e s t i n g  13 p e r c e n t  

f a t ,  s t i l l  d id  n o t  e x c e e d  50.9  c e n t i p o i s e s  a t  a  p r e s s u r e  of 5,000 p o u n d s  

p e r  s q u a r e  i n c h .  W hen  the  p e r c e n t a g e  of f a t  w a s  i n c r e a s e d  to 18, a 

s h a r p  i n c r e a s e  in  v i s c o s i t y  a p p e a r e d  a s  a r e s u l t  of s i n g l e - s t a g e  

h o m o g e n i z a t i o n .  T h i s  i n c r e a s e  w as  e v e n  m o r e  s ig n i f i c a n t  w h e n  the 

2 3 - p e r c e n t  c r e a m  w a s  h o m o g e n i z e d .  Th is  c r e a m ,  h o m o g e n i z e d  a t

5,000 p o u n d s  p e r  s q u a r e  i n c h  p r e s s u r e ,  w a s  n o t  only  v i s c o u s ,  b u t  

a l m o s t  s o l i d  a t  3° C.

W hen  d u a l  h o m o g e n i z a t i o n  w as  u s e d ,  v e r y  l i t t l e  i n c r e a s e s  in  

the v i s c o s i t y  of the  p r o d u c t s  t e s t i n g  up to 18 p e r c e n t  f a t  w e r e  n o te d  

(T ab le  11, F i g u r e  13).  H o w e v e r ,  b y  i n c r e a s i n g  the f a t  to 23 p e r c e n t ,  

a  d e f in i t e  i n c r e a s e  w a s  show n as  a r e s u l t  of h o m o g e n i z i n g  a t  the 

p r e s s u r e  of 5,000 + 500 p o u n d s  p e r  s q u a r e  in ch .
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s t a b i l i t y . D a ta  p r e s e n t e d  in  T ab le  12 and  shown g r a p h ­

i c a l l y  in  F i g u r e  14 show  the e f f e c t  of i n c r e a s i n g  p e r c e n t a g e s  of fa t  

on the h e a t  s t a b i l i t y  of the s a m p l e s .  A g a in ,  the r e s u l t s  of the  f i r s t  

t h r e e  s e r i e s  w e r e  fo u n d  to  be  s i m i l a r  to  t h o s e  r e c o r d e d  in S e c t io n  

I, T a b le  4. T h i s  c o n f i r m e d  the  f in d in g s  t h a t  (1) a  d e c r e a s e  in h e a t  

s t a b i l i t y  o c c u r r e d  in  the n o n h o m o g e n i z e d  an d  in  the d u a l - h o m o g e n i z e d  

s a m p l e s ,  w h e n  the  p e r c e n t a g e  of s o l i d s - n o t - f a t  w a s  i n c r e a s e d ,  and  

(2) the  h e a t  s t a b i l i t y  of the  d u a l - h o m o g e n i z e d  s a m p l e s  w a s  b e tw e e n  

t h a t  of the  r e l a t i v e l y  s t a b l e  n o n h o m o g e n i z e d  p r o d u c t s  and  the u n s t a b l e ,  

s i n g l e - s t a g e  h o m o g e n i z e d  s a m p l e s .

A s t r i k i n g  o b s e r v a t i o n  m a d e  on the f i n a l  t h r e e  s e r i e s ,  in 

w h ic h  the  f a t  c o n t e n t  w a s  i n c r e a s e d ,  w a s  the  i n c r e a s e  in the h e a t  

s t a b i l i t y  of the  n o n h o m o g e n i z e d  s a m p l e s  (T ab le  12) . One f a c t o r  

w h ic h  s h o u ld  be n o t e d  in  t h i s  c o n n e c t io n  i s  t h a t  the  d a ta  p r e s e n t e d  

in  t h i s  s e c o n d  s e c t i o n  w e r e  o b s e r v e d  in M ay  and  J u n e ,  wh i le  the 

r e s u l t s  in  S e c t io n  I  w e r e  r e c o r d e d  m a i n l y  in  D e c e m b e r ,  J a n u a r y ,  

and  F e b r u a r y .

H o w e v e r ,  a s  w a s  shown p r e v i o u s l y ,  once  th e s e  h i g h - f a t  p r o d ­

u c t s  w e r e  h o m o g e n i z e d ,  a s ig n i f i c a n t  d e c r e a s e  in  the  h e a t  s t a b i l i t y  

o c c u r r e d .  T h i s  s t a b i l i t y  b e c a m e  m o r e  a p p a r e n t  a s  the  p e r c e n t a g e  

of f a t  w a s  i n c r e a s e d .  H e n c e ,  a  r e d u c t i o n  in the h e a t  s t a b i l i t y  o c c u r r e d
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in the d u a l - h o m o g e n i z e d  s a m p l e s  a s  the  r e s u l t  of b o th  i n c r e a s i n g  

p r e s s u r e s  a n d  i n c r e a s i n g  p e r c e n t a g e s  of f a t .  When the  p r o d u c t s  w e r e  

s u b j e c t e d  to  one  p r e s s u r e  only ,  the  s e r i e s  t e s t i n g  13 p e r c e n t  f a t  an d  

o v e r  w e r e  a l m o s t  i m m e d i a t e l y  c o a g u l a t e d  by  the h e a t .  T h i s  d i f f e r e d  

f r o m  the s e r i e s  c o n ta in in g  10.5 p e r c e n t  f a t ,  w h ic h  r e q u i r e d  a t  l e a s t  

10 m i n u t e s  f o r  c o a g u la t i o n .

E f f e c t  of an  e m u l s i f i e r  on f a t  c lu m p in g  a s  m e a s u r e d by  v i s ­

c o s i t y  a n d  h e a t  s t a b i l i t y . An e m u l s i f i e r ,  s o r b i t a n  m o n o s t e a r a t e ,  w as  

a d d e d  to v a r i o u s  s a m p l e s  of h a l f - a n d - h a l f  a n d  c r e a m  to no te  i t s  e f ­

f e c t  on  the  c l u m p i n g  p h e n o m e n o n .  The  f i r s t  t r i a l  w as  co n d u c te d ,  

u s ing  e x t r e m e s  i n  h o m o g e n i z a t i o n  p r e s s u r e s ,  to s ee  w h a t  d i f f e r e n c e s ,  

if any,  o c c u r r e d  in  the v i s c o s i t y  an d  h e a t  s t a b i l i t y  ( T a b le s  13 an d  14).. 

The s e c o n d  a n d  t h i r d  t r i a l s  th e n  w e r e  r u n ,  u s in g  h i g h e r - f a t  p r o d u c t s  

in o r d e r  t h a t  a n y  d i f f e r e n c e s  a s  a  r e s u l t  of add ing  the  e m u l s i f i e r  

co u ld  be m o r e  r e a d i l y  d e t e c t e d .  T h e s e  d a t a  i n d i c a t e d  l i t t l e  s i g n i f i ­

c an t  d i f f e r e n c e s  b e t w e e n  the c o n t r o l  and  the  t r e a t e d  s a m p l e s  in  n o n ­

h o m o g e n i z e d  a n d  d u a l - h o m o g e n i z e d  t r i a l s .  H o w e v e r ,  w hen  a  h ig h  

d e g r e e  of c lu m p in g  o c c u r r e d ,  a s  p r o d u c e d  b y  s i n g l e - s t a g e  h o m o g e n i ­

z a t io n ,  the  a d d i t i o n  of 0.05 p e r c e n t  s o r b i t a n  m o n o s t e a r a t e  p r o d u c e d  a 

s i g n i f i c a n t  d e c r e a s e  in v i s c o s i t y  in  a l l  the  t r i a l s  c o n d u c te d .
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The  e f f e c t  of t h i s  e m u l s i f i e r  on h e a t  s t a b i l i t y  i s  r e c o r d e d  in 

Tab le  14. T h e s e  f i n d i n g s  sh o w e d  th a t  the  a d d i t io n  of the  e m u l s i f i e r  

m a d e  no d e f in i t e  c h a n g e s  in  the h e a t  s t a b i l i t y  of the  n o n h o m o g e n iz e d  

s a m p l e s .  F u r t h e r m o r e ,  no s ig n i f i c a n t  d i f f e r e n c e s  in th i s  p r o p e r t y  

w e r e  n o t e d  w i t h  the  s i n g l e - s t a g e  h o m o g e n i z e d ,  1 8 - p e r c e n t  s a m p l e .

T h is  w a s  u n d o u b te d ly  due to t h e i r  r a p i d  c o a g u la t i o n  w h e n  s u b j e c t e d  

to h e a t .  H o w e v e r ,  w h e n  the  p e r c e n t a g e  of f a t  w a s  d e c r e a s e d  to 10.5,  

a  d i f f e r e n c e  w a s  d i s c e r n i b l e  w i th  th i s  s i n g l e - s t a g e  t r e a t m e n t .

W h e n  the  p r o d u c t s  w e r e  h o m o g e n i z e d  a t  2,500 + 500 pounds  

p e r  s q u a r e  i n c h  p r e s s u r e ,  th e  a d d i t io n  of s o r b i t a n  m o n o s t e a r a t e  

d e f in i t e ly  i n c r e a s e d  the  s t a b i l i t y  of the  s a m p l e s .  At a  p r e s s u r e  of

5,000 + 500 p o u n d s  p e r  s q u a r e  in ch ,  one of the  t r i a l s  d id  show i n ­

c r e a s e d  s t a b i l i t y ,  whi le  the  o t h e r  r e m a i n e d  a p p a r e n t l y  u n a f fe c t ed .

The  m i g r a t i o n  of f a t  g lo b u le s  a s  a f f e c t e d  b y  h o m o g e n iz a t io n  

and  c o m p o s i t i o n . The  d a t a  showing  the m i g r a t i o n  of f a t  g lo b u le s  in 

an  e l e c t r i c a l  f i e l d ,  u n d e r  f i x e d  c o n d i t io n s ,  a r e  p r e s e n t e d  in  T ab le  15. 

T h e s e  r e s u l t s  w e r e  o b t a i n e d  a f t e r  a p e r i o d  of f r o m  f o u r  to f ive  days  

of s t o r a g e ,  w h e n  i t  w a s  a s s u m e d  th a t  a m p le  o p p o r tu n i ty  w a s  p r o v i d e d  

f o r  the  s a m p l e s  to r e a c h  a  s t a t e  of e q u i l i b r i u m .  T r i a l s  6 and  7 w e r e  

d e t e r m i n e d  u n d e r  the  s a m e  r e l a t i v e  c o n d i t i o n s ,  b u t  t h r o u g h  the p r o c e s s
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of r e  c a l i b r a t i o n ,  p r o b a b l y  a  s l i g h t ly  d i f f e r e n t  fo c a l  l e n g th  w a s  o b ta in e d  

in the M udd  C e l l .

T h e s e  r e s u l t s  i n d i c a t e  t h a t  the  f a t  g lo b u le s  of the  n o n h o m o g ­

e n i z e d  s a m p l e s  r e q u i r e  a  l o n g e r  p e r i o d  to m i g r a t e  lOOp th a n  th o se  of 

the  h o m o g e n i z e d  p r o d u c t .  In  t h i s  r e s p e c t  no s ig n i f i c a n c e  co u ld  be 

a t t a c h e d  to a n y  d i f f e r e n c e s  in  p r e s s u r e s  w h e t h e r  w i th  a s i n g l e -  o r  

w i th  d o u b l e - s t a g e  t r e a t m e n t .  In a d d i t io n ,  th e s e  d a t a  w ou ld  in d ic a te  

t h a t  c o m p o s i t i o n  h a d  no  e f f e c t  on m i g r a t i o n  of f a t  g lo b u le s .  H o w e v e r ,  

th i s  c o u ld  n o t  be c o n s i d e r e d  a s  c o n c l u s i v e .

A n a l y s i s  of f e a t h e r e d  h a l f  - an  d - h a l f  and  c r e a m . A p p a r e n t l y ,  

l i t t l e  i n f o r m a t i o n  h a s  b e e n  s u p p l i e d  r e g a r d i n g  the  c o m p o s i t i o n  of the 

f e a t h e r e d  m a t e r i a l  in  c o f f e e .  In o r d e r  t h a t  th i s  p r o b l e m  m a y  be m o r e  

th o r o u g h l y  u n d e r s t o o d ,  v a r i o u s  s a m p l e s  of h a l f - a n d - h a l f  and c r e a m  

w e r e  s u b j e c t e d  to f e a t h e r i n g  t r e a t m e n t ,  a n d  th i s  p r e c i p i t a t e d  m a t e r i a l ,  

a s  w e l l  a s  the o r i g i n a l  p r o d u c t s ,  w e r e  then  a n a l y z e d .  The t e c h n iq u e s  

s e l e c t e d  to f o r m  the  p r e c i p i t a t e  i n v o lv e d  s u c h  f a c t o r s  a s  h e a t ,  p r e s ­

ence  of c a l c i u m  i o n s ,  an d  i n s t a b i l i t y  of the p r o d u c t  due to h o m o g e n i ­

z a t io n ,  s in c e  t h e s e  f a c t o r s  w e r e  p r o b a b l y  m o s t  co n d u c iv e  to f e a t h e r i n g  

in c o f f e e .

F o u r  s e p a r a t e  t r i a l s  w e r e  c o n d u c te d .  The d a t a  a r e  p r e s e n t e d  

in T a b l e s  16 a n d  17. The  r e s u l t s ,  p r e s e n t e d  f o r  e a c h  t r i a l  in th e s e
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two t a b l e s ,  w e r e  o b t a i n e d  f r o m  the  s a m e  s e r i e s  of s a m p l e s .  The 

a n a l y s i s  of the  f e a t h e r e d  m a t e r i a l  sh o w e d  th a t ,  on a  d r y - w e i g h t  b a s i s ,  

the p e r c e n t a g e  of f a t  r a n g e d  f r o m  81.02 to 94 .11 , w i th  the  i n c r e a s e  

c o r r e s p o n d i n g  to  a s i m i l a r  i n c r e a s e  in  the p e r c e n t a g e  of f a t  in  the 

o r i g i n a l  p r o d u c t s .

T he  d i s t r i b u t i o n  of the  n i t r o g e n  in  the f i l t r a t e  and  p a r e n t  m a ­

t e r i a l  i s  sh o w n  in  T a b le  16. H e r e  t h  r e s u l t s  a r e  e x p r e s s e d  a s  

m i l l i g r a m s  of n i t r o g e n  p e r  100 m i l l i l i t e r s  of p a r e n t  p r o d u c t .  Since 

5 m i l l i l i t e r s  of the  p a r e n t  p r o d u c t  w as  a d d e d  to 50 m i l l i l i t e r s  of 

w a t e r ,  a  d i lu t io n  f a c t o r  of e l e v e n  w a s  h a d .  T h e r e f o r e ,  the  n i t r o g e n  

v a l u e s ,  o b t a i n e d  in  the  f i l t r a t e s ,  w e r e  c o n v e r t e d  onto the s a m e  b a s i s  

a s  t h a t  of the  p a r e n t  m a t e r i a l ,  by  m u l t i p l y in g  by  t h i s  d i lu t io n  f a c t o r .  

The n i t r o g e n  m a y  b e  c o n v e r t e d  in to  p r o t e i n  s i m p l y  t h r o u g h  m u l t i p l y ­

ing by  6 .38 .

W hi le  the  r e s u l t s  f r o m  the  a n a l y s i s  of the  o r i g i n a l  s a m p l e s  

a p p e a r e d  to be  r a t h e r  c o n s i s t e n t ,  t h o s e  o b ta in e d  f r o m  the f i l t r a t e  a r e  

i n c o n s i s t e n t .  A s  a  r e s u l t  of p r e c i p i t a t i n g  the  f e a t h e r e d  m a t e r i a l  w i th  

w a t e r  c o n ta i n in g  the c a l c i u m  io n s ,  a  h i g h e r  p e r c e n t a g e  of the c a s e i n  

a p p a r e n t l y  w a s  p r e c i p i t a t e d .  F o r  T r i a l  2 (T ab le  17), a n e g a t i v e  

v a lue  w a s  c a l c u l a t e d  f o r  the  c a s e i n  n i t r o g e n  in the f i l t r a t e .  The r e ­

s u l t s  of T r i a l  3 s h o w e d  t h a t  a p p r o x i m a t e l y  91 p e r c e n t  of the c a s e i n
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w a s  p r e c i p i t a t e d .  H o w e v e r ,  i n  the  f o u r t h  t r i a l ,  in  w h ic h  h a r d  w a t e r  

w as  u s e d ,  on ly  a b o u t  43 p e r c e n t  of the  c a s e i n  w a s  f e a t h e r e d .  U n­

d o u b ted ly  t h i s  w a s  due to the  h ig h  d e g r e e  of f a t  c lu m p in g  in  the 

p a r e n t  p r o d u c t .

W i th  the  t e c h n i q u e  u s e d  in  t h i s  s tudy ,  l i t t l e  of the h e a t - c o a g -  

u lab le  f r a c t i o n  w a s  p r e c i p i t a t e d .  Of the c a l c u l a t e d  v a lu e s  o b ta in e d  

( T r i a l s  2 a n d  3), on ly  ab o u t  19 to 31 p e r c e n t  of the he a t - c o a g u l a b l e  

f r a c t i o n  of the  p a r e n t  m a t e r i a l  w a s  p r e s e n t  in  the  f e a t h e r e d  m a t e r i a l .

F r o m  the  above  r e s u l t s ,  s e v e r a l  g e n e r a l  t r e n d s  m a y  be n o ted .  

When th e  s a m p l e s  w e r e  p r e c i p i t a t e d  w i th  c a l c i u m  io n s ,  a  l a r g e  p r o ­

p o r t i o n  of the  c a s e i n  w a s  p r e s e n t  in  the  p r e c i p i t a t e .  The ad d i t io n  

of a  s a m p l e ,  h o m o g e n i z e d  a t  a  p r e s s u r e  of 2,500 p o u n d s  p e r  s q u a r e  

inch ,  to ho t ,  h a r d  w a t e r  p r o d u c e d  a  p r e c i p i t a t e  w i th  a  m u c h  s m a l l e r  

a m o u n t  of c a s e i n .  In  the  s a m p l e s  s tu d ie d ,  l e s s  of the h e a t - c o a g u l a b l e  

f r a c t i o n  w a s  p r e s e n t  in  the  p r e c i p i t a t e d  m a t e r i a l  than  in  the o r i g i n a l  

s a m p l e .
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Tab le  10. The  in f lu e n c e  of a d d e d  s o l i d s - n o t - f a t  a n d  i n c r e a s i n g  p e r ­
c e n t a g e s  of f a t  on  the c o m p o s i t i o n  of h a l f - a n d - h a l f  h o m o g ­
e n i z e d  m i l k  a n d  c r e a m .

A d d e d  A n a l y s e s  of H a l f - a n d - H a l f  a n d  C r e a m
I n c r e -  W h en  T r e a t e d  W i th  V a r i o u s  I n c r e m e n t s

S e r i e s  m e n t s  of S o l i d s - N o t - F a t  and F a t
N o . of   — ------- -----------------------

S o l i d s -
N o t - F a t F a t

S o l id s -
N o t - F a t

T o ta l
Sol ids

S . N . F . /
F a t

(pet .) (pet.) (pet.) (pet.).

A* 5 10.54 1.1.61 22.15 1.101

B * 2 10.71 9.68 20.39 0 .904

c * 0 10.50 8.0 8 18.58 0.770

D ** 0 12.76 7.87 20.63 0 .617

E 0 18.44 7.50 25.94 0.407

0 22.74 7.16 29.90 0.315

* One t r i a l .

**  Two t r i a l s .
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T ab le  11. T he  in f lu e n c e  of v a r i a t i o n s  of t e m p e r a t u r e  an d  c o m p o s i t io n
on the  v i s c o s i t y  of h a l f - a n d - h a l f  a n d  c r e a m  w h en  h o m o g ­
e n iz e d  a t  v a r i o u s  p r e s s u r e s .

Adde  d 
I n c r e ­

T e m p . 
of 

V i s ­
c o s i t y  
M e a ­
s u r e ­

m e n t s

The V i s c o s i t y  of H a l f - a n d - H a l f  
W hen  H o m o g e n iz e d  at:

S e r i e s
No.

m e n t s  
of 

S o l i d s - 
N o t - F a t

0
l b s . /
sq . in .

2500 
l b s . /  
s q . i n .

2500 
+ 500 
l b s . /  
sq . in .

5000 
l b s . / 
sq . in .

5000
+500
l b s . /
sq . in .

(pet.) (°C.)
( c e n t i -  
p o i s e  s)

( c e n t i -  
p o i s e  s)

( c e n t i -  
p o i s e  s)

( c e n t i -  (cen t i -  
p o i s e s )  p o i s e s

A 5 20 6.7 7.0 6.1 8.6 7.0

3 8.1 8.9 8.1 14.6 9.3

B 2 20 5.9 7.1 5.5 9.3 6.3

3 6.9 8.1 6.8 14.8 8.1

C 0 20 5.3 6.5 5.0 8.1 5.7

3 6.5 7.9 6.3 11.0 7.1

D 0 20 6.1 19.6 5.7 37.9 6.8

3 7.2 22.5 7.1 50.9 8.2

E 0 20 7.6 114.7 7.5 231.0 8.9

3 9.3 20 2.3 8.7 331.0 11.1

F 0 20 11.2 172.4 9.9 1,593.0 26.0

3 18.0 1,,053 .0 16.3 4,665.0 44.0
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T ab le  12. T he  in f lu e n c e  of v a r i a t i o n s  in  c o m p o s i t io n  on the  h e a t
s t a b i l i t y  of h a l f - a n d - h a l f  an d  c r e a m  w hen  h o m o g e n iz e d
a t  v a r i o u s  p r e s s u r e s .

Adde  d 
I n c r e ­

The
and

H e a t  S ta b i l i t y  of H a l f - a n d - H a l f  
C r e a m  When H o m o g e n iz e d  at:

S e r i e s
No.

F a t
m e n t s

of
S o l i d s -

N o t - F a t

0
l b s . /
s q . in .

2500 
l b s . /  
sq . in .

2500 
+ 500 
l b s . / 
s q . in .

5000
l b s . /
sq . in .

5000 
+ 500 
l b s . / 
sq . in .

(pet .) (pet .)
( m i n ­
ute  s)

( m i n ­
ute s)

(m in ­
ute s)

( m i n ­
u tes)

( m i n ­
ute s)

A. 10.54 5 90 15 31 13 30

B 10.71 2 106 12 43 10 44

C 10.50 0 130 12 107 10 94

D 12.76 0 156 3 55 2 48

E 18.44 0 148 1 38 1 6

F 22 .74 0 166 1 10 _ ❖ 1

* S a m p le  too v i s c o u s  f o r  a  d e t e r m i n a t i o n .
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T ab le  13. The in f lu en c e  of s o r b i t a n  m o n o s t e a r a t e  upon the v i s c o s i t y
of h a l f - a n d - h a l f  an d  c r e a m  w h en  h o m o g e n iz e d  a t  v a r io u s
p re  s s u re  s .

The V i s c o s i t y  iof H a l f -

T r i a l
F a t

S o l i d s -
0 l b s . / s q . i n . 2500 lb s . /  s q . in .

No. N o t - F a t
C o n ­
t r o l

E m u l ­
s i f i e r
A d d ed

C o n ­
t r o l

E m u l ­
s i f i e r  
Adde d

(pet.) (pet.) ( c e n t ip o i s e s ) (cen t ip o i s e s )

V i s c o s i t y M e a s u r e d  a t 20° C.

1 10.87 7.50 5.9 6.0 -

2 18.20 7.39 7.9 7.8 47.4 26.7

3 18.67 7.61

V i s c o s i t y

7.2

M e a s u r e d  a t

8.0 

3° C.

180.0 33.8

1 10.87 7.50 7.0 6.8 - -

2 18.20 7.39 8.4 9.9 56.6 26.7

3 18.67 7.61 10.1 10.4 358.0 41.4

* V a lu es  no t d e t e r m in e d .
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a n d - H a l f  a n d  C r e a m  W hen  H o m o g e n i z e d  at:

2500+500 l b s . /  s q . i n . 5000 l b s . / s q . i n .

C on­
t r o l

E m u l ­
s i f i e r
A d d e d

C o n ­
t r o l

E m u l ­
s i f i e r
A d d ed

5000+500 lb  s . / s q . i n .

C o n ­
t r o l

E m u l ­
s i f i e r
A d d ed

( c e n t i p o i s e s ) ( c e n t i p o i s e s ) ( c e n t ip o i s e s )

V i s c o s i t y  M e a s u r e d  a t  20° C ,

12.9 8.5

7.6 7.2 194.0 120.0 9.1 8.5

7.5 7.6 266 .0 74.9 8.7 8.6

V i s c o s i t y  M e a s u r e d  a t  3° C ,

15.2 10.1

8.1 8.6 253.0 145.0 1 1 . 0 11.4

9.2 9.0 406.0 84.4 13.0 11.9



110

T a b le  14. The in f lu e n c e  of s o r b i t a n  m o n o s t e a r a t e  upon  the h e a t
s t a b i l i t y  of h a l f - a n d - h a l f  and  c r e a m  w hen  h o m o g e n iz e d
a t  v a r i o u s  p r e s s u r e s .

H e a t  S ta b i l i t y  of H a l f - a n d - H a l f  a n d  
C r e a m  W hen  H o m o g e n i z e d  at:

T r i a l
N o .

F a t
S o l i d s -

N o t - F a t 0
l b s . /
s q . in .

2500 
l b s . / 
sq . in .

2500 
+ 500 
l b s . /  
sq . in .

5000 
l b s . / 
sq . in .

5000 
+500 
l b s . / 
sq .in ,

(pet .) (pet .)

No

( m i n ­ ( m i n ­ ( m i n ­ ( m i n ­ ( m i n ­
u te s )  

E m u l s i f i e  r

ute s) 

A d d e d

ute s) u tes ) u tes)

1 10.87 7.50 95 - - 3 -

2 18.20 7.39 116 1 66 1 7

3 18.67 7.61 190 2 10 1 5

E m u l s i f i e r  A d d e d  (0,05%)

1 10.87 7.50 105 - - 7 -

2 18.20 7.39 111 2 78 1 18

3 18.67 7.61 190 2 74 1 5
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T a b le  15.  The  e f f e c t  of v a r i o u s  p r e s s u r e s  of h o m o g e n i z a t i o n  and
c o m p o s i t i o n  of h a l f - a n d - h a l f  a n d  c r e a m  on the  m o v e m e n t  
of f a t  g l o b u le s  in an  e l e c t r i c a l  f i e ld .

T i m e  f o r  F a t  G lo b u le s  in  H a l f - a n d -  
A d d e d  H a l f  an d  C r e a m  to M i g r a t e  10Op
I n c r e -  W hen  H o m o g e n i z e d  at:

T r i a l  _  m e n t s      —-------- -
N o . of 

S o l id s  - 
N o t - F a t

0
l b s . /  
s q . i n .

2500
l b s . /
sq . in .

2500
+500
l b s . /
sq . in .

5000
l b s . /
sq . in .

5000 
+ 500 
l b s . /  
s q . in .

(pet .) (pet.)
( s e c ­
onds).

( s e c ­
onds)

( s e c ­
onds)

( s e c ­
onds)

( s e c ­
onds)

1 10.54 5 3.51 3.41 3.36 3.37 3.41

2 10.71 2 3.43 2.85 2.94 2.93 3.09

3 12.70 0 3.70 3.5 6 3.58 3.57 3.45

4 18.20 0 3.70 3.58 3.29 3.41 3.51

5 2 2 .74 0 3.60 3.39 3.50 - * -

6 12.82 0 3.28 2 .78 2.92 2.90 3.09

7 18.67 0 3.13 2.93 2.75 2.81 2 .66

* V a lu e s  n o t  d e t e r m i n e d .
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T a b le  16. The  c o m p o s i t i o n  of h a l f - a n d - h a l f  and  c r e a m ,  a s  c o m ­
p a r e d  to the  r e s u l t a n t  f e a t h e r e d  m a t e r i a l .

C o m p a r i s o n in  C o m p o s i t i o n  of the  P a r e n t P  r o d u c t
A g a i n s t  the  R e s u l t a n t F e a t h e r e d  M a t e r i a l

T r i a l
No.

F a t
S o l i d s -
N o t - F a t

T o ta l  So l ids
F a t  p e r  100 
g r a m s  S o l id s

_  F e a t h -  _  F e a t h -  F a r e n t  . P a r e n te r e d  e r e d
_  F e a t h -  P a r e n t

e r e d
P a r e n t F e a t h ­

e r e d

(pet. ) (pet.) (pet.) ( g r a m s )

1 10.68  28.21 7.70 5 .42 18.38 33.63 58.10 83.88

2 10.87 21 .09 7.81 4.94 18.68 26 .03 58.19 81.02

3 18.67 67 .29 7.61 4.21 26 .28  71.50 71 .04 94.11

4 22 .69  61.65 6.55 6.17 29 .24  67 .83 77.59 90.90
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Tab le  17. The n i t r o g e n  d i s t r i b u t i o n  of h a l f - a n d - h a l f  a n d  c r e a m ,  a s  
c o m p a r e d  to the  r e s u l t a n t  f e a t h e r e d  m a t e r i a l .

T r i a l
No.

C o m p a r i s o n  in  N i t r o g e n  D i s t r i b u t i o n  of the

T o t a l  N i t r o g e n
N o n c a s e i n
N i t r o g e n

P a r e n t  F i l t r a t e P a r e n t  F i l t r a t e

(m g . / lO O  m l .  
p r o d u c t ) 5!1

(m g. / lOO m l .  
p r o d u c t )

N o n h e a t - c o a g -  
u la b le  N i t r o g e n

P a r e n t  F i l t r a t e

(m g . / lO O  m l ,  
p r o d u c t )

1 480.50 108.46 86.86 67.76 44.66 40.70

2 522.20 67.76 87.50 108.46 43.12 44.44

3 417.60 284.57 68.99 84.70 25 .56 103.29

4 434.30 141.90 _ >;<**

* H ead in g s  b a s e d  on 100 m i l l i l i t e r s  of p a r e n t  p r o d u c t .

** V a lu e s  c a l c u l a t e d  w e r e  n e g a t i v e .

V a lu e s  n o t  d e t e r m i n e d .
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P a r e n t  P r o d u c t  A g a i n s t  the  R e s u l t a n t  F i l t r a t e

N o n p r o t e i n  N i t r o g e n

P a r e n t

C a s e i n  N i t r o g e n

F i l t r a t e  P a r e n t

H e a t - c o a g u l a b l e
N i t r o g e n

F i l t r a t e  P a r e n t F i l t r a t e

(m g . / lO O  m l .  
p r o d u c t )

(m g . / lO O  m l .  
p r o d u c t )

(m g . / lO O  m l .  
p r o d u c t )

29 .42 30.14 393.60 40.70 15.24 10.56

27.00 29.70 434.70 _ ** 16.12 14.74

28.65 23 .76 348.60 199-87 _ * * 79 .53
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D i s c u s  s ion

The  d a t a  p r e s e n t e d  f o r  the  1 0 . 5 - p e r c e n t  s e r i e s ,  in  w h ic h  so l id s  

w e r e  n o t  a d d e d ,  w e r e  o b t a in e d  f r o m  S e c t io n  I. T h e s e  r e s u l t s  w e r e  

c o m p a r e d  w i t h  the  s e r i e s  t e s t i n g  13, 18, a n d  23 p e r c e n t  f a t  ( F i g u r e s  

13 a n d  14). The  l a t t e r  t h r e e  s e r i e s  w e r e  p r e p a r e d  in  two s e p a r a t e  

t r i a l s ,  the  r e s u l t s  of w h ic h  w e r e  r e p o r t e d  in  d u p l i c a t e .

V i s c o s i t y . A n  i n c r e a s e  o c c u r r e d  in  the  v i s c o s i t y  of h a l f - a n d -  

h a l f  a n d  c r e a m ,  n o n h o m o g e n i z e d ,  a n d  h o m o g e n i z e d ,  as  the  p e r c e n t a g e  

of f a t  i n c r e a s e d .  W i th  d u a l - h o m o g e n i z a t i o n ,  the  p r o d u c t s  t e s t i n g  up 

to 18 p e r c e n t  f a t  s h o w e d  v e r y  l i t t l e ,  if any ,  i n c r e a s e  in  v i s c o s i t y .  

A p p a r e n t l y ,  th e  a d d i t i o n  of 500 p o u n d s  p e r  s q u a r e  i n c h  p r e s s u r e  on 

the  s e c o n d  v a lv e  w a s  s u f f i c i e n t  to b r e a k  down a  l a r g e  p r o p o r t i o n  of 

the v i s c o s i t y - c o n t r i b u t i n g  c l u m p s  of f a t  g lo b u le s  w h ic h  w e r e  f o r m e d  

a s  a  r e s u l t  of th e  h i g h e r  p r e s s u r e s  on the  f i r s t  v a lv e .  H o w e v e r ,  

w h e n  th e  a m o u n t  of f a t  w a s  i n c r e a s e d  to 23 p e r c e n t ,  the v i s c o s i t y  

i n c r e a s e d  r a t h e r  s h a r p l y  w hen  a  p r e s s u r e  of 5,000 + 500 p o u n d s  p e r  

s q u a r e  i n c h  w as  a p p l i e d .

W i th  s i n g l e - s t a g e  h o m o g e n i z a t i o n ,  i n c r e a s e d  p r e s s u r e s  r e s u l t e d  

in l i t t l e  i n c r e a s e  in  v i s c o s i t y  in  the  1 0 . 5 - p e r c e n t - f a t  s e r i e s  ( F ig u r e  

13).  W h en  the a m o u n t  of f a t  w a s  i n c r e a s e d  to 13 p e r c e n t ,  a r e l a t i v e l y
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s l ig h t  i n c r e a s e  in  v i s c o s i t y  w a s  n o t e d  a t  a  p r e s s u r e  of 5,000 pounds  

p e r  s q u a r e  in c h .  H o w e v e r ,  on h o m o g e n i z a t i o n  of the  1 8 - p e r c e n t  

s e r i e s ,  a  s h a r p  i n c r e a s e  in  v i s c o s i t y  co u ld  b e  s e e n  w i th  p r e s s u r e s  

of 2 ,500 a n d  5 ,000 p o u n d s  p e r  s q u a r e  in c h .  Th is  i n c r e a s e  b e c a m e  

s t i l l  m o r e  a p p a r e n t  w h e n  the  f a t  w a s  i n c r e a s e d  to 23 p e r c e n t .

T h e r e f o r e ,  w i th  d o u b l e - s t a g e  h o m o g e n i z a t i o n ,  the  s h a r p  i n ­

c r e a s e  in  v i s c o s i t y  a p p e a r e d  w hen  the  f a t  w a s  b e t w e e n  18 and  23 

p e r c e n t .  W hen  c o n s i d e r i n g  the s o l i d s - n o t - f a t  to f a t  r a t i o ,  the  above  

s h a r p  i n c r e a s e  in  v i s c o s i t y  w o u ld  be b e t w e e n  the  r a t i o s  of 0 .407  

a n d  0 .3 1 5 .  W i th  s i n g l e - s t a g e  h o m o g e n i z a t i o n ,  the  c r i t i c a l  r a t i o  f o r  

e x c e s s i v e  c l u m p i n g  of f a t  g lo b u le s  w as  fo u n d  to be  b e t w e e n  0 .617 

a n d  0 .4 0 7 .  T h e s e  v a l u e s  a r e  b e lo w  the  c r i t i c a l  r a t i o s  of 0.60 to 

0 .85 ,  a s  s u g g e s t e d  b y  Doan (1929a) .  H e n c e ,  a l t h o u g h  d i f f e r e n t  h o ­

m o g e n i z i n g  t e m p e r a t u r e s  w e r e  u s e d ,  p r o n o u n c e d  c lu m p in g  of the  f a t  

g l o b u le s  w o u ld  be e x p e c t e d  a t  t h e s e  low  r a t i o s  u s e d  in  th i s  s tudy .

H e a t  s t a b i l i t y . A g r a d u a l  d e c l i n e  o c c u r r e d  in the h e a t  s t a ­

b i l i t y  of the h o m o g e n i z e d  p r o d u c t s ,  a s  the p e r c e n t a g e  of f a t  i n c r e a s e d  

( F i g u r e  14). The h e a t  s t a b i l i t y  of the n o n h o m o g e n i z e d  s a m p l e s  a p ­

p a r e n t l y  i n c r e a s e d  a s  the  p e r c e n t a g e  of f a t  i n c r e a s e d .  O s b o r n e  (1953) 

n o t e d  t h a t  the  h i g h e s t  h e a t  s t a b i l i t y  of m i x e d - h e r d  m i l k  o c c u r r e d  in
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J u n e ,  w h i c h  m i g h t  i n d i c a t e  w hy  t h e s e  h i g h e r - f a t  p r o d u c t s  h a d  a  g r e a t e r  

d e g r e e  of s t a b i l i t y  t h a n  the  h a l f - a n d - h a l f  s a m p l e s .

In  all the  t r i a l s  c o n d u c te d ,  the  h e a t  s t a b i l i t y  of the  s a m p l e s  

w a s  r e d u c e d  a s  a  r e s u l t  of h o m o g e n i z a t i o n .  With  d u a l - h o m o g e n i z a -  

t ion ,  the  h e a t  s t a b i l i t y ,  a l t h o u g h  s h a r p l y  r e d u c e d ,  s t i l l  w a s  d e f in i te ly  

above  the  s t a b i l i t i e s  a s  fo u n d  in  the s a m p l e s  h o m o g e n i z e d  w i th  a 

s ing le  p r e s s u r e .  W i th  d u a l - h o m o g e n i z a t i o n  t h e r e  a p p e a r e d  to be  no 

p o i n t  w h e r e  a  d e f in i t e  b r e a k  in the  h e a t  s t a b i l i t y  of the  s a m p l e s  o c ­

c u r r e d  a s  a  r e s u l t  of i n c r e a s e d  p e r c e n t a g e s  of f a t .  A d i s t i n c t  d i f ­

f e r e n c e  in  the  h e a t  s t a b i l i t y  b e t w e e n  e a c h  s e r i e s  w a s  n o te d ,  b u t  th is  

d i f f e r e n c e  w a s  r e d u c e d  w h e n  the 18- an d  2 3 - p e r c e n t  c r e a m  w a s  h o ­

m o g e n i z e d  a t  p r e s s u r e s  of 5,000 + 500 p o u n d s  p e r  s q u a r e  in ch .  When 

th e s e  h i g h - f a t  p r o d u c t s  w e r e  h o m o g e n i z e d  w i th  d u a l - s t a g e s ,  v e r y  l i t t l e  

t i m e  w a s  n e e d e d  f o r  the  s a m p l e s  to c o a g u la t e .

W i th  s i n g l e - s t a g e  h o m o g e n i z a t i o n ,  h o w e v e r ,  t h e r e  d id  a p p e a r  

to be  a  d e f in i t e  b r e a k  in  the  h e a t  s t a b i l i t y  once  the f a t  c o n t e n t  w a s  

i n c r e a s e d  to  13 p e r c e n t  ( F i g u r e  14). The s e r i e s  t e s t i n g  10.5 p e r c e n t  

d id  n o t  c o a g u l a t e  u n t i l  the  s a m p l e  w as  s u b m e r g e d  in the  oil b a t h  f o r  

a t  l e a s t  10 m i n u t e s .  H o w e v e r ,  by  i n c r e a s i n g  the f a t  to 13 p e r c e n t ,  

on ly  2 to 3 m i n u t e s  w e r e  r e q u i r e d  f o r  c o a g u la t io n .
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W h en  c o m p a r i n g  v i s c o s i t y  w i th  h e a t  s t a b i l i t y ,  a s  h a s  b e e n  

n o t e d  p r e v i o u s l y  (Doan ,  1931a; W ebb ,  1931), an  i n v e r s e  r e l a t i o n s h i p  

w a s  fo u n d  to  e x i s t ,  f o r ,  a s  the  v i s c o s i t y  i n c r e a s e d ,  a  d e c r e a s e  in the  

h e a t  s t a b i l i t y  w a s  o b s e r v e d .  W hen  the s e c o n d  s tag e  w as  u s e d ,  due 

to the  b r e a k i n g  up of the  c l u m p s  of f a t  g lo b u le s ,  the  v i s c o s i t y  w as  

d e c r e a s e d  w h i le  the  h e a t  s t a b i l i t y  w a s  i n c r e a s e d .

E f f e c t  of an  e m u l s i f i e r  on the  f a t - c lu m p in g  p h e n o m e n o n . The 

a c t i o n  of s o r b i t a n  m o n o s t e a r a t e  w a s  d e t e r m i n e d  by  the e f f e c t  of th is  

e m u l s i f i e r  on the  v i s c o s i t y  a n d  h e a t  s t a b i l i t y  of the t r e a t e d  s a m p l e s  

( T a b l e s  13 a n d  14).

T h i s  e m u l s i f i e r  h a d  l i t t l e  to  no e f f e c t  on the v i s c o s i t y  of the 

n o n h o m o g e n i z e d  a n d  d u a l - h o m o g e n i z e d  s a m p l e s .  If an y th in g ,  a s  the 

r e s u l t  of ad d in g  th i s  e m u l s i f i e r ,  the  v i s c o s i t y  t e n d e d  to i n c r e a s e  in  

the n o n h o m o g e n i z e d  p r o d u c t s  a t  3° C. H o w e v e r ,  w h e n  t h e s e  s a m p l e s  

w e r e  h o m o g e n i z e d  w i th  a  s in g le  s t a g e ,  s u b s t a n t i a l  r e d u c t i o n  in c l u m p ­

ing a p p e a r e d  e v i d e n t .  H e r e  the a d d i t i o n  of 0 .05 p e r c e n t  s o r b i t a n  

m o n o  s t e a r a t e  r e d u c e d  the v i s c o s i t y  33.5 p e r c e n t  w i th  the 1 0 . 5 - p e r c e n t  

p r o d u c t ,  w h i le  th i s  r e d u c t i o n  a m o u n t e d  to 88 .4  p e r c e n t  w i th  the  18- 

p e r c e n t  t a b le  c r e a m .  T h i s  e m u l s i f i e r  h a d  no a p p a r e n t  e f f e c t  on the 

s a m p l e s  h o m o g e n i z e d  a t  p r e s s u r e s  of 2 ,500 + 500 and  5,000 + 500 

p o u n d s  p e r  s q u a r e  i n c h .
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W h e n  c o n s i d e r i n g  the  h e a t  s t a b i l i t i e s  of the  s a m e  s a m p l e s ,  an  

i n v e r s e  r e l a t i o n s h i p  e x i s t e d  b e t w e e n  the v i s c o s i t y  an d  the  h e a t  s t a ­

b i l i t y .  O n c e  m o r e ,  no s i g n i f i c a n t  d i f f e r e n c e  cou ld  be  a t t a c h e d  to the 

n o n h o m o g e n i z e d  s a m p l e s  a s  a  r e s u l t  of a dd ing  the e m u l s i f i e r .  With 

h e a t  s t a b i l i t y ,  the  s i g n i f i c a n c e  i s  n o t  w i th  the s a m p l e s  h o m o g e n i z e d  

w i th  a  s in g le  s t a g e ,  a s  w i th  v i s c o s i t y ,  b u t  w i th  the d u a l - h o m o g e n i z e d  

p r o d u c t s  w h e r e  the  c lu m p in g  w as  n o t  so h e a v y .  The p r e s s u r e  showing 

the g r e a t e s t  e f f e c t  of t h i s  e m u l s i f i e r  w a s  a t  2,500 + 500 pounds p e r  

s q u a r e  i n c h ,  f o r  a t  t h i s  p r e s s u r e  the  h e a t  s t a b i l i t y  d e f in i t e ly  i n c r e a s e d  

a s  a  r e s u l t  of ad d in g  the  e m u l s i f i e r .

O n  c l o s e  i n s p e c t i o n  of t h e s e  d a t a ,  the  a d d i t io n  of s o r b i t a n  

m o n o s t e a r a t e  a p p e a r e d  to e m u l s i f y  the  f a t  g lo b u le s  in s u c h  a  m a n n e r  

t h a t  t h e y  w e r e  l e s s  s u s c e p t i b l e  to c l u m p in g .  Th is  m i g h t  in d i c a t e  

t h a t  the  p l a s m a  s o l i d s ,  in  n o r m a l  c r e a m ,  d id  n o t  c o n t r i b u t e  a p p r e ­

c i a b l y  to  the  s t a b i l i t y  of the f a t  g lobu le  e m u l s i f i c a t i o n  of the  h o m o g ­

e n i z e d  p r o d u c t s ,  s i n c e  t h e y  t e n d e d  to f o r m  c l u m p s .  T h e r e f o r e ,  t h e s e  

o b s e r v a t i o n s  a p p e a r  to l e n d  s u p p o r t  to the t h e o r y  t h a t  once  c lu m p in g  

of the f a t  g l o b u l e s  o c c u r s ,  a s  the  r e s u l t  of h o m o g e n i z a t i o n ,  t h e r e  is  

a  c o r r e s p o n d i n g  d e c r e a s e  in  h e a t  s t a b i l i t y .  If t h i s  c lu m p in g  w e r e  

r e d u c e d ,  h o w e v e r ,  a  r e s u l t a n t  i n c r e a s e  in the  s t a b i l i t y  of the p r o d u c t  

w o u ld  o c c u r  (Doan ,  1931a) .
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M i g r a t i o n  of f a t  g lo b u le s  a s  a f f e c t e d  by  h o m o g e n i z a t i o n  and  

c o m p o s i t i o n . I n d i c a t i o n s  a r e  t h a t  once  the s a m p l e s  w e r e  h o m o g e n i z e d ,  

l e s s  t i m e  w a s  r e q u i r e d  f o r  the  f a t  g l o b u le s  to m o v e  a c e r t a i n  d i s ­

t a n c e  . t h a n  t h a t  r e q u i r e d  f o r  the  f a t  g lo b u le s  of the n o n h o m o g e n iz e d  

p r o d u c t s  (T a b le  15). T h i s ,  h o w e v e r ,  a p p e a r e d  to be  c o n t r a r y  to the 

f in d in g  of J a c k  a n d  Dahle  (1937b) ,  who r e p o r t e d  th a t  n e i t h e r  s i n g l e -  

n o r  d o u b l e - s t a g e  h o m o g e n i z a t i o n  h a d  a n y  e f f e c t  on the e l e c t r o p h o r e t i c  

m o b i l i t y  of the  f a t  g l o b u l e s .

H o w e v e r ,  once  the  s a m p l e s  w e r e  h o m o g e n i z e d ,  i n c r e a s e d  p r e s ­

s u r e s  of h o m o g e n i z a t i o n  p r o d u c e d  no d i f f e r e n c e  in  the m i g r a t i o n  r a t e  

of the  f a t  g l o b u l e s .  A l th o u g h  c l u m p in g  w a s  e v i d e n t  in the s a m p l e s  

h o m o g e n i z e d  w i th  a  s in g le  s t a g e ,  the m o v e m e n t  of the  c l u m p s  w e r e  

s i m i l a r  to th o s e  i n d iv id u a l  f a t  g lo b u le s  p r e s e n t  in  the  d u a l - h o m o g e n ­

i z e d  s a m p l e s .

F r o m  t h i s  p r e l i m i n a r y  i n v e s t i g a t i o n ,  i n c r e a s e d  p e r c e n t a g e s  of 

f a t  in  h a l f - a n d - h a l f  a n d  c r e a m  did  n o t  a p p e a r  to a f f e c t  the  m i g r a t i o n  

r a t e  of the  f a t  g l o b u l e s .  T h i s  h a d  b e e n  n o te d  p r e v i o u s l y  by  J a c k  

an d  D a h le  (1937a) ,  who r e p o r t e d  t h a t  the  e l e c t r o p h o r e t i c  m o b i l i t i e s  

of f a t  g l o b u l e s  of n o n h o m o g e n i z e d  s a m p l e s  w e r e  c o n s t a n t  up to a f a t  

c o n t e n t  of 65 p e r c e n t .
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A n a l y s i s  of f e a t h e r e d  h a l f - a n d - h a l f  and  c r e a m . The r e d u c e d  

p r o p o r t i o n  of s o l i d s  - n o t - f a t  fo u n d  in  the  p r e c i p i t a t e  i n d i c a t e d  th a t  

s o m e  of t h e s e  s o l i d s - n o t - f a t  w e r e  l o s t  in  the f i l t r a t e .  The d e t e r ­

m i n a t i o n  of the  d i s t r i b u t i o n  of n i t r o g e n  in the f e a t h e r e d  m a t e r i a l  

s h o w e d  t h i s  to be t r u e .

A s  the  m e t h o d s  s e l e c t e d  f o r  o b ta in in g  the  f e a t h e r e d  m a t e r i a l  

w e r e  a r b i t r a r y ,  no  d e f in i te  r e f e r e n c e s  w e r e  fo u n d  in  the l i t e r a t u r e  

r e g a r d i n g  the  c o m p o s i t i o n  of th i s  m a t e r i a l .  H o w e v e r ,  the v a lu e s  

o b t a i n e d  in  the  p a r e n t  s a m p l e  w e r e  in  r e a s o n a b l e  a g r e e m e n t  w i th  

the f i n d i n g s  of S h a h a n i  a n d  S o m m e r  (1951) and  M e n e f e e ,  O v e r m a n ,  

and  T r a c y  (1941) ,  a l t h o u g h  the  h e a t - c o a g u l a b l e  f r a c t i o n  a p p e a r e d  to 

be  m u c h  l o w e r  th a n  the  v a l u e s  o b t a in e d  by  th e s e  i n v e s t i g a t o r s .

T he  a n a l y s i s  of the  f i l t r a t e  i n d i c a t e d  th a t  w h e r e  c a l c i u m  io n s  

w e r e  a  p r o m i n e n t  f a c t o r  in f e a t h e r i n g ,  a  l a r g e r  p r o p o r t i o n  of c a s e i n  

a p p e a r e d  in  the  p r e c i p i t a t e d  m a t e r i a l .  If, h o w e v e r ,  the  i n s t a b i l i t y  

of the s a m p l e s  w e r e  due to a  h ig h  d e g r e e  of f a t  c lu m p in g ,  a s  p r o ­

d uced  b y  s i n g l e - s t a g e  h o m o g e n i z a t i o n ,  then  the a m o u n t  of p r e c i p i t a t e d  

c a s e i n  w o u ld  be s o m e w h a t  l e s s .

O n ly  a  s m a l l  p r o p o r t i o n  of the  h e a t - c o a g u l a b l e  f r a c t i o n  of the 

p a r e n t  s a m p l e  a p p e a r e d  in  the  f e a t h e r e d  p r e c i p i t a t e .  W ith  the  t e c h ­

n iq u e  u s e d  in  t h i s  s tu d y ,  the w a t e r  w a s  h e a t e d  to b o i l ing  (200° to
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205° F . ) ,  r e m o v e d  f r o m  the  h e a t ,  a t  w h ic h  p o in t  5 m i l l i l i t e r s  of the 

s a m p l e  w a s  a d d e d ,  a n d  the  s a m p l e  w a s  th e n  f i l t e r e d  w i th in  2 m i n ­

u t e s .  F r o m  the  w o r k  of R o w la n d  (1933) ,  i t  m i g h t  be quite  p o s s i b l e  

t h a t  n o t  too  m u c h  of t h i s  f r a c t i o n  w a s  p r e c i p i t a t e d .  T h i s  i n v e s t i ­

g a t o r  fo u n d  t h a t  31 .4  p e r c e n t  of the t o t a l  a l b u m i n  and  g lobu l in  w as  

d e n a t u r e d  a t  75 .0° C.  (167° F . )  in 8.2 m i n u t e s ,  w h e r e a s  if the t im e  

i n t e r v a l  w a s  d e c r e a s e d  to 1.2 m i n u t e s ,  on ly  13.7 p e r c e n t  w a s  d e ­

n a t u r e d  a t  t h i s  s a m e  t e m p e r a t u r e .  T h e r e f o r e ,  a s  t h e s e  s a m p l e s  

w e r e  s u b j e c t e d  to a  h ig h  t e m p e r a t u r e  f o r  on ly  a  s h o r t  t i m e ,  i n c o m ­

p le t e  p r e c i p i t a t i o n  of the  h e a t - c o a g u l a b l e  f r a c t i o n  m i g h t  be e x p e c t e d .
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I n v e s t i g a t i o n s  w e r e  c o n d u c t e d  on the  e f f e c t  of v a r i a t i o n s  in 

c o m p o s i t i o n  of p r o d u c t  an d  in  p r e s s u r e s  of h o m o g e n i z a t i o n  on the 

v i s c o s i t y ,  h e a t  s t a b i l i t y ,  o c c u r r e n c e  of f e a t h e r i n g  in  co f fee ,  the  a c t i o n  

of c a l c i u m ,  m a g n e s i u m ,  a n d  c i t r a t e  i o n s ,  a s  m e a s u r e d  b y  a c i d  p r e ­

c i p i t a t i o n ,  a n d  the  o r g a n o l e p t i c  p r o p e r t i e s  of h a l f - a n d - h a l f  h o m o g ­

e n i z e d  m i l k  a n d  c r e a m .  In  a d d i t io n ,  the  e f f e c t  of an e m u l s i f i e r  on 

the  c l u m p i n g  of f a t  g l o b u l e s ,  the  e f f e c t  of h o m o g e n i z a t i o n  on the 

m i g r a t i o n  of f a t  g lo b u le s  in  an  e l e c t r i c a l  f i e ld ,  and  the  c o m p o s i t i o n  

of f e a t h e r e d  h a l f - a n d - h a l f  a n d  c r e a m  w e r e  s tu d ie d .

T h e  a d d i t i o n  of s k i m m i l k  p o w d e r  p r o d u c e d  only  a  s l i g h t  i n ­

c r e a s e  in  v i s c o s i t y  of the  n o n h o m o g e n i z e d  a n d  h o m o g e n i z e d  s a m p l e s .  

T h e s e  a d d i t i o n s  of p o w d e r  a p p a r e n t l y  d id  n o t  h i n d e r  the f o r m a t i o n  of 

the f a t  c l u m p s .

I n c r e a s e s  in  the  p e r c e n t a g e s  of f a t  p r o d u c e d  i n c r e a s e s  in  the 

v i s c o s i t y  of the  n o n h o m o g e n i z e d  a n d  h o m o g e n i z e d  s a m p l e s .

H o m o g e n i z a t i o n ,  e i t h e r  s i n g l e -  o r  d o u b l e - s t a g e , did n o t  p r o d u c e  

a  s i g n i f i c a n t  i n c r e a s e  in  the  v i s c o s i t y  of 1 0 . 5 - p e r c e n t  h a l f - a n d - h a l f .  

The  f i r s t  m a r k e d  i n c r e a s e  in  v i s c o s i t y  r e s u l t e d  f r o m  s i n g l e - s t a g e
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h o m o g e n i z a t i o n  w h e n  the  f a t  p e r c e n t a g e  of the  s a m p l e s  w as  b e tw e e n  

13 a n d  18 p e r c e n t .  W h en  2 3 - p e r c e n t  p r o d u c t s  w e r e  h o m o g e n i z e d  a t  

a  p r e s s u r e  of 5,000 p o u n d s  p e r  s q u a r e  in c h  a n d  s t o r e d  a t  3° C .,  a 

p l a s t i c - l i k e  p r o d u c t  w a s  o b ta in e d .  W ith  dua l  h o m o g e n iz a t io n ,  no s ig -  

n i f i c a n t  i n c r e a s e  i n  v i s c o s i t y  w a s  o b s e r v e d  in  the p r o d u c t s  t e s t i n g  

l e s s  t h a n  18 p e r c e n t  f a t .  H o w e v e r ,  a s  a  r e s u l t  of i n c r e a s i n g  the  f a t  

c o n te n t  ab o v e  18 p e r c e n t ,  the  v i s c o s i t y  i n c r e a s e d  s h a r p l y  a t  a  p r e s ­

s u r e  of 5 ,000 + 500 p o u n d s  p e r  s q u a r e  i n c h .

The  a d d i t i o n  of n o n f a t  d r y  m i l k  s o l id s  d e c r e a s e d  the  h e a t  

s t a b i l i t y  of b o t h  the  n o n h o m o g e n i z e d  and  h o m o g e n i z e d  s a m p l e s .  The 

h e a t  s t a b i l i t y  w a s  fo u n d  to i n c r e a s e  s l i g h t ly  a s  the p e r c e n t a g e  of f a t  

in the  n o n h o m o g e n i z e d  s a m p l e s  i n c r e a s e d .

On th e  o t h e r  h a n d ,  h o m o g e n i z a t i o n  d e c r e a s e d  the  h e a t  s t a b i l i t y  

of a l l  the  p r o d u c t s .  The s a m p l e s  s u b j e c t e d  to s i n g l e - s t a g e  h o m o g e n i ­

z a t i o n  h a d  the l e a s t  s t a b i l i t y  a g a i n s t  h e a t .  H o w e v e r ,  when  500 p o u n d s  

p r e s s u r e  w a s  p l a c e d  on  the  s e c o n d  v a lv e ,  an  i m p r o v e m e n t  in the h e a t  

s t a b i l i t y  w a s  o b s e r v e d .  As the  p e r c e n t a g e  of f a t  i n c r e a s e d  in  the 

h o m o g e n i z e d  s a m p l e s ,  a  g r a d u a l  d e c r e a s e  in  the h e a t  s t a b i l i t y  o c ­

c u r r e d .  W hen  the  p e r c e n t a g e  of f a t  w as  i n c r e a s e d  f r o m  10.5 to 13 

p e r c e n t ,  a s h a r p  d e c r e a s e  in  the  h e a t  s t a b i l i t y  w a s  o b s e r v e d  in the 

s i n g l e - s t a g e  h o m o g e n i z e d  s a m p l e s .  No su c h  d e f in i te  d e c r e a s e  was  

o b s e r v e d  in  the  h e a t  s t a b i l i t y  of the  d u a l - h o m o g e n i z e d  s a m p l e s .
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T he  a d d i t i o n  of n o n f a t  d r y  m i l k  s o l id s  i n c r e a s e d  the  t i t r a t a b l e  

a c i d i t y  of the  s a m p l e s ,  w h e r e a s  the  pH  r e m a i n e d  l a r g e l y  u n a f fe c t ed .

F o r  h a l f - a n d - h a l f  t e s t i n g  b e t w e e n  10 a n d  11 p e r c e n t ,  the  a d d i ­

t io n  of 2 p e r c e n t  s k i m m i l k  p o w d e r  w a s  j u d g e d  to be the m o s t  d e s i r a b l e  

f r o m  the  v i e w p o in t  of b o d y  a n d  f l a v o r .

Coffee  m a d e  w i th  h a r d ,  tap  w a t e r  d id  n o t  f e a t h e r  h a l f - a n d -  

h a l f ,  w h e r e a s  t h a t  m a d e  w i th  d i s t i l l e d  w a t e r  o c c a s i o n a l l y  d id  show  

f e a t h e r i n g .  The d i f f e r e n c e  in  s t a b i l i t y  w a s  b e l i e v e d  to be due to the 

l o w e r  p H  of the  b r e w  m a d e  w i th  d i s t i l l e d  w a t e r .  The a d d i t io n  of 

s k i m m i l k  p o w d e r  to h a l f - a n d - h a l f  d id  n o t  i m p r o v e  s ig n i f i c a n t ly  the 

s t a b i l i t y  of th e  s a m p l e s  a g a i n s t  f e a t h e r i n g  w h e n  the  coffee  w a s  m a d e  

w i th  d i s t i l l e d  w a t e r .

G e n e r a l l y ,  h a l f - a n d - h a l f ,  h o m o g e n i z e d  a t  the  h i g h e r  p r e s s u r e s ,  

a p p e a r e d  to be m o r e  s t a b l e  a g a i n s t  the  e f f e c t  of a c i d  th an  t h a t  h o ­

m o g e n i z e d  a t  the  l o w e r  p r e s s u r e s .  Th i s  i n c r e a s e d  s t a b i l i t y  a g a i n s t  

a c i d  p r e c i p i t a t i o n  w a s  a t t r i b u t e d  to the  a l t e r e d  m e m b r a n e  p r o t e i n  of 

the  h o m o g e n i z e d  f a t  g lo b u le .

The  a d d i t i o n  of n o n f a t  d r y  m i l k  so l id s  a p p a r e n t l y  p r o v i d e d  a 

b u f f e r i n g  a c t i o n  n o t  on ly  a g a i n s t  the  a c t i o n  of the c a l c i u m ,  m a g n e s i u m ,  

a n d  c i t r a t e  i o n s ,  b u t  a l s o  a g a i n s t  p r e c i p i t a t i o n  by  a c id .  T h i s  w ould  

i n d i c a t e  i n c r e a s e d  s t a b i l i t y  of th e s e  p r o d u c t s .  The c a l c i u m  ions
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t e n d e d  to d e s t a b i l i z e  the  s a m p l e s ;  the  m a g n e s i u m  ions  h a d  l i t t l e  to 

no e f f e c t ;  w h i l e  the  a c t i o n  of the  c i t r a t e  io n s  w a s  one of s t a b i l i z a ­

t io n .

W h e r e  h o m o g e n i z e d - p r o d u c e d  f a t  c lu m p in g  w as  e v id en t ,  the 

a d d i t io n  of  the  e m u l s i f i e r ,  s o r b i t a n  m o n o  s t e a r a t e ,  r e d u c e d  the  v i s ­

c o s i t y  a n d  i n c r e a s e d  the  h e a t  s t a b i l i t y  of h a l f - a n d - h a l f  and  c r e a m .  

T h e s e  e f f e c t s  w e r e  n o t  o b s e r v e d  w i th  the  n o n h o m o g e n i z e d  c o n t r o l  

s a m p l e s .

L e s s  t i m e  w a s  r e q u i r e d  f o r  the  f a t  g lo b u le s  of h o m o g e n i z e d  

p r o d u c t s  to m i g r a t e  a  c e r t a i n  d i s t a n c e ,  in  a  f ix e d  e l e c t r i c a l  f i e ld ,  

th a n  f o r  th o s e  in  n o n h o m o g e n i z e d  p r o d u c t s .  Once the s a m p l e s  w e r e  

h o m o g e n i z e d ,  no d i f f e r e n c e  c o u ld  be d e t e c t e d  in  the  m i g r a t i o n  r a t e  

of the f a t  g l o b u l e s  e i t h e r  due to i n c r e a s i n g  p r e s s u r e s  o r  to s ing le  - 

v e r s u s  d o u b l e - s t a g e  h o m o g e n i z a t i o n .

The  f e a t h e r e d  m a t e r i a l  of h a l f - a n d - h a l f  c r e a m  w a s  found  to 

c o n ta i n  a p p r o x i m a t e l y  81 to 94 p e r c e n t  f a t ,  c a l c u l a t e d  on a  d r y - w e i g h t  

b a s i s .  O v e r  40 p e r c e n t  of the  o r i g i n a l  c o l lo id a l  c a s e i n  w as  p r e c i p i ­

t a t e d  w i th  the  a c t u a l  a m o u n t  d e p en d in g  upon the  m e t h o d  of d e n a t u r a -  

t io n .  O n ly  a  s m a l l  p e r c e n t a g e  of the h e a t - c o a g u l a b l e  p r o t e i n  f r a c t i o n  

a p p e a r e d  in the  f e a t h e r e d  m a t e r i a l .



CONCLUSIONS

The  v i s c o s i t y  of h a l f - a n d - h a l f  h o m o g e n i z e d  m i l k  i s  a f f e c t e d  

f a v o r a b l y  b y  s u c h  f a c t o r s  a s  (1) p r e s s u r e s  of h o m o g e n iz a t io n ;  (2) 

s i n g l e -  a s  o p p o s e d  to d o u b l e - s t a g e  h o m o g e n iz a t io n ;  (3) p e r c e n t a g e  of 

f a t ,  a n d  (4) p e r c e n t a g e  of s o l i d s - n o t - f a t .

T he  h e a t  s t a b i l i t y  of h a l f - a n d - h a l f  i s  d e c r e a s e d  by  (1) h o m o g ­

e n i z a t i o n ;  (2) s i n g l e -  a s  o p p o s e d  to d o u b l e - s t a g e  h o m o g e n iz a t io n ;  and  

(3) a d d i t i o n s  of n o n f a t  d r y  m i l k  s o l i d s .  I t  is  i n c r e a s e d  by (1) low -  

p r e s s u r e  h o m o g e n i z a t i o n ;  (2) dua l  h o m o g e n iz a t io n ;  and (3) a d d i t io n  of 

a n  e m u l s i f y i n g  a g e n t .

E a c h  p e r c e n t a g e  of n o n f a t  d r y  m i l k  s o l i d s  a d d e d  to h a l f - a n d -  

h a l f  i n c r e a s e s  the  a c i d i t y ,  t i t r a t e d  as  l a c t i c  a c id ,  0 .0189  p e r c e n t .  

T h e s e  a d d i t i o n s  p r o d u c e d  no s ig n i f i c a n t  c h an g e  in  the pH of the p r o d ­

uc t .

The  r a t e  of m i g r a t i o n  of the  f a t  g lo b u le s  in  a  f ix e d  e l e c t r i c a l  

f i e l d  is  a c c e l e r a t e d  by  h o m o g e n i z a t i o n .  Once  the s a m p l e s  a r e  h o m o g ­

e n i z e d ,  no f u r t h e r  d i f f e r e n c e s  in  the  m i g r a t i o n  r a t e  m a y  be d e t e c t e d ,  

e i t h e r  a s  a  r e s u l t  of  i n c r e a s e d  p r e s s u r e  o r  s i n g l e -  v e r s u s  d o u b l e ­

s t a g e  h o m o g e n i z a t i o n .
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F e a t h e r e d  m a t e r i a l  f r o m  h a l f - a n d - h a l f  and  c r e a m  c o n ta i n e d  

f r o m  81 to 94 p e r c e n t  f a t ,  c a l c u l a t e d  on a d r y - w e i g h t  b a s i s .  Th is  

m a t e r i a l  a l s o  c o n t a i n e d  a t  l e a s t  40 p e r c e n t  of the  o r i g i n a l  co l lo id a l  

c a s e i n ,  b u t  o n ly  a  s m a l l  p e r c e n t a g e  of the  h e a t - c o a g u l a b l e  p r o t e i n  

f r a c t i o n .
i

H o m o g e n i z a t i o n  of h a l f - a n d - h a l f ,  t e s t i n g  10 to 11 p e r c e n t  fa t ,  

d o e s  n o t  p r o d u c e  the i n s t a b i l i t y  a s  h a s  b e e n  e x p e r i e n c e d  w i th  tab le  

c r e a m .  If f e a t h e r i n g  of h a l f - a n d - h a l f  d o e s  o c c u r  in  co f fee ,  the  f a c ­

to r s  w h i c h  s h o u ld  be  c o n s i d e r e d  in  o r d e r  of i m p o r t a n c e  a r e  (1) q u a l ­

i ty  of i n g r e d i e n t s  in the  h a l f - a n d - h a l f ;  (2) pH  of the coffee  b r e w ;  and

(3) p r e s s u r e s  of h o m o g e n i z a t i o n ,  w i th  s p e c i a l  r e f e r e n c e  to s in g l e -  

v e r s u s  d o u b l e - s t a g e .

/
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