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F A T  S E P A R A T I O N  IN E V A P O R A T E D  M I L K  

I .  HOMOGENIZATION,  S E P A R A T I O N ,  AND V I S C O S I T Y  T E S T S  1 

R.  B .  M A X C Y  2 AND H .  ~. SOMMER a 
Department of Dairy and Food Industries 

University of Wisconsin, Madison 

The rising of fa t  in evaporated milk on prolonged storage will inevitably occur 
since the density of the fa t  particles is lower than that  of the concentrated milk 
plasma in which they are suspended. I t  has been shown that  the velocity of rise 
of individual  fa t  globules in milk plasma is in good agreement with the velocity 
as predicated by Stokes'  law (5 ) .  Troy  and Sharp (7 )  also found the velocity of 
rise of globule clusters in general agreement with this law. Their  observations 
on clusters were less precise, however, because of inherent  complications arising 
from the irregulari t ies in the shapes of clusters and the occlusion of plasma within 
the clusters. 

Accordingly, it must be expected that  the factors controlling fa t  separat ion 
in evaporated milk are:  the size of the fat  particles, the difference in densi ty 
between the fa t  particles and their  suspending medium, and the viscosity of the 
suspending medium. 

The size of the fat  globules is obviously of first importance,  since the velocity 
of rise is inversely proport ional  to the square of the globule radius. The impor- 
tance of smallness is fu r the r  accentuated through density considerations. 

The difference in density between the fat  particles and the medium in which 
they are suspended does not lend itself to direct  control in a product  of defined 
composition such as evaporated milk. This factor  may, nevertheless, be impor tan t  
to an unders tanding of differences in fa t  separation. Insofar  as heavier com- 
ponents become associated with the surface of fa t  globules by  adsorpt ion or 
coagulation, the density of the fat  particles is increased. Through this effect the 
density of the fa t  part icle can approach, equal, or even exceed that  of the sus- 
pending medium, as smaller globule sizes are obtained, or as the amount  of 
associated material  is increased by  processing conditions. Smallness of globules 
is impor tant  in this connection because the ratio of area to volume varies in 
inverse proport ion to the radius of the globules. 

The density of the suspending medium in evaporated milk is not positively 
fixed, even though the ratio of solids-not-fat to water  is closely controlled. In  
aqueous solution the density of the three main classes of components of solids- 
not-fat  ranges f rom about 1.35 for  proteins to 1.63 for  lactose and 2 to 3 for  the 
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milk salts. In normal milk the content of salts and lactose is relatively constant. 
On the other hand, the casein content is directly related to the quantity of butter- 
fat. Since evaporated milk is standardized to a definite ratio of solids-not-fat to 
fat, the quantity of casein would be greater in evaporated milk made from milk 
with a high butterfat  content than from milk with a low butterfat  content. Thus, 
the evaporated milk with a high casein content would show a low density of the 
suspending medium. Even though this consideration has theoretical significance, 
it is not obvious how density should be considered for a nonhomogeneous medium 
comprising particles that are relatively large. 

In connection with the density factor, it is interesting to note that fat  separa- 
tion in unconcentrated, homogenized, sterilized milk is less troublesome than in 
evaporated milk, presumably because of the lower density of the suspending 
medium. This condition exists even though the apparent viscosity is somewhat 
less than in evaporated milk. 

The viscosity factor in Stokes' law relates to the viscosity of the suspending 
medium. For ideal application, the medium should be homogeneous and should 
exhibit true viscous flow characteristics. Neither of these conditions obtains in 
the concentrated milk plasma of evaporated milk. In unheated skimmilk, how- 
ever, fat globules rise in good agreement with Stokes '  law; this suspending 
medium is not perfectly homogeneous, containing casein particles up to 0.780 tL 
in diameter (4). As the fat globule size is decreased by homogenization, and as 
the protein particles are increased in size by coagulation to sizes that may exceed 
the size of the fat globules, the system becomes more difficult to interpret in 
relation to Stokes' law. 

The "viscosi ty"  of evaporated milk decreases rapidly on vigorous agitation 
and slowly during quiescent aging. "Age  th inning"  of evaporated milk is 
retarded significantly by cool storage temperatures (3). These facts indicate 
that the suspending medium in evaporated milk does not exhibit true viscous 
flow characteristics. 

Industry practices in seeking to minimize fat separation in evaporated milk 
have been: (a) efficient holnogenization, (b) attainment of maximum viscosity, 
just short of "graininess ,"  (c) cool storage, and (cl) periodic inversion of the 
cans during storage. 

In connection with a study of fat separation in evaporated milk, the following 
tests were selected or developed, and evaluated. 

M E T H O D S  

A. A Test to Rate the Effectiveness of Homogenization. 

I t  is generally acknowledged that careful control of the pressure of homogeni- 
zation alone does not afford assurance that the fat break-up and dispersion will 
be adequate. The other essential factors, such as valve design and condition, do 
not lend themselves to brief, descriptive specification and, in fact, have not been 
fully resolved. Assurance of proper homogenization must, therefore, be sought 
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through objective tests applied to the homogenized product,  ra ther  than th rough  
specification of homogenizing conditions. 

Microscopic observation of the globule sizes in the homogenized product  is 
the obvious and quick method of checking on the effectiveness of homogenization. 
This approach, however, lacks strict objectivi ty;  its main use is in yielding a 
quick general impression ; it does not lend itself to the recording of an "effective- 
ness r a t i n g "  for later consideration in relation to the various degrees of fat  
separation that  occur in the stored products. At tempts  to make this approach  
objective are laborious, entailing the observation of a number  of microscopic 
fields and complete globule counts by size groups;  even then the personal fac tor  
enters, and the final rat ing of the data is arbi t rary.  I t  was for these reasons 
that  the effectiveness of homogenization in the U.S.P.II.S. definition for homoge- 
nized milk was specified in terms of relative f~eedom from fat  separation on 
48-hour quiescent storage. 

The evaluation of homogenization by means of a centr i fugal ly accelerated fa t  
separation test has received attention by several manufac turers  of evaporated 
milk. In  addition, Snyder  and Sommer (6) described a test of this type in which 
the diluted product  was centrifuged in a Babcock milk test bottle and the cream 
layer was read in terms of the Babcock test scale. A difficulty of this test is that  
the cream layer frequently lacks distinctness, especially when the fat  is l ightly 
pigmented. In  the test described below, the fat  separation is measured by fa t  
tests to determine the fat enrichment that  has occurred in a selected upper  layer  
as a result of centrifuging. 

Procedure. In  this work 50 ml. of the homogenized milk at room temperature  
was measured into a 50-ml. centrifuge tube ( round bottom, ungradua ted) .  Fo r  
evaporated milk, the test was applied to the concentrated milk before steriliza- 
tion, diluting it with an equal volume of water, and measuring 50 ml. of this 
diluted product  into the centrifuge tube. The samples were centr ifuged for 10 
minutes at 1,500 r.p.m. ( Internat ional  Centrifuge, Head No. 240, radius 8 in. 
to the bottom of the extended pocket). Wi th  continuous, gentle suction applied 
through an assembly as illustrated in Figure  I, the surface of the centr i fuged 
milk was scanned with the suction inlet barely (or intermit tent ly)  in contact with 
the surface. This was continued until  10 ml. had been collected, as measured 
in the graduated receiving tube. Af te r  thorough mixing of the 10-ml. sample 
its fat  content was determined. ~ F rom the known percentage fat  content of the 
uncentr i fuged sample (A) and the found percentage fat  content of the 10-ml. 
sample (B) the per cent enrichment was computed as follows: 

Per  cent enrichment ~ (B - -  A) X 100 
A 

4 In the present study the fat content was determined by the Babcock test, applied to an 
8.8-ml. sample in an 8% Babcock test bottle. No water was added to compensate for the re- 
duced volume of the bottle charge before adding the sulfuric acid. Ten ml. of sulfuric acid was 
used, added in three separate portions with vigorous agitation for 2 minutes after each addition. 
The 8.8-ml. sample was considered to be a "half sample," and the Babcock reading was multi- 
plied by 2. 
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FIG. 1. Assembly for removing the upper 10 ml. for determining the effectiveness of 
homogenization. 

The per  cent enr ichment  migh t  be considered as an effectiveness r a t ing  tha t  
parallels the tendency for  separat ion and is inversely re la ted to the size of the 
fa t  particles. The effectiveness ra t ing  may  range  f rom 0 for  per fec t ly  homoge- 
nized milk to approx imate ly  400 for  unhonlogenized milk containing 4.0% fat.  

B. Gravity Fat Separation Test 

I f  the centr i fugal  test, as jus t  described, is to measure differences in the 
effectiveness of homogenization, it must  be appl ied before the other factors  tha t  
affect f a t  separat ion have been al tered by  addi t ional  processing. I n  evapora ted  
milk the centr i fugal  test should be appl ied before steri l ization of the product .  
On the other hand, any  fa t  separat ion test  appl ied a f te r  steri l ization will reflect 
not only the effectiveness of homogenization but  also the consequences of prote in  
coagulation and increases in viscosity. The inclusion of these addi t ional  factors,  
however, is precisely what  is desired in a test  to determine how effectively fa t  
separat ion dur ing  storage of the produc t  has been precluded.  

An accelerated test  for  the la t ter  purpose  should recognize tha t  "age- th in -  
n i n g "  of evapora ted  milk dur ing  storage is p a r t  of the fa t  separa t ion  problem. 
For  this reason the test tha t  was adopted to measure fa t  separa t ion tendencies 
included the acceleration of " a g e - t h i n n i n g "  th rough  an elevated tempera ture .  

Procedure. The test was pe r fo rmed  in duplicate by  placing two 141/2 oz. cans 
of the evapora ted  milk in an upr igh t  posit ion in an incubator  at 100 ° F.  immedi-  
ately a f te r  the steril ization of the product .  The cans remained  undis tu rbed  for  
exactly 7 days. Then, with careful  handl ing to avoid mixing, the top of each can 
was cut out and  a 25-ml. sample was removed f rom the u p p e r  surface.  This 
removal  and measurement  was conveniently accomplished by  the use of a 25-ml. 
pipet te  with its inlet t ip bent  upward .  This t ip was inser ted in the center of 
the can so tha t  the r im of the t ip was paral lel  to and jus t  below the surface.  
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By means of very  gentle suction the p ipet te  was slowly filled to its mark ,  keeping  
the inlet t ip just  below the surface but  otherwise s ta t ionary.  The fa t  content  of  
the 25-ml. port ion was determined by  means of the Mojonnier  f a t  test. The 
known fa t  content of the evapora ted  milk was subt rac ted  f rom the found  f a t  
content in the 25-ml. sample and the difference was expressed as " p e r  cent 
e n r i c h m e n t "  by calculation as in the preceding test. This also m a y  be spoken 
of as a f a t  separat ion rat ing.  

C. Viscosity Measurement 

Insofa r  as the viscosity measurement  is to indicate the probable  ra te  of f a t  
rise in the product ,  the measurement  ideally should be confined to the viscosi ty 
of the medium in which the fa t  particles,  or fa t -conta in ing particles,  are sus- 
pended. I t  is' obviously impossible to a t ta in  this ideal ;  the measurement  is of 
necessity confined to the rheological proper t ies  of the produc t  as it exists. 

The " v i s c o s i t y "  of the evapora ted  milk decreases on vigorous agitation,  even 
a f te r  the weak, continuous gel, which may  be evident immedia te ly  a f t e r  steril iza- 
tion, has been disrupted.  In  other words, evapora ted  milk exhibits plast ic flow 
characteristics,  which presumably  should be recorded in te rms of " y i e l d  v a l u e "  
and "consistency." I t  is, however, questionable whether  the " y i e l d  v a l u e "  has  
any  real i ty  in terms of the produc t  as a whole. Af t e r  the gel has been disrupted,  
the " y i e l d  v a l u e "  most p robably  reflects the s t ruc tura l  s tabi l i ty  of suspended 
particles of indeterminate  size and shape. The medium in which the par t ic les  
are suspended undoubtedly  exhibits t rue  viscous flow. 

In  order  to measure plastic flow characteristics,  the flow rates of each sample  
must  be measured at a number  of different pressures or appl ied forces. Such a 
procedure might  be used to provide informat ion  as to the s t ruc tura l  s tabi l i ty  of 
suspended particles in evapora ted  milk. I t  is, however, not appa ren t  how such 
data  should be in terpre ted  in relat ion to the fa t  separat ion problem. At  any  
rate, in the s tudy  in which the present  methods were appl ied the flow of evapo- 
ra ted  milk samples was measured under  a single set of conditions, and  the 
observed flow rates were expressed in te rms of viscosity units. The plast ic flow 
characterist ics are taci t ly acknowledged, and the results  are k e p t ' o n  a basis tha t  
justifies comparisons between samples, in tha t  the same set of conditions was 
used for  all samples. 

The modified Gardner Mobilometer. The ins t rument  tha t  was used for  meas- 
ur ing  the viscosity of evapora ted  milk was a modified Gardner  Mobilometer  (1). 
With  this ins t rument  the viscosity was measured by  t iming the descent of a disc 
or piston through the liquid in a vert ical  cyl inder  of un i fo rm bore. A stem, 
at tached to the piston, served to control the positioning, release, and t iming  of 
this disc or piston. The appl ied force could be var ied by placing weights on a 
small pan  at the top of the stem. 

I t  has been found tha t  this type  of ins t rument ,  when used for  liquids tha t  
exhibit  t rue  viscous flow, yields flow rates tha t  are direct ly  propor t iona l  to the 
appl ied forces over a wide range of forces;  deviation finally occurs, as in all 
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viscosity methods, when the velocity is sufficiently high to produce turbulence.  
This type  of ins t rument  was original ly adopted in this l abora tory  for  c ream 
viscosity measurements  to obviate erra t ic  resul ts  tha t  will occur with capi l la ry  
efflux ins t ruments  when the size of suspended part icles  approaches  or exceeds 
the bore of the capil lary.  

The modifications consist of the following fea tures :  (a) a leveling s tand for  
holding the removable cylinder, the entire assembly being of suitable design for  
placement  in a water  ba th  for convenient and  accurate  t empera tu re  control ;  (b) a stem guide to fit the top of the cyl inder ;  and (c) a piston-like p lunger  of 
sui tably  chosen clearance in relat ion to the cyl inder  diameter ,  bu t  wi th  four  
small high points on the piston r im to serve as center ing guides with a m in imum 
of fr ict ion against  the cylinder wall. The hollow piston-like p lunger  is i l lus t ra ted 
in F igure  2, and the entire assembly, in F igu re  3. By  using a piston, instead of 
a disc of l imited thickness, the length of the flow channel, between two paral le l  
surfaces, is increased, and the clearance can be correspondingly  increased. Excep t  
for  very  l imited flow through the air  escape vent,  all of the flow. occurs between 
two paral lel  surfaces, viz., the piston clearance in relat ion to the cyl inder  wall. 

The cylinder was made out of a 10-in. length of 2-in. stainless steel san i t a ry  
tubing. In  use it was filled un i fo rmly  to a height  of 21 cm. Pis ton t ravel  was 
t imed th rough  a distance of 10 cm. by sight ing the passage of sui tably  placed 
marks  on the stem in relat ion to the top of the s tem guide. The position of the 

"-~ t .1~)5 
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Fro. 2. The phmger of the modified Gardner Mobilometer. 



66 R. B. MAXCY AND H. It .  SOMMER, 

FIG. 3. Ti le  m o d i f i e d  G a r d n e r  M o b i l o m e t e r .  

marks  was established to allow at least 5 cm. t ravel  for  acceleration before s tar t -  
ing the t iming  and to te rminate  the t iming 2.5 cm. f rom the bot tom to avoid a 
possible "end effect ."  

Procedure, standardizing the instrument. To standardize the ins t rument  so 
that  t iming  observations can be t r a n s l a t e d  into viscosity units,  it was necessary 
to determine the flow rate  of a liquid of accurate ly  known viscosity, using an 
accurate ly  known applied force. 

Fo r  solutions of known viscosity, sucrose solutions are conveniently used, 
re fe r r ing  to detailed tables tha t  have been published for  this purpose  by  the 
U. S. Bureau  of S tandards  (2). 

The appl ied force is the total  weight of the t ravel ing pa r t s  minus the buoyan t  
force of the displaced liquid. Dur ing  a measurement  the piston is completely 
immersed, but  the stem immersion varies. Accordingly,  the volume of the piston 
and stem is to be determined to a point  midway  between the immersed  stem 
length at  the s t a r t  and at  the end of the t iming  interval .  The displacement  vol- 
ume to this point  can be most conveniently determined by weighing the piston 
and stem (a) suspended in air, and (b) suspended in water  to the selected point  
on the stem. A torsion balance, accurate  to 0.01 g., is suitable for  this purpose.  
The difference between a and b in grams, divided by  the densi ty of the water  in 
grams per  cubic centimeter represents  the displacement  in cubic centimeters.  
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The i n s t r u m e n t  used in  this  s t u d y  was ca l ib ra t ed  in  accordance  wi th  the  above 

pr inc ip les ,  a n d  the essent ial  da ta  are as fol lows:  

W e i g h t  of p i s ton  a n d  stem in  a i r  ............................................. 71.32 g2 

W e i g h t  of p i s ton  a n d  s tem 6 in  water ,  35 ° C .......................... 63.79 g2 

W e i g h t  of water  d isplaced ................................................... 7.53 g. 

Dens i t y  of water  at  35 ° C .................................................... 0.99403 g./cc.  

Volume of water  d isplaced .................................................. 7.58 cc. 

5 Net weight, i.e., corrected for the weight of the suspension wire used in connection with 
the weighings. 

Immersed to the selected point on the stem as explained. 

Therefore ,  the effective force ( in  g rams)  employed  in  t i m i n g  the descent  of 

the p i s ton  t h r o u g h  the l i qu id  in  the cy l i nde r  is : 

71.32 - (7.58 }( the dens i ty  of the l i qu id  in  g . /cc . ) .  

I f  the p a n  a n d  weights  are app l i ed  at  the top of the stem, the i r  weight  is a dde d  

d i rec t ly  to the effective force. 

The cons t an t  (k)  for  the i n s t r u m e n t  was d e t e r m i n e d  by  u t i l i z i n g  a 60% 

sucrose so lu t ion  at t e m p e r a t u r e s  shown in  Table  1, p roceed ing  as d i rec ted  below 
for  viscosi ty  measurement .  The i n s t r u m e n t  cons t an t  (k)  reflects the p is ton  clear-  

ance a n d  the d is tance  of t ravel .  W i t h  these factors  fixed, the t ime  ( t )  i n  

seconds wil l  be d i rec t ly  p r o p o r t i o n a l  to the viscosi ty of the l i qu id  (n)  i n  cent i -  

poises, a n d  inverse ly  p r o p o r t i o n a l  to the effective force ( f )  in  grains.  Thus ,  the 

r e l a t ionsh ip  can be expressed by  the f o r m u l a  kt ~ n / f .  The fixed fac tors  are 

therefore  t aken  in to  cons idera t ion  t h r o u g h  the i n s t r u m e l l t  cons t an t  (k) .  

W i t h  n and  f known,  and  wi th  t d e t e r m i n e d  by  e x p e r i m e n t a l  observat ions ,  k 

can be ebmputed  by means  of the p reced ing  formula .  The da t a  p e r t a i n i n g  to the 

d e t e r m i n a t i o n  of the i n s t r u m e n t  cons t an t  are p r e sen t ed  in  Table  1. The five 
f o u n d  va lues  for  the i n s t r u m e n t  cons t an t  are in  sa t i s fac to ry  a g r e e m e n t ;  t he i r  

average va lue  is 0.01318. 

Procedure, viscosity measurement. The cans of evapora ted  mi lk  were p laced  

TABLE 1 
Determining the instrument constant for the modified Gardner Mobilometer 

Bureau of standards 
values a Calculated 

effective Observed Instrument 
Solution Viscosity Density force ~ time c constant 

(cp.) (g./cc.) (g.) (sec.) 
60% sucrose solution, 5 ° C. 156.0 1 . 2 9 3 3 4  61.516 190.76 0.01329 
60% sucrose sohltion, 10 ° C. 109.8 1 . 2 9 1 1 4  61.533 134.12 0.01330 
60% sucrose solution, 20 ° C. 56 .5  1 . 2 8 6 4 0  61.589 70.26 0.01306 
60% sucrose solution, 25 ° C. 43.86 1 . 2 8 3 9 6  61.588 53.86 0.01322 
60% sucrose solution, 35 ° C. 26.52 1 . 2 7 8 7 6  61.627 32.98 0.01305 

a The values were converted to g./cc, by multiplying by 0.999973. 
b Weight of piston and stem, 71.32 g.; displacement volume, 7.58 cc. 
¢ The observed time represents the mean of 5 determinations in each case. 
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in a water  ba th  at the chosen t empera tu re  7 for  1 hour. The viscosity s tand and 
cylinder also were placed in the water  ba th  and  the leveling screws were ad- 
jus ted so tha t  the s tand was level and the cyl inder  was perpendicular .  Each can 
was opened jus t  pr ior  to the viscosity test, and  the contents were t r a n s f e r r e d  to 
the cyl inder  with a min imum of agitation. The piston was inserted to such dep th  
as to eliminate the air  pocket f rom the hollow piston, allowing the air  to escape 
through the vent  for  tha t  purpose.  The stem guide was then placed into position. 
With  the eyes on a level with the u p p e r  surface of the stem guide, the piston 
was released and its t ime of descent was determined by  sight ing the stem nlarks 
in relat ion to the guide. 

The observed t ime in seconds was converted to centipoises by  subs t i tu t ing  
the p roper  values for  f, k, and t in the fo rmula  : n ~ fk t .  

In  using this procedure  with the sucrose solution, or any  other fluid tha t  
exhibits t rue  viscous flow, replicate determinat ions  can be made with the same 
cyl inder  contents. This cannot be done, however, with evapora ted  milk;  repea t  
determinat ions lead to successively lower readings,  appa ren t l y  because s t ruc tures  
are being disrupted.  

EVALUATION OF ]METHODS 

Homogen i za t ion  effectiveness test. The cent r i fugal  procedure  was evaluated 
by app ly ing  it to unconcentrated,  homogenized milk with known admixtures  of 
unhomogenized milk and to milk tha t  had been homogenized at  different pres- 
sures. Typical  results are given in Table 2. The procedure  also was evaluated 
in relation to evapora ted  milk manufac tu re ,  and these findings arc repor ted  in 
connection with the g rav i ty  fa t  separa t ion and viscosity determinat ions  in Table 3. 

The results demonstra te  tha t  the procedure,  as outl ined above, will detect 
small admixtures  of unhomogenized milk or sma]l differences in the thoroughness 
of homogenization. These results were obtained with the fa t  contents measured  
by the Babcock test ;  g rea ter  precision p robab ly  could be achieved by  using 
gravimetr ie  fa t  determinations.  

Composi te  evaluat ion of the tests. To evaluate the homogenization effective- 
ness test  in conjunction with the viscosity test  in relat ion to the g rav i ty  fa t  sepa- 
ra t ion test, the three tests were appl ied to 27 samples of evapora ted  milk f rom the 
commercial  operations of five different evapora ted  milk plants.  Fo r  each sample 
one can of unsterilized milk and three cans of the same milk a f te r  steri l ization 
were obtained. The homogenization effectiveness test  was appl ied to the un- 
sterilized product ,  di luted with an equal volume of wa te r ;  one can of the steril- 
ized product  was used for  the viscosity determinat ion,  and the other two cans 
were stored for the g rav i ty  fa t  separa t ion test  in duplicate.  The results  are 
given in Table 3. 

I n  th i s  s t udy  the  v i scos i ty  of e v a p o r a t e d  mi lk  s amp l e s  was  measu red  a t  37.78 ° C. ( 1 0 0 ° F . )  

u s i n g  a p i s t on  and  s tem w e i g h t  of 71.32 g., a nd  a s s u m i n g  the  dens i ty  of the samples  to be 1.06. 

The effective force was  71.32 - -  (7.58 X 1.06) o1" 63.285 g. Because  the effect ive force (f) 
was considered to be c o n s t a n t  f rom sample  to sample ,  th i s  foo te r  was  conso l ida ted  wi t l i  /~; 

//~ = 63.285 X 0.01318 or 0.834. Thus, n ~- 0.834 X t. 



FAT SEPARATION IN EVAPORATED MILK 

T A B L E  2 

Thesens i t iv i tyo f thehomogen~at ione f fec t iveness  test 

69  

D e s c r i p t i on  of F a t  con ten t  of 
m i l k  sample  t op  10 In]. 

H o m o g e n i z a t i o n  
effect iveness  

( %  en r i chmen t )  

100 ml. homo. m i l k "  
98 ml. homo. mi lk  + 2 ml. unhomo, mi lk  b 
96 ml. homo. mi lk  + 4 nil. unhomo, mi lk  
94 ml. homo. mi lk  + 6 ml. unhomo, mi lk  

5.1 5.1 47.8 
5.5 5.6 60.7 
5.8 5.8 67.8 
6 . 0  - -  7 3 . 5  

M i l k '  homogenized  a t  1,750 psi.  
Mi lk  homogenized  a t  2,000 psi.  
Mi lk  homogenized  a t  2,250 psi.  
Mi lk  homogenized  a t  2,500 psi.  

5.1 5.2 49.3 
4.8 4.7 37.7 
4.6 4.6 33.3 
4.4 4.4 27.5 

a F a t  con ten t  3.45% 
b :Fat con ten t  3.6qv 

T A B L E  3 

Gravity fa t  separation in evaporated mil~ in relation to the 
homogenization effectiveness and viscosity tests 

Sample  No. G r a v i t y  t I o m o g e n i z a t i o n  
and  f a t  ef fect iveness  Vi scos i ty  

P l a n t  No. s e p a r a t i o n  ( %  en r i chmen t )  (cp.) H E / V  h 

1 - 3 1.7 17.4 30.0 0.58 
2 - 3 2.0 19.3 27.4 0.70 
3 - 5 2.1 20.6 40.7 0.51 
4 - 4 2.3 19.3 37.0 0.52 
5 - 4 2.5 26.3 39.9 0.66 
6 - 5 2.8 21.8 37.4 0.58 
7 - 2 3.2 22.5 26.9 0.84 
8 - 3 3.8 12.4 22.9 0.54 
9 - 2 3.9 21.2 22.3 0.95 

10 - 1 4.3 30.0 31.8 0.94 
11 - 5 5.1 18.7 40.9 0.46 
12 - 1 6.6 23.1 22.1 1.04 
13 - 5 7.2 21.8 25.0 0.87 
14 - 1 8.8 32.6 23.4 1.39 
15 - 1 10.0 23.4 20.5 1.14 
16 - 3 10.2 25.0 18.1 1.38 
17 - 3 10.6 22.5 15.3 1.47 
18 - 2 11.8 21.7 15.3 1.42 
19 - 4 13.7 31.3 17.6 1.78 
20 - 4 18.1 28.8 11.9 2.42 
21 - 2 19.8 23.7 14.7 1.61 
22 - 4  23.5 29.6 13.8 2.14 
23 - 1 26.8 46.4 14.7 3.16 
24 - 3 30.5 24.4 10.8 2.26 
25 - 2 37.5 24.4 9.0 2.71 
26 - 1" 76.9 70.5 9.8 7.19 
27 - 1" 124.0 106.0 9.2 11.50 

Spec ia l ly  p r e p a r e d  samples .  
b H o m o g e n i z a t i o n  effect iveness  r a t i n g  d iv ided  by  viscosi ty .  

T h e s e  d a t a  s h o w  t h a t  t h e r e  i s  l e s s  g r a v i t y  f a t  s e p a r a t i o n  i n  t h e  s a m p l e s  w i t h  

a h i g h  v i s c o s i t y .  L i k e w i s e ,  t h e r e  i s  l e s s  g r a v i t y  f a t  s e p a r a t i o n  a s  t h e  e f f e c t i v e n e s s  

o f  h o m o g e n i z a t i o n  i s  i n c r e a s e d ,  o b t a i n i n g  a l o w e r  h o m o g e n i z a t i o n  e f f e c t i v e n e s s  

r a t i n g .  

S i n c e  t h e  r a t e  o f  g r a v i t y  f a t  s e p a r a t i o n  i s  d i r e c t l y  r e l a t e d  t o  t h e  s i z e  o f  t h e  
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fa t  globules and inversely related to the viscosity of the suspending medium, 
these lat ter  terms should somehow be combined. This may be accomplished by 
dividing the effectiveness of homogenization by  the viscosity of the sample. Thus, 
a four th  term is obtained and this figure is direct ly related to the extent  of grav- 
i ty  fa t  separation. This relationship is positive and is l inear  over the range of 
samples in this trial. The precision of the relationship between fa t  separation and 
the term reflecting homogenization effectiveness and viscosity can best be ex- 
pressed by the statistical term coefficient of correlation. The data in Table 3 show 
a positive coefficient of correlation of 0.989. 

D I S C U S S I O N  

I t  is logical to expect that  the general phenomenon of fa t  separation can be 
viewed in l ight of the fundamenta l  concepts relat ing to the rise of fa t  particles 
in unconcentrated milk. This permits  the division of the problem into a number  
of separate entities, e.g., viscosity, size of the fat  particles, and the density differ- 
ence between the fat  particles and the suspending medium. I t  is then necessary 
to adopt or devise methods for measuring the individual  factors which can be 
related to the general phenomenon. For  example, the rate of rise of the indi- 
vidual fa t  particles (likewise fa t  separation) would be direct ly related to the 
square of the radii  of the fat  particles. 

From the theoretical s tandpoint  the size of the individual  fa t  particles is of 
interest, but  f rom a pract ical  s tandpoint  the interest  is pr imar i ly  in the com- 
bined effect of the various sizes. The total effect of the various sizes will deter- 
mine the extent  of fa t  separation. 

The total  effect of the various sizes is the basis of the methods developed in 
this work for  effectiveness of homogenization and gravi ty  separation. This may  
be explained by the following reasoning : The sample to be tested is in a container 
of fixed height and the quant i ty  removed from the upper  layer  is equivalent to 
a fixed height, or a fixed propor t ion  of the total  sample. The size of the fat  
particles influences the rate at  which they travel. F o r  example, a 2 ~ fa t  part icle 
would travel  x distance under  the conditions of the experiment,  and a 6 ~ fa t  
particle would travel  9x distance, since the rate of t ravel  is direct ly propor t ional  
to the square of the radius. Thus, the larger  globules would travel  a greater  
distance, and a greater  number  would travel  f rom the lower section to the u p p e r  
section to be removed in the sample for  enrichment.  I t  therefore  follows that  
the tendency for enrichment is direct ly related to the size of the particles. On 
the basis of this reasoning, the previously described tests are fundamenta l ly  
sound and measure the tendency for  concentrat ion in the upper  layer,  reflecting 
pract ical  conditions. 

The general phenomenon involves another  factor, viscosity, which may be .  
isolated and measured. The importance of viscosity can be determined by its 
influence on the rate of rise of the individual  globules or the over-all problem of 
fa t  separation. Wi th  our present  knowledge, however, the effectiveness of the 
method for measuring viscosity can be evaluated only in terms of the other tests, 
as a total relationship. 
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The over-all evaluation of methods using commercial samples showed a good 
correlation between gravity fat separation and the combined value for effective- 
ness of homogenization and viscosity. These results substantiate the efficacy of 
the methods and establish the relative importance of the individual factors of 
the general problem of fat separation. 

SUMMARY 

The problem of fat separation in evaporated milk can be divided into at least 
three factors. The extent of fat  separation is inversely related to the viscosity, 
directly related to the square of the radii of the fat particles and directly related 
to the density difference between the fat particles and the suspending phase. 

A suggested procedure is given for determining the effectiveness of homogeni- 
zation. This method is based on the total effect, or the result of the rate of travel, 
of the fat particles. Ex tend ing  the same logic, a method is given for determining 
the extent of gravity fat  separation during storage. In addition, the procedure 
and description are given for a modified Gardner Mobilometer as a means of 
measuring viscosity. 

These methods were applied to samples of commercially prepared evaporated 
milk, and the correlation between the tests was highly significant. 
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