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The white crystalline deposit that  occasionally forms in evaporated milk dur- 
ing storage has been shown to consist largely of calcium citrate (2).  Small but  
varying quantities of tricalcium and tr imagnesium phosphate are present,  but  in 
most cases 98 per cent of the crystalline deposit is calcium citrate (1).  

The factors that  affect the format ion of calcium citrate crystals in evaporated 
milk have not  been investigated extensively. The possibilities tha t  season of 
the year, stage of lactation of the cow producing the milk and solids content of 
the finished product  may affect the format ion of sediment have been discussed 
by Hunziker  (5). 

Mojonnier and Troy  (6) found that  crystal formation was re tarded during 
storage of evaporated milk at low temperatures.  Addit ional  studies of the chem- 
ical and physical factors tha t  affect calcium citrate crystallization in evaporated 
milk are needed to aid in the prevent ion of crystal formation. 

EXPERIMENTAL 

Commercial evaporated milks and experimental  samples, prepared  in the 
Bureau laboratories with pilot plant  equipment,  were examined for  the presence 
of calcium citrate crystals before and af ter  storage at controlled temperatures.  
The milk from each can was careful ly  poured off, the sediment was thoroughly 
agitated with 25 per cent alcohol and the liquid decanted. This t rea tment  was 
repeated several times unti l  the wash alcohol showed no turbidity.  The crystals 
were dried and weighed. Results were expressed as the weight of crystals 
present  in a 14.5-oz. can of evaporated milk. 

Ca, Mg, P and citric acid were determined by the methods used in earlier 
work (1). 

The origins of the commercial milks differed. Some lots were obtained di- 
rect ly f rom the manufac ture r  who furnished descriptive data with the samples. 
Lots of eight or ten cans of evaporated milk of the same brand and code number 
were purchased f rom retail  stores. Nine well-known brands of milk were rep- 
resented in this lat ter  group. 

To s tudy the effect of the stage of lactation upon the growth of crystals in 
evaporated milk, three groups of cows f rom the Bureau herd were selected as a 
source of milk samples. Each group consisted of five cows. The first group had 
freshened recently, the second was in the middle and the third in a late stage of 
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the lactation period. Composite samples f rom each lactating group of cows 
were manufac tured  into evaporated milk in the laboratory pilot-plant equipment. 
All milk used in the experiments on the influence of the lactation period on 
calcium citrate crystallization was produced in the months of October, November 
and December. 

All experimental samples were prepared by forewarming raw milk at 203 ° F. 
for 10 min., concentrating it in a batch vacuum pan, homogenizing, cooling, 
s tandardizing and sterilizing it at 240°F. for 15 min. Processes used in the 
preparat ion of commercial evaporated milk are substantially the same as this 
laboratory procedure. 

In  some of the work, salt solutions were added to the concentrated milks be- 
fore they were sterilized. Disodium phosphate was used as a stabilizer. Ten 
per cent solutions of sodium citrate, CaC12 or a normal  solution of citric acid 
adjusted to p H  6.66 with NaOH and mixtures of these, were added to experi- 
mental samples to induce the rapid formation of calcium citrate crystals. When 
additions of Ca and citrate ions were made in the experiments reported in this 
paper, 9 ml. of 10 per cent CaC12 were added with st irr ing to 2,250 g. of concen- 
trated milk. This was followed at once by the addit ion of 15 ml. of N citric acid 
(p t t  6.66). Control samples were prepared by the addition of 24 ml. of water 
to 2,250 g. of milk. I n  each case the milk solids content of the samples was ad- 
justed af ter  concentration, so that  the product  would be of the desired concen- 
tration (usually 26 per cent total solids) af ter  addition of the solutions. 

RESULTS 

A preliminarY survey of 45 14.5-oz. cans of commercial evaporated milk, 
bearing 11 different brand labels, was made. The cans had been held at room 
temperature for about 2 yr. These samples contained f rom zero to 0.66 g. of 
calcium citrate crystals per can, with an average of 0.26 g. per can. Later, a 
shipment of three cases of 14.5-oz. cans of milk was examined, this milk being 
par t  of a large batch rejected because of excessive crystallization. These samples 
had been held in storage about 3 yr. The reaction of 30 cans opened ranged 
from p H  6.03 to 5.98 and the weight of crystals per can f rom 0.25 to 0.61 g. with 
an average weight per can of 0.37 g. A dozen cans from a third batch of com- 
mercial milk that  was 2 yr. old contained an average of 0.52 g. of crystals per can 
and af ter  storage for another year, cans from the same batch averaged 0.50 g. 
per can. Seven cans from a four th  batch of commercial milk received after  they 
had been held in storage 2 yr. varied from 0.39 to 0.64 g. per can with an average 
of 0.52 g. Of approximately 300 cans of crystal-bearing laboratory and com- 
mercial milk from which the crystals were recovered quantitatively, washed and 
dried, the largest harvest of crystals was 0.74 g. The over-all average was 0.426 
g. I t  should be emphasized that  the 300 cans of milk in which crystals were 
found were actually screened from a much larger  number  which were crystal- 
free. Only cans containing crystals were received f rom outside sources; these 
must have been only a few from thousands of cans of crystal-free milk that  were 
n o t  seen. 
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Calc ium c i t r a t e  c r y s t a l s  d i d  no t  u s u a l l y  deve lop  in  e v a p o r a t e d  mi lk  d u r i n g  
the  f i rs t  f ew m o n t h s  of s to rage .  M a x i m u m  d e v e l o p m e n t  was  d u r i n g  the s torage  
i n t e r v a l  f r o m  4 to 20 mo. C r y s t a l l i z a t i o n  o f t en  d id  no t  con t inue  b e y o n d  2 y r .  
a n d  the re  was a t e n d e n c y  f o r  the  t o t a l  c r y s t a l  we igh t  p e r  can  to be less a t  reac-  
t ions  below pI-t 5.95. 

Table  1 shows the  e x t e n t  of  c r y s t a l  f o r m a t i o n  in six c omme rc i a l  b r a n d s  of 
mi lk ,  t o g e t h e r  w i th  the  v i scos i ty  a n d  r eac t i on  of the  samples .  The re  was signifi-  
c an t  c r y s t a l  g r o w t h  in  on ly  two of the  six b r a n d s  of mi lk .  Those mi lks  t h a t  were  
he ld  b e y o n d  the  283-day  s t o r age  p e r i o d  a t  86 ° F .  were  no t  accep tab le  fo r  most  
e v a p o r a t e d  mi lk  uses because  of d e t e r i o r a t i o n  in  color, f lavor  a n d  phys i ca l  s ta-  
b i l i t y .  

TABLE 1 
The formation of calcium citrate crystals (in grams per 14.5 oz. can) and the accompanying 

changes in the viscosity and acidity in evaporated milk during undisturbed storage at 86 ° F. 

Storage Lot 1 Lot 2 Lot 3 
time Viscosity pH Crystals Viscosity pH Crystals Viscosity pH Crystals 
(~.) (e.p.) (g.) (e.p.) (g.) (c.p.) (g.) 
28 19.23 6.06 none 25.65 6.07 none 20.52 6.06 none 

112 17.95 6.00 0.0016 29.07 6.03 0.019 17.10 6.02 none 
172 18.98 ......... 0.014 42.75 . . . . . . . . . . . . . . . .  0.058 20.52 none 
283 none 64.12 5.95 0.195 23.09 5 .92 0.0015 
390 27.36 5.83 0.078 88.06 5.86 0.272 38.47 5.83 
548 . . . . . . . . . . . . . . . . . . . . . . . . . . .  222.3 ......... 0.426 .... . . . . . . . . . . . . .  0.006 

Lot 4 Lot 5 Lot 6 

28 17.10 6.08 none 16.25 6.07 none 17.10 6.09 none 
112 17.10 6.04 0.03 15.39 6.03 none 15.39 6 .00 0.0027 
172 27.36 0.01 17.10 none 18.17 0.027 
283 59.85 5.93 0.01 47.02 5.95 none 55.58 5.91 0.155 
390 55.57 5.88 0.005 38.47 5.84 none 116.15 5.83 0.244 
548 47.02 ......... 0.031 .................. 0.004 29.90 ......... 0.386 

A t t e m p t s  were  m a d e  to acce le ra t e  c r y s t a l  f o r m a t i o n  in  e v a p o r a t e d  mi lk .  
A d d i t i o n  of CaC12 fo l lowed  b y  c i t r i c  ac id  to mi lk  before  s t e r i l i z a t i on  a lways  re-  
su l t ed  in  the  d e v e l o p m e n t  of c r y s t a l s  d u r i n g  s torage .  These  u s u a l l y  a p p e a r e d  
a f t e r  the  mi lk  h a d  been  he ld  60 days  a t  86 ° F .  The  c r y s t a l s  c o n t i n u e d  to g row 
fo r  a b o u t  250 days ,  a f t e r  which  the r a t e  of c r y s t a l  f o r m a t i o n  dec l ined  u n t i l  i t  
f i na l ly  s t o p p e d  when  the mi lk  was 1.5 to 2 yr .  old. Some of  these r e l a t i onsh ip s  
a r e  shown in f igure  1. 

The effect of  m a k i n g  e v a p o r a t e d  mi lk  f rom mi lk  p r o d u c e d  a t  d i f fe ren t  t imes  
d u r i n g  the  l a c t a t i o n  p e r i o d  of  the  cow was s tud ied .  Resu l t s  of one t y p i c a l  ex- 
p e r i m e n t  a re  g iven  in  the  lower  p a r t  of f igure  1. There  was no s ign i f ican t  d i f -  
f e rence  be tween  the  q u a n t i t y  of  c ry s t a l s  t h a t  f o r m e d  in the  m i l k  p r o d u c e d  e a r l y  
or  l a te  in  l ac t a t ion .  C r y s t a l l i z a t i o n  was s t i m u l a t e d  abou t  e q u a l l y  in  the  va r ious  
s amples  by  the  a d d i t i o n  of Ca a n d  c i t r a t e  ions. 

E v a p o r a t e d  m i l k  was seeded  wi th  m i n u t e  q u a n t i t i e s  (6 mg. p e r  can)  of pow- 
d e r e d  ca lc ium c i t r a t e  be fo re  t he  mi lk  was s te r i l i zed .  Th is  s l i g h t l y  acce l e ra t ed  
the  f o r m a t i o n  of  c r y s t a l s  b u t  d i d  no t  m a t e r i a l l y  change  the  q u a n t i t y  f ina l ly  p ro -  
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duced. I n  some cases on ly  the seed  was  recovered  at the end of the s torage  
period.  The r e c o v e r e d  depos i t  was  in the fo rm of fine granules  which  d id  not  
resemble  the aggregates  that  were  n o r m a l l y  seen.  

Cans of commercia l  and laboratory-made  evaporated  m i l k s  were  subjec ted  to 
various  k inds  of  ag i ta t ion  in an a t t e m p t  to speed up the crys ta l l i za t ion  of  ca l c ium 
citrate.  Two  cases of c o m m e r c i a l  m i l k  were  s tored at 86 ° F .  fo r  4.5 yr.  One 
case was  turned  over  every  m o n t h  for  1 yr .  and not  turned  thereaf ter .  The 
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FIG. 1. The effect of time of storage on the development of calcium citrate crystals in 
pilot plant evaporated milk samples treated differently. The number on each curve refers to 
the date of manufacture. 

o ther  case was  he ld  w i t h o u t  turn ing .  N o  crys ta l s  deve loped  in e i ther  case dur ing  
the first 2 yr.  of  storage.  Crysta l  d e v e l o p m e n t  thereaf ter  was  a p p r o x i m a t e l y  the 
same  in the cans of  both cases. A f t e r  4.5 yr.  the average  w e i g h t  of  crys ta l s  f r o m  
al l  cans opened  dur ing  the ent ire  s torage  per iod  was  0.45 g. per  can in the  un-  
turned  m i l k  and 0.44 g. per  can in the turned  mi lk .  

Cans of  evaporated  m i l k  were  p laced in a c o n t i n u o u s l y  r o t a t i n g  device  so that  
the cans rece ived  end-over-end r o t a t i o n  at 86 ° F .  Severa l  di f ferent  batches  of  
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milk were used for  this experiment.  The cans were rotated at 16 r.p.m, fo r  
periods up to 100 days. The rotat ion caused a churning of fa t  in the milk. At  
the end of the rotat ion period the cans were held in still storage unt i l  opened. 
Representat ive results for  one batch of milk follow. The control samples held 
still for  1 yr .  did not  develop crystals. A sample rotated the first 34 days of a 
year  storage time had 0.001 g. of crystals per  can. Samples rotated the first 68 
days of storage periods of 158 days and of 1 yr. contained 0.008 and 0.065 g. of 
crystals per can, respectively. Samples ro ta ted  the first 103 days of storage 
periods of 150 days and of 1 yr. contained 0.017 and 0.025 g. of crystals per can, 
respectively. I t  was concluded that  the amount  of agitation evaporated milk 
receives dur ing  ord inary  handling is a fac tor  of minor importance in the develop- 
ment of calcium citrate crystals in the milk. 

High temperatures  of storage promoted crystal  development in evaporated 
milk. This was to be expected since the solubility of calcium citrate decreases 
with increasing temperature.  However, uncontrolled factors must have affected 

Storage at 50 ° F. Storage at 86 ° 1~. 
Crystal Weight 0.29 gr. Crystal Weight 0.48 gr. 

p i t  6.18 pH 5.81 
FIG. 2. Effect of temperature of storage for 614 days on the formation of calcium citrate 

crystals in 14.5-oz. cans of evaporated milk. 

the rate and amount  of crystallization in the experimental  samples. There com- 
monly was more rapid growth of crystals at the higher  storage temperatures.  
The quant i ty  of crystals that  formed in four  types of evaporated milk are given 
in table 2. The difference in the kind and quant i ty  of crystals found  in cans of 
milk p (table 3) af ter  storage for  614 days at  50 and 86 ° F. is i l lustrated in 
figure 2. 

Analyses of four  samples of evaporated milk were made to determine whether  
the salt composition of the milk bore a relationship to salt crystall ization dur ing  
storage. The results are given in table 3. No correlation appears to exist be- 
tween the C a : P  or citric acid ratios and crystal  formation. Batches 214 and 
218 were made in the same plant  f rom milk obtained f rom the same supply,  the 
one within 2 days of the other. Batch 214 was lower in total solids than  218 but  
it developed crystals while 218 did not. These results indicate that  the salt con- 
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centra t ion as determined analytical ly was not the pr incipal  factor  concerned 
with calcium citrate crystallization. Sample 218 contained much more phosphate 
stabilizer than sample 214. While this does not appear  in the Ca : P : citric acid 
ratios, it  may  explain why crystals failed to develop in 218. Exper imenta l  milk 
092545 (figure 1) also was phosphate-stabilized and it developed only a trace of 
crystals dur ing the first 2 yr .  of storage. The possible importance of phosphate 
as an inhibitor of calcium citrate crystall ization was nov apparen t  unt i l  the 
project  was near ing completion. There then was no oppor tuni ty  to s tudy this 
point  at greater  length. Unfor tuna te ly  stabilizer figures were not furnished 
with samples M and 563. 

A large par t  of the soluble calcium in evaporated milk seems not to be avail- 
able for  the format ion of calcium citrate. An average value for  the crystal  
weights in all the crystal-bearing milks that  were examined was 0.426 g. per 
14.5-oz. can. An average figure for  soluble CaO in fresh milk is 0.060 per  cent. 
In  a 14.5-oz. can of evaporated milk (411 g. of milk concentrated 2.11 to 1) there 
would be 0.126 per cent or 0.517 g. of soluble CaO if  the processing t rea tment  did 
not decrease soluble Ca. This could produce 1.7 g. of calcium citrate. 

Soluble Ca was determined in the clear serum f rom two samples of evap- 
orated milk. No. 1 was only 2 ,no. old, while no. 2 was about 3 yr.  old and without  
calcium citrate crystals. The milks were filtered through a pyroxyl in  filter and 
the sera analyzed to obtain the results shown in table 4. The 0.104 per cent sol- 

TABLE 4 
Composition of the clear ultrafiltrate from 2 samples of evaporated milb 

Milk n o .  

pH Composition of ultraflltrate 

Milk Ultrafiltrate Solids Ash Soluble CaO 

(%) (%) (%) 
1 (fresh)  6.10 6.08 14.93 1.27 0.104 
2 (aged) 5.72 5.72 14.15 1.23 0.102 

u b h  Ca in evaporated milk serum could form 1.44 g. of calcium citrate per  14.5- 
oz. can of milk. The highest amount  of sediment found  was 0.7 g. per can, i~di- 
eating that  more than half  of the soluble Ca did not  enter  into the reaction to 
form the  citrate salt. The anhydrous citric acid needed to form 0.7 g. of calcium 
ci trate  was 0.47 g. or 0.11 per  cent, calculated on the basis of a can of evaporated 
milk. I f  the citric acid content  of evaporated milk is assumed to be 0.35 per  cent, 
then only a th i rd  of the available citric acid combined with Ca to form crystalline 
calcium citrate. 

The data indicate tha t  much of the Ca and citrate tha t  appears  to be present  
in the serum of evaporated milk does not precipi tate  as the insoluble crystalline 
salt dur ing  storage. Several reasons for  this could be suggested. Nordbo (7) 
repor ted  that  only 20 per cent of the diffusable Ca of fresh milk was present  as 
Ca ions. He also believed that  a small amount  of Ca was bound as a nonionized 
Ca-lactose compound, but  that  the concentrat ion of this compound represented 
less than  1 per cent of the concentrat ion of lactose. Hast ings et al. (3) consider 
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that  calcium citrate ionizes in two stages and that  the secondary dissociation is 
quite incomplete, resulting in the binding of par t  of the Ca as a complex calcium 
citrate ion with one negative charge. 

The solubilities of calcium citrate and of dicalcium phosphate are 0.25 and 
0.024 g., respectively, per 100 ml. of water at 86 ° F. (4). I f  no other factors 
than solubility were involved it would be expected that  the use of disodium phos- 
phate stabilizer and the provision of an excess of phosphate would lower the con- 
centration of ionized calcium to such an extent that  it would preclude the forma- 
tion of calcium citrate. The nature  of the equilibrium between Ca ions and the 
calcium caseinate in the fresh and aged milk also may cause shifts in Ca ion 
concentrat ion which are not now understood. 

Whit t ier  (8) has observed that  if NaOH is gradual ly  added to an acid solu- 
tion of calcium citrate, a voluminous, highly hydra ted  precipitate occurs. The 
precipitate gradual ly  dehydrates on standing and crystalline calcium citrate is 
formed. I f  this hydrated  precipitate were present in fresh milk or formed 
dur ing  concentration of milk, then slowly dehydrated as the milk was held in 
storage, calcium citrate crystals might form. 

SUMMARY 

The average weight of the calcium citrate crystals found in 300 14.5-oz. cans 
of crystal-bearing evaporated milk was 0.426 g. per can. Many more cans were 
examined which contained no crystals. 

The occurrence of crystals could not be correlated with the time during the 
lactation period of the cow when the milk was produced, the movement or agita- 
t ion the milk received dur ing storage, the salt composition of the milk as deter- 
mined analytically, or the pH or viscosity of the milk. 

Conditions usually favorable to the growth of calcium citrate crystals in 
evaporated milk were storage at temperatures above 60 ° F. and direct additions 
of CaC12 and citric acid solutions to the milk before sterilization. The period of 
maximum crystal  growth was dur ing the storage period from 4 to 20 too. 

The growth of calcium citrate crystals in several batches of evaporated milk 
apparen t ly  was retarded by addition of disodium phosphate as a stabilizer before 
sterilization and by storage at low temperatures. 
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