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feces, and where a small number of units was fed the absolute
amount in the feces was small. Direct irradiation of the infant
resulted in a moderate amount of antirachitic in the blood and no
excretion of vitamin in the feces.
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Comparative Analysis of Forms of Calcium and Inorganic Phos-
phorus in Human and Cow's Milk.
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From the Department of Pathology, College of Phystcians and Surgeons,
Columbia University.

It is a common observation that rickets occurs less frequently in
breast-fed infants than in those which are artificially fed. The anti-
rachitic superiority of human milk is not due to a greater content
of vitamin D.'* Moreover, cow’s milk contains more Ca and P
than does breast milk and the ratio of Ca:P is lower in the former.
It was thought that, in spite of its lower content of total Ca and P,
human milk might contain a larger amount of the most effective
forms of these elements and that therein might lie an explanation
for the difference in antirachitic value of the 2 kinds of milk.

In a recent communication,® a technic was described which ren-
dered it possible to separate the Ca of serum into 4 forms and the
P into 2. The technic involved removal, by means of dry BaSO,,
of the adsorbable forms of Ca and of inorganic P from the serum
and from the corresponding ultrafiltrate. It was shown® further
that one of the forms, namely the filtrable, adsorbable Ca-P complex,
was the one primarily involved in bone formation. Gyorgy,* as well
as others, have suggested that the Ca and P of milk exist in the form
of complex salts and Klinke® has demonstrated that more than half
of the Ca of cow’s milk can be adsorbed with A1(OH)s. There is,
thus, some indication that milk may contain a fraction similar to the
filtrable, adsorbable Ca-P complex of serum. Accordingly, the above
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mentioned technic was applied to a study of the forms of the Ca and
inorganic P in human and in cow’s milk. Irradiated cow’s milk was
also included in the investigation because of its increasing impor-
tance as an antirachitic agent.

It should be stated at once that, as regards its forms of Ca and P,
milk represents a more complicated system than serum. It has been
shown,® for example, that casein is capable of adsorbing Ca added
to milk and the possibility has been raised’ that some of the Ca and
P normally present in milk is adsorbed to casein. The presence of
citrates has also been suggested (Klinke) as a factor in the forma-
tion of Ca complexes in milk. The fractions separated from milk
by means of BaSO, adsorption and ultrafiltration are, therefore,
probably not single entities and the results are presented, not as in-
dicating the complete partition of Ca and inorganic P but rather as
a comparative analysis of different kinds of milk.

Method. The methods used in this study were those described
for serum, with the following exceptions. For the adsorption test
the milk or ultrafiltrate was diluted so as to contain about 10 mg. %
of Ca. With human milk it was found that the same results were
obtained when undiluted milk was used. For the determination of
inorganic P the Fiske-Subbarow method® was used. The results
were compared to those obtained by the use of a titrimetric method
and found to be identical. Total Ca was determined by the method
of Rothwell® Ultrafiltration of the human milk was continued
overnight. This was necessary because it was found that in order to
obtain 3 cc. of ultrafiltrate from human milk 6 to 24 hours were
required, whereas this amount was obtained with cow’s milk in less
than 3 hours. The explanation for this phenomenon is wanting.
Skimming the human milk did not hasten ultrafiltration. The vis-
cosity of this skimmed milk was found to be less than that of
skimmed cow’s milk. After removal of the casein with acid and
rennin the whey of human milk still filtered more slowly than that of
cow’s milk. This experiment was not entirely satisfactory, however,
since it was found impossible to obtain entirely clear whey from
human milk by this means. That the prolonged ultrafiltration did not
alter the composition of the ultrafiltrate was ascertained by a com-
parison of ultrafiltrates of the same sample of cow’s milk obtained
after 3 and after 24 hours.
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It may be seen from the table that a partition somewhat similar
to that of the Ca of serum may be made of the Ca in milk. The
total may be divided into (1) a filtrable adsorbable fraction; (2) a
filtrable remainder, probably containing the ionized fraction (col-
umn 3 minus column 4); (3) a non-filtrable, adsorbable fraction
(column 2 minus column 4), and (4) a non-filtrable remainder,
possibly bound to protein (column 1 minus column 3). In respect to
the relative amounts of these fractions, human milk resembles serum,
whether human or bovine, more closely than does cow’s milk. In
human serum 45% of the Ca is capable of adsorption by BaSO,,
55% is ultrafiltrable, the filtrable adsorbable Ca-P complex consti-
tuting 35% of the total. These figures compare closely with the
corresponding values for human milk : 47, 66, and 30%, respectively.
The filtrability of the Ca tn human milk is more than twice as great
as that in cow’s milk, and it contains a much larger proportion of
the filtrable adsorbable Ca fraction. Thus it would seem that, for
purposes of bone formation, the Ca in human milk is in a more
available form than that in cow’s milk. On the other hand, the
absolute amount of the filtrable adsorbable fraction of Ca is small in
human milk in comparison to that in cow’s milk, so that even a two-
thirds dilution of the latter would supply the infant with a greater
amount of this particular form than undiluted human milk. It is,
therefore, unlikely that these differences in composition are directly
responsible for the greater efficacy of human milk in the prevention
of rickets.

As in the case of serum, irradiation of cow’s milk had no effect
on the Ca partition. This held true also for pasteurization.

The partition of inorganic P in milk is different from that in
serum. In the latter, the inorganic P normally is entirely ultra-
filtrable and only 2 fractions can be separated by the use of the
technic employed. In milk, on the other hand, only about one-half
to one-third of the total P is found in the ultrafiltrate. Further-
more, not all of the adsorbable P is ultrafiltrable so that the P of
milk can be separated into 4 fractions, corresponding to the 4 cal-
cium fractions. Indeed, the relative concentration of the filtrable
adsorbable P in the various samples of milk closely parallels that of
the filtrable adsorbable Ca.

As with the Ca, the absolute amount of all fractions of P was
greater in cow’s than in human milk and likewise, the partition was
not altered either by irradiation or by pasteurization.



