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amount of nitrogen found by the factor 6.25. Ordinarily, for
this purpose, milk can be regarded as ‘‘fresh,”” when it does not
show marked development of lactic acid.

II. In Old Milk: When milk has undergone such change as
to show marked development of lactic acid, the method above
given cannot generally be relied upon to give accurate results in
determining casein. So far as our results go, they indicate that
we cannot with positive accuracy determine casein in such milk
by any method now known, and results obtained with changed
milk must be regarded as only approximate. If, however, one
part of finely powdered mercuric chloride is added to two thou-
sand parts of milk, when fresh, the changes, which would otlier-
wise take place, are prevented or greatly retarded, so that milk
treated in this manner may be used after standing some days for
the determination of its casein. In such cases, the method given
above for fresh milk may be followed, except that the acetic
acid should be added in small portions, a few drops at a time,
stirring after each addition, and continuing the addition of
acetic acid until the liquid above the precipitate becomes clear

or very nearly so.
NEW YORK STATE AGRICULTURAL EXPERIMENT
STATION, GENEVA, N. Y.,
AUGUST, 1893.

SOME POINTS RELATING TO THE COMPOSITION
OF COWS’ MILK.
By L. L. VAN SLYKE, CHEMIST OF N. Y. AGR. EXP. STA.
T is my purpose to call attention to some general results se-
cured in our work at the New York State Agricultural Ex-
periment Station at Geneva in the course of an extended exami-
nation of the milk of cows in that State. Our results are based
upon the analysis of lots of milk aggregating over 200,000 pounds
and representing the product of not less than 1,500 individual
animals, and 20,000 separate milkings extending over a period
of some six months.
The points to which I wish to call especial attention are the
following :
1. The relation of casein to albumen in normal milk.

1Read before the World’s Congress of Chemists, August 24, 1893.
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2. The relation of fat to casein and albumen in normal milk.

3. The relation of fat to casein (excluding albumen) in nor-
mal milk.

4. The effect of removing fat fromn normal milk upon the re-
lation of fat to casein.

5. The relation of fat to total solids i1 1nilk as defined by law,

(7) The Relation of Casein to Albumen in Normal Milk.—In
tlie present state of our lack of detailed knowledge regarding
the constitution and relatious of the nitrogen compounds of milk,
we call casein that portion of the nitrogen compounds of milk
that is precipitated by rennet. dilute acids, and certain salts. The
remaining portion of the nitrogen compounds of milk we call
albumen, though we know that there are at least two different
compounds in this portion. The casein was determined by pre-
cipitation with dilute acetic acid and the nitrogen in the precipi-
tate estimated by the regular Kjeldahl miethod, the nitrogen
multiplied by 6.25 gave casein. The details of the method are
contained in a paper presented elsewhere by me. The amount
of casein subtracted from the total amount of nitrogen compounds
in the milk gave the albumen by difference.

The point to whicli I wish to direct attention in this connec-
tion is this: Do casein and albumen in the normal milk of cows
bear a definite or a variable relation to each other? So far as I
have been able to ascertain, the only positive statement on this
point has been made by Blyth (Foods: Couposition and Analy-
sis 2. ed., p. 208,) and he says: ‘*The amount of albumen in
milk is really fairly constant, and averages o.7 per cent. In
healthy cows it is a very constant quantity, the chief deviation
occurring directly after calving, when the aniount may rise as
high as three per cent., but this is always accompanied by a
corresponding rise in the casein. According to the author’s
experielce, tlie albumen preserves a very constant relation to
the casein, the quantity of the latter being five times that of the
albumen; so that if either the amount of casein or albunien is
known, the one may be calculated from the other with great
accuracy.” The foregoing statement has been quite generally
accepted as authoritative. It is to be regretted that Blyth does
not state the extent of the work upon which he bases his
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general conclusion aud also the source and character of the milk
exaniined by him.

The results secured in our work with the mixed milk of herds
of cows and with individual cows of different breeds do not
agree with the statement of Blyth. In outline our results were
as follows:

(1) The amount of casein varied from 1.93 to 3 per cent., and
averaged 2.48 per cent.

(2) The amount of albumen varied from o0.55 to 0.86 per
cent. and averaged 0.66 per cent.

(3) For each pound of albumen in the milk the casein varied
from 2.6 to 4.9 pounds, the average being 3.76 pounds of casein
for one pound of albunien.

All our work goes to show that the relation of casein to albu-
men i1 cows’ milk is a variable one, and that very rarely does
milk contain five parts of casein for one of albumen and not
often does the ratio go above four and one-half to one and
seldom goes below three to one, while the average is somewhat
under four parts of casein to one of albumen.

(2) The Relation of Fat to Casein and Albumen in Normal
Milk.~The average composition of milk as given in many of
our best authorities generally exaggerates the proportion of
casein and albumen. Whether this has come from faulty
methods of analysis, or the use of too large a factor in converting
nitrogen into casein, or from peculiar kinds of cows, it is diffi-
cult to say. In nearly all of the older works we find the
amount of casein and albumen given in excess of the fat, and
in more recent statements the proportion is large. It may be
that our cows in New York State do not give milk like cows in
other countries, but the fact has impressed me very strongly
that our results show that the relation of casein and albumen to
fat in milk is not as great as reported elsewhere.

Giving the general average of our results, we have found the
fat to be 3.70 per cent., the casein and albumen, 3.14 per cent.,
or for each pound of casein and albumen there was on an
average nearly 1.20 pounds of fat. The lowest ratio found was
t.07 of fat and the highest 1.33 of fat to 1 of casein and
albuinen. In working with the mixed normal milk of herds,
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we have never found a single instance in which the milk con-
tained more casein and albumen than fat, and, moreover, we
have not found a single instance in which the milk contained
as much casein and albumen as fat. In workiﬁg with the milk
of individual cows of seven different breeds we have not yet
found a single instance where any individual (in normal health)
of any breed gave milk for any considerable period of time that
contained as much casein and albunien as fat.

(3) The Relation of Fat to Casein (Excuding Albumen) in
Normal Milk of Cows.—So far as I have been able to ascertain,
there are on record outside of the data furnished by the Geneva
(New York) Experimenut Station no determinations of casein
in cows’ milk embracing large amounts of milk during an
extended period of time; and hence the relation of casein to fat
in cows’ niilk has received little or no attention until recently.
In working with the mixed milk of herds of cows for a period
of six months we obtained the following results:

(1) In normal milk which contained fat varying from 3 to
4.5 per cent., the casein varied from 1.93 to 3 per cent. The
fat averaged 3.70 per cent., and the casein 2.48 per cent.

(2) In no case did normal nilk coutain less than 1.35 pounds
of fat for one pound of casein, or inore than 1.74 pounds of fat
for one pound of casein, while the average of all was 1.5 pounds
of fat for one pound of caseinn. Over seventy-five per ceut. of
the individual results were witliin one-tenth of the average.

(3) In exaniining thie normal milk of individuals of seven
different breeds of cows during the past year, we have never
found for any extended period that there was less than 1.3
pounds of fat for one pound of casein.

(2) The Effect of Removing Fat from Normal Milk upon the
Relation of Fat to Casern.—When fat is removed from milk, the
milk loses little else in the way of solids. The casein remains
essentially 'undiminished in quantity. Hence, the greater tlie
amount of fat renioved the more casein there will be in propor-
tion to the fat left. In numerous experiments made to ascer-
tain the effect of skimming milk upon the relation of fat to
casein, it was found that in no case did skim-milk contain more
than 1.35 pounds of fat for one pound of casein and this was
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in case of a milk which had less than ten per cent. of its fat
removed. As a rule, taking average normal milk as found in
New York State, we have found that if as much as twenty per
cent. of the fat in the milk is remioved the resulting skim-milk
will contain less than 1.3 pounds of fat for one pound of casein.
Now, considering the fact that we have not found any normal
milk to contain less than 1.30 pounds of fat for one pound of
casein, while the average is 1.30 pounds of fat for one of casein,
it would appear that we might make a practical use of this rela-
tion of fat to casein for the detection of skimmed milk. Our
work makes it appear that if milk contains less than 1.30
pounds of fat for one pound of casein, it has been skimmed. I
feel justified in saying that this standard would be found to
give true results ten times where the present crude legal stand-
ard used in New York State and elsewhere would be found to
give correct results once in a case of skim-milk. And this
brings me to my next and last topic.

(5) The Relation of Fat to Total Solids in Normal Milk as
Defined by Law.—The present legal standard of normal milk in
New York and several other states requires that normal milk
shall contain twelve per cent. of solids, of which three per cent.
shall be fat. I am not entirely certain as to where this so-called
minimum standard originated, or upon what work done in New
York State its adoption there was based; but I have this to say
of normal milk as found at .present in New York, that in an
examination of a large number of samples of mixed milk of
herds representing nearly half a million pounds of milk and
the product of several thousands of different cows I have not
yet found a single instance in which such milk contained at the
same time three per cent. of fat and as much as twelve per cent.
of solids. Moreover, in examining a large number of samples
of milk from individual cows of many different breeds, I have
not found twelve per cent. of solids in milk containing three
per cent. of fat, unless the animal was in an abnormal physical
condition. It is not difficult to see why normal milk contain-
ing three per cent. of fat should not contain twelve per cent. of
total solids. Normal milk containing three per cent. of fat
should contain about 5.50 per cent. of sugar and ash or 8.50
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per cent. solids without casein and albumen. If such milk con-
tains twelve per cent. of total solids, then there must be 3.50
per cent. of casein and albumen, that is 3.50 per cent. of casein
and albumen for three per cent. of fat, a relation of these com-
pounds, which, as I have previously stated, I have not yet
found in normal milk. Only in skimmed milk containing three
per ceut. of fat should we expect to find as much as twelve per
cent. of solids.

General Summary.—We may briefly summarize our state-
ments as follows:

(1) The relation of caseint to albunien in normal milk is
more or less a variable, and not a definite one.

(2) The amount of fat in normal milk is very rarely less than
the amount of casein and albumen. On an average there are
1.20 pounds of fat for one pound of casein and albumen.

(3) Average milk contains about 1.30 pounds of fat for omne
pound of casein (excluding albumen).

(4) The removal of fat from milk reduces the ratio of fat to
casein in the resulting skim-milk. When milk contains less
than 1.30 pounds of fat for one pound of casein the milk has in
all probability been skimmed.

(5) The legal minimum standard, which requires milk con-
taining three per cent. of fat to coutain twelve per cent. of total
solids, does not agree with the composition of normal milk as
found in New York State, since normal milk that coutains three
per cent. of fat will contain cousiderably less than twelve per
cent. of total solids. The legal requirement would be met with
only in skimnied 1wilk.

IMPROVED UREOMETER.
By PROFESSOR J. I. D. HINDS.
Received October 5. 1893,

N using the ureomnieter designed by Prof. Doremus I have

found two sources of considerable error. In the first place,

it is linpossible to run in from the pipette exactly one centimeter

of the urine. In the second place, some bubbles of nitrogen
almost invariably escape at the bulb of the instrument.

To remove these sources of error, I have devised the appara-



