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cance of these facts would require more time than is at my dis-
posal. Suffice it to say, that in terms of our present theory it
takes twice as much electricity to set a bivalent atom free as to set
4 univalent atom free; three times as much for a trivalent atomn,
etc. How to conceive of one, two, three, or four charges of elec-
tricity on an ion I leave to the physicists to explain, though it
must be said that they are not in the least called upon to explain.

The atom has thus been followed in its career down to to-day.
The changes in our conceptions have been traced sufficiently for
our purpose. It is at present a bundle of attributes and with
these attributes it is a convenient nucleus for thought. Nothing
has been said of the dynamics of the atom, by which I do not, of
course, mean chemical dynamics in general. So far as the atom
is concerned our knowledge of its motions may perhaps fairly be
summed up by saying that it seems probable that it moves in some
mysterious way, and perhaps the phenomena of chemistry are all
due to this motion. But that carries us into the region of specu-
lation pure and simple, and in this region the scientific worker
feels uncomfortable. The atmosphere is too rarefied for him.

If vou now ask what is the soul of the doctrine of atoms? I can
only answer that this soul is still in the course of development.
The doctrine has some immortal attributes. but what will live after
its death is too early for any one to say.

“Prove all things. Hold fast that «which is good.”

[CONTRIBUTION FROM THE HAVEMEVER LABORATORIES OF COLUMBIA
UNIVERSITY, NoO. 74.]

ON THE COMMPOSITION OF COWS’ MILK.

By H.C. SHERMAN.

Recesved October 10, 1002,

Ix general the percentage of fat in cows’ milk varies much
more than that of the other constituents. It is probaply safe to
say that a variation of 3 per cent. in fat is as common as a varia-
tion of T per cent. in the total amount of other solids. Milk is apt
to be regarded, therefore, as consisting of a serum of quite uni-
form composition in which is suspended a variable amount of fat.
It is, however, a matter of some importance both from the
physioclogical standpoint and as an aid in judging suspected
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samples, to define as accurately as possible the normal variations
of each of the chief constituents and to determine whether any
change in the amount or relative proportion of proteids, sugar or
ash is connected with the fluctuations in the fat content.

With the aid of friends connected with a large dairy farm, the
writer has been able to obtain a considerable number of samples,
the analyses of which seem of sufficient interest to warrant publi-
cation. These samples fall mainly into two groups: (1) period-
ical samples of the mixed milk of a large herd, intended to show
the normal variations of composition during the year, and (2)
samples above or below the average in fat or in solids-not-fat,
analyzed to ascertain whether any other constituent varies with
the fat, and to which constituent the variations in the solids-not-
fat is chiefly due.

Methods of Analysis.—The analytical methods used were those
of the Association of Official Agricultural Chemists® and the de-
tails of manipulation were uniform throughout. Fat was de-
termined by the paper coil method, the milk being very thoroughly
dried on the coil and then extracted with anhvdrous ether. The
percentages of protein? were obtained by multiplying the percent-
ages of nitrogen found by the Kjeldahl method by 6.25, the di-
gestion with sulphuric acid being continued for about two hours
after the liquid had become colorless. Ash was determined by
direct ignition at the lowest possible dull red heat. Milk-sugar
was determined by difference, the sum of the percentages of fat,
protein and ash being subtracted from the percentage of total
solids found by drying to constant weight in a flat-bottomed dish
at the temperature of boiling water. The samples were preserved
by the addition of formaldehvde in the proportion of 1 drop of the
commercial 40 per cent. solution to each ounce of sample. In
the experience of this laboratory the use of such an amount of
formaldehyde has not been found to have any appreciable effect
upon the analytical results,

Source of Samples—All of the samples analyzed were
from one large farm in Westchester County, New York.
The herd contained about 600 milk cows of which about
200 were pure bred Jersevs and the rest mainly “Jersev

1 Bulletin 46. revised edition, Rureau of Chemistry, U. 8. Department of Agriculture,

2 In accordance with the terminology adopted by the American Association of Agricul-
tural Colleges and Experiment Stations, the term **protein ** is used to designate the value
(nitrogen X 6.25).



134 H. C. SHERMAN,

grades.” From 430 to 300 cows were usually milked at
a time, the others either being dry or allowed to run
with their voung calves. Though divided into several groups,
the entire herd was under one herdsman, who stated that through-
out the yvear each cow received hay or green fodder and one and
one-half pounds of oil meal per day, aud in addition to this was
fed with a mixture of one-half wheat bran. one-quarter
crushed oats and one-quarter corn meal. The amount of this
mixture fed depended upon the judgment of the feeder and to
some extent upon the season and the demand for milk, but was
alwavs liberal. Iixercise was allowed freely except in very
severe weather and in summer there was pasturage, though this
was never depended upon to the exclusion of other food. The
cattle were always comfortably housed and were milked at 4.30
to 5.00 A.M., and 3.30 t0 4.00 .M.

Morning and Afternoon Milk.—Frequent tests of the mixed
milk of the herd showed that the afternoon milk contained quite
regularly about 0.4 per cent. more fat and practically the same
solids-not-fat as the milk yielded in the morning. Similar results
have constantly beeu found by Richmond® in the great numbers of
analvses made vearly in his laboratory. Moreover, it has been
found at the New York State Experiment Station® and by
Fruhling and Schultze,* in each case as the resnlt of many
analyses, that neither protein, sugar nor ash shows any distinct
tendency to be higher at one milking than at the other, or, in other
words, that the difference 111 comnposition between morning and
evening milk is a difference in fat content only and does not ex-
tend to the other constituents. Linfield* has recently reached the
same conclusion which is confirmed for the herd here studied in
the following experiment by the writer.

On April 19, 1901, the milk obtained at each milking was care-
fully sampled and analyzed, with the following results:

Fat. Protein. Sugar. Ash.

Morning milk «oveiii i 4.85 3.68 1.85 0.74

Afternoon milk «vovvvvn i 5.22 3.65 4.90 0.73
Further experiments on this point were therefore considered

1 * Dairy Chemistry,' p. 128 and papers in The 4nalyst.

2 Report for 1891 ; Abstracted in Experiment Station Record. 4, 257
3 Quoted by Stohmann : ** Milch und Molkereiprodukte,” p. 166.

4 Utah Experiment Station Bulletin 68, p. 234.



COMPOSITION OF COWS' MILK. 135

unnecessary and in studying the variations of composition from
month to month only the afternoon milk was sampled.

SEASONAL VARIATIONS IN COMPOSITION.

It is well known that milk tends to be richer, both in fat and in
solids-not-fat, in winter than in summer, and Richmond’s analyses
have shown that the milk received from English farms varies in
practically the same way each year, the difference between the
highest and lowest monthly averages being about the same for fat
as for solids-not-fat and amounting usually to 0.3 or 0.4 per cent.

For two years, beginning with April, 1900, the mixed milk of
the herd above described was sampled and analyzed once each
month. As the milk came to the dairy in cans of uniform size, an
accurate sample was readily obtained by means of the Scovell
sampling tube, The composition of these samples is shown
in Table I, below.

TABLE I.—COMPOSITION OF MONTHLY SAMPLES,

Month. Total solids, Fat. Solids-not-fat. Protein, Sugar. Ash,
January. 1901... ... 14.69 5.36 9.33 3.76 4.83 0.74
‘ 1G02¢eeernns 14.82 5.35 9.47 3.82 4.89 0.76

‘e average .... 14.76 5.36 9.40 3.79 4.86 0.75
February, 1goI +..... 14.53 5.24 9.29 3.67 4.87 0.75
¢ 1§02 «veuns 14.73 5.38 9.35 3.72 4.88 0.75

b average ... 14.63 5.31 9.32 3.70 4.87 0.75
March, 1gOI v evvun 14.39 5.19 9.20 3.57 4.90 0.73
O Tgo2 eeeeiinn 14.52 5.37 9.15 3.57 4.84 o074

‘¢ average...... 14.46 5.28 9.18 3.57 4.87 0.74
April, 1900 «evvevvnes 14.25 5.14 9.11 3.48 4.88 0.75
L (') SRR 14.43 5.13 - 9.30 3.66 4.89 0.75
“Oaverage «oe. . 14.34 5.14 9.20 3.57 4.88 0.75
May, IGO0 «++vsevvess 14.37 5.22 9.15 3.58 4.84 0.73
0 1goT . eeveiiiit 14,25 5.12 9.13 3.54 4.84 0.75
‘O average...o.. .. 14.31 5.17 9.14 3.56 4.84 0.74
June, 1go0. . vvvv it 14.26 5.10 9.16 3.59 4.85 0.72
L (7<) ST 14.64 5.38 9.26 3.59 4.91 0.76
O average .....vn 14.45 5.24 g.21 3.59 4.88 0.74
July, 1go0 + v vvveenan 14.13 5.00 9.13 3.54 4.84 0.7%
LU (<] SFR NP 14.23 5.29 8.94 3.50 4.71 0.73
¢ average c..... .. 14.18 5.15 9.03 3.52 4.77 0.74
August, 1g00 o0 aunn 14.11 5.00 9.11 3.58 4.79 0.74
‘ IGOT +vrevoun 14.34 5.28 9.06 3.54 4.78 0.74

‘e average « ... 14.23 5.14 9.09 3.56 4.79 0.74
September, 1900 ..... 14.73 5.39 9.34 3.75 4.84  0.75
o IGOL « v 14.34 5.27 9.07 3.56 4.77 0.74

average .. 14.54 5.33 9.21I 3.66 4.81 0.74
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Month. ‘T'otal solids.  Fat. Solids-not-fat. Protein.  Sugar. Ash.
October, 1g00.«. . v.t. 14.46 5.23 9.23 3.73 4.75 0.75
R (o) PRI 14.98 5.48 9.50 3.87 4.59  0.74
o average .... I4.72 5.36 9.36 3.80 4.82 0.74
November, 1900 «.... 14.78 5.35 9.43 3.82 4.86 0.75
¢ IGOI « v 14.81 5.32 9.49 3.87 4.86 0.76
b average .. 14.80 5.34 9.46 3.54 4.86 0.76
December, 1900 . .. 14.52 5.20 9.32 3.77 4.79 0.76
“ Igor . ...t 14.77 5-34 9.43 3.85 4.81 o077
‘e average .. 14.65 5.27 9.38 3.81 4.80 0.77
Germneral average. .... 14.71 5.26 9.23 3.66 4.83 0.75

During the time covered by these analyses there was no change
in the system of feeding or management and samples were not
taken during or immediately after very sudden changes in the
weather. The large size of the herd and its divisious into separate
groups would miunimize any variations which might be due to
individual peculiarities or accidental causes, and as there were few
changes in the herd and the number of fresh cows did 1ot fluctuate
very greatly from month to month. it seems safe to conclude that
the differences shown by the monthly averages are due to influ-
ences very closely connected with the season and that they may be
called seasonal variations.

The diagram on the opposite page is designed to show the
variations here found, together with those previously reported by
Riclimond® and by Van Slyke.”

In the diagram the results above given are represented by solid,
those of Richmond by broken, and those of Van Slyke by dotted
lines. Richmond determined only fat and solids-not-fat. Van
Slyke’s analyses, while including the determination of protein,
were made primarily for another purpose and cover only a part of
the year.

Richmond’s results for fat and for solids-not-fat run nearly
parallel. As regards solids-not-fat the writer’s results are prac-
tically parallel with those of Richmond. On fat, our results are
similar to those of Richmond but show less decrease in mid-
summer. This is probably due to the fact that the herd here
studied was managed with special reference to the production of
milk of uniformly high fat content. The milk of this herd was

1+ Dairy Chewmistry,” p. 128 (afterunoon milk for 1836). Richnioud's more receut anal-
yses show monthly variations of the same character,

2 Averages of data obtained by analysis of milk delivered to certaiu cheese factories
during the summers of 1892-'g4, summarized in the report of the New York State Experi-
ment Station for 18g4.
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richer during the second summer than during the first. The re-

sults for the first twelve months would be found nearly parallel
to Richmond’s.

/0 Jor Rb Mar Abx Mag June July fug. Sebt.Oct. Mov: Dec.

Fat

Potein
fot

Pratslng‘ *

Van Slyke’s results show a greater rise in both fat and solids-
not-fat in the autumn, but this is explained by the fact that most
of the cows in the herds observed by him had calved in the spring,
so that in passing from summer to autumn we find the combined
effects of season and of advancing lactation.

Considering the circumstances just mentioned, the three sets of
curves show a very close agreement and in each case there is a
very evident tendency for the fat and solids-not-fat to rise and
fall nearly together.
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Passing to the other curves we find the sugar-and-ash percent-
ages’ to be nearly uniform, the extreme variation between monthly
averages being only about o.1 per cent., while the protein runs
parallel with the solids-not-fat. In other words, the seasonal
variations in solids-not-fat are practically variations in protein,
the percentage of sugar and ash remaining nearly uniform
throughout the year.

COMPOSITION OF SPECIAL SAMPILES,

During the time covered by the monthly analvses recorded
above several saniples of milk from individual cows or from cer-
tain groups of cows in the herd were analyzed. TFor convenience,
most of the samples from individual cows can be grouped in two
classes.

Some Unusually Rich Samples.—Tliese samples were taken at
random from among many of similar richness. Table II shows
the composition of these samples and, where ascertained, the
daily vield of inilk, and the number of months since the last calf.

TABLE II.—COMPOSITION OF SOME UNUSUALLY RICH SAMPLES.

Months Milk ‘Total Solids- Protein Milk-
since per day. solids. Fat. not-fat. (N X 625). sugar. Ash.
No. last calf. Pounds. Percent. Perceut. Percent. Percent. Percent. Per ceut.

I . .. 19.88 8.96 10.92 5.11 4.95 0.86

2 10 A 19.21 8.94 1o.25 4.92 1.35 0.80

3 10 4% 18.99 8.53 10.16 4.38 4.97 0.81

4 “uearly dry” 18,74 8.14 10.60 4.81 4.94 0.85

5 7 9 18.44 7.84 10.60 4.91 4.91 0.78

6 .. I2 18.24 7.72 10.52 4.87 4.87 0.78

7 2l 21 17.81 8.04 9.77 3.97 4.96 0.84

8 12 6 17.70 7.42 10.28 4.80 4.66 0.82

9 9 Il  17.70 7.07 10.63 4.96 4.84 0.83

10 10 . 17.28 7.05 10.23 4 So 4.61 0.52
IT .. 10 16 83 6 g8 9.83 4.59 4.45 0.81
12 3 14 16.81 6.61 10.20 4.51 1.8 0.85
13 9 8% i6.73 7 34 9.39 4.23 4.31 0.85
Average . .... 18 03 7.76 10.27 4.68 4.76 0.83

It will be noticed that richness in fat is accompanied in each of
these cases by richness in solids-not-fat, while four of the thirteen
samples equal or exceed in solids-not-fat the figure given by
Richmond? as the highest which had come under his notice. This

' The writer's results for sugar and ash are here combined iu order to facilitate com-
parison with those of Van Slyke. A small variation in ash following that in protein will
be noted later.

2 ** Dairy Chemistry," 1859, p. 120,
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increase in solids-not-fat occurs almost entirely in the proteids,
which average about 1 per cent. higher in this group of samples
than in the mixed milk of the entire herd. In most cases the cows
were well advanced in lactation and the yield of milk was rather
small. Seven of the samples were from pure-bred Jersey cows
and six from Jersey-grades.

Samples Low in Solids-not-fat.—The six samples shown in
Table ITI were all from healthy cows. The first five were ob-
tained during the hot weather of August, 1go1. The sixth was
from the same cow as the fifth, but was taken three months later.
This is the only case in any of the tables where two samples from
the same cow are given. While these samples vary considerably
in fat content, they are alike in containing low percentages of
solids-not-fat.

TABLE I11.—SAMPLES LOow IN SOL1DS-NOT-FAT.

Months  Milk Total Solids Protein Milk-
since perday. solids. Fat. not-fat (N X 6.25), sugar. Ash.
No. last caif. Pounds. Per cent. Percent. Per cent. Percent. Percent, Per cent.

I 6 0% 14.29 6.09 8.20 3 66 3.78 0.76
2 9% II 11.97 3.71 8.2€ 3.55 4.00 0.71
3 2 2614 10.83 2.64 8.19 2.86 4.58 0.75
4 9 7 10.65 327 7.38 3.24 343 0.71
5 7 8 11.77 4.69 7.08 3.57 2.81 0.70
6 10 615 9.66 2.97 6.69 3.17 2.86 0.66

Average «....- . 11.53 3.90 7.63 3.34 3.59 0.71

The percentages of proteids are here somewhat lower than in
Table I, but are not low in proportion to the fat present. Aver-
aging the six analyses it happens that the fat percentage is prac-
tically that which has been found as the general average for
ordinary cows’ milk. It is noticeable that the averages for pro-
tein and ash are also strikingly close to the estimated general
averages, while the sugar is here considerably below the normal
average. In other words, the deficiency of solids-not-fat is all in
the milk-sugar. This is in accordance with Richmond’s opinion®
that ‘“when genuine samples are low in solids-not-fat, the proteids
and ash are normal and the milk-sugar is the constituent on
which the deficiency falls.”

RELATIONS BETWEEN THE PRINCIPAL CONSTITUENTS.
Relation of Protein to Fat—Timpe? announced in 18g9, appar-

1 The Analyst, 2§, 226.
2 Chem, Zig.. 23, 1040,
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ently on the basis of less than thirty analvses, that there exists a
definite quantitative relation between the percentages of fat and
proteids in cows’ milk which may be expressed by the fornrula
proteids = 2 + 0.35 fat. A similar conclusion, though differ-
ently expressed, had been reached by Coolee! some vears earlier as
the result of an extensive compilation of American analyses.
Cooke found that in milks containing not less than 13 per cent. of
total solids. the milk-sugar is nearly constant while “the proteids
increase with the total solids, being always about one-fourth.”
Since the other three-fourths ot the increase is practically all fat
it is evident that this relation might be expressed by a formula
almost identical with that of Timpe. The work of the latter was,
however, strongly criticized by Richmond,? who gives the average
results of analyses of about fifty samples grouped according to
fat content and concludes that while there is a tendency for the
proteids to be higher when the fat is high. this tendency is very
inuch less than that indicated by Timpe's formula. Comparing
the average results found by Woll* in testing cows of different
breeds, it appears that he failed to find the differences in protein
quite as large in proportion to the differences in fat as the formula
would indicate.

Applying to the analyses given above the formula which ex-
presses the conclusion reached by Cooke (protein = 2 -+ '/, fat)
we find that with samples from individual cows there may be con-
siderable discrepancies. but if we take the average milk of the
herd for the vear or the average of Table II or of Table III, the
figure for protein given by the formula is within 0.1 per cent. of
the amount actually found. To test this point further the follow-
ing samples were analyzed: (1) a composite sample of the milk
of 14 cows taken at random from among those low in fat, (2)
the mixed milk from a group of about 100 cows which had been
regularly found below the average of the herd in fat content. (3)
the mixed milk from a group of about 100 cows of which a large
proportion were well advanced in lactation. and (4) a sample of
the mixed milk of the entire herd taken in May, 1go2. when fresh
pasture and a change in the grain ration had produced a tempo-
rary rise in fat content. 'The analyses of these samples follow:

! VYermont Experimett Station Report for 18g0, p. 9.
¢ The Analyst, 28, 225.
3 Wiscousinn Experimuent statiou Report for 1901, p. 53.
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Total solids, Fat, Protein, Mitk-sugar. Ash,

No. Per cent, Per cent. Per cent. Per cent. Per cent.
1 12.78 3.91 3.25 4.92 0.69
2 14.34 5.07 3.64 4.89 0.74
3 15.39 5.67 4.03 4.87 .82
4 15.05 5.76 3-77 4.75 0.77

In each of the first two samples the percentage of protein is
within 0.05 per cent. of that which would be calculated from the
formula. In (3), where the richness of the milk was due chiefly
to advanced lactation, the increase in protein is more than one-
third of the increase in fat, while in (4), where the fat content
was temporarily increased by a change of food, the increase in
protein is less than one-third as great.

The data at present available indicate that aside from the
seasonal variation already noticed, the percentages of fat and pro-
tein tend to rise and fall together, though not to the same extent,
that the average relation between the two is approximately ex-
pressed by the formula, protein = 2+ !/, fat, but that the pro-
tein often shows less variation from the average than this formula
would imply.

Relation of Ash to Protein.—According to Richmond! the per-
centage of ash may be deduced with fair accuracy from that of
protein by the formula, ash = 0.36 + o.11 protein. Most of the
analyses given in this paper had been made and the tendency of
the ash to vary with the protein had been noticed when the above
formula was published. On applying it to our results, we find a
very close agreement between the percentages of ash calculated
and those actually found. The discrepancies were as follows:
(1) In 24 samples of the mixed milk of the herd, from <+ 0.05 to
—0.01, average -+ 0.0I15 per cent; (2) In 7 samples of .mixed
milk from groups of 6 to 100 cows, from -+ 0.05 to — 0.02, aver-
age + 0.021; (3) In 23 samples of milk from individual cows,
four of which contained over 35 per cent. of protein, from + o.12
to — 0.08, average =+ 0.033. If the formula be modified to read
ash = 0.38 + !/,, protein, an even better agreement is obtained,
the above discrepancies becoming, respectively, (1) from -+ 0.03
to — 0.02, average -+ 0.001; (2) from 4+ 0.02 to — 0.04, average
0.000; (3) from + 0.09 to — 0.08, average -+ 0.0I0.

Relation of Milk-Sugar to Other Constituents.—The analyses
do not indicate that the milk-sugar has any tendency to rise and

1 The Analyst, 26, 310.
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fall with any other constituent. In normal milk the percentage of
sugar in the serum seems to be very nearly constant. Certainly
it shows simaller relative variations than any other of the principal
constituents and such variations as occur are usually so irregular
as to appear accidental. Analytical errors also would be larger
here than elsewhere, inasmuch as the milk-sugar is usually esti-
mated by difference. In milk showing an unusually low per-
centage of solids-not-fat, the deficiency is found to be principally
in the milk-sugar. Such milk may be vielded by healthy cows
and is most commonly but not exclusively found in hot. dry
weather. Occasionally there may be in midsummer a sufficient
number of such cases to cause an appreciable lowering in the
sugar content of the mixed milk of a large herd. but ordinarily
there seems to be no seasonal variation in the percentage of milk-
sugar such as 1s found in the case of fat. of protein, and 1o some
extent also of ash.

SUMMARY.

As all of the samples analyzed were from one herd of catile,
the following statements, while summarizing the results which we
have obtained, may not be equally applicable to milk produced
under other conditions.

Monthly analyses extending over two years showed the per-
centage of protein, like that of fat, to vary with the season, being
higher in fall and winter than iun spring and summer. while the
percentage of milk-sugar remained nearly constant throughout
the year.

In general. a milk rich in fat will also be rich in protein. In
these analyses the excess of protein above the normal averaged
about one-third as much as the excess of fat.

All of the results obtained accord with the conclusion recently
reachied by Richmond that any deficiency of solids-not-fat is
chieflv due to a deficiency in the milk-sugar, while any excess
above ¢ per cent. is chiefly due to an excess of protein.

In practically all of the samples examined the relation between
protein and ash was very nearly that found by Richmond and
expressed by the formula, ash = 0.36 + o.11 protein. To agree
more exactly with our averages, the formula may be modified to
read ash = 0.38 + 1/,, protein.

NEW YORK CITY,
September, 1902.



