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BULLETIN NO. 24.

VARIATIONS IN MILK.

This bulletin gives some results obtained from observations made
with six cows during one period of lactation.

SUMMARY.
The butter fat was the most changeable constituent of the milk.

The per cent of solids not fat was quite uniform. Both were higher in

the last part of the period of lactation than in the first when the cows
were fresh and the maximum quantity of milk was produced. This was

especially true of the fat. As the activity of the milk glands gradually
declines until the flow of milk ceases, the formation of the fat seems to

hold out better than the other constituents of the milk.

Calculations of the total amount of milk and of butter fat were

made from one, two, three, and four of the weights and tests of each

month. The results so obtained were found to be in many cases 99, and

in no case less than 90 per cent of the totals found by the daily weights
and tests.

A gradual increase of the grain feed from 12 to 24 Ib. a day per
head and the change from stable to pasture feed each increased the

yield of milk, but had very little if any effect on its quality.

OBJECT.

The object of this work was to get an exact record of the perform-
ance of different cows: To note what influence, if any, the changes in

weather, season and feed actually had on these cows; their variation in

live weight and in quantity of milk; the chemical composition of the

milk in different parts of the period of lactation; how the composition
was changed by any accidental or normal occurrence during the every

day life of a cow for one year; the relative sensitiveness of different

cows to the same cause or influence; to what extent the richness of milk

was changed by a very large quantity of concentrated feed
;
and whether

any or all the variations which might be noticed in the quantity and

quality of the milk, applied to each of the cows included in this trial.
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CONDITIONS AND METHODS.

The experiment began July 6, 1891, and ended Oct. 14, 1892.
Some experience in this line of work was obtained with other cows dur-

ing the preceding months of May and June.
The shortest milking period of any of the cows was 278, the long-

est 428, days.
An analysis of the weighed milk of each cow was made nearly

every day. This included an estimation of the per cent of solids and of

butter fat in the daily milk, and of casein and fat in a week's composite

sample.
None of the six cows was a superior representative of its breed.

They were average animals, such as are the actual producers of the

greater part of the country's milk supply.

BREED AND AGE OF THE Cows.

No.



'893-] VARIATIONS IN MILK. 39

OMITTED ANALYSES.

Cow.
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cord observations on the use of the method in all seasons of the year,

and with the milk of different breeds of cows. It also gave experience

in the manipulation. We have not found it necessary to change materi-

ally the method as originally described. It can be and is successfully

used by creameries in paying patrons on the " test plan," and our year's

experience has taught us that with a fair amount of care it is practically

accurate.

An agreement of the test of the composite sample with the average

test was most difficult to obtain with very rich milk. With such milk,

the composite sample test was often low. Milk of average compo-
sition (3.5 par cent fat) gave almost uniformly close agreement.

METHODS USED FOR ANALYZING THE MILK.

All the samples of milk were tested for butter fat by Dr. Babcock's

method. The centrifugal machine used for making the separation of fat

from the acid mixture was run by a one-horse power electric motor.

[This is connected with the street electric railway of the city and makes

a very convenient and useful laboratory power for grinding samples of

feed. The speed is sufficiently uniform for testing milk.] During the

first few months each sample of milk was tested for butter fat in dupli-

cate
;
later on the accuracy of each day's work was tested in the follow-

ing way : A mixture was made of equal quantities of milk from all

the samples tested at one time. A test of this mixed milk was compared
with an average of the separate tests of the several samples used in mak-

ing the mixture. If the two results agreed within one-tenth of one per

cent, the work was not repeated. An examination was made of the cor-

rectness of the calibrations on each new test bottle used.

The per cent of total solids in each sample of milk was determined

by drying in an oven surrounded by boiling water five grams of milk

with about 25 grams of clean sea sand.

FEED OF THE Cows DURING THE YEAR.

The cows were at pasture from May ist to Nov. ist. The

pasture was mostly blue grass with some timothy and white clover.

The severe drought in the summer of 1891 made the feed rather short,

and from July 28th to Oct. ist each cow was given 15 Ib. green corn-

fodder at milking time, or 30 Ib. a day. Oct. ist to 26th corn-fodder,

with the largest ears picked out, was thrown into the pasture and 10 Ib.

broken corn with 5 Ib. hay was fed at the stable daily. Oct. 26th

i Ib. oil meal was added to this ration. Nov. ist the pasture feed-

ing stopped and stable feeding began with a daily feed per head of 20

Ib. broken ear corn, 10 Ib. hay, and 2 Ib. oil meal. Nov. nth be-

gan feeding ensilage, gradually increasing the quantity to all that the

cows would eat and decreasing the daily feed of broken corn. This was

continued with 2 Ib. oil meal and 6 to 10 Ib. hay daily until Dec.

25th. The Shorthorn cows ate the ensilage with a relish; the one Jersey
was more dainty at first but gradually developed an appetite for it.
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Dec. 25th the cows were divided into two lots. Lot i con-

tained cows No. i, 3, and 5; lot 2 No. 4, 16, and 18. The object of this

separation was to increase gradually the grain feed of lot i, and .note the

effect on the milk. The feed of lot 2 continued unchanged until the

supply of ensilage was exhausted, Jan. i, 1892. Jan. ist to

March ist the daily feed per cow was 20 Ib. broken corn (equal to 16 Ib.

shelled corn), and 12 Ib. hay. After Feb. i6th No. 16 and 18

were fed oat straw instead of hay. March ist to April Sth the grain
feed was changed to 20 Ib. daily of a mixture made of two parts corn

and cob meal, i part wheat bran, and i part oil meal. April Sth to i4th
this feed was decreased by taking out the bran. April i4th the daily
feed was changed to 6 Ib. oil meal and 22 Ib. hay. April 3oth the cows
were turned out to a good pasture and no other feed was given. The

changes in the daily feed per head of the cows in lot i after Dec. 25th,
are given on page 162.

The records of the daily weights and tests of the milk of each cow
are not given here; but from them the results shown in the following
tables have been calculated. These tables give the live weight of the

cow each month. This is an average of the weights made every week.
The average weight of milk given per day for every month, and the

largest and smallest amount of milk produced on any one day of the

month. The daily average per month and extremes in per cent of

solids, butter fat, and solids not fat found in the milk; the average of the

per cents of casein found in the four composite samples of milk collected

every month and the pounds of solids, butter fat, and solids not fat cal-

culated from those weights and analyses.

The summary at the foot of each table shows the total weight
of milk, butter fat, and solids not fat produced by each cow during
the period of lactation, and the average per day for the whole time.

Also the extreme variations observed on any day during the experiment.
The daily average per cents of solids and butter fat are found by

dividing the total weight of solids and of fat by the total weight of

milk, and multiplying by TOO.

The length of the period of lactation, or the number of days
the cow was milked during the year, is given at the top of the tables.

Cow No. i Jersey. This cow was milked 307. days. She

was nearly 4 years old when this record began, and her live weight
has varied during this test from 745 to 962 Ib. She gave 5,043 Ib.

milk, which contained 254 Ib. butter fat, equal to 305 Ib. of butter.

WEIGHT OF MILK.

The most milk given at any one milking was 14 Ib.
;
the least,

i Ib. The most milk given on any one day was 25.5 Ib., and the

average per day for the whole time was 16.4 Ib.

The table shows that at some one milking during a month the
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Cow No. i, JERSEY. THE DAILY AVERAGE AND

Weighing and Testing the milk began Oct. 6,

Month.
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EXTREMES OBSERVED EACH MONTH FOR EACH MILKING.

1891, and continued to August 7, 1892307 days.

cent of fat.
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quality of the milk may take a sudden jump up or down at some

particular milking, the change is not permanent.
There was only one sample of milk that showed 11.9 per cent

solids; and but 9 out of the 614 that went below 13 per cent solids.

A selection of the milks containing a high per cent of solids shows

that four samples reached 20 per cent solids, but only one was 22

per cent, and that 26 samples were over 17 per cent of solids.

When the cow was fresh and gave the most milk, it contained

the minimum amount of solids. The table shows that the milk

gradually increased in richness of solids as the period of lactation

advanced, until it reached the maximum, when the flow of milk

was at its minimum, and the cow drying up. The per cent of solids

went as low as 14.9 at one milking during the last week of the lacta-

tion period, and up to 19.9 a difference of 5; while in the first week
there was a variation of only 2.3. This indicates that the milk of

this cow was subject to quite extreme changes in quality, especially

when the quantity was small. A comparison of the per cent of

solids found in the morning milkings of each month, shows that

with the exception of 3 months there was a difference of i.S to 3.8

per cent between the extremes. The greater differences observed

in the 3 months were 5.6, 5.8, and 6.4. The variations of 5.6 and

5.8 per cent occurred six days apart, at the time when the heavy

grain ration was begun. The difference of 6.4, between the highest
and lowest of solids, was observed in the milk of the last month,
when the cow was drying up. The night milkings showed similar

variations. A study of the variations that occurred in the daily milk,

or the sum of the analyses of the morning and night milk divided by
two, shows a much smaller difference between extremes. When the

heavy grain feeding was begun, there was a difference of 4.1 per
cent solids between the extremes of that month, and of 4.6 in the

last month of the period of lactation. With the exception of these

two months there was a difference of only 1.3 to 3.1 between the

highest and lowest daily per cent of solids every month. The varia-

tions occurred quite as often above as below the average, making
the quality of the milk from one month to another about the same,

except that it gradually increased in richness up to the end of the

period of lactation. This is illustrated by the figures of the foregoing
table and the diagram after page 152.

BUTTER FAT IN THE MILK.
The average per cent of fat in the milk of this cow was 5;

the highest 12.3; the lowest 2.9 a difference of 9.4. As has been

stated before, the difference between the highest and lowest per cent

of solids in the milk was 9.5, indicating that the fat is naturally the

variable quantity in the solid matter of milk. The lowest per cent

of fat, 2.9, was found in only one sample of milk, that of the morn-

ing of November 28th. Only 5 out of the 614 samples contained



1893-] VARIATIONS IN MILK. 145

less than 3.5 per cent fat. The samples of milk which contained

the most fat were nearly all from the latter part of the period of

lactation, only one sample reached 12 per cent fat, four were 10

per cent or over, and 25 were 7 per cent or over.

The table and the diagram show that during the first six months
after calving the milk contained between 4 and 5 per cent of butter fat;

after that time the average per cent was between 5 and 6. The differ-

ence between the highest and lowest per cent of fat in the morning
milkings of the different months varied from 1.4 to 3.2, with the excep-
tion of two months, when the difference was 7.2 and S.i. These were
the same months when the greatest variation in solids was noticed.

The night milk showed the same peculiarities, while, excepting these

two months, the dailv milk of each month showed a difference of only
from .9 to 3 between the extreme per cents of fat observed in any one

month. During the last two weeks of the period of lactation, when the

cow gave only 2 to 5 Ib. of milk daily, the per cent of fat was all the

way from 6 to 9.4 and varied greatly from day to day. There were
also several milkings at different times in the period of lactation when
the milk contained 7, 9, 10 and 1 1 per cent of fat. At such times the

amount of milk was neither very much above or below the average for

that time. The per cent of fat in the morning milk was not greater or

less than in the night milk for any great number of days. During
short periods of 3 to 10 days in the year there would be a difference in

the fat contents of the morning milk as compared with the night milk

for the same time, but it soon changed and neither one was higher or

lower than the other for more than 10 days at a time.

SOLIDS NOT FAT.

These include the casein, milk sugar, and mineral substances of the

milk. The average quantity contained in the milk of this cow was 9.4

per cent. The lowest per cent found in any sample of milk during the

year was 7.6; the highest, 1 1.7 a difference of 4.1. Only 3 samples of

this cow's milk went below 8 per cent of solids not fat and 24 above

10.5 per cent. The diagram and the figures in the table show that this

constituent of the milk did not make such extreme variations as were

observed in the butter fat. The per cent of solids not fat in the milk

was very uniform throughout the whole period of lactation. It varied

from 9 to 9.5 in the first three months, gradually rising to 9.5 to 10

during the next six months and was 10 to 10.5 the last month of the

milking period. The per cent of solids not fat was generally .2 to .5

higher in the morning than in the night milk, except during the last

two months of the period of lactation when there was no uniform differ-

ence either way.

Excepting a few times when analyses were lost, the milk of this

cow was tested 307 days. As there were two milkings each day this

made 614 samples. The average of all tests showed the milk to have
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the following composition: solids, 14.4; fat, 5; solids not fat, 9.4 per

cent. The highest and lowest percentages found in these samples were,

solids, 11.9 to 22.4; fat, 2.9 to 12.3; solids not fat, 7.6 to 11.7.

The following table has been constructed from the record of all

these samples to show that the extreme per cents were exceptional and

that most of the milk was of a uniform quality. The table shows how

many of the 614 samples of this one cow's milk were above 15 per cent

and below 13.5 per cent solids; above 5.5 and below 4 per cent fat;

above 10 and below 9 per cent solids not fat.

NUMBER OF SAMPLES OUT OF 614 IN WHICH PERCENTAGES OF SOLIDS, FAT, AND SOLIDS

NOT FAT WERE ABOVE OR BELOW CERTAIN STANDARDS.

Per cent
solids.
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Cow No. 3 Shorthorn. The weighing and testing of this

cow's milk was made every day for fourteen months. This unusually

long period of lactation was due to her failure to get with calf. It

makes her record all the more useful, as evidence of what the quality
of milk is under these conditions, which occur more or less frequently

among cows. She was four years old, and her live weight varied

from 888 to 1,160 Ib.

WEIGHT OF MILK.
The milk of this cow was weighed every milking, but the analyses

were made on one daily sample, which was a mixture of equal parts
of the morning and night milk. The total quantity of milk produced
was 6,193 Ib. This contained 228 Ib. fat, equal to 274 Ib. butter.

The most milk given on any day was 26.5 Ib. in July, the first

Cow No. 3, SHORTHORN. THE DAILY AVERAGE AND EXTREMES OBSERVED
DURING EACH MONTH.

Weighing and Testing of Milk began July 6, 1891, and continued to September 4,

1892 428 days.
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month after calving. The preceding table shows that the milk decreased

in quantity but little in August, the second month of the lactation period,
but gradually diminished in the third and fourth months, till the fifth

month, November, when she gave only about 12 pounds of milk daily.

The quantity increased during the winter months of stable feeding,
on a liberal grain ration, and it was not till the next July that the

milk flow was so small as it had been in November. In August
and September, the thirteenth and fourteenth months, the flow of

milk diminished till the cow " went dry."
The average amount of milk given per day, for the whole period

of lactation, was 14.4 lb., and for nine months of this time the daily

average per month varied very little from this figure; for one month
it was 2.5 lb. more, and another month 1.7 lb. less.

The minimum amount milk given in one day was 3.5 lb., and

there were several days at the end of the milking period when she

gave only four pounds.
No great variation was observed in the weight of milk produced

from day to day in any month. There was a difference of 7 and 10

lb. between the highest and lowest daily milk of two months; but

in the other twelve months this difference between extremes was
from 3.5 to 6 lb. The daily milk was increased 6 lb. by a heavy

grain ration in winter, and again by change from stable feeding
to pasture.

SOLIDS OF THE MILK.
The average per cent of solids in the 428 samples of this cow's

milk was 12.8; highest, 17.8; lowest, 10.8 a difference of 7. The
table shows that between the daily averages per month there was

only a difference of 1.8 per cent of solids. There was only one

sample that had 17.8 per cent of solids, and two that went as low

as 10.8 per cent. Thirty-four samples were below 12 per cent (11.9
to 11.4); 28, above 14 per cent; but of these latter only 7 went above

15 per cent. There was a slight increase in the amount of solids

in the milk from the first to the last part of the milking period;
but the table shows that the per cent of solids was quite uniform

through all the changes of feed and season in the 14 months of

the trial.

BUTTER FAT IN THE MILK.
The average per cent was 3.7 in the milk of this cow; highest,

7.9; lowest, 2.5 per cent a difference of 5.4. Only one sample
went as low as 2.5 per cent, and 17 samples gave less than 3 per
cent (2.7 to 2.9). One sample only reached 7.9 per cent; three,

6 to 7 per cent; sixteen, 5 to 6 per cent, and seventeen 4.5 to 5 per
cent making out of a total of 428 samples of milk from this cow

56 that were outside the limits of 3 to 4.5 per cent fat. As a rule

the minimum per cent of fat was found in the milk when the cow

WAS fresh, and gave the largest quantity, and the maximum per cent
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of fat was during the last part of the milking period. The table shows,

however, that there were days in the last month of the period of

lactation when the milk contained only 2.9 per cent fat.

SOLIDS NOT FAT.
The average per cent was 9.2; highest, 11.3; lowest, 7.2 per

cent. With the exception of these two extremes, no sample went

below 8 per cent, or above 10.5 per cent. There were only 10

other samples below 8.5 per cent, and seven above 10 per cent,

making -410 out of the 428 samples that contained between 8.5 and

10 per cent of solids not fat. This illustrates what was also found

true with cow No. i, that the per cent of solids not fat is very

uniform, and that the fat is the variable quantity in the milk solids.

The milk of this cow was quite uniform in quality throughout
the whole milking period, and the sudden changes frequently observed

in the milk of cow No. I did not occur.

Coivs No. 16 and 18 Shorthorns^ ages 8 and 7 years. The
tables show that these two cows were very much alike in the quantity

Cow No. 16, SHORTHORN. THE DAILY AVERAGE AND EXTREMES OBSERVED DURING
EACH MONTH.

Weighing and Testing of Milk began August 31, 1891, and continued to July 27,

1892332 days.
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and quality of their milk; but quite different from the other four

cows. They each gave something over 3,000 Ib. of milk, and it

contained, No. 16, 146 Ib., and No. 18, 115 Ib., butter fat. Previously
to this year they had been used for raising calves, and consequently
had been milked very little. This undoubtedly accounts for this poor
record. The tables show that there was a great variation in the daily

weight of milk given each month. This was particularly true when
the cows were fresh in milk. During the first month after calving
No. 1 6 varied from 25 to 10.5 Ib., and No. 18 from 37.5 to 19 Ib.

milk per day. There were very unexcusable deviations in the milk

all through the period of lactation. This was probably caused by
their lack of training as milch cows. They often refused to give
down their milk. The analyses show that their milk was of average

quality. The per cents of solids and of fats varied more than in

Cow No. 18, SHORTHORN. THE DAILY AVERAGE AND EXTREMES OBSERVED DURING

EACH MONTH.

Weighing and testing of milk began August 31, 1891, and continued to August 7,

1892 342 days.
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the milk of any of the other cows, except No. i, whose milk was
much richer.

The per cent of solids not fat in the milk of these cows, as in

that of the others, was the most constant constituent of the milk,
and the per cent of fat was the most variable.

Unlike the other cows' milk, that of these two did not increase in

richness very much in the last part of the period of lactation. The
erratic nature of these cows is illustrated by comparing the extremes
observed in the first and last month of their milking period.

Cows No. 1 6 AND No. 18. EXTREMES IN MILK PRODUCT OF FIRST AND LAST MONTHS.

Cow No. 16.
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Cow No. 16 had been giving from 16 to 18 Ib. milk daily, and the

sudden change to 6.5 and 8 Ib. Oct. loth and nth, and then a return to

her usual quantity without much change in the quality of the milk is a

variation that the other cows did not show, except No. 18 which made

nearly an equal variation in September. A sudden change from 10.5

to 22 Ib. milk was recorded on Sept. i8th and I9th ;
the quality of the

milk changed also from 1 1.9 to 14.8 per cent solids and from 3 to 6.4 per
cent fat. Afterward the amount and richness of the milk was about

what it had been before this break and continued quite uniform.

When the cows were first turned out to pasture they were not fed

grain at milking time, as had been the custom previously. The feed in

the pasture was ample, and, with the exception of these two cows, the

flow of milk suddenly increased in quantity. The lower part of the

table shows how these two cows were affected by the change to pasture

and absence of grain when milked. They gave less milk of poorer

quality than before and continued to do so for a week with the exception
of one day, May 6th, when both amount and richness, especially the lat-

ter, were very high. May 9th, 3 Ib. bran was fed at milking time.

This was continued and the milk returned to its usual record before

pasture feeding began.
The complete record of the milk given by cow No. 16 during the

whole period of lactation shows that the average composition of the 332

samples was solids, 13.3 per cent; fat, 3.9 per cent; solids not fat, 9.4 per
cent. The per cent of solids was less than 12 in 12 samples, and only
one went as low as n per cent. It was more than 14.5 in 20 samples
and only once as high as 16 and 19.4 per cent. The per cent of fat was

less than 3 in 12 samples and was less than 2.4 only twice. Eleven

samples were over 5 and only one (9.2) was above 6 per cent fat.

The per cent of solids not fat did not go below 8.5. It was above 10

per cent in 18 samples.
The average composition of the 342 samples of milk from cow No.

1 8 was solids 13.1; fat, 3.7; solids not fat, 9.4. Eleven samples went

under 12 per cent, the lowest one was 10.2 per cent. 22 samples were

over 14.5 per cent solids and only one (17.8) above 16.5 per cent. One

sample contained 2 per cent fat, and 25 were between 2 and 3 per cent. One

sample was above 6.4 per cent and 16 between 5 and 6.4 per cent.

Eight samples contained less than 8.5 per cent, and 12 went over 10 per
cent solids not fat.

Cows No. 4 and 5 Holstein. Each 9 years old March, 1892. The
record of these two cows shows them to be producers of more but

thinner milk than the other cows. No. 4 was a large cow and varied in

weight from 1258 to 1457 Ib. in the 278 days of her milking period.

No. 5 varied less in live weight during her period of lactation than did

any other cow, 1005 to 1094 Ib. The record shows that the quantity of

milk given by both cows did not decrease very much until the last two

months. The most milk given on any one day by No. 4 was 37 Ib.; No.
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5, 34 lb. The daily average for the year was for No. 4, 2 1.7; No. 5, 22

lb. This is a larger quantity per day than any of the other cows gave.
There were no sudden changes in the weights of the daily milk of No.

5, but No. 4 often varied 6 to 10 lb. from what she gave the day previ-
ous. This happened during pasture feeding but not before. The aver-

age per cent of solids in the milk of No. 4 was 1 1.9 and of fat, 3.3. This

is lower than the standard for unadulterated milk which some state laws

require. The table shows for the same cow that the per cent of both

solids and fat increased in the last part of the period of lactation and in

the last two months was over 12 per cent solids and 3.5 per cent fat.

During the whole milking period of 278 days the per cent of solids went
over 13 per cent on 29 days, but was over 14.7 only 3 days. It was n
to 10 per cent 16 days and less than 10 only one day. The per cent fat

went above 4.5 on 25 days, but was over 6 per cent only once. It was
less than 3 per cent on 72 days but under 2 per cent only 4 days.

The per cent solids not fat was over 9 on 24 days and reached 10.9
but once. It was less than 8 per cent eight times, going once as low as

7.2 per cent.

Cow No. 4, HOLSTEIN. THE DAILY AVERAGE AND EXTREMES OBSERVED DURING
EACH MONTH.

Weighing and testing of milk began Jan. 13, 1892, and continued to Oct. 16, 1892
278 days.
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Cow No. 5, FIoLsrai^. THE DAILY AVKR\G"? AND EXTREMES OBSERVED DURING
EACFI MOMH

Weighing and testing oE milk began Nov. 30, 1831, and continued to October 16,

1892 322 days.
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This table shows four or more distinct kinds of variations. The
records of May 9th and loth illustrate the course the milk had been

taking for some time. May nth there was an increase of 10 Ib. in the

milk and a considerable increase in its quality; May 12th both

decreased; May I3th the pounds of milk descended, the quality

ascended; May i4th the reverse was true; from June ist to 4th there

was a rising and falling in the quantity of milk of over 14 Ib., but the

quality remained nearly unchanged; June 3Oth the milk tested 6.6 per
cent fat and the day before was 2.8 per cent, with a change of only 4 Ib. in

the quantity. These and the other groups of tests given in the above table

show that with this cow there was no uniform relation between quantity
and quality. A change in one was sometimes accompanied by similar

variation in the other; and there were times when these deviations did

not coincide. At other times one changed very noticeably and the other

did not. The uniformity in the per cent of solids not fat, amidst all

these changes, is very noticeable.

The record of cow No. 5 shows no such sudden changes as the

above. The daily weights of milk varied only 3 Ib. and the per cent

of solids and fat were very uniform until the last month of the period
of lactation, when there was an increase in quality.

The per cent of solids found during the 322 days was between 12

and 14, except on 17 days when it went above 14, but only twice above

15.6; and on 27 days, below 12 per cent solids, but never below n per
cent. The average per cent of fat was 3.7, it ran up to 8 on one day only,
and was above 4.5 per cent on 19 days; 2.2 per cent was the minimum
which it reached once, and only 10 times in the year was it below 3 per
cent. The per cent of solids not fat went above 9.5 on 14 days and be-

low 8.5 on 28 days, although it was 8.4 on 13 of these 28 days.

The table on page 146 gives the number of samples of milk out of

the total number tested for cow No. i that went above and below cer-

tain percentages of solids, fat, and solids not fat. The following table

shows the same for the other 5 cows, except that the standards are

lower.

It also shows that by far the greater number of samples containing

over 14 per cent solids were between 14 and 14.5 per cent. Those

under 12 per cent solids were mostly between 12 and 11.5 per cent. A
very large proportion of those over 4.5 were between 4.5 and 5 per cent

fat, and those under 3 were nearly all included between 3 and 2.5.

The per cent solids not fat went a few times over 10 per cent, but

hardly ever under^S per cent.

Different standards were adopted for the milk of cow No. i, and a

summary of the variations in her milk is given on page 146.



156 BULLETIN NO. 24, \_February ^

NUMBER OF DAYS WHEN PERCENTAGES OF SOLIDS, FAT, AND SOLIDS NOT FAT WERE
ABOVE OR BELOW CERTAIN STANDARDS.

Period of lactation Cow No. 3, 428 days; No. 16, 332; No. 18, 342; No. 4, 278;

No. 5, 322.

Per cent

solids.
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lactation was given by No. j, the poorest by No. 4. The richest but

not the most milk was given in this lot by the smallest and youngest
cow. The most and nearly the thinnest, by one of the largest and oldest

cows. These differences in size and in quantity and quality of the milk

are characteristics of the two breeds to which these two cows belong;
hence in this experiment it cannot be justly said that a small or young
cow produces a small amount of rich milk, or that a large quantity of

thin milk is a characteristic of an old or large cow. There may, how-

ever, be some relation between the age or size of the cow and the

amount and richness of the milk she produces, dependent somewhat on

the food she eats and assimilates. ,

The table also shows that one cow was milked only 278 days, and

another 428 days; one weighed 859, and another 1361 Ib. Calculating
the record of each cow for a uniform length of time and live weight, as

300 days and 1,000 Ib., gives the following results:

TOTAL PRODUCTION COMPARED WITH LIVE WEIGHT.

Cow
No.

i

16

18

4

5
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been made on the day when either one of the extreme results had been
observed. The highest and lowest per cent of solids, fat, and solids not

fat on any day during the whole period of lactation are as follows:

EXTREME VARIATIONS DURING PERIOD OF LACTATION PER CENTS.
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days. The average weight of milk and butter fat found per day from
these 10 test days multiplied by 300 gave the calculated total product. If

the milk was weighed and tested once in 15, 10 or 7 days there were

20, 30, or 43 test days, from which the daily average was obtained and

multiplied by 300 in each case.

The following table illustrates the details of a calculation of the

total milk product of cow No. I, found from tests made once in 30 days.

METHOD OF CALCULATING MILK PRODUCT FROM TESTS EVERY 30 DAYS.

Milking period Oct. 6, 1891, to August 8, 1892. 307 days.

Test day.
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TOTAL PRODUCTION OF MILK AND BUTTER FAT CALCULATED FROM WEIGHTS AND

TESTS MADE I, 2, 3, AND 4 DAYS EACH MONTH.

Days between tests ....
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milk produced by all these cows, weighing the milk once in seven days,

gave nearest to the total amount found by daily weighings. This was

not true of every cow, as the table shows that with two cows weighing
the milk once in 10 days gave a total nearer that found by the daily

weighings. The records of all the cows show that the difference

between the extreme percentages of the whole amount was least by

weekly weighings, and greatest when the milk was weighed once in

30 days.

Weighing milk once in 7 days. 10 days. 15 days. 30 days.

Highest percentage .. ..99.5 101 101 102

Lowest percentage 96.1 94-4 93-4 9. 3

Difference 3.4 6.6 7.6 11.2

The table also, illustrates the variety of results that are obtained by

applying this method of calculation to different cows. No. 16 and 18

were very irregular in the quantity of milk given from day to day.

Weighing their milk weekly gave only 96 to 97 per cent of the total

found by daily weighings, while so small a percentage of the whole was

only found with the other cows when their milk was weighed once in

30 days.
The results from these six cows show that calculations of the total

weight of milk produced in one period of lactation gave from 96.1 to

99.5, average 98, per cent of the total quantity, when the milk was

weighed on one day of each week; 101 to 91.4, average 98, per cent,

when weighed once in 10 days; 101 to 93.4, average 97.6, per cent,

when weighed once in 15 days; and 102 to 90.3, average 96.4, per cent,

when weighed once in 30 days.

These same observations apply to the calculation of the total pro-

duction of butter fat.

Testing the milk once in 7 days. 10 days. 15 days. 30 days.

Highest percentage 102.6 104 101.4 104
Lowest percentage 94 .8 94. 8 95-4 89.6

Difference 7.8 9.2 6 J 5-4

Average of the six cows. 98 99-4 9^-5 97

The average of all the results shows that weighing and testing the

milk every seventh day gave with these six cows 98 per cent of the

total milk, and 98 per cent of the total butter fat; 98 per cent of the

milk, and 99.4 per cent of the butter fat, when weighed and tested every
tenth day; 97.6 per cent of the milk and 98.5 per cent of the butter fat,

when weighed and tested every fifteenth day; 96.4 per cent of the milk

and 97 per cent of the butter fat, when weighed and tested every thir-

tieth day.
Does an Increase in the Grain Ration fed to Cows influence the

Richness of the Milk?
This question has oeen often discussed and among the many opin-

ions that are expressed two at least seldom fail to be given: First, taht
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rich feed makes rich milk, and -second, that the milk may be increased

in quantity but not in quality. These statements are supposed to apply
to the milk of one cow during one period of lactation. It is obvious that

a certain amount of food is necessary to keep a cow in such condition

that she neither gains nor loses weight. This maintenance ration is a

variable quantity differing with cows of various sizes. It is greater for

a cow weighing 1200 Ib. than for an Soo-pound cow. The disposal that

is made of any excess of food over maintenance probably depends on the

natural capacity of the cow. One may convert the excess into live

weight; another will show an increase in milk; and it is probable that

others gain neither in weight nor milk, the excess of feed passing them

unassimilated.

Without further discussing the question or expressing an opinion,
the following evidence in the shape of weights and analyses of feed and

milk has been obtained from the daily records of three cows, No. i, 3,

and 5. The history of the cows and of their care and feed up to Dec.

25th has already been given on p. 140. The changes in the daily feed

per head of these cows after Dec. 25th are shown in the following table:

FEEDING PERIODS; MATERIALS FED, AND WEIGHTS OF EACH IN POUNDS.

Feeding Period.
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POUNDS DIGESTIBLE NUTRIENTS IN 100 POUNDS FEED.
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per day for No. i
; 5 Ib. for No. 3; and 6 Ib. for No. 5. The average

per cent of solids was greater in period 2 than in i in the milk of No.
i and 3, and but very little different in that of No. 5. The per cent

of fat increased in the milk of No. i and 5, but decreased in that

of No. 3 during period 2. After this time no great change in quantity
or quality is noticeable in the milk of any of the cows until period 7.

There was a slight decrease in the daily pounds of milk during the

in days, between Dec. 25th and April i4th. This represents about

one-third of the period of lactation, and it is probable that there

would have been a much greater decrease if the feed had been less.

The table shows that the quality of the milk did not increase by this

long period of feeding which kept the quantity from decreasing,
as it would naturally have done, with the progress of the lactation

period. There is very little difference in the per cent of solids and
of fat in the milk of the second and sixth periods, although during
the intervening periods a ration very rich, in both protein and fat,

had been fed for 93 days.
The record of each cow shows the same changes in the milk

in periods 7 and 8. The nutrients in the daily feed were reduced

nearly to the standard in period 7. The daily milk yield of the

different cows decreased from 3 to 7 Ib.; but the richness of the milk

increased in every case. This amounted to about one per cent gain
in both solids and fat in the milk of No. i, and .5 per cent to one

per cent in that of No. 3 and 5. The difference in feed was a substi-

tution of 10 Ib. hay for 12 Ib. corn and cob meal. This made a reduc-

tion of
1.5 Ib. dry matter, .5 Ib. protein, and .21 Ib. fats in the

daily ration per head, and a difference in the coarseness of the feed

represented by a change from 18 Ib. grain, with 12 Ib. hay to 6 Ib.

grain, with 22 Ib. hay. This ration was fed only 16 days, and the

indications are that if continued the cows would have soon gone dry
in milk. When pasture feeding began there was an increase in the

yield of milk from each cow. The quality of the milk decreased

from what it had been during the 16 days of period 7, which imme-

diately preceded; but the per cent of solids and of fat in the milk

was about the same in the month of May on pasture feed, as it had

been during the winter, when the cows were stable fed on a grain

ration.

The table gives the average per cent of solids and fat in the milk

produced during each of the periods, which were from 6 to 51 days in

length. Such an average does not show the extremes that may occur

in the amount and richness of the daily milk. The inequalities of

quantity and quality from day to day are covered up by taking the

mean production for a number of days. Twice in the period of lacta-

tion of these cows quite a sudden change was made in the flow of milk:

first when the grain feed was increased during the winter stable feed-
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ing, and second when the cows were turned out to pasture in the

spring.
The four following diagrams on pp. 167-170 show these changes as

they occurred in the weight and composition of the milk from day to day.
The first two and the fourth plates give the daily record of cows No. i,

3, and 5 for a few days before and about 30 days after the grain ration

was increased as indicated in the table. The third plate gives the record

of cow No. 3 for a short time before and after pasture feeding began.
Each diagram shows the record of one cow for 40 days, which are

designated by a date every fifth day at the top of the diagram. The
cows were weighed once a week and the live weight and date of weigh-

ing are indicated by the point where the dotted and solid part of the
44
weight of cow" line changes. The heaviest broken line on all the

plates indicates pounds of milk, and this is numbered on the left hand

margin of the record of cow No. i, but by figures enclosed by a circle

on the other plates.-

The diagram for cow No. i shows the per cent of solids between

the 13 and 14 per cent lines, per cent of fat between the 4 and 5 per
cent lines, per cent of solids not fat between the 9 and 10 per cent

lines, pounds of solids between the 2 and 3 pound lines, pounds of fat

between the o and i pound lines, and pounds of solids not fat between

the i and 2 pound lines. These percentages and pounds are indicated

in the other three plates by the brackets and figures on the two sides of

each diagram.
The grain ration was increased Dec. 25th and the change from

stable to pasture made April 3oth, All the records show that the

increase of feed was accompanied by a considerable increase in the

pounds of milk produced and consequently in the pounds of solids,

fat, and solids not fat in the milk; but with the exception of one or

two days, there were no greater changes in the percentages of fat in

the milk after the increase of feed than before it was made. There

was, however, a slight increase in the per cent of solids not fat in the

milk of all the cows during the latter part of January, when the

increased grain ration had been fed about a month.

All the striking changes in the composition of the milk produced
on any one day are shown by the diagrams to be due to the per cent of

fat. This is illustrated by the record of cow No. i on Dec. 28th, Jan.

5th and i5th; of No. 5 on Dec. i9th, Jan. ist and i5th; of No. 3 on Jan.

loth, 23d, April i9th, May 7th, 9th, and 17111 to 2Oth.

The increase in the daily weight of milk was greatest with cow
No. 5. The diagram shows that she gave 22^ Ib. milk Dec. 23d,

the quantity increased to 32 Ib by Jan. ist, a gain of nearly 10

Ib. per day in a little more than a week.

No. i gave 8 Ib. more milk Jan. 4th than Dec. 25th. No. 3

increased from n Ib. Dec. 25th to 175^ Jan. 9th, and when she went

from stable to pasture feed she gained in four days nearly 6 Ib. milk
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RECORD DP DDW NO 1

-, INDICATED POUNDS Otf MII^K.

25 50 4 JAN. 9 14 19 24
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RECORD OP DDWND 3
INDICATES POUNDS 0?

2ft 2 cTAM. 7 12 17
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DAIL.Y RECORD OF* DDW NO, 3

16 APR. 2

- INDICATED POTJND0 0^

6 11 16 -6
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RECORD DFDQWNQ. 5

10 DEC. 15

INDICA1^$

20 25 30
0^ MILK.

4 JAN. 9

Saw
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per day. The diagrams show that these changes in feed stimulated the

milk production of the cows so that they each gave from 6 to 10 Ib.

more milk per day than they had been producing; but the quality of

the milk was changed very little. The tables giving the record of

each cow for the whole milking period also show that the milk was of

the same uniform quality peculiar to the cow in every month, except
the last ones when the cows were drying up. The average per cents of

solids and of fat in the milk produced each month of the lactation

periods do not show so great variations as were observed in some of the

different feeding periods, which were considerably less than a month
in length.

When the feed was decreased the yield of milk was diminished

and the per cent of fat and solids in the milk was somewhat increased

for a short time.

When the pasture is abundant the amount of feed eaten is regu-
lated by the cow, and her milk product is probably then controlled by
her natural capacity. If the quality of the milk is not changed by dif-

ferent amounts of grain feed from what it is on full pasture feed, it

seems safe to assume from this evidence that the per cent of solids and

fat in a cow's milk are not greatly influenced in one period of lactation

by an increase of feed. The complete records of all these cows show
some peculiarities in the milk production that are characteristic of each

one and others that are common to all.

There were a few days during the milking periods when the milk

was very much richer or thinner than ordinarily, but it soon returned to

the quality peculiar to the cow. An inspection of the daily weights
and tests made during the whole period of lactation of each of the cows
shows that four different combinations of quantity and quality can be

found in the milk of some of the cows; more and richer, more and

thinner, less and richer, and less and thinner milk than was produced oh

the day before. Such changes were rare but they show that it is

entirely inadmissible to assert that what one cow has done in this way
another always can or will do.

E. H. FARRINGTON, M.S., Chemist.
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