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NUTRIENTS REQUIRED FOR MILK PRODUCTION. 

C. H. ECKLES. 

According to the latest census the dairy cows in the United 
States number nearly twenty millions. The value of the feed 
required each year by these animals represents an 1enormous sum. 
It is recognized that proper methods of feeding are necessary in 
order that this large amount of feed be used to the best advantage. 
This problem of economical feeding has received the attention of 
numerous investigators for the past fifty years. 

The first attempt to assign to different feeding stuffs their 
true value for feeding purposes is shown in the so-called hay equiv
alents or hay values which were quite commonly advocated in 
Europe prior to the year 1860. Good meadow hay was taken as 
the unit and all other feeds were given relative values. These 
values were based upon the results of practical experiments. This 
method of judging the nutritive values of feeds did not prove entirely 
satisfactory, probably because of the limited amount of experimental 
work upon which it was based and because the unit for comparison, 
meadow hay, was too variable. A modification of this system is 
being used at present in some of the north European countries. 
Each foodstuff is given a value of a certain number of units, which 
represents approximately the relative nutritive values as determined 
by the carefully conducted feeding experiments of Fjord, a Danish 
investigator. These "food units" are convenient for use when buy
ing food or when estimating the economy of production for herds or 
individual cows, dealing as they do entirely with the nutritive values, 
not the market values. Grouven1 in 1859 is said to be the first man 
to suggest compounding rations with reference to the actual amounts 
of the different nutrients they contain-crude protein, carbohydrates, 
and ether extract. ·,; 

Henneberg and Stohmann at Weende later showed that these 
constituents were not digested in the same proportions for all feeds, 
so it was suggested that only the digestible nutrients be used in the 
calculation of rations. As a result of Henneberg and Stohmann's 
work, Wolff, in 1864 published the first feeding standard, based upon 
the amount of digestible nutrients contained in feeding stuffs. 

1. Exp. Station Record, v. 4, Translation from Prof. J. Kuhn. 

(91) 



92 MrssouRI AGR. ExP. STA. RESEARCH BULLETIN No. 7. 

This standard was deduced from the results of a large number 
of experiments at different times by different observers. It calls. 
for 24.0 lbs. dry matter, and digestible nutrients to the extent of 
2.5 lbs. protein, 12.50 lbs. carbohydrates, and .4 lbs. ether extract 
for a cow weighing 1000 pounds. While this seems to meet the 
requirements of a good average dairy cow fairly well, it is criticised 
for not making any allowance for a very heavy producer or a light 
producer. 

Prof. Julius Kuhn of the Halle Experiment Station,1 in 1861 
was the first scientist of prominence to question the advisability of 
feeding all cows the same, irrespective of production or of kind or 
quality of feed. Later he proposed a standard which is somewhat 
more flexible than \Volff's and has the nutrients arranged a little 
differently. He objected to the classifying of all nitrogen compounds 
under the head of protein and considering them as having the same 
nutritive value. His standard was as follows: 

Dry Matter, 20 to 23.5 lbs. 
Digestible Albuminoids, 1.5 to 2.4 lbs. 
Digestible Carbohydrates and Amides, 12 to 14 lbs. 

While Kuhn apparently had good reasons for dividing the protein in 
this way, his classification did not prove popular. 

In 1897, Dr. C. Lehmann of Berlin, modified the Wolff standard 
to meet the criticism of Kuhn and formulated what is known as the 
Wolff-Lehmann standard. In this the kinds and amounts of 
nutrients are varied with the quantity of milk produced. 

WOLFF-LEHMANN STANDARD. 

Digestible Nutrients 

Dry Matter Protein Carbohydrates Ether 
Extract Lbs. Lbs. Lbs. Lbs. 

11 lbs. milk ......... 25.0 1.6 10.0 .3 
16~ lbs. milk ......... 27.0 2.0 11.0 .4 
22 lbs. milk .. .. . . ... 29 .0 2.5 13.0 .5 
27~ lbs. milk . . ... . .. . 32.0 3 .3 13.0 .8 

This standard is probably an improvement on the original, still 
as Haecker has pointed out,2 it is not clear why the nutrients 

•loc. cit. 
•Haecker, T. L. Bulletin 79, Minn. Exp. Station. 
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should not increase in the same proportion as the milk yield. For 
example the same amount of carbohydrates is prescribed for a cow 
giving 27Yz pounds of milk as to the one giving 22 pounds of milk. 

During the winter of 1894-5 Haecker1 fed 12 cows a fixed ration 
for 154 days during which time a full flow of milk and yield of butter
fat is said to have been secured. From this record he attempted to 
determine whether or not the Wolff-Lehmann standard calls for an 
excess of nutrients. The gain in weight for this period was about 29 
pounds per cow or about .2 pounds per head a day. Four of the 
twelve were two or three-year-old heifers. All the cows were bred 
during the experiment, at periods varying from 6 weeks to 4 months 
before its conclusion, so probably all or nearly all the cows were 
carrying calves. The cows were fed an average of about 12 pounds 
concentrates each per day along with all they would take of a mix
ture of timothy hay, 16 parts, and roots, 10 parts, or timothy hay, 
18 parts, and silage, 14 parts. The roughage consumed amounted 
to about 24 pounds per head daily. The daily yield of milk was 26 
pounds, testing 4.13 fat. The average weight of the cows was 956 
pounds, and the digestible nutrients consumed daily were 2.00 
pounds protein, 12.46 pounds carbohydrates and .67 pounds fat, or 
calculated on the basis of 1000 pounds live weight: 

2.03 lbs. protein; 12.77 lbs. carbohydrates; .565 lbs fat. 

The Wolff-Lehmann standard under similar conditions prescribes: 

3.08 lbs. protein; ........ 13.00 lbs. carbohydrates .72 lbs. fat. 

It will be seen that Haecker's cows used a smaller amount of these 
nutrients all the way through than is provided for by the standard, 
the greatest difference being in the protein. Under ordinary dairy 
conditions in this country he is apparently justified in his assumption 
that the Wolff-Lehmann standard prescribes an excess of nutrients. 
However, if the fact be taken into account that these cows were 
heavily fed on concentrates and that the digestible nutrients con
tained therein are worth considerably more than those from roughage 
as has been found by Kellner and Armsby, the results lose much of 
their significance. His data also shows that the nutrients required 
for a pound of milk increase with the richness of the milk. Using 
this data, Haecker formulated a standard for milk of varying rich
ness. More recently these figures have been somewhat modified in 
the direction of making the requirements slightly higher for milk 
low in fat and lower for milk rich in fat. 

1Haecker, T. L. Bulletins 67, 79, Minn. Exp. Station. 
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The work of Kellner1 and Armsby2 shows that the plan of using 
digestible nutrients regardless of their source as a basis for feeding 
standards is inaccurate. Digestible nutrients in themselves show 
merely the amounts of the feed or ration which are absorbed through 
the walls of the alimentary tract. No allowance is made for the 
energy required for digestion and assimilation. Consequently 
those feeds which are difficult to digest, ordinarily classed as rough
ness, when compared with concentrates show a greater efficiency 
than they really possess. Armsby has found that timothy hay with 
573 as much digestible material as corn meal, was worth, for flesh 
or fat production, only 37 3 as much as the corn meal. 

The question then arises: how can a feeding standard be formu
lated so as to represent accurately the true feeding value of the dif
ferent foodstuffs? Kellner carried out extensive investigations to 
determine this point. He :first took some of the pure nutrients such 
as protein, carbohydrates and fat and determined the nutritive value 
of each by feeding trials. These results he expressed in the form of 
heat value or calories. The assumption throughout is that the heat 
or energy value of the nutrients minus the energy required to pre
pare the food for use, that is to build up milk solids or body tissue, 
represents the true nutritive value, or production value. He found 
with mature fattening cattle the production values of the pure 
nutrients per pound to be as follows: 

Digestible proteids ............................ 1016 Calories 
Digestible starch or crude fibre ........ .. . .. . . ... 1071 Calories 
Digestible cane S1lgar .......................... 812 Calories 
Digestible fat: 

In coarse fodders and roots ................. 2041 Calories 
In grains and by-products .................. 2273 Calories 
In feeds with over 53 fat ..... - ......... . .. 2585 Calories 

The next step was to apply the values so obtained to the digestible 
nutrients of the different feeds and compare the computed value 
of each feed with the real value as determined by actual feeding trials. 
It was found possible to estimate with a fair degree of accuracy the 
production value of the concentrated feeds by means of these factors. 
However, with those feeds containing a higher proportion of :fiber 
this method was not reliable on account of the fact that a larger 
amount of energy was required for digestion. It was found that 

1Kell.ner, Die Ernabrung der Landwirtschaftliches Nutztiere, Chapter IV. 
•Armsby, Dr. R. P . Bulletins 71, 84, Pa. Exp. Station. 
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the energy expended in digestion was directly proportional to the 
amount of crude fibre present, so by deducting 617 calories for each 
pound of crude fibre the computed value was brought very close to 
the real value. This method consists then of multiplying the digest
ible nutrients by the caloric value of each nutrient and then making 
a deduction for the crude fibre. 

Armsby1 has formulated from his own and Kellner's work a 
system of stating the nutrients of feeding stuffs which takes the 
facts mentioned into account and at the same time makes it possible 
to express the results in a simple form. He considers that the amides, 
which with the albuminoids go to make up the total protein, are not 
as valuable as the albuminoids for nutritive purposes. He classes 
nutrients under two heads, those which go to form nitrogenous sub
stances, and second, those used for heat, fat production and energy. 
The amount of digestible albuminoids is the measure for one and the 
total heat value of the .nutrients used for the other. Armsby then 
expresses the nutritive value in two terms, digestible protein (albu
minoids) and energy value. He introduces the term "therm" as a 
convenient term to represent 1000 calories. 

He tentatively suggests, in the absence of definite experimental 
data, that the total energy necessary for the production of 1 pound 
of average milk containing 4 per cent fat and 13 percent solids, be 
placed at .3 therm of production value of the feed. This is in 
addition to that required by the animal for maintenance. Included 
in this ration there should be digestible amide-free protein to the 
extent of .05 pounds for each pound of milk. He recognizes the fact 
that there is necessarily a variation in the requirements with the 
richness of the milk but considers that sufficient data is not available 
to justify an attempt to formulate a standard for milk of varying 
richness. 

Savage2 in a recent publication compares the nutrients used by 
twelve cows in the Cornell University herd for periods of 142 days 
during two seasons with the requirements as given by Haecker and 
Armsby. As a result of these investigations he also suggests a 
modified form of Haecker's feeding standard. This increases the 
amount of protein by 353 and the general nutriment 103. 

•Armsby, Bulletin 71, Pa. Exp. Station. 
•Savage, E. S., Bulletin 323, Cornell University Exp. Station. 
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PLAN OF EXPERIMENTS. 

In the course of some investigations a portion of which have 
already been published1, data was taken in such a way as to make it 
possible to study accurately the question of total nutrients required 
for milk production with five Jersey cows. Further plans were 
then made for the purpose of securing similar data taken under the 
same conditions but for animals producing milk with a lower per 
cent of fat and solids. As a result data is now available covering 
complete lactation periods of one year each for 8 animals with an 
average per cent of fat ranging from 3.4 to 6.0. In addition data is 
available for others taken for shorter intervals. 

The taking of the data for each animal began a few days after 
calving. From this time on all feed received was weighed and 
analyzed and all the milk produced likewise sampled and subjected 
to chemical analysis. In this way the data obtained shows the 
total constituents received in the form of feed and the total produc
tion of milk and of each constituent. The ration fed was one 
generally used in this herd and was the same for all the animals. 
The amount fed each individual animal was regulated by the live 
weight. Each cow was given as much feed as she would take so long 
as it was used for milk production. If she showed a gain in live 
weight it was taken as an indication that more feed was being given 
than necessary to support the milk production. 

A digestion trial covering 10 days time was made with five of the 
animals when they were at the maximum milk production. All the 
cows used in this investigation were kept farrow during the period 
of the experiment. A maintenance trial covering from 120 to 180 
days was made with seven of the animals, in order that it might be 
determined specifically how much nutrients were required to main
tain the particular animals. A second digestion trial was carried 
on while the animals were on maintenance in order to determine if 
the coefficient of digestibility changed when the ration is reduced 
from that necessary for heavy milk production to that used for 
maintenance. In this way it was possible to determine for each 
animal the actual maintenance (for 5 of the 8 cows used), the feed 
required for production, and the total production of milk and of each 
constituent of the milk. 

'Research Bulletin No. 2, Missouri Exp. Station. 



NUTRIENTS FOR MILK PRODUCTION. 97 

The food of the dairy cow may be used in four ways: 
1. For growth or gain in weight; 
2. For development of a fetus; 
3. For maintenance; 
4. For milk production. 

The data taken in this investigation does not concern itself with 
Nos. 1 and 2 in the above. It is necessary, however, to either elimi
nate or measure these two factors. In these investigations they are 
both eliminated; the first by using only mature cows and regulating 
the ration so that they neither gained or lost in body weight: the 
second, by keeping the cows farrow. 

Maintenance Requirement. A large amount of work has been 
done in regard to this factor in animal nutrition and, for cattle, the 
results by different investigators seem to be so consistent that it is 
evident that reasonable accuracy has been reached. It is not the 
purpose to give in detail, the data in regard to maintenance require
ments for the animals used in this investigation. A portion has 
already been publishecl1 and only a summary will be given of this and 
the remainder, which as yet is not published. It is sufficient to say 
that the results on the whole compare closely with the standard as 
published by Armsby.2· It was considered advisable in making our 
experiments to determine the maintenance requirements for each 
animal individually so far as practical rather than to use average 
figures. Furthermore, the maintenance trials were conducted with 
exactly the same ration, including the ratio between the grain and 
roughage, as used when the animals were fed for milk production. 
In this way it is possible to estimate the proportion of the ration fed 
to the cows while in milk that was necessary for maintaining the 
animal. 

Requirements for Milk Production. The object in carrying out 
the investigation here reported was to obtain further data in regard 
to the amount of nutrients required for milk production when other 
factors for which food may be used are controlled. The special 
object in view was to so select the cows used that it would be possible 
to secure data bearing on the question of the relation of the richness 
of the milk to the amount of nutrients needed. The figures below 
show the average value in therms per pound of milk produced by 
each of the 10 cows used in the investigation. 

•Research Bulletin No. 5, Missouri Exp. Station. 
•Armsby, Farmers' Bulletin 346, U. S. Dept. Agr. 
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Cow No. Therms 
206 . 276 
304 .304 
400 .313 

43 .352 
62 .383 
4 .388 

27 .392 
63 .420 

303 .307 
211 .273 

These figures show that the milk of No. 63 had an energy value 
of a little over 503 more per lb. than that of No. 206. It is reason
able to assume that the nutrients required per pound of milk will 
therefore depend upon the quality as well as the quantity of the 
milk. The nutrients received by the animal must supply protein 
and furnish sufficient energy in the form of carbohydrates and fats. 

Protein Requirements. It was not the purpose of this investi
gation to study the amount of protein best adapted to the production 
of milk. The protein requirement is discussed here merely to show, 
first, that moderate variations in the protein content of a ration have 
no marked influence upon milk production provided the allowance 
is above the minimum requirement of the animals, and, second, that 
the rations used in this investigation contained protein sufficient 
for all purposes for which it is intended. The Wolff-Lehmann 
standard prescribes 1.6 lbs. to 3.3 lbs. digestible protein for a 1000-lb. 
cow yielding 11 to 27~ lbs. milk per day. Haecker has demon
strated by feeding 12 cows for 154 days on two-thirds the amount 
of protein prescribed by this standard that it is possible for milk 
production to proceed with considerable less than the amount given 
in the standard referred to. Humphrey and Woll1 suggest that the 
digestible protein may profitably range from 2 lbs. to 2.4 lbs. per 
day. According to Haecker 2a cow weighing 850 lbs. and yielding 
40 lbs. of 43 milk per day required 2.46 lbs. digestible protein. 
A 1200-lb. cow producing the same amount requires 2.71 lbs; while an 
850-lb. cow producing 20 lbs. per day would use but 1.52 lbs. The 
ration which was used in the investigations reported supplied as 
much protein as was required by any of these standards as is shown 
in detail in a later paragraph. 

1Humphrey and Woll, 21st Annual Report, Wis. Exp. Station (1904), p. 67. 
•Haecker, T. L. Bulletin 79, Minn. Exp. Station. 
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Animals Used. The animals used were all registered animals of 
the breeds represented and were not especially selected on account of 
large production. It has already been shown by work of this Sta
tion that when the richness of the milk is the same the nutrients 
required for production after maintenance has been supplied are in 
the same proportion as the production of the animals.1 All the cows 
selected were of mature age, healthy, and at the beginning of the 
milking period. Data concerning the age and previous milk produc
tion of each cow is given below: 

DATA CONCERNING Cows UsED. 

Age Number Average Average Average 
Herd Breed lactation yield per cent yield 
No. Yrs. Mo. periods Milk fat fat 

206 Holstein 8 6 6 9,763 3.15 308 
304 Ayrshire 4 6 3 6,582 3.96 261 
400 Shorthorn 7 8 4 4,694 4.20 197 

43 Jersey 5 1 3 6,812 4.82 329 
62 Jersey 4 6 4 2,503 4.86 122 

4 Jersey 7 4 5 6,151 .5.04 310 
27 Jersey 5 1 5 7,810 5.31 415 
63 Jersey 4 7 3 4,909 5.86 288 

303 Ayrshire 4 7 3 6,843 3.98 273 
211 Holstein 7 0 4 12,665 3.06 388 

The two given last in the t able are those for which the data pre
sented covers less than one year. 

Ration Used. The cows all· received the same character of 
ration, i. e., it was composed of the same kind and quantity of feeds 
mixed in the same proportions. The ratio between the silage and 
hay was kept as nearly uniform as possible. The roughage consisted 
-0f alfalfa hay of the grade known as "choice" and corn silage. For 
the first five animals put into the experiment green feed was sub
stituted for the silage during the summer months. The last three 
had only alfalfa for roughness during the middle of the summer. 
These changes were necessary on account of it not being feasible to 
keep silage in condition for feeding with the few animals used. 

The grain ration consisted of a mixture composed of corn meal, 
4 parts, wheat bran, 2 parts, and linseen oil meal, 1 part. This 
grain mixture was fed in exactly this proportion to all the animals 
throughout the entire investigation including the maintenance 
trials. The feeds were fed as nearly as possible in the following pro
portion: grain, 1 part; hay, 1 part, and silage, 4 parts. The follow-

>Research Bulletin No. 2, Missouri Exp. Station. 
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ing table shows how closely this ration, fed in the proportions men
tioned, will meet the requirements of both a heavy and light pro
ducing cow computed according to Armsby1• The weight of the 
cow is taken as 1250 pounds, the per cent of fat as 4, and the daily 
yield of milk as 40 pounds in the first instance and 15 pounds in the 
second. 

Required for 40 lbs. milk ......... . 
Supplied in 11 lbs. grain, 11 lbs. hay, 

44 lbs. silage . ........... . ... . 
Required for 15 lbs. milk ..... . ... . 
Supplied in 6.5 lbs. grain 

6.5 lbs. hay, 26 lbs. silage . .... . 

Digestible 
Protein 

2.6 

2.5 
1.35 

1.47 

Therms 
19.00 

19.35 
11. 50 

11.44 

With our present knowledge of the protein requirements for milk 
production there can be no serious objection to the above ration 
on this score. The quantity of feed given was regulated as stated 

. by the live weight of the animal. The cows were fed as much as 
was required to support the milk flow without allowing gain or loss 
in body weight. 

All the cows were fed and milked in the same way as far as the 
routine of the work was concerned. They were not all in the 
experiment at the same time and the milking was therefore done by 
different men. Careful observations were made and notes taken 
regarding the health of the cow~, their feeding characteristics, and 
any conditions or happenings out of the ordinary. · 

Analyses of Feed. The feed was purchased in sufficient quan
tities to make the number of analyses as small as feasible. The 
silage was sampled by taking a small quantity each day from that 
fed and placing it in a large closed jar in which sufficient chloroform 
was kept to prevent decomposition. The moisture in this com
posite sample was determined at the end of each 10-day period. 
A sample for · complete analysis was made by combining the dry 
material from several of the 10-day samples. All feed analyses 
were made in the Department of Agricultural Chemistry under the 
direction of Dr. P. F. Trowbridge. 

Sampling and Analyzing the Milk. The milk was weighed at 
the barn immediately after being drawn and the weights recorded 
upon the regular milk sheets. The milker then stirred the milk 
with a dipper and filled a pint milk jar about two-thirds full. This 

tArmsby, Dr. H. P .. Farmers' Bulletin 346, U. S. Dept. A.gr. 
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was covered with a paper cap and taken to the laboratory where a 
10-day composite sample was prepared by taking an aliquot part from 
each milking. With cows Nos. 63, 4 and 43 the composite sample 
covered thirty days in place of ten days. Formalin was used as a 
preservative and the chemical analyses which were made according 
tb usual methods included fat, protein, sugar and ash. 

Weights of cows. Each cow was weighed each morning after 
eating and before receiving water. This practice was continued dur
ing the entire period of milk production and maintenance and has 
been found to be the most satisfactory plan. The heaviest milkers 
lost some weight at the beginning of the feeding period as is the case 
with all heavy producing cows in the first few weeks after calving. 
This loss was restored during the year so the cows completed the 
experimental period as nearly as possible at the same weight as at the 
beginning. 

EXPERIMENTAL DATA. 

Tables 1 to 8 give a record by 10-day periods of the feed received 
by eight of the cows used during the time in milk. The same data 
for cows Nos. 27 and 62 have already been published.1 

Table 9 gives the total of each feed received by the individual 
cows, also their average weight during the period in milk covered 
by the experiment. 

The chemical analyses of the feedstuffs given are found in 
Tables 10 and 11. The five Jersey cows were on experiment at one 
time and the other five at a later date which accounts for the two 
series of analyses. 

Tables 12 and 13 give the amount in pounds of each feedstuff 
according to lot numbers corresponding to analyses. From this 
date it is possible to calculate the data in other forms than the one 
presented if desirable. This data concerning the feed covers only 
that received by the cows while in milk and does not cover that 
given during the maintenance trials. 

The milk yields together with chemical analyses for each period 
are found in Tables 14 to 21. This includes the date in detail for 
eight animals. The same records for Nos. 27 and 62 are already avail
able in printed form.2 The date for Nos. 63, 4 and 43 is given in 30-
day periods to correspond to the milk analyses, and that of all 
others for 10-day periods. All averages relating to milk analyses 

iResearch Bulletin No. 2, Missouri Exp. Station (Tables 4 and 5). 
•Research Bulletin No. 2, Missouri Exp. Station (Tables 8 and 9). 
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throughout this report are true averages calculated by dividing the 
total weight of the constituent by the total pounds of milk. 

Table 22 gives the total yield of each constituent of the milk and 
the average analyses. In Table 23 is found the energy value of 
the total milk and per pound of milk calculated by assuming the heat 
value of milk protein and sugar to be 1.860 therms and fat 4.218 
therms per pound.1 

TABLE 1. SUMMARY OF FEED CONSUMED BY Cow No. 206. 

Date Average 

Period Grain Alfalfa Silage weight o 

No. 10 days Lbs. hay Lbs. cow 
ending Lbs. Lbs. 

1910 
1 Dec. l* 59 59 233 1292 
2 Dec. 11 116 116 464 1295 
3 Dec. 21 120 116 261 1286 
4 Dec. 31 120 120 394 1286 

1911 
5 Jan. 10 120 116.5 386 1284 
6 Jan. 20 100 94.5 312.5 1236 
7 Jan. 30 110 110 400 1292 
8 Feb. 9 110 110 400 1330 
9 Feb. 19 110 110 400 1324 

10 Mar . 1 llO 110 400 1311 
11 Mar. 11 110 110 400 1340 
12 Mar. 21 110 110 400 1352 
13 Mar. 31 101 101 400 1349 
14 Apr . 10 100 100 400 1340 
15 Apr. 20 92 100 400 1364 
16 Apr. 30 90 90 400 1367 
17 May 10 80 83 400 1354 
18 May 20 80 80 400 1344 
19 May 30 80 80 369 1345 
20 June 9 89 241.5 .. . ...... 1356 
21 June 19 90 250 .. ... .. .... 1341 
22 June 29 90 250 .. ......... 1348 
23 July 9 73 213 . .. .. . .. ... 1339 
24 July 19 80.5 221 ..... . .. . . . 1304 
25 July 29 85 227.9 . .......... 1302 
26 Aug. 8 85 228 .......... . 1301 
27 Aug. 18 80.5 222 ........ .. . 1306 
28 Aug. 28 85 230 .... ....... 1299 
29 Sept. 7 85 230 ........... 1298 
30 Sept. 17 85 230 ........... 1322 
31 Sept. 27 85 230 . . ......... 1329 
32 Oct. 7 80 230 ........... 1319 
33 Oct. 17 73.6 214 ........... 1325 
34 Oct . 27 70.4 210 .... ... .... 1313 
35 Nov. 6 70 177 44 1313 
36 Nov. 16 70 95 203 1284 
37 Nov. 26 70 70 280 1299 

Total 3365.0 5685.4 7946.5 Av. 1319 

* 5 Days. 
1Armsby, Principles of Animal Nutrition, p. 279. 



NUTRIENTS FOR MILK PRODUCTION. 103 

TABLE 2. SUMMARY OF FEED CONSUMED BY Cow No. 304. 

Date I Alfalfa Average 
Period Grain hay Silage weight of 10 days Lbs. Lbs. Lbs. cow ending Lbs. 

1911 
1 Jan. 20 99 95.5 304 976 2 Jan. 30 I05 97 305 973 3 Feb. 9 120 90 294 995 4 Feb . 19 IOO 85 300 972 5 Mar. 1 97.5 90 265 973 6 Mar. 11 82 90 257 959 7 Mar. 21 IOO 90 300 965 8 Mar . 31 IOO 90 300 962 9 Apr . IO 76 75.5 259 963 IO Apr. 20 69 69 283 953 11 Apr . 30 70 70 300 967 12 May IO 66 .5 69 276 956 13 May 20 70 70 300 965 14 May 30 70 70 282 954 15 June 9 79 193 .5 ... . . . .. 982 16 June 19 80 200 .... .. ... . . 984 17 June 29 80 200 ..... . . . ... 974 18 July 9 76 194 ... . ... .. . . 982 19 July 19 70 .5 184 .... .... . .. 950 20 July 29 75 200 . .......... 972 21 Aug. 8 78 206 ... .. ... . . . 962 22 Aug. 18 85 215.2 .......... . 990 23 Aug . 28 85 218 . .... . . . .. . 969 24 Sept. 7 85 220 .... .. ... .. 982 25 Sept . 17 68 201 ........ .. . 975 26 Sept. 27 85 220 .... . .. . .. . 987 27 Oct. 7 80 220 . .. ... . . .. . 983 28 Oct. 17 75.2 206 .. . ........ 993 29 Oct. 27 70.8 200 . ···· · ..... 985 30' Nov. 6 69 167 44 I006 31 Nov. 16 60 88 189 982 32 Nov. 26 60 60 240 981 33 Dec. 6 60 61) 240 991 34 Dec. 16 58.5 58.5 234 1005 35 Dec. 26 55 55 220 982 1912 

36 Jan. 5 58.5 58.5 234 970 37 Jan. IO* 31 31 124 975 
Total 2849.0 4806.7 5550 Av. 976 
* 5 Days. 
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TABLE 3. SUMMARY OF FEED CONSUMED BY Cow No. 400. 

Period 
Date 

Alfalfa Average 
10 days Grain hay Silage weight of 

Lbs. Lbs. cow ending Lbs. Lbs. 
1910 

1 Dec. 31* 35 35 140 1134 
1911 

2 Jan . 10 70 70 329 1111 
3 Jan. 20 79 79 350 1120 
4 Jan. 30 80 80 350 1144 
5 Feb. 9 80 80 350 1150 
6 Feb. 19 80 80 350 1151 
7 Mar. 1 80 80 350 1162 
8 Mar. 11 71 71 350 . 1173 
9 Mar. 21 70 70 350 1170 

10 Mar. 31 61 61 350 1168 
11 Apr. 10 60 60 350 1174 
12 Apr. 20 44 60 350 1180 
13 Apr. 30 50 50 300 1154 . 
14 May 10 50 50 300 1168 
15 May 20 50 50 300 1145 
16 May 30 50 50 301 1139 
17 June 9 59 173.5 . ... .... ... 1167 
18 June 19 60 180 ........... 1162 
19 June 29 60 180 . .... ... ... 1153 
20 July 9 59 180 .. .. . .. .... 1154 
21 July 19 50 180 ........... 1137 
22 July 29 50 180 .... . ...... 1144 
23 Aug. 8 50 180 ........... 1131 
24 Aug. 18 50 177 .5 .... .... .. . 1130 
25 Aug. 28 50 179 . . . .... .. . . 1131 
26 Sept. 7 50 180 . ... .. ..... 1135 
27 Sept. 17 50 180 ... .. .. . ... 1125 
28 Sept. 27 50 180 .... . ...... 1127 
29 Oct. 7 50 164 ........... 1129 
30 Oct . 17 40 164 ........... 1139 
31 Oct. 27 36 160.8 .. ......... 1134 
32 Nov. 6 35 136 44 1142 
33 Nov. 16 35 72 132 1131 
34 Nov. 26 35 35 140 1130 
35 Dec. 6 35 35 140 1150 
36 Dec. 16 35 35 140 1135 
37 Dec. 26 46.1 46.1 184.4 1113 

Total 1995 .1 4023.9 5950.4 Av. 1144 
* 5 Days. 
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TABLE 4. SuMMARY OF FEED CONSUMED BY Cow No. 43 BY 10-
DAY PERIODS. 

Grain Alfalfa Silage Green Average 
Period Lbs. hay Lbs. feed weight 

Lbs. Lbs. Lbs. 

1 12 40 .. . ........ 825 
2 91 200 ...... . .... . . .. . . . . . . . . . ....... . . 
3 120 90 300 . .... . ... . . . . .. .. . . . . . 
4 120 90 300 . . .. . ..... . . . ... . . . . . . 
5 120 90 300 . . .... . .... 795 
6 120 90 235 . ... .. . . ... 790 
7 114 90 230 ...... ... . . 810 
8 110 90 250 . ... ....... 809 
9 106 90 270 .... . ..... . 816 

10 100 90 270 ... ........ 810 
11 103 90 270 ..... . ..... 812 
12 100 92 259 .... .. .... . 793 
13 100 100 277 .. 5 . .. .. . . . . . . 819 
14 100 100 211.5 . .. . . .... . . 805 
15 100 100 221 ... . . . ... .. 799 
16 100 100 250 . . ..... . .. . 806 
17 100 100 231 .... . . .. . . . 799 
18 103 103 196 .. . .. . . . ... 793 
19 110 110 200 ..... ...... 791.5 
20 109 110 168 ........... 801.5 
21 100 llO 185.5 ....... . ... 803 
22 98 108 192.5 12 807 
23 93 76 145.8 144 796 
24 90 78 129 .5 234 779.5 
25 90 108 99.5 15 777 
26 90 88 150 40 793 
27 81 80 131.2 122.7 793.5 
28 80 80 141.2 133.6 789.5 
29 80 80 138 .9 122.6 815.0 
30 80 80 68.2 187.5 811.5 
31 80 98 ........ ... 219.1 812 
32 80 100 ........... 223.0 808 
33 80 100 ... .. ...... 250 809.5 
34 80 100 ........... 2.50 820.4 
35 80 100 .... . .... 250 823.7 
36 68 100 .... .. . ... . 247.4 838 
37 50 100 70.4 ... . ..... 843.5 
38 16 40 94 .9 ........... 840 

Total 34.54 3591 I .5986 .. 5 2450.9 rAv. 807 
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TABLE 5. SUMMARY OF FEED CONSUMED BY Cow No. 4 BY 10-
DAY PERIODS. 

Grain Alfalfa Silage Green Average 
Period Lbs. hay Lbs. feed weight 

Lbs. Lbs. Lbs. 

1 92 129 .. ...... ... . . .. . . . . . . . . . .. . . . . . . . 
2 98 147 .... . ..... . . . . .. . . . . . . . . . .. . . . . . . 
3 100 114 180 . ... .. ..... 805 
4 100 90 300 . .... .. . ... 800 
5 100 90 300 ........... 815 
6 100 90 300 . ... .. ...... 817 
7 100 90 300 ........... 815 
8 100 90 300 .... .. ..... 821 
9 100 90 300 ..... . ... . . 816 

10 100 90 300 ........... 813 
11 100 90 294.5 . . .. . ...... 814 
12 100 90 300 ........... 807 
13 100 90 300 ........... 819 
14 100 90 300 .... . .. . ... 813 
15 100 90 300 . . .. . . .. . .. 818 
16 100 90 300 ........... 820 
17 100 100 300 . ... . ... ... 815.5 
18 100 100 285 I::::::::::: 810 
19 76 78 112 804.5 
20 90 92 262.5 12 807.5 
21 90 66 213.5 144 810.5 
22 90 64 180 216 808 
23 90 105 160. 5 12 800.7 
24 90 88 175.3 30 808 
25 81 74 187 134.5 822 
26 71 80 234.2 145 839 
27 70 80 217.2 128 859 
28 65 80 : : : :~~~:~::I 190.8 855 
29 65 98 235.2 841 
30 65 100 242.6 843 
31 65 100 . . ......... 250 836.5 
32 65 100 .. ... ... . .. 250 832.5 
33 65 100 ........... 250 851 
34 49.8 100 .... .. . . ... 250 852.5 
35 36.5 100 250 

1:: ::: : : : : : : 860.5 
36 21 100 250 865.5 
37 ........... 60 63 1· ..... : ... ·1 849.5 

? ~ Total 3035.3 34~5 1078.8 2490 .1 Av. 825 
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TABLE 6. SUMMARY OF FEED CONSUMED BY Cow No. 63 BY 10-
DAY PERIODS. 

Grain Alfalfa Silage Green Average Period feed weight Lbs. Lbs. Lbs. Lbs. Lbs. 

1 23 60 . . .. . . . . . . . . .. ... ... . . 960 2 120 90 300 ......... .. . . ......... 3 120 90 300 ......... . . . . ......... 4 106 90 300 . . .. . .... . . 930 5 100 90 300 ........... 910 6 100 90 300 ... ....... . 945 7 1000 90 300 ........... 941 8 100 90 300 ........... 942 9 100 90 300 . .......... 941 10 100 90 300 .. ......... 951 11 91 90 300 ... ....... . 939 12 90 90 300 ...... . .. . . 946 13 90 90 300 . .. ....... . 935 14 90 90 300 ........... 939 15 90 90 300 .......... . 941 16 90 90 300 ........... 942 17 90 90 300 ............ 935 18 90 90 300 ..... ...... 947.4 19 90 90 300 ... ..... ... 950.7 20 87 90 300 .......... . 956 21 80 86 294 12 951.5 22 80 56 216 .3 144 933.5 23 80 54 180 234 919 24 80 104 156.5 15 914 25 80 80 193.5 40 936 26 80 80 206.5 137.5 941 27 80 80 207.1 · 145 942.5 28 80 80 228.6 126 962.0 29 68.5 80 89.6 190.1 968 30 50 98 .. ... . . . ... 232.1 947.5 31 80 100 . .. ........ 225.6 951 32 80 100 . .... . .. ... 250 951.5 33 80 100 . .... ...... 250 962 .5 34 54.5 100 ..... .. .. .. 250 977 .2 35 18 100 ...... . .... 250 973 36 . . ...... . ..... 100 249.6 . ... . ...... 972.5 37 21 100 250 ... ........ 967 38 9 30 75 . .. ....... . 952 
Total 2968 3298 8046 .7 2501.3 Av. 952 
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TABLE 7. SUMMARY OF FEED CONSUMED BY Cow No. 303 BY 10-
DAY PERIODS. 

Date Alfalfa Average 
Period Grain hay Silage weight of 

No. 10 days Lbs. Lbs. Lbs. cow 
ending Lbs. 

1911 
1 Jan . 30 80 80 294 991 
2 Feb. 9 96 96 300 1010 
3 Feb. 19 100 93.5 280 1004 
4 Mar. 1 91 89 295 1003 
5 Mar. 11 90 90 300 1028 
6 Mar. 21 90 90 300 1023 
7 Mar. 31 81 81 300 1039 
8 Apr. 10 70 70 300 1029 
9 Apr. 20 54 70 340 1047 

10 Apr. 30 60 60 300 1039 
11 May 10 50 50 300 1024 
12 May 20 50 50 300 1002 

Total 912 919.5 3609 Av. 1020 

TABLE 8. SUMMARY oF FEED CONSUMED BY Cow No. 211 BY 10-
DAY PERIODS. 

Date Alfalfa Average 
Period Grain hay Silage weight of 

No. 10 days Lbs . . Lbs. Lbs. cow 
ending Lbs. 

1911 
1 Dee. 6 100 100 400 1052 
2. Dee. 16 100 100 400 1075 
3 Dec. 26 101.5 101.5 406 1039 

1912 
4 Jan . 5 109 109 436 1035 
5 Jan. 15 110 llO 440 1045 
6 Jan. 25 115 115 460 1060 
7 Feb. 4 113.5 113.5 464 1067 
8 Feb. 14 110 110 440 1069 
9 Feb . 24 108.5 108.5 434 1065 

10 Mar. 5 106 106 424 1063 
11 Mar . 15 105 105 420 1048 

Total I 1178.5 1178.5 4714.0 Av. 1056 
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TABLF,: 9. SUMMARY OF FEED CONSUMED. 

Cow Grain Alfalfa Silage Green Average 
No. Days Lbs. hay Lbs. feed weight 

Lbs. Lbs. Lbs. 
206 365 3365.0 5685.4 7946.5 ........... 1319 304 365 2849.0 4806.7 5550.0 ........... 976 400 365 1995.1 4023 .9 5950.4 . ·· ········· 1144 43 365 3454.0 3591.0 5986.5 2450.9 807 62 365 1907.3 1697.8 5087.5 2101. 9 902 4 365 3035.3 3425.0 7078.8 2490.1 825 27 365 3424.0 2904.1 8777.9 4325.2 899 63 365 2968.0 3298.0 8046.7 2501.3 952 303 120 912.0 919.5 3609.0 . . ........ . 1020 211 llO 1178.5 1178.5 4714.0 ......... . . 1056 

TABLE 10. CHEMICAL ANALYSES OF FEEDS FED Nos. 27, 62, 43, 
4 and 63. 

Per cent Per cent Per cent Per cent Per cent Per Cent Lot Dry Ash Protein Crude N. free Ether matter fibre extract extract 
Corn 1 85.04 1.19 7.97 1.90 69.99 3.99 2 87.89 1.29 8.68 1.67 68.53 7.73 3 90.25 1.50 8.91 1.81 72.80 5.23 
Bran 1 89.51 6.67 14.55 8.49 55.06 4.75 2 89.82 6 .75 14.44 9.19 52.46 6.98 
Oilmeal 1 90.89 5.36 34.36 7.98 36.45 6.74 
Oats 1 89.60 3.20 11.40 10.80 59.40 4.80 
Alfalfa hay 1 94.69 7.73 15.24 27.97 41.95 1.80 2 94.16 8 .25 12.69 36.35 35.33 1.56 3 95.27 9.93 14.13 27 .68 39.92 3.61 4 94.23 8.88 15 .48 28 .71 37.97 3.19 5 95.06 9.03 16.39 28.72 38.20 2.72 6 91.09 7.87 14.75 31.60 34.80 2 .07 
Silage 1 20.58 1.40 1.68 5.80 11.02 69 2 29.29 1.81 1.99 7.08 17.58 .83 3 31.22 1.51 2.26 6.17 19.79 1.48 4 27.56 1.69 2.41 5.14 17.28 1.04 5 29.63 2.05 2.10 7.09 17.57 .83 6 29.99 1.97 2.43 7.45 17.13 1.02 
Green Alfalfa 1 24 .54 2.63 4.63 7.27 9.60 .41 
Green Clover 1 38.79 2.50 5 .29 11.03 19.12 .85 
Green Corn 1 27.72 1.88 2.32 7 .09 15 .49 .94 
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TABLE 11. CHEMICAL ANALYSES OF FEEDS FED No. 206, 400, 304, 
303 and 211. 

Percent Percent Percent Per cent Per cent Percent 
Lot Dry Ash Protein Crude N. free Ether 

matter fibre extract extract 

Corn 1 88.20 1.52 8.56 1.71 71.64 4.77 
2 87.80 1.20 8.12 2.30 72.52 3.67 
3 89.62 1.48 9.26 1.63 72.17 5.08 
4 90.04 2.40 9 .33 1.88 73.68 2.76 

Bran 1 90.26 7.18 15.61 10.46 51.09 5.92 
2 89.10 6.61 15.43 9.17 54.64 3.26 
3 88.42 6.93 13.98 9.70 53.97 3.85 
4 89.29 6.40 16.73 9.80 51.20 5.16 

Oilmeal 1 91.49 6.26 36.40 7.98 35.34 5.51 
2 90.86 5.68 35 .79 8.01 36.84 4.54 
3 90.47 6.07 34.38 7.90 35.51 6.61 
4 90.34 5.76 31.46 7 .57 35.65 9.91 

Alfalfa 1 90.72 8.95 14.33 28.56 35.96 2.92 
2 91.11 9.08 15 .72 24.89 37.56 3.86 
3 90.78 10.06 17.09 23.49 36.47 3.67 
4 92.35 9 . 16 17.93 22.80 39.38 3.09 
5 91.95 6.89 14.71 27.65 40.74 1.97 
6 89.25 7.78 13.08 26 .90 38.47 3.03 

Silage 1 32.90 1.97 2.53 8.09 19.84 .48 
2 30.01 1.59 2.31 7.05 18.58 .47 
3 33.46 1.85 2.54 7.30 20.17 1.60 
4 32.95 2 .51 2.54 7.20 19.84 .86 
5 31.86 3 .88 4.41 7.48 14.38 1. 71 
6 27.09 1. 76 2.60 5.66 16.54 .32 
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TABLE 12. AMOUNT OF FEED BY LoTs RECEIVED BY Cows Nos. 
27, 62, 43, 4 and 63. (Pounds) 

Lot No. 43 No.62 I No. 4 No. 27 No.63 

Corn 1 814.8 453.1 745.1 661.1 714.7 
2 102 .8 65 .3 102 .8 113.1 92.6 
3 1056.0 554.3 945 .8 1165.1 889.7 

Bran 1 436.0 264.4 323.1 382 .0 382.9 
2 550 .9 292 .0 495.8 607.7 465.4 

Oilmeal 1 493.4 268.2 396.4 484.8 422.4 

Oats 1 . ... .. . .. . 10.0 26.0 10.0 . ......... 
Alfalfa hay 1 402.0 157.0 258.0 126.0 222.0 

2 1050 .0 691.5 1053.0 1009.5 1017.0 
3 568.0 277.6 499.0 485 .0 486.0 
4 529.0 204.4 465 .0 382 .0 441.0 
5 902.0 289 .2 902.0 661.6 902.0 
6 140.0 78.0 260.0 240.0 230.0 

Silage 1 1615.0 929.5 1080.0 1620.0 1800.0 
2 1558.0 1355.0 1794.5 2112 .2 1800.0 
3 1266.0 1205.4 1785.0 1972.5 1800 .0 
4 722.7 734.7 878.2 1235.0 1096.7 
5 659.5 610.9 978.5 1050.6 975.3 
6 163.3 252 .0 563 .0 787.6 574.6 

Green alfalfa 1 1084.6 1150.9 1104.3 2113 . 7 1132.4 
Green clover 1 187.5 135.0 190.8 297.4 190.1 
Green corn 1 1180.8 816.0 1195.0 1914.0 1178.8 
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TABLE 13. AMouNT OF FEED BY LoTs RECEIVED BY Cows Nos. 
206, 304, 400, 303 and 211. 

Lot No. 206 No. 304 No. 400 No. 303 No. 211 
Corn (Lbs.) 1 1224.0 813.6 664.5 464.0 .......... 

2 62.9 62.3 45.7 57.1 .......... 
3 636.0 734.6 429.8 .......... 234.6 
4 . . ... ..... 17.7 . ......... . . ........ 438.8 

Bran (Lbs.) 1 612.0 406.8 332.2 232.0 . . ··· ··· .. 2 31.4 31.1 22.8 28.6 . .. . ..... 
~;.: 3 318.0 367.3 214.9 117.3 ~~ ... ....... 

4 . . ........ 8.8 .......... . . .... ... . 219.4 r·--t·n 

Oilmeal (Lbs.) 1 345.4 238.8 189.7 116.0 . .. ....... 
2 15.7 15.6 11.4 14.3 . ........ 
3 119.6 148.3 83.9 ... ....... 58.6 
4 . ....... . . 4.4 . .. .... ... . . .... ... . 109.7 

Alfalfa hay(Lbs.) 1 291.0 . . .. . . . . . . . . . ........ . . .. ...... . . .. .. .. .. 
2 1631.0 1159.5 1029 .5 819.5 . .. ..... . . 
3 110.0 85.0 80.0 100.0 .......... 
4 904.0 750.0 684.0 ....... . .. . . ·· · ··· .. 5 2748.9 2585.2 2135.3 . ... . .. ... 60.0 
6 . .. ·······. 227.0 95.1 .. · ···· · · . 1118.5 

Silage (Lbs.) 1 2085.5 160.0 644.0 .... ... ... . . .. .. .. .. 
2 1925.0 1387.0 1715.0 1289.0 .... ...... 
3 1640 .0 1170.0 1435.0 1245.0 ... . .. ... . 
4 1769.0 1308.0 1376.0 1075 .0 . .. . .... . . 
5 527.0 881.0 554.0 .. ........ 680.0 
6 . . .. .. . . . . 644.0 226.4 .......... 4034.0 
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TABLE 14. YIELD AND AVERAGE COMPOSITION OF MILK BY 10-
DAY PERIODS. Cow No. 206. 

Pounds Per cent Per cent Per cent Per cent Per cent Period milk fat nitrogen protein sugar ash (N x 6.38) 

1 217.4* 3.27 .47 3.03 4.25 . ········ . 2 402.6 3. 71 . 46 2.94 4.21 .907 
3 427.3 3.55 .46 2.96 4.14 .758 
4 432.8 3 .31 .47 2.97 4.50 .781 
5 409.2 3.30 .41 2.61 4.58 .755 
6 372.6 3 .26 .45 2.86 4.41 .748 
7 445.4 3.35 .44 2.82 4.06 . 737 
8 403.3 3.44 .45 2 .89 4.35 .827 
9 427.5 3.60 .45 2.88 4.58 .745 

10 403.1 3 .60 .43 2.77 4.47 .719 
11 412.8 3.56 .43 2.76 4.08 .731 
12 410.0 3.95 .45 2.90 4.00 .732 
13 360.0 3.80 .47 3.03 3.91 . 711 
14 377.4 3.80 .46 2.96 4.0G .735 
15 372.l 3. 70 .46 2.96 4.20 .727 
16 349.0 3.81 .47 2.97 4.16 .713 
17 343.2 3.56 .46 2.95 4.19 .739 
18 331.1 3.86 .44 2.97 3.84 .722 
19 326.4 3.55 .44 2.83 4.30 .741 
20 330.6 3.10 .46 2.94 4.30 .773 
21 356.3 2.70 .47 3.00 4.19 .774 
22 331.9 2.81 .45 2.88 4.18 .746 
23 293.l 2 .65 .45 2.88 4.30 .705 
24 325.0 2.87 .47 2.98 4.27 .709 
25 313.7 2.91 .45 2.87 4.29 .724 
26 297.3 3.49 .46 2.95 4.27 .709 
27 257 .1 3.40 .47 2.98 4.15 .723 
28 279.5 3 .33 .50 3.17 4.25 .716 
29 282.2 3.14 .50 3.16 4.35 .717 
30 269.3 2.93 .49 3.05 4.08 .759 
31 245.7 3.16 .50 3.20 4.20 .699 
32 234.4 3.39 .51 3.23 3.77 .741 
33 188.8 3.21 .50 3.20 3.70 .749 
34 202.8 3 .22 .51 3.26 3.49 .746 
35 197.8 3.57 .51 3 .26 3.53 .726 
36 

I 
169.9 3.93 51 3.26 2.82 .758 

37 188.0 3.52 
I 

.49 3.15 4.14 .729 

Average! 3.401 I .463 2.951 4.175 .715 
* 5 Days. 



114 MISSOURI AGR. ExP. STA. RESEARCH BULLETIN No. 7. 

TABLE 15. YIELD AND AVERAGE COMPOSITION OF MILK BY 10-
DAY PERIODS. Cow No. 304. 

I 
Period Pounds Per cent Per cent Per ce.nt I Per cent Per cent 

milk fat nitrogen protem I sugar ash N x 6.38 

1 366.8 4.18 .52 3.30 4.14 .761 
2 389.2 4.00 .48 3.07 4.25 .762 
3 397.6 4.10 .50 3.21 4.60 .726 
4 388.2 3.95 .47 2.98 4.62 .709 
5 344.9 3.48 .43 2.76 4.50 .748 
6 326.5 3.59 .46 2 .96 4.10 .690 
7 336.9 3 .69 .49 3.10 4.25 . 711 
8 322.1 3.80 .51 3 .24 4 .38 .731 
9 260.3 4.10 .52 3.34 4.29 .730 

10 276.8 3.43 

I 

.50 3.18 4.25 .726 
11 264.2 3.90 .49 3.12 4.09 .729 
12 261.5 3.60 .49 3.12 4.43 .716 
13 268.0 3.55 .48 3.05 4.40 .713 
14 271.6 3.50 .48 3.03 4.36 .760 
15 275.8 3.44 .48 3.05 4.29 .759 
16 282.5 3.46 .49 3.12 4.34 .724 
17 263.3 3.45 .49 3.13 4.40 .719 
18 253.4 3.49 .50 3.18 4.36 .708 
19 262.2 3,36 .50 3.18 4.57 .670 
20 262.9 3.42 .50 3.17 4.45 .710 
21 260.4 3.50 .49 3.15 4.49 . 719' 
22 246.3 4.01 .52 3.31 4.50 .682 
23 262.6 3.96 .54 3.43 4.56 .707 
24 242.4 4.00 .53 3 .21 4.54 .694 
25 233.9 3.70 .53 3.37 4.62 .699 
26 225.4 4.02 .55 3.52 4.35 .747 
27 215.8 3.96 .59 3.74 4 .20 .751 
28 180.8 4.18 .60 3.82 4.00 .748 
29 173.7 4.10 .62 3.94 3.47 .700 
30 145.8 4.65 .65 4.12 3.50 .764 
31 141.3 4.71 .61 3.87 4.25 .740 
32 132.6 5 .07 .64 4.06 4.13 .769 
33 132.0 5.01 .61 3.92 4.24 .778 
34 143.4 4.26 .59 3.74 4.43 .737 
35 142.3 4.31 .58 3 .69 4.49 .769 
36 137.2 4.48 .61 3.87 4.49 .739 
37 78.4* 4.75 .58 3. 71 4.50 .721 

Average 3.853 .514 3.278 4.339 .725 
* 4 Days. 
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TABLE 16. YIELD AND AVERAGE COMPOSITION OF MILK BY 10-
DA Y PERIODS. Cow No. 400 

Pounds Per cent Per cent Per cent Per cent Per cent Period milk fat nitrogen protein sugar ash N x 6.38 

1 105.7* 4.35 .61 3.86 4.68 .801 
2 207.7 4.29 .56 3.59 4.80 .791 
3 213.0 4 .21 .57 3.65 4.62 .832 
4 228 .4 3.90 .54 3 .48 4.70 .800 
5 228 .8 3.98 .56 3.59 4.70 .811 
6 227.6 3.85 .56 3.58 4.80 .801 
7 224.6 3.68 .56 3.55 5.00 .817 
8 225.5 3.42 .55 3.52 3.50 .795 
9 220.1 3.90 .53 3.38 4.09 .806-

10 207.3 3.75 .56 3.57 4.60 .765 
11 199 .5 4.10 .56 3.59 4.60 .766 
12 199 .2 3.80 .54 3.4.5 4.56 .767 
13 192 .9 3.75 .55 3 .53 4 .66 .769 
14 190.2 3.80 .54 3.42 4 .27 .781 
15 177 .3 3.94 .51 3.28 4.58 .762 
16 164.2 4.10 .53 3.37 4.92 .763 
17 163 .9 3.44 .51 3.28 4.65 .773 
18 166.4 3.45 .53 3.36 4.48 .744 
19 155.l 3.65 .52 3.33 4.67 .763 
20 166.5 3.70 .. 53 3.40 4.65 .760 
21 163 .0 3.70 .53 3.39 4.70 .745 
22 158.6 3.65 .54 3.42 4 .74 .749 
23 156 .7 3 .61 .54 3 .41 4.75 .743 
24 142 .5 4.06 .53 3 .38 4.75 .738 
25 142.4 3.92 .55 3 .52 4 .72 .748 
26 134 .2 4.17 .5.5 3.51 4.75 .783 
27 114.7 3.81 .55 3.51 4 .30 .791 
28 93.7 4.27 .56 3.59 4.10 .799 
29 96.2 3.65 .57 3.62 4.02 .778 
30 80.9 4.20 .55 3.52 4.00 .806 
31 74.2 4.28 .57 3.61 3.60 .799 
32 71.4 4.23 .56 3.56 3 .02 .789 
33 60 .6 4.20 .55 3.53 2.15 .793 
34 57.4 4.70 .56 3.55 4.25 .785 
35 56.2 4 .54 .56 3 .55 4.33 .807 
36 51.1 4.39 .55 3 .49 4.50 .792 
37 55.3 4.22 .55 3.51 4.51 .789 

Average 3.889 .547 3.491 4 .498 .781 
* J5 Days. 
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TABLE 17. YIELD AND AVERAGE COMPOSITION OF MILK BY 30-
DAY PERIODS. Cow No. 43. 

30 days 
ending 

Oct. 25 
Nov. 24 
Dec. 24 
Jan. 23 
Feb. 22 
Mar. 23 
Apr. 22 
May 22 
June 21 
July 21 
Aug. 20 
Sep. 23 

1 32 Days. 
2 34 Days. 

Pounds Per cent 
milk fat 

920.51 4.60 
776.4 5.18 
680.0 5.42 
674 .8 5.15 
652.5 5.35 
669.5 5.02 
634.9 5.20 
615.6 5.03 
586.8 4.80 
619.0 4.20 
599.7 4.20 
509.82 4.30 

8039.5 4.88 

Per cent Per cent Per cent Per cent protein nitrogen (N x 6.38) sugar ash 

.57 3.64 5.30 .710 

.59 3.76 5.45 .770 

.55 3.51 4.50 .747 

.52 3.32 4.55 .615 

.56 3.57 3.70 .707 

.55 3.51 4.10 .712 

.55 3.51 4.35 .720 

.53 3.38 4 .60 .728 

.56 3.57 4.00 .697 

.55 3.51 4.78 .664 

.57 3.64 4.49 .697 

.59 3.76 3.89 .609 

.56 .3 .56 4.52 .70 

TABLE 18. YIELD AND AVERAGE COMPOSITION OF MILK BY 30-
DAY PERIODS. Cow No. 4. 

30 days 
ending 

Nov. 24 
Dec. 24 
Jan. 23 
Feb. 22 
Mar. 23 
~r. 22 

ay 22 
June 21 
July 21 
Aug. 20 
Sep. 19 
Oct. 5 

1 48 Days. 
2 lG Days. 

Pounds Per cent 
milk fat 

1266.41 5.18 
631.5 5.67 
643.6 5.80 
623.2 5.95 
622.4 5.97 
524.3 6.10 
454 .3 5.72 
454.7 5.40 
489.9 5.17 
475.5 4.67 
426.l 5.00 
161. 72 5.20 

6773.6 5.50 

Per cent Per cent Per cent Per cent protein nitrogen (N x 6.38) sugar ash 

.63 4.02 4.97 .842 

.64 4.08 3.83 .768 

.62 3.96 ..... .800 

.62 3.96 4.00 .760 

.65 4 . 15 4.20 .791 

.63 4.02 4.70 .792 

.66 4.21 4 .60 :702 

.67 4.27 4.10 .661 

.64 4.08 4.41 .737 

.65 4.15 4.36 .684 

.68 4.34 4.16 .732 

.70 4.47 4.36 . 731 

.64 4 .12 4.28 .76 
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TABLE 19. YIELD AND AVERAGE COMPOSITION OF MILK BY 30-
DAY PERIODS. Cow No. 63. 

30 days 
ending 

Oct. 25 
Nov. 24 
Dec. 24 
Jan. 23 
Feb. 22 
Mar. 23 
Apr. 22 
May 22 
June 21 
July 21 
Aug 20 
Sep. 19 
Oct. 2 

I 
i 22 Days. 
2 13 Days. 

Pounds Per cent 
milk fat 

500.21 5.90 
641.4 6.22 
579.0 6.50 
563.3 6.40 
523.6 6.43 
520.9 6.35 
590.0 6.60 
463.3 6.28 
470.6 5 .77 
419.9 5.57 
420.1 5.20 
323.0 5.40 
118.62 5.56 

6033.9 6.09 

Per cent Per cent Per cent Per cent protein nitrogen (Nx 6.38) sugar ash 

.69 4.40 4.70 .778 

.72 4.59 3 .83 .780 

.69 4.40 ..... . .741 

.67 4.27 4.08 .740 

.70 4.47 4.35 .741 

.70 4.47 4.60 . 771 

.70 4.47 5.05 .795 

.68 4.34 4 .50 .744 

.65 4.15 4.40 . 713 

.68 4 .34 4.10 .707 

.66 4.21 . 4.53 .684 

.69 4.40 3 .66 .703 

.67 4.27 4.28 .696 

.68 4.37 4.21 .74 

TABLE 20. YIELD AND AVERAGE COMPOSITION OF MILK BY 10 DAY 

PERIODS. Cow No. 303. 

Period Pounds Per cent Per cent Per cent Per cent Per cent protein 
milk fat nitrogen (N x 6.38) sugar ash 

1 294.9 3.73 .48 3.09 4.75 .725 
2 307.5 3.75 .49 3.12 4.76 .716 
3 302.9 3.62 .50 3.18 5.00 .691 
4 293.4 3.56 .48 3.06 5.02 .726 
5 297.2 3.97 .48 3.04 4.78 .752 
6 297.2 3.86 .48 3.04 4.56 .708 
7 284.3 3.78 .48 3.05 4.62 .733 
8 270.8 4.10 .48 3.05 4.56 .665 
9 264 .3 4.13 .47 2.97 4.51 .682 

10 254.2 4.04 .46 2.92 4.63 .649 
11 239.9 4.02 .47 2.97 4.75 .720 
12 218.5 3.89 .46 2.92 4.25 .654 

Average 3.861 .476 3.040 4.695 .703 
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TABLE 21. YIELD AND AVERAGE COMPOSITION OF MILK BY 10-DAY 

PERIODS. Cow No. 211. 

Per cent 

Period Pounds Per cent Per cent protein Per cent Per cent 
milk fat nitrogen (N x 6.38) sugar ash 

1 395.8 ' 3.16 .47 3.02 4.57 .681 
2 386.3 2.91 .45 2.89 4 .72 .708 
3 371.4 2.96 .43 2.71 4.80 .674 
4 379.9 3.03 .44 2.83 4 .82 .678 
5 403.5 3.18 .44 2.82 4.86 .680 
6 418.7 3.15 .45 2 .84 4.95 .666 
7 423.5 3.13 .45 2.87 5.05 .651 
8 415 . 1 3.07 .46 2.96 5.05 .657 
9 408. 7 3.00 .45 2.89 5.05 .653 

10 392.7 3.02 .45 2.89 5.09 .657 
11 387.8 3.02 .45 2.89 5 .08 .658 

Average 3.052 .446 2.868 4.904 .667 

TABLE 22. SUMMARY OF MILK YIELDS AND AVERAGE COMPOSITION. 

I 

I Pounds Per cent Per cent Per cent Per" cent 
Cow No. Breed milk fat protein sugar ash 

206 Holstein 11,986.9 3.40 2 .95 4.18 .75 
304 Ayrshire 9,169.0 3.85 3.28 4.34 .73 
400 Shorthorn 5,573.0 3.89 3.49 4.50 .78 

43 Jersey 8,039.5 4.88 3.56 4.52 .70 
62 Jersey 3,188.9 5.31 3.99 4.52 .75 
4 Jersey 6,773 .6 5.50 4.12 4.28 .76 

27 Jersey 8,522 .9 5.51 3.98 4.60 .73 
63 Jersey 6,033.9 6.09 4 .37 4.21 .74 

303 Ayrshire 3,325. l 3.86 3.04 4.70 .70 
211 Holstein 4,393.4 3.05 2.87 4.90 .67 

TABLE 23. YIELD OF MILK, MILK CONSTITUENTS AND ENERGY 

VALUE OF MILK. 

Cow Pounds Pounds Pounds Energy Energy value· 
No. fat protein sugar value per lb. milk 

(therms) (therms.) 

206 407.7 353 .8 499.9 3307.6 .2759 
304 353.3 300.6 397.9 2789.4 .3042 
400 216.9 194.5 250.7 1743.0 .3127 
43 387.9 282.5 359.7 2830.7 .3520 
62 169.4 127.3 144.4 1219.9 .3825 

4 372.9 278.3 290.2 2630.3 .3883 
27 470.0 339.4 392.6 3344.0 .3923 
63 367.9 263.8 265.4 2536 .1 .4203 

303 128.4 101.1 156.1 1020.0 .3067 
211 134.1 126.0 215.5 1200.8 .2733 
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MAINTENANCE 

The results of the maintenance trials for the four Jersey cows, 
Nos. 27, 63, 43, 62 have already been published in detail1 and will 
not be repeated here. Trials were conducted in a similar manner 
for Nos. 206, 304, 400. At the end of the year in milk these cows 
were dryed as soon as possible and the maintenance trial begun about 
one month later or as soon as the ration could be properly adjusted 
to the smaller requirements. With all seven animals the ration used 
on maintenance was the same and consisted of the same feeds as fed 
when in milk. The grain was a mixture of corn meal, 4 parts, 
wheat bran, 2 parts and linseed oilmeal, 1 part. The ratio between 
the amounts of grain, hay and silage fed, was 1 :1 :4. 

No. 206 was a large framed cow carrying but little flesh. The 
results seem to indicate that a cow of this type requires somewhat 
more than the Armsby standard for maintenance while a cow 
carrying more flesh is liable to come close to this standard. Probably 
had No. 206 carried 100 lbs. more flesh her maintenance require
ment would have been closer to the standard. Such an addition to 
a cow of this size would not have increased the body surface to any 
extent and would not have been sufficient to have burdened the 
organs of the body. 

No. 206 was started at an average weight of 1283 lbs. for the 
first 10 days, while the average for the last 10 days was 1303 lbs., a 
gain apparently of 20 lbs. in 150 days. 

No. 400 averaged 1139 lbs. for the first ten days and closed at 
1127 lbs., an apparent loss of 12 lbs. in 150 days. Her maintenance 
requirement was exceedingly close to Armsby's standard. 

No. 304 average 990 lbs. for the first 10 days and 978 for the last 
10, an apparent loss of 12 lbs. Her maintenance requirement was 
also almost exactly as called for by the standard used. 

The data in Table 24 gives the average ration per day, for each 
of the seven cows for which maintenance trials were made, the re
quirement in energy value for an animal of that weight according to 
Armsby's standard and the energy value of the ration actually 
required as calculated by using Armsby's" Production Value" tables. 

Table 25 gives the total amount of protein and energy value 
required for the entire maintenance period calculated by using 
Armsby's standard. 

'Research Bulletin No. 5, Missouri Exp. Station. 
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TABLE 24. SUMMARY OF RATION FED ON MAINTENANCE. 

Cow Days on Pounds Pounds Pounds Weight Armsby I Actually 
No. main ten- grain hay per silage of animal standard used a nee per day day per day (therms) · (therms) 

I 
206 150 4.48 4.48 17.94 1291 7.25 7.91 304 130 3.32 3.32 13.28 1984 5.90 5.86 400 150 3.77 3.77 15.06 1129 6.58 6.65 27 160 3.29 3.30 13.20 889 5.55 5.81 62 180 2.92 2.92 11.76 916 5.59 5.17 63 120 2.95 2.95 11.88 886 5.80 5.21 4 150 3.43 3.43 13.78 792 5.20 '6.06 

TABLE 25. TOTAL PROTEIN AND ENERGY REQUIRED FOR 
MAINTENANCE.* 

Cow Therms Therms for Pounds Pounds 
No. per day entire period protein protein for 

per day entire period 

206 7.25 2646.2 .61 222.7 
304 5.90 2153.5 .49 178.9 
400 6.58 2401.7 .56 204.4 
43 5.19 1894.3 .42 153.3 
62 5.59 2040.3 .46 167.9 

4 5.20 1898.0 .43 157.0 
27 5.55 2025.7 .46 167.9 
63 5.80 2117.0 .48 175.2 

303 6.10 732.0 .51 61.2 
211 6.22 684.2 .52 57.2 

* Calculated by using .Armsby's Standard. 

PROTEIN AND ENERGY USED FOR MILK PRODUCTION. 

Comparison With Armsby's Standard. As previously stated 
no attempt is made in this investigation to determine the protein 
requirement for milk production. The general plan was to feed 
sufficient protein and study the requirement for energy value. 
Table 26 therefore is introduced to show how much protein was 
used per pound of milk by each cow with no intention of assuming 
it to be the proper amount. This table is calculated from the 
quantity of feed given each animal as found in Table 9, and by 
using Armsby's "Production Value" table which is of course based 
upon average composition of feedstuffs. Later in Table 38 another 
protein figure is given based upon actual analyses and digestion 
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TABLE 26. PROTEIN IN FEED FOR MAINTENANCE, FOR PRODUCTION• 

AND PER POUND OF MILK. 

Total Total protein Protein Protein 
Cow protein for available for per pound of 
No. consumed maintenance production milk 

Pounds Pounds Pounds Pounds 

206 824 .9 222.7 602.3 .0502 
304 687.7 178.9 508.8 .0554 
400 543.3 204.4 338.9 .0608 

43 708.1 153.3 554.8 .0690 
62 402.1 167.9 234.2 .0734 
4 662.0 157.0 505.0 .0745 

27 713 .1 167 .9 545.2 .0640 
63 655.2 175.2 480.0 .0795 

303 193.4 61.2 132 .2 .0397 
211 249.7 57.2 192.5 .0438 

coefficients. It will be observed that the amount of protein used by 
the cows No. 400, 304, and 303 that produced milk with a fat con
tent of close to 4% was higher in two cases and lower in one than 
the amount suggested by Armsby. Since Armsby does not give 
the protein requirements for cows with milk richer than 4% the 
comparison cannot be carried farther. 

The main comparison to be made is with the total energy value 
of the ration. Table 27 is calculated by using the amount of each 
feedstuff as given in Table 9 and the "Production Value" table~f 

TABLE 27. ENERGY IN FEED FOR MAINTENANCE, FOR PRODUCTION,. 

AND PER POUND OF MILK. 

Energy Energy Energy Energy 
Cow value of for available for used per 
No. feed maintenance production pound milk 

(Therms) (Therms) (Therms) (Therms) 

206 5823.6 2646.2 3177.4 .265 
304 4733.2 2153.5 2579.7 .281 
400 3882.9 2401. 7 1481.2 .266 
43 5159.1 1894;3 3264.8 .405 
62 3139 .4 2040 .3 1099.1 .345 
4 4968 .9 1898 .0 3070 .9 .453 

27 5598 .3 2025 .7 3572.6 .419 
63 5036.1 2117 .0 2919.l .483 

303 1605.5 732 .0 873.5 .263 
211 2079.7 684 .2 1395 .5 .317 
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Armsby. Since this table is based upon average analyses it means 
i:hat in Table 27 no use is made of the actual chemical analyses 
which were made of all the feeds used. The "Production Value" 
table is used in this case as it is intended to be used by assuming 
all feeds to be of average composition. 

The "energy for maintenance" is the amount that each animal 
would require for this purpose during the entire period in milk, 
assuming that their maintenance requirement was that of Armsby's 
standard for an animal of the respective weights as calculated in 
Table 24. The "~nergy available for production" is the difference 
between the total energy value O:f the ration and the amount needed 
for maintenance. The available energy value divided by the total 
pounds of milk produced by the animal gives the final figure, the 
.energy value used per pound of milk. It will be observed that the 
requirement varies from .265 therms for No. 206 with an average 
fat content of 3.40, to .483 therms for No. 63 with 6.09% fat. The 
figures for No. 303 and 211, the two that were in the experiment for 
less than a year compare fairly well with the others except No. 211 
is considerably higher than some others giving richer milk. These 
results will be discussed further in another connection but it is evi
dent from the data given that the richness of the milk is an important 
factor in determining the amount of feed required and that the re
quirement varies quite consistently with the energy value of the 
milk. 

Table 28 brings together for comparison the average per cent of 
fat for each cow, the energy required per pound of milk calculated as 

TABLE 28. ENERGY VALUE OF FEED PER POUND OF MILK.* 

Per cent Armsby's stand- Actual mainten- Energy value 
Cow fat in ard: Therms ance: Therms per pound of 
No. milk per pound of per pound of milk 

milk milk (Therms) 

206 3.40 .265 .245 .2759 
304 3.85 .281 .283 .3042 
400 3.89 .266 .261 .3127 

43 4 .88 .406 ... . .. . . ........ .3520 
62 5.31 .345 .372 .3825 
4 5.50 .453 .409 .3883 

27 5.51 .419 .437 .3923 
63 6.09 .483 .524 .4203 

303 3.86 .263 . .. . .. . ..... . . . . .3067 
211 3.05 .317 ..... . . . ... . . . . .2733 

*Calculated by Armsby's Standard and Tables and by Actual Maintenance and 
.Arrnsby's Tables. 
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in Table 27 and the energy required per pound of milk when the 
actual maintenance requirements are used in place of using Armsby's 
standard. 

No. 206, for example, according to the Armsby standard should 
have a maintenance requirement of 7 .25 therms per day while the 
result of the 150-day trial indicated that she used 7.91 therms. 
The latter figure is used in making the calculation given in the column 
headed "actual maintenance" in T able 28. The calculations are 
made by using the same "Production Value" figures . The figures 
obtained in this manner are necessarily more accurate since one 
varying factor, that of maintenance requirement, is eliminated by 
using the actual in place of the estimated. 

The cows for which no figures are given in the column headed 
"Actual Maintenance" are those for which maintenance trials. 
were not made. The energy required per pound of milk as cal
culated in this manner varies from the first calculation with certain 
animals and tends to make the results more consistent. For example· 
No. 62 which shows a very low energy requirement per pound of milk 
calculated by using Armsby's standard for maintenance shows a con
siderably higher figure on account of having an exceedingly low 
maintenance figure. In general , the data presented shows that for· 
those cows, No. 304, 400, 303, that produced milk containing close 
to 4% that the requirements were not far from the standard as 
suggested by Armsby. Three of these cows while producing milk 
showing between 3.80 and 3.90% fat used about .03 therms below 
Armsby's figures for milk with 4.0% fat. It should be borne in 
mind that these cows were farrow and kept at uniform weight, con
ditions that do not necessarily exist with many cows in ordinary 
dairy herds. Armsby gives no figures for the requirements of cows 
producing above 4% fat, therefore no comparison can be made of the· 
energy used by the cows producing the richer milk. 

COMPARISON WITH HAECKER'S STANDARD. 

Table 29 gives the amount of digestible protein, carbohydrates. 
and fat that each cow would require per pound of milk according to, 
Haecker's standard. The column headed "Total Nutrients" is 
introduced to combine the nutrients so a comparison may be made 
with the amount actually received. In calculating these figures 
the digestible ether extract was multiplied by 2.25 and the result 
added to the digestible protein and carbohydrates. 
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TABLE 29. NUTRIENTS REQUIRED FOR MILK BY HAECKER's 

STANDARD.* 

Cow No Percent Protein Carbo- Ether Total 
fat hydrates extract Nutrients 

206 3.40 .043 .194 .015 I .271 
304 3.85 .046 .210 .016 .292 
400 3.89 .046 .219 .016 I .292 

43 4.88 .053 .243 .018 .337 
62 5 .31 .056 .256 .019 .355 
4 5.50 .057 .263 .019 .363 

27 5.51 .057 

I 
.263 .019 .363 

63 6.09 .061 .283 .021 .391 
303 3.86 .046 .210 .016 .292 
211 3 .05 .040 .184 .014 .256 
* Maintenance calculated by Haecker 's Standard. 

Table 30 is calculated to show the nutrients actually used by 
the cows in this experiment. In making these calculations the total 
·digestible nutrients were found by applying to the feed received 
the figures from the tables found in Henry's H Feeds and Feeding." 

TABLE. 30. NUTRIENTS USED FOR MILK PRODUCTION. 

Haecker's Actual 
main ten- main ten-

Cow No. Protein Carbo- Ether Total ance. ance. 
hydrates extract nutrients Percent Percent 

above above 
standard standard 

206 I .068 .152 .015 .254 -6.3 +11.0 
304 .077 .189 .016 .302 +3.4 -+-19 .8 
400 .086 .105 .019 .234 -19.9 +17.5 

43 .093 .296 .023 .441 +30.8 .......... 
62 .099 .119 .034 . 295 -16.9 +27 .8 
4 . 103 .325 .026 .589 +62.2 +33.3 

27 .086 .292 .024 .432 +19.0 +23 . l 
63 .108 .319 .029 .492 +25.8 +55 .2 

303 .053 .154 ·.016 .243 -16.8 .. . ...... 
211 .059 .219 .017 .316 +23.4 . .. . . .... 

The amount to be deducted for maintenance was determined by 
using Haecker's standard of digestible nutrients, namely, protein, 
.7 lbs., carbohydrates, 7.0 lbs., ether extract, ·.1 lb. per 1000 lbs. 
live weight. It is impossible to compare the different nutrients di-
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reedy to any advantage since the cows in this trial received so much 
more protein in their ration. The only comparison of much signi
ficance is between the columns giving total nutrients. The column 
next to the last in this table gives the per cent of total nutrients 
above or below that called for by Haecker's standard for a cow giv
ing milk of this particular richness. It will be observed that five 
out of the eight cows whose records cover the entire year used more 
nutrients than Haecker's standard calls for. In one case the excess 
was 62.23. Three of the eight cows used less than Haecker's 
standard calls for. Of. the two cows used for shorter intervals one 
used less and one more than the standard. Only one of the cows 
producing milk with over 43 of fat was able to do so with the nutri
ents called for by this standard. The last column is calculated by 
using the actual maintenance requirements as found for the animals 
for which the figures are given. The average amount of grain, hay 
and silage fed as given in Table 24 was used with the same figures 
as before for calculating the digestible nutrients. The results cal
culated in this way are far more consistent. In every case the cows 
used more than the amount prescribed by Haecker's standards. It 
should be further noted that this excess is greater with the richer 
milk. At a later point data is introduced for two Jersey cows pro
ducing milk testing from 6.473 to 7.273 fat and covering a period of 
142 days. One producing 2238 lbs. of milk with a fat content of 
7.273, used nutrients to the amount of 27.23 above the standard. 
The other producing 1942 lbs. milk with 6.473 fat used 10.23excess 
of nutrients. Maintenance was assumed to be as calculated from 
Haecker's standard. 

The only conclusion that can be drawn from the data given is 
that Haecker's standard did not, for these cows, supply sufficient 
nutrients for milk production and maintenance. The deficiency was 
most marked with those cows producing rich milk. Haecker's 
experiments upon which he based his standard covered 154 days, 
during the winter season. Only two cows were included that pro
duced milk with a fat content above 53 'and these were not far in 
excess of that figure. He assumed average maintenance require
ments. His low results may have co.me about from having used 
cows with maintenance requirements below the average which 
would tend to lower the amount used per pound of milk produced. 
It is also possible that his cows were underfed but the time was not 
sufficient to make the condition noticeable. 
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REQUIREMENTS FOR PRODUCTION 

As already indicated all feeds given were subjected to chemical 
analyses. The results of these analyses together with the amount of 
each lot consumed by each cow during the production period are 
found in Tables 10, 11, 12 and 13. 

Results of Digestion Trials. A digestion trial was also con
ducted with five of the animals, namely, No. 206, 304, 400, 62 and 27, 
covering 10 days when near the maximum milk production, and 
again for each of the same animals when dry and on a maintenance 
ration. This data for Nos. 27 and 6Z1 has already been published. 
As a result of this work it has been found that each of the five ani
mals showed a digestion coefficient when on full feed that was 
considerably lower than the average digestion coefficients in 
common use. In making these calculations the figures given by 
Jordan2 found in Table 31 were taken as average digestion coeffi
cients. In Table 32 the lines headed "Average" give the diges
tion coefficient for each cow calculated for each constituent of the 
ration using the chemical analyses and the average digestion coeffi
cients. The lines marked "Actual" give the per cent of that 
constituent of the ration as actually digested according to the 
results of the 10-day trial. 

It will be observed that in only a single case was the digestion 
of any of the constituents equal to what it should be calculated by 
average figures generally used. It should be said further that the 

TABLE 31. AVERAGE DIGESTION COEFFICIENTS USED. 

Crude Protein fibre 

Corn 67.9 58.0 
Bran 77.8 28.6 
Oilmeal 88.8 57.0 
Alfalfa 72.0 46.0 
Silage 49.3 66.7 
Green alfalfa 74.0 43.0 
Green Corn 54.0 51.0 
Green Clover 66.0 49.0 
Oats 77.0 31.0 

-
iResearch Bulletin No. 4, Missouri Exp. Station. 
•Jordan, W. H., The Feeding of Animals. 

Nitrogen- Ether free extract extract 

94.6 92.1 
69.4 68.0 
77.6 88.6 
69.2 51.0 
68.6 80.0 
72.0 39.0 
75.0 78.0 
71.0 61.0 
77.0 89.0 
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TABLE 32. COMPARISON OF AVERAGE AND ACTUAL DIGESTION 

COEFFICIENTS. FULL RATION. 

Cow Cow Cow Cow Cow 
No. 206. No. 400. No. 304. No.27. No.62. 
Holstein Shorthorn Ayrshire Jersey Jersey 

Total dry matter 
Average 70 .46 70 .19 71.78 70 .81 70 .79 
Actual 65.34 65 .52 64.31 66.27 66.95 

Protein 
Average 69.52 68.68 70.82 70.20 70 .20 
Actual 62.48 61.30 61.57 58.75 60.58 

Crude fibre 
Average 55 .47 56 .46 54.62 53.90 53.90 
Actual 50.41 50.94 47.48 53.82 53.89 

Nitrogen free extract 
Average 75.57 75.04 77 .08 76 .60 76 .60 
Actual 72.54 72.28 71.39 72.62 73 .62 

Ether extract 
Average 70 .44 70.79 72.11 78.00 78 .00 
Actual 68.72 71 .80 72 .00 66 .95 59.82 

same cows on maintenance showed a digestion coefficient even higher 
than average figures as may be seen from Table 37. The next step 
was to calculate the actual digestion coefficients in per cent of the 
average coefficients. The results of this calculation are given in 
Table 33. For example, No. 27 according to this could be assumed 

TABLE 33. ACTUAL DIGESTION COEFFICIENTS EXPRESSED IN PER 

CENT OF AVERAGE COEFFICIENTS. 

Crude Nitrogen- Ether Cow No. Protein fibre free extract extract 

27 83.69 100.00 94 .84 85.83 
62 86.30 100.00 96.11 76.69 

206 89.88 90.88 95.98 97.56 
304 86 .96 86.93 92.63 100.00 
400 89 .69 90 .21 96.32 101.42 

to digest 83.69% as much protein as would be found by using 
average digestion coefficients. In this way a table of digestion 
coefficients for each feedstuff was calculated for each of the animals 
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TABLE 34. DIGESTION COEFFICIENTS AS CALCULATED FOR Cow 

No. 27. 

Crude Protein :fibre 

Corn 56.80 58.00 
Bran 65.10 

I 
28 .60 

Oilmeal 74.30 57.00 
Alfalfa hay 60.30 40.00 
Silage 41.30 66.70 
Green alfalfa 61.90 43.00 
Green corn 45.20 51.00 
Green clover 55.20 49.00 
Oats 64.40 31.00 

Nitrogen-
free 

extract 

89.70 
65.80 
73.60 
65.60 
65.00 
68.30 
71.10 
67.30 
73.00 

Et 
ex tr 

her 
act 

79. 
58 . 
76. 
43 . 
68 . 
33. 
67. 
52. 
76. 

00 
40 
00 
80 
70 
50 
00 
40 
40 

used. Table 34 gives this data for No. 27. It has to be assumed 
in doing this that since No. 27 digested only 83.69% of the protein 
from the total ration that she should have done by average figures, 
that the digestion coefficient for the protein was depressed an equal 
amount for the protein in each part of the ration. Since the rations 
fed were kept in nearly the same proportions as between the grain 
and roughness this assumption would seem to be one that could be 
made without serious error. The digestion coefficients were cal
culated for each of the other animals in precisely the same manner 
but these figures are not put in print. Since no digestion trials were 
made for Nos. 63, 4, 43, 211, 303, the coefficients used for calculating 
the results from these animals are the averages of those for the five 
animals, Nos. 206, 304, 400, 27, 62. 

Table 35 gives this data in detail as calculated for No. 27. 
The others were prepared in the same manner but it was not thought 
necessary to put these figures into print in detail as they can be cal
culated by anyone interested from the data given. The summary 
is found in Table 38. 

Calculation of Energy Value. The calculations based .upon the 
chemical analyses and the digestion trials were made for each 
animal separately and were conducted as follows: The total amount 
of each constituent, as for example protein fed in the form of corn, 
was determined from the tables giving the record of feed consumed 
(Tables 1, 8) and from the record of chemical analyses (Tables 10, 12). 
The next step was to apply the digestion coefficient as calculated for 
the particular cow from the digestion trial (Table 34). This gives 
the amount of each digestible nutrient as far as could be calculated 
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TABLE 35. DIGESTIBLE NUTRIENTS AND ENERGY VALUES IN MILK 
DURING YEAR. Cow No. 27. 

Digestible Nutrients Diges-
Total tible Energy . Feed Carbo- Ether crude al bu- value 

Protein hydrates extract fibre min- (Th'rms)' (Lbs.) (Lbs.) (Lbs.) oids 

Corn 94.5 1266.0 75.9 35.5 83.2 1636.6 Bran 93.3 373.4 35.4 88 .3 75.5 437.4 Oilmeal 123.8 152.1 24.8 38.7 121.0 336.0 Alfalfa hay 252 .5 1130.9 31.0 911 .9 164.8 879.2 Silage 76.3 1332 .3 60 .1 561.9 47.4 1340.9 Green alfalfa 60 .6 204 .6 2 .9 153.6 31.3 194.8 Green clover 8.7 54.3 1.3 32.8 6 .1 50.3 Green corn 20.1 280 .0 12.1 135.8 6.9· 276.6 
Oats .7 4.7 .4 1.1 .6 6.2 

Total 730.5 4798.3 I 243.9 1959.6 536.8 5158.0 

for the animal in question. The amount of digestible albuminoids 
and the energy value in therms was calculated according to the 
method followed by Armsby in the calculation of his "Production 
Value" tables.1 Under the head "Digestible Albuminoids" is 
included the digestible proteins minus the protein in the amide form. 
The amides are assumed to be entirely digestible. The percentage 
of" amides" assumed for the different feeds were as follows: 

Corn. . . . . . . . . .58 per cent Silage.... . . . . . . .33 per cent 
Bran ..... . ... 1.80 per cent Green clover . .... 86 per cent 
Oilmeal. .... . .. 58 per cent Green corn .... . . 69 per cent 
Alfalfa hay ... 3.02 per cent Green alfalfa . . . 1.39 per cent 

The first four analyses of the feedstuffs used, were made by T. E. 
Woodward by the use of Stutzer's reagent. The figures used for the 
other feedstuffs were calculated from Farmers' Bulletins 22 and 346. 
The digestible protein (albuminoids) as given by Armsby in Bulletin 
346 is subtracted from the digestible protein in Bulletin 22. The 
difference represents the amides. The total digestible albuminoids 
received by each cow is also given in Table 38. 

Maintenance. The calculations for maintenance were based 
upon the chemical analyses of the feed and the digestion coefficients 
as calculated for the individual animals. Complete data regarding 
the maintenance trials for Nos. 27, 62, 4 and 63 are already in print. 

•Armsby, Bulletin 71, Pa. Exp. Station. 
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The composition of the ration fed 206, 304 and 400 may be calculated 
by taking the amount fed per day from Table 24 and using the 
chemical analyses as given in Table 36. Table 37 is made up in the 

TABLE 36. COMPOSITION OF FEED GIVEN Cows Nos. 206, 400 AND 
304 ON MAINTENANCE. 

Percent Percent Percent Percent crude nitrogen ether Percent 
protein fibre free extract ash 

extract 

Corn 9.33 1.88 73 .68 2 .76 2.40 
Bran 16.73 9.80 51.20 5 . 16 6.40 
Oilmeal 31.46 7.57 35.65 9.91 5.76 
Alfalfa 13.08 26.90 38.47 3 .03 7.78 
Silage 2.81 6 . 12 17.81 0 .34 2.12 

TABLE 37. COMPARISON OF AVERAGE AND ACTUAL DIGESTION 
COEFFICIENTS ON MAINTENANCE. 

Cow Cow Cow Cow Cow 
No. 206 No. 400. No. 304. No. 27. No.62. 
Holstein Shorthorn Ayrshire Jersey Jersey 

Total dry matter 
Average 65.3 65 .3 65 .3 69.1 69.7 
Actual 70.5 69.9 69.6 73.8 72 .2 

Protein 
Average 69.1 69.0 69.2 69.4 68.7 
Actual 71.1 69.7 73.5 67.3 65.5 

Crude fibre 
Average 56 .3 56.3 56 .2 52.7 53.8 
Actual 67.8 62.8 63.4 55.3 52.1 

Nitrogen free extract 
Average 75 .5 75.5 75 .6 74.6 75.4 
Actual 79.9 77.7 79.1 82.1 81.0 

Ether extract 
Average 71.8 71.8 71.9 77.0 76.7 
Actual 75.7 75.l 78.1 73.2 73.9 

same form as Table 32. The figures in the lines headed "Ave
rage" represent the per cent of the ration that should be digested 
calculated from average digestion coefficients as given in Table 31. 
The figures in the lines headed "Actual" show the amounts 
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digested as found by the digestion trial. From this data a table of 
digestion coefficients on maintenance was calculated for each animal 
as explained for Table 34. From these tables the data was calculated 
which appears under the heads of maintenance in Table 38. The 
digestible albuminoids and the energy value were calculated as 
explained in the paragraph, "Calculations of Energy Value," p .. -

Table 38 gives the total digestible protein, carbohydrates and 
ether extract calculated as explained by using the chemical analyses 
of the feed consumed and the digestion coefficients as calculated for 
each cow from the digestion trials. The digestion coefficients 
used for Nos. 4 and 63, however, are the averages for the five for which 
digestion trials were made. The maintenance data was not taken 
for No. 43 and f<?r this reason only the therms for maintenance are 
included which are calculated from the averages of the others. 

TABLE 38. NUTRIENTS AND ENERGY FOR MILK PRODUCTION. 

Digestible nutrients 

Digestible 
albumin-

Energy 
value 

Protein Carbo- Ether oids (Therms) 
hydxates extract 

Cow No. 206 
Total consumed . . ..... 1005 .0 5278.4 273 .2 775 .8 5956 .. 5 
For maintenance ...... 442.3 2845.5 109 .1 35.5.5 3133 .9 
For milk (11,986 lbs.). 562.7 2432.9 164.1 420.3 2822 .6 

For 1 pound milk, 
3 .40 percent fat .. .0469 .203 .0136 .035 .235 

Cow No. 804 
Total consumed .. . 807.5 4.-044.2 229.9 617.7 4426.2 
For maintenance . . .. 337.6 2060.4 83.2 273.8 2287.1 
For milk (9169) lbs .. 469.9 1983.8 146.7 343.9 2139.1 
For 1 pound milk, 

3. 85 percent fat .. ·.051 . 216 .016 .0375 .233 

Cow No. 400 
Total consumed ... .. 675.3 3555.9 186.6 515.4 3885.0 
For maintenance ... . 361.4 2301. 7 88.7 289.1 2528 . .0 
For milk (5573 lbs.) 313.9 1254.2 97.9 226.3 1357.0 
For 1 pound milk, 

3.89 percent fat .. .056 .225 .0175 .0406 .243 

Cow No. 43 
Total consumed .. . .. 760.5 4372.9 267.9 575.2 4822 .0 
For maintenance .... .... .. ... ... . . . . . . . . . . . . . . . . . . . . . . . . 1894.3 
For milk (8039 lbs.) . . . . . . . . . . .. . .. . ... . . . . . . . . . . ........ 2927.7 
For 1 pound milk, 

4 .88 percent fat .. . .. . . . . . . . ........ . . . . . . . . . . .. .... . . . .364 
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TABLE 38. NUTRIENTS AND ENERGY FOR MILK PRODUCTION. 

(Continued.) 

Digestible Nutrients 
Digestible Energy 
albumin- value 

Protein Carbo- Ether oids Therms 
hydrates extract 

Cow No. 62 
Total consumed ..... 421.2 2719.8 119 .7 312.4 2884.4 
For maintenance ... . 267.9 1832.3 99 .3 211.7 2002.8 
For milk (3188 lbs.) 153 .3 887.5 20.4 100.7 881.6 
For 1 pound milk, 

5 .31 percent fat .. .048 .278 .006 .032 .276 

Cow No. 4 
Total consumed .. ... 708.7 4318 .2 257.6 528.7 4695.9 
For maintenance .. .. 309.5 2173.2 118.3 243.5 2387.0 
For milk (6773 lbs.). 399.2 2145.0 139.3 285.2 2313.9 
For 1 pound milk, 

5 . 50 percent fat . . .0587 .3167 .0205 .042 .3416 

Cow No. 27 
Total consumed ..... 730.5 4798.3 243.9 536.8 5158.0 
For maintenance .... 298.6 2128.0 115.0 235.4 2330.5 
For milk (8522 lbs.). 431.9 2670.3 128.9 301.4 2827.5 
For 1 pound milk, 

5.51p ercent fat .. .051 .313 .015 .035 .332 

Cow No. 63 
Total consumed ..... 707.6 4324 .0 258.8 528.2 4700.3 
For maintenance .... 270.8 1865.5 99.3 213.8 2036.7 
For milk (6033 lbs.) . 436.8 2458.5 159.5 314.4 2663.6 
For 1 pound milk, 

6.09 percent fat .. .072 .4075 .026 .052 .4415 

Energy Used for Production. The energy required per pound 
milk calculated from the chemical analyses and the digestion trials 
is lower than that given in Table 27 where the calculations were 
based upon Armsby's standard for maintenance and his "Produc
tion Value" tables used to estimate the amount of energy value con
tained in the ration. The figures also are lower than those found in 
Table 28 where actual maintenance was deducted and the "Pro
duction Value" tables used to calculate the value of the ration con
sumed. One reason why the requirements, as calculated in Table 
38, are lower is that the cows in every case did not digest as high a 
proportion of the ration as is represented by average digestion coeffi
dents which are made the basis of Armsby's "Production Value" 
tables while on maintenance the same cows digested fully as much 
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as indicated by average digestion coefficients. The results of this 
is to decrease the apparent requirements in the way of energy value. 
It should be pointed out in this connection that the digestion trial 
.carried out when the cows were in milk was made at the maximum 
production and since the digestion coefficient was increased when the 
<:ows were dry and on a low ration as needed for maintenance it is 
probable that during that part of the milking period when the pro
<luction of milk was low the digestion coefficient was really higher 
than the one calculated. For this reason it is probable that the 
requirements given per pound of milk in Table 38 is really a little too 
low. It is recognized that the data given in Table 38 offers little that 
.can be made use of at present in practical feeding operations. 

Do Production Value Tables Apply to Milk Production? The 
author believes that the data presented justifies the question being 
raised as to the accuracy of the " Production Value" tables as pre
pared by Kellner and Armsby when applied to milk production. 
Kellner used mature fattening oxen in his investigation, and the 
"Production Value" tables of Armsby are based upon these results. 
Armsby states that practically no experiments of similar character 
are available for other purposes of feeding. Another point indi
<:ating that there is a discrepancy somewhere is the fact that the 
energy value of the milk (Table 23), with one exception, and that the 
<:ow with the richest milk is actually higher than the energy value of 
the feed necessary to produce it. (Table 38.) If the energy value 
of the feed is calculated directly by A,rmsby's "Production Value" 
tables( Table 28) six out of ten cows show more ene.rgy in the milk 
than in the feed. It would appear more probable that the error is 
in the energy value used for the feed than in the figure used for the 
energy value of the milk solids which presumably has been determined 
with reasonable accuracy. The author believes the data presented 
for the seven cows that were in the investigation during an entire 
year and for which maintenance trials were afterwards conducted 
is as accurate as can be taken by the means of investigation at hand. 
To carry the problem of the production value of feeds when used 
for milk production to a solution will probably require an extensive 
:series of investigations by the use of a calorimeter with cows in milk. 

DATA FROM OTHER SOURCES. 

The data as presented shows that the energy requirements for 
very rich milk is higher in proportion to the energy value of the milk 
than is the requirement for milk poorer in fat. The figure for No. 
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63 with an average of 6.09% fat is especially high. The following 
data is introduced for further comparison regarding the requirements 
for rich milk. Accurate feed and milk records are at hand for two 
Jersey cows in the University herd, but no maintenance data for 
these cows is available. This data is given in Table 39. The cal
culations are all made by using Armsby's "Production Value" 
tables and his maintenance standard. During this period the 
weights of the cows remained practically constant although both 
were pregnant. The energy per pound of milk is high with both. 
Cow No. 50 with 7.27% fat is practically the same as No. 63reported 
in Table 28 that produced milk with 6.09% fat. No. 55 with a fat 
content of 6.47% is lower than No. 63. This bears out in general the 
accuracy of the data from No. 63 covering the full year but suggests 
the possibility that No. 63 for some reason required rather more than 
the average for this richness of milk. 

TABLE 39. FEED AND PRODUCTION OF Two JERSEY Cows FOR 
142 DAYS. 

Alfalfa hay 
Clover hay 
Cowpea hay 
Silage . . . .. .. ..... . ........ . 
Grain .. . .. . . .... . ...... . . . 
Weight of cow . . .... ... .... . 
Total energy in ration ...... . 
Energy for maintenance .... . 
Energy for milk . . .. . . ..... ,. 
Milk produced . . .. . . ... . . . . 
Average percent fat . . ...... . 
Energy per pound milk . .. . . . 

Cow 
No. 50 

956 lbs. 
378 lbs. 

90 lbs. 
3629 lbs. 
1003 lbs. 
898 lbs. 

1860. 3 therms 
792 .4 therms 

1067 . 9 therms 
2238.6 lbs. 

7. 27 percent 
.477 therms 

Cow 
No. 55 

877 lbs. 
362 lbs. 
90 lbs. 

3203 lbs. 
730 lbs. 
823 lbs. 

1668 . 1 therms 
782. 6 therms 
891 . 4 therms 

1942 .6 lbs. 
6 . 47 percent 

.458 therms 

Table 40 gives results taken from the work of Savage,1 Most 
of his cows made decided gains in weight and for that reason only 
those were selected that remained practically uniform in weight dur
ing the 142 days of the experiment. In general his figures which are 
likewise calculated by using Armsby's "Production Value" tables 
and maintenance standard, show somewhat lower range than those 
reported in Table 28. 

isavage, E. S., Bulletin 323, Cornell University Exp. Station. 
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TABLE 40. REQUIREMENTS FOR MILK PRODUCTION-CORNELL 
UNIVERSITY HERD. 

Breed Pounds milk Average per Energy per 
Name pound milk per day cent fat (Therms) 

Hector's Buta Jersey 23 .49 5.53 .368 Cornella Jersey 18.49 5.31 .376 Cornella Jersey 24.12 5.28 .305 Effiie Guernsey 18.58 4.66 .333 Sigma Holstein 35.81 3.93 .281 Charity Holstein 31.82 3.73 .285 
Omega Holstein 25.91 3.72 .353 Psi Holstein 23.98 3.46 .281 
Chi Holstein 27.66 3.44 .306 Eta Holstein 36.25 3.22 .262 

Relation of Richness of Milk to Economy of Fat Production. 
Table 41 gives the total energy in therms used by each cow per 
pound of fat, also the energy in therms per pound of fat after deduct
ing maintenance. In calculating the energy available for milk pro
duction, the actual maintenance requirements as given in Table 24 
are used. For No. 43, 303 and 211, for which no maintenance data 
was taken, it is assumed that their maintenance requirements were 
those called for by Armsby's standard. The total energy value of 
the feed is taken from Table 27. This data shows that the cheapest 
production of fat is with heavy producing cows, such as No. 27, 
that secrete milk with a high per cent of fat. This corroborates the 
general data along this line which indicates that cows of those breeds 
having a high fat content are on the average slightly more economi
cal producers of fat. Table 41 also exhibits the well-known facts 
that a high production of fat is an economical one from the stand
point of feed consumed. No. 27 used 11.91 therms per pound fat 
while No. 62 used 18.53 therms. No. 304 produced 353 pounds of fat 
and used total energy to the amount of 13.4 therms per pound fat. 
No. 400, producing milk of similar richness but only 217 pounds in 
quantity, used 17.9 therms per pound fat. The last column is sig
nificant. It shows the energy required per pound of fat after deduct
ing maintenance. It should be kept in mind that the data for Nos. 
303 and 211, both of which exhibit wide variations, covers only 110 
and 120 days respectively and that their maintenance is estimated. 
Leaving these out the data on the others shows a striking uniformity. 
The energy per pound of fat is less in every case for those animals 
producing the milk lower in per cent of fat. The Jerseys with the 
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high fat content used more energy, varying from 7.39 to 8.53. The 
highest again is for the richest milk. The closeness of the results 
from No. 62 and No. 27 is striking in view of the wide variation in 
production. This fact has already been pointed out in another 
connection.1 

TABLE 41. ENERGY REQUIRED PER POUND FAT. 

Total energy Fat produc- Total energy Energy avail- Available en-
Cow in feed ed per pound able for pro- ergy per 
No. Therms (Pounds) fat duction pound fat 

(Therms) (Therms) (Therms) 

206 5823.6 407.7 14.28 2936 .4 7 .20 
304 4733 .2 353.3 13.40 2594.3 7.34 
400 3882 .9 216.9 17.90 1455.6 6.71 
43 5159.1 387.9 13.30 3264.8 8.42 
62 3139.4 169.4 18.53 1252.3 7.39 
4 4968.9 372.9 13.32 2757.0 7 .39 

27 5598.3 470.0 11.91 3477 .6 7.40 
63 5036 .1 367 .9 13.69 3134. 4 8.52 

303 1605.5 128.4 12.50 873.5 6.80 
211 2079.7 134.1 15.50 1395.5 10.40 

The usual explanation of the more economical production of fat 
by Jerseys and Guernseys has been the fact that milk of these breeds 
contains more fat in proportion to the other milk constituents. 
The data presented strongly suggests another explanation. It is 
shown conclusively that after maintenance is deducted cows of the 
Jersey breed use more, rather than less energy value per pound of 
fat, and per therm of energy in the milk solids. This means that the 
difference is with the maintenance. The Jersey cows in our investi
gation, and the same would be true for the breed as a whole, pro
duced more fat in proportion to their size than did the Shorthorn 
or Holstein. The food of maintenance therefore per unit of butter
fat produced is less than with the other breeds which makes produc
tion of fat more economical on the basis of the total feed required. 
This is shown clearly by the following: 

Per cent of Total 
Main ten- ration for Energy 

Average ance Main ten- per pound 
Pounds fat Weight therms ance. fat. 

No. 206 ... . .... 407.7 1319 2887.2 49 .5 14.28 
No. 27 ......... 470.0 899 2120.7 37.8 11.91 

'Research Bulletin No. 2, Missouri Exp. Station. 
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The total energy per pound of fat is, in this case, less for No. 27 with 
the greater fat production and smaller maintenance. At the same 
time No. 206 used her feed available above maintenance slightly 
more economically than did No. 2 7. 

Relation of Richness of Milk to Economy of Production of Total 
Solids. It has been generally assumed that cows producing rich milk 
produce fat more economically and the data given indicates there is 
some bas~s for this belief although the advantage in favor of the rich 
milk is small. The data at hand also admits of a study of the rela
tion of the energy in available feed to the energy value of the total 
solids produced in the milk. Table 42 indicates this relation. The 
comparison is made of the available energy, found as for Table 41,. 
and expressing the relation of this energy to that of the milk produced. 

These figures show, with the exception of No. 211, on experiment 
for a short period, that the highest ratio is with the milk containing 
the least fat. In other words a therm of energy in the feed produced 
more energy in milk when the per cent of fat was low than when it 
was high. Apparently a given amount of feed is most efficient when 
used to produce milk medium to low in fat. It appears from this 
that the production of fat is a greater tax upon the animal than is 
the production of other constituents of the milk carrying equal 
energy value. 

TABLE 42. RATIO OF ENERGY IN FEED TO ENERGY IN MILK 

Cow 
No. 

206 
304 
400 

43 
62 

4 
?7 
6.3 

303 
211 

In feed 
(Therms) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

In milk 
(Therms) 

1.126 
1.075 
1.197 
0.867 
0.974 
0.954 
0.961 
0.809 
1.167 
0.851 

A Tentative Statement of the Requirements for Milk Produc
tion. It is evident that the data is not at hand to make it possible 
to give an accurate statement regarding the requirements for milk 
production. Before this is possible it will apparently be necessary 
to revise the figures in use as digestion coefficients since it is evident 
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that the cow in milk falls considerably short of these figures which 
have been determined for animals on maintenance. Further, the 
production values for feed when used for milk production will have 
to be determined as it seems reasonably certain that the data along 
this line from experiments with fattening cattle are hardly applicable 
to dairy cows. The best that can be done at present is to express the 
requirements for milk production on the most accurate basis so far 
formulated which the author believes is Armsby's "Production 
Value" tables. In the suggested standard which is given below 
the energy requirement for 4.0% milk is that given by Armsby since 
it is borne out by our experimental results. The variation with the 
richness of the milk is based upon our data which has been given. 
The figure for digestible protein which in this case is albuminoids 
is based upon the standard of Armsby, the work of Savage and data 
obtained at this station. The experience of skillful feeders alone is 
sufficient evidence that a very high protein content is necessary for 
the sustained production of rich milk. 

SUGGESTED STANDARD FOR Cows YIELDING MILK OF VARYING 
RICHNESS. 

Per cent 
fat. 
3.00 
3.SO 
4.00 
4.SO 
S.00 
S.SO 
6 .00 
6.SO 

Digestible 
protein 

per pound 
milk. 
.oso 
.OS2. 
.OS5 
.OS8 
.062 
.066 
. 070 
.075 

Energy 
Therms 

per pound 
Milk 

.26 

.28 

.30 

.33 

.36 

.40 

.4S 

.SO 
The following is suggested for herd feeding where it is not practical 
to take into account the richness of the milk of each individual. 

Digestible 
protein. 

Holstein. . . . . . . . . . . . . . . . . . . . . . . . . . . OS 

~~~:~~;n } . . . . . . . . . . . . . . . . . . . . . OS5 
Brown Swiss 
Jerseys and Guernseys. . . . . . . . . . . . . . . 066 

Energy 
therms 
.26- . 28 

.28- .30 

.40-.4S 
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SUMMARY 

The object of the investigation was to secure data regarding the 
requirements for milk production by cows yielding milk of varying 
richness. Data is presented giving the feed consumed with chemical 
analyses, and of milk produced with analyses for eight cows for an 
entire year. The milk of these cows ranged from 3.43 to 6.093 
fat. Data of two other cows is included for shorter periods. These 
cows were all fed a ration of practically the same composition. The 
quantity fed was regulated so as to maintain a uniform weight. 

All cows were kept farrow. A maintenance trial was made for 
seven cows using the same ration as fed when in milk. A ten-day 
digestion trial was made for five of these when at maximum milk 
production and again when on maintenance. The digestible pro
tein and the energy value of the rations received are calculated 
according to Armsby's "Production Value" tables and also from 
the actual digestion coefficients. Comparison is made with Armsby's 
standard of energy required for milk of corresponding richness. 
The relation of the richness of the milk to the economy of fat pro
duction and to total energy in milk is also pointed out. 

CONCLUSIONS. 

The data bears out the results of others that more energy value 
is required.- in the ration for rich milk than for milk lower in fat. 

The maintenance requirements for the seven cows showed some 
variation but was close to Armsby's standard for cows of the same 
weight. 

The protein fed was in excess of that called for in the standard 
of Armsby or Haecker but no attempt was made to determine the 
minimum requirement. 

When the energy value of the ration, in excess of maintenance, 
was calculated by the use of "Production Value" tables it was found 
that the cow producing milk with 3.4% fat used .245 therms per 
pound while one with milk averaging 6.09% fat used .524 therms 
per pound. 

When Haecker's maintenance requirement was used and the 
amount of "digestible nutrients" calculated by using Henry's tables 
it was found that six cows used more than Haecker's standard and 
four less. When actual maintenance was deducted every cow used 
nutrients in excess of this standard. The deficiency increased with 
the richness of the milk. Four Jersey cows required from 23.1 % 
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to 55.2% more nutrients than called for by Haecker's standard. 
This standard is clearly too low for cows with rich milk. 

According to average digestion coefficients the five cows should 
have digested 70.8% of the ration received during the digestion trial 
when in milk. The results showed only slight variation with indi
viduals and an average of 65.57% digested. On maintenance the 
same cows should have digested 66.69% of the ration received ac
cording to average figures but the results were higher in every case 
and showed an average of 71.2 %. 

A calculation based upon the chemical analyses of the feed and 
the actual digestion coefficients showed the actual energy value 
used in the feed per pound of milk was lower than indicated by 
applying Armsby's "Production Value" tables directly to the 
ration received. The cow producing milk with 3.4% fat actually 
used only .235 therms per pound milk while for 6.09% fat the re
quirement was .442 therms. 

The total energ.y required in the feed was slightly less per pound 
fat produced in the richer milk. However, after subtracting main
tenance the energy per pound fat is consistently higher for the richer 
milk. 

The cheaper production of fat in the richer milk is shown to be 
due to a smaller maintenance requirement per unit of fat on account 
of the smaller size of the animals producing the richer milk. 

The energy value of the milk solids is greater in proportion to 
the energy value of the feed required with the milk lower in fat. 
This indicates the production of rich milk requires an increase in 
feed in excess of the increase in energy value of the milk. 

The cow is able to utilize energy in her ration to better advantage 
than is indicated by Armsby's "Production Value" tables which are 
based upon experiments with mature fattening animals. 

A tentative standard is given of energy value and protein for 
cows producing milk from 3% to 6.5% fat. 
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