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The Influence of The Plane of Nutrition of The 
Cow Upon The Composition and Proper

ties of Milk and Butter Fat1 

THE INFLUENCE OF UNDERFEEDING 
By C. H. Eckles and L. S. Palmer 

INTRODUCTION 

It is generally recognized that the composition and properties 
of milk and butter fat are influenced by several factors. This sub

ject has for several years been made the object of special study by 
the Missouri Agricultural Experiment Station. In the course of the 
work it appeared that a factor of considerable importance which has 

been overlooked by other investigators in this field may at times ex
ert a marked influence on the composition of milk, particularly upon 
the physical and chemical constants of the milk fat. This factor is 
the plane of nutrition of the cow. The results of the studies in re
gard to a supernormal plane of nutrition, or overfeeding, have been 

reported in a preceding bulletin.2 The present bulletin will give the 

results of the studies in regard to a subnormal plane of nutrition, or 
underfeeding. 

Comparison of the effects of the two planes of nutrition, over
f eecling and underfeeding, shows that the latter exerts by far the 

greater influence on the composition arid properties of milk and but
terfat. In general, this is manifested by a marked increase in the 

percentage of fat in the milk and, in some cases, by an appreciable de
crease in the proportion of total protein, ash, and casein. Especially 

1This Investigation was begun by the Missouri Agricultural Experiment Station In 
cooperation with the Dairy Division, Bureau of Animal Industry, U. S. Department ot 
Agriculture. During its progress the cooperative character of the work was modified 
and the responsibility for its continuation and completion was assumed by tbe Mis
souri Agricultural Experiment Station. 

C. H . Eckles is responsible for the original plan of the investigat ion and for the 
selection and control of the animals, and has served in an advisory capacity through· 
out the progr<.>ss of the work and in the interpretation of the data secured. 

R. H . Shaw represent~d the Bureau of Animal Industry in the planning of the 
investigation and was responsible for the chemical data tnken in the early stages of the 
work. 

L. S. Palmer has been responsible for the irreater portion of the chemical data, for 
the preperation of the material for publication, and, in conjunction with C. H. 
Eckles, for the interpretation of the data. 

•Eckles, C. H., and Palmer, L. S. Influence of plane of nutrition of the cow upon 
t~e composition and pro_perties of milk and butter fat. Influence of overfeeding, Mo. 
Agr. Exp. Res. Bull. 24 . 1-39. :figs. 4. 1916. 

(3) 
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interesting are the effects on the physical and chemical constants of 
the butter fat as shown by a marked reduction in the saponification 
value and Reichert-Meiss! number, accompanied by a material in
crease in the iodin-absorption value. The effect on the melting point 
of the fat appears to be variable. In some cases the effects in the 
directions indicated may be astonishingly great; in other cases not so, 
pronounced. The authors believe that this is due to the fact that the 
effects of underfeeding are influences by factors other than a mere 
reduction in the plane of nutrition of the cow. These factors will be 
brought out in the presentation of our results. 

The fact that overfeeding exerts no material influence on the 
composition and properties of milk and butter-fat, as pointed out in 
Research Bulletin 24 of this Station, while underfeeding exerts a 
marked influence, indicates that the problem involved is a deeper one 
than a mere variation in the plan of nutrition of the cow. The con
stituents of the food required for the production of milk of normal 
composition are involved. From this standpoint it is not surprising 
that an excess of these requisite food constituents is without influ
ence on the normal composition of milk. 

The situation is analogous to that of a factory, which requires 
certain raw materials for the manufacture of a specific product. As
long as all the raw materials are supplied in adequate amount the 
factory will operate at its maximum capacity, turning out the normal 
product for which it was designed. The situation is quite different, 
however, when the necessary raw materials are inadequate. The 
analogy is again applicable to the underfeeding studies. 

In all the experiments of this character which have been con
ducted at this Station the underfeeding was induced by withdrawing a 
portion of the ration. All the food materials necessary for the pro
duction of the specific milk constituents were withdrawn presumably 
in like amount. It is accordingly not apparent whether the resulting 
effects on the milk were due to lack of protein, carbohydrate, or fat, 
or to the lack of all of these food materials. The question involved 
would seem to be what food materials are responsible for the pro
duction of the various milk constituents, in normal amount, and with 
normal composition. In other words, the results of the underfeed
ing studies which have been conducted up to the present time open 
the question of what results would be expected in underfeeding ex
periments in which the underfeeding involved only protein, carbohy
drate, or fat. It would seem that the results of such a study should 
throw considerable light on the question of which food materials 
are involved in the formation of the specific milk constituents, par-
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ticularly in the formation of normal milk fat. These questions are 
being reserved for future study by the authors. 

The investigations reported in the following pages include twenty
eight separate, experimental studies concerning the influence of un
derfeeding on the composition and properties of milk and butter fat. 
Sixteen lactation periods of fourteen cows were involved in the ex· 
periments, two cows being used in two different lactation periods. 
The underfeeding periods varied in length from seven to thirty-six 
days, and the extent of underfeeding from 15 to 70 per cent. A gen
eral description of the analytical data secured, the feeding and care 
of the experimental animals, and of the sampling and preparation of 
the samples for analysis was given in Research Bulletin 24, of this 
Station. 

In addition to the general problem of the effects of underfeeding 
the present bulletin includes a brief study of the cause of the effects 
obtained upon the composition of butter fat. Some applications of 
the results obtained to the interpretation of feeding experiment involv
ing the composition of milk and butter fat, and of abnormal butter fre
quently reported in the literat1;1re are also given. 

TYPES OF UNDERFEEDING 

The experiments indicate that there are at least three types of 
underfeeding which exert an influence on the composition of milk or 
its constituents. Examples of each of the three types are included in 
the studies here presented. 

The first and second types of underfeeding may be classified un
der the head of induced underfeeding. By this is meant those cases 
where underfeeding was purposely brought about by withdrawing a 
certain portion of the total food of the animal. The first type em
braces the underfeeding experiments in which the withdrawal of food 
resulted in the animal receiving insufficient food for the support of 
its body weight and milk flow. In the second type of induced un
derfeeding the experimental animals were on a supernormal plane 
of nutrition and the food was withdrawn more or less rapidly until 
the plane of nutrition was reduced to normal. The results to be re
ported presently . indicate that the effect of this procedure was in all 
cases practically identical with reducing the food to an amount in
adequate for the body maintenance and milk fl.ow. It would appear 
as tho during lactation, at least, a cow may become so accustomed to 
a supernormal plane of nutrition that it becomes practically a normal 
one, so that a withdrawal of food, altho not to a calculated subnor-
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mal plane, will cause the same changes in the composition of milk as 
a reduction from a normal to an actual subnormal plane. In the ex
periments of this type the recovery from the change in plane of feed
ing was more or less rapid. They are none the less important, how
ever, inasmuch as they indicate what may be expected merely from 
transferring a cow from a heavy to a light feed, even tho the latter 
is still adequate for all the cow's needs. 

The third type of underfeeding was dicussed briefly in the in
troduction to Research Bulletin 24, of this Station, dealing with this 
same general subject. It is the type of underfeeding which the au
thors have designated as physiological underfeeding. By this is meant 
a normal physiological result of a specific condition of the organism 
in contrast with underfeeding artificially imposed on the animal. As 
indicated in the bulletin just referred to the authors have observed that 
a cow freshening in good flesh, and with a strong stimulus for milk 
secretion will almost invariably produce abnormal milk, particularly 
milk fat, for a number of days after parturition. Under these con
ditions it is not possible for the appetite of the cow to supply the de
mands for nutrients to support both the milk flow and her body 
weight. The animal is "physiologically" underfed. The resulting ab
normalities in the composition of the milk, particularly the milk fat, 
are practically identical with those resulting from an induced under
feeding. It was also pointed out in ~esearch Bulletin 24 that it was 
this type of underfeeding observed in a study of the influence of the 
stage of the lactation period upon the composition and properties of 
milk which led to the investigation of the general problem of the in
fluence of the plane of nutrition. 
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FACTORS INFLUENCING THE EFFECTS OF UNDERFEEDING 

The more important factors influencing the effects of underfeed

ing have been found to be (1) the stage of the lactation period, (2) the 

degree of underfeeding, ( 3) the character of the ration, ( 4) the state 
of flesh of the animal, ( 5) the plane of nutrition of the animal pre

vious to underfeeding, and ( 6) the length of the underfeeding period. 
The stage of the lactation period.-The question involved here is 

whether underfeeding results in the same abnormalities no matter in 

what stage of the cow's lactation period the underfeeding occurs. 

As far as the composition of the milk fat is concerned the experimental 

data answer this question in the affirmative, the stage of the lactation 

period being of influence only in so far as it influences the normal 

composition of milk and milk fat. Just as striking results were found 

to follow underfeeding later in the lactation period as at the be

ginning of the lactation period. As has been pointed out, however, 

physiological underfeeding is not an uncommon occurrence immedi
ately following parturition. 

The stage of the lactation period is a factor in underfeeding only 

in connection with the effects upon the milk flow. The character of 

the influence in this regard will be considered later in connection with 

the specific effects of underfeeding. 
The degTee of underfeeding.-.<\s would naturally be expected the 

extent of the reduction in the plane of nutrition has a marked influ

ence upon the effects of the reduction. However, this influence is 

not directly proportional to the amount of underfeeding; in fact, there 

appears to be a limit in the reduction of the plane of nutrition be

yond \vhich no further effect is produced upon the composition of 

the milk and milk fat. Marked results were obtained in the experi
ments where the plane of nutrition was minus 40 per cent, calculated 

in terms of total energy requirements, as well as when the plane of 

nutrition was minus 60 to minus 70 per cent. 
The question arises in connection with the degree of under

feeding as to the best point of view from which this should be con

sidered. The plan adopted in this investigation was to consider the 

degree of underfeeding in terms of the total energy required for 

maintenance3 and milk production. From this standpoint a plane of 

nutrition of minus 40 per cent means that the cow received only 60 

•The term maintenance is regarded thruout this bulletin as indicating main
t enance of body weight. 
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per cent of the total energy required, including both maintenance and 
milk production. The assumption here is that the demands for main
tenance and milk production are equally strong, and the reduction in 
the energy plane of nutrition is shared by the two functions in pro
portion to the energy required for each. Quite a different aspect is 
given to the results if either of the two functions are regarded as 
predominating in its demands on the food energy. 

Altho the experimental data show that as the lactation period ad
vances the milk flow becomes more and more dependent on the food 
supply, no one is able to say that maintenance or milk flow is first sup
plied by the food and the difference then made up from the body 
stores. The whole proposition is further complicated by the possibility 
of two cows requiring the same amount of total energy but quite dif
ferent amounts for maintenance and milk production. For example 
it is entirely within the range of probability that two cows, A and B, 
each giving 20 pounds of milk per day may require the same amount 
of total energy, but entirely different proportions of it for maintenance 
and milk. Cow A may be a Holstein weighing 1300 pounds giving 
milk of average richness for the breed, say 3.5 per cent, and Cow B 
may be a Jersey weighing 850 pounds and giving milk of average rich
ness for the breed, say 5.0 per cent. The energy requirements for 
these two animals are shown in Table 1. 

TABLE 1.-ENERGY REQUIREMENTS OF Cows A AND B (HYPOTHETICAL) 

Energy required !or maintenance •.•... Therms 
Energy required !or milk .••.•..•.....•. Therms 

Total energy required ....•.......•..... Therms 

Cow A Cow B 

7.18 
5.06 

12.24 

5.37 
7.20 

12.!'.i7 

If both of these animals should be underfed SO per cent in total 
·energy it is obvious that one's view of the effects of such a reduction 
in the plane of nutrition would depend to some extent upon how the 
deficient energy is regarded as affecting the maintenance and milk 
production requirements respectively. Cow A would then receive 6.12 
therms and Cow B 6.28 therms. There are four possible viewpoints. 
In the case of Cow A these are; ( 1) whether the 6.12 therms is to 
be regarded as supplying only 88 per cent of the requirements for 
maintenance, leaving none for milk production; (2) whether it is 
to be regarded as supplying sufficient for milk production with enough 
left over to supply 12 per cent of the maintenance requirement; ( 3) 
whether it is to be regarded as being equally divided between the two 



INFLUENCE OF PLANE OF NUTRITION 9 

requirements, in which case there would be sufficient energy for 42.S 
per cent of the maintenance and 60.S per cent of the milk production; 
or ( 4) whether it is to be regarded as divided equally according to 
the requirement, in which case there would be sufficient energy for 
SO per cent of both maintenance and milk production. ' 

A similar application of the four view points to the case of 
Cow B leads to very different results. We have ( 1) the 6.28 therms 
sufficient for the maintenance requirements with enough left over to 
supply 12 per cent of the milk; (2) the 6.28 therms sufficient for 
only 88_ per cent of the milk production with none left for mainte
nance; ( 3) an equal division of the energy supplying S8.S per cent 
of the maintenance requirement and 43.7 per cent of the milk produc
tion; and ( 4) each function lacking SO per cent of the total require
ment. 

If the first point of view is the correct one (several of our feed
ing experiments were planned from this point of view) the milk pro
duction o.f Cow A would be said to suffer most, while from the sec
ond and third points of view the milk production of Cow B would be 
said to suffer most. 

There are not sufficient data at hand to decide which point of 
view is the correct one. We have adopted the fourth one as being the 
easiest to apply to the results obtained, altho there are some data 
to indicate that in some of the experiments one of the other points 
of view would be the more applicable. For example, it is admitted 
that the assumption that the lack of energy is shared by the two 
functions in proportion to the requirements of each is not equally ap
plicable to the case where a plane of nutrition of minus 60 to 70 per 
cent can continue for thirty days without affecting the milk fl.ow, 
and to another case where a plane of nutrition of minus 21 per cent 
causes a drop in the milk fl.ow from 36.8 to 19.2 pounds per day in 
thirteen days. Both of the examples are taken from the data. On 
the other hand, when the results are considered from the standpoint 
of the effects on the composition of the milk and butter fat the point of 
view which has been adopted in this investigation appears to be ap
plicable to most cases. 

The character of the ration.-Since the results of underfeeding 
have been found to be most noticeable on the composition of the but
ter fat the character of the ration is a factor which might have an im
portant influence on these results. Fortunately, however, this is a 
factor which it is possible to control. For this reason: the ration 
used in all the ·experiments, with very few exceptions, was practically 
uniform in character. The same grain mixture was used thruout con-' 
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sisting of four parts corn, two parts bran, one part linseed oil meal ; 
the roughage used in all the experiments was alfalfa hay, altho in 
several of the experiments this was supplemented by green alfalfa or 
corn silage. It is admitted that the results were some·what vitiated irr 
the experiments in which corn silage was used, and this has been 
taken into account in the interpretation of the data. These experi
ments were conducted before the influence of the feeding of corn 
silage on the composition of butter fat was fully appreciated. The 
experiments in which feeds other than the usual grain mixture and 
alfalfa hay were used will be pointed out later. 

Not only was care taken in most of the experiments to use the 
same ration, but in imposing the underfeeding periods the same pro
portion of hay to grain was maintained as in the periods with a normal 
plane of nutrition. This ratio was, in most cases, three pounds of hay 
to two pounds of grain. That is, the ratio of the food constituents 
remained the same in the underfeeding periods as in the normal 
periods, as has already been pointed out in another connection. 

The state of flesh of the animals.-The amount of surplus fat on 
the body of the cow appears to be a factor affecting the results of 
underfeeding; but the extent of the bearing which this factor has 
is not fully brought out by the experiments. The data seem to be 
definite on one point, however, namely, that more or less surplus fat 
on the body of the cow is closely connected with the increase in the 
fat percentage of the milk accompanying underfeeding. The infor
mation on this point has been considerably extended by supplementary 
data4 on this question secured at this station, which it will be im
possible to include in the present bulletin. The collected data do not 
answer so definitely the question of the exact relation of the fatness 
of the cow to the effects of underfeeding on the composition and prop
erties of the butter fat. In several of the ·experiments in which the 
animals were in a moderately thin state of flesh at the beginning of 
underfeeding (the animals were below their normal weight) as marked 
results on the composition of the butter fat followed the underfeed
ing as in the experiments in which the animals were fat. The effect 
on the percentage of fat in the milk in these cases was, moreover, 
negative or at least slight. -

A surplus of fat on the body at the time of parturition appea1·s 
to be especially closely related to the phenomenon of physiological 
underfeeding and the pronounced effects that it produces on the com
position of the milk fat and on the percentage ·of . fat in the milk. 

'\\'bite, G. C, The percentage of fnt in milk as influenced by the fatness ot the oow and the plane .of nutrition. Master's thesis, 1912. 
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This appears to be particularly true in the case of high-producing cows, 
as has alreadY, been pointed out. 

While it seems definitely certain that the underfeeding of a cow 

having surplus fat on its body always results in a marked increase in 
the percentage of fat in the milk, ·it also appears that the same re

sult may be brought about under conditions in which the cow is not 
in this condition. For example, it appears from our data that a fat 
cow can withstand seventy-five days of underfeeding of a moderate de
gree with none of the effects of underfeeding being manifested until 
the weight of the animal has been reduced far below normal, when 

the effects of underfeeding may suddenly be manifested to a marked 
extent, both on the percentage composition of the milk (including the 
fat percentage) and on the composition of the butter fat. It could 
hardly be assumed in such a case that the previous fat condition of 

the animal was in any way related to the increased fat percentage 
of the milk after all the excess fat stored in the body had been pre
sumably utilized for energy or other purposes. 

Still more significant, however, are the several cases which will 
be reported in which all the effects of underfeeding were secured 
merely by reducing the plane of nutrition from supernormal to normal. 
In these cases the supernormal periods were far too short for the 
animal to have accumulated any material amount of surplus fat in 
the body. The experiments raise the· question whether the fatness 

of the animal is the real factor involved or whether the results are 
due solely to the fact that a fat cow is one accustomed to a high plane 
of nutrition. The data are admittedly deficient on this point, and the 

answer to the question must be postponed until more data are secured. 
The authors plan to do this in the near future since the question is 
of wide importance in connection with the possibility of securing fat 

tests higher than normal in the two-clay butter fat tests conducted by 
dairy cattle associations in this country in determining the yearly pro

duction of cows. 
Plane of nutrition previous to underfeeding.-The probable import

ance of the plane of nutrition of the cow previous to underfeeding as 
a factor influencing the results was indicated in the immediately pre

ceding paragraphs. The relation of this factor to the various other 

phases of the results of underfeeding is not clear. Present judgment 
of the matter indicates that what may be called the normal effects of 

underfeeding on the composition of the butter fat may be obtained 
with any cow, ;regardless of the previous plane of nutrition, if the 

underfeeding is sufficiently great and continued for a sufficiently long 

time. To obtain marked effects upon the percentage of fat in the milk, 
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however, either one or the other of two conditions appear necessary, 
i. e., (a) surplus fat on the body, or (b) a high plane of nutrition 
previous to underfeeding. As already indicated the underfeeding in 
the latter case may be merely a marked reduction in the plane of nu
trition, but not necessarily to below normal; and, as previously stated, 
these two conditions may prove to be identical. 

Length of underfeeding period.-One question that naturally 
arises in connection with this problem is how long must a cow be un
derfed before the effects become noticeable on the compositon of the 
milk and butter fat. An examination of the data shows the following 
results: With respect to the composition of the butter fat, in 58 per 
cent of the cases5 the effects became noticeable within five days, in 68 
per cent within six days, and 79 per cent within ten days; with re-
1spect to the percentage of fat in the milk, in 85 per cent of the 
positive6 cases the results became noticeable within five days, and in 
92 per cent of these cases within ten days. The general conclusion 
would be that the effects of underfeeding are noticeable in the ma
jority of cases within a very few days. It should be stated in this 
connection, however, that the maximum effects on the composition of 
the butter fat are not secured so rapidly. The data show that in only 
37 per cent of all the cases was the maximum effect secured within 
six days. Fifty-eight per cent of the cases showed the maximum 
effect within ten days and 84 per cent within sixteen days. The first 
effects of the underfeeding on the percentage of fat in the milk were, 
however, nearly as marked as the maximum effects. The data show 
that the average increase first noticeable in the fat percentage was 
0.78 for the positive cases against an average maximum increase of 
1.00 for the same cases. 

Another question that arises in this connection is in regard to 
the length of time the effects of underfeeding persist. The experi
ments show considerable lack of uniformity in this respect, where it 
is possible to draw conclusions. In a number of the experiments the 
underfeeding periods were either too short to furnish data along this 
line, or the rriaximum effects occurred too close to the end of the ex
perimental period. In the experiments in which the effects of under
feeding were produced merely by reducing the plane of nutrition from 
supernormal to normal a recovery from the effects took place at once, 
and was complete. In the experiments in which the underfeeding 
effects were due to a subnormal plane of nutrition and in which 
the experiments were continued sufficiently long for a recovery to 
take place the general result was more or less of a recovery from the 

5Including the ~wo cases in which no results we1·e obtained. 
ern eight experiments there was no effect. 
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maximum effects of the underfeeding. The extent of the recovery 

varied in the different experiments from very slight to moderately 

great, but only in isolated cases was the recovery complete. In other 

words the effects of underfeeding were manifested thruout the entire 

period altho the maximum effects in most cases lasted for only a very 

short time. 
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THE SPECIFIC EFFECTS OF UNDERFEEDING 

The data taken in most of the experiments were in regard to the 
specific effects of underfeeding upon (1) the weight of the cow; (2) 
the yield of milk; (3) the yield of fat; ( 4) the percentage of fat in 
milk; ( S) the composition of the milk other than the percentage of 
fat; and (6) the physical and chemical properties of the butter fat, 
including the saponification value, the Reichert-Meissl number, the 
iodin-absorption value, and the melting point. 

Infiuence on weight of cow.-The infiuence of the subnormal plane 
of nutrition on the weight of the cow in the various experiments is 
shown in detail in Table 2. Data relative to the various facto rs 
having a bearing on the influence of the plane of nutrition are also 
given in the table. These factors were discussed in the foregoing 
paragraphs. There is no chronological order in the numbering of the 
experiments, but they are arranged in three groups. Group 1 in
cludes Experiments 1--6, begun immediately following parturition; 
Group 2 includes Experiments 7-10,_ begun within thirty days after 
parturition; and Group 3 comprises Experiments 11-16, begun some
what later in the lactation period. The experiments are arranged in 
each of the groups in the order of the intensity of underfeeding, 
measured in total energy, the first one in the group being the one of 
greatest underfeeding. It is to be understood, of course, that these 
experiments were neither planned nor carried out in this order. The 
arrangement is merely one for convenience in the presentation of the 
results. A similar plan will be followed in the presentation of all the 
data showing the specific effects of underfeeding. 

The weights of dairy cattle are subject to such wide variations, 
even from day to day, that figures regarding the influence of any 
factor upon them are of value only when taken at frequent intervals 
and when the weights show a uniform trend. A decline in body 
weight would naturally be expected when cows in lactation are sub
jected to a subnormal plane of nutrition. A gradual decline in weight 
should, in fact, be indicative of a subnormal plane of nutrition, and 
was so considered in the underfeeding experiments. It seemed rea
sonable, also, to rely to a greater extent on this index than upon the 
calculations of total energy deficiencies, based on average values, in
asmuch as individual cows would naturally be expected to show 
some variations from the average. In all of the experiments shown in 
Table 2 a decline in body weight accompanied the subnormal plane of 



TABLE 2.-EFFECT OF SUBNORMAL PLANE OF NUTRITION ON WEIGHT OF Cow 

Weight of Energy Milk Energy l\Iainte-
cow Stage of Plane ot nutrition Flesh supplied SUP!Jlied supplied nance 

Under· 
Exp. Cow lactation at for by for supplied 

At at first 
feeding 

during first mainte- remainder milk by I..oss before experiment 
first exp, nance remaintler 

-- ~-
Lbs. Lbs. Days Days Per cent. Per cent. Days Per cent. Per cent. Per cent. Per cent. 

1 201 820 120 1 30 -60-70 Snperuormal 60 Fat 90-100 0 40-70 0 
2 206 1343 213 1 22. -60 Supernormal 40 Fat 80-90 0 75-85 0 
3 301 1020 180 3 30 -38 Supernormal 45 Fat 100 25-30 60 0 
4 300 1000 15 1 20 -3a Supernormal 60 Fat 100 25-30 100 0 

5 2 l\68 25 4 38 -20-25 Supernormal 180 l'at 100 45 100 55-65 
6 301 1001 25 5 18 -16 Supernormal 25 Good 100 75 100 60-70 

7 2 944 103 42 36 -30-3.~ I -20-25 30 Fair 100 50 100 42 

8 301 950 26 24 20 -24.5 -16 18 Good 100 60 100 38 
9 20 718 !J 32 12 -23 -60-70 30 'I'hin 100 60 100 37 

10 206 1141 262 23 12 -20 -60 21 Thin 100 72 100 70 

11 62 913 73 100 10 -50 +G0-90 40 Fair 100 0 90 0 
12 2 935 45 9i 7 -30 +40-50 14 Fair 100 25 100 47 
13 300 945 54 !JO 13 -21 +12 25 Normal 100 60 100 50 
14 301 983 35 87 11 -18 +10-21) 21 Normal 100 68 100 57 
15 301 D4o 15 16f> 12 - 17 Normal 18 Normal 100 66 100 68 
16 300 D39 49 75 1[1 -14 

I 
+15-25 45 Normal 100 67 100 80 

1The cow numbers also indicate the breed: numbers below 100 being Jerseys, those between 200 and 300 Holsteins 
those between 300 and 400 Ayrshires. and those above 400 Shorthorns . .All the animnls were pure-bred, registered, dairy cattle. 

"There was at first a gain in weight, due to greater "fill", but tllls was followed by 11 decline. 
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nutrition. The weights were taken under uniform conditions as fre
quently as samples of milk were taken for analysis, sometimes each 
day, so that the loss of weight in each experiment given in the table 
represents very nearly the correct value. 

In Experiment 5, Cow 2, there was no loss of weight during the 
first twenty days of underfeeding, when the plane of nutrition was 
minus about 15 or 20 per cent. The explanation of this appears to 
be that the animal was not in reality as much underfed as indicated by 
the calculation of her . energy requirements, which were based on 
average values. This is further borne out by the f~ct that there were 
no other indications of underfeeding in connection with either the 
milk flow or the composition· of the milk and butter fat. It seems 
quite evident that the maintenance requirements of this animal were 
below the average, at least during this period when she was in a 
rather fat condition, which would tend to decrease the calculated en
ergy deficiency. 

The calculations for energy required for maintenance were based 
on actual maintenance trials7 in the case of Cows 62 and 206. The 
calculations in these cases would seem to be reliable. Similar calcula
tions for Cows 300 and 301 would seem to be equally reliable, for it 
has been determined by one of us7 that the maintenance requirements 
of cows of this breed and type follow closely the standard proposed 
by Armsby. Cow 20, however, was· probably in the same class as 
Cow 2, and required less energy for maintenance than Armsby's 
standard. 

The factors influencing the effects of underfeeding on the weight 
of the cow are so obvious that they scarcely need discussion. The 
combined factors that would be expected to contribute to the greatest 
loss of weight are a high state of flesh, a low plane of nutrition, and 
an extended period of underfeeding. The data show that these were 
the factors in the experiments that entered into the results in some one 
of the possible combinations. 

Influence on yield of milk.-The influence of the subnormal plane 
of nutrition on the milk yield in the various experiments, together 
with data showing the influence of the more. important factors on 
this effect are shown in detail in Table 3. The striking features of the 
results were that (1) in all of the experiments of Group 1-begun im
mediately after parturition-, except one, the milk flow was either prac
tically stationary or increased ; (2) in all of the experiments in Group 
2-begun within thirty or forty days following parturition-, except 

. •Eckles, C. H. Nutrients required for milk p1·oduction. Mo. A.gr. Exp. Sta. Res. Bull. 7 : 89-140. 1913. 
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one, the milk flow was either practically stationary or increased; and 
( 3) in all the experiments in Group 3-begun some time after par
turition-the milk flow decreased. 

It would seem as tho a decrease in the milk flow should invariably 
be one of the first results that would follow a subnormal plane of nu
trition of the cow in lactation. This expectation is not borne out by 

the experiments. Whether this result follows a subnormal plane of 
nutrition apparently seems to be governed largely by the stage of the 
lactation period when the underfeeding is begun. The real controlling 
factor is, of course, more fundamental. It was stated in a previous 
bulletin8 of this Station that it is believed that the milk-secreting func
tion of the cow is controlled by at least two factors, which the authors 
have designated as (1) chemical and (2) nervous. It was stated 
further that the chemical stimulus appears to be the predominating 
one for a period of time after parturition, and is more or less inde
pendent of the food supply, or, in other words, the plane of nutrition. 
As the lactation period advances, however, the chemical stimulus is 
gradually replaced by the nervous stimulus, which is eri.tirely de
pendent upon the food supply, and, in consequence, readily affected 
by a subnormal plane of nutrition. The experimental evidence upon 

. which these statements were based was taken, in large part, from the 
data given in Table 3. 

The degree to which the milk flow was independent of the plane 
of nutrition for a while after parturition was so astonishingly great 
in some of the experiments that they seem worthy of special emphasis. 
For example, in Experiments 1 and 2, there was practically no change 
in the milk flow thruout the entire underfeeding period (thirty 
days in Experiment 1 and twenty-two days in Experiment 2) altho 
in neither case was sufficient food supplied to furnish energy for 
maintenance alone, leaving the milk flow entirely out of consideration. 
The animals were able to do this because they each had a surplus of 
body fat and flesh to support the milk flow. Cow 20, at the end of 
the thirty days, was so weak she had difficulty in getting up after 
lying down, and staggered considerably in her walk. Cow 206 showed 
a similar weakened condition, but not to so great an extent. The as
tonishing thing was, that, notwithstanding their weakened condition, 
the production of milk in each case continued to be uniform. No more 
striking examples could be found of the strength of the milk~secreting 
stimulus which cows receive at parturition. 

'Eckles, C. H ., and Palmer, L. S. Inlluence of plane of nutrition of the cow upon 
the composition and properties of milk and butter fat. Influence of overfeeding. Mo. 
A.gr. Exp. Res. Bull. 24: 1-39 (Note µarUcularly 12.) fie:s. 4. 1916. 

2. 



TABLE 3.-EFFECT OF SUBNORMAL PLANE OF NUTRITION ON MILK YIELD 
- -

Dally - . State Energy Milk Energy Malnte-
milk yield Stage or Plane ot nutrition ot supplled supplied supplied nance 

Exp. Cow lactation Under- flesh tor by for supplied 
a t at at first feeding during at malnte- remainder milk by 

first end before experiment 
first nance remainder exp. 

Lbs. Lbs. Days Days Per cent. Per cent. Day~ Per cent. Per cent. Per cent. Per cent. 
1 20 22.2 19.0 1 30 -60-70 Supernormal 60 Fat 90-100 0 40-70 0 
2 206 28.4 27.1 1 22 - 60 Supernormal 40 Fat 80-00 0 75-85 0 
3 301 23.6' 16.0 3 30 --38 Supernormal 45 Fat 100 25-30 60 0 
4 300 35.8 38.9 1 20 --35 Supernormal 60 Fat 100 25-30 100 0 
5 2 12.3 13,7• 4 38 -20-25 Supernormal 180 Fat 100 45 100 55-65 
6 301 25.1 37.2 5 18 -16 Supernormal 25 Good 100 75 100 60-70 

7 2 13.5 8.8• · 42 36 -30-35 -20-25 30 Fair 100 50 100 42 
8 301 35.3 33.0 24 20 -24.5 -16 18 Good 100 60 100 SB 
9 20 19.6 26.1' 32 16 -23 -60-70 30 Thin 100 60 100 37 

10 2(\6 26.1 27.1' 23 12 -20 -60 21 Thin 100 72 100 70 

11 62 15.1 12.4 100 16 ---00 +60-90 40 Fair 100 0 90 0 
12 2 12.9 11.0 94 7 -30 +40-50 14 Fair 100 25 100 47 
13 300 36.8 19.2 90 13 -21 +12 25 Normal 100 60 100 50 
14 301 31.4 22.2 87 11 -18 +10-20 21 Normal 100 68 100 57 
15 301 18.8 lff.4 165 12 -17 Normal 18 Normal 100 66 100 68 
16 300 39.7 30.4 75 15 -14 +15-25 45 Normal 100 67 100 80 

1For the first ten days of this experim('llt there was no drop In the milk flow. At the end of fifteen days it bad dropped to 20 2 oonnd8. 
2:\Illk flow rose to 14.fl pounds a rlav duriog first ten days. 
•Drop occurred during last twenty days of experiment. 
•)iilk flow rose to this figure in s0v0n days. 
•Milk flow rose to 31.2 pounds a day on the third and fourth days of the experl ment and averaged twenty-nine pounds for the whole experiment. 

,_. 
00 

~ 
H 
rn 
~ 
d 
~ 

~ 
tr:! x 
'." 
{/) 

~ 
:;d 
r.1 en 

~ 
n 
p:j 

txJ 
q 
l' 
l' 
r.1 
1-j 
H 

z 
N 
Ul 



INFLUENCE OF PLANE OF NUTRITION 19 

The question may be raised, however, as to what effects the greatly 
reduced plane of nutrition in the case of Cows 20 and· 206 had upon 
the milk fl.ow normal to these animals at the beginning of lactation. 
Table 4 shows the total milk yield for the first thirty days of all the 
lactation periods of these two animals, and Cow 301, which is a sim
ilar case considered below. 

The experimental years under consideration were 1909 for Cows 
20 and 206, the figures being shown in bold face. It seems quite 
clear in both of these cases that the low plane of nutrition had a de
pressing effect on the milk, much greater in the case of Cow 20, how
ever, than in the case of Cow 206. These results might be inter
preted as indicating that not all, but only about two-thirds of the milk 
fl.ow following parturition is under the influence of the chemical 
stimulus which is independent of the food supply. More data must 
be secured, however, before this can be definitely determined. 

TABLE 4.-RECORD OF FmsT MONTH' S MILK YIELD Cows 20, 206, AND 301 

Cow 20 I Cow 2-06 Cow 301 

Year Mllk flow Year Mllk flow Year Milk flow 

Lbs. Lbs. Lbs. 
1905 824 19-05 706 1906 440 
1906 924 1906 1450 1907 697 
1907 1072 1907 1460 1908 988 
1909 617 1908 1428 1910 1007 

1909 920 1911 750 
1910 1086 1912 516 
1913 842 1913 t 017 

All the other experiments in the first group show the same strong 
milk-secreting stimulus, independent of the food supply. This would 
be expected since the animals were not underfed to the extent of 
Cows 20 and 206. The only exception was Cow 301 in Experiment 
3. This cow maintained a fairly uniform milk flow for the first fifteen 
days of the experiment, however. The fall in the milk fl.ow that 
followed was probably due to the fact that the cow was not nearly 
so fat at parturition as the cows used in Experiments 1, 2, and 4. The 
normal weight of Cow 301 was approximately 1000 pounds. She was 
scarcely above this weight following parturition, and kept up her milk 
flow until her weight had dropped to approximately 880 pounds. 
Table 4 shows that the underfeeding had a depressing effect on the 
normal milk flow of this cow as in the case of Cows 20 and 206. The 
year concerned is 1912, the milk flow for the first thirty days being 
shown in bold face. 
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The experiments in Group 2 show the same general results as 
those in Group l. The animals were much less underfed, however, 
the energy supplied being sufficient for from 50 to 70 per cent of the 
milk flow after deducting maintenance requirments. The animals were, 
at the same time, farther along in lactation. In Experiment 7, only, 
was there a material drop in the milk flow. This experiment im
mediately followed Experiment S in the first group. The drop in milk 
flow that took place did not come until the last twenty days of the 
experiment, so, in reality, this cow kept up a normal milk flow on a 
subnormal plane of nutrition for sixty days after parturition. She was 
able to do this because of her good condition at the time of parturition, 
and because her milk flow was not great. 

Experiment 8 immediately followed Experiment 6, and was a 
period of somewhat greater subnormal plane of nutrition. The prac
tically stationary milk flow thruout the two experiments showed that 
this cow was able to maintain a normal milk flow for a total of 
about forty days after parturition with only 60 to 75 per cent enough 
energy after subtracting the maintenance requirement. 

Experiments 9 and 10 immediately followed Experiments 1 and 
2, respectively, of the first group. While they were both periods of 
subnormal plane of nutrition, they were, in reality, periods of consider
able increase in the plane of nutrition, as Table 2 shows. There was 
a marked increase in the flow in Experiment 9, and a slight one in 
Experiment 10, showing that these cows were still in the period when 
their milk flow was largely under the influence of the chemical stim
ulus. 

In all of the experiments of the third group (Experiments 
11-16) a more or less marked drop in the milk flow accompanied the 
subnormal plane of nutrition. This result occurred notwithstanding 
the fact that none of the experiments lasted more than sixteen days 
and in only one was the energy plane very much below normal. These 
results were in marked contrast to those obtained in Experiments 1 
to 10 which were of greater duration and in most of which there was 
much greater underfeeding. The explanation of the difference lies 
in the supposition that the lactation period had ·advanced to such a 
stage that the chemical stimulus to milk flow, which is more or less in
dependent of the food supply had been replaced by a stimulus which 
was dependent upon the food supply. 

It is especially interesting to compare the effects of a similar 
underfeeding upon the milk flow in early and more advanced lactation 
in the same cow. Such a comparison is seen in Experiments 4, 16, 
and 13, which began with the first, seventy-fifth, and ninetieth days, 
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respectively, of the same lactation period, Cow 300. A similar com
parison is given in Experiments 6, 8, and 14, which began on the fifth, 
twenty-fourth, and eighty-seventh days, respectively, of the same lac
tation period, Cow 301. In both of these cases the more advanced 
the lactation the greater was the influence of underfeeding on the 
milk flow. In the case of Cow 300, an underfeeding of minus 2'1 per 
cent, or, in other terms, a ration supplying energy for 60 per cent of 
the milk flow after deducting the maintenance requirement, begun on 
the ninetieth day of lactation and continued for thirteen days, served 
to reduce the milk flow from 36.8 to 19.2 pounds a day. Similarly, 
in the case of Cow 301, an underfeeding of minus eighteen per cent, 
or, in other terms, a ration supplying energy for about seventy per 
cent of the milk flow after deducting the maintenance requirement, 
begun on the eighty-seventh day of lactation served to reduce the 
milk flow from 31.4 to 22.2 pounds a day in a short period of eleven 
d~s. · 

The effects of underfeeding on the milk flow have been em
phasized by this detailed presentation of the results because they 
point out in a very striking manner the importance of feeding the in
dividual cow sufficient food at all times to support the stimulus for 
milk-production which she has inherited. The experiments show 
especially how important it is to do this after the cow has lost the 
chemical stimulus imparted at the time of parturition, for it is then 
that the milk flow becomes more and more dependent upon the food 
supply. 

Infl.uence on percentage and yield of fat.-The data presented in 
Tables 5, 6, 7, and 8 show in detail the influence of the plane of 
nutrition of the cow upon the percentage and yield of fat in the milk. 
The data are presented from the standpoint of each of the three types 
of underfeeding, subnormal plane, reduction of plane, and physiological 
underfeeding. 

The data on the effects of a subnormal plane of nutrition al:'.e 
given in Table 5. Considering first the effects on the fat percentage 
the data show that positive increases occurred in only nine of the 
sixteen experiments. In drawing this conclusion it was considered 
that a positive increase in the fat percentage meant an average per
centage above normal for the entire experimental period. The number 
of experiments in which fat tests above the normal were obtained was 
somewhat greater (twelve out of the sixteen), but it did not seem 
justifiable to consider cases in which high tests may have been merely 
normal fluctuations which are known to commonly occur from day to 
day in the case of dairy cows. The fact that definite, positive results 



Exp. 

1 
2 
3 
4 
5 

6 

7 
8 

9 
10 
11 
12 
13 
14 

15 

16 

Cow 
Normal 

Per 
cent. 

20 4.66' 
206 3.01 
301 3.76 
300 3.55 

2 4.79 

301 3.99 

2 4.79 
301 3.99 

20 4.702 
206 3.00 
62 4.44' 

2 4.454 

300 3.545 

301 3.868 

301 4.20' 

300 3.54.• 

TABLE 5.-EFFECT OF SUIINORMAL PLANE OF NUTRITION ON PERCENTAGE AND 
YIELD OF FAT IN Mn.K 

Fat Percentage Fat yield per day Stage of 
Average plane 

Under-
Maximum Maximum lactation 

feeding During Before 
for Average Normal for Averag~ at first experiment experiment 

experiment experiment 
I 

Per cent. Day 
Per 

Lbs. Lbs. 
eent. 

Day Lbs. Days Days Per cent. Per cent. 

7.21 10 6.0S ······ 1.63 10 1.25 1 30 -65 Supernormal 

4.47 8 3.87 ..... . 1.33 8 1.18 1 22 -,-00 Supernormal 

3.89 19 3.66 ······ 0.89 9 0.68 3 30 -{!8 Supernormal 
4.40 9 4.01 . .. . .. 1.70 11 1.48 1 20 -35 Supernormal 
5.15 Hand 4.73 ...... 0.72 14 0.65 4 38 -23 Supernormal 

24 
3.90 4 and 3.64 ...... 1.38 8 1.27 5 18 -16 Supernormal 

8 

5.85 36 4.78 ...... 0.66 4 0.58 42 36 -{!3 -23 
3.61 f3 3.43 ...... 1.23 6 to 1.17 24 20 -24.5 -16 

13 32 16 -23 -65 

4.83 12 4.46 ...... 1.26 12 1.16 

4.03 10 . 3.65 ...... 1.20 4 1.06 23 12 -20 -60 

6.26 10 5.64 0.63• 0.88 4 0.77 100 16 -50 +75 
4.88 5 4.75 0.53' 0.62 2 0.58 94 7 -30 +45 
4.51 1 3.87 1.185 1.32 1 0.91 90 13 -21 +12 
4.27 8 to 4.05 1,2!6 1.19 4 1.03 87 11 -18 +15 

14 
4.50 5 to 4.36 0.70' 0.85 2 0.76 165 12 -17 Normal 

12 
3.30 7 to 3.07 1.138 1.01 7 to 0.97 75 15 -14 +20 

13 13 

1 Normal fat percentage in first and second groups is average for that lactation period. 

Flesh: 
at 

first 

Days 

60 Fat 
40 Fat 
45 Fat 
60 Fat 

180 Fat 

25 Good 

30 Fair 
18 Good 
30 Thin 

21 Thin 
40 Fair 
14 Fair 
25 Normal 
21 Normal 

18 Normal 

45 Normal 

2Average of same month of a previous lactation period begun at the same time of year when cow was in full flow of milk. 
•Average of three supernnrmal-plnne days in the two weeks Immediately preceding the experiment, and ten normal-plane days in 

the two weeks Immediately following the experiment. 
•Average of eight supernormal-plane days immediately preceding the experiment. 
•Average of seventeen out of twenty-four normal-plane days Immediately preceding the experiment. 
•Average of fifteen out of twenty· normal-plane days immediately preceding the expPriment. 
•Average test and yield on fourteenth and fifteenth days following experimental period, when cow was on normal plane of 

nutrition. 
•Average of seventeen out of twenty nor mal-plane days immediately following experiment. 
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were secured in only a little over SO per cent of the experiments in

dicates clearly that a number of factors, other than a subnormal plane 

of nutrition, influence the percentage of fat in the milk. Just what all 

of these factors are and the extent of the influence of each has not 

yet been determined. In the experiments beginning at parturition 

the fatness of the cow, the extent of the underfeeding and the season of 

the year all appear to be of importance in controlling the effects of un

derfeeding on the percentage of fat. A poor, or even moderate state 

of flesh, only moderate underfeeding, and parturition during the hot 

months of the year each offset in some measure an increase in fat 

percentage accompanying a subnormal plane of nutrition. 
The negative results obtained· in Experiment 3 were undoubtedly 

due to the combined influence of the first and third of these factors, 

and the negative results in Experiments 6 and 16 to the combined in

fluence of the second and third, and the negative results of Experiment 

8 to the third factor alone. In the case of Experiment 5 the high 

tests secured on the fourteenth and twenty-fourth days were prob

ably normal fluctuations, and the fact that the average test for the ex

periment was normal bears out the statement already made in a previ

ous section, namely, that this cow was not underfed as greatly during 

this experiment as the energy calculations indicated. 
A similar explanation would not apply, however, to Experiment 

7, using the same cow as Experiment S, for the high fat tests secured 

were beyond the normal fluctuations to be expected. Altho this ex

periment was classified above among those in which a negative result 

was secured, owing to the fact that the average fat percentage for 

the period was not above normal, it is doubtful if this classification 

was correct. The difficulty arises from the experimental period se

lected. If the entire subnormal plane of nutrition period be selected, 

as was done in all the other experiments, then the average fat test for 

the period was not above normal; but if only the period is selected in 

which other evidences of underfeeding appear, namely, during the 

last six or seven days of underfeeding, then the average fat test was 

considerably above normal. 
The negative results secured in Experiment 9 are not so readily 

explained. It should be taken into account, however, that this experi

ment followed a long siege of pronounced underfeeding, and while 

it was itself a period of subnormal plane of nutrition, it was at the 

same time a period of greatly increased plane of nutrition and greatly 

increased milk flow. These facts may, in part at least, explain the 

fact that the average fat test for the period was below normal. 
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Considering the effects of a subnormal plane of nutrition on 
the fat yield, it is clear that the evidence presented is insufficient to 
draw definite conclusions. This is due to the fact that the data did 
not seem to justify assigning a "normal" fat yield to any except the 
last six experiments. The source of the normal yield in these ex
periments is indicated in Table 5. The data show that the average fat 
yield per day was increased by the subnormal plane of nutrition in 
only one of the six experiments, namely, Experiment 11, although 
the average fat percentage was materially increased in all of the ex
periments except Experiment 16. The explanation of this practically 
uniform negative result on the fat yield undoubtedly lies in the fact 
that it was this group of experiments which showed a uniform drop in 
the milk flow due to the subnormal plane of nutrition. Only in Ex
periment 11 was the fat percentage increased sufficiently to offset 
the drop in the milk flow. The result was that most of the experiments 
showed a normal or subnormal daily yield of fat. 

TABLE 6.-EFFECT OF REDUCING PLANE OF NUTRITION ON PERCENTAGE AND· 
YIELD OF FAT IN MILK 

Fat Percentage Fat yield per day Stage of Plane of nutrition lacta-
Exp, Cow Nor- Maximum Aver- Nor- tion at Preceding During Ma7~';'um Aver-for begin-ma! experiment age ma! experiment age ....filBIL experiment experiment ---- -Per Per Per Per Per 

cent cent Day cent. Lbs. Lbs. Day Lbs, Days cent. Days cent. Days 
17 2 4.611 5.80 1 5.48 0.531 0.64 1 0.59 103 +65 57 -6.5 4 
18 2 4.782 5.30 6 4.% o.552 0.61 6 0.58 117 -t65 8 -2.8 6 
19 402 3.653 4.42 2 4.10 0.583 0.63 2 0.53 224 

:tr~ 
66 +9.3 6 

20 301 ·4.11 • 4.20 3 4.20 0.95• 0.90 2 0.90 138 31 -1.5 3 
21 300 3.235 3.77 5 3.57 1.435 1.61 5 1.53 58 25 22 -1.1 7 

1Average of nine days Immediately preceding and ten days immediately following experiment, cow being on normal plane of nutrition. 
2Average of ten supernormal-plane days immediately preceding experiment . 

. 'Average of seven out of fifteen supernormal-plane days immediately preceding ex
periment. 

•Average of thirty supernormal-plane days Immediately preceding experiment. 
•Average of seventeen out of twenty-nine supernormal plane of nutrition days im

mediately preceding experiment. 

The data concerning the effects of reducing the plane of nutri
tion on the percentage and yield of fat are shown in Table 6. Refer
ence has already been made to this interesting group of experiments 
in which the results were in many respects identical with those ob
tained in the subnormal and physiological underfeeding experiments. 
In all of these experiments the plane of nutrition was reduced from 
supernormal to normal. The effect in all cases was only temporary, so 
that the significance of the results depend in large measure on the 
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length of the experimental period chosen. This varied from three to 
seven days in the experiments, the latter probably being the maximum 
length of time that the effect of reducing the plane of nutrition would 
be manifested. The similarity of the results of reducing the plane of 
nutrition to those obtained ·in the subnormal and physiological under

feeding experiments was particularly manifested in the percentage of 
fat. In all of the experiments a high fat test accompanied the reduc
tion in the plane and the effect was greatest in the cases of greatest 
reduction, in which the cow had been on the supernormal plane of nu
trition for a considerable period, e. g., Experiments 17 and 19. It is 
probable that the length of the supernormal feeding, as well as the 
degree, are factors influencing the results. 

Considering the effects of reducing the plane on the yield of fat the 
data in Table 6 show clearly that the effects were not nearly so pro
nounced as on the percentage of fat. This was due to the fact that 
the reduction in the plane of nutrition caused a slight drop in the milk 
flow in all of the experiments except Number 18. A comparison of the 
normal milk and fat yield and fat percentage with that accompanying 
the reduced plane of nutrition is shown in Table 7. It is well known 

TABILE 7.-lNFLUENCE OF REDUCING PLANE OF NUTRITION UPON THE FAT 

PERCENTAGE AND YIELD OF MILK 

Normal daily Experimental daily 

Exp. Cow 
Milk Fat Fat Milk Fat Fat 

yield percentage y ield yield percentage yield 

Lbs . Per cent. 'Lbs. Lbs. Per cent. Lbs. 

17 2 11.5 4.61 0.53 10.75 5.48 0.59 

18 2 11.5 4.78 .55 ll.70 4.96 .58 

19 402 15.9 3.65 .58 13.00 4.11) .53 

20 301 23.2 4.11 .95 21.50 4.20 .90 

21 300 44.2 3.23 1.43 42.90 3.57 1.53 

that the fat percentage of cows' milk varies from day to day and us
ually there is some tendency for this variation to be inversly to the 
milk flow so that the normal fat yield does not vary so much as does 
the percentage of fat. It seems probable that the increased fat per
centages that accompanied the reduction in the plane of nutrition 
were, in a measure, compensatory for the slightly reduced milk flow. 
That the increased fat percentages were due to some extent to a 
factor similar to underfeeding is clear from effects on the physical 
and chemical constants of the milk fat, which will be pointed out later. 

The data concerning the effects of physiological underfeeding on 
the percentage and yield of fat are given in Table 8. The data given in 
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this table in a measure supplement data already published by one of 
us9 in regard to the high fat tests sometimes secured immediately 
after parturition. The experiments reported in Table 8 differ in 
one respect, namely, that in no case was underfeeding imposed on the 
animals, the underfeeding that accompanied the experimental period 
being due to the inability of the animals to consume sufficient food to 
support their milk flow. 

TABLE 8.-Ell'FECT OF PHYSIOLOGICAL UNDERFEEDING ON PERCfu"i'TAG·E AND 
YIELD OF FAT IN MILK 

Stage of 'L<'nvth I 
Fat percentage Fat yield per day ~acta- J:'lanc o!' 

Exp, Cow . tion. at durm~ t:xp. l'XPt~ ri- \ 
Nor- Maxi- Aver- Nor· MaX1- Aver- beg-m- (average) men t 
mal mum age mal mum ai;re nm!-:' 

-----Per~ Per ------------- - --- · 
cent. cent. Day cent. Lbs. Lbs. Dav Lbs. Days Per cent. Days 

22 205 3.261 3.78 1-6 3.78 ---- ---- ------ 4 ------------ 6 
23 209 2.99 3.95 1-6 3.95 6 6 
24 21 5.65 6.20 1-10 s .90 I44'' I82 i-ici T78- 1 --·:.:3f6_ __ 20 
25 211 3.03 4.94 1-2 4.94 2.48 1-2 2.43 1 ------------ 2 
26 407 3.36 6.80 1 5.82 3,1, 1 2.61 2 ------------ 2 
27 231 2.74 4.13 3 4.06 1.61 3 1.38 2 -36.6 3 
28 30.5 4.03 1.15 s 6.5o I3.'i"i! 2.53 s 2.08 2 -ss.5 10 

Flesh nt 
first 

Fnt 
Fat 
Good 
Good 
Fat 
Fat 

Verv Fn!... 

1Normal fat percentages are average for tha t laetution period, twelve mouths l.Jc!ug 
regarded as the lactatl6n period In case the period exceeded this time. 

2Yield per day during corresponding mouth of another Jactntiun pcrlotl begun the 
same time of year. 

A comparison of the average fat percentage for the period of 
physiological underfeeding with the average fat percentage for the 
lactation period shows that a high fat test uniformly accompanied the 
underfeeding, in some cases, e. g., Experiments 25, 26, 27, and 28, the 
test being abnormally high. In the two experiments in which a cal
culation of a normal fat yield seemed justifiable the data indicate that 
abnormally high fat yields as well as fat tests may accompany the 
underfeeding. It is to be noticed, also, that all the animals were in 
good flesh or in a fat condition at parturition. This appears to be an 
important factor influencing the fat tests, as was pointed out in the 
orevious publication to which reference has been made. The state
ment made in that bulletin in regard to the importance of this factor 
seems to be substantiated by the additional data on this point pre
sented here. 

In:fluence on percentage of milk constituents other than fat.-None 
of the types of underfeeding had a uniform effect on the percentage 

9 Erkles, C. H. Infiuenre of fatness of cow at parturition on per cent of fat lu 
milk. Mo. Agr. Exp. Sta. Bull. 100: 183-202. figs. 12. 1912. 
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of the milk constituents other than the fat. The percentage of lactose 

was not affected in any of the experiments. In two of the first group 

of subnormal plane of nutrition experiments, those begun immediately 

after parturition, the subnormal plane appeared to materially decrease 

the percentage of casein in the milk, apparently without affecting the 

total protein. l'J one of the other milk constituents other than the fat 

were affected. The reduction in the casein percentage occurred in 

Experiments 1 and 4, with Cows 20 and 300. The data showing this 

result are given in Table 9. 
It has already been pointed out that the plane of nutrition of Cow 

20 was higher than the figures indicate, which accounts for the resto

ration oi the casein percentage to normal when the plane of nutrition 

was raised on April 4. 

TABLE 9.-EFFECT OF SUBNORMAL PI.A.NE ON CASEIN PERCENTAGE 

Experiment 1, Cow 20 Experiment 4, Cow 300 

Date Casein 
Plane Casein 

Plane of 

ot nutrl tlon 
Date nutrition 

Per cent. Per cent. Per cent. Per cent. 

March June 
14·27 2.63 -62.2 22 2.42 -34.4 

28 2.29 -64.6 24-28 2.15 -32.4 

30 2.23 -37.S 30-July 2 1.88 - 15.1 

April 
2 2.23 -40.3 9-Aug. 1 2.22 +1S.() 

4 2.17 -24.2 
6 2.29 -22.7 

8-14 2.59 -22.4 
15-30 2.64 -11.9 

In two other experiments in the general group covering the ef

fects of a subnormal plane of nutrition, namely, Experiments 7 and 

11, and also in one of the experiments in the group covering the ef

fects of reducing the plane of nutrition, namely Experiment 19, there 

was a marked reduction in the percentage of total protein. There was 

apparently no effect on the percentage of casein in these experiments. 

The ash, however, was decreased in the two experiments in which 

this was determined, namely, Experiments 11 and 19. The data show

ing the effect on the total protein and ash percentage together with 

the normal protein and ash percentages of the same cows at the same 

stage of other lactation periods, when the plane of nutrition was 

normal, are given in Table 10. 
Considering the data in Tables 9 and 10 collectively it is obvious 

that too much emphasis must not be placed on the results, interesting 
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TABLE 10.-EFFECT OF SU.SNORMAL PLANE ON TOTAL PROTECN AND ASH IN MILK 

I!lxperlment 7, 0-0w 2 Experiment 11, Cow 62 Experiment 19, Cow 402 

Pro-
Date 

Pro-
Ash Plane Date 

Pro-
Ash Plane Date 

teln 
Plane 

teln teln 

Per Per Per Per Per Per Per Per 
cent. cent. cent. cent. cent. cent. cent. cent. 

April Feb. April 
8-13 3.50 -34.6 24-25 4.23 0.77 +45.1 26-May 2 3.75 0.73 +87.0 

March May 
14-21 3.52 -35.l} 8 4.07 ··· ·· + 1.6 4-6 3.56 .68 +57.5 
24-May 3 3.32 -32.1 10-14 3.80 .68 -S8.7 s 3.31 .66 +35.5 
May 

6-7 2.94 -30.4 16-18 3.53 .71 -54.0 10 3.38 .65 +21.9 
10-11 3.07 -16.2 20-22 3.44 .73 -51.3 12 3.38 .67 + 9.3 
12-13 3.13 + 4.8 24 3.50 .72 -46.3 14 3.38 .68 -15.5 
15-25 3.50 +38.7 26 3.50 .69 +19.2 16 3.31 .... -26.6 

28.30 3.66 .70 +10.1 18-20 3.18 .71 -24.3 
31-Apr. 24·30 3.40 .74 -21.l 

6 3.69 .68 +16.2 

as they are, and unquestionably positive in nature as they appear to be. 
Too few of the total number of experiments showed these results, in
dicating that factors other than the subnormal plane of nutrition may 
have been largely responsible for the reduction in the casein and pro
tein in these particular experiments. Moreover, the fact that the total 
protein was not affected in the experiments given in Table 9 in which 
the casein was reduced, and the fact thai: the casein was not affected 
in the experiments given in Table 10, in which the total protein was 
reduced, appear to be inconsistencies for which no ·explanation is 
apparent at the present time. It is true that the experiment in Table 
9 were those conducted immediately after parturition while those in 
Table 10 were conducted some time after parturition, but it is open 
to question whether the difference in the stage of the lactation period 
between the two groups of experiments is alone sufficient to explain 
the difference in the effect on the protein. It is interesting to note 
that a reduction in the ash percentage of the milk followed the reduc
tion in the total protein in the second group of experiments, which 
bears out the general relation between these two groups of milk con
stituents which is believed to exist. 

Influence on constants of milk fat.-Particular attention was paid 
in all the plane of nutrition experiments to the effect on the composition 
of the butter fat as indicated by its physical and chemical constants. 
It was in this direction that the most uniform and striking results 
were secured. The fat constants to which particular attention were 
paid were the saponification and iodin values, the Reichert-Meiss! 
number, and the melting point. 
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In Table 11 is shown a comparison of the normal fat constants 

with the extremes obtained in each of the experiments due to the 

variation in the plane of nutrition, together with other data having a 

bearing on the results. All the experiments which have so far been 

considered are shown in the table, including (1) experiments 1-16 

constituting the group involving the effect of a subnormal plane of 

nutrition; (2) three of the five experiments involving the effect of re

ducing the plane of nutrition (Experiments 19-21, no butter fat 

analyses being made in Experiments 17 and 18); and (3) five of the 

seven experiments involving the effect of physiological underfeeding 

(Experiments 22 to 28, omitting Experiments 24 and 27 in which no 

butter fat analyses were made). The normal values for the saponi

fication, Reichert-Meiss!, and iodin values and the melting point shown 

in the table for the individual experiments are average values covering 

several or more days when the animals were on a normal or super

normal plane of nutrition either immediately preceding or immediately 

following the experimental period. Table 12 shows the maximum 

amount of change of the fat constants from these normal values in 

the different experiments. 
The data presented in Tables 11 and 12 have several striking 

features. The most striking is the fact that without exception all 

of the experiments show a decline in the saponification value and 

Reichert-Meissl number of the butter fat, and an increase in the 

iodin-absorption value. The melting point, however, in some cases 

increased, in some cases was not affected, and in other cases declined. 

Another striking feature of the results is the extreme variations in 

the chemical fat constants obtained in a great many of the experiments. 

In fifteen of the twenty-four experiments given in the tables the 

maximum iodin-absorption value rose to a figure of 40.0 or above 

and in twenty-one of the twenty-four ·experiments to a figure of 36.0 

or above. The extent of these variations is emphasized when they 

are compared with the average normal iodin value of 32.7 for all the 

experiments. Similarly, Reichert-Meissl numbers below 24.0, the 

legal standard for butter in the United States, were obtained in ten 

of the twenty-four experiments. Reichert-Meiss! numbers below 

28.0, the Belgian legal standard for butter, were obtained in twenty 

of the twenty-four experiments. Again, the extent of these variations 

is emphasized by comparison with the average normal value of 29.1 

for the twenty-four experiments. 
In several of the experiments the effect of the plane of nutrition 

variations toward the production of butter fat with abnormal fat 

constants was to a great extent neutralized by the character of the 



Stage .of 
lactation Under-

Exp. Cow at feeding 
beginning 

TABLE 11.-COMP.ARISON OF NORMAL AND ABNORMAL FAT CONSTANTS DUE TO 
VARIATIONS IN PLANE OF NUTRITION 

Relcbert-Melssl 
Iodin value Time or Saponlflcatlon value 

Average number 
maximum 

plane 
effect ExpC'rimenta1 Experimental Experimental 

Normal Normal Normal 
extreme extreme extreme 

---

1 

2 

3 

4 

5 

6 
7 

s 
9 

10 

11 

12 
13 
14 
15 

16 

19 
20 
21 

22 
23 
25 
26 
28 

Days Days Per cent. Days 
20 1 30 -62 (a)14 225.0 (a)217.8 24.4 (a)19.9 

(b)28 (b)220.4 (b)23.7 

206 1 22 -60 (a)lO ······ (a) .. .. 25.3 (a)l5.4 
(b)2(} (b) .... (b)l7.6 

aoi 3 30 (a)-891 (a) 15·16 229.8 (a)214.6 27.1 (a)22.6 
(b)-28 (b)27-28 (b)220.6 (b)25.3 

300 1 20 --138 (a) 7 229.3 (a)226.0 33.3 (a)30.7 
(b)17 (b)221.9 (b)27.5 

2 4 38 -23 25-28 234.o 228.6 32.4 29.5 

301 5 18 -16 12 230.0 225.6 34.9 30.4 

2 42 36 -33 (n)23-24 229.3 (a)227.0 30,4 (a)27.9 
(b)35-36 (b)217.1 (b)23.5 

301 24 20 -25 6 232.0 224.1 31.4 27.3 

20 32 12 -23 10 • 225.0 223.0 24.4 22.4 
206 23 12 - 20 10 223.0 22-0. 7 25.3 23.4 

62 100 16 (a)-55 (a)lO 228.7 (a)222.9 26.3 (a)25.0 
(b)- 46 (b)16 (b)221.1 (b)23.9 

2 94 7 --130 7 229.3 222.6 30.4 26.7 
300 90 13 -21 6 232.1 221.6 28.8 24.7 
301 87 11 -18 4-7 232.7 22s.o 31.2 27.2 
301 165 12 -17 (a) 2 232.6 {a)228.5 30.5 (a)27.2 

(b) 4 (b)223.9 (b)25.0 
800 75 15 -14 8 232.1 223.9 28.8 25.6 

402 224 6 + 9.3 6 229.7 227.4 21.6 20.3 
301 138 3 - 1.5 3 232.6 225.7 3-0.5 25.5 
300 58 7 - 1.1 5 233.8 224.4 31.5 28.3 

205 4 6 . ... . ... . 1-6 241.4 . .... .. 27.9 23.0 
209 6 14 ........ • 1-7 234.6 220.6 28.5 21.5 
211 1 2 ........ 2 1-2 232.7 218.9 34.5 26.3 
407 2 2 ........ • 1 229.3 225.G 32.0 28.7 
305 2 10 -59 10 223.4 218.2 26.7 24.7 

1The letters (a) nnd {b) thru the· tnble refer to two distinct .results in that ex perlment. 
•Subnor mal. 

30.4 (a)42.8 
(b)42.1 

37.8 (a)45.8 
(b)46.0 

28.4 (a)45.9 
(b)43.4 

38.8 (a)40.1 
(b)41.0 

28.7 32.9 

37.6 38.6 
32.1 (a)36.3 

{b)47.0 
31.3 42.1 
80.4 35.0 
87.S 40.5 

33.1 (a)46.4 
(b)48.0 

32.1 39.4 
30.8 42.4 
30.6 37.5 
30.0 (a)35.0 

(b)36.5 
30.8 41.6 

36.4 41.3 
30.0 37.5 
30.4 34.5 

30.8 41.8 
36.8 43.1 
35.2 40.5 
31.6 36.1 
36.7 41.9 

I Melting point 

Experimental 
Normal 

ex:treme 

•o. oo. 
33.5 (a)37.0 

(b)34.1 
32.8 (a)39.8 

(b)35.7 
33.8 (a)36.0 

(b)30.9 
34.3 ( a )36.5 

(b)32.7 
32.7 33.0 

33.6 34.4 
35.0 (a)31.6 

(b)35.7 
33.8 33.0 
33.5 33.5 
32.8 32.7 

33.6 (a)28.6 
(b)30.1 

35.0 36.5 
33.4 30.7 
32.5 32.6 
33.0 {a)30.6 

(b)33.4 
33.4 32.2 

33.4 35.3 
33.0 32.0 
33.u 33.3 

33.0 36.5 
32.2 38.2 
31.0 39.5 
32.2 84.9 
35.() 33.8 
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TABLE 12.-VARIATION IN FAT CONSTANTS FROM NORMAL TO AimORMAL DUE TO 
PLANE OF NUTRITION 

Variations from normal of 
Plane 

Exp. Cow of 
Sapon!fica-

Reichert-
nutrition Meiss! 

tion value 
number 

Per cent. 
1 20 -62 (a)- 7.2 (a)-5.5 

(b)-4.6 (b)-<l.7 
2 2013 -60 ··· ······ ·· · (a)-9.9 

(bl-7.7 
3 301 (a)-391 (a)-15.2 (a)--4.5 

(b)-28 (b)- 9.2 (b)-1.8 
4 300 -38 (a)- 3.3 (al-2.6 

(bl- 7.4 (b)-5.S 
5 2 -23 - 5.4 -2.9 
6 301 -16 -4.4 -4.5 

7 2 -33 (a)-2.3 (a)-2.5 
(b)-12.2 (b)-6.9 

8 301 -25 - 7.9 --4.1 
9 20 -23 -2.0 -2.0 

10 206 -20 -2.3 -1.9 

11 62 (a)-55 (•l- 5.8 (al-1.3 
(bl-46 (b)- 7.6 (b)-2.4 

12 2 -30 -6.7 -3.7 
13 300 -21 -10.5 --4.1 
14 300 -18 -4.7 -4.0 
15 301 -17 (a)- 4.1 (a)-3.3 

(b)- 8.7 (b)-5.5 
16 300 -·14 - 8.2 -3.2 

+60 
19 402 to+ 9 -2.3 -1.3 

+is 
20 301 to - 1.5 -6.9 -5.0 

+25 
21 300 to - 1.1 -9.4 -3.2 

22 205 ........ 2 . ......... . -4.9 
23 209 ........ 2 -14.0 -7.0 
25 211 ........ 2 -13.8 -S.2 
26 407 ........ 2 -3.7 -3.3 
28 305 -'59 - 5.2 -2.0 

'See Table 11 for explanation of (a) and (b). 
•Subnormal. 

Iodin 
value 

(•)+12.4 
(b)+ll.7 
(al+ S.o 
(bl+ l>.1 
(a)+17.5 
(bl+15.0 
(a)+ 1.3 
(bJ+ 2.2 

+ 4.2 
+ 1.0 

(al+ 4.2 
(b)+14.9 

+io.s 
+ 4.5 
+ 2.7 

(al+l3.3 
(bJ+l4.9 

+ 7.3 
+11.6 
+ 6.9 

(al+ 5.0 
(b) + 6.5 

+w.s 

+ 4.9 

+ 7.5 

+ 4.1 

+11.0 
+ 6.3 
+ 5.3 
+ 4.5 
+ 5.2 

Jlieltlng 
point 

•o. 
(aJ+3.5 
(b)+0.6 
(a)+7.0 
(b)+2.9 
(a)+2.2 
(b)-2.9 
(aJ+2.2 
(b)-1.6 

+o.3 
+o.s 

(a)-3.4 
(bl+0.7 

-0.8 
+o.o 
-0.1 

(a)-5.0 
(b)-3.5 

+1.5 
-2.7 
+0.1 

(a)-2.4 
(bJ+0.4 

-1.2 

+1.9 

-1.0 

- 0. 2 

+s.5 
+6.0 
+s.5 
+2.7 
-1.2 

rations fed. For example, Experiments 4, 5, 6, 7, 11, and 12 in the 
subnormal plane of nutrition group, and 25, 26, and 28 in the physio
logical underfeeding group showed the least abnormal Reichert
Meissl-and in some cases, iodin values-of any of the experiments 
in which there was a similar amount of underfeeding. In Experiments 
4 and 6 respectively, with cows 300 and 301, this was due, in great 
part, to the fact that there was considerable green alfalfa in the ex-
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perimental rations, Cow 300 receiving thirty pounds a day thruout 
the entire experimental period and Cow 301 receiving fifteen to twenty.
five pounds of the green alfalfa, in addition to their other feed of 
grain and alfalfa hay. That the green alfalfa itself had a marked in
fluence on the Reichert-Meiss! and iodin values, increasing each to 
abnormally high figures, is seen by no'ting the "normal" Reichert
Meissl and iodin values for these experiments, which represent values 
at the beginning10 of the underfeeding tests. 

It is to be noted that the amount of change in the Reichert-Meiss! 
numbers in all these experiments are comparable with those obtained in 
the other experiments of similar underfeeding. That this was not 
the case with the iodin values was due to the fact that the "normal" 
values were already in the direction of the change produced by un
derfeeding. In Experiments 5, 7, and 12, with Cow 2, the high normal 
values for the Reichert-Meiss! number and the low normal values for 
the iodin value were due to the fact that the ration contained twelve 
pounds of corn silage during the normal periods for Experiments 5 
and 7, and from twelve to fifteen pounds during the normal periods for 
Experiment 12, in each case in addition to a ration of grain and al
falfa hay. The feeding of silage continued thruout the experimental 
periods in about the same proportion of the total ration. 

In Experiment 11, Cow 62, the effect of eleven pounds of silage 
in the ration during underfeeding, comprising over half the bulk of the 
ration, is evident in the slight effect on the Reichert-Meiss! number 
notwithstanding the great underfeeding to which the cow was sub
jected. It is not the purpose at this time to go into detail in regard 
to the specific effect of feeding corn silage on the constitution of butter 
fat. This will be made the subject of a future report from this 
Station. It may be pointed out here, however, that the effect, in gen
eral, is to produce butter fat with an abnormally high Reichert-Meiss! 
number and an abnormally low iodin value. This being the case, 
the influence of corn silage in the ration in experiments involving a 
subnormal plane of nutrition would be expected to be in the direction 
of offsetting the abnormally low Reichert-Meiss! numbers and ab
normally high iodin values which result when the plane of nutrition 
factor alone is involved. It is evident that this was the case in Ex
periments 5, 7, 11, and 12. As pointed out above, however, the amount 
of variation of these fat constants do not differ materially from the 
similar experiments in which corn silage was not an influencing factor. 

10It is necessary to take the normals at this time on account of the fact that none of the periods of normal plane of nutrition during the subsequent days of these cow'a lactation periods involved green alfalfa. 
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As has already been pointed out in a preceding paragraph, the 
influence of specific feeds like green alfalfa and corn silage on the 
chemical constants of the butter fat would not have been permitted to 
influence the results of the plane of nutrition studies had the extent 
of their influence been appreciated at the time the experiments which 
have just been discussed were carried out. 

In the case of the physiological underfeeding experiments no 
attempt was made to control the influence of specific feeds on the 
chemical constants of the milk fat. In these experiments the animals 
were fed all that safe feeding practice would allow, the underfeeding 
being due to the inability of the animals to consume sufficient food to 
support their milk flow. In Experiments 25, 26, and 28 a considerable 
proportion of the roughage fed was corn silage. The influence of 
this roughage in the ration had the same effect on the fat constants 
as it did in the subnormal plane of nutrition experiments. Its influence 
in Experiment 25 is seen in the high values for the Reichert-Meissl 
number in both the normal and physiological underfeeding periods. 
At the same time the decrease in the value of this fat constant due to 
underfeeding was considerably greater than the average. The high 
normal iodin value was also due to the character of the roughage, for 
the animal was at this time on fresh pasture during a part of the 
day, altho she was feel grain and silage in addition on account of her 
heavy milk flow, which was about eighty pounds a day. The influence 
of the silage in the ration of Cow 407, Experiment 26, was similar, as 
shown by the high normal Reichert-Meiss! number and low normal 
iodin value. The influence is also seen in the fat constants during 
the physiological underfeeding which were not abnormal but whose 
variation from the values during the normal plane of nutrition were 
marked. 

Accurate record of the food consumption of the animals in Ex
periments 25 and 26 was not kept, so that it was not possible to cal
culate the amount of underfeeding which they suffered. Such a 
record was kept in the case of Cow 305, Experiment 28, however, and 
explains the cause of the low normal Reichert-Meiss} nmnber and high 
normal iodin value for this experiment. Record of the feed consumed 
and the body weight, and other data were kept in the case of this 
animal until it was believed she was no longer physiologically under
fed. Calculations eventually made for the day the last sample of 
milk was taken for complete analysis, when it was considered that the 
animal was normal, showed that the animal was still underfed about 
25 per cent. This would account for the fact that the fat constants 
were still abnormal at this time. 

3. 
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The necessity of using normal values for this experiment, which 
were in reality still influenced by underfeeding, is unfortunate, for 
their use does not give the true picture of the effects of the great 
physiological underfeeding which Cow 305 suffered. The results were 
also somewhat vitiated by the fact that the animal received about 
twenty pounds of corn silage in her ration thruout the entire experi
ment. Its effect is seen on the Reichert-Meissl number particularly, 
which was not depressed to a value proportional to the extent of un
derfeeding, when compared with the experiments involving a similar 
subnormal plane of nutrition. 

Attention has already been called to the fact that the changes in 
the melting point of the butter fat that accompanied the underfeeding 
in the different experiments were not uniform; in some cases increas
ing, in others remaining stationary, and in other cases decreasing. 
These variations were not confined to one group of experiments, ex
amples of each being found in each of the groups, or types of under
feeding. The data pertaining to this point are shown in Tables 13-15. 

In Table 13 have been grouped together those cases that resulted in 
an increased melting point. The figures shown in the table are a 
comparison of the normal and experimental extremes of Reichert
Meissl numbers, iodin values, and melting point. A similar com
parison of the same fat constants for the cases of stationary melting 
point is also shown in Table 13, followed by similar data for the cases 
of decreased melting point. At the bottom of each section of the table 
is shown the average Reichert-Meiss! number, iodin value, and melt
ing point for both the normal and experimental extremes. These aver
age values are shown collected in Table 14, together with similar aver
ages for the saponi.fication value, which is not given in Tables 12 and 
13. 

In Table 15 are shown the least, the greatest, and the average 
amount of change in the saponification and iodin values, the Reichert
Meissl number and melting point, which occurred in the three groups 
of experiments, the increased melting point, the stationary melting 
point, and the decreased melting point. A comparison of the average 
values in the three groups of experiments shows that the difference in 
the effect on the melting point of the butter fat is to be attributed to 
the difference in the effect on the Reichert-Meiss! and iodin values. 
The data show that the average decrease in the Reichert-Meiss! num
ber was much greater in the experiments showing an increased melting 
point than in either of the other two groups of experiments; while 
the increase in the iodin absorption value was greatest in the experi
ments showing a decreased melting point. 
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TABLE 13.-COMPARISON OF NORMAL AND ABNORMAL FAT CONSTANTS IN E:X· 
PERIMENTS SHOWING DECREASED, INCREASED, AND STATIONARY 

MELTING POINT 

Reichert-Meissl 

Plane 
number Iodln value Melting point 

~ 

Exp. Cow of Ex per- Exp er~ Exper. 
nutrition Normal !mental Normal !mental Normal !mental 

extreme extreme extreme 

Decreased 
melting 
point Per cent. •c. '0. 

3b 301 -28 27.1 25.3 28.4 43.4 33.8 30.9 

7a 2 -33 30.4 27.9 32.1 30.3 35.0 31.(l 

8 301 -25 31.4 27.3 31.3 42.1 aa.8 33.0 
lla 62 -55 26.3 2{).0 33.1 46.4 33.6 28.6 

13 300 -21 28.8 24.7 30.8 42.4 33.4 30.7 
l~a 301 -17 30.G 27.2 30.0 35.0 33.0 30.6 
16 300 -14 l!S.S 25.0 30.S 41.6 33.4 32.2 
20 301 -15 30.5 25.5 30.0 37.5 33.0 32.0 
28 305 -59 26.7 24.7 36.7 41.9 35.0 33.8 

- -
Average 28.9 25.9 31.G 40.8 33.8 31.6 

Increased 
melting 
point 

la 20 -62 24.4 19.9 30.4 42.8 33.5 37.0 
2a 206 -60 25.3 15.4 37.S 45.8 32.8 39.8 
3a 301 -39 27.1 2~.o 28.4 45.9 33.S 36.0 
4a 300 -38 33.3 30.7 38.S 40.1 3·i.3 36.5 
6 301 -16 34.9 30.4 37.G 38.5 33.6 34.4 
7b 2 -33 30.4 23.5 32.1 47.0 35.0 35.7 

12 2 -30 30.4 20.7 32.1 39.4 35.0 36.5 
19 402 +60-90 21.6 20.0 30.4 41.3 83.4 35.S 
22 205 ........ 1 27.0 23.0 :io.s 41.S 33.0 36.5 
23 209 ········ 1 28.5 21.5 SG.8 ~3.1 32.2 38.2 
25 211 ........ 1 34.5 26.3 35.2 40.5 31.0 39.5 
26 407 .. .... .. 1 32.0 28.7 31.6 36.1 32.2 34.9 

Average 29.2 24.1 34.0 41.9 33.8 36.7 

Stationary 
melting 
point 

5 2 -23 32.4 29.5 28.7 32.9 32.7 33.0 
9 301 -23 24.4 22.4 30.5 35.0 33.5 33.5 

10 206 -20 25.3 23.4 37.8 40.5 32.S 32.1 
14 301 -18 31.2 27.2 S0.6 37.5 32.5 32.6 
21 300 + 2.7 31.5 28.3 30.4 34.5 33.5 33.3 

Average 29.0 26.2 31.6 3().1 33.0 33.0 

1Subnormnl. 

.. . 

The Reichert-Meissl number of butter fat, as is well known, 
is an arbitrary measure of the relative proportion of volatile, water 
soluble fatty acids, comprising chiefly11 caproic and butyric acids, the 

itLewkowitsch, J. (Oils, fats, and waxes. Part II. 809, 1914) states that, "Ac
cording to Duclaux [Compt. rend. 1886 (102), 1022]. butter fat contains from 2 to 
2.26 per cent of cnproic and from 3.38 to 3.65 per cent of butyrlc acid." 
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latter in much the greater proportion. The iodin-absorption value, on 
the other hand, is the percentage of iodin that will be absorbed 
by the butter fat; and, since oleic acid is the only fatty acid normally 
present in butter fat capable of absorbing iodin, the iodin value may 
be made a direct measure of the percentage of oleic acid in the fat. Of 
particular importance to the data under discussion is the fact that the 
three fatty acids of which the Reichert-Meiss! and iodin values are a 
measure, namely butyric, caproic and oleic acids, are the only fatty 
acids in butter fat that are liquid at room temperature, butyric and 
caproic acids melting at about minus 8°C., and oleic acid at +6.5°C. A 
comparison of the melting points of the simple triglycerides of these 
fatty acids gives still greater emphasis to their liquid character; trio-

TABLE 14.-COMPARISON OF AVERAGE FAT CONSTANTS OF GROUPS OF EXPERI· 
MENTS SHOWING INCREASED, STA1'IONARY AND DECREASED MELTING POINT 

Increased Stationary Decreased 
melting melting melting 

point point point 

Average saponificatlon value 
Normal ... ............... .. ...... 229.9 229.7 230.3 
Experimental ······ ·· ·········· ··· 221.6 224.9 223.8 

Average Reichert-Meiss! number 
Normal ···· ·· ········· ··········· 29.2 29.0 28.9 
Experimental .. ... ... .......... ... 24.1 26.2 25.9 

Average lodin value 
Normal ···· ··· ···· ·········· ···· · 34.0 3l.6 31.6 
Experimental .... ... .......... .... 41.9 36.1 40.S 

Average melting point 
Normal .... . ......... . . .. •o. 33.3 33.0 33.S 
Experimental ............ •c. 30.7 33.0 31.6 

TA·BLE 15.-AMOUNT OF CHANGE IN IFAT CONSTANTS IN EXPFRIMEN'fS SHOWING 
INCREASED, STATIONARY AND DECREASED MELTING POINT 

Change In Saponificatlon value 
Least .. ... . .... . ...........• . .. . . . •.. 
Greatest ......•. .. . ..... . : .......... . 
Average .. . .. .. . . .... . ... .... .. . ..... . 

Cliange In Relchert-Meissl number 
Least • . . . . . . . . . . . . . . . . . .. .. .....• .. 
Greatest ........... ... .• . .. .......... 
Average . ... ...• ... .... . .. . .. . . ...... 

Cliange in lodln value 
Least •.... . .. .... ...... .. . . .........• 
Greatest .... . . ... . . ..... ... ........ •. 
Average .....•.. . . ........ ... ..•.... . 

Change in m<1lting point, 0 0. 
Least •. . . ... •. . ... .... .... .. . ..•..... 
Greatest .. •.. . . ... .. .. ... ..... . .. . •.. 
Average . . ...... . ... ...•... . ....•..... 

Increased 
melting 

point 

- 2.3 
-15.2 
- 8.3 

-· 1.3 
- 9.9 
- 5.1 

+ 1.0 
+17.5 
+ 7.9 

+ 0.7 
+ 8.5 
+ 3.4 

Stationary 
melting 
point 

-2.0 
-9.4 
-4.8 

-1.9 
-4.0 
-2.8 

+2.7 
+6.9 
+4.5 

-0.2 
+0.3 
+o.o 

Decreased 
melting 
point 

- 2.3 
-10.5 
- 6.5 

- 1.3 
- 5.0 
- - 3.0 

+ 4.2 
+15.0 
+ 9.2 

-0.8 
- 5.0 
~ 2.2 
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lein melts at +8°C., while tributyrin and tricaproin are still liquid 
at -60 to 70°C 

In view of these facts it is to be expected that the melting point 
of the butter fat will be controlled largely by variations in the propor
tion of these three fatty acids in the fat, or, to state matter in other 
terms, that variations of the melting point of butter fat will acccmpany 
variations in the Reichert-Meissl and iodin values. A decrease in 
the Reichert-Meiss! number would be expected to be accompanied 
by an increase in the melting point, and an increase in the iodin 
value by a decrease in the melting point. Furthermore, a condition 
is conceivable in which a decrease in the Reichert-Meissl number and 
an increase in the iodin value occurring at the same time would so 
offset each other that no change in the melting point of the fat would 
result. Similarly, the Reichert-Meissl number may be depressed in 
greater proportion than the iodin value is increased, with the result that 
the melting point increases, or the increase in the Reichert-Meissl num
ber may be such that a decreased melting point results. It is believed 
that the data in Table 15 clearly indicate that relative variations in the 
Reichert-Meissl number and iodin value similar to those indicated are 
responsible for the variations in the melting point in the three groups 
of experiments under discussion. As already pointed out the decreast 
in the Reichert-Meiss! number was much greater in the experiments 
showing an increased melting point than in either of the other two 
groups, which show an average decrease in this fat constant which is 
practically identical. On the other hand the increase in the iodin 
value in the experiments showing a decrease in the melting point 
was much greater than in the experiments in which the melting point 
was stationary, altho, as stated, the depression of the Reichert-Meissl 
number was practically identical in the two groups. 

The relative influence of the Reichert-Meiss! and iodin values 
on the melting point in the different experiments is further empha-

TABLE 16.- RELATIVE I NFLUENCE OF REICIIERT-MEISSL AND !ODIN VALUE ON 
MELTING POIN'I' OF BUTTER FAT WHEN UOMPARED WITH FAT CONSTANTS 

FOR NORMAL B UTTER FA.Tl 

-Increased Stationary Decreased 
melting melting melting 

point point point 

Change of saponlftca tlon value .... ..... . .... -5.9 - 2.6 - 3.7 
Change of Reichert-Meiss! number .. ...... ... -2.7 -0.6 - 0.9 
Change of iodln value . .. ... .... ... ....... .. -9.3 -3.5 -8.2 
Change Of melting point •c. .... ......... .. -3.6 -0.l -1.5 

'The fat constants for n ormal huttr-r fat with which comparison is mnde are sa· 
ponificat!on value 227.5, Reichert-Meiss! number 26.8, i'odin v alue 32.6, and melting 
point 33.10°C. 



38 MISSOURI AGR. ExP. STA. RESEARCH BULLETIN 25 

sized when comparing the average amount of change of the fat con
stants from the saponification, Reichert-Meissl and iodin values and 
melting point of butter fat of theoretically normal composition. Such 
a comparison is shown in Table 16. The fat constants of the theoreti
cally normal butter fat represent the true average fat constants of a 
great many analyses made at this Station with cows of different breeds, 
on normal plane of nutrition, the ration being composed of a grain 
mixture of corn four parts, bran two parts, and linseed meal one part, 
and alfalfa hay. The data in this table lead to the same conclusion 
as to the cause of the variation in the melting point in the different 
groups, as do the data in Table 15. The explanation is a little clearer, 
perhaps, owing to the fact that the amount of change of the Reichert
Meissl number from the theoretically normal value in the case of the 
increased melting point was relatively greater in comparison with the 
changes in the cases of stationary and decreased melting point, than 
the amount of change from the actual normal in Table 15. 

In several of the · plane of nutrition experiments both high and 
low melting points resulted in the same experiment. The Reichert
Meissl numbers, iodin values, and melting points in these experiments 
are shown in Table 17. In the first four experiments shown in the 
table the change in the melting point was from high to low. Exami
nation of the data shows that this change was accompanied in each 
case by an increase in the Reichert-Meiss! number, with the exception 
of Experiment 4, but with no material change in the iodin value. The 
explanation of the decrease in the melting point in these experiments 
unquestionably lies in the increase in the volatile, water-soluble fatty 
acids, as indicated by the Reichert-Meissl number. In Experiments 
7, 11, and 15, shown in the table, the change in the melting point was 
from low to high. Examination of the data shows that this change 
was accompanied in each case by a decrease in the Reichert-Meiss! 
number, with no material change in the iodin value in Experiments 
11 and 15. In Experiment 7, however, there was a great increase in 
the iodin value. In each of these experiments the explanation of the 
increase in the melting point unquestionably lies in the decrease in 
the volatile, water-soluble fatty acids, as indicated by the decrease in 
the Reichert-Meiss! number. Just how much greater the influence of 
the proportion of the volatile fatty acids is on the melting point than 
the proportion of unsaturated acids, is shown by the increase in the 
melting point in Experiment 7 which occurred in spite of the great 
increase in the iodin value. 
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TABLE 17.-INFLUENCE OF REICHERT-MEISSL NUMBER ON MELTING POINT OF FAT 
IN EXPERIMENTS SHOWING BOTH HIGH AND Low MELTING POINT 

Reichert-Meiss! 
Iodin value 

Melting Plane of 
Exp. Cow 

number point nutrition 

•c. Per cent. 
1 2Q (a)19.9' (n)42.8 (a)37.0 (a)-62.0 

(b)23.7 (b)42.1 (b)34.1 (b)-62.0 

2 206 (a)fa4 (n)45.8 (a) 39 .S (n)-60.0 
(b)17.6 (b)4G.9 (b)35.7 (b)-60. 0 

3 301 (a)22.6 (a)45.9 (11)36.0 (a) -39.0 

(bl25.3 (b)43.4 (b)30.n (b)-28.0 

4 300 (a)30.7 (a)40.1 (u):lG.5 (n)-38.0 

(b)27.5 (b)41.0 (b)32.7 (b)-38.0 

7 2 (a)27.9 (n) 36.3 (u)31.6 (n)-33.0 
(b)23.5 (b) 47.0 (b) 35.7 (b)-3:!.0 

11 62 (a )25.0 (n )46.4 (u )2S.6 . (U)-55.0 

(b ) 23.9 (h) 48. 0 (b) 30.1 (b )--46.0 

15 301 (a)27.2 (a)35.0 (a)30.6 (n)-17.0 

(bl2G.0 (b):JG.5 (b)33.4 (b)-17.0 

-· 
''l'he letters (a) a nd (b) r t•fe r to the two dis tinct results in ea ch experiment. 

Of the several factors influencing the specific effects of under
feeding, which were pointed out in the early paragraphs of this bul
letin, only the influence of the character of the ration on the fat con
stants has been considered. Of the other factors mentioned, three 
are apparently without influence on the ·effects upon the fat constants
(1) the stage of the lactation period, (2 ) the state of flesh of the 
animal, and ( 3) the plane of nutrition of the animal previous to un
derfeeding. In regard to the stage of the lactation period, the data 
show that just as marked results on the fat constants resulted from 
underfeeding in one stage of the lactation period as another. Sim
ilarly, marked effects on the constants of the milk fat resulted from 
underfeeding the thin cow, as well as the cow in good flesh. And in 
like manner the results were just as marked in the experiments in 
which the plane of nutrition was reduced from supernormal to sub
normal as in the experiments in which the plane of nutrition was re
duced from supernonnal to normal, or from normal to subnormal. 

Two factors, other than the character of the ration, however, ap
pear to influence in some measure the effect on the physical and 
chemicals constants of the milk fat, namely the degree of underfeeding, 
and the length of the underfeeding period_ 

An examination of the data in Table 11 shows that, in general, the 
greatest abnormalities in the fat constants occurred in the experiments 
in which the plane of nutrition was lowest. When considering the 
amount of changes of the fat constants given in Table 12, it is clear, 
however, that no direct proportion exists between these changes and 
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the degree of underfeeding. It seems possible that there is a limit 
to the effect which underfeeding can induce on the constants of the 
butter fat which is brought about by a certain degree of underfeeding, 
beyond which no further effect may be expected. Just what per
centage of underfeeding limits the effects is not clearly indicated by the 
data, but it possibly is in the neighborhood of minus 40 per cent. 

Considering the factor of the length of underfeeding the data 
indicate that this has an important bearing on the results in several 
directions. In one or two of the experiments, particuarly Numbers 
5 and 7, pronounced results were not obtained until the underfeeding 
had continued for a considerable period of time. This was also true, 
but to a less extent, in Experiments 1, 2, 3, and 11. The type of un
derfeeding appears to be of importance in this connection, for the 
effects, in general, were obtained much sooner in the reduced plane 
of nutrition and physiological underfeeding experiments than in the 
subnormal plane of nutrition experiments. In several of the experi
ments a pronounced change in the character of the effects of under
feeding particularly in regard to the Reichert-Meissl number of the 
butter fat, occurred as underfeeding continued. The experiments 
in which this occurred were shown in Table 17, which has already 
been discussed. Again, in a number of the longer ·experiments there 
was a more or less general recovery from the maximum effects on 
the fat constants, altho in no case was there a complete recovery. 
This change is seen when the general tables and curves in the appen
dix are examined. It seems probable that the apparent influence of 
the degree and length of underfeeding on the effects which the plane 
of nutrition exerts on the fat constants is merely an indication of vari
ations in factors much more fundamental, of which we have no meas
ure at the present time, and which will only be revealed by future study. 
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CAUSE OF THE EFFECTS OF UNDERFEEDING ON THE PERCENTAGE 
OF FAT IN MILK AND THE COMPOSITION OF THE MILK FAT 

The simplest explanation of the increase in the percentage of 
milk fat and the changes in its physical and chemical constants 
which accompany underfeeding lies in the physiological changes which 
are generally believed to take place in the animal body in inanition. 
According to the generally accepted theory the starved animal first 
uses its stores of glycogen and then draws upon its fat reserves for 
the energy required for maintenance. In support of this foeory in
vestigators have found a disappearance of glycogen from the liver and 
muscles immediately following starvation, and a gradual disappear
ance of the tissue fat as starvation continues, altho death usually en
sues before all the body fat is used up. 

Especially strong proof of the utilization of body fat in inanition 
is given by the marked rise in the amount of fat in circulation during 
starvation, as found by a number of investigators. For example, 
Schulz1 2 found that inanition caused a rise from 30 to 100 per cent 
in the amount of fat in the blood or rabbits, pigeons, and dogs, as 
compared with that in the normal animals. Daddi13 also found a rise 
in the blood fat when he fasted animals for long periods, and his 
results are significant inasmuch as he found that the increase was 
only temporary, there being a decrease after about a week's star
vation, and a further decrease just before death ensued. Freuden
berg's14 study of this question also led to significant results, an in
crease of 14 per cent in blood fat being found on the fourth day of 
starvation in the case of a fat dog, but an increase of only 2 per cent 
being found in eleven days in the case of fasting a lean dag. Lattes, 15 

however, found the increase in blood fat in starvation to be slight if 
any, and doubted the earlier work of Schulz and Daddi. More re
cently, however, Bloor1 G has found that the increase in blood fat 
in starvation depends on the nutritional condition of the animals. 
Experiments with dogs showed that the fasting of animals on a pre-

"Schulz, N. Uber den Fettgehalt des Blutes belm Hunger. Pfltiger's Archlv 65 : 
290-307. 1897. 

13Dadd! L. Sur le poids de l'extrait ethere du sang et de la lympbe dans le 
jaune de courte duree, Arcbiv. Ital. de biol. 30 : 437-444. 1898. 

"Freudenberg, Ernst. Zur Lehre von b'ettstoll'wechsel. Biocbem. Zcitschr. 45: 
467-487. 1912. .. 

"Lattes, Leone. Uber den Fettgel1alt des Blutes des Hundes under versch!edenen 
i~~i:imentellen Varhii.ltnissen etc. Archiv. f. exp. Path. u. !'harm. 66: 132-141.1 

16Bloor, W. R. Studies on blood fat. I. Variations in the fat content of the blood 
under app1·oximately norma l conditions. Jour. Biol. Chem. XIX : No. 1 : 1-24. figs. 5. 
1914. . 
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vious high plane of nutrition caused a· rise in the blood fat identical 
with that accompanying starvation of the animals in good flesh. Star
vation of animals in apparently as good flesh, but very probably with 
little surplus fat on their bodies produced little if any rise in the 
fat in the blood, in one case an actual decrease resulting. The blood 
fat curves of Bloor are of interest in showing that in seven-day fasts, 
the blood fat showed its highest point about the fourth or fifth day 
of the fast and then fell off. The experiments were not continued 
to determine the ultimate effect on the blood fat. Terroine17 has also 
arrived at the conclusion that differences in the effect of starvation 
on the variations in the fatty acid content of the blood with different 
individuals are due to differences in the fat reserves. 

The evidence presented by the experiments cited points quite 
conclusively to a greatly increased transfer of body fat to the other 
organs of the body in the early stages of starvation, particularly in 
the cases of animals having considerable reserve stores of tissue fat. 
That a similar result should accompany underfeeding in the case of 
the cow, seems a natural conclusion. Such an increase in fat in the 
blood circulation coming from the stores of tissue fat in the body 
seems to offer the most plausible explanation of the increase in the 
percentage of fat in the milk and the changes in the composition of 
the milk fat which accompany underfeeding in the case of the dairy 
cow. The chief characteristics of tissue fat in comparison with butter 
fat are the lack of volatile fatty acids and the much higher percentage 
of oleic acid. The general impression that is given by the effects of 
underfeeding· on the composition of the butter fat is the change in 
its composition toward fat constants characteristic of tissue fat, the 
indications being of an admixture of normal butter fat with tissue fat. 

The brief underfeeding experiment of Henriques and Hansen18 

cited in a preceding bulletin19 from this Station, was based on the 
assumption that the body fat passes into the milk during starvation. 
The very slight change in the Reichert-Meissl number and the great 
increase in the iodin value of the milk fat that accompanied the un
derfeeding, led Henriques and Hansen to conclude that only the 
liquid portions of the fatty tissues of the body (the olein) take part in 
the formation of the milk fat in starvation. The authors considered 
the possibility of a transformation of the solid fats ( stearin and pal-

17Terroine, Rmile, F. Le transport des graisses. I. Variations Jipocholesterinemques au cours de l'inanition et de l 'alimentation. Jour. de physlol. et de path. gen., XVI: 389-397. figs. 2. 1914. 
18 Henrlques. V. and Hansen, C. Undersi:igelser over Fedtdannelsen i Organismen ved intensiv Fedtfodring. 1-30. 44 Beretn. f. d. k. Vet. u. Landbohi:iksk. Laborat. f. landi:ikon. Forsi:ig, Kjobenhavn. 1899. 
10Eckles, C. H., and Palmer, L. S. Influence of plane of nutrition of the cow upon tile c-0mposition and properties of milk and butter fat . Influence of .overfeeding. M-0 . .A.gr. Exp. Res. Bull. 24: 1-39 (Note particularly 6.) figs. 4. 19113. 
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mitin) into olein as improbable on the basis of the results secured 
by Kni:ipfelmacher20 who found that the amount of olein in the fatty 
tissues of children who had died in a very emaciated condition, was 
much smaller than that generally found in the fatty tissue of well-fed 
children. 

It is not the purpose to discuss the findings of Henriques and 
Hansen at length, but it may be pointed out, in passing, that an in
crease in the iodin value of the milk fat as the only result of un
derfeeding, was not substantiated by the experiments reported in 
the preceding pages. Attention may also be called to the fact that 
the changes in the composition of the tissue fat of children during 
starvation found by Kni:ipfelmacher, have not been substantiated for 
beef cattle at this Station21 , and are accordingly not applicable to the 
case of underfeeding the dairy cow. A comparison of the iodin value 
of the fat in different parts of the bodies of three steers of the same 
age on diffent planes of nutrition is shown in Table 18. These three 
animals, beginning at eleven months of age, were fed so that Steer 
591 lost half a pound a day in weight until 151/2 months of age, 
when it was slaughtered; Steer 597 was kept at maintenance of body 
weight until 18 months of age, when it was slaughtered; and Steer 
593 gained half a pound a day in weight until 161/2 months of age, 
when it was slaughtered. 

TABLE 18.-COMPARISON OF loDIN VALUE OF BODY FAT OF CATTLE ON 
DIFFERENT PLANES OF NUTRITION 

Iodln values of body fat of animals on 
Character 

of fat Submaiotenance Maintenance Superurnintenance 
(Steer 591) (Steer 597) (Steer 593) 

Kidney ..... . ..... 33.54 32.44 34.10 
Olral · ··· · ·· ······ 32.8(} 35.55 37.48 
Subscapular ······ 40.40 40.15 42.58 
Cod ··········· ·· · 44.48 41.8(} 46.91 

The data show no change in the value of the fat of the starved 
animal in comparison with the maintenance or fattening animal, with 
the possible exception of the offal fat, altho Steer 591 was in an ex
tremely emaciated condition at the time of slaughtering. 

All of the experiments so far published showing an increase in 
the percentage of fat in the blood during starvation have been con-

2 °Knopfelmacher, w. Untersuchungen Uber das Fett um Sauglings alter und Uber 
das Fettsklerem. Jahrb. f. Kinderheilk. 45: 177-203, 1897: Chem. Centralb. No. 1. 
p. 788. 1898. . 

"'Unpublished data from the Department of .Agricultural Chemist ry of this sta
tion. 
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ducted with small animals, and in most cases with carnivorous ani
mals. Believing that similar studies in the case of the dairy cow during 
underfeeding would throw light on the results secured in the under
feeding experiments reported in this bulletin, as well as give some 
information as to whether large herbivorous animals show an in
crease in blood fat in starvation, fat analyses were made on the blood 
of two cows before and during physiological underfeeding. 

The animals selected for this study were Cows 407 and 305, 
pure-bred dairy Shorthorn and Ayrshire cows, respectively. The data in 
regard to the effects of the physiological underfeeding in the case 
of these two animals have already been given as Experiments 26 
and 28. Both of the cows were heavy milk producers and were 
quite fat at parturition. Experience with other animals in a similar 
condition, with high milk producing capacity, led to the belief that 
these animals would show marked physiological underfeeding fol
lowing parturition. The data eventually secured substantiated this 
in every particular. 

Some days before the animals were due to- calve, (ten days in 
the case of Cow 407, and four days in the case of Cow 305), blood 
was drawn from the jugular vein and analysed for percentage of 
fat. Blood . samples were again taken after parturition on the days 
when the indications of physiological underfeeding were the strong
est, and again when the animals were normal. The blood was drawn 
in each case between nine and ten hours after feeding, when it was 
believed that the influence of feeding, if any, would be past. The 
method of analysis for fat in the blood was the Kumagawa-Suto22 
method, as modified by Rosenthal and Trowbridge23, with slight modi
fication of some of the details of their procedure. The blood sam
ples were secured by piercing the jugular vein with a trocar and al
lowing about twenty grams of blood to fl.ow into a tared bottle pro
vided with a metal screw cap, and containing about 80 cc. of 98 per 
cent alcohol. The bottle was immediately capped and weighed, and 
the weight of blood taken determined by difference, the tare weight 
including the alcohol and cap. 

""Kumagawa, M., and Suto, K. Ein Neues Verfahren sur quantita tiven Bestim
mung des I!'ettes und der universeifbaren Subst anzen in tleriscllcm Material, u. s. w. 
Blochem. Zeitschr. VIII. p. 212. 1908. 

2 3Rosenthal, H., and Trowbridge, P . F. The estimation of fat. J. Biol. Chem. XX: 
711-717. 1915. •.rhe modification consists in titrating rather than weighing the fatty 
acids secured from the blood with one-twentieth normal alkali, and ca lculatin'g the 
quantity of neutral fat equiYalent thereto on the assumpt ion of a mean molecular 
weight of fatty acids consisting of 70 per cent oleic acid, 20 per cent palmitic acid, 
and 10 per cent stearic acid. 'l'he mean molecular weight of this mixture is 277, and 
the conversion factor to neutral fat Is 1.046. The details modified in the above study 
were the use of petroleum ether instead of ether for extracting the fa tty acids from 
the acidified soap solution, and titration in ether-akohol solution instead of petro
leum-ether-alcohol. 
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The percentage of fat in the blood on the days in which the 

tests were made is given in Table 19 with data showing the effects 

of the underfeeding on the percentage of fat in the milk and compo

sition of the milk fat. The data show that no increase whatever in 

the percentage of fat in the blood accompanied the great physiologi-

TABLE 19.-INFLUENCE OF PHYSIOLOGICAL UNDERFEEDING ON PERCENTAGE OF FAT 

IN BLOOD AND PERCENTAGE AND COMPOSITION OF FAT IN MILK 
-

I Fat In blood Milk fnt constants 
Dally Fnt1 

Dute Lactation m!Jk In Snponifi- Reichert:-

y!elcl milk T est l Tes t 2 Average cation Meiss! 
Iod!n Molting 

value nnmber value point 

~ ---
Cow 407 Duys Lbs. Per ct Per ct Per ct Per ct (Hilb!) •c. 

1914 
Dec. 24 -10 .... .... 0.484 0.396 0.440 ····· .... .... . ... 

1015 

I 
Jan. 5 3 46.1 6.80 .318 .328 .323 225.6 28.7 3G.l 34.3 

Jan. G 4 il3.7 4.80 .281 .315 .298 227.0 31.5 34.0 34.() 

Feb. JG I 4u 49.j 3.G;; .323 .324 .324 229.3 32.0 31.G 32.2 

Cow s o;; i 
1915 

Feb. 4 -4 .... ... . .2r>7 Lost .257 ·· ··· . ... . ... .... 
Feb. 0 2 24.3 G.46 .241 .223 .232 223.3 28.S 41.3 34.1 

M "I ::~ 27.0 0.68 .237 .221 .229 220.0 27.9 41.() 34.0 

Feb. 11 4 29.8 6.10 .210 Lost .210 220,0 27.2 ·10.S 34.3 

Feb. IS 11 33.1 G.10 .233 Lost .233 218.2 2•!.7 37.5 33.S 

Murch 3 20 38.0 5.00 ..... ... .. .. ... :!:!3.4 :!(-1.7 3U.7 8[1,0 

1The average of Cow 407 for the yenr was 3.36 and of Cow :305, 4.03 per cent. 

cal underfeeding which the animals suffered. While the averages of 

the blood fat determinations showed a very slight decrease, the vari

ations were no greater than those between duplicate determinations, 

which represented samples of blood drawn at the same bleeding. 

The negative results obtained on the blood fat seem to indicate 

that large animals like the cow do not show the great increase in 

blood fat in starvation characteristic of smaller animals. It is admitted 

that the samples analysed were not numerous enough to warrant 

sweeping conclusions, but it is, at the same time, evident that with 

the experimental precautions observed some indication of an increase 

in blood fat should have been noted if such a result normally accom

panies underfeeding in the case of the dairy cow. In view of these 

results it is apparent that some physiological change other than a 

transfer of body fat to the milk glands must be sought to explain the 

influence of underfeeding on the percentage of fat in the milk and 

upon the composition of the milk fat. 
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Leathes24 argues, however, that it is not necessary to have a meas
ureable increase in the percentage of fat in the blood to account for the 
transportation of all the extra fat needed for energy by a man suffering 
from complete starvation. Estimating the amount of extra fat re
quired in twenty-four hours at 200 grams, he shows that, "If the 
volume of blood be taken at five liters and the circulation time at one 
minute, then the flow of blood thru the body in twenty-four hours 
would be 5 x 60 x 24, which equals 7,200 liters, and the average 
amount of fat transported by a liter of blood from the reserves to 
the working organs would be one-thirty-sixth of a gram, or about 
three milligrams by lOOcc." 

A similar application may be made to the case of Cow 305, with 
similar results. The amount of blood in circulation in a cow's body 
is about 21.5 liters for a cow of 1000 pounds weight, on the basis of 
about 5.5 per cent of its body weight. If the time of circulation be 
considered the same as in man, the flow of blood thm the body of 
Cow 305 in twenty-four hours was 21.5 x 60 x 24, which equals 310,-
000 liters. At her maximum underfeeding the cow lacked about 
seventeen therms of energy, or 17,000 Calories, which would be sup
plied by burning 180 grams of fat, assuming 9.4 Calories per gram. 
On the same day the cow produced 2.5 pounds of milk fat. Assuming 
that 65 per cent of this had to be furnished by the transport of body 
fat, the cow being about 65 per cent underfed, the total amount of fat 
required to be transported by the blood in excess of the usual amount, 
in order to supply 180 grams of fat for energy and 750 grams of fat 
for the milk would be 930 grams. Assuming that half the total of 
blood during the 24 hours passed through the mammary glands, the 
average excess of fat that would be required to be carried by a liter 
of blood to the glands during the twenty-four hours would be about 
six milligrams, or 0.6 milligrams by 100 cc. In other words the ex
tra fat transported would have to be accounted for by variations in 
the second decimal place from the normal percentage of fat in the 
blood. One is forced to conclude with Leathes that, "It is clear from 
this that in those cases in which a demonstrable increase in the amount 
of fat present in the blood has been found, some other factor in ad
dition to accelerated transportation of fat must be at work." 

While the above considerations seem to make the hypothesis still 
tenable that the results of underfeeding are due to the transport of 
body fat to the milk glands, a number of rather prominent facts in 
connection with the results still stand in the way of applying it as 

><r,eathes, J . B. The fats., p. 111. 1010. 
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a complete and satisfactory solution to all the questions involved. It 
is the purpose to point out some of these facts, and offer one or two 
hypotheses in explanation. Experiments are being planned to deter
mine the real factors underlying these interesting phenomena. 

The two most prominent features of the results which are not 
explained by the transfer of body fat to the milk glands are, ( 1) 
changes in the composition of the milk fat without an increase in the 
percentage of fat in the milk, and (2) changes in the proportion of 
volatile fatty acids in the butter fat during underfeeding without a 
corresponding change in the proportion of oleic acid. 

The change in composition without a change in percentage of fat 
will be considered first. It will be recalled from the previous dis
cussion of the effects of underfeeding on the percentage of fat in 
the milk that an increase in the fat percentage of the milk was a uni
form result only in the cases of reduced plane of nutrition and physio
logical underfeeding. In the experiments involving a subnormal plane, 
only nine of the sixteen showed an increase in the percentage of fat. 
Of the remaining seven experiments some showed a stationary fat 
percentage and some showed an actual decrease in the fat percentage, 
while all of them showed the effects on the physical and chemical 
constants of the milk fat characteristic of underfeeding. The com
parison of the effects on the fat percentage and on the composition of 
the milk fat in these experiments is shown in Table 20. The diffi
culty is apparent of trying to explain the great changes that occurred 
in the fat constants in some of these experiments on the supposition 
that increased quantities of fat were being transported from the body 
fat and secreted into the milk, thereby causing the composition of the 

TABLE 20.-EXPERIMENTS SHOWING NEGATIVE EFFECTS O~' UNDERFEEDING ON PER
CENT.A.GE OF FAT IN · MILK, BUT POSITIVE E.FFECI'S ON THE COMPOSITION 

OF THE MILK F AT 

Fat in milk Amount of change from normal of 

Exp. Cow Snponifi- Reichert-
Average for Iod!n Melt!ug 

Normal cation Meiss! 
experiment value point 

value number 

Per cent. Per cent. ·o. 
3 301 3.76 3.66 (n)-IG.2 (a)-4.5 (•)+17.5 (a)+2.2 

(b)- 9 .2 (b)-1.8 (b)+15.0 (b)-2.9 
5 2 4.79 4.73 - 5.4 -2.9 + 4.2 +o.3 
6 301 3.99 3.64 - 4.4 --4.5 + 1.0 +l>.8 
7 2 4.79 4.78 (a)- 2.3 (n)-2.5 (a)+ 4.2 (n)-3.4 

(b)-12.2 (b)-6.9 (b)+14.9 (b)+0.7 
8 301 3.99 3.43 - 7.9 -4.1 +rn.s -0.& 
9 20 4.70 4.46 - 2.0 -2.0 + 4.5 +o.o 

16 300 3.54 3.07 - 8.2 -3.2 +10.S -1.2 
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n:ilk fat to approach that of the body fat. The physiological causes 
underlying these results are obviously much more fundamental. 

It seems apparent that the factors involved in the change in per
centage of fat and in the changes in the composition of the fat are 
not identical. This conclusion is strongly supported by other facts, 
which will be pointed out presently. While such a conclusion may at 
first sight seem contrary to sound physiological reasoning, the authors 
believe it to be strictly in accord with modern views of fat metabolism, 
and moreover, that it is the only hypotheical basis at present avail
able which will satisfactorily explain all the effects of underfeeding 
on the composition and properties of milk. 

Two fundamental factors are involved in the production of milk 
fat in the mammary gland, namely, a synthetic mechanism, and material 
from which the milk fat must be synthesized. These factors are ob
viously separate and distinct. The synthetic mechanism in the case 
of milk fat involves both catabolic and anabolic changes. The material 
upon which this mechanism works must come from the blood, and 
is dependent upon the food supply, which normally comes from with
out the organism, but may also come from within, as in the case of par
tial or complete starvation. Variations in the synthetic mechanism 
may occur without any variations in the material presented by the 
blood stream from which the mik fat is synthesized. Such variations, 
with a resulting change in the percentage of fat in the milk, are not 
uncommon. They are, in fact, of frequent occurrence in the case of 
the dairy cow, as evidenced by the wide fluctuation which has for 
a long time been known to occur in the percentage of fat in the milk 
of individual animals from day to day. This fluctuation is not ac
companied by any marked change in the composition of the milk fat. 
Similarly, in view of the great volume of blood that passes thru the 
mammary gland of the cow in twenty-four hours, marked changes in 
the normal material presented to the glands for fat synthesis may be 
conceived to occur without affecting the activity of the fat-forming 
mechanism, and, in consequence, the amount of fat produced and 
secreted in the milk. 

The conclusion to which this line of reasoning leads is that vari
ations in the percentage of fat in the milk are due to variations in the 
activity of the fat forming mechanism, while variations in the normal 
composition of the fat are due to variations in the normal material 
from which the fat forming mechanism builds its fat. This con
clusion in turn leads to the questions ( 1) what are the factors that 
cause a variation in the activity of the fat forming mechanism, and 
(2) what is the normal material from which the milk fat is built? 
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The authors believe that the answer to the first question lies in 
the modern view that the various phases of fat metabolism in the 
body are controlled by the organic catalysts specific for the catabolic 
and anabolic chemical reactions of fats, which include the lipases. The 
literature dealing with this subject is large, and need not be quoted 
in this discussion. The phase of this subject that has particular bear
ing on the question under discussion is, that when the body is required 
to draw on its fat reserves for needed energy, the fat is liberated by 
an increased lipase activity. The hormone, or chemical messenger, 
that stimulates this lipase activity must be carried by the blood, and 
it is reasonable to believe that it will affect the lipase activity in all 
parts of the body thru which the blood passes, particularly those parts 
in which lipases are already normally at work. Other enzymes are 
also involved in this activity, for the synthesis of fatty acids and 
glycerol from which the lipases build the neutral fat, are fundamentally 
reactions of oxidation and reduction. The general hypothesis, how
ever, is at once seen to offer a plausible explanation for the increase in 
the fat of the milk during underfeeding. It explains how the lipases 
and other enzymes normally accelerating the formation of milk fat 
in the mammary gland may bring about a greater formation of milk 
fat at the same time the lipases in the tissue fat of the body are liber
ating more fat from the cells for energy required by the body. It 
also explains why the highest fat tests in underfeeding were se
cured in the cases of the fattest animals, and why animals in thin or 
only moderate flesh showed the least effects on the percentage of fat 
in the milk. 

The relation of the lipase activity of the mammary gland to the 
lipase activity in other parts of the body also explains the low fat 
percentage of milk often secured during very hot weather, which fact 
was offered, in part, as explanation of some of the experiments show
ing a negative effect of underfeeding on the percentage of fat in the 
milk. It is a well-known fact that an abnormally. low percentage of 
fat in the milk will accompany a period of hot, humid weather in 
summer as has been shown by one of the authors,2 5 while a period 
of very cold, dry weather in winter will cause an increase in the per
centage of fat in the milk. It has been shown by Thomson26 that the 

"Eckles, C. H. J ahreszeitl!cke Schwankungen der prozentischen l!'ettgehnltes in 
Kuhmilch. Milchw!rt. Z1>ntral. 5, Heft 11 : 488-502, figs. 6, 1909. 

26T homson. W. I nfiuence of atmospheric pressure, temperature, nnd humidity on 
animal metabolism. Mem. a nd Proc. Manchester Lit. a nd Phll. Soc. 57, pt. 3 No. 13: 
8-16. 1912-13. 

4. 
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former atmospheric conditions cause a marked decrease in the gen
eral metabolic activity of animals, as measured by the carbon dioxid in 
the exhaled air, while the latter conditions cause an increase in the gen
eral metabolic activity. 

In regard to the question of the normal material from which 
the milk fat is synthesized in the mammary gland exact information is 
not available at the present time. Since the classical research of Jor
dan and Jenter,27 it has been generally accepted that milk fat can be 
produced almost entirely from carbohydrates, and the authors be
lieve that this is the normal source for the greater part of the milk 
fat. Carbohydrates, moreover, bear an important relation to the com
position of the milk fat. A number of investigations, which need 
not be cited here, have shown that an increase in the easily soluble 
carbohydrates in the food materially increases the proportion of 
volatile fatty acids of the milk fat as measured by the Reichert-Meiss! 
number of the fat. This increase apparently takes place at the ex
pense of the oleic acid, which is correspondingly lowered in such ex
periments, as evidenced by the decrease in the iodin-absorption value 
of the fat. While it is not believed that these experiments offer a 
complete explanation of all the phases of the results of underfeeding 
on the composition of the milk fat, the possibility seems strong that 
they may, in part at least, explain the decrease in the volatile fatty 
acids and the increase in the oleic acid of the milk fat that accom
panies underfeeding in the case of the dairy cow. It is hoped that 
future experiments will throw further light on this subject. 

In a number of experiments, which are given in Table 17, changes 
in the proportion of volatile fatty acids occurred during underfeed
ing without a corresponding change in the proportion of oleic acid, 
which was abnormally high in all cases. In three of these experiments 
the Reichert-Meiss! number was first abnormally low and then in
creased, the iodin value remaining constant at a very high figure, and 
in the other four experiments the Reichert-Meiss! number was not 
at first materially affected, but later decreased markedly, the iodin 
value remaining at a high value throughout, as in the other group. It 
has already been pointed out that these variations are not explained 
on the basis of the transfer of body fat to the milk glands during 
underfeeding. Neither are they entirely explained on the basis that 
the normal proportion of volatile and unsaturated fatty acids in but
ter fat are due to a normal amount of carbohydrate material presented 
to the milk glands for fat synthesis. It seems beyond question, how-

27Jordan. W. H. and .Tenter. C. G. The source of milk fat. N. Y. Agr. Exp. Sta. 
Bull. 132 : 455-488, figs. 2. 1897. 
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ever, that the basic factor involved in these results was largely a varia
tion of the normal constituents from which milk fat is formed. 

It is not possible to carry the problem beyond this point with the 
present lack of knowledge of the normal materials from which milk 
fat is formed. It was pointed out very early in this bulletin that very 
fundamental questions in regard to the secretion of normal milk were 
involved in the effects of underfeeding. This fact becomes apparent 
when seeking an explanation of the effects produced by underfeed
ing. It is probable that factors even more fundamental than that of 
the normal materials from which milk fat is formed are involved. 
One is confronted with this possibility when the effects of underfeed
ing are compared with the normal composition of butter fat at the 
close of the lactation period. With no underfeeding factors involved 
the butter fat normally produced at this time often resembles body 
fat in composition to far greater degree than that produced in the 
most extreme cases of underfeeding exhibited in the present study. 
In addition, the resemblance to the effects of underfeeding is so 
striking that the butter fat produced might correctly be offered as 
an extreme effect of starvation. The correlation of these facts is 
one of the most interesting problems that has grown out of the study 
of the influence of the plane of nutrition on the composition and prop
erties of milk and butter fat. 
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APPLICATION OF THE RESULTS OF UNDERFEEDNG STUDIES. 

The marked variations in the chemical and physical constants of 
the milk fat which are found to accompany a subnormal plane of nu
trition, even in cases of mild underfeeding, or when the plane of nu
trition is merely reduced from supernormal to normal, at once indi
cate the importance of taking into account this important factor in 
all experiments involving the influence of specific factors on the com
position of milk fat. The importance of controlling the plane of 
nutrition of the cow becomes especially apparent in studying the in
fluence of specific feeds on the composition of the milk fat, in which 
the changes in the ration which are necessary for studies of this 
character may bring about a temporary underfeeding of the cow. The 
great care which it has been found necessary to exert in studies of 
this character at this Experiment Station to avoid involving the ef
fects of underfeeding with the effects of specific feeds throws great 
doubt on the results of many of the studies of this kind that have been 
published in the past. Not only is it necessary to control this factor 
in f.eeding studies, but it is also necessary to take it into account in 
the interpretation of the results . The data secured in the underfeed
ing studies are also useful in explaining some of the heretofore unex
plained cases of abnormal butter that are occasionally reported in 
the agricultural literature. 

It is the purpose at this time to point out some of the applica
tions of the results of the underfeeding in these two directions, namely, 
in the interpretation of feeding experiments, and in explanation of 
cases of abnormal butter reported in the literature. 

Application to feeding experiments.-The danger of allowing the 
effects of underfeeding to interfere with the correct interpretation of 
the effects of specific feeds on the composition of the milk fat is no 
more strikingly shown than in experiments to determine the effects 
of fresh pasture grass on the composition and properties of butter fat. 
Not only is there danger of a cow in good flow of milk being underfed 
if suddenly turned from dry feed to pasture, but more or less under
feeding is practically certain to follow such a procedure. This is due 
to the relatively low nutritive value of fresh pasture grass together 
with the fact that the animal is not accustomed to depend upon her 
own activity for the feed which she requires. 

An example of underfeeding accompanying a sudden change from 
dry feed to pasture is shown in Table 21. The data were taken at this 
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Station. The animal used was a pure-bred Jersey weighing about 850 
pounds. Her energy requirement for maintenance and milk produc
tion was about eight therms, which was just supplied by the dry ra
tion. The animal was turned to pasture for the first time on the 
morning of May 20, and thereafter received no additional feed. The 
certainty that the animal would be underfed for a few days at least 
is apparent when it is considered that she suddenly was required to 
gather by her own activity about seventy pounds of pasture grass to 
supply the eight therms of energy which she required. Even this 
figure may be too low, for it is based on the energy value of green 
alfalfa, which is in all probability higher than that of the fresh blue 
grass pasture to which the animal was turned and for which no dafa 
are available. The underfeeding results, which were temporary, are 
seen in the marked cfrop in the saponification and Reichert-Meiss! 
values of the milk fat, and in the great increase in the iodin value. 
The fact that underfeeding accompanied a change to pasture in the 
case of this cow with a low milk production emphasizes the danger, 
as well as the probability of a similar but more pronounced result ac
companying the turning to pasture of cows with much greater milk 
production. 

Not only may underfeeding accompany a sudden change from 
dry feed to pasture alone, but the same result may accompany a change 
to pasture while the animal is still receiving some grain. This was 

TABLE 21.-CHANGING THE RATION FROM DRY FEED TO FRESH PASTURE, 
SHOWING THE EFFECT OF UNDERFEEDING' 

Milk 
Fat Saponi- Reichert-

Io din Melting Date in ftcation Meissl yield 
milk value number 

value point 

Lbs. 1910 Per cent. oc. 
18.8 May 18-19 4.55 224.0 25.92 37.02 32.83 
4.5 May 20 a. m. 4.35 225.7 24.05 39.11 33.40 
4.8 May 21 a. m. 4.47 221.1 23.99 42.68 32.10 
4.0 ll:lay 21 p. m. 5.76 219.5 22.69 45.34 31.40 
5.0 May 22 a. m. 4.Q4 223.2 25.10 38.28 33.37 
5.7 May 22 p. m. 5.29 223.6 24.68 41.67 32.67 
9.8 May 23 5.00 223.6 25.87 43.19 31.87 

19.6 May 24-25 4.92 223.7 27.15 42.15 32.27 

'Fed on May 18-19, 4.5 pounds of grain, 4.5 pounds of alfalfa hay, and 18 pounds of ·silage. The other data are based on pasture only. 

clearly shown in the course of studies in connection with another pro
ject of this Station, namely, the influence of cottonseed products on 
the composition and properties of butter, in which data were taken to 
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ascertain the effects of cottonseed meal when fed with fresh pasture 
grass. Two experiments of this character are shown in Table 22. 

The first experiment was with a pure-bred dairy Shorthorn. She 
had been on pasture alone for two weeks previous to the addition of 
three pounds of cottonseed meal to the ration. This was later re
placed by three pounds of grain mixture composed of corn four parts, 
bran two parts, and linseed meal one part. The animal was in full flow 
of milk, having freshened on January 5. The influence of the under
feeding is apparent in the low saponification and Reichert-Meiss! 
values in both feeding periods, together with the high iodin value and 
melting point. 

The second experiment was with a group of four cows, all pure
bred animals comprising two Holsteins, one Jersey and one Shorthorn. 
The animals were all in good flow of milk, the stage of their lactation 
periods ranging from four to nine months, the average being about 
seven and one-half months at the beginning of the experiment. For 
ten days prior to the period of pasture alone the animals received pas
ttue ad libititm and three to five pounds of grain and ten to fifteen 
pounds of corn silage in addition. The abnormally low saponification 
and Reichert-Meiss! values, and high iodin value and melting point 
of the butter fat in all the feeding periods seem to be clear mdica-

TABLE 22.-EFFECTS OF UNDERFEEDING IN CONNECTION WITH: COTTONSEED 
MEAL-PASTURE E:i.."PERIMENT 

Rat!on1 
Saponl-1 Reichert-

Date of feeding Date of Ilea t!on Me!ssl 
Iodln Melting 

Cottonseed value point Grain 
meal 

sample value number 

Experiment 12 Lbs. Lbs. •c. 
1910 

May 11·23 0 3 Mny 17-23 218.3 22.55 40.13 Sfl.$7 
May 24-June 6 3 0 June 1·6 220.8 23.38 42.81 35.73 

Exper!men t 2' 
1912 

May 22-June 3 0 0 June 1-3 219.2 23.33 43.28 34.95 
June 6-16 1 2 June 13-16 216.4 19.73 44.01 37.40 
June 17-27 0 l June 26-29 216.0 20.92 44.56 86.40 

1In both experiments the cows received pasture ad lib'ltum in addition to the grain and cottonseed meal. 
•Cow 400. 
'Cows 124, 213, 217 and 306. 

tions of the contributing influence of underfeeding thruout the entire 
experiment. 

In order to obtain especially clear evidence that underfeeding was 
contributing to the effects on the constants of the butter fat in the 
experiments which have been cited it is necessary to compare the re-
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sults with the effects of changing from dry feed to fresh pasture in 
experiments in which the underfeeding factor is controlled. The 
average of four such experiments with six cows conducted at this 
Station is shown in Table 23. 

TABLE 23.-EFFECT OF CHANGING FROM DRY FEED TO PASTURE 

Saponifica tlon value ....... . .... , . .. . 
Reichert-Meiss! number .... . ... . .... . 
Iodiu value (Hlibl) ........... . .. .. . . 
Melting point 0c .......... . ......... . 

Dry feed 

225.4 
26.$6 
33.98 
33.00 

Pasture 

222.8 
26.89 
41.60 
32.05 

It is evident from these figures that pasture grass effects an in
crease in the oleic acid content of the butter fat only, this resulting in 
a slight decrease in the saponification value and melting point of the 
butter fat, as would be expected. 

Not only are changes from dry feed to pasture likely to. be ac
companied by underfeeding, but the true effects on the composition 
of butter fat may be vitiated by this factor in any experiment which in
volves a radical change in the character of the ration. Two examples 

TABLE 24.-EFFECTS OF UNDERFEEDING IN CONNECTION WITH THE EFFECTS OF 
FEEDING COTTONSEED MEAL AND COTTONSEED HUI.LS 

Ration 
Sapon!- Reich-

Date Cotton- Cotton- Plane 
Ilea- ert Ioclin Melting 

Corn 
Alf al-

seed seed tlon Meiss! value point 
fa hay 

meal hulls value number 

1912 Lbs. Lbs. Lbs. Lbs. Per ct. (Hilb!) ·c. 
November 

6 12 6.5 0 0 +20.5 232.3 27.08 29.67 33.1 
8 8 8 1 1 +12.7 227.5 25. 25 34.68 83.1 

10 f3 8 2 2 0.0 22;;.0 25.88 37.58 33.2 
12 5 6 3 3 - 8.0 226.9 24.48 33.91 34.2 
14 4 6 4 4 -19.5 226.4 24.82 34.46 34.8 
16 a 2 6 6 --134.0 224.4 24.10 3().30 35.3 
18 0 0 6 12 -29.0 224.3 24.69 38.11 36.2 
20 0 0 7 12 -24.0 221.6 22.93 37.57 38.6 
22 0 0 8 13 -14.0 222.9 22.65 35.01 37.1 
24 0 0 8 14 -13.7 222.8 24.82 34.59 36.5 
26 0 0 8 16 -10.8 224.7 24.67 32.84 3,6.9 
28 a 0 8 16 -16.8 226.4 25.19 82.51 36.1 
80 a 0 8 16 - 17.1 225.3 24.55 81.27 36.3 

of such experiments will be given, one taken from data gathered at this 
Station, and one taken from the literature. The experiment from this 
Station illustrating this point is shown in Table 24. In this experi
ment the ration of a pure-bred Ayrshire cow was changed from one 
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of corn, and alfalfa hay to one of cottonseed meal and cottonseed 
hulls, a ration not uncommonly fed in the cotton states of the South. 

·The changes in th(! chemical and physical constants of the butter fat 
found in this experiment would ordinarily be attributed to the ration 
of cottonseed meal and cottonseed hulls, for the cow was given all that 
it was felt safe to feed her of the former and all she would eat of the 
latter. Calculation of the plane of nutrition of the cow shows, how
ever, that she was considerably underfed thruout the entire feeding 
of the meal and hulls. The data show, moreover, that there was ap
parently considerable recovery from the first effects on the fat con
stants, (with the exception of the melting point,) as the plane 
of nutrition increased. The question naturally arises whether the 
effects on the fat constants were due to underfeeding or to the ra
tion of cottonseed meal and cottonseed hulls. Just what the true ef
fects of cottonseed products in the ration are upon the composition of 
butter fat cannot be considered at this time, but will be taken up in 
a future report. It is merely desired to point out here the importance 
of taking the plane of nutrition into account in the interpretation of 
the results of feeding experiments of this character. 

The experiment taken from the literature which it is desired to 
use in illustration of the point under discussion has been chosen be
cause of the credence which has been given to it by certain authori
ties.28 The experiment is one by Amberger21l to study the influence 

of a protein-rich feed on the composition of butter fat. The ration 
of two cows was changed from ninety pounds of wet brewers' grains 
a day for each cow to 6.25 pounds of malt sprouts a day for each cow, 
without additional feed. The malt sprouts were fed after being soaked 
in hot water. The change in ration was made in six days. The chemi
cal constants of the butter fat while the cows were on the brewers' 
grains and again on the seventh day after the change to the malt 
sprouts are shown in Table 25. 

TABLE 25.-EFFECT OF MALT SPBOUTS ON BUTTER FAT (AMBERGER) 

Sapon!Jicat!on value ..•.•.........• 
Ro!chert-Melssl number . ..•..•.. ... 
Iodin value •..• .. •.•.•... • ..•.•... 

Brewers' grains 

225.5 
25.48 
32.10 

Malt sprouts 

219.5 
16.70 
39 .20 

The milk flow of the cows used in this experiment was not sfated 
specifically by the author for the time of the experiment, but as it 

28Lewkowitsch, J. Olis, fats and waxes. II. p . 828. 1914. . , 
"'.A.mberger, C. Der Elnfiuss der Ftitterung au! die Zusammensetzung des Butter

fet~. Z. Nahr. Genussm. 13: 616, 1907. 
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had averaged about eight quarts or seventeen pounds a day for each 
cow in an experiment which immediately preceded, in which the same 
animals were used, the same flow can safely be assumed for the ex
periment under discussion. Assuming also that the cows averaged 
about 1000 pounds in weight, the energy requirement for each cow 
for maintenance, according to Armsby's standard, was 6 therms, and 
for milk, (assuming average richness) 5.10 therms, or 11.10 therms 
in all. The energy supplied by 90 pounds of wet brewers' grains was 
13.32 therms, while 6.25 pounds of malt sprouts supplied only 2.89 
therms. It is evident that the low plane of nutrition in the period of 
feeding malt sprouts is alone sufficient to account for the change in 
the composition of the butter fat which accompanied the change of 
ration. 

Application to cases of abnormal butter.-Cases of abnormal butter 
are not infrequently reported in the agricultural and chemical litera
ture, for which no adequate explanation can be offered. Most of these 
cases are reported by food officials whose duty it is to detect adulterated 
butter, and accordingly have to do largely w1th the Reichert-Meiss! 
number of the butter fat. Such cases are much more frequently re
ported by officials in European countries than in the United States. It 
will not be possible to take up all of the cases that have been reported. 
Several typical ones have been selected, however, and the applications 
of the results of the underfeeding studies pointed out in explanation of 
the abnormalities found. 

Van der Zande30 has reported a feeding experiment in which a 
decrease in volatile acids occurred while the cows were on pasture. 
The change in the composition of the butter fat was attributed by 
the author to a period of severe weather during the experiment. In 
view of the experiments pointed out above showing the ease with 
which cows may be underfed while on pasture, it seems evident that 
this factor was responsible for the change in the composition of but
ter fat found by Van der Zande. 

Reinsch31 has reported a sample of abnormal butter fat from 
five Holstein cows, which showed a Reichert-Meiss! number of 19.7 
and a saponification value of 213.9. The cows were in good health, 
and had been in milk but a few months. Their ration consisted of 
pasture grass ad libitum with the addition of six to eight pounds of 
potato pulp and three-fourths to one pound of rice polishings a head 

30 Van der Zande, K. H. M. Versing. Ver. Exploit. Proef. Hoorn. 45-50. 1902. 
81Relnsch, A. E!n Fall von sogenannter "anormale1·" Butter. Z. Nahr. Genussm. S: 

508-508. 1904. 
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daily. The author mentions, however, that the pasture was very short. 
The explanation of the abnormally low saponification and Reichert
Meissl values unquestionably lies in this fact. The conclusion that 
would naturally be drawn in the light of the studies of the influence 
of underfeeding is that the animals were underfed on account of the 
short pasture. 

Ziegfeld32 reported a sudden drop in the Reichert-Meiss! value 
of the butter fat during a period of feeding cows on beet-tops, which 
is .attributed to a sudden fall in the temperature, causing the leaves to 
becomes to some extent frozen. Inasmuch as the cows were fed the 
beet-tops ad libitum with no additional feed, it would hardly be ex
pected that they would consume the required amount to support 
maintenance and milk flow if they were suddenly required to eat the 
partly frozen beets. A far more satisfactory explanation of the drop 
in the Reichert-Meissl number than the sudden fall in temperature 
is that the animals were underfed as the result of the effect of the 
weather conditions on their feed. 

Vieth33 has pointed out the invariably low Reichert-Meissl num
bers of butter manufactured at the creameries in northwest Germany 
during the months of October and November. These months are at 
the end of the pasture season in the provinces studied. As soon as 

TABLE 26.-EFFECT OF SEASON ON THE REICHERT-MEISSL NUMBERS OF 
BUTTERFAT (VIETH) 

Biilkau Wesermnrsch Esens Georgesbe!l 
-· 

On pasture On pasture On pasture On pasture 
26.3 24.9 24.6 24.5 
26.3 23.2 23.3 23.0 
25.4 23.5 23.0 22.8 
24.8 24.3 22.4 22.9 

Dry feed Dry feed Dry feed Dry feed 
24.6 26.l 25.l 23.7 
25.9 27.0 25.8 25.7 
26.5 26.4 25.9 
27.7 

the cows are taken out of the pasture and fed dry feeds the Reichert
Meissl numbers ·increased to normal in the case of each of the creameries 
studied by the author. The figures given by the author show a gradual 
decrease in the Reichert-Meissl numbers thruout the whole of the 
pasture season. This may have been due, in some measure, to advancing 

32Ziegfeld, M. Die Zusammensetzung des Butterfettes bei Rtibenblattfiitterung. Z. 
Nahr. Genussm. 17: 179-86. 1909. 

"Veith, Paul. Der Gehalt des Butterfettes an flticbtigen Fettsatiren. Milch Zei
tung 30, Nr. 12: 177-179: figs. 4, 1901. 
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lactation, the great majority of the cows having freshened in March and 
April. 

The very low values obtained during the last month of pasture 
and the sharp rise in the Reichert-Meiss! numbers of the butter from 
all the stations accompanying the change to dry feed clearly indicates 
that other factors are responsible for the low values obtained. Veith 
was unable to attribute the results to any particular cause. In the 
light of our knowledge of the effects of underfeeding, however, it 
seems very probable that this was the principal factor responsible for 
the low Reichert-Meissl numbers at the close of the pasture season, 
when, in that country at least, the pasture would be of a very poor 
quality, as well as considerably lacking in quantity. The figures show
ing the Reichert-Meiss! numbers for the last two months of pasture 
and the first two months of dry feed are shown in Table 26. The 
analyses were made the first and the middle of each month. 
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GENERAL DESCRIPTION OF EXPERIMENTS 

It was pointed out in the early part of the paper that the num
bers assigned to the various experiments considered in the general 
body of the report bear no chronological relation, but were arranged 
in the particular order given for convenience in the presentation of 
the results. Unfortunately it is not possible to give a description of 
each of the experiments so numbered. The order of the experiments 
as described in the paragraphs that are to follow is accordingly en
tirely different from the one followed in the presentation of the re
sults. The order which will be followed here is largely a chronological 
one and will deal with individual animals and the various experiments 
conducted thru a single lactation period. The experiments, as num
bered in the main body of the bulletin, will be pointed out in connec
tion with each general study. 

Experiment 1.-Cow 20, a pure-bred Jersey, was fed a heavy ra
tion of corn, bran, linseed meal, silage, and alfalfa hay for about 
sixty days before calving. She became very fat, but parturition occur
red without difficulty. Her condition at parturition is shown in Figure 
1. Immediately after parturition she was placed upon a ration that 
was believed sufficient to maintain her body weight only. This con
tinued for thirty days, during which time the animal lost 100 pounds 
in weight. At the end of the thirty days the animal was noticeably 
very weak; she was unsteady in her walk and had difficulty in lying 
down and getting up. She did not appear as ravenously hungry as 
would be expected at any time during the thirty days, but dull and 
lifeless, especially towards the end of the experiment. The condition 
of the cow at this time is shown in Figure 2. The experimental 
underfeeding period described has been referred to as Experiment 1 
thruout the paper. 

At the end of the thirty days of heavy underfeeding the ration 
was doubled in quantity, both grain and hay. This was continued for 
about two weeks. The animal ·completely recovered from her weak 
condition during this time, her milk flow increased, and there was no 
further loss of body weight. Calculation of her energy requirements 
for this period shows that she was still underfed. The effects were 
also apparent on the composition of the milk fat. The experimental 
period described has been referred to thruout this bulletin as Ex
periment 9. 

Following this period the ration was increased still further about 
one pound of grain and two pounds of hay. No further increase in 
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the milk flow resulted thru a period of fifteen days, but there was 
a slight gain in body weight. It seemed evident that the animal was 
now on a normal plane of nutrition. Calculation showed, however, 
that slight underfeeding still continued. In view of the general con
ditions accompanying the period, it has been concluded that the en
ergy requirements of this individual were somewhat below the average. 
The complete data for the two experimental periods, as well as the 
normal period are given in Table I of the appendix. They are also 
shown graphically in Figure 7 of the appendix. 

Experiment 2.-Cow 206, a pure-bred Holstein, was fed all the 
grain she would eat, amounting to from sixteen to twenty pounds a 
day, in addition to pasture, for a period of forty days before parturi
tion. She made large gains in weight up to the last two weeks, and 
weighed something over 1500 pounds just before parturition. Her 
condition at this time is shown in Figure 3. The calf was born in 
normal condition and weighed nine-five pounds. Immediately after 
parturition the cow was put upon a ration believed to be sufficient to 
maintain her body weight only, at an average of 1150 pounds. Ac
tually, however, the ration yielded a little less energy than this weight 
required. This ration was continued for three weeks, during which 
time the animal lost a little over 200 pounds in weight. The animal 
showed practically the same characteristics as did Cow 20 in the 
same condition. She did not become weak to the point of being un
steady in her walk a:; did Cow 20, but showed she was weak by 
staggering if pushed sideways. As was the case with Cow 20, at 
no time during the experiment did Cow 206 appear as ravenously hun
gry as would be expected, but instead, dull and lifeless, especially dur
ing 'the latter part of the underfeeding period. The condition of the 
cow at the end of the experiment is shown in Figure 4. This experi
mental period described has been called Experiment 2 thruout this 
bulletin. 

At the close of the 21 days underfeeding both the grain and hay 
in the ration of the cow were doubled in amount. This ration con
tinued for about ten days. The dull, lifeless condition of the animal 
disappeared during this time. There was at first a slight increase in 
the milk flow and a slight gain in body weight, but there was a de
crease again in both before the close of the period. The animal was, 
in fact, still underfed about 15 per cent. The experimental period dur
ing this time was referred to thruout the bulletin as Experiment 10. 

At the close of the ten-day period just described a further in
crease in the ration was made, two pounds of grain and four pounds 
of hay being added to the daily ration. During the period of seven 



62 MISSOURI A.GR. ExP. STA. RESEARCH BULLETIN 25 

days for which a record was kept this change in ration produced a 
gain in body weight and also some increase in the milk fl.ow. Calcula
tion showed that the animal was on a normal plane of nutrition. 

The complete data of the two experimental periods, namely Ex
periments 2 and 10, as well as the data for the normal period that fol
lowed are given in Table II and shown graphically in Figure 8 in the 
appendix. 

Experiment 3.-Beginning with the fourth month of lactation Cow 
62, a pure-bred Jersey, was fed all the grain, hay and silage she would 
consume. This was continued for twenty days, when the silage was 
dropped from the ration thru the animal's own preference. During 
the twenty-seven days that followed the appetite of the cow was tempted 
by pouring five pounds of cane sugar syrup over the hay and grain 
each day. In this way it was found possible to make the animal con
sume about fifteen pounds of grain and a similar amount of hay. The 
only result that followed this heavy ration was a gain in body weight 
of fifteen or twenty pounds. The animal was producing between fif
teen and twenty pounds of milk a day during this time. 

Following the heavy overfeeding the ration was reduced until only 
sufficient food was given to support the body weight. As a matter of 
fact it was slightly below this requirement. This was continued for 
twenty days during which time the cow fell off in weight about seven
ty-five pounds and the milk fl.ow dropped several pounds a day. Fol
lowing this the ration was increased until the plane of nutrition was 
again above normal. The experimental underfeeding period with this 
cow has been referred to thruout this bulletin as Experiment 11. 

The complete data for a portion of the two normal periods pre
ceding and following the underfeeding period, as well as the data 
for the underfeeding period are given in Table III and shown graphi
cally in Figure 9 of the appendix. 

Experiment 4.-Beginning about the sixth month of lactation the 
plane of nutrition of Cow 402, a pure-bred dairy Shorthorn, which 
had been normal up to this time, was increased as rapidly as possible 
until at the end of thirty days the animal was receiving ·eighteen pounds 
of grain mixture and twenty-seven pounds of alfalfa hay daily, over 
twice as much feed as was required to maintain her original body 
weight of 1130 pounds and a milk fl.ow of fourteen or fifteen pounds 
a day. A marked gain in body weight and a slight increase in milk 
fl.ow accompanied the long period of overfeeding. Later the ration 
was cut down to fourteen to sixteen pounds of grain and twenty to 
twenty-four pounds of hay, so that after about two months of over
feeding the cow was still on a plane of nutrition of approximately 
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+60 per cent. The ration was then rapidly reduced until after six days 
the feed consisted of ten pounds of grain and twelve pounds of hay, 
the plane of nutrition being thereby reduced to +9 per cent. This 
period of marked reduction in plane has been referred thruout the 
paper as Experiment 19. The complete analytical data for the entire 
overfeeding period, the Experimental Period 19, and the subsequent 
underfeeding period, when the milk flow of the animal very rapidly 
dried up, are given in Table IV of the appendix. The data are also 
shown graphically in Figure 10 of the appendix. 

Experiment 5.-Cow 300, a pure-bred Ayrshire, became very 
fleshy when fed a heavy grain ration for two months previous to . 
parturition, the animal being dry. Her condition at the time of par
turition is shown in Figure 5. Immediately after. parturition she. was 
placed on a ration calculated to be sufficient for maintenance and to 
supply the nutrients for about one-third to one-half the milk flow. 
This was continued for twenty-three days, during which time the 
weight of the animal decreased, but the milk flow increased. The 
·experimental period described has been referred to thruout the paper 
as Experiment 4. The daily ration of the cow thruout the period 
consisted of from four to six pounds of grain, ten pounds of alfalfa 
hay, and about thirty pounds of green alfalfa. The dull, lifeless con
dition shown by the cows in Experiments 1 and 2 was not mani
fested by Cow 300, altho her general condition was greatly reduced 
by the underfeeding, as shown in Figure 6 showing the animal at 
the end of the twenty-three days underfeeding. 

Following the underfeeding period the ration was changed so 
that it contained only grain and alfalfa hay in about equal propor
tions, of twenty pounds each, the plane of nutrition being thereby 
raised to about +zo or +zs per cent. This was continued for about 
three weeks, when the plane of nutrition was suddenly reduced to nor
mal by removing about four pounds of grain from the ration. This 
period of normal plane of nutrition lasted for two weeks. The first 
six days of the normal period together with the last few days of the 
preceding supernormal period have been referred to thruout the bulle
tin as Experiment 21 , being one of the experiments involving a re
duction in the plane of nutrition but not to subnormal. 

Following the two weeks of normal plane of nutrition the plane 
was reduced to about 15 per cent below normal by reducing the grain 
to about nine pounds and the hay to fourteen pounds daily. This 
period of very moderate underfeeding continued for two weeks, and 
\las been referred to thruout the paper as Experiment 16. 
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Following the two weeks of moderate underfeeding came a period 
of supernormal plane of nutrition of +10 to +15 per cent, brought 
about by increasing the grain to fourteen pounds and the hay to nine
teen pounds daily. The periods of cJ:i.ange and the supernonnal plane 
lasted for twenty-six days, during which time the animal gained some 
in weight and maintained a constant milk fhw. In the period of 
seven days which immediately followed, the daily ration was re
duced to seven pounds of grain and twelve pounds of hay, the plane 
of nutrition being thereby reduced to about -25 or -30 per cent. 
This period of underfeeding continued for two weeks, during which 
time the animal lost weight and the milk flow fell off over ten pounds 
a day. This experimental period has been referred to thruout the 
paper as Experiment 13. 

Following the two-week underfeeding period came a short period 
of normal plane of nutrition that lasted for about ten days. The en
tire experiment with Cow 300 was then discontinued. A resume shows 
that the studies during this lactation period consisted of a cycle of 
underfeeding, overfeeding, normal, ·underfeeding, overfeeding, under
feeding, and nonnal planes of nutrition, comprising three underfeed
ing experiments and one on a reduced plane of nutrition. The com
plete data for all the experiments are shown in Table V and Figure 
11 of the appendix. 

Experiment 6.-Cow 301, a pure-bred Ayrshire, was used in Ex
periment 6 simultaneously with Experiment S. The animals used in 
these experiments were fed alike before parturition, but it is doubtful 
if Cow 301 carried as much flesh at parturition as did Cow 300. Un
fortunately no photographs were taken of Cow 301. The plan in the 
case of Cow 301 was to have her begin the lactation period with a 
plane of nutrition as nearly normal as possible to prevent any loss of 
body weight, and then compare the results with those from Cow 300, 
in which the cow was purposely underfed following parturition. This 
did not prove practicable, however, the result being the animal was 
underfed from 10 to 15 per cent for about three weeks following par
turition and suffered a loss in body weight of about twenty-five pounds. 
This period of moderate underfeeding immediately following parturi
tion has been referred to thruout the paper as Experiment 6. It was 
placed in the group of experiments of subnormal plane of nutrition 
immediately following parturition. It could have been classified ·equally 
well, probably even more properly in the physiological underfeeding 
studies. 

Following the period of physiological underfeeding the plane of 
nutrition was purposely reduced to -25 per cent by reducing the grain 
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from twelve to nine pounds and the alfalfa hay from seventeen to 

fourteen pounds a day. This was continued for three weeks, during 

which the cow lost about fifty pounds in weight, but with little if any 

reduction in the milk flow. The experimental period of underfeeding 

has been referred to thruout the paper as Experiment 8. 
Following the underfeeding period came one of normal plane of 

nutrition for three weeks and then a slightly supernormal one of about 

+10 or +20 per cent for three weeks when the animal was fed about 

fourteen or fifteen pounds of grain and sixteen or eighteen pounds of 

alfalfa hay daily. Some gain in weight accompanied the overfeeding. 

This was followed by two weeks of underfeeding of about -15 or -20 

per cent, accomplished by reducing the grain eight pounds and the hay 

to fourteen pounds daily. Little, if any, loss of weight occurred as 

observed by the scales, but the milk flow fell off during this period 

about nine pounds a day. The underfeeding period has been referred 

to thruout the paper as Experiment 14. 
The two weeks underfeeding was followed by thirty days super

normal plane of nutrition, which averaged +18 per cent. This period 

has been considered in detail in connection with the report of the 

overfeeding studies in a previous bulletin. 34 It was followed by 

an 18-day period of normal plane of nutrition, the first few days of 

which have been referred to thruout the paper as Experiment 20, in 

the group of reduced-plane-of-nutrition experiments. 
The normal period was followed by ten days of underfeeding of 

-17 per cent, when the grain was reduced to 6.5 pounds and the 

hay to thirteen pounds daily. A slight drop in body weight and some 

decrease in the milk flow accompanied this period of moderate under

feeding. It has been referred to thruout the paper as Experiment 

15. The experiment with Cow 301 was discontinued at the close of 

this experimental p~riod. 
A resume of the lactation period of Cow 301 shows that it con

sisted of the following cycle of experiments; physiological underfeeding, 

underfeeding, normal plane of nutrition, overfeeding, underfeeding, 

overfeeding, normal plane of nutrition, and underfeeding, comprising 

four underfeeding and one reduced-plane-of-nutrition experiments. 

The complete data for the entire lactation period are shown in Table 

VI and Figure 12 of the appendix. 
Experiment 7.-Beginning with the nineteenth day of lactation the 

plane of nutrition of Cow 2, a pure-bred Jersey, was gradually in

creased until at the end of five weeks the cow was receiving twelve 

34Eckles, C. H., and Palmer. L. S. Influence of plane of nutrition of the cow 
upon the composition and properties of milk and butter fat. Influence of overfeeding. 
Mo. Agr. Exp. Res. Bull. 24: 1-39 (Note particularly 30-31.) figs. 4. 1916. 

5. 
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pounds of grain, eight pounds of alfalfa hay, and twenty pounds of 
corn silage daily, the plane of nutrition being about +70 or +75 per 
cent. This was continued for nearly seven weeks, and was ac
companied by a marked gain in body weight. In a period of two days 
the plane of nutrition was reduced to normal by reducing the grain 
to three or four pounds a day, the hay and silage remaining the 
same. This was continued for four days. This period of greatly 
reduced plane of nutrition has been referred to thruout this bulletin 
as Experiment 17. 

Following the four days of normal plane of nutrition the grain 
was increased again to twelve pounds daily in two days with a resulting 
rise in the plane of nutrition to +67 per cent. After a week of this 
feeding the grain was again reduced to 3.6 pounds daily, with no 
change in the hay or silage, the result being a reduction of the plane 
of nutrition to normal. This period of normal feeding continued for 
ten days, when the experiment was discontinued. The first few days 
of the normal plane of nutrition together with the preceding overfeed
ing period have been referred to thruout the paper as Experiment 18. 
The complete data for the lactation period, comprising the two super
normal and the two normal periods, are given in Table VII and Figure 
13 of the appendix. 

Experiment 8.-Cow 2 used in Experiment 7 was used at her 
next lactation period in Experiment 8. Altho milked up to parturition, 
it was possible to feed the animal because of her low milk flow so 
that she calved with some surplus flesh on her body, her body weight 
immediately following parturition being about seventy-five pounds 
above normal. Following parturition the animal was put on a ration 
calculated to maintain body weight and about half the milk flow. This 
was continued for six weeks, with no appreciable loss in body weight 
or decrease in milk flow. Altho calculation showed the plane of nutri
tion to be about -25 per cent, it seemed evident from the general 
condition of the animal thruout the six weeks that the underfeeding 
was not as great as the energy calculation indicated, due no doubt 
to the variations from the average found among individual animals. 
The six weeks period of underfeeding has been referred to thruout 
the paper as Experiment 5. 

Owing to the slight effects produced in the foregoing period of 
underfeeding the plane of nutrition was reduced further by withdraw
ing about 0.5 pounds of grain, one pound of hay and two pounds of 
silage from the daily ration. This reduced the plane of nutrition to 
-35 or --40 per cent. This was continued for forty days. During 
the last twenty days the animal lost nearly 100 pounds in weight and 
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the milk flow decreased several pounds a day. The entire 40-day period 
has been referred to thruout the paper as Experiment 7. 

Following the long period of underfeeding the ration was in
creased until the animal was eating twelve pounds of grain, ten pounds 
of alfalfa hay and from fifteen to twenty pounds of silage daily, with 
a resulting rise in the plane of nutrition to +so per cent. The ·entire 
overfeeding period lasted seventeen days. In the following three 
days the ration was reduced to three pounds of grain, eight pounds 
of hay, and ten pounds of silage, and the plane of nutrition dropped 
from +so to .-30 per cent. After a week of the subnormal plane 
of nutrition the entire experiment was discontinued. The final under
feeding period has been referred to thruout the paper as Experiment 12. 

The complete data for the three underfeeding and one overfeed
ing period during this lactation period of Cow 2 are given in Table 
VIII and Figure 14 in the appendix. 

Experime-nt 9.-This experiment was with Cow 301, a pure-bred 
Ayrshire, the same animal used in Experiment 6 described above, but 
in a later lactation period. The experiment was conducted to get 
confirmatory data in regard to the effects of underfeeding in early 
lactation, when the character of the ration was not a contributory fac
tor, and when the plane of nutrition was maintained at a constant 
level. In studying the latter point it was desired to obtain additional 
evidence that the effects of underfeeding are just as pronounced at a 
moderately low level, as at a very low level. The nutrition level selected 
for study was -40 per cent. Immediately following parturition, the 
cow being in normal flesh, the ration was placed at an amount cal
culated to maintain the plane of nutrition at the level selected. In 
order to maintain this plane at a constant level for the thirty days 
chosen for the experimental period accurate records were kept of the 
weight of the animal each day, the yield of milk and the percentage of 
fat. With these figures obtained each day the ration for the succeed
ing day was calculated without difficulty. This procedure was carried 
out for the entire period. The animal iost considerable weight during 
the experiment, and there was also considerable reduction in the milk 
flow toward the latter part of the period. The entire underfeeding 
period has been referred to thruout the paper as Experiment 3. The 
authors regard this experiment as the best controlled of the underfeed
ing studies. 

Following the underfeeding period the plane of nutrition was 
raised to normal, and the whole experiment discontinued after a week 
on this plane. The data for the entire experiment are given in Table 
IX and Figure 15 of the appendix. 
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Experiments 10, 11, 12, 13, 14, 15, and 16.-These are the experi
ments grouped together thruout the paper as physiological underfeed
ing experiments, where they are referred to as Experiments 22, 23, 
24, 25, 26, 27, and 28. As none of these experiments were so planned 
that the rations were controlled general descriptions cannot be given. 
No records of feed consumed or body weight were kept in several of 
the experiments making the data regarding the plane of nutrition in
complete. In these cases the evidence of physiological underfeeding 
rested entirely on the composition of the milk and milk fat during 
the period immediately following parturition when physiological un
derfeeding takes place. The data for all the experiments as far as 
the records are available, are shown in Table X and XI of the ap
pendix. 
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SUMMARY 

1. Three types of underfeeding experiments are reported in this 
bulletin in which (1) the plane of nutrition of the cow is reduced to 
subnormal, (2) the plane of nutrition is reduced but not to subnormal, 
and (3) the cow is unable for physiological reasons to consume suffi
cient food to support the milk flow immediately after parturition; 
this has been termed physiological underfeeding. 

2. Several factors influence the effects of underfeeding on the 
composition and properties of milk and butter, including (1) the 
stage of lactation period of the cow, (2) the degree of underfeeding, 
( 3) the character of the ration, ( 4) the state of flesh of the cow, ( 5) 
the plane of nutrition of the animal previous to underfeeding, and 
(6) the length of the underfeeding period. The general influence of 
each of these factors is discussed. 

3. A subnormal plane of nutrition causes a cow in lactation 
to lose more or less weight, depending on the state of flesh of the 
animal, the degree of underfeeding, and the length of time the animal 
is underfed. 

4. The effects of a subnormal plane of nutrition on the milk 
flow depend upon the stage of the lactation period at the time of under
feeding. 

Cows subjected to a subnormal plane of nutrition immediately 
after parturition maintain their milk flow at a nearly constant level 
under the most adverse conditions. In one experiment a constant flow 
was maintained for 30 days with sufficient food for body maintenance 
only. 

A decline in milk flow accompanies even moderate underfeeding 
when the lactation period has reached a certain stage. The exact point 
when this occurs was not determined in the experiments. The ex
planation of this difference in the effect on the milk flow is believed by 
the authors to rest on the conception that the milk flow of the cow is 
stimulated by two factors, (1) chemical, (2) nervous. The former is 
more or less independent of the food supply and predominates for 
a period of time after parturition. The latter is almost entirely de
pendent on the food supply and predominates, or replaces the chemical 
stimulus, after the lactation period has attained a certain stage. 

5. Physiological underfeeding and reduction in the plane of nu
trition from a high to a normal plane is invariably accompanied by a 
marked increase in the percentage of fat in the milk, especially when 
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the cow has a surplus store of fat on her body. In the case of physio
logical underfeeding there is almost invariably an actual increase in 
the yield of milk fat, as well as in the percentage in the milk. 

The effects of an induced subnormal plane of nutrition on the 
percentage and yield of fat in the milk are variable, an increased fat 
percentage sometimes resulting, in other cases there being no change, 
while in others an actual decrease in the percentage of fat results. The 
factors that appear to cause these variations are the state of flesh of 
the animal, the degree of underfeeding, and the season of the yea,r in 
which the experiment is conducted. 

6. A subnormal plane of nutrition at times affects the percentage 
of protein in the milk. In some of the experiments conducted there 
was a decline in the percentage of casein, while in others the total pro
tein only was affected. In the latter cases the percentage of ash in 
the milk also decreased. None of the types of underfeeding influenced 
the percentage of lactose in the milk. 

7. All types of underfeeding have marked effects on the physical 
and chemical constants of the butter fat, which are characterized by a 
decline in the Reichert-Meiss! number and saponification value, and 
an increase in the iodin value. 

Three types of results were noted with respect to the effects on 
the melting point of the butter fat; (1) increase in melting point, (2) 
stationary melting point, and ( 3) decrease in melting point. These dif
ferences are explained by the facts that in the group of Experiments 
with increased melting point the decline in the volatile fatty acids 
was relatively greater than the increase in the oleic acid. In the group 
of experiments with constant melting point the changes in the two 
kinds of fat constituents offset each other with respect to their effects 
on the melting point. In the group in which the melting point declined 
the increase in oleic acid was relatively much greater than the decline 
of the volatile fatty acids. 

The proportion of volatile fatty acids in butter fat has a much 
greater influence on the melting point than the proportion of oleic acid. 
This was strikingly shown in several of the underfeeding experiments 
in which marked changes in the melting point of the fat occurred with 
variations in the Reichert-Meiss! number in spite of the fact that 
the iodin value remained abnormally high thruout the experiment. 

The more important factors influencing the effects of underfeeding 
on the fat constants are the character of the ration, the degree of un
derfeeding, and the length of the underfeeding period. Corn silage 
and other feeds which increase the volatile fatty acid content of butter 
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fat, affect the degree of abnormality of the fat constants accompanying 
underfeeding, but not their amount of change. 

The effects of underfeeding on the fat ·constants appear to reach 
a limit with a subnormal plane of nutrition of about -40 per cent. 
Long continued underfeeding results in more or less recovery of the 
fat constants from the most abnormal values, but the recovery is 
never complete. 

8. The increase in the percentage of milk fat and the changes 
in the character of the fat which accompany underfeeding are not 
satisfactorily explained by the hypothesis that underfeeding causes a 
transfer of tissue fat to the mammary glands. Blood fat analyses 
made during the height of physiological underfeeding in the case of 
two cows failed to show any increase in the amount of fat carried by 
the blood stream in comparison with normal conditions in the same 
animals. 

As a basis for the explanation of the effects of underfeeding on 
the percentage of fat in milk and on the composition of the fat 
the hypothesis is advanced that the synthesis of milk fat in normal 
amount and its synthesis with normal composition are independent 
physiological functions. 

The production of the normal amount of milk fat is controlled 
by the activity of the lipases and other enzymes which accelerate this 
synthetic reaction in the mammary gland, and is influenced greatly by 
changes in the general metabolic activity of the body, particularly by 
the changes that affect the fat metabolism. 

By this hypothesis it is possible to explain the normal variations in 
the percentage of fat in the milk, the variations which occur with 
extreme weather conditions, (which have a particularly strong in
fluence on the general energy metabolism of the animal), as well as 
the variations in the effects of underfeeding on the percentage of fat 
in the milk, especially those that appear to be related to the fatness or 
thinness of the cow. 

The synthesis of milk fat of normal composition is controlled by 
variations in the amount and kind of material presented to the milk 
glands by the blood stream, from which the normal constituents of 
milk fat are formed, particularly those which especially characterize 
the milk fat, namely, the volatile fatty acids. A further extension of 
this phase of the hypothesis is limited by the lack of knowledge as 
to which constituents of the blood are utilized for the formation of 
normal milk fat. 

9. The effects of underfeeding on the composition and properties 
of milk and butter fat show the importance of controlling this factor 
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in feeding experiments involving the effects of specific feeds on the 
composition of milk and butter. 

The effects of underfeeding must be taken into account in the 
interpretation of all data involving variations in the composition of 
milk and butter fat due to specific conditions of the cow, specific en
"ironments of the cow, changes in the feed of the cow, or to feeds of 
specific character. 

10. The variations in the composition and properties of milk 
and butter fat with underfeeding of the cow may have an important 
bearing on the use of such milk for human food, particularly as food 
for infants. Lack of data on this phase of the problem, however, 
makes it impossible to state how much bearing the results have in 
this connection. 
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FIG. 1.-COW 20: FAT AT BEGINNING OF TEST, EXPERIMENT 1 
Cow :W wns underfc•d r;;; per ePnt: fOr thirty days with marked e ll'ects on the 

composition and 11roperties of the n1ilk and tnilk fat ns indicated in l!"'iguee 7 and 
Tables 5, fl, 11, nnd 1:2, :md Appendix 'l'nlllc l. '!'he avc' rnge fat content of tbe milk 
during this period of nnderfec•dinp; was G.01 per cent as compared witl1 4.8 per cent 
for the entire year. 

·1 ., ., 
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FIG. 2.-cow 20: THIN AFTER 30 DAYS' UNDERFEEDING 
Cow 20 decreased in weight from 8:20 to 700 pounds in a 8 0-day period during 

which she produced twenty pounds of milk a day but received \);:) per cent enough food 
to maintain her body weight only. In figure 1 she is shown ns she nppetned at the 
beginning of the test. 
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FIG. 3.-cow 206: FAT AT THE BEGINNING OF THE 'l'EST, 
EXPERIMENT 2 

Cow 20G was underfed no per cent for tw·enty-two <lnys during wh'ich Hhe ch~crea~c<l 
in weight from 1848 to 11:~0 pounds. ~rhe marke<l ell'.l!tts on tll o <:on1pn:-;i Unn and 
properties of the milk and milk fut nre shown in Fi!!u1·e S :1n<.1 Tallies ;;, 11. and l:.!. 
and Appendix Table 2. 

FIG. 4.-cow 206: THIN AFTER 22 DAYS' UNDERFEEDING 
Cow 206 lo~J 213 pounds .durin,rr twenty-two <'lay~ of unde1·fpecling-. during- which 

she produced 27.;:i _pounds of milk a day but received 85 per cent enough food to main
tain he1• body weight only. 
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FIG. 5.-cow 300: FAT AT BEGINNING OF TEST, EXPERIMENT 4 

Cow ;:wo weighetl 1000 pounds at the beginning of twPnty days of 8G 11er cent 
underf{~eding. ~l'lie llltll'kPd effects on tht• l'Ompo8it ion :11Hl p1·01w1·tieR of the milk 
and milk fnt a.1-c: shown in FigTll'l~ 11 and rraUles G. U. ti, .11, 12, J:{, nncl l::i, and Ap

pendix 'J'nblc V. 

FIG. 6.-cow 300 : AFTER 20 DAYS' UNDERFEEDING 

Cow 300 during this period received food sufficient for main tenance of hcl· body 
weight and half of a mill;: flow of from thirty-five to forty pounds a day . 
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Average 
Daily Ration 

Date Av. 

Exp. of Alfalfa 
Weight 

feeding Grain Hay of Cow 

1909 Lbs . Lbs. Lbs. 

1 3/30-31 2.8 7 820 
1 4/1-2 3.5 7 809 
1 4/S-4 3.5 7 795 
1 4/5-6 3.5 7 786 
1 4/7-8 3.5 7 783 
1 4/9-10 3.5 7 780 
1 4/ 11-12 3.5 7 768 
1 4/ 13-14 3.5 7 760 
1 4/15-16 3.5 7 750 
1 4/17-18 3.5 7 740 
1 4/ 19-20 3.5 7 730 
1 4/21-22 3.5 7 730 
1 4/23-24 3.5 7 724 
1 4/25-26 3.5 7 725 
1 4/27-28 3.5 7 718 
1 4/29-30 . 5.5 11 690 
1 5/ 1-2 6.3 11 706 

9 5/3-4 7.0 14 718 
9 5/ 5-6 7.0 14 723 
9 5/7-8 7.0 14 713 
9 5/ 9-10 7.0 14 705 
9 5/11-12 7.0 14 730 
9 5/ 13-14 7.5 15 709 

5/15-16 8.0 15 728 
5/17-18 8.0 16 744 
5/19-21} 8.0 16 704 
5/21-22 8.0 14 711 
5/23-24 8.0 14 715 
5/25-26 8.0 15 713 
5/27-28 8.0 16 729 
5/ 29-30 8.0 16 73t6 

1Fat percentage calculated. 

TABLE 1.-!NFLUENCE OF PLANE OF NUTRITION 
Cow 20. Mareh 30-May 31, 

Energy Required Av. 
Tot al Plane 

Milk 
Energy ot 

Yield F or For Milk Received Nutrition 
Per Mainte- Produc- Total 
Day nance tlon 

Lbs. Ther ms Tb:erms Therms Therms Per cent . 

22.2 5.24 7.192 12.432 4.53 -63.56 
20.1 5.20 8.643 13.843 5.06 - 63.44 
22.6 5.14 11.074 16.214 5.06 ----13s.19 
23.5 5.12 12.690 17.810 5.06 -71.58 
22.6 5.08 12.88~ 17.962 5.06 - 71.82 
21.7 5.08 11.067 16.147 5.06 -()8.66 
20.6 5.03 9.064 14.094 5.0G -64.09 
21}.0 4.99 10.600 15.590 5.06 - 67.54 
20.7 4.95 9.315 14.265 5.06 - 64.52 
18.9 4.90 6.955 11.855 5.06 - 57.31 
18.8 4 .86 6.617 11.477 5.06 -55.91 
19.5 4.86 9.555 14.415 5.06 -64.89 
19.6 4.81 10.388 15.198 5.06 --fi6.70 
17.9 4.83 7.518 12.348 5.06 -59.02 
19.9 4.76 9.552 14.312 5.06 -64.64 
19.6 4.65 8.036 12.686 7.95 -87.33 
23.9 4.7p 9.560 14.320 8.55 --40.W 

25.0 4.81 8.550 13.360 10. 13 - 24.17 
26.1 4.81 8.299 13.109 10.13 -22.72 
26.2 4.76 8.646 13.406 10.13 -24.43 
26.4 4.74 8.632 13 .372 10.13 --.24.31 
25.7 4.86 7.710 12.570 10.13 -19.41 
26.1 4.76 9.082 13.842 10.84 -21.69 

25.9 4.86 8.236 13.091l 11.23 -14.24 
26.9 4.90 7.854 12.754 11.57 - 9.28 
25.9 4.72 8.236 12.956 11.57 -10.69 
25.51 4. 76 7.803 12.563 10.88 - 13.39 
23.9 4.78 7.170 11.950 10.88 - 8.95 
25.5 4.76 8.491 13.251 11.23 -15.25 
25.2 4.86 8.164 13.024 11.57 -11.16 
26.4 4.90 8.395 13.295 11.57 -12.97 
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ON COMPOSITION AND P'ROPE'RTIES OF MILK 
1909. Fresh Mareh 29, 1909. 

Date 
Total Albu-

of Protein 
Casein 

min 
Ash Sugar 

Sample 

Per Per Per Per Per 
cent. cent. cent. cent. cent. 

3/31 5.16 3.57 0.73 ..... 4.41 
4/2 4.87 3.76 .71 ..... 4.40 
4/4 4.90 3.57 .66 ..... ... .. 
4/6 4:46 3.57 .42 .. .. . 5.06 
4/8 4.29 3.60 .57 ····· 5.51 
4/10 3.95 3.60 .41 0.74 5.39 
4/12 3.69 2.80 .43 .76 5.19 
4/14 3.69 2.74 .43 ..... 5.23 
4/16 3.50 2.,61 .48 .76 5.13 
4/18 3.29 2.74 ,44 .74 5.13 
4/20 3.57 2.48 .43 ... .. 5.11 
4/22 3.64 2.61 .42 ..... 5.21 
4/24 3.50 2.74 .41 .74 5.08 
4/26 3.57 2.48 .42 .75 5.10 
4/28 3.25 2.29 .39 .73 5.16 
4/30 3.60 2.23 .41 .64 5.53 
5/2 3.60 2.23 .45 .71 5.41 

5/4 3.25 2.17 .47 .... . 5.58 
5/6 3.31 2.29 .46 .70 5.33 
5/8 3.31 2.55 .45 .72 5.14 
5/10 3,44 2.55 .45 .75 5.04 
5/12 a .25 2.48 .44 .71 4.84 
5/14 3.63 2.67 .46 .70 5.18 

5/16 3.37 2.55 .51 .73 5.10 
5/18 3.57 2.55 .43 .71 5.03 
5/20 3.37 2.55 .45 .70 5.00 
5/22 .... .. ··· ·· .. .. . . ····· ..... 
5/24 3.25 2.67 .49 .67 5.29 
5/26 3.57 2.74 .32 ..... 5.26 
5/28 3.57 2.67 .46 ····· 5.24 
5/30 3.57 2.74 .47 .72 4.91 

Saponifi· 
Iodin 

Fat cation 
Number Number 

Per (Hlibl) 
cent. 
4.37 224.3 37.22 
5.80 226.2 40.20 
6.36 224.0 40.36 
6.89 223.1 39.92 
7.21 222.4 40.92 
6.60 ...... .. 42.64 
5.86 217.8 42.78 
6.82 220.0 42.48 
6.00 222.8 42.36 
5.07 ........ ... ... . 
4.94 220.9 42.73 
6.37 221.7 42.17 
6.82 221.6 41.81 
5.70 220.4 42.07 
6.26 222.l 42.62 
5.GO 223.l 42.72 
5.53 222.5 35.82 

4.74 22,6.0 37.70 
4.28 224.9 36.01 
4.49 ........ 34.73 
4.45 225.4 34.14 
3.98 223.0 34.97 
4.83 225.7 34.26 

4.27 225.3 31.83 
3.80 ........ 31.19 
4 .25 223.6 31.73 

····· 224.0 31.53 
4.01 225.0 30.94 
4 .47 225.0 29.53 
4.37 225.5 32.27 
4 .30 ........ 27.71 

79 

Reichert-
Meltini; 

Meiss! 
Point 

Number 

•o. 

24.60 36.45 
27.51 36.65 
24.96 35.75 
24.78 37.50 
23.29 37.50 
21.81 35.35 
20.99 36.95 
19.90 35.95 
21.94 35.65 

........ . .. .. 
20.39 34.45 
:21.26 34.00 
21.38 34.55 
23.74 33.95 
21.43 36.35 
22.01 34.20 
21.91 32.85 

26.11 33.00 
25.21 32.90 
23.48 33.25 
24.21 33.25 
22.39 33.45 
24.20 33.60 

23.24 33.10 
23.19 33.78 
23.46 33.55 
23.78 33.60 
24.62 33.60 
24.1)2 33.75 
24.70 83.55 
24.45 32.80 
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TABLE IL- I NFLUENCE OF PLANE OF N UTRITION 
Cow 206. Augus t 7- September 17, 

-· ··-- - · Average 
Av. Energy Required Daily Ration 

Av. Milk Tota l Plane 
Dat e 

Weight Yield Energy Of 
E xp. of 

of Cow Per 
For For Milk Received Nutrition 

f eeding Grain Alfalfa 
Malnte- Produc- Total Hay Day 
nance tlon 

1909 Lbs. Ll>S. Lbs. Lbs. Therms Tllerms Ther ms 'l"'llerms Per cent. 

2 8/7-8 4.50 9.0 1343 28.4 7.!>9 7.07 15.94 6.51 - 50.1 
2 8/9-10 4.50 9.0 1324 32.1 7.91 7.80 16.71 6.51 - 61.0 
2 8/11-12 4.50 9.0 1278 33.0 7.76 8.75 17.53 6.51 -63.0 
2 8/13-14 4.50 9.0 1243 29.7 7.5S 8.88 17.30 6.51 --p2.5 
2 8/15-16 4.50 9.0 1248 30.2 7.p4 7 .64 16.22 6.51 -(;9.8 
2 8/ 1718 4.50 9.0 1210 33.2 7.46 8 .13 16.62 6.51 -60.8 
2 8/19·20 4.50 9.0 1184 33.2 7.33 8 .80 17.16 6.51 - 62.1 
2 8/21-22 4.50 9.0 1163 31.0 7.24 8.34 16.54 6.51 - 60.7 
2 8/23-24 4.50 9.0 1145 29.2 7.18 7.62 15.71 6.51 - 58.5 
2 8/25-~6 4.50 9.0 1133 29.0 7.11 8.50 16.51 G.51 - 60.6 
2 8/27-28 4.50 9.0 1130 27.1 7.11 7.45 15.40 6.51 - 57.7 

10 8/29-30 7.25 14.5 1141 26.1 7.16 6.92 14.89 10.66 - 28.4 
10 8/31-9/1 8.50 17.0 1143 31.2 7. 18 8 .19 16.29 12.29 -24.G 
10 9/2 3 9.00 17.0 1163 30.7 7.24 7.46 15.65 13.01 -lG.9 
10 9/4-5 9.00 18.0 1152 30.8 7.20 7.30 15.45 13.01 - lfi.8 
10 9/6-7 9.00 18.0 1123 27.6 7.07 7 .43 15.35 13.01 -15.ll 
10 9/8-9 8.00 16.0 1115 27.1 7.05 6.86 14.75 12.2() - 16.9 

9/10-11 10.00 20.0 1127 28.4 7.11 G.96 14.95 14.47 - 3.2 
9/12-13 10.00 20.0 1164 31.7 7.24 7.89 1().12 14.47 - 10.ll 
9/14-15 10.00 20.0 1157 31.3 7.24 7.42 15.63 14.47 - 7.4 
9/16-17 10.00 20.0 1220 33.9 7.50 7.63 10.18 14.47 -10.6 



INFLUENCE OF PLANE OF NUTRITION 

ON COMPOSITION AND PROPERTIBS OF MILK 
1909. Fresh August 7, 1909 

Date 
Total 

of 
Protein 

Casein Albumin Ash Sugar 
Sample 

Per Per Per Per Per 
cent. cent. cent. cent. cent. 

$/8 8.68 4.33 3.70 0.97 2.23 
8/10 4.14 2.80 0.77 .88 .... . 
8/12 3.76 2.42 0.47 .77 .... . 
8/14 3.44 2.42 0.49 .78 3.76 
8/16 2.99 2.10 0.40 .74 4.39 
8/18 2.61 1.85 0.26 .71 4.48 
8/20 2.74 1.97 0.30 .75 3.96 
8/22 2.80 2.10 0.36 .72 4.29 
8/24 2.93 2.16 0.37 .71 4.53 
8/26 2.80 2.16 0.33 .74 4.45 
8/28 2.74 2.04. 0.29 .73 4.54 

8/30 2.55 1.85 0.39 .69 4.55 
9/1 2.67 1.72 0.35 .13s 4.51 
9/3 2.61 1.91 0.34 .69 4.73 
9/5 2.67 1.78 0.31 .66 4.68 
9/7 2.67 1.85 0.37 .65 4.86 
9/9 2.55 1.78 0.43 .66 4.05 

9/11 2.61 1.78 0.38 .p5 4 .94 
9/13 2.67 1.78 0.37 .66 4.55 
9/15 2.80 2.04 0.31 .70 4.89 
9/17 2.80 1.91 0.35 .70 4.46 

SaponUI· 
Iodin 

Fat cation 
Number 

Number 

Per (Hubl) 
cent. 
8.50 227.9 41.30 
3.35 225.7 43.38 
3.87 227.8 43.73 
4.47 221.0 45.15 
3.64 222.6 45.77 
3.40 221.9 .... ... 
3.86 222.9 40.16 
4.03 225.4 45.60 
3.76 Z!2.7.7 46.23 
4.39 229.0 46.89 
4.07 ···· ···· .. .. .. . 
S.86 227.5 47.36 
3.83 220.0 43.80 
3.35 220.7 41.65 
3.24 223.0 38.14 
4.08 220.7 40.48 
3.63 222.8 40.12 

S.43 224.3 88.94 
3.52 223.9 38.51 
3.23 222.5 37.07 
2.89 221.3 36.65 

81 

..•.. .• - ..... -

Reichert· Melting 
Meiss! 

Number Point 

·c. 

19.59 39.07 
20.59 38.93 
17.94 39.93 
15.58 39.93 
15.38 39.76 
16.74 37.87 
19.38 S,6.87 
22.48 37.27 
22.02 36.77 
17.62 35.73 

........ ·· ··· 
23.97 82.40 
25.44 32.33 
24.32 31.87 

........ 33.93 
23.37 32.73 
26.06 3Ul3 

26.65 32.63 
25.24 32.30 
25.15 33.33 
24.05 33.00 
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E xp. 

11 
11 
11 
11 
11 
11 
11 
11 

Average 
Date Daily Ra t!on 

of 
Feeding 

Grain 
Alf al- Sil-

fa Hay age 

1910 Lbs. Lbs. Lbs. 

2/19·23 15.0 12.9 ... 1 

2/24 13.0 15.0 ... 
2/25 12.8 15.5 ... 
3/5-8 6.0 6.0 24.0 

3/9-10 4.2 4.2 16.8 
3/11-12 4.2 4.2 16.8 
3/13-14 2.8 2.8 11.2 
3/15·16 2.8 2.8 11.2 
3/17-18 2.8 2.8 11.2 
3/19-20 2.8 2.8 11.2 
3/21-22 2.8 2.8 11.2 
3/23-24 2.8 2.8 11.2 

3/25-26 6.0 6.0 24.0 
3/27-27 6.0 6.0 24.0 
3/29-30 6.0 6.0 24.0 
3/31-4/6 6.0 6.0 24.0 

TABLE !!!.-INFLUENCE OF PLANE OF NUTRITION 
Cow 62. February 19-April 6, 

Wt. Milk 
Energy Required 

Of Yield For For Total Plane 
Cow Per Malnte- Milk Total Energy Of 
Av. Day no.nee Produc- Re- Nutr!tio n 

Av. tion ceived 

Lbs. Lbs. Therms Therms Therms Therms Per cent. 

906 17.4 5.12 4.'9592 10.079 19.460 +86.90 
910 17.6 5.12 5.534 10.654 15.956 +49.75 
915 16.5 5.14 5.560 10.700 15.030 +40.:;o 
916 16.4 5.16 5.166 10.326 10.594 + 1.63 

913 15.1 5.12 5.027 10.147 7.401 -27.05 
895 15.0 5.06 6.225 11.285 7.401 -34.40 
870 14.4 4.95 5.976 10.926 4.940 -54.SO 
860 13.S 4.91 5.519 10.429 4.940 -52.60 
850 13.3 4.87 6.184 11.054 4.940 -55.40 
830 12.9 4.79 5.611 10.401 4.940 -52.60 
835 13.1 4.81 5.043 9.853 4.!HO -49.90 
840 12.4 4.83 4.377 9.207 4.940 -46.30 

830 13.0 4.79 4.095 8.885 10.594 +19.20 
855 14.9 4.89 4.514 9.404 10.594 +12.65 
880 15.l 5.00 4.846 9.846 10.594 + 7.62 
872 13.5 4.95 4.171 9.121 10.594 +113.15 

1Cow received 1.9 pounds sugar as syrup in place of sllage. 
•Four pet: cent milk. 



INFLUENCE OF PLANE OF N UTRITION 

ON COMPOSITION AND PROPERTIES OF MILK 
1910. Fresh November 30, 1909 

Casein 
Date Protein 

of In Ash Sugar 
Total In 

Sample 
Milk 

Total 
P rotein 

Per Per Per Per Per 
cent cent cent cent cent 

... .. .. ... ... .... .. .... . ..... .. . . . 
2/24 4.27 2.67 62.5 .. ... .... . 
2/25 4.20 3.12 74.5 0.78 5.48 
3/8 4.07 2.80 68.9 ·· ··· 5.03 

3/ 10 3.82 2.92 76.5 .71 5.28 
3/ 12 8.82 2.80 73.4 .71 4.86 
3/ 14 3.76 2.67 71.0 .62 4.82 
3/ 16 3.56 2.55 71.6 ... .. 4.71 
3/18 S.50 2 .67 76.3 .71 5.18 
3/20 S.44 2 .61 76.0 .73 4.87 
3/22 3.44 2.48 72.0 .73 4.74 
3/24 3.50 2.55 72.9 .72 4.83 

3/26 3.50 2.61 74.6 .69 5.05 
3/28 3.76 2.67 71.0 .71 5.56 
3/30 3.56 2.61 73.4 .69 4.73 
3/31-4/6 3.69 2.55 69.0 \ .68 4.68 

Saponifl-
I odln 

Fat cation 
Number 

Number 

Per 
(Hiibl) cent 

... .. ..... .. . . ... ... 
4.50 . ... . . .. · ·· ···· 
4.92 229.2 32.24 
4.50 228.6 33.87 

4.78 227.6 35.85 
5.83 225.9 39.32 
5.81 224.3 43.113 
5.83 223.2 44.84 
6.26 222.9 4,6.37 
6.03 221.8 46.31 
5.54 221.4 48.00 
5.08 221.1 46.30 

4.50 224.6 38.54 
4.26 227.1 34.46 
4.58 228.2 33.77 
4.43 228.3 33.09 

83 

' -· · 

Reichert-
Meiss! 

Melting 
Po!Dt 

Number 

·c. 
..... ... ····· · ...... .. ... ... 

2,6.17 33.87 

26.22 33.30 

25.27 82.50 
25.58 30.50 
26.31 29.30 
25.19 29.30 
25.04 28.60 
24.38 29.90 
24.U7 29.90 
23.88 30.10 

24.70 33.20 
2.6.67 33.40 
27.20 33.00 
26.40 33.60 
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Average 
Date Daily Ration 

of G . IAffalfa Feeding ram Hay 

--- -- --
1909 Lbs. Lbs. 

2/25-3/3 8.5 13. 0 
3/4-5 9 .5 14. 2 
3/6-7 10.0 15.0 
3/8-9 12.0 18.0 
3/10-11 12.0 18.0 
3/12-13 12.0 18.0 
3/14-15 14.0 21.0 
3/16-17 14.0 21.0 
3 / 18-19 16.0 24.0 
3/20-21 16.0 24. 0 
3 /22-23 16.0 24.0 
3/24-25 16.0 24.0 
3/26-27 16.0 24. 0 
3/28-29 16.0 24.0 
3/30-31 16. 0 24.0 
4/1- 2 16.0 24.0 
4/3-4 16.0 24.0 
4/5-6 16.0 24. 0 
4/7-8 16.0 24.0 
4/9-10 16.0 24.0 
4/11-12 16.0 24.0 
4/13-14 17.0 25.5 
4/15-16 18.0 27.0 
4/17-18 18.0 27.0 
4/19-20 18.0 27.0 
4/21-22 18.0 27.0 
4/23-24 18.0 27.0 
4/25-26 18. 0 27.0 
4/27-28 18. 0 27 . 0 
4/29-30 14.2 23.5 
5/1-2 18.0 27.0 
5/3-4 16.0 15.2 
5/5-6 14.0 21.0 

5 / 7-81 14.0 15.0 
5 / 9-10 lO.o 15.0 
5/11-12 10.0 12.0 
5/13-14 7.0 10.5 
5/15-16 6.0 9.0 

5/17-18 6.0 9.0 
5/19-20 6.0 9.0 
5/21-22 6.0 9 .0 
5/23-24 6.0 9.0 
5/25-26 6.0 9.0 
5/27-28 6.0 9 .0 
5/29-30 6.0 9.0 
5/31-6/1 6.0 9.0 
6/2-3 6.0 9.0 
6 /4-5 6.0 9 . 0 
6/6-7 6.0 9 . 0 
6/8-9 6. 0 9.0 
6/10-11 6.0 9.0 

TABLE IV.-INFLUENCE OF PLANE OF NUTRITION 

Cow 402. February 25-June 11, 1909. 

Milk Energy Required Total Plane Weight Yield En er-
of Cow Per For For Milk Pe-

of 
Av. Day Main- Production Total Nutrition 

Av. tenance ce!ved --- -- --- --
Lbs. Lbs. Therms Therms Therms Therm Per cent 
1133 13.3 6.54 3.937 10.48 10.92 +4.20 
1125 14.0 6.50 4.368 10. 87 12. 09 +11 .22 
1130 13.3 6.52 4.309 10.83 12.74 +17.63 
1146 14.1 6.60 4.230 10.83 15.28 +41.08 
1150 14.7 6 .60 4.351 10.95 15.28 +39 . 54 
1141 14.2 6 . 56 3.806 10.37 15.28 +47 .34 
1130 15.6 6.52 4.306 10.83 17. 82 +64 . 54 
1160 18.3 6.64 4.831 11.47 17.82 +55.36 
1155 16.8 6 . 62 4.569 11 . 19 20.36 +81 . 94 
1170 15.3 6 . 68 4.345 11.03 20 .36 +84.58 
1191 14.7 6 . 76 4.263 11.02 20.36 +84 . 75 
1157 14.1 6 . 64 4.174 10.81 20.36 +88 .34 
1192 15.6 6 . 76 4.618 11.38 20 .36 +78. 91 
1193 15. 4 6.76 4.435 11.19 20.36 +81.94 
1200 15. l 6 . 80 4.288 11.09 20.36 +83.58 
1204 14.5 6.80 4.205 11.00 20.36 +85.09 
1202 14.5 6.80 4.611 11.41 20.36 +77 . 56 
1213 16.9 6.84 4.732 11.57 20 .36 +75.97 
1201 15.9 6 .80 4.579 11.38 20.36 +78.91 
1212 16.2 6 .84 4.536 11 .37 20 .36 +78 . 80 
1216 16.0 6 . 88 4.416 11.29 20.36 +80.33 
1212 15.4 6.84 4.558 11.40 21.66 +90 . 00 
1227 15.9 6.92 4.706 11.63 22. 94 +97 . 24 
1217 14.7 6.88 4.116 10.99 22.94 +108. 74 
1227 14. 5 6 .92 4.234 11.15 22.94 +105. 73 
1222 15. 0 6.88 4.380 11.26 22.94 +103. 73 
1250 15 .9 7.00 4 .388 11 . 39 22.94 +101.40 
1251 16. 5 7.00 4.752 11 . 75 22.94 +94.38 
1244 16. 0 6.96 4.736 11.69 22 .94 +96.23 
1251 15.9 7.00 4.706 11. 70 18 .88 +61.36 
1257 16.4 7 .04 4.723 11 . 76 22.94 +95 . 06 
1262 14.4 7 . 04 3.974 11.01 17.32 +57.31 
1265 15.l 7.06 4 .228 11 . 29 17. 82 +57.93 

1247 14.3 7.00 4.633 11.63 15.76 +35 . 51 
1232 11.3 6 . 92 3 .525 10.45 12.74 +21.91 
1222 13 .3 6.88 3.830 . 10.71 11. 71 +9 . 33 
1208 13.2 6.84 3.696 10.54 8.91 -15.46 
1215 12.5 6.86 3 .550 10.41 7.64 -26. 60 

1022 12. 1 6.80 3.666 10.47 7.64 -27 . 02 
1162 10.7 6.64 3.124 19.76 7.64 -21.72 
1193 10.5 6 . 76 3:i20 ·9:75 7.64 
1157 10.3 6.64 7.64 ·...:.2i: 72 
1143 10.8 6 . 56 3.153 9.71 7.64 -21.32 
1149 10.6 6.60 3.180 9.78 7.64 -21.88 
1141 10.4 6 .56 2.953 9.51 7.64 -19.66 
ll50 10.6 6.60 3.137 9.74 7.64 -21.56 
1140 10.5 6 .56 3.150 9 .71 7.64 -21.32 
1141 10.l 6 . 56 3.393 9.95 7.64 -23.21 
1137 8 . 6 6.56 2 . 631 9 . 19 7.64 -16.86 
1132 8 .7 6.52 2.845 9.37 7.64 -18.46 
lll7 8.8 6.48 2.956 9 .44 7.64 -19.06 

1The period from May 7 to May 12 is referred to thruout the bulletin as Exper!· 



INFLUENCE OF PLANE OF NUTRITION 

ON COMPOSITION AND PROPERTIES OF MILK 

Fre:;h September 25, 1908 

Date Total Albu- Bug- Saponi-
of Pro- Casein Ash Fat flcation 

Sample tein min ar Number 

Per Per Per Per Per per ---
cent cent cent cent cent cent 

2/25-3/3 3.31 2 . 73 0.43 0.72 5.49 3.91 232.3 
3/5 3.25 2.54 .38 .70 5 .26 4.19 227.3 
3/7 3.37 2 .67 .38 .72 5.66 4 . 42 227.2 
3/9 3.57 2.93 .35 .77 5.40 3.97 227.2 
3/11 3.50 2.80 .41 .75 5.48 3 . 93 236 . 6 
3/13 3.50 2.87 .35 .71 5 . 15 3.22 236.2 
3/15 3.63 2 .93 .41 .75 5 .35 3.42 227.4 
3/17 3.69 2.99 .23 .77 5.41 3 . 14 230.3 
3/19 3.76 3.18 .39 .74 5.49 3.31 230.7 
3/21 3.95 3.06 .34 .. . 5.28 3 . 57 237 . 9 
3/23 3.69 2.93 .34 . 74 5.25 3.75 234.8 
3/25 3 .57 2.73 .31 .74 5.21 3.92 231.0 
3/27 3 . 57 2 . 87 .32 .75 5 .56 3.89 229.1 
3/29 3.76 2.93 .38 .74 5.04 3.68 227.9 
3/31 3.83 3.12 .41 .78 5.26 3.61 230.5 
4/2 3.63 2.99 .35 .75 5.14 3.75 231.0 
4/4 4.14 3. 12 .47 .70 5.11 4 .29 229.2 
4/6 3.69 2.87 .47 .... 5 . 18 3.53 234.3 
4/8 3.69 2.99 .40 . 73 5.41 3. 71 226.1 
4/10 3.69 2.99 .38 .... 5 . 29 3.46 225 .3 
4/12 3.76 2.99 .34 .76 5.25 3.37 227 . 8 
4/14 3.69 2.87 .40 .77 5.09 3.87 229.0 
4/16 3.57 2.73 .41 .79 5.08 3.87 231. 8 
4/18 3.50 2 . 73 .40 .74 5 . 03 3.48 229.9 
4/20 3.69 2.93 .38 .77 5.01 3.80 229.6 
4/22 3.50 2.87 .41 .75 5.03 3.77 229.2 
4/24 3.57 2 . 87 .29 .74 4.99 3.42 224 .2 
4/26 3.69 2.93 .41 .70 5.36 3.66 229. 7 
4/28 3 . 69 2.80 .34 .72 5.15 3.86 231.9 
4/30 3.95 3.06 .37 .79 5.34 3.92 229.6 
5/2 3.69 2 . 87 .41 .72 5.16 3. 71 229:8· 5/4 3.63 2.80 .40 .69 5.03 3.40 
5/6 3.50 2.74 .36 .68 5.14 3.51 229.6 

l!>/8 3.31 2.61 .39 .66 4.80 4.42 227.4 
l!>/10 3 .38 2.68 .34 .65 4.66 4 . 19 229:0· l!>/12 3.38 2.48 .33 .67 5 . 04 3.66 
l!>/14 3.38 2.54 .29 .68 5.23 3 . 52 231.9 
6/16 3.31 2.61 .29 .68 5.25 3.56 224.1 

l!>/18 3.18 2.54 .40 .72 5.10 4.05 224 . 8 
l!>/20 3.18 2.61 .41 .70 5 . 03 3.79 231.5 
5/22 ·3:50· ·2:74: . :42' . :15 5:o4 .. ... 228.8 
5/24 4.05 228 . 2 
5/26 3.57 2.80 .41 .72 5 .03 3.84 227.0 
5/28 3.50 2 . 61 .43 .74 5 .01 3.98 229.6 
5/30 3.38 2.42 .43 .. . . 5 .09 3.63 23i:9 6/1 3.50 2 . 54 .43 .73 4.86 3.93 
6/3 3.50 2.54 .46 .75 5.03 3 . 98 233.0 
6/5 3.50 2 . 86 .41 .... 4.98 4.64 226.4 
6/7 3.44 2.61 .50 .73 4.83 4.12 227.4 
6/9 3.69 2.68 .47 ... . 4.96 4.45 220.2 
6/11 3.69 2.74 .48 .... 5 . 03 4.57 225.2 

ment 19. 

Iodin 
Num-
ber 

---
(Riibla 
36.8 
35.64 
36.73 
36.10 
35 . 69 
39.78 
35.10 
34.93 
34 .57 
34.50 
32 . 90 
31.07 
32.74 
32.97 
34.44 
33.26 
32.52 
33.64 
33.60 
34.50 
33.84 
34 . 81 
33.94 
34.29 
34.52 
34 . 19 
34.65 
32.55 
35.54 
35.92 
39.82 
34.86 
35.04 

37 . 71 
36.88 
41.34 
41.64 
44.77 

42.73 
38.88 
37.88 
42.63 
43.41 
44.49 

·45:29 
42.71 
38.92 
43.56 
42 . 56 
42.28 
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Reichert- Melting Meiss! 
Number Point 

--- ---
•c. 

20.50 33.80 
21.93 34.50 
21.09 34 .15 
20 . 80 33.10 
20.4.4 32.55 
20.44 32.25 
20 .38 34.13 
19 . 80 32.55 
20.64 32.80 
19.87 32.70 
21.07 33.48 
20.10 33.35 
20.88 32.95 
21.54 32.80 
21. 65 32.35 
19.84 33 .75 
21.15 33.65 
21.71 32 .85 
21.44 35.90 
18.85 33.05 
20.36 34.30 
21. 92 32.30 
23.20 32.60 
22.69 33.60 
20.79 33.55 
19.59 34 .45 
20.24 33.10 
21.57 34.70 
21. 90 34.60 
21.51 34.90 
21.42 32.00 
21.88 33.40 
21.43 34.20 

22 . 07 33 .73 
20.55 34 . 65 
20.34 35.25 
19.20 34.10 
18.10 35.00 

16.79 35.25 
17.01 33.90 
16.82 34.75 
16 .08 34.95 
16.98 34.45 
16.38 34.75 

15.77 ·34:50 
15.87 34.45 
15.64 34.10 
16.45 34 .1 5 
14.43 34.65 
15.02 34.85 
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Da te 
Average Da lly Ra tion 

Exp. ot 
Gr a in Altalf n Green 

F eeding 
Hay Alfnltn 

1910 Lbs. Lbs. Lbs. 

4 6/11) 0. () 4.0 15.0 
4 6/11-12 4.0 1().0 30.0 
4 6/13-14 4.0 10.0 30.0 
4 6/15-16 4.0 10.0 35.0 
4 6/17-18 15.0 8.3 40.0 
4 6/19-20 13.0 10.0 25.8 
4 6/21-22 6.0 10.0 3().0 
4 6/23-24 6.0 10.0 30.0 
4 6/25-26 6.0 10.0 30.0 
4 6/27-28 7. 0 10.0 30.0 
4 6/29-3() 10.0 10.0 30.0 
4 7/1·2 11.5 13.8 7.5 

7/9-15 14.6 20.0 0 
7/16-18 18.0 19.8 0 
7/ 19-20 19.0 18.8 0 
7/21-22 19.0 22.0 0 
8/1-7 19.0 19.0 0 

21 8/8-10 16.3 19.6 0 
21 8/11-12 15.0 19.0 0 
21 8/13-14 15.0 19.0 0 

8/16-22 15.0 rn.o 0 

16 8/23-26 9.2 14.0 0 
16 8/27-28 9.2 14.0 0 
16 9/1-7 9.3 14.0. 0 

9/S-10 11.8 17.0 0 
9/12-13 12. 5 17.0 0 
9/15-16 14.0 17.0 0 
9/21-27 14.0 19.0 0 
9/28 

10/4 14.0 19.0 0 

13 10/9-10 9.0 !5.0 0 
13 10/11-12 7.0 12.0 0 
13 10/13-14 7. 0 12.0 0 
13 10/16-18 7. 0 12.0 0 
13 10/19-21 7.0 12.0 0 

10/22-25 8.7 15.0 0 
10/26-27 8.0 15.0 0 
10/28 
11/3 9.0 16.5 0 

TABLE V .- I NFLUENCE OF PLANE OF NUTRITION ON 
Cow 300. June I O-November 3, 1910. 

Av. Av. 
E nergy Required 

Weight Milk ·.rota! 
For For Plane or 

ot ¥ -leld 
l\Illk Total 

Ene rgy 
Nutritio Mnint e- Received Cow l 'Cr 

Day 
nuuce Produc-

tlon 

u 

- - - - - -
Lbs. Lbs. Tb.erms Therms T herms Therms Per 

cent. 
1005 24.4 p .02 7.686 13.706 3.244 - 76.33 
1047 29.S 6.20 9.476 15.670 10.208 - 34.SS 
1015 35.S 6.06 11.884 17.4+1 10.208 -41.48 

097 37.1 6.00 12.020 18 .020 10.SSO - 39.90 
1018 34.3 6.08 11.113 17.103 11.625 -32.38 
1003 39.5 G.00 12.ua1 18.5Gl 11.200 - 39.65 
978 411. l !'i.!)2 11.949 17.SGn 11.724 - 34.38 
96S 40.S 5.87 11.!)!)5 17.805 11.724 - 34.37 
9D5 3ll.7 5.98 12.748 18.72·1 11.724 - 37.39 
983 :is.a t).{)2 10.877 lG.707' 12.482 -25.68 
985 38.9 5.94 ll.Ul4 17.4GS 14.756 - 15.45 
985 38.9 5.94 10.900 lG.900 14.:l98 - 14.85 

952 44.5 5.70 11.9~6 17.716 17.947 + 1.30 
nu2 45.0 5.83 12.42(} 18.250 20.45;) + 12.os 
974 44.4 5.87 10.833 16.703 21.179 +26.79 
970 46.8 5.S7 12.542 18.412 21.970 + 19.32 
950 43.2 5.i9 11.404 17.10'1 20.9:18 + 21.77 

930 43.3 5.71 12.2()7 18.007 19 .097 + 6.05 
915 42.7 5.64 12.41)8 18.lOS 17.906 - 1.11 
930 42.7 5.71 11.014 17.324 17.00G + 3.:l5 

939 39.7 5.75 10.322 1G.07!l 17.90IJ +11.41 

920 33.l 5.66 8.473 14.133 11.700 -16.59 
903 31.5 5.5S 7.812 13.392 11.790 -11.96 
890 30.4 5.50 S.268 13.768 11.865 -13.82 

921 30.6 5.Ga 8.9nu 14.5!)5 14.798 + 1.39 
933 Sl.3 5.71 8.388 14.098 15.323 + 8.rs 
941 30.5 5.75 9.150 14.900 16.4130 +10.46 
950 33.5 5.70 9.6~8 15.438 17.l48 +11.o; 

948 30.8 15. 79 8.993 14.783 17.148 +15.99 

908 26.8 5.62 8.844 14.4(',4 11.982 -17.15 
913 28.0 5.62 8.176 13.79(1 9.434 - 31.61 
913 24.9 5.62 6.972 12.502 9.48'1 - 25.07 
909 22.0 5.62 fl.lGO 11.780 9.434 - 19.91 
891 19.2 5.54 5.529 11.069 0.43{ - H .77 

900 20.7 5.58 fl.127 11.707 11.755 + 0.41 
930 2().1 5. 71 5.788 11.498 11.224 - 2.38 

929 21. l 5. 71 6.588 12.293 12.497 + 1.65 



I NFLUENCE OF PLANE OF NUTRITION 

COMPOSITION AND PROPERTIES OF MILK 

Fresh June 10, 1910 

Date ot Total 
Sample Protein 

Casein Ash Sugar Fat 

Per P er Per Per P er 
cent. cent. cent. cent. cent. 

6/ 10 15.16 5.42 0.84 2.15 4.25 

6/12 4.65 8.56 .78 4.29 4.29 

6/14 4.26 3 .18 .78 3.99 4.32 

6/16 3.56 2.80 .7f3 4.44 4.36 

6/18 3.56 2.74 .78 4.60 4.40 

6/20 3.44 2.61 .77 4.57 4.30 

6/ 22 3.25 2.42 .74 4.61 3.95 

6/24 3.19 2.29 .74 5.51 3.85 

6/26 2.54 2.02 .71 4.81 3.60 

6/ 28 2.99 2.23 .70 5.51 3.60 

6/30 2.813 1.85 .67 4.76 3.91 

7/2 2.93 1.91 .70 4.60 3.55 

7/9-15 2 .93 2.29 .70 4.61 3.23 

7/18 2.67 2.17 .68 4.55 3.43 

7/20 2.48 2.23 .70 4.63 2.61 

7/22 3.05 2.17 .71 4.46 3.20 

8/1-7 3.05 2.17 .66 4.46 3.0S 

8/10 3.05 2.36 .66 4.39 3.63 

8/ 12 2.99 2.29 .63 4_. 36 3 .77 

8/14 3.11 2.42 .67 4.25 3.29 

8/16·22 2.99 2.36 .65 4.52 2.99 

8/26 2.93 2.17 .65 4 .39 2.91 

8/28 2.87 2.17 .62 4.51 2.74 

9/1-7 2.99 2.29 .69 4.81 3.30 

9/1() 3 .18 2.23 .59 4.19 3.82 

9/ 13 3.12 2.17 .60 4.52 3.18 

9/ 16 2.90 2.36 .61 4.50 3 .98 

9/21-27 S.18 2.48 .74 4.23 3.68 

9/28-10/4 3 .18 2.48 .75 4.57 3.81 

10/10 3.18 2.29 .72 4.95 4.51 

10/12 3.24 2.42 .74 4.51 3.79 

10/14 3.05 2.29 .70 4.60 3.54 

10/16-18 3.05 2.29 .70 4.38 S.46 

10/19-21 3 .24 2.~6 .71 4.35 S.74 

10/22-25 3.05 2.42 .72 4 .60 3.92 

10/26-27 3.12 2.23 .72 4.85 3.72 

10/ 28-11/3 3 .44 2.42 .72 4.62 4 .20 

Sapon!- Reichert-
ficat!on Jodin Melssl 
Number Number Number 

(Hiibl) 

····· .. ... . ... . 
229.7 38.64 33.22 
228.8 38.99 33.44 
226.0 40.08 30.68 
229.1 37.38 31.17 

223.5 41.23 29.00 
222.6 41.00 28.09 
223.5 41.44 28.66 

221.9 40.99 27.51 

223.4 40.99 28.28 

223.8 40.25 27.83 

224.S 38.00 27.60 

230.6 33.57 30.72 

232.8 30.83 31.36 
235.8 32.03 32.03 
233.7 28:39 31.15 

232.9 30.21 31.29 

230.6 31.70 28.94 

224.4 32.61 28.29 

228.5 34.45 28.30 

230.9 31.74 29.43 

227.1 38.16 28.95 
223.9 41.62 25.61 
225.1 40.29 26.28 

232.2 34.10 27.20 
232.7 30.11 28.GS 
233.5 29.18 29.33 
231.2 30.87 28.18 

232.2 32.00 2&.22 

226.9 35'.71 26.28 
223.5 39.16 25.30 
221.6 42.39 24.73 
222.0 42.10 24.25 
224.4 38.07 24.53 

226.S 38.37 24.76 
227.9 30.27 25.95 

229.4 29.67 26.48 

87 

Melting 
Point 

' C. 

.... 
34.90 
33.73 
86.47 
35.57 
34.20 
33.70 
33.50 
32.70 
34.10 
33.73 
34.46 

32.90 
32.73 
32.43 
33.40 
35.46 

34.00 
33.76 
33.30 

34.96 

32.23 
32.20 
31.56 

32.43 
32.73 
33.10 
33.13 

33.06 

31.53 
31.43 
30.73 
31.33 
31.23 

33.00 
32.33 

33.14 
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Average Dally Ra tlon 

--------Date 
Exp. of 

Feeding Grain Alfalfa Green 
Hay Alfalfa 

1910 Lbs. Lbs. Lbs. 

6 6/21-22 4.5 10 25 
6 6/23-24 9.0 10 23 
6 6/25-26 10.0 13 18 
6 6/27-28 11.5 12 14 
6 6/29-30 12.0 11 15 
6 7/1-2 12.0 12 4 

fl 7/3-8 11.0 17 0 

8 7/9-12 9.0 14 0 
8 7/13-14 9.0 14 0 
8 7/16-22 9.0 14 0 
8 7/23-29 9.0 14 0 

7/31-8/ l 11.2 17 0 
8/2-3 11.2 17 0 
8/4-5 11.2 16 0 
8/15-21 12.4 16 0 

8/23-26 l~.o 16 0 
8/27-29 15.0 14 0 
9/5-11 14.2 18 0 
9/9-14 14.0 17 0 

14 9/15-16 10.5 15 0 
14 9/17-18 8.5 14 0 
14 9/19-21 8.0 14 0 
14 9/22-27 8.0 14 0 

9/28-29 9.0 16 0 
10/ 1-2 12.4 16 0 
10/ 4-6 12.8 16 0 
10/7-9 12.S 16 0 
10/10-16 12.8 16 0 
10/18-24 12.8 16 0 
10/25·31 12.5 16 0 

20 11/2-3 9.0 16 0 

11/5-11 9.0 16 0 
ll/12-18 8.9 16 0 

15 11/ 19-20 6.7 14 0 
15 11/21-22 6.4 13 0 
15 11/24·30 6.4 13 0 

ione determination. 
•Fat percentage calculated. 

TABLE V!.-INFLUENC'E OF PLANE OF NUTRITION ON 
Cow 301. June 21-November 30, 1910. -

Av. Av. 
Energy Required 

Total 
Weight llfllk 

For For Energy Plane or 
or Yield Total 

Cow Per 
Malnte- Milk Re- Nutrition 

Day 
nnnce Produc- ceived 

t lon 

Lbs. Lbs. Therms Therms Therms Therms Per 
cent. 

1001 25.1 6.00 6.777 12.777 9.96 -21.96 
1005 33.1 6.02 9.797 15.817 13.12 -17.05 
1028 35.0 6.12 10.080 16.200 14.29 -11.79 
1023 35.4 6.08 10.478 16.558 14.57 -12.00 
1015 36.6 6.06 10.304 16.454 14.75 -10.35 
998 36.4 6.00 10.264 16.264 13.55 -16.68 
976 37.2 5.92 10.5G4 16.484 14.19 -13.91 

950 35.3 5.79 9.601 15.391 11.64 -24.37 
960 35.5 5 .83 9.6li6 15.486 11.64 -24.83 
930 34.1 5.71 9.684 15.394 11.64 -24.38 
924 33.0 5 .66 9.108 14.768 11.64 -21.18 

945 33.0 5.77 8.844 14.614 14.33 -1.94 
940 32.6 U.75 8.476 14.22,6 14.33 + 0.73 
940 33.7 5.75 8.s.qa 14.646 13.98 - 4.54 
942 34.0 5.75 9.112 14.862 14.90 + 0.25 

924 30.4 5.66 8.268 13.028 16.88 +21.10 
922 30.4 5.66 8.512 14.172 16.20 +14.30 
968 31.5 5.87 9.4!)0 15.320 1,6.93 +10.50 
983 31.4 5.92 9.608 15.528 16.45 + 5.93 

976 29.8 5 .92 S.410 14.330 13.11 - 8.50 
945 28.0 5.77 8.6.~0 14.420 11.27 -21.SO 
944 27.4 5.75 8.110 13.860 10.89 - 21.42 
948 22.2 5.79 7.059 12.849 10.89 - 15.24 

943 21.8 5.75 6.370 12.120 12.32 + 1.54 
973 18.4 5.87 5.711 11.581 14.90 +28.65 
953 21.5 5.70 6.708 12.498 15.20 +21.61 
961 23.7 5.83 7.062 12.802 15.20 +17.90 
042 24'.3 5.75 7.192 12.942 15.20 +17.44 
932 23.5 5.71 7.400 13.110 15.20 +15.93 
955 22.9 5.81 7.144 12.954 14.97 +15.56 

955 21.5 5.81 6.708 12.518 12.33 - 1.50 

955 21.1 5.81 13.583 12.393 12.33 - 0.48 
945 18.8 5.77 6.150 11.926 11.74 - 1 .51 

950 19.7 5.79 6.264 12.054 9.90 - 17.86 
934 18.2 5.71 5.460 11.170 9.32 -16.56 
930 16.4 5.71 5.412 11.122 0.32 -16.20 

r 



INFLUENCE OF PLANE OF NUTRITION 

COMPOSITION AND PROPERTIES OF MILK 
Fresh June 17, 1910 

Date of Total 
Casein Ash Sugar Fat 

Saponi-
fication 

Sample Protein Number 

Per Per Per Per Per 
cent. cent. cent. cent. cent. 

6/22 4.16 2.99 0.73 4.40 3.25 225.7 

6/24 3.88 2.80 .70 4.71 3.90 228.7 

6/26 3.56 2.35 .70 4.62 3.70 229.2 

6/28 2.80 2.35 .67 4.91 3.90 230.0 

16/30 3.24 1.91 .69 4.82 3.57 230.4 

7/2 1.781 2.23 .p7 4.85 3.55 225.6 

7/3-8 2.99 2.29 .69 4.99 3.61 228.5 

7/12 2.54 2.35 .66 4.86 3.27 224.4 

7/14 2.74 2.10 .65 4.81 3.27 224.1 
7/16-22 2.80 2.10 .66 4.63 3.61 224.0 

7/23-29 2.80 1.72 .65 4.63 3.4()!> 224.3 

8/1 2.74 2.29 .136 4.31 3.16 228.6 

8/3 2.90 2.23 .66 4.37 3.04 228.4 

8/5 2.80 2.23 .64 4.71 3.07 229.9 
8/15-21 2.90 2.23 .61 4.54 3.17 232.0 

8/26 2.93 2.23 .61 4.67 3.29 227.4 
8/28 2.86 2.16 .59 4.82 3.52 229.6 

9/5-11 2.90 2.1,6 .62 4.80 3.99 231.0 
9/9·14 3.12 2.35 .59 4.74 4.08 234.5 

9/16 3.06 2.23 .58 4.68 8.56 232.4 
9/18 2.93 2.23 .54 4.52 4.16 227.2 
9/19-21 3.12 2.35 .56 4.39 3.00 228.7 
9/22-27 2.90 2.35 .65 4.60 4.27 227.2 

9/29 3.18 2.16 .f35 5.00 3.84 229.9 
10/2 8.12 2.35 .69 4.62 4.20 236.7 
10/4·6 3.06 2.23 .68 4.90 4.22 232.1 
10/7-9 3.12 2.35 .69 4.03 3.95 234.5 
10/10-16 3.12 2.42 .67 4.80 3.91 229.5 
10/18-24 8.12 2.35 .69 5.03 4.24 230.3 
10/25-31 3.18 2.23 .68 5.00 4.17 231.l 

11/3 3.37 2.48 .70 5.28 4.20 225.7 

11/5-11 3.18 2.42 .67 4.92 4.21 229.7 
11/12-18 3.24 2.42 .68 4.83 4.46 231.6 

11/20 3.24 2.48 .67 4.68 4.32 228.5 
11/22 3.18 2.35 .68 ····· 4.00 223.9 
11/24-30 3.12 2.35 .64 ..... 4.50 227.8 

Reichert-
Iodin Meiss! 

Number Number 

(Hiibl) 

42.83 31.85 
40.37 34.77 
38.18 34.64 
37.55 34.93 
35.59 33.44 
38.55 30.39 
37.54 31.86 

41.22 27.86 
42.09 27.27 
40.72 28.06 
40.70 28.30 

35.92 29.90 
35.33 29.78 
34.11 30.46 
31.32 31.38 

34,49 29.80 
33.84 29.05 
30.62 30.88 
30.66 31.51 

32.08 29.12 
37.26 27.07 
87.78 27.40 
37.06 27.61 

33.00 29.10 
28.33 31.62 
30.32 30.69 
30.85 31.43 
33.34 30.17 
30.89 29.44 
29.57 29.71 

37.47 25.51 

33.90 27.06 
80.67 28.69 

34.97 27.20 
36.50 25.00 
33.41 28.34 
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Meltln g 
Point 

'C. 

34.17 
32.23 
34.40 
33.57 
33.13 
34.36 
33.0S 

32.43 
33.00 
34.36 
32.16 

35.00 
34.33 
34.06 
33.76 

34.16 
33.70 
32.86 
32.16 

33.33 
32.83 
32.30 
31.60 

32.83 
33.20 
33.30 
33.05 
32.40 
33.00 
33.20 

31.95 

31.65 
32.25 

80.65 
33.40 
34.15 



90 MISSOURI AGR. ExP. STA. RESEARCH BULLETIN 25 

Date 
of 

Feeding 

---
1911 

1/25-26 
1/27-28 
1/29-30 

1/31- 2/l 
2/2-3 
2/4-5 
2/6-7 
2/8-9 
2/10-11 
2 / 12-13 
2/14-15 
2/16-17 
2/18-19 
2/21-22 
2 / 23-24 
2/25-26 
2 /27-28 
3/1-2 
3 /3-4 
3 /5-6 
3 /7-15 
3 / 16-21 
3 / 22-31 
4 / 1-11 
4 / 12-20 
4/21-23 
4 / 24 

4/251 
4/ 26 
4/ 27 
4/ 28 

4/29• 
4/30 
5/1-8 

5/9-10 
5 / 11--12 
5/ 13-14 
5/ 15-16 
5 / 17-18 
5/19-20 

TABLE VIL-INFLUENCE OF PLANE OF NUTRITION 

Cow 2. January 25-May 20, 1911. 

Average Daily 
Ration Milk Energy Required 

Weight Yield 
Al- of Cow Per 

Grain talfa Silage Av. Day 
Hay Av. -- - -- --- --

Lbs. Lbs. Lbs. Lbs. Lbs. 
2.50 8 20 742 9 . 95 
2.50 8 20 725 9.75 
2.50 8 20 712 10. 20 
4.50 8 20 732 10.80 
4.50 8 20 735 11.15 
4 .50 8 20 735 11 . 15 
5.50 8 20 710 10.90 
6.50 8 20 750 11.70 
6 .50 8 20 737 11 . 10 
6 .50 8 20 732 10.90 
6.50 8 20 727 11.20 
6 .50 8 20 712 10.90 
7.25 8 20 742 10. 35 
8.00 8 20 750 9.30 
8.00 8 20 730 10.90 
9.50 8 20 745 10.65 

10.00 8 20 752 11.25 
10.00 8 20 772 11.05 
10. 00 8 20 775 12. 05 
10. 00 8 20 766 11..55 
12. 00 8 20 773 11.35 
12.00 8 20 795 11. 70 12. 00 8 20 812 11 . 25 12. 00 8 20 825 11.25 11.70 10 20 842 11.55 
12.00 10 20 865 11.43 
9.00 10 20 870 10.90 
6.00 8 20 865 11.10 
4.00 8 20 842 10. 60 
3.00 8 20 840 10.70 
3 .60 10 20 855 10.80 
6 .00 10 20 860 10. 90 8. 00 10 20 852 10.70 12.00 10 20 861 11.65 
3.60 10 20 866 11.80 
3.60 10 20 860 11.85 3.60 10 20 848 11.40 3.60 10 20 843 11 . 75 
3.60 10 20 865 12.25 3.60 10 20 870 12.65 

For For Milk 
Main- Produc- Total tenance ti on 
--- --- ---
Therm Therms Therms 
4 .90 3.26 8.16 
4 . 86 3.30 8.16 
4 . 97 3 . 15 8.12 

4.86 3.43 8.29 
4.90 3 . 65 8 . 55 
4 . 90 3.54 8 . 44 
4.77 3 .93 8 . 70 
4 . 95 3 .56 8.51 
4 . 90 3 . 57 8 . 47 
4.46 3.47 7 . 9,3 
4.46 3.55 8.01 
4.77 3.54 8.31 
4.90 3.15 8.05 
4.95 3.35 8.30 
4.86 4 . 03 8 . 89 
4.95 3.47 8.42 
4.95 3.41 8.36 
5.03 3.22 8 . 25 
5.07 3.85 8 . 92 
4 . 99 4.14 9 . 13 
5.04 3 . 75 8 . 79 
5.14 3.50 8 .64 
5.21 3 .79 9 . 00 
5.27 3.90 9.17 
5.34 4.02 9 .36 
5.43 3.95 9.35 
5.45 3.53 8 .98 

5 . 43 4 .77 10.20 
5 . 33 4.16 9.49 
5.33 4 .28 9 . 61 
5 . 39 4.23 9.62 

5.41 3.92 9 . 33 
5 . 37 3 . 66 9.03 
5.41 4 .09 9 .50 

5 . 44 4.11 9.55 
5 . 42 4.10 9.52 
5 . 36 4.44 9.80 
5.34 4.16 9 . 50 
5 . 40 4.27 9.67 
5 . 45 4 . 15 9 . 60 

Total 
Energy 

Received 

---
Therms 

7 . 96 
7.96 
7 . 96 

9 .48 
9.48 
9 .48 

10.23 
11.00 
11 .00 
11.00 
11.00 
11.00 
11.56 
12.13 
12. 13 
13.27 
13.64 
13.64 
13.64 
13 .69 
15.16 
15.16 
15. 16 
15.16 
15. 70 
15.85 
13.57 

10.51 
8.09 
8.34 
9.48 

11.20 
12 .82 
15.85 

9.48 
9.48 
9.48 
9.48 
9 .48 
9.48 

Plane 
of Nu 
tritio n 

Per 
cent 

-2 .4 5 
5 
7 

-2.4 
-1.9 

+14. 
+10. 
+12 . 
+17 . 
+29. 
+30. 
+38 . 
+37. 
+32. 
+43 . 
+46 . 
+36 . 
+57 . 
+63 . 
+65. 
+53 . 
+49. 
+72. 
+75. 
+68 . 
+65. 
+68. 
+68. 
+51. 

+ 3 . 

3 
9 
3 
6 
3 . 
0 
7 
4 
4 
6 
2 
5 
5 
2 
3 
0 
3 
4 
5 
3 
3 
8 
9 
2 

0 
-14.7 
-13 .2 
- 1. 4 

+ 19 .9 
+41.9 + 66.7 

- 0.6 
- 0 .2 - 2 .8 - 0 .2 - l. 6 - 1.2 

1The period from April 25 to 28 has been referred to thruout the bulletin ns Exper iment 17. 
"The period from April 29 to Mny 18 has been refeu ed to thruout the bulletin as Experiment 18. 



INFLUENCE OF PLANE OF NUTRITION 

ON COMPOSITION AND PROPERTIES OF MILK 

Fresh January 12, 1911 

Date of 
To- Sug-tal Case-

Sample Pro- in Ash ar Fat 
t ein 

--- --- --- --- --
Percent Percent Percent Percent Percent 

1 /25-26 3 . 70 2.49 0.84 4 .60 4 .46 
1/27-28 3.64 2.87 .77 5.05 4 .64 
1/29-30 3.58 2.87 .80 . ... 4 .15 

1 /31-2/1 3.40 2.74 . 77 4.46 4 .29 
2/2-3 3.45 2.87 .70 5 .02 4.45 
2/4-5 3 .58 2.49 .77 4 . 65 4 . 27 
2/&-7 3.39 2.68 .77 5 . 10 5 . 11 
2/8-9 3.45 2 . 68 .80 4.87 4 .07 
2/10-11 3 .59 2.42 .76 4 .61 4.37 
2/12-13 3 . 26 2.74 .78 5.13 3 .96 
2/14-15 3.24 2.30 .77 4.39 4 .28 
2 / 16-17 3 . 32 2.81 .75 5.19 4.41 
2 / 18-19 3.13 2 . 55 .79 5.06 4.07 
2/21-22 3.39 2 .74 .75 5.70 5. 03 
2/23-24 3.32 2.68 .74 5.06 5 . 13 
2/25-26 3.39 2.81 .75 5.65 4.42 
2 /27-28 3.56 2.87 . 75 5 . 65 4 . 03 
3/1-2 3.39 2.74 .74 5.21 3.80 
3 /3-4 3.51 2.81 .80 5.45 4 .32 
3/5-6 3.51 2 .81 . 80 5:.jj 4. 93 
3 / 14-15 3.39 2 .81 .76 4 . 55 
3/20-21 3 .58 3.19 .75 5 . 14 3 . 96 
3/30-31 3. 58 3.06 .80 5.25 4 . 61 
4/10-11 3.58 3.13 .76 5.56 4 .79 
4/19-20 3.66 2.93 .79 .... 4 .82 
4/21-23 .... ..... · ···· ..... 4 .75 
4/24 .... . .. .. ..... . .... 4 .40 

4 /25 .... .... . ..... . .... 5.80 
4 /26 .. .. .. ... ..... ····· 5. 40 
4 / 27 .. .. .. . .. . .. .. . .... 5.50 
4 /28 .... .. .. . . .... . . .. . 5 . 40 

4/29 .... .. ... . .. .. . . .. . 5.00 
4/30 .. .. ..... . .... . .... 4 . 70 
5/1-8 .... .. . . . ... .. . . ... 4 . 86 

5/9-10 .. .. ··· ·· ..... .. . . . 4.80 
5/11-12 .... .. .. . . . ... . .... 4.80 
5/13-14 .... .... . ..... ..... 5 .30 
5 / 15-16 .... ... .. . .. .. ..... 4.90 
5/17-18 3:46 ·2:11 .. :12 ·5:35 4.82 
5 / 19-20 4.45 

Saponifl- Iodln 
cation Num-

Number ber 
Ultibl) 
--

240.9 23 . 99 
243.3 22.36 
238.7 25.70 

235.6 27.87 
235 .6 27.88 
234.8 27.98 
234. 6 28.02 
235.1 28.63 
234.5 28 . 69 
233.6 29.34 
234. 0 29.72 
233.0 29 .82 
234.3 30. 70 
236 .8 25.98 
236. 9 25 .06 
234.6 26 .02 
233.9 26 .81 
232.5 28 . 12 
232.0 28 .45 
231.1 28 .03 
231.8 27 .83 
230.2 28 .93 
229 .2 31. 75 
230.2 30. 41 
233.4 31.00 . ... . ... ... 
... .. . ... . . 
..... . ... .. 
..... ... ... 
..... . .. . .. . 
.. .. . · ·· ··· 
.... . .. .... 
..... ... .. . 
.... . . . .. .. 
..... .... .. 
..... ······ .. ... . . .. .. 
... .. ... .. . 
229>~ ·ao:-15 

91 

Reich-
ert-

Meiss! Melting 
Num- Point 
ber 
-- ---

•a. 
41.65 32.76 
37.74 33.90 
38.48 33.73 

37.19 34.20 
36.43 33.73 
34.21 34.00 
33.73 34 . 13 
33. 66 34.37 
32.70 33 .40 
33.42 33.73 
33 . 52 33.37 
33 . 16 33.67 
32.21 32.90 
33.58 32.97 
33.90 33.29 
34. 67 33.37 
35.00 32.93 
34.98 33.00 
34.76 33.10 
32. 78 33 . 23 
32.58 33.50 
32 .93 33.37 
33 . 72 33 .56 
33 . 77 33.33 
31.03 33.37 . . .... ······· ...... . ...... 
...... ······· ······ . ...... ..... . . .... .. .. .... ···· ··· 
··· ·· · . ..... . 
. ..... . .. .... ...... . ...... 
. ..... ....... ... ... ···· ·· · . ..... . ...... . . .... . ...... 
'3i:49 84.00 
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Date 
of 

Feeding 

1912 
2/28-291 
3/1-2 
3/3-4 
3/5-6 
3/7-8 
3/9-10 
3/U-12 
3/13-14 
3 / 15-16 
3/17-18 
3/19-20 
3/21-22 
3/23-24 
3/25-26 
3/27-28 
3/29-30 
3/31-4/1 
4/2-3 
4/4--5 

4/6-7• 
4/8--9 
i/10-11 
4/12-13 
oi/14-15 
4/16-17 
4/18-21 
4/22-25 
4/26-29 
4/30-S/3 
5/4-7 
5/10-11 

5/12-13 
5/14--16 
5/17-20 
5/21-25 
5/26-28 

5/30-31• 
6/1 
6/3 
6/5 

TABLE VIJl.-lNFLUENCE OF PLANE OF NUTRITION 

Cow 2. February 28-June 5, 1912. 

Average Daily 
Ration Av. I Energy Required Total Plane 

Av. Milk Energy of 
Weight Yield For For Milk Re- Nutri-

Grain Alfalfa Silage of Cow per Main- Pro due- Total ceived ti on 
Hay Day tenance tion -- --- -- ---

Lbs. Lbs. Lbs. Lbs. Lbs. Therms Therms Therms Therms Per cent 
4.9 10.0 10.0 965 12.3 5.85 3.91 9.76 8.83 - 9.52 
5.8 8.0 12.0 969 13. 7 5.87 4.48 10.35 9.15 -11.59 
5.8 8 .0 12.0 968 14.4 5.87 4.67 10.54 9.15 -13.18 
5.8 8.0 12.0 978 14.6 5.92 4.73 10.65 9.15 -14.08 
5.0 8.0 12.0 968 14.6 5.87 4.82 10.69 8.55 -20.10 
5.0 8.0 12.0 960 14.1 5.83 4.74 10.57 8.55 -19.11 
5.0 8.0 12.0 959 14.0 5.83 5.21 11.04 8.55 -22 . 55 
5 .0 8.0 12.0 958 13.8 5.83 4.86 10.69 8 . 55 -21.10 
5.0 8.0 12.0 964 14.1 5.83 4.82 10.65 8.55 -19. 71 
4 .8 8.0 12.0 968 13.4 5.87 4.54 10.41 8.39 -19.40 
4.5 8.0 12.0 964 14.1 5.83 5.13 10.96 8.16 -26.54 
4.5 8.0 12.0 941 13.1 5.75 4.87 10.62 8 . 16 -23.16 
4.3 8.0 12.0 950 13.2 5.79 4.65 10.44 8.01 -23.27 
4.0 8.0 12.0 943 12.9 5.75 4.51 10.26 7.78 -24.17 
4.0 8.0 12.0 940 13.3 5.75 4.68 10.43 7 .78 -25.40 
4.0 8.0 12.0 941 13.3 5.75 4.51 10.26 7.78 -24.17 
4.0 8.0 12.0 940 13.1 5.75 4.40 10.15 7.78 -23.34 
4.0 8.0 12.0 944 13.5 5.75 4 .86 10.61 7.78 -26.67 
3.8 8.0 12. 0 948 13.7 5.87 4 . 60 10.47 7.63 -27 . 12 

3.6 8 .0 11.0 944 13.4 5.75 4.58 10.33 7.31 -29 .23 
3.6 8 .0 10.0 936 13. 7 5.75 4.77 10.52 7.15 -32.03 
3.6 7.5 9.0 949 13.8 5.79 4.64 10.43 6.81 -34. 70 
3.6 7.0 8.0 938 13.8 5.75 4.55 10.30 6.47 -37.18 
3.6 7.0 8.0 936 12.9 5.75 4.41 10.16 6.47 -36.31 
3.6 7.0 8.0 939 12.7 5.75 4.11 9.86 6.47 -34.40 
3.6 7.0 8.0 933 13.0 5.71 4.57 10.28 6.47 -37.06 
3.6 7 .0 8.0 918 12.1 5.66 4.07 9.73 6.47 -33.50 
3.6 'l . O 8.0 915 11.5 5.64 3.93 9.57 6.47 -32.49 
3.6 7.0 8.0 890 11.0 5 .54 3.76 9.30 6.47 -30.43 
3.6 7.0 8 .0 864 10.1 5.41 3.88 9.29 6.47 -30.35 
4 . 0 7.9 8.5 841 9.0 5.33 . 3.91 9.24 7.23 -21.7S 

5.5 10.0 12.5 866 10.0 5.45 3.80 9.25 9 . 69 + 4.95 
7.0 10.0 20.0 893 10.5 5.54 3.49 9.03 12.09 +33.88 
7.0 10.0 20.0 893 11.8 5.54 3.75 9.29 12.09 +30.13 

10.0 10.0 16.0 901 12 .0 5.58 3.82 9.40 13.96 +48.50 
12.0 10.0 15.0 915 12.7 5.64 4.57 10.21 15.06 +47.50 

3.5 8.0 10.0 935 12.9 5.73 4.49 10.22 7 .07 -30.82 
3.0 8.0 10.0 930 11.6 5.71 4.06 9.77 6 .69 -31.52 
3.0 8.0 10.0 915 12.6 5 .64 4.12 9.76 6.69 -31.45 
3.0. 8.0 10.0 890 11.0 5.54 3.87 9.41 6.69 -28.85 

I 

1The period from February 28 to April 5 has been referred to thruout the bulletin 
as Experiment 5. 

2'1'he period from April 6 to May 11 has been referred to thruout the bulletin as 
Experiment 7. 

'The period from May 30 to June 5 has been referred to thruout the bulletin a11 
Experiment 12. 



INFLUENCE OF PLANE OF NUTRITION 

ON COMPOSITION AND PROPERTIES OF MILK 

Fresh February 25, 1912 

Date Saponi- Io din of . Total Sugar Fat fication Number Sample Protein Number 

------ --- ---
Per cent Per cent Per cent (Hubl) 

2 /28-29 4.47 4.88 4.34 229 . 5 34.76 
3/1-2 4 .47 4.99 4.45 231.5 30 .36 
3/3-4 4.15 4.94 4.42 231.9 30 .46 
3/5-6 4.03 5.16 4.43 233.6 28 .27 
3 /7-8 3 .96 5.22 4 . 51 234.3 29.03 
3 /9-10 3.90 5 .24 4.61 231. 7 31.87 
3/11-12 3 . 84 5.24 5.15 230.6 32.12 
3 / 13-14 3.71 5 . 2.8 4.93 230 .5 32 . 85 
3 / 15-16 3.71 5 . 39 4 . 70 231.8 31.50 
3 / 17-18 3 . 77 5.37 '4 . 65 232 . 0 30. 06 
3 / 19-20 3.58 5.41 5 . 05 228. 0 32.07 
3/21-22 3.58 5.47 5.15 228 .2 32 .59 
3 / 23-24 3 . 58 5 . 47 4,9,2 228 .8 32.75 
3 / 25-6 3.52 5.41 4 . 85 228 . 5 33 . 10 
3/27-28 3.52 5.44 4.9.0 228.0 33 . 25 
3/29-30 3 .52 5.43 4.65 227.7 33.11 
3 /31-4 / 1 3.45 5 . 40 4 . 60 228.8 32.70 
4 / 2-3 3 .52 5.41 4.96 227 . 5 32 . 86 
4 /4:-5 3.45 5.41 4.57 228 .3 32 . 05 

4/6-7 3.58 5.42 4.68 228.4 29.50 
4/8-9 3 . 52 5.38 4 . 84 230 . 6 30. 09 
4 / 10-11 3.52 5.43 4 . 58 228.7 31 . 61 
4 / 12-13 3 .45 5.41 4.50 226.7 33.52 
4/14-15 3 .52 5.41 4 . 70 227 .5 33 . 97 
4/16-17 3.52 5.43 4 .38 227 . 8 33 . 05 
4 / 20-21 3 .52 5.39 4.88 228 .2 31.94 
4/24-25 3 .32 5.38 4 . 57 226.4 35.50 
4/28-29 3 .32 5 .38 4 . 72 227 .0 36 . 28 
5/2-3 3.32 5.34 4 . 66 226 . 1 37.12 
5/6-7 2 . 94 5.32 5.30 221.8 41 . 52 
5/10-11 3 .07 5 .22 5.85 217.1 46.98 

5/12-13 3.13 5 .25 5.27 220.8 42.43 
5 / 15-16 3.32 5 . 19 4.55 227 .3 34.80 
5 / 19-20 3 . 52 5 . 18 4 .29 226 . 6 33.57 
5 / 24-25 3.64 5.17 4 .30 229.4 31. 79 
5/27-28 3.58 5.23 5.00 229 . 1 32.31 

5 /30-31 3 . 45 5.19 4.80 227.4 33 . 66 
6/1 3.64 5.50 4 .85 225.3 34.96 
6 /3 3.52 5.17 4.45 226 . 6 35.39 
6/5 3.45 5.16 4 . 88 222 .6 39 . 39 

Reichert- Melting Meiss! Point Number 

--- ---
oc. 

30.49 32.4 
31. 53 32.7 
31.33 34.6 
32.65 32.8 
32 . 14 32.5 
31.31 33.3 
31.82 33.0 
32.21 32.7 
31.50 32 . 5 
31.00 34.l 
30.48 32.8 
30.13 32 .8 
29.31 33.l 
29.61 32 .9 
30.98 33.0 
30 .2.9 32 .9 
30.54 33.8 
30 . 64 33.5 
30.36 33 .8 

29 . 77 33.7 
29.64 34 .8 
30.75 35 . 1 
28.69 33 . 1 
28 . 67 32.9 
28.99 33.3 
28.13 33.7 
27.64 33 .7 
27.91 31.6 
27.82 33 .5 
25 . 59 35.7 
23.50 35 .5 

27 . 10 34.6 
29.49 33.3 
28.51 34.8 
30.39 34.9 
30.45 35.0 

29 . 67 35 .7 
29.03 36.3 
29 . 67 36.4 
26.72 36 . 5 

93 
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Average 
Date Dally Ration 

Exp. ot 
Feeding Grain Alf alt a 

Hay 

1912 Lbs. Lbs. 

3 8/27 6.00 9.0 
3 8/2$-29 6.00 8.4 
3 8/30-31 5.85 8.6 
3 9/1-2 5.80 8.5 
3 9/3-4 5.70 8.4 
3 9/5-6 5.60 8.2 
3 9/7-8 5.60 8.2 
3 9/9-10 5.55 8.1 
3 9/11-12 5.30 7.8 
3 9/13-14 5.25 7.7 
3 9/15-16 5.20 7.5 
3 9/17-18 5.10 7.4 
3 9/21-20 5.00 7.3 
3 9/21-22 4.90 7.2 
3 9/23-24 4.90 7.2 
s 9/25-26 4.95 8.1 
3 9/27-28 6.00 11.0 

9/29-30 7.00 14.0 
10/1-2 7.50 14.5 
10/3-4 S.00 9.8 

TABLE IX.-!NFLUENCE OF PLANE OF NUTRITION 
Cow 301. August 27-0ctober 4, 

Av. Energy Required 
Total Plane 

Av. Milk 
For For Energy ot 

Weight Yield 
Malnte- Milk 

Total Re· Nutrition 
of Cow P er 

Day nnnce Produc- ceived 
tlon 

----
Lbs. Lbs. Therms Therms Therms Tnerm~ Per 

cent. 
1020 23.6 6 .08 6.136 12.216 7.644 -37.42 
973 23 .4 5.87 6.364 12.234 7.437 -39.21 
945 23 .0 5.77 6.532 12.302 7.692 -37.47 

9~6 23.0 5.75 6.486 12.236 7.320 -40.17 
925 23.6 5.68 6.844 12.524 7.211 -42.42 
930 21.4 5.71 6.163 11.873 7.065 -40.49 
885 21.6 5.52 6.220 11.740 7.065 - 39.82 
883 20.2 5.50 5.898 11.398 6.993 -38.64 
860 18.8 5 .41 5.339 10.749 16.700 - 37.66 
843 17.4 5.33 5.150 10.480 6.628 --,<16.7S 
859 17.8 5.35 5 .126 10.536 6.521 -38.10 
845 16.2 5.35 4.795 10.145 6.411 -36.80 
865 15.6 5.43 4.555 9.985 6.301 -36.89 
846 16.4 5.35 4.657 10.007 6.191 -38.13 
840 15.4 5.33 4.404 9.734 p.191 -36.39 
840 15.0 5.33 4.320 9.650 6.538 -32.24 
845 16.0 5.35 4.576 9.926 8.332 -19.11 

845 16.2 5.35 4.665 10.015 10.122 + 1.06 
845 15.8 5.85 4.550 9.900 10.673 + 7.80 
873 16.6 5.45 4.780 10.230 9.435 - 7.77 



INFLUENCE OF PLANE OF NUTRITION 

ON COMPOSITION AND PROPERTIES OF MILK 
1912. Fresh Auguet 25, 1912 

Casein 
Date 

Total 
Of In In Ash Sugar 

Sample 
Protein Milk Total 

Protein 

Per Per Per Per Per 
cent. cent. cent. cent. cent. 

8/27 4.84 2.99 61.8 0.7,6 4.71 
8/28-29 4.33 2.80 64.7 .71 4.77 
8/80-31 3.89 2.61 67.1 .69 4.73 
9/1-2 S.57 2.04 57.2 .66 4.74 
9/3-4 3.38 2.29 67.8 .62 4.88 
9/5-6 3.25 2.22 68.3 .63 4.89 
9/7-8 3.12 2.16 69.2 .62 4.86 
9/9-10 3.06 2.22 72 .6 .60 5.01 

9/11-12 2.68 1.85 69.0 .52 5.03 
9/13-14 2.93 1.91 f35.2 .58 5.03 
9/15-16 2.86 1.72 60.0 .58 5.02 

9/17-18 2.93 1.72 58.7 .52 4.97 
ll/ 19-20 2.93 1.72 58.7 -60 4.92 

9/21-22 2.93 1.65 56.3 .. 59 4.93 
9/23-24 2.99 1.97 65.9 .57 4.86 

9/25-26 2.99 1.97 65.9 .56 4.83 

9/27-28 s .qs 1.91 62.4 .60 4.83 

9/29-30 s .12 1.84 59_0 -58 5 .00 
10/1-2 3.31 1.84 55.6 .59 4.88 

10/3-4 2.92 1.84 62.8 _57 4.83 

Snponlfi-
Fat cation 

Iod!n 
Number 

Number 

Per (Hiibl) 
cent. 
2.98 223.1 38.48 
3.34 224.0 39.09 
3.63 218.8 43.20 
3.55 221.9 40.97 
3.75 217.8 43.80 

·3.67 220.1 43.97 
3.72 217.3 44.02 
3.81 219.1 43.37 
3.63 214.6 45.45 
3.89 216.6 45.91 
3.70 219.1 45.40 
3.89 218.8 44.80 
3.83 220.1 44.13 
3.64 219.5 43.13 
3.65 220.4 43.35 
3.67 220.6 42.57 
3.65 225.0 38.11 

3-70 227.4 31.95 
3.70 229.8 27.99 
3.68 229.7 28.72 

95 

Reichert-
Me!ssl 

Melting 
Point 

Number 

·c. 

28.39 37.4 
S0.72 36.9 
28.18 35.l 
29.62 36.5 
25.31 36.4 
25.32 36.~ 
24.71 35.3 
25.49 36.4 
22.60 36.0 
23.80 38.6 
24.80 34.0 
25.57 31.8 
25.74 31.1 
25.57 31.4 
25.33 30.9 
24.75 32.1 
25.98 31.8 

26.91 33.1 
26.82 33.8 
27.33 38.7 
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TABLE X .- INFLUENCE OF PHYSIOLOGICAL UNDERFEEDING 

Aver· Aver-
Energy Required Average Daily Ra tlon age age 

Dat e of Weight Milk 
For Exp. Cow For 

Feeding Grain Alfalfa Sil- of Yield 
Mainte- Milk Total Hay age Cow Per 

J?roduc-Day nnnce 
t i on 

1908 Lbs. Lbs. Lbs. Lb.s Lbs. rrherms Therms Therms 

24 27' 10/10-15 7.3 9.0 30.0 924 30.2 5.66 9.43 15.09 
24 10/ 16-25 7.2 9.1 12.5 857 29.3 5.41 13.77 19.28 
24 10/26-11/ 4 7.5 9.0 26.5 846 31.0 5.35 12.70 18.05 
24 11/5-14 10.5 9.0 35.0 861 32.6 5 .41 12.40 17.81 

1914 
25 2112 ......... ·· ·· ·· ... ... ... . ... .. .. 50.0 ... .. . ···· ·· ··· ··· 25 ····· ··· · ...... .. .. .. ... . ... .... 79.4 ···· · · ... .. . ... ... 

1915 
26 4073 ....... .. .... .. ..... . .... 1290 46.1 . ..... .... .. .. ... . 
26 .... .... . ···· · · .. .... .... 1330 43.7 ...... ..... . ..... . 
26 ........ . ·· ···· .. .. .. .... 1340 49.5 ······ ... .. . · ·· ··· 

1915 
27 231• 3/4 3.0 10 12 1155 27.3 6 .62 8 .35 14.97 
27 3/5 4.5 12 18 1090 35.5 6.36 10.64 17.00 
27 3/6 6. 0 16 22 1105 39.0 6.42 11.94 18.36 
27 3/14-15 .... .. .... .. .... ....... 40.0 ····· · .... .. ·· ···· 1915 

28 305' 2/8 2 3 8 1020 26.0 6.08 7.54 13.65 
28 2/9 3 5 8 1015 24.3 6.06 12.15 18.21 
28 2/10 4 6 12 1012 27.0 6.05 13.130 21.55 
28 2/11 4 5 15 1005 29.8 6.02 13.70 19-72 
28 2/12 5 6 20 1007 32.5 6.03 16.25 22.23 
28 2/13 5 8 20 997 31.7 5.97 l 5.50 21.47 
28 2/14 6 8 20 1007 34.3 6.03 17.15 23.18 
28 2/15 5 7 20 1005 38.0 6.02 16.10 22.12 
28 2/16 4 8 18 1012 35.4 6.05 19.80 25.85 
28 2/ 17 6 10 lS 1000 34.2 6. 00 17.95 23.913 
28 2/18 6 12 20 1000 33.1 6.00 15.23 21.23 

2/19 6 10 20 990 33.0 5.96 12.21 18.17 
2/20 7 10 18 1002 34.2 6.01 13.00 19.01 
2/21 7 10 18 990 36.0 5.913 12.40 18.36 
2/22 8 10 18 965 34.9 5.85 11.88 17.73 
2/23 10 10 18 970 86.8 5.88 12.73 18.61 
2/24 10 11 18 960 36.6 5.81 12.80 18.61 
2/25 10 10 18 980 37.5 5.90 12.94 18.84 
2/26 10 10 18 980 38.3 5.90 11.71 17.61 
2/27 10 10 18 980 38.5 5.90 11.18 17.08 
2/28 10 11 20 965 39.8 5.85 12.05 17.90 
3/1 10 10 19 972 38.9 5.89 13.41 19.80 
3/2 10 11 20 972 38.6 5.89 13.77 19.66 28 8/3 10 11 20 955 38.0 5.78 13.68 19.46 

' Fresh October 9, 1907. 
2Fresh No vem ber 8 , 1914. 
•Fresh J anuary 3 , 1915. 
•Fr esh March 2, 1915. 
•F resh F ebruary 8, 1915. 

Cow r eceived gr a in, alfalfa hay, silage, and pasture. 
Cow r eceived grain, alfa lfa hay, and silage. 
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ON COMPOSITION AND PROPERTIES OF MILK AND BUTTER F .A.T 

Total Plane 
Date ot Total Saponi- Reichert- Fat 

Energy of Fat fl.cation !Odin 
Meiss! 

Melting 
In Sample Protein Value Point Received Nutrition Value Number Blood 

Therms Per 1908 Per Per HU bl ·c. Per 
cent. cent. cent. cent. 

13.71 -8.7 10/10-15 3.32 4.20 
10.80 -44.0 10/16-25 3.32 6.20 
13.29 -26.4 10/26-11/4 3.32 G.60 

17.03 -4.4 11/5·14 3.51 5.25 

1914 
3/17-18 4.94 218.9 40.54 26.27 39.45 
4/13-14 S.36 232.7 35.18 34.46 31.03 

1915 
1/5 6.80 225.6 36.12 28.69 34.30 0.320 
1/6 4.80 227.0 33.97 31.47 34.85 .300 
2/16 3.65 229.3 31.60 31.95 82.20 .320 

1915 
7.86 -47.5 3/4 4.10 

10.61 -37.6 3/5 3.97 
13.81 -24.8 3/6 4.13 

3/14-15 2.15 

1915 
3.96 -71.3 2/8 3.88 
5.37 -70.5 2/9 6.46 223.3 41.30 28.79 34.08 .232 
7.15 -66.8 2/10 6.92 220.0 41.85 27.88 34.00 .229 

7.30 -63.0 2/11 6.10 220.0 40.84 27.19 34.30 .210 
9.25 --58.5 2/12 6.61 
9.94 -53.7 2/13 6.40 

10.72 -53.7 2/14 6.77 
9.60 -56.5 2/15 5.81 
8.84 -65.8 2/l,-0 7.15 

11.09 -53.7 2/17 6.78 
12.ll -42.7 2/18 6.10 218.2 37.48 24.69 33.80 .233 

11.42 -37.2 2/19 5.15 
11.86 -37.6 2/20 5.27 
11.86 -35.4 2/21 4.78 
12.64 -28.6 2/22 4.67 
14.19 -23.8 2/23 4.87 
14.52 -22.0 2/24 4.92 
14.19 -42.7 2/25 4.75 
14.19 -19.4 2/26 4.10 
14.19 -16.9 2/27 8.74 
14.85 -17.0 2/28 4.05 
14.35 -25.6 3/1 4.77 
14.86 -24.4 3/2 4.95 
14.86 -23.6 3/3 5.00 223.4 36.72 2,6.65 35.00 
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TABLE XI.- INFLUENCE OF PHYSIOLOGICAL UND!ERFEEDING ON COMPOSITION AND 
PROPERTIES OF MILK AND BUTTER FAT 

Exp. 

22 
22 

23 
23 
23 

Date 
Total 

Cow of 
Protein Sample 

1907 Per 
cent. 

2051 7/21-27 3.44 
.... 7/28-8/3 3.25 

209' 7/20-27 3.89 
.... 7/28-8/3 3.12 
.. . . 8/4-10 2.80 

1Fresh Juiy 17, 1907. 
2Fresh ;J'uly 20, 1907. 

Albu· 
Casein min 

Per Per 
cent. cent. 
2.74 0.31 
2.55 .25 

2.93 .42 
2.48 .29 
2.17 .29 

Saponl· 
Iodln 

Reichert· 
Melting Lactose Fat ficatlon Meiss! 

Value Point Value Number 

Per Per (Hubl) ·c. 
cent. cent. 
3.98 3.78 ······· 41.82 22.95 36.53 
4.49 3.19 241.4 30.81 27.86 32.97 

3.89 3.95 220.6 43.11 21.47 38.17 
5.20 3.14 229.0 42.24 24.23 33.85 
4.11 2.59 234.6 36.82 28.46 32.23 
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FIG. 7.-cow 20: MARCH 30-MAY 31, 1909 
The principal effects of underfeeding immediately after parturlti-0n were (1) 

marked decrease in the weight of the cow, (2) practically constant milk ftow, (3) ab
normally high fat percentage, ( 4) abnormaily high iodin value and melting point of 
the butter fat, and (5) abnormally low saponlfication value and Reichert-Meiss! num
ber. The marked recovery from these a bnormalities accompanying the increase In 
the plane of nutrit ion Is notable. The value given at the end of each curve in Fig
ures 7-15 ls that from which the percenta ge variation w a s calcula ted. 
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FIG. 8.-COW 206: AUGUST 7-SEPTEMBER 17, 1909 
In this experiment underfeeding wa s accompanied by (1) a great decrease in the 

weight of the cow, (2) a more or less constant milk flow, (3) abnormal physical and 
chemical constants of the butter fat, which were manifested in a high lod!n value and 
melting point and ver y low Reichert-Meiss! number. These abnormalities disappeared 
when the plane of nutrition was raised on the t wenty-first day of the lactation pet· 
iod. 
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FIG. 9.-cow 62: FEBRUARY 19-APRIL 6, 1910 
These curves show as results accompanying underfeeding (1) marked decrease in 

weight of cow, (2) decline in m!lk flow, (3) a 35-per-cent increase in fat percentage, and 
( 4) very abnormal constants of the but ter fat. The iodin value increased to a very 
high figure, while the saponification value, Reichert-Meissl number and melting point 
declined. The curves show the strildng recovery from these abnormalities as soon as 
the nlane of nutrition was raised to normal. This exneriment was conducted when 
the cow had been in lactation nearly go days. 
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FIG. 10.-COW 402: !FEBRUARY 24-JUNE 11, 1909 
The marked reduction in the plane of nut1·ition from supeJ.·normal to normo.l on 

t he 190th day of lactation caused, (1) a sharp but t emporary increase In the fat per
cent, (2) a slight decline in the milk flow, (3) a decline of the Reichert-Meiss! num
ber of the butter fat , and ( 4) an increase In the iodin value and melting point. 
These charact eristics became more pronounced as tbe plane of nut rition was re
duced fur ther, as the curves show. 
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The above curves represent the .variations in the composition of the milk and but
ter fat, as well as the milk yield and body weight as this cow passed thru a cycle 
of underfeeding, normal and overfeeding plane of nutrition periods. The curves show 
that each underfeeding period was a ccompanied by an increase in the iodin value, and a 
decline in the saponlftcation and Reichert-Meiss! numbers and melting point of the 
butter fat, these abnormalities disappearing in each period of normal or supernormal 
plane of nutrition. At the first of the lactation period underfeeding had no in
fiuence on the milk fiow, but as lactation advanced each recurring underfeeding period 
~~~k.a more depressing effect and caused a greater increase in the fat percentage of the 

z .. 
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FIG. 12.-COW 301: JUNE 21-NOVEMBER 30, 1910 
This cow, like Cow 300, shown in Figure 11, passed thru a cycle of underfeeding 

normal, and overfeeding plane of nutrition periods from the beginning to the 165th 
day of lactation. The curves show each underfeeding period characte1·ized by increased 
!od!n value and decreased Reicher t-Meiss! number and sanonification value of t he 
butter fat, increased fat percentages a lso usually accompanied underfeeding. The 
curves show much greater depression of the milk flow accompanying underfeeding as 
the stage of lactation advanced. They a lso show the disappearance of the abnormal
ities during each period of normal or supernormal plane of nutrition. 
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A marked reduction in the plane of nutrition followed the ninety days of over

feeding and the a ccompanying per·centage of fat in the milk was very high. The 
curves show a similar r esult accompanying a S>',cond underfeeding period a few 
days after the fi rst one. 
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FIG. 14.-COW 2: FEBRUARY 23-JUNE 5, 1912 
These curves show the effects of subjecting a fat cow to a long period of underfeeding immediately following parturition. The underfeeding was in two stages, the first being moderate and the second more severe. The curves show ( 1) a steady decline in weight throughout, (2) a sharp decline in mllk protein at the close of the second stage, the gradual decline following parturition being normal, (3) a constant milk flow unt!l the second stage of underfeeding when It declined especially at the end and was accompanied by a very high fat percentage, (4) very high lodin value and melting point and very low saponification value and Reichert-Meiss! number of the butter fat at the clos,e of the second stage. '.!.'he curves show how these abnormalities disappeared with increase in plane of nutrition, but began to reappear In a third underfeeding period which followed. 
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The above curves show the effects of maintaining a cow on a constant subnormal 
plane of nutrition for thirty days following parturition, causing (1) a steady de
cline in body weight and milk flow and (2) the production of butter fat with a 
very low Relchert-Melssl number and saponification value, and a very high i-0din value. 
In this experiment the melting point of the butter fat was very high at first but later 
declined sharply with an Increase in the Reichert-Meiss! number. The curves show 
the disappearance of these abnormalities, with the exception of the depressed mllk 
dow, when the plane of nutrition was raised. 
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