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RELATION BETWEEN PERCENTAGE FAT
CONTENT AND YIELD OF MILK

Correction of Milk Yield for Fat Content

BY W. L. GAINES, CHIEF IN MILK PRODUCTION, AND

F. A. DAVIDSON, FIRST ASSISTANT IN DAIRY HUSBANDRY

INTRODUCTION

Among dairymen, it is a matter of common observation that, in

general, the milk yields of cows tend to vary inversely with the per-

centage fat content of the milk. Various statistical investigations, by
the method of correlation, support this observation. Such investiga-

tions have shown the existence of a significant negative coefficient of

correlation between the two variables, percentage fat content of the

milk and yield of milk. The present study is a further analysis of

this relation based on 23,302 records of the milk and fat production
of cows. It purposes to show the nature of the relation between per-

centage fat content of the milk and yield of milk
;
and to formulate

a method of correcting milk yield to equate for the influence of fat

content.

The dairy cow occupies her position in our agriculture primarily
as a producer of milk. Cows are highly variable in milk yield; and
this variability is a large factor in the immediate economy of milk

production, and of great import in the possible future dairy develop-
ment of the cow. But variability in milk yield is affected by many
factors, and if the milk yield of a cow is to be used as an indication

of her position on the scale of merit with reference to immediate

economy and future development, it is desirable to distinguish the

factors affecting milk secretion, and to have a measure of the effect of

each. The advanced registry* records of the dairy breeds usually
list three such factors, each of which is very potent in its influence

on milk yield; viz., time (length of record), percentage of fat, and

age of cow.**

*The term advanced registry is used frequently, as here, in a general sense
to apply to any of the breeds.

**
Among other factors affecting milk yield the list following may be sug-

gestive: food supply (amount, character) ; body food reserves (body fat, mineral

store); growth of cow; size of cow; pregnancy preceding lactation (sex of

fetus, sire of fetus, normal term, premature or delayed delivery, birth weight) ;

pregnancy during time of lactation; ovariotomy; frequency of milking; char-
acter of milking ; previous development (exercise and training of the mammary
function at preceding lactations); physical exercise; comfort (temperature,
flies, etc.). Undoubtedly some of these are of considerable importance, while
others may have little or no influence. Of the many important factors it is

remarkable that we have had an adequate measure of the influence of only one,
that of age. It is hoped the data following will supply a measure for one other,
that of percentage fat content of the milk.
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The age of a cow has long been recognized as a factor affecting the

milk yield. The advanced registry system when first established in

1885 took account of this fact. Various data have been published
from time to time showing the absolute or relative milk yields by cows

at varying ages. Gowen 1 has shown that the relation between these

two variables age and yield may be closely expressed by a logarith-

mic curve, and has given the equations for the curves for the Hoi-

stein, Jersey, and Guernsey breeds. These equations have been found

valuable in this laboratory in equating the milk yields of cows so as

to make the yields directly comparable in so far as the age factor is

concerned.*

SOURCE OF DATA
The data used in this study have been taken from the records of

cow testing associations in Illinois (unpublished**) and the published
records of the Holstein-Friesian Association, the American Jersey
Cattle Club, the American Guernsey Cattle Club, the Ayrshire
Breeders' Association, and the Brown Swiss Breeders' Association.

The records of the cow testing associations include only two breeds

Holstein and Jersey in numbers large enough to be of value for

present purposes. The Holstein records are of both grades and .pure-

breds, located in commercial dairy herds in the whole-milk districts

of Illinois. The records used are from those associations only that

are known to have had competent and reliable testers in charge, and
whose members sold whole milk at about the same price (price being
a factor in the amount of feed given the cows, and consequently a

factor in milk yield). Very little advanced registry testing was

practiced.

The Jersey records are of both grades and pure-breds, obtained in

one association over a period of five years. The number of cows in-

volved is consequently less than the number of records used. Whole
milk was sold, the market paying, however, in exact proportion to

the fat content of the milk. The quality of the cows and the condi-

tions under which the records were made were similar to those of the

Holsteins. No advanced registry testing was practiced.

*The use of corrections is common in the physical sciences. When the
chemist determines the volume of a gas, he corrects his measurement to certain
standard conditions; he makes a correction for temperature, a second correction
for barometric pressure, and a third correction for the tension of aqueous vapor.
Biological corrections of the kind under consideration here are just as much
needed and just as useful as those used in the physical sciences. In many cases

it is impossible to standardize the cause of variation, and in such cases the only
recourse is to standardize the effect thru the use of a correction factor. The
determination of biological corrections is complicated by the multiplicity of re-

actions occurring simultaneously in the living organism, and this condition may
subject the determination to error and to the necessity of revision as addi-

tional evidence accumulates.
**The writers acknowledge the courtesy of Professor C. S. Rhode of the

Dairy Department, University of Illinois, in supplying part of these records.
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The records of the breed associations are the well-known advanced

registry records. They need no explanation here, but it may be in

point to recall that they are made under a wide range of conditions,

and that in some cases no expense in feed, care, and manipulation is

spared in order to secure a maximum recorded production. The goal
of advanced registry testing (except possibly the Ayrshire) is based

on the fat record rather than on the milk record. Consequently, there

is a stimulus toward any manipulation that increases the real or ap-

parent fat percentage as well as the yield of milk.

It is very seldom that all the cows of a herd are included in the

advanced registry system, whereas it is very rarely that they are

not all included in the cow testing association system. As compared
with the cow testing association records, the advanced registry rec-

ords represent a higher capacity portion of the total population, pro-

ducing under conditions nearer the optimum for maximum production.

HYPOTHESIS

Preliminary study suggested that the relation between the per-

centage fat content of the milk and the yield of milk is simple and

logical; namely, (1) the solids-not-fat, as well as the fat itself, are

concerned in the relation; (2) the relation depends on the energy
value of the fat and the solids-not-fat, rather than directly on the

amount of solids present; (3) the energy value of the total solids of

the milk is constant, if all factors which affect milk yield, other than

the solids content, are compensated.
If the above is in fact the case, the physiological relation between

the two variables fat percentage and milk yield is revealed, and a base

is established from which to correct milk yield for the influence of

fat content. If the percentage fat content of the milk is a factor

affecting milk yield according to a definite physiological relation, and
this relation can be expressed mathematically, the use of such mathe-

matical expression in the correction of milk yield for fat content is

justified from a physiological standpoint. Indeed, correction by such

a method is preferable to the use of an expression describing the rela-

tion found in the advanced registry data because advanced registry

selection and practices may to some extent distort the true relation.

For the purpose of the present study, the following hypothesis is

therefore adopted:
The milk yield of cows with varying fat percentages is such that

the total energy value of the milk is constant if the effects of all fac-

tors other than composition are equalized.

That is, by way of further explanation, there are many things
which influence the amount of milk that cows produce; for example,
the fat percentage of the milk, length of record, the individuality of

the cow, age, feed, and so forth. The influence of fat percentage
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(or rather, composition as measured by fat percentage) is the par-
ticular factor now under study ;

and the proposition of the hypothesis
is that if the effects of each of the other factors are made equal for

each cow, the energy value of the total milk produced by each cow
will be the same a constant. The influence of fat percentage on yield

is, according to the hypothesis, a function of the energy value of the

fat plus the energy value of the solids-not-fat present in the milk;
and the influence is measured directly by the energy value of the

solids. The milk yield must, by the hypothesis, be inversely pro-

portional to the energy value of the solids per unit of milk.

Now, in order to subject the hypothesis to test it is necessary to

meet the condition that all factors except composition be equalized.

It is impossible to do this directly for all factors. Indirect methods,
based on statistical principles must be used.

If we take a large number of cows, representative of the same

breed, working under similar conditions, and separate them into classes

on the basis of the percentage fat content of their milk, and deter-

mine the average milk yield of each class, we may assume that, as

between the averages so obtained, all factors in milk yield are equal-

ized, except the one on which the classification is based. On statistical

principles, which need not be elaborated here, this will be true, within

a certain probability of error, except as to factors which are also cor-

related with fat percentage. The factor solids-not-fat is such an ex-

ception, and that is why it is treated together with the fat. What we

really have to consider is the influence of composition on milk yield.

There are undoubtedly some other factors, such as the size of the

cow, which are correlated with fat percentage, but the net effect of

all such factors is regarded as being so small as to be negligible.

The hypothesis is concerned with the energy value of the milk

solids, but the records used give only the amount of milk and the fat

content. It is necessary, therefore, to estimate the energy value, and
the method and justification for this will appear shortly.

It is on the principles outlined above that the hypothesis was sug-

gested by study of the data. On the same principles the validity of

the hypothesis is put to test in the following pages, representative data

from all the records available being used.

PRESENTATION
The records used give the fat percentage to the closest second

decimal, and the milk yield in pounds and tenths. Each group of

records is arranged in a correlation table (see pages 599 to 621), class

intervals of 0.1 for fat percentage and 1,000 pounds for milk yield

(20 or 50 pounds for the seven-day records) being used. The coeffi-
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cients of correlation and other constants have been derived by standard

methods and are given in Table 21. The mean milk yields of the

several fat percentage classes have been computed from the corre-

lation tables and are given in tabular form (pages 600 to 618) and in

the accompanying graphs. Included with these latter data, in both

tables and graphs, are two other sets of data : first, the corresponding
milk yields calculated from a fitted curve of constant energy, and the

deviations of the observed from the calculated values; second, the

corresponding milk yields calculated from a fitted logarithmic curve,
and the deviations of the observed from the calculated values.

The Constant Energy Curve. It is well known that the solids-

not-fat content of normal milk varies with the fat content in a

very definite ratio. Gowen2
finds, in Holstein cows, a correlation of

-f- .8991 .0071 between these two constituents
; indicating that the

solids-not-fat content of milk may be determined with reasonable

accuracy from the fat content. The energy value of milk fat and of

solids-not-fat is> also definite and well established. Stocking and
Brew3

working with extensive data compiled from various sources

have prepared a table which shows these several relations.* From
their table we derive :**

*Overman* also gives data which bear on this relation. He has compiled
several thousand complete analyses of milk of stated known purity and studied

them from the standpoint of the food value of milk of varying percentage fat

content. His data cover a range of fat percentage from 3 to 7, and show a linear

relation between fat percentage and food (energy) value per quart of milk. The
curve is in excellent agreement With that of Stocking and Brew as to direction but
somewhat lower (about 7 percent) in absolute values. The difference in absolute

values is accounted for in large part by a variance in the energy values used by
the two authorities for fat and solids-not-fat.

**
Symbols are used as follows:

D = deviation of observed from calculated milk yield, in pounds.
E energy of milk solids, in large calories.

ECM = milk yield corrected for energy value to 4 percent fat.

f = frequency.
F = milk fat, in pounds.
FCM milk yield corrected for fat to 4 percent fat.

F-SCM = milk yield corrected for fat and solids to 4 percent fat.

M = milk, in pounds.
rci S(4-D) S( D)ME mean error,

v
~

: _1 '

n
Me = milk yield, in pounds, calculated from constant energy curve.

M, =. milk yield, in pounds, calculated from constant fat curve.

M, = milk yield, in pounds, calculated from logarithmic curve.

M mean milk yield, in pounds, observed.

n = number of values,

r =i coefficient of correlation. -,

(y D2

EE = root mean square error, A ,'

\ n
S-N-F solids-not-fat, in pounds. .

s-n-f =i percentage solids-not-fat content of milk. *P**

t = percentage fat content of milk. .^
S = summation.



582 BULLETIN No. 245 [June,

s-n-f = 7.1 -f 0.4 t

E = 132.06 M -f 4964 F (and, since F = .01 Mt)
= 132.06 M -f 49.64 Mt
= 49.64 M (2.66 -f t)

By hypothesis, E is constant, say 49.64a (a being a constant the

value of which is to be determined). Then, for the amount (pounds)
of milk, Me , necessary to satisfy this value of E, we have:

49.64 Me (2.66 + 1) = 49.64a

and,

M -
a

=

2.66 -ft

This curve is arbitrarily so fitted to the observations that at values

of t corresponding to those of the observations,

SM = 3M.
Hence,

or,

and,

2Mna=-
* 2.66 -f t

The method of fitting causes the sum of the plus deviations and

the sum of the minus deviations to be equal in value. It does not

2 (_I_J)) _ 2 (
_ D)

necessarily reduce either the mean error, ,
or the

2 D2
root mean-square error,

^/
-

1
to a minimum. However, the method

answers for present purposes. The constants are given in Table 22.

The reader should bear in mind that the energy curve is an ex-

pression of the hypothesis. While it is "fitted" to the observations,
this "fitting" only adjusts the mean level of the curve to the mean
level of the observations of milk yield. Its shape and general direc-

tion are fixed and inflexible. If it conforms to the observations, that

conformity is evidence that fat percentage affects milk yield and that

the effect of fat percentage on milk yield is measured directly by the

energy value of the milk solids. If the energy curve conforms to the

observations, it is evidence in support of the validity of the hypothesis.
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The Logarithmic Curve. In general, the data suggest that a curve

of the type y= a-)-bx-(-c Iog10 (x-|-a) should be adapted to fit

the observations. Further, this type of curve has been found appli-

cable to the expression of many biological relations. Consequently, it

has been used here, and has been fitted to each set of data by the

method of-moments, using Miner's5
equations and tables. The con-

stants for the several equations are given in Table 22. The logarithmic
curve is used purely for purposes of comparison.

Comparisons. The graphs (Figs. 1 to 10) give a visual impression
of how well the observations support the hypothesis: first, by com-

paring the energy curve, which represents the hypothesis, with the

observations themselves
; second, by comparing the energy curve with

the fitted logarithmic curve. A further comparison with the logarith-

mic curve is afforded by the tabular presentation (see pages 599 to 621) .

Here a numerical expression of the fit of the energy curve is attempted

by giving, for both curves, the mean error, and the root mean-square
error. These errors are given also in the graphs. If the error of the

energy curve is not greater than that of the logarithmic curve, then,

so far as the logarithmic curve is a guide, the observations support
the hypothesis. Likewise, an error for the energy curve greatly in

excess of that for the logarithmic curve, shows a lack of support.

The errors for the several sets of data are brought together in

Table 23.

The Constant Fat Curve. Since a fat standard is used as the

basis of admission to the advanced registry, and since fat yield is quite

generally used as a measure of a cow's production, it has seemed

desirable to consider the yield of milk required for a constant yield
Q

of fat. The equation for the curve of constant fat is M f
=

,
and

u

this curve has been fitted by determining a after the same manner
as in the energy curve. The data are given only in summary form

(Tables 22 and 23), except that for the purpose of illustration the

curve is drawn into one of the graphs (Fig. 1).

Age Correction. It has been found unnecessary to use an age-
correction factor for the milk yields, except in two cases where a

comparatively small number of records is used. For a limited num-
ber of records it serves to smooth the data materially, and would prob-

ably be useful in smoothing the values for the end and near-end fre-

quencies in other cases. The two cases corrected are the Brown
Swiss and the early Holstein seven-day records. The Brown Swiss

records, as published, give the age only by groups. Yields are cor-

rected to age of maximum yield by using Gowen's 1
equation for the

Holstein breed. The Holstein seven-day records have been corrected

to the age of 8 years 9 months by using data given by Miner. 5
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DISCUSSION

The Coefficient of Correlation. Table 21 shows the correlation

between fat percentage and milk yield to be negative in every case.

The coefficient is not very high in any case but is significant in every
case. The correlation for the Holstein and Jersey cow testing asso-

ciations (r .198 .012 and .212 .021, respectively) have the

most meaning from the standpoint of the normal relation between

percentage fat content and yield of milk because the populations they

represent are the least selected of any of the groups.
Advanced registry selection (except the Ayrshire), by reason of

the entrance requirements, tends to increase the negative correlation.

This appears prominently in the case of the Jersey seven-day records,

where r= .506 .026. The entrance requirement in this class is

twelve pounds of fat regardless of age. Inspection of the correlated

distributions (Table 7) shows that a considerable part of the total

population is cut off in the upper left portion (low fat percentage and
low milk yield). The effect of this is to give a higher negative value

to r than would be obtained from a distribution representative of the

whole Jersey population (see also Fig. A). Exactly the same prin-

ciple opesates, in lesser degree, in the other advanced registry groups,

except in the Ayrshire. The Ayrshire standard is peculiar in that

there is a minimum milk requirement besides the usual fat require-

ment. The effect of the additional milk requirement is nil at values

of t below 3.57^.29 (the value varying with age), but above that

point the milk requirement tends to give a positive correlation. There

are also other complications (see Roberts,
6
page 73).

The low value of r is caused in part by the great variability in milk

yield, due to the inherent quantitative differences in the function of

milk secretion and to the extreme susceptibility of this function to

environmental factors. Everyone knows, of course, that a knowledge
of the percentage fat content of a cow's milk does not justify an
estimate of her milk yield. But the fact of a significant correlation

shows that there exists some definite relation between the fat per-

centage and the mean milk yield of a number of cows. The nature

of this relation is brought out more clearly by the graphs and tables

for each group of records.

Holstein Cow Testing Association Records. The data for these

records are found in Tables 1 and 2, and Fig. 1. Survey of the graph
shows that the energy curve is very nearly coincident with the

logarithmic curve. Its mean error is one pound greater, and its root

mean-square error six pounds less than for the logarithmic curve. If

there is any choice between the two it would seem to be in favor of

the energy curve, either on the basis of the magnitude of the errors

or the general impression formed by study of the graph.
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The curve of constant fat is added in Fig. 1 for the sake of illus-

tration. It is quite obvious that fat yield is not an equitable measure

of production within the classes represented. The fat curve has a

mean error of 555 pounds and a root mean-square error of 775 pounds

(Table 23), or nearly double that of the energy curve. It is not given

in the data for the remaining records since it bears a similar relation

to the energy curve in all cases.

?-

i.

waf/M
osse*vATte4j *f

S3 SS S7
ffr COMTCHT Of MILK

FIG. 1. RELATION BETWEEN FAT PERCENTAGE AND MILK YIELD: HOLSTEIN-
FRIESIAN Cow TESTING ASSOCIATION YEARLY RECORDS

2,773 records. Data from Table 2, page 600

The 2,773 records concerned here should be thoroly representative
of the Holstein breed, under good conditions of management, in herds

dependent primarily upon the sale of milk for their income. The

majority of the cows were high grades.
It will be noted that while the general tendency of the observa-

tions is plainly in the. direction of the energy curve, there are many
rather wide deviations from it. Toward either end, where the fre-

quencies are small, wide fluctuations are natural. But even with

larger frequencies there are some apparently wide deviations. For

example, the class at t 3.345 shows a deviation of 132 pounds.

Considering the 337 records of this class by themselves, the mean,

7,384, has a probable error of 79.6. From this we might expect a de-

viation of 132 about once in five. For the other classes, having smaller

frequencies, the chance of error in the mean would be still greater.

Consequently, some irregularity in the observations is to be expected
and is no reason for discrediting the data.

Jersey Cow Testing Association Records. The data for these rec-

ords appear in Tables 3 and 4, and Fig. 2. The observations are less

regular in distribution than those in Fig. 1. The number of records

is much smaller, 970, and the number of cows represented still smaller.

Again, the energy curve is practically coincident with the logar-

ithmic curve. Its errors are greater by 6 pounds for the mean and
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1 pounds for the root. This is less than 2 percent, and considering the

nature of the data is very close.

!

c//>?, ter t T.A.

+6 4M S.O A* ** M S.e 6.0 ea 4 Ce SB
far CONTENT orMILK

FIG. 2. RELATION BETWEEN FAT PERCENTAGE AND MILK YIELD: JERSEY
Cow TESTING ASSOCIATION YEARLY RECORDS

970 records. Data from Table 4, page 602

. The records of the Holstein and Jersey cow, testing associations

are regarded as supporting the hypothesis remarkably well. No
similar records for other breeds were available for study. We have

to consider next the advanced registry records, but before doing so it

is necessary first to discuss the nature of the selection effected by the

requirements for admission to the advanced registry.

Nature of Advanced Registry Selection. Fig. A is a diagram de-

signed to illustrate the nature of advanced registry selection. It is

intended to represent a correlation surface for fat percentage and
milk yield for a very large number of cows under official test con-

ditions. All cows above the line AB would be excluded by an entrance

requirement of 360 pounds of fat, and all cows below the line could

qualify. If the broken line represents the periphery of the popula-

tion, and the population increases in density with some uniformity
toward its center, then it is clear from the diagram that an increasing

proportion of cows is eliminated as we go from higher to lower fat

percentage. Since it is the poorest grades of cows that are eliminated,

the qualitative effect must be to improve the mean grade of those left.

And improvement would increase as we go from higher to lower fat

percentage, because of the increasing proportion of the population
eliminated.

The proportion of a total population that would fail to qualify
for the advanced registry is uncertain. Roberts13 refers to 98 Ayrshires
which were tested and failed to qualify (with an entrance require-

ment of 214.3 to 322 pounds of fat, according to age) presumably
comparable with 1,091 that did qualify. Since the poorest cows are

probably not tested at- all, it would seem that advanced registry re-

quirements would exclude at least 10 percent of the total population
if all were tested.
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tr CoM-rttrr tr MILK

*/*>

I

B-

FIG. A. ILLUSTRATING THE NATURE OF THE SELECTION EFFECTED BY A
CONSTANT FAT PRODUCTION REQUIREMENT

The broken line is intended to represent the periphery of a very
large cow population. The line AB is drawn thru the points correspond-
ing to 360 pounds of fat. Note that selection is more severe at low fat

percentages than at higher fat percentages. The figure is purely dia-

grammatic.

On the basis of energy yield, the nature of advanced registry selec-

tion is shown clearly by Table A. The table shows that selection be-

comes increasingly more severe in going from higher to lower fat

percentages. It is therefore to be expected that the mean energy
yield shown by advanced registry records will be greater at lower

values of t than at higher values of t. Since the energy curve is ad-

justed to the mean of the observations, there will be a tendency toward

plus deviations at the left end of the graphs, and a less marked

tendency toward minus deviations at the right, assuming the energy

TABLE A. ILLUSTRATING THE NATURE OF THE SELECTION EFFECTED IN
ADVANCED REGISTRY BY A FIXED FAT ENTRANCE REQUIREMENT

(Note increasing increment in E in going from higher to lower fat percentages)

t
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curve to represent the true relation for the unselected population.

Bearing this in mind, we may now consider the advanced registry
data in relation to the hypothesis.

Jersey Register of Merit Long-Time Records. The data for this

group are given in Tables 5 and 6, and Fig. 3. Considering the graph,
it will be seen that the energy curve does not conform closely to the

logarithmic curve. That the energy curve does not go thru the

observations quite so well as the logarithmic curve is shown both by
inspection and by the errors. The logarithmic curve, of course, is

4.4 4.9 4JB S.O & 9.4 SS S t.O At 8.4 9.9 9.6
fAr CONTC.NT or MILK

7.0 7-t 7.4 79

FIG. 3. EELATION BETWEEN FAT PERCENTAGE AND MILK YIELD: JERSEY
REGISTER OF MERIT LONG-TIME RECORDS

8,038 records. Data from Table 6, page 604. (One observation at

t =. 8.145. M =: 4500 is omitted in the graph.)

determined solely by the observations on the selected advanced reg-

istry population; whereas the energy curve can be expected to con-

form to observations only on a random sample of the population. In

how far is the selection effected by the entrance requirements an ex-

planation of the difference between the two curves (accepting the

logarithmic curve as representing the observations) ? Without at-

tempting to answer quantitatively, it is apparent that the effect of

selection would be to produce a difference similar to that actually
found. Think of the energy curve as placed slightly lower on the

graph so that the two curves coincide at the right-hand end. Com-

pare, now, the curved wedge-shaped surface between the two, with
the curved wedge-shaped surface of the population excluded by the

entrance requirements as illustrated in Fig. A. It would seem quite

possible that the differential selection of the entrance requirements
is entirely responsible for the deviations of the logarithmic curve,
or observations, from the energy curve.
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Jersey Register of Merit Seven-Day Records. The data for this

group are given in Tables 7 and 8, and Fig. 4. Judged by the errors,

the energy curve fits nearly as well as the logarithmic curve. Visual

impression from the graph, however, is favorable to the logarithmic
curve. It will be noted that the difference between the two is similar

to that found in the case of the long-time records.

<36t
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The logarithmic curve is not fitted to the whole data because the type
used is not adapted. As previously pointed out, the Ayrshire entrance

requirements are peculiar. At values of t above 3.57-4.29, selection

becomes more severe, and consequently the mean energy yield of the

right-hand end groups is increased. Making allowance for this, the

Ayrshire data differ from the energy curve in a manner similar to

that for the Jersey and Guernsey, and in accordance with expectation.

Y/fLff

Of

MtLK-CWT.

s_l_st_L_i_;



1923] RELATION BETWEEN FAT CONTENT AND MILK YIELD 591

Hoistein-Friesian Advanced Register Long-Time Records. The
data for this group are given in Tables 14, 15, 16, and 17, and in

Figs. 8 and 9. Considering Fig. 8, which is based on Vols. 24 to 30,

the records are seen to be exceptional. The center of the group shows

some tendency to conform to the energy curve. But the right-hand

portion is very remarkable. As the data stand, they do not support
the hypothesis.* That the conditions of official testing were responsi-

2*



592 BULLETIN No. 245

Holstein cows, having normally a somewhat low value of t and a high
value of M, were in high condition at freshening, and thereby the

value of t was greatly increased while the value of M was not de-

creased. Such a condition might distort the data to produce the effect

observed.

Because of the exceptional nature of the above records, which may
be called "modern," the earlier records of Vols. 18 to 24 are con-

sidered. They are the first 1,003 long-time official records of the

breed. The data (Fig. 9) show a somewhat similar tendency, but in

lesser degree. It will be seen that judged by the logarithmic curve,

the energy curve does not fit well; but judged by the observations

themselves, it fits fairly well. This view is supported by the errors,

which are not much greater for the energy curve than for the

logarithmic curve.
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While the "modern" Holstein advanced registry records do not

support the hypothesis, the early records, both long-time and seven-

day, are regarded as supporting it very satisfactorily.

sn

540

i.i 12 zs a i 31

VOLSTEIN ,t.R.O.

9asetnnaM.
r-aiK
/u.

37 9.9 41 4* 4.S 4.7 +9

FIG. 10. RELATION BETWEEN FAT PERCENTAGE AND MILK YIELD: HOLSTEIN-
FRIESIAN ADVANCED REGISTER SEVEN-DAY RECORDS

277 records, 1894-1898, age-corrected. Data from Table 20, page 618.

These are the records of the first 277 cows of the breed admitted to the
advanced register under the present system of official supervision. Note
the practically complete disappearance of the discordantly high milk

yields at the higher fat percentages shown in Fig. 8.

Summary of Evidence. The coefficient of correlation (Table 21)
indicates the presence of a definite relation between percentage fat

content and yield of milk. As brought out further by the mean
milk yields and by the fitted curves and their errors (as shown in the

graphs and tables) this relation is in excellent conformity with that

expressed in the hypothesis for all the records except the "modern"
Holstein advanced registry records.

It is therefore held that the hypothesis is verified by the evidence

at hand.*

*The hypothesis of this paper has a bearing, on the problems of inheritance
of the characters fat percentage and milk yield. The low value of r as found
in correlating the two variables has given rise to the notion that the genetic
factors responsible for the two characters are independently transmitted and
capable of combination in any way. Such may be the fact. But we must re-

member that to secure the simultaneous development of high fat percentage and
high milk yield would involve an extraordinary expenditure of energy. The
hypothesis suggests that a high energy yield is no more certain of attainment
with a high fat percentage than with a low fat percentage; and that there is

no more likelihood of securing a super-dairy breed by crossing a high fat per-

centage breed with a high milk yielding breed than there is within either breed

itself, so far as the direct influence of the genetic factors determining the two
characters in question is concerned.

An alternative explanation of the relation between fat percentage and milk

yield deserves consideration. If the mean fat percentage of the various milk
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CORRECTION OF MILK YIELD FOR FAT CONTENT

Derivation of Formula. The principal product of the dairy cow

is her mammary product milk, variable in quantity and chemical

composition. Composition itself, as measured by fat percentage, is a

factor having a certain definite influence on quantity. It is desirable

to express the mammary product in terms of milk of some certain

standard composition, and this is readily possible because of the nature

of the influence of composition on yield. The choice of the standard

composition to be used is not predetermined, except that it be the

normal composition of milk of some particular fat percentage. For
the Holstein breed the choice might be the mean of the breed, say
milk of 3.4 percent fat; for the Jersey breed, likewise, 5.4 percent
fat. For general convenience and utility, it is better to have a single

standard for all cows, and normal milk of 4.0 percent fat has been

chosen as being near a mean and most convenient of use.

The problem is now to equate the milk yield at varying fat per-

centages to the standard of a milk having a fat content of 4.0 percent.

The equation takes the form,

Fat corrected yield Enersv vield
of milk (pounds), FCM = g

gy
%' -,

, , nr/ ^--Energy of 1 pound of 4.0% milk

132.06 M + 4964 F
330.62

= .4 M -f 15 F

Application of Formula. It will be recalled that the "modern"
Holstein advanced registry records do not support the proposition on

which this formula is based. There may be some doubt as to whether

the formula may equitably be applied to this class of records. The

yield classes be determined, it is found that there is a decrease in fat percent-

age from lower to higher milk yields. 'On the basis of this, Gowen1
(p. 95)

has offered, in explanation of the relation between fat percentage and milk

yield, the proposition that a higher milk yield requires a greater expenditure
of energy (in total) than a lower milk yield, and that the fat or fat precursors
of the milk are drawn on to meet this energy requirement, thus reducing, to some

extent, the proportion of fat' in the milk at the higher milk yields. According
to Gowen's view, milk yield is cause and fat percentage is effect (milk yield,

however, affecting fat percentage only to a minor degree) ; whereas, according
to the view of the present paper, fat percentage (together with the correlated

solids-not-fat percentage) is cause and milk yield is effect (fat percentage being,

however, only one of many factors affecting milk yield). Both views have in

common the recognition of an energy requirement in explanation of the relation

between the two variables. To the writers, it does not seem reasonable to suppose
that the fat or fat precursors of the milk should be the sole source of the energy
required in milk secretion: whereas, it does seem reasonable to suppose that the

energy requirement should be a determining factor in the amount of milk

secreted, and that the energy requirement should be in proportion to the energy
content of the solids of the milk secreted.
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only apparent reason that it might not be so applied would be that

the composition of the milk of advanced registry Holstein cows (under
the particular conditions surrounding the production of their records)
is different from that of other cows (or Holstein cows under ordinary

conditions), where the fat percentage is the same. There is no evi-

dence that it is different, but on the other hand there is some evidence*

that it is not different. In the judgment of the writers, the discordant

results noted are due to subjecting part of the population to unusual

conditions and the discord would disappear if the whole population
were subjected to the same condition. The formula is therefore re-

garded as applicable to the class of records in question.

The proposition on which the formula is based is supported by the

use of mean milk yields of groups. The question arises, is it applicable
to individuals? The relation E = 132.06 M -f- 4964 F is naturally

subject to some variation, and to that extent there is the probability
of error in applying the formula to the individual. That such error

would not be great is indicated by two facts : first, the fat itself rep-

resents more than half the energy of the milk (except when
t < 3.8) ; second, the solids-not-fat, which are responsible for the

remainder of the energy, are closely correlated with the fat (r= +.9).

Hence, the formula may be applied to the individual with the prob-

ability of only slight injustice.**

The recommendation is therefore made that for comparative pur-

poses in considering the milk production of cows, the yield of milk be

corrected by the formula .4 M -|- 15 F
;

where M= milk yield, in

pounds, and F= fat yield, in pounds.***

*
Unpublished data, Illinois Agricultural Experiment Station.

**It would be more accurate to determine the energy value calorimetrically.
The greater accuracy is not regarded as a sufficient offset to the difficulties in-

volved in the calorimetric determination to warrant its use, ordinarily. If the

energy value is determined directly the equation would take the form:

E C M= = .3025 E
330.62

Where both the solids and fat are determined, the equation might take the

form:

F-S C M = 4220 F + 1860 S-N-F ^^ p .^ g .N .p
330.62

***As to the equity of this correction, further evidence, of a different

sort, is to be had from the feed required for the production of milk of different

fat percentages. On this, a great deal of experimental work is summarized and

generalized in the feeding standards for milk production. Table B analyzes
several standards on the basis of the energy value of the milk solids. It will be
noted from the table that the feed required per unit energy of milk is practically
a constant for the varying fat percentages (except with the Eckles standard). In

point of feed required, the evidence of the feeding standards supports the equity
of the correction formula.
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The results of experimental work in milk production are generally
stated in terms of milk and of fat. There are often economic condi-

tions that make it desirable to lay stress on one or the other of these

terms. In other cases, where a physiological comparison is desired,

it may be desirable to have a single expression to cover both terms,
and for such purpose the above formula should be of value. To
illustrate specifically, take the results of grading up from scrub cows

TABLE B. RELATION BETWEEN PERCENTAGE FAT CONTENT OP MILK AND FEED
REQUIRED TER UNIT ENERGY OF THE MILK SOLIDS

(The table shows the relative values of the feed required by various feeding
standards as given in Larson and Putney,

8 at the several fat percentages
indicated. Four-percent miUc is taken as 100 for each standard.

The energy of the milk solids is estimated by the
formula given in the text.)

Feeding
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by the use of dairy bred bulls as reported in Bulletin 188 of the Iowa

Agricultural Experiment Station. The daughters of the Holstein

bull used showed a milk production equal to 190 percent of that of

the dams, and a fat production equal to 159 percent. The average

production of the dams was 3,894 pounds FCM and of the daughters,

6,602 pounds FCM. The production of the daughters, on this basis,

is 170 percent of that of the dams; and we may say that the dairy-
bred bull has increased the dairy capacity of the first generation by
70 percent when compared with the stock with which he was mated

(age is not taken into account here).

The formula should be of especial value in comparing the pro-
duction of cows having a considerable difference in the percentage
fat content of their milk. Table C has been prepared from the pub-
lished records of five dairy breeds in order to show the relation be-

tween the highest milk and highest fat records in each breed. Deci-

mals are omitted from the milk and fat records.* Suppose it is de-

sired to compare the records of the first two cows in the table. Cow
B.P. has a recorded fat production 100 pounds greater than cow
S.P.P.

;
but the latter has more milk by 10,364 pounds. Which is the

better record ? From the physiological standpoint of work performed,
and reduced to terms of 4.0-percent milk, S.P.P. has the better record

by 2,645 pounds. In like manner, comparison may be made between

the breeds, if desired.

TABLE C. HIGHEST MILK AND HIGHEST FAT RECORDS OF FIVE BREEDS

(August, 1922)

Name and Number
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970 Jersey Cow Testing Association yearly records

8,038 Jersey Register of Merit long-time records

367 Jersey Register of Merit seven-day records

3,564 Guernsey Advanced Register long-time records

1,091 Ayrshire Advanced Registry long-time records
311 Brown-Swiss Register of Production long-time records

2,773 Holstein Cow Testing Association yearly records

277 Holstein-Friesian Advanced Register seven-day records (Vols. 1-9)

1,003 Holstein-Friesian Advanced Register long-time records (Vols. 18-24)

Discordant results are shown by one group :

5,266 Holstein-Friesian Advanced Register long-time records (Vols. 24-30)

The relation supported by the majority of the data is made the

basis of a correction formula for milk yield designed to equate for the

influence of fat percentage on yield.

CONCLUSIONS
The percentage fat content of the milk is a factor affecting milk

yield. So far as affected by fat percentage, the milk yield is inversely

proportional to the energy value of the milk solids per unit of milk;
that is, the energy value of the milk solids, in the total milk yield,

is a constant. For a group of comparable cows, the relation be-

tween fat percentage and milk yield is expressed by the equation
o

M
;
where M is the average milk yield (in pounds), t is

fat percentage, and a is a constant determined in value by the pro-

ductive level of the particular group. As corollaries : F= .Ola

.0266a , .06036a .03376a

2156+T'
where F is fat, S-N-F is solids-not-fat, S is solids (all, in pounds)
and a is the same constant as above.

The milk yields of cows may be corrected for the influence of fat

content to the physiological equivalent of 4.0-percent (fat) milk by
the equation, F C M= .4M -f 15F

;
where F C M is "fat corrected

milk," M is the actual milk yield, and F is the actual fat yield (all,

in pounds).
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TABLE 2. COMPARISON OP MEAN MILK YIELDS AS OBSERVED, AND AS CALCU-
LATED FROM FITTED LOGARITHMIC AND CONSTANT ENERGY CURVES

Grade and Pure-Bred Holstein Cow Testing Association Records
(See Table 1)

t
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TABLE 3. CORRELATION OF THE VARIABLES PERCENTAGE FAT CONTENT
AND YIELD OF MILK

Data from Jersey (Grade and Pure-Bred) Cow Testing Association Yearly Records

Percentage fat content of milk; class mid-points (add .045)
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TABLE 4. COMPARISON OF MEAN MILK YIELDS AS OBSERVED, AND AS CALCU-
LATED FROM FITTED LOGARITHMIC AND CONSTANT ENERGY CURVES

Grade and Pure-Bred Jersey Cow Testing Association Records

(See Table 3)

t
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TABLE 5. CORRELATION OP THE VARIABLES PERCENTAGE FAT CONTENT AND
YIELD OP MILK

Data from Jersey Register of Mprii, Vols. 1916, 1917, 1918, 1919
All Long-Time Records, Including Reentries

Percentage fat content of milk; class mid-points (add .045)
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TABLE 6. COMPARISON OP MEAN MILK YIELDS AS OBSERVED, AND AS CALCU-
LATED FROM LOGARITHMIC AND CONSTANT ENERGY CURVES

Jersey Register of Merit, Vols. 1916, 1917, 1918, 1919
All Long-Time Records, Including Reentries

(See Table 5)

t
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TABLE 7. CORRELATION OF THE VARIABLES PERCENTAGE FAT CONTENT AND
YIELD OF MILK

Data from Jersey Register of Merit, Vols. 1911, 1913, 1915, 1916, 1917, 1918, 1919
All Seven-Day Records of Cows Four Years Old and Over

Percentage fat content of milk; class mid-points (add .045)
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TABLE 8. COMPARISON OF MEAN MILK YIELDS AS OBSERVED. AND AS CALCU-
LATED FROM LOGARITHMIC AND CONSTANT ENERGY CURVES

Jersey Register of Merit, Vols. 1911, 1913, 1915, 1916, 1917, 1918, 1919
All Seven-Day Records of Cows Four Years and More of Age

(See Table 7)

t
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TABLE 9. COMPARISON OF MEAN MILK* YIELDS AS OBSERVED. AND AS CALCU-
LATED FROM LOGARITHMIC AND CONSTANT ENERGY CURVES

Guernsey Advanced Register*

All Entries and Reentries to and Including Vol. XXIX

t
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TABLE 10. COMPARISON OF MEAN MILK YIELDS AS OBSERVED, AND AS CALCU-
LATED FROM LOGARITHMIC AND CONSTANT ENERGY CURVES

Ayrshire Advanced Registry (Ayrshire Breeders' Association Year Book), 1907,
1911, 1913, 1914*

t
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TABLE 13. COMPARISON OP MEAN MILK YIELDS AS OBSERVED, AND AS CALCU-
LATED FROM LOGARITHMIC AND CONSTANT ENERGY CURVES

Brown Swiss Register of Production, Jan. 1, 1922
All Long-Time Records, Age-Corrected

(See Table 12)

t
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TABLE 15. COMPARISON OF MEAN MILK YIELDS AS OBSERVED, AND AS CALCU-
LATED FROM LOGARITHMIC AND CONSTANT ENERGY CURVES

Holstein-Friesian Advanced Register, Vols. 24-30
All Long-Time Records, Including Reentries

(See Table 14)

t
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TABLE 17. COMPARISON OP MEAN MILK YIELDS AS OBSERVED, AND AS CALCU-
LATED FROM LOGARITHMIC AND CONSTANT ENERGY CURVES

Holstein-Friesian Advanced Register, Vols. 18-24
All Long-Time Records, Including Reentries

(See Table 16)

t
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TABLE 20. COMPARISON OF MEAN MILK YIELDS AS OBSERVED, AND AS CALCU-
LATED FROM LOGARITHMIC AND CONSTANT ENERGY CURVES

Holstein-Friesian A. R. O. Seven-Day Records
First 277 Original Entries, Age-Corrected

(See Table 19)
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TABLE 22. EQUATIONS TO FITTED CURVES EXPRESSING RELATION BETWEEN
PERCENTAGE FAT CONTENT AND YIELD OF MILK

(Y= yield of milk, in pounds; t = percentage fat content of milk)

REFERENCE TO
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TABLE 23. ERRORS OF FITTED CURVES

(The mean error is given first; the root mean-square error, second)

REFERENCE TO
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