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THE ENERGY VALUE OF MILK AS
RELATED TO COMPOSITION

Formulas for the Computation of the Energy

BY O. R. OVERMAN, Assistant Chief in Dairy Chemistry, and
F. P. SANMANN, Associate in Dairy Manufactures

A knowledge of the energy valuea of milk or the number of calories

of heat which can be produced by the complete combustion of a given

quantity of milk is of interest and value both to students of human
nutrition and to those of animal nutrition. Formulas have been devel-

oped for the computation of this value. Gaines and Davidson,
1 work-

ing from data compiled by Stocking and Brew,
2 have derived the form-

ula E = 49.64 (2.66 + i), in which E is the energy of milk solids and

t is the percentage of fat. This formula, which gives the energy value

per pound of milk, is based on average analyses, and was used in esti-

mating the energy yield of cows. Frederiksen3
reports that Director

A. C. Andersen gives the heat of combustion of milk to be equal to

(percentage of fat X 113.5) + 290 calories per kilogram.

The present investigation was begun for the purpose of determining

the energy values of milks of different composition, and of comparing
such determined values with corresponding energy values as computed
from the composition of the milk. As the work progressed, the possi-

bility of applying statistical methods to these results, for the purpose
of deriving formulas by which the energy value of milk might be

computed from its composition, was recognized. This treatment of

the data resulted in the derivation of formulas based, first, upon the

complete analysis of the milk; second, on the fat, protein, and lactose

content; and third, on the fat alone. The details of the statistical

methods by which these formulas were derived, and a discussion of

the application of the formulas, are presented in the following pages.

EXPERIMENTAL PART

The milks studied were obtained from the purebred and experi-

mental herds of the Dairy Department of the University of Illinois.

"Where the terms energy value or calorie are used it is to be understood that the

large calorie is the unit of heat involved.
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The samples represent milk from Ayrshire, Guernsey, Holstein, and

Jersey cows, and from cows in the Guernsey-Holstein crossbred experi-

mental herd. At the beginning of the work a few samples were taken

from single milkings of individual cows. Later, each sample was a com-

posite made from all the milk produced by one cow during three days.

Samples were taken at all stages during the normal lactation periods of

the cows.

The samples were preserved with formaldehyde, added in ap-

proximately the proportions recommended by Palmer,
4 and were kept

in half-gallon glass fruit jars fitted with glass lids and rubber rings.

Determinations of percentages of fat, total protein, lactose, and

total solids, and for specific gravity and energy value, were made for all

samples studied.

The specific gravity was determined with a specific-gravity balance

of the chainomatic type. The percentage of fat was determined by the

Roese-Gottlieb method, using about 5 grams of the sample.

Total protein was determined by the Official Kjeldahl method.

Lactose was determined by the Official Optical method, mercuric nitrate

being used as the precipitant. A Schmidt-Haensch saccharimeter was
used for all polarizations.

Total solids were determined by the Official method. A Parr adiabatic

oxygen-bomb calorimeter was used for all determinations of energy
value. The water equivalent of the calorimeter was carefully determined

by several combustions of weighed quantities of pure benzoic acid.

About 10 grams of the milk sample were accurately weighed into

an Illium combustion capsule and dried on a water bath. The dried

samples were kept in a desiccator until the combustion could be made.

Combustions were made in oxygen under a pressure of 25 to 30 atmos-

pheres. Temperature changes were read to thousandths of a degree

centigrade on a standardized Beckmann thermometer. The rise in

temperature was corrected in every case for stem emergence and for the

setting of the Beckmann thermometer. The total energy change in the

combustion was then computed by multiplying the rise in temperature in

degrees by the water equivalent of the calorimeter. This value was then

corrected for the heat liberated by the combustion of the iron fuse wire

and the heat liberated in the formation of nitric acid during the com-

bustion. A total of 212 samples of milk were so studied.

All analytical results are tabulated in the first six columns of Table 1,

arranged down the column in the order of increasing fat percentages.

These results in each case are the means of closely corresponding

duplicate determinations.
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TABLE 1. ANALYSES OF 212 MILK SAMPLES WITH COMPUTED AND DETERMINED
ENERGY VALUES
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TABLE 1. ANALYSES OF 212 MILK SAMPLES WITH COMPUTED AND DETERMINED
ENERGY VALUES (Continued)
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TABLE 1. ANALYSES OP 212 MILK SAMPLES WITH COMPUTED AND DETERMINED
ENERGY VALUES (Continued)
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TABLE 1. ANALYSES OF 212 MILK SAMPLES WITH COMPUTED AND DETERMINED
ENERGY VALUES (Concluded)
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gression equation of F, based upon the other variables, is F = MF +
aF aF aF aF

(D MD) + @FE .

~^ (E ME). Substituting the values given in

Table 2, and simplifying, this equation becomes,

F! = 52.78A + 16.415 + 37.87D + 46.91E - 2.75C - 57.70

calories per quart (Formula 1).

TABLE 2. MEANS, STANDARD DEVIATIONS, COEFFICIENTS OF CORRELATIONS AND
PARTIAL REGRESSION COEFFICIENTS DERIVED FROM ANALYSES OF

212 MILK SAMPLES SHOWN IN TABLE 1

Column
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The correlation coefficient of A and FM ,
the metabolizable energy

value (Table 1, eighth column), was computed. The regression equation
in this case becomes,

7^3
= 105.287 (A + 2.4185) calories per quart (metabolizable)

(Formula 3).

The regression equation for F, based on A, B, and C, computed
from the data given in Table 2, becomes,

7^4 = 90.67A + 54.275 + 26.73C + 55.44 calories per quart

(Formula 4).

These formulas may be used for estimating the energy value of

a quart of milk. The values of the 212 samples used in this investiga-

tion, ranging in fat percentage from 2.68 to 7.59, so computed, are in-

cluded in Table 1 in the columns headed by the respective formula

numbers.

The multiple correlation coefficients may be computed by substi-

tuting the values from Table 2 in the equation,
7 R2 =

j3FA rAF -f $FB -

fsf + (etc.). In the case of the six variables this becomes R\ \/-98726
= .9936; and for the four variables, A, B, C, and F, it becomes R2

V.9830 = .9915.

) The standard error of estimate in the energy values computed by
the use of Formula 1 is cF - ABCDE = aF \/l - R? = cF \/l - .98726
= .1128 <sF, or 11.28 percent of the standard deviation of F. In the case

of Formula 4 the standard error of estimate is aF ABC = <sF \/l R^
= cF Vl - ,9830 = .1304, or 13.04 percent of the standard devi-

atior of F.

For Formulas 2a and 3 the" standard errors of estimate are, re-

spectively, cF A =aF Vl -
I*AF

= F Vl -
(.9867)

2 = .1626 oF,

or 16.26 percent of the standard deviation of F, and <sFM A = aFM
-

(.9838)
2 = .1793 aFM ,

or 17.93 percent of the

standard deviation of FM-
The differences were found between the determined energy values

(Cohmn F, Table 1) and the total computed values given in the columns

heaced Total, Formula 1, Formula 2, and Formula 4, respectively;

and also between the computed metabolizable energy and Formula 3.

The means, standard deviations, and limits at odds of 30:1 and at odds

of 100:1 for these five sets of differences are given in Table 3.

"Using for Formula 2 the statistical values given in the preceding footnote,

pags 213.
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APPLICATION

The regression equations give a convenient method for use in com-

puting the energy value of a quart of milk if the percentage composition
of the milk is known. If A, B, C, D, and E are known, Formula 1 may
be used. When A, B, and C are known, Formula 4 is to be used, and
Formula 2 when A only is known. To compute the metabolizable

energy value of a quart of milk when A only is known, Formula 3 is to

be used.

Table 3, giving means, standard deviations, and limits within which

the results computed by the various formulas will lie, gives a measure

of the reliability of the computed values.

TABLE 3. MEANS AND STANDARD DEVIATIONS OP THE DIFFERENCES AND LIMITS

Differ-

ences
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Formula 2 gives results which at odds of 30:1 will lie within

38.8956 calories per quart of the determined value, or within about

+ 6.5 percent for milk with low fat content, and 3.9 percent for milk

with high fat content.

Formula 3 gives values which at odds of 30:1 will lie within

31.9023 calories per quart of the computed metabolizable energy value,

or within about + 6 percent of the computed value for milk with low

fat content, and 3.4 percent for milk with high fat content.

Formula 4 gives values which at odds of 30:1 will lie within

17.8382 calories per quart of the determined value, or within about

+ 3.4 percent for milk with low fat content, and + 2 percent for milk

with high fat content.

The mean and standard deviation of the differences between the

total energy per quart as computed and as determined show that for

the values for fat, for protein, and for lactose, as used in this work, the

computed values are, on the average, 6.3584 calories per quart higher

than the determined values. They also show that if 6.3584 calories are

substracted from the computed values, the chances are 30:1 that such

values will then lie within + 18.3638 calories per quart of the deter-

mined values.
a

The standard errors of estimate show that the standard deviations

of computed values from determined values are, for Formula 1, 11.28

percent of the standard deviation of F; for Formulas 2 and 4, 16.26

percent and 13.04 percent, respectively, of the standard deviation of F;
and for Formula 3 the standard deviation of values computed by the

formula, from those obtained by the use of the metabolizable energy

value of the constituents (FM), is 17.93 percent of the standard devia-

tion of FM >

For the purpose of comparing results obtained by their use, with

results obtained by using Formula 2 of this work, the formulas of Gaines

and Davidson and of Andersen were changed to the basis of the average

weight of a quart of milk (977.4 grams). These formulas thus become,
E = 106.9643 (2.66 + t) calories per quart, and E = 110.9349 (per-

centage of fat + 2.555) calories per quart, respectively.

If the values given by Frederiksen asfound by Andersen 3
(butterfat, 9.11 calories

per gram; milk protein, 5.86 calories; and lactose, 3.76 calories per gram) are used,
the results are as follows: mean of the differences between the determined energy
value per quart and the value computed by Andersen's constants, 2.8302 calories;
standard deviation of these differences, 8.5485 calories. That is, the energy of a

quart of milk computed in this way is on the average 2.8302 calories less than the
determined energy. At odds of 30:1, the limits within which computed values may be

expected to fall are + 18.2938; and at odds of 100:1, the limits are 22.0551. This
work of Andersen's was not at hand when the statistical study shown in the tables

was made.
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CONCLUSIONS

1. The heat of combustion of a quart of milk may be computed
in one of the following ways:

a. If the percentages of fat, protein, lactose and total solids, and

the specific gravity are known, the formula F = 52.78A + 16.411? -f-

37.87D + 46.9IE - 2.75C - 57.70 should be used.

b. If the percentages of fat, protein, and lactose are known, the

formula F = 90.67A + 54.275 + 26.73(7 + 55.44 should be used.

c. If only the percentage of fat is known, the formula F = 113.7334

(A + 2.4404) should be used.

d. If only the percentage of fat is known and the metabolizable

energy is wanted, the formula FM = 105.287 (A + 2.4185) should be

used.

2. The true heats of combustion per gram of butterfat, milk pro-

tein, and lactose probably lie between the values given by Abderhalden 5

and by Hammarsten 5 and those given by Frederiksen as found by
Andersen.3
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