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Aryssy (1917), who introduced the conception of nett energy values,
clearly discriminated hetween the energy values of feeds and the
energy required by the animal. The latter requirement, he analyzed
into definite and distinet physiological functions, such as basal meta-
bolism, elaboration of new tissues, fat deposition, egg production,
lactation, gestation, and work. The basal metabolism of an animal,
which 1s its minimum energy expenditure compatible with the mere
existence of life, is a necessary and essential step in the determina-
tion of the different components of an animal’s total energy
requirement. It is that fraction of the energy needs, on which the
energy required for all the other fractions, such as growth, egg pro-
duction, etc., are superimposed. A growing chicken would there-
fore first utilize its feed energy to cover its basal heat mequirements,
and thereafter convert the remaining energy for an: »slic purposes
such as tissue synthesis, fat production, ete. It 1s therefore self-
evident, that in a study of the energy requirements of animals, the
basal heat production should constitute the initial determination.
Such a d srmination is generally conducted when the animal is in a
post-absorptive condition and free from the stimulus of food, with
an environmental temperature corresponding to the critical tempera-
ture of the animal. The experimental animal should be inactive and
as nearly as possible at complete rest.

Under these conditions the basal metabolism of an animal or
individual is readily reproducible, and appears to be one of the most
constant of biological measurements. Ifor this reason, it is also
extensively used as a diagnostic measure for certain types of diseases.
However, it has been amply demonstrated that the constancy of the
hasal heat production holds bettzr when expressed per unit of surface.
Consequently the surface area is used in preference to weight, for
expressing the basal metaholism, since in the latter case differences
in size of the animal are reflected in the more variable set of data
obtained. As a result, formulae have been evolved by time consuming
devices, to estimate the surface arvea of different species of animals
for expressing the basal heat production.
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BASAL METABOLISM OF WHITE LEGHORN CHICKENS.

surface area was calculated from the individual weights an com-
pared with the measured areas. As will be seen from Table I,
column 2, a remarkably close fit was obtained. In only one case was
the percentage deviation more than 10 per cent. Disregard g the
signs the average deviation is 3-77 per cent. This value compares
extremely well with deviations obtained with other small animals
under similar conditions.

If, however, the exponent of W (weight in grams) in the Meeh
formula as well as its constant (K) are evaluated from the above data
by the 1 hod of least squares by using the following equations:—

(1) Tlog S=Nlog K+ 2 log W
() X log S. log W=log K. Xlog W+  S(log W)*

then even a better fit is obtained. The surface area predicte from
the determined equation S—36G-31 W """ ix given in Table T together
with the percentage deviation from the measuved areas. In no case
was the percentage deviation greater than 6 per cent. The average
percentage deviation disregarding signs is only 3-06. From these
results it would appear that the latter formula can be applied with
success in predicting the surface area of approximately one month
old chickens.

2. DBasal metabolism.

In studying the effect of length of fasting on the respiratory
exchange of chickens the Haldane Gravimetric method as modified
by Mitchell (1926) and previously employed by one of the authors
was used in this study. The outgoing chain consisted of two rows of
bottles which were connected to the animal chamber by a fwo-way
stopcock. In case of abnormal activity the current of outgoing air
could be iverted to the one train, the other train absorbing only
when the animal was quiet. The latter train consisted of small
bottles w c¢h could be accurately weighed. The aniinal chamber
consisted of a fruit jar into which the chicken fitted snugly but with
apparent comfort during the period of observation.

Chickens were fasted for 12 and 18 hours respectively after
which period they were subjected to a basal heat determination.
The results of the 12-hour basal metabolism determinations are
given in Table IT. The heat production was computed from the CO,
production by using Lusk’s figures, on the assumption that the total
respiratory quotient was non-protein. The usual errors resulting from
this simplificaticn as shown by Mitchell, are less than 2 per cent. The
environmental temperatures varied from 29° (. to 35° C., with the
majority of cases falling between 30° (. and 32° (. In some cases
chickens were first subjected to an 18-hours fast and later to a 12-
hours fast. This procedure was found necessary in order to avoid
the beginning of a fast in the early morning before the animals had

fed.

In st lying the effect of fasting on the respiratory quotient and
metabolic rate, it was originally intended to include a 24 hours
fasting period, but due to the fact that the respiratory quotients
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such an R.Q). was not due to fat oxidation direct or indirect through
conversion to sugar. They suggested that an R.Q. lower than -70
may be associated with protein metabolism, on account of the fact
that a large proportion of the nitrogenous end-products in the fowl
are excreted as uric acid and not as urea. Their argument is partly
based on the following equations:—-

20, -CH NH,COOH + 60, =(N1L,),C0 +5C0, + 51,0

rRQ — 210 _ gy
€0,
SCH, CHNH, COOH +210,=2C,H,N,0, +14C0O, + 24H,0.
14 €O,
RQ = “5i0, = 0- 667

When urea is therefore the end-product of protein metaholism,
an R.Q. of -838 is expected, while in the case of the fow] where uric
acld is the end-product, the R.Q. of protein metabolized will be -667.

Tt is difficult to understand why an animal such as the fowl will
metabolize protein in preference to fat in a fasting condition, 1f it
has the latter nulrient availalle.

Tapre I1I.

ITeat Production of 3-4 Weeks Old White Leghorn Chickens after 18
hours fasting.
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It is nevertheless a strange phenomenon that only occasional
cases of R.Q.7s less than 70, appear in a series of determinations.
Mitchell (1927), in 58 determinations of basal metabolism after 48
hours fast only obtained five lower than -70. Probably the nutri-
tional state of the bird may be an influencing factor.

From our data it appears that chickens of one month of age
reach a post absorptive state in 18 hours. Mature birds according
to Mitchell, must be fasted at least for 48 hours to attain a fasting
level. Ilenry, Magee and Reid (1934) found that it takes 16 to 206
hours for a fowl to empty its alimentary canal. This would then be
nore or less the period necessary to fast a fowl for a basal meta-
bolism determination, since the food stimulus will he removed. The
observation of the latter workers agrees with ours in that our chickens
were reduced to a fasting level after 18 hours.

Girarit 1.
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In Graph I the variation of basal metabolism with age for
humans, pigs and chickens has heen plotted.  The curve for humans
has been duplicated from Du Bois (1916), while that of the pig is
a reproduction of the data of Wood (1926). IYor comparison, a curve
representing the trend of the basal melabolism in poultry has heen
inserted.  These figures were obtained from the data of Mitchell
(1927) as well as ours. Naturally the basal metabolism per square
meter of one-month-old chickens reported by Mifchell (1927) 1s
higher than ours, since the prediction formula differs. The point
on the graph represented at one month has been obtained by
employving the formula of Mitchell (1929) S=8-19 W ™ and
utilizing our heat production values, since the values obtained in
this study appear to be more representative of the basal metabolism
as indicated by the R.Q.’s.
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The  teresting features of the curves ave, that the chicken
reaches its highest metabolic rate at approximately one month of
age, the pig attains the same level at approximately four months,
and the b nan between four and six vears. With the chickens the
basal heat production increases from hatching to one month at a
rapid rate, being about 22 per cent higher at the latter age, thau at
hatching.  From one month, the basal heat production seems to fall
asx rapidly as it increased and reaches a level of heat pro  wetion almost
equivalent to that of mature birds in two to three mon s time. The
highest basal metabolismn veached by pigs 1s approximately 70 per
cent. more than the adult level, while with chickens it 1s only
approximately 12 per cent. more. This difference may hear some
relation to the life span of the animal and the rate at which 1
attains maturity.

Trrom these results it will appear, that from three weeks to five
veels, the basal needs of chickens are at their highest, and would
therefore in practice constitute the period during which they should
be fed m -+ liberally to attain good growth.

SUMMARY aND CONCLUSIONS.

1. By the application of the mold method the individual surface
area of 17 chickens of approximately one month of age were deter-
mined an formulae evolved for the prediction of the surface avea.
The value tor K in the Meeh formula was found to be 11-2, while by
the method of least squares a formula equivalent to S —=36G-31 W -7
was obtained.

2. The basal heat production of one-month-old chickens, when
expressed per square meter of body surface, was found to be 891
calories per day. If the formula of Mitchell for estimating the sui-
face area is applied, the basal heat production becomes 1,085 calories
per day.

o

3. It appears that the highest basal metabolism in chickens is

reached between 3} to 4% weeks.
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