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The special investigation on growth and development is a coopera
tive enterprise in which the departments of Animal Husbandry, Dairy 
Husbandry, Agricultural Chemistry, and Poultry Husbandry have 
each contributed a substantial part. The plans for the investigation 
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GROWTH AND DEVELOPMENT 
With Special Reference to Domestic Animals 

XXIV. The Decline in Energy Metabolism Per Unit 
Weight With Increasing Age in Farm Ani
mals, Laboratory Animals, and Humans.'" 

ABSTRACT 
1. This bulletin presents data on resting and basal energy metabolism per 

unit weight as a function of age for dairy cattle, beef cattle, sheep, horses, and swine 
from birth until about 3U' years of age; also basal metabolism data for white rats 
grown under various conditions of food supply, especially when the food was limited 
so that the live weight of the immature animals remained constant. 

2. These data, presented mainly in graphical forms, are analyzed mathematical
ly, and in the case of normally fed animals, shown to follow the age curve represented 
by the equation Q/m = Ae-kt+ C in which Q is the heat production for weight 
m, and age t. The constant C in the equation may be dispensed with when repre
senting brief segments of the age curve, or when confining the data to the period of 
senescence. These equations were also fitted to published data, and, where possible, 
compared to our data for the same and for different species. 

3. Interpretative ' discussions are presented regarding the factors shaping the 
entire life curve of metabolism per unit weight; the probable relative influence of the 
visceral organs, surface area, and live weight on the basal metabolic rates; the rela
tive influences of body weight, age, and relative physiological maturity on the meta
bolic rate; species comrarisons of age changes in metabolic rates; and units of refer
ence for metabolic rates. 

4. Published data on the age changes in basal metabolism of humans and pigeons 
are analyzed mathematically, especially as they relate to the period of senescence. 
It is shown that there is a slight but unmistakable decline in metabolism per unit 
weight with increasing age during the period of senescence. 

5. Gestation increases the metabolism per unit weight; lactation increases 
this still further. There are marked seasonal variations in the metabolism per unit 
weight in sheep with the peak occurring in spring and the trough in late autumn. 

1. INTRODUCTION 

This paper is an extension of Missouri Agricultural Experi
ment Station Research Bulletin 166. There, the energy metabolism 
per unit weight during growth was expressed as a function of body 
weight; here, the energy metabolism per unit weight is expressed as a 
function of age. 

1. The General Age Curve of Metabolism:-There is at least 
one species, the domestic fowl, for which energy metabolism data are 
available for both prenatal and postnatal life. On the basis of these data 
we have prepared a "life curve" of metabolism for this species. This is 
shown, in somewhat diagrammatic form, in Fig la, both with reference 
to increase in body weight as well as to increase in age. 

The metabolism per kilo is seen to decline at an ever decreasing 
rate from about 2000 Calories at incubation age of 4 days to about 100 
Calories at hatching age. Following hatching, it rises to nearly 200 
Calories during the third week, when a postnatal maximum is attained. 

*Paper No. 51 in the Herman Frasch Foundation Series. 
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The decline following this maximum is uneventful, approaching, appar
ently, about 50 Calories per kilo as limit, at least in the larger breeds of 

. chickens. 
The life curve of the domestic fowl, shown in Fig. la, is perhaps 

typical of the life curves of all other species of farm animals. They all 
certainly show a rise in metabolism in the early postnatal stages of 
growth. However, in comparison with the entire curve, the rise is not 
very striking. 
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Fig. la.-A diagrammatic representation of the age curve of metabolism of the 
domestic fowl. The prenatal segment represents average of published data. See Need~ 
ham for the literature on the metabolism of the chick embryo. The postnatal segment 
represents the average of Mitchell's and OUr data on the metabolism of chickens. 

2. Possible Causative Factors Moulding the Shape of the Age Curve 
of Metabolism:-What might be the causes of the peculiar shape of 
this curve? The following possibilities suggest themselves. 

a. During the prenatal period of growth, the life processes are 
nearly altogether vegetative. The organism is in a nearly constant aque
ous environment; the nervous and muscular systems are practically 
inert, all voluntary movements and all sensory stimuli being absent. 
On hatching, the organism is exposed to a new-a terrestial- environ
ment filled with numerous stimuli to which the nervous and muscular 
systems react, with consequent expenditure of energy. This may ex
plain the abrupt postnatal rise in energy expenditure. This rise may 
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continue with the increase in responsiveness of the nervous, endocrine, 
and muscular systems to the environment until a certain maximum 
responsiveness and maximum metabolism per unit weight is attained. 

b. The maximum energetic responsiveness of the organism 
(per unit of its body weight) to the environment is probably coincident 
with the maximum development (in mass, or area, or physiological 
function) of the vital organs in comparison to the total body size. That 
this seems to be the case is shown by the fact that the age curve (with 
respect to live weight) of the visceral organs of the body has the same 
general form as the age curve of metabolism with respect to live weight. 
By way of substantiation of this suggestion, a series of age curves for 
the ""relation between the mass of visceral organs and total body weight 
are~shown in Fig. lb. It has been previously shown (Fig. Ic) that in 
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Fig. leo-This CUrv e is the same as Fig. 6, p. 17, of Missouri Research 
Bulletin 115. It shows -that within certain body ~eight limits, the course of 
increase in weight of some visceral organs with respect to body weight in the dog 
follow the same course as surface area. 
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dogs the weight of some visceral organs with respect to live weight fol
lows the same course as does the surface area, which may explain the 
fact that metabolism follows the same course as does area in mature 
animals of different live weights. 

Dr. John Hammond* has called our attention to the fact that 
one difference between the improved domestic breeds of animals and 
the wild stocks from which they originated is that the former animals 
have proportionately more flesh and less of visceral tissue than the 
latter. In this respect, the wild animals show greater resemblance to 
the young of their species than do the domestic animals. On the basis 
of these considerations, one would expect that wild animals or thin 
animals (which have a greater proportionate mass of visceral tissues) 
would have a higher metabolism than domesticated or fleshy animals. 
Recently published data by Benedict and Petrik on the basal metabolism 
of the wild rat shows, indeed, metabolic values which are 35 to 40% 
higher than those of the domesticated fleshy Albino rat. May not this 
difference between the metabolism of the Norway and Albino rats be 
explained by the greater rei a ti ve mass of visceral organs in the former? 
Riddle, Smith, and Benedict have likewise found a much higher me
tabolism in a feral migratory species of dove reared in captivity than in 
the related non-migrating domestic doves and pigeons. These authors 
suggest this difference to be due to the relative differences in activity 
of the thyroids. We are inclined to attribute the higher metabolism 
in the "wild" breeds to relatively greater proportions of visceral organs 
than in the domesticated breeds. 

c. The exceedingly high metabolism per unit weight in the early 
stages of life may be associated with the exceedingly rapid rate of 
growth. It is reasonable to assume with Termine and Wurmser, Needham, 
Rapkine, and others, that energy is required for the growth process; 
it requires energy to raise the potential from the level of inanimate 
matter to that of living tissues; and, other conditions being the 
same, the higher the rate of growth, the greater, one might expect, 
would be the energy metabolism per unit weight and time. 

Furthermore, the exceedingly rapid rate of growth in the early 
stages of growth is associated with a correspondingly rapid rate of 
absorption of nutrients (see Needham, Fig. 253, p. 932). "On the sixth 
day, for instance, the (chick) embryo absorbs its own mass of dry solid, 
which would be equivalent to an adult. man eating about 150 pounds 
of food per day. During the time betwet:n the 6th and the 18th days 
of incubation, this rate falls to about a quarter of its original value." 
(Needham, p. 933.) In adults it is known that ingestion of food is fol
lowed by a considerable rise in heat production. A 25% rise above basal 

*Personal communication. 
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metabolism due to feeding is not unusual. Little is known about the 
specific dynamic effect, or heat increment of feeding, in rapidly growing 
animals; but it is not unreasonable to assume that the phenomenon 
of specific dynamic effect is also present in the young organism, and the 
very high metabolism in the early stages may, in part, be the result of 
the enormous consumption of food at that time. The rapid decline in 
metabolism per unit weight or area with increasing age may be as
sociated with the rapid decline in food consumption per unit of body 
weight. 

d. In the later stages of life, following what may be termed as 
middle age, the decline of metabolism is associated with the process 
of senescence, as indicated in the case of humans in Fig. 8b, page 40 
and of pigeons in Fig. 9, page 45. 

The above discussion assumes that under condi tion of basal metab
olism (in a neutral thermal environment) surface area is not a limiting 
and not an important contributing factor to the intensity of energy 
metabolism. Surface area would, of course, become an important 
factor in case of deviation from a thermally neutral environment. 

3. Mathematical Representation of the Age Curve of Metabolism j
During active growth obviously as the animal gets older it also grows 
heavier. It is therefore reasonable to assume that the course of metab
olism per unit weight with increasing age during growth might be rep
resented by the same mathematical function as was found to represent 
the course of metabolism per unit weight with increasing weiglzt during 
growth. This idea appears to be correct in the main, and the chief pur
pose of the present bulletin is to present graphically and by means of 
equations the energy metabolism per unit weight as a function of age 
in the same manner as in Research Bulletin 166, where these same data 
were represented as a function of body weight. 

The equations employed in Research Bulletin 166 were 

Q/m = Ae-km (la) 
and 

Q/m = Ae-km + C (2a) 

in which Q/m is the heat production per unit weight with increasing 
weight, m. In equation la, k represents the relative, or when multi
plied by 100 the percentage, decline in Q/m (heat production per unit 
weight) for an increase in one unit weight; e is the base of natural 
logarithms, and A is a parameter having the value Q/m when m is 
zero. Equation 2a assumes that the limiting value of Q/m is C; that 
s, that under the given conditions of growth the value of Q/m does 
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11 

not, for practical purposes, fall below C. The numerical values of A 
and k are, of course, different in equation (I).and (2). 

In this bulletin, we propose to use the same equations; but instead 
of having weight, m, In the exponent, we shall have age, t, that is 

Q/m = Ae-kt (1 b) 
and 

Q/m = Ae- k t + C (2b) 

thus changing trom Q/m as a function of m (weight) to Q/m as a 
function of t (age). 
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Equations (1 a) and (2a) may, of course, be written, respectively, in the forms of 
Q = mAe-km (Ic) 

and 
Q = m(Ae-km+C) (2c) 

and (1 b) and (2b) may be written respectively as 
Q = mAe-kt (Id) 

and 
Q = m(Ae-kt+C) (2d) 

Equations (ic) and (2c) on differentiation may be shown to have an inflection 

when m=2/k, and (Ic) has a maximum when m=I/k. 

On plotting Q (heat production per day) against m (body weight), one obtains 

respectively (for our steer 815) curves (D) and (C) in Fig. Id. The same curves are 

shown in the inset, on a greatly extended scale, respectively by curves (D) and (C). 

The Q/m os m curves for equations (1) and (2) for this steer are shown on page 15 

of the preceding report (Research Bulletin 166). 
Now since the total metabolism (Q) can not possibly decrease with increasing 

weight, therefore equation (Ic) and also equation (Ia), from which (Ic) is derived 

can not represent the data for steer 815 beyond body weight of about 600 kilograms: 

or in general, they can not represent the data beyond a certain limit. Hence, th~ 

necessity of having the constant C as indicated in equations (2b) and (2c). To be 

sure, equation (~c) :,-lso .has ,an inflection in its cu!ve, :vhich ir:flection is. perhaps 

without foundation In bIOlogIcal fact, and from thIS pOint of vIew equatIons (2b) 

and (2c) are not altogether satisfactory. Practically, however, this inflection is in

significant and causes no material deviation from the data in the particular region. 

As previously indicated, if one represents the Q/ m ratios by Rand P, then one 

obtains from equations (Ia) and (2a) respectively . 
R = Ae-km (lg) 

dR/dm = -kAe-kru 

and 

= -kR 

P = Be- km+C 
dP /dm = -kBe-km 

;F -k(P-C). 

(2g) 

These forms bring out the similarity between the equations here used and the 

well-known "mass, action" ~quations us~d in p~ysical chemistry; an~ show, formally 

at least, the possIble relatIons that mIght eXIst between metaboltsm and "active 

mass", as well as between changes in the course of metabolism with changes in the 

rates of growth and rates of senescence as explained fully in Research Bulletins 97 

and 105. 
These ideas are likewise applicable to equations (Id) and (2d) relating Q (total 

heat production per day) to t (age) instead of to m (weight). 

The following are the detailed procedures for locating the inflections and maxima 

in equations (Ic) and (2c): 
For (Ic) we have Q = mAe-km 

dQ/dm = -mkAe-km+Ae-km 
= Ae-km(I-km). 

On equating to 0, and solving for m, we obtain 
m = I/k 

which is the weight at the maximum. 
To obtain the inflection, the second derivative is obtained, equated to 0, and 

solved for m, as follows: 
d2Q/dm2 ;", Ae-km ( -k) - Ake-km(l-km) 

= Ae-km(-k -k(I-km)) 
= Ae-km(k2m-2k) 

k2m = 2k 
m = 2k/k2 = 2/k. 

For (2c) we have: 
Q = m(Ae-km+C) 

dQ/dm = m( -kAe-km) + (Ae-km + C) 
= Ae-km(I- km) + C 

d2Q/dm2 = -kAe-km - kAe-km(1-km) 
= Ae-km (-k -k(I-km) ) 

. = Ae-km (mk2 - 2k) 
m = 2/k which is the inflection. 

The equation has no maximum for practical purposes. 
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II. FARM ANIMALS 
1. Dairy and Beef Cattle 

13 

a. Definitions and Conditions of Resting and Basal Metabolism.
The data discussed in this section were already published (pp. 16 
to 31, Missouri Research Bulletin 166), but as related to body weight 
rather than to age. The definitions of resting and basal metabolism were 
also given. Resting metabolism represents the heat prdduction of the 
animals while they are in the natural lying position taken just before 
the morning feeding, and therein do our resting metabolism data differ 
from our basal metabolism data. Resting metabolism is basal metabolism 
plus the heat increment of feeding, just before the morning feeding. 

The condition of resting metabolism as thus defined is not very 
satisfactory for the reason that the actual value of this metabolism 
varies with the amount and nature of the diet. It is true only for the 
animals as fed by us; that is, for animals as fed and managed according 
to good commercial herd practice in Missouri. The resting metabolism 
values would be higher for animals fed more liberally, and lower for 
animals fed less liberally. . 

A few words are called for on the possible error introduced in our 
metabolism values by ignoring the methane production in cattle. 

It is generally known that there is fermentation in the digestive 
tract of ruminants. The products of the' fennentation are carbon dioxide 
and methane. The fennentation process is, we take it, anaerobic, so 
that no oxygen is used for this process; and, therefore, the oxygen con
sumption is not influenced thereby. As the metabolism data here pre
sented are based exclusively on oxygen consumption, therefore the 
carbon dioxide produced during fermentation is of no concern to us for 
the present purpose. 

But what about the methane? As this is not a product of metabolism 
of the animal (it is a product of bacterial origin), we have no direct inter
est in it. However, since methane is not absorbed in the soda lime, and 
since the rate of oxygen consumption is measured volumetrically, in 
the closed-circuit system, the reading for oxygen consumption will 
be less by the amount of methane that may accumulate in the system, 
and thus result in an error in the metabolism measurement. The final 
apparent metabolism value will be less than it really is by the amount 
of methane accumulated in the system. How large is this error? 

In the writer's opinion, this error is insignificant; at least it is less 
than the experimental error inherent in measuring metabolism 111 

general. This opinion is based on the following considerations: 
(1) The total methane carbon eliminated by cattle appears to 

be fro~ 5 to 9 per cent of the total carbon-dioxide carbon eliminated 
(see Forbes, Braman, Kriss et ai, J. Agric. Res., 1931, 43, p. 1019; 
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also page 41, vol. 40, 1930). When, therefore, the respiratory quotient 
is 1, then the apparent oxygen consumption would be from 5 to 9 per 
centless than the real oxygen consumption. This error would be reduced 
on decreasing the respiratoryquotient. 

(2) The aforecited values by Forbes and associates for methane 
production were obtained in a respiration chamber in which case the 
total methane excretion is determined. But the method used by us for 
measuring metabolism involves the connection of the animal's respi
ratory system only to the apparatus, so that only that part of the meth
ane which is exhaled through the lungs (after absorption into the blood 
stream) is accumulated in our respiratory apparatus. A part of it also 
may be excreted by the way of the oesophagus, although this seems 
improbable to us as the animals keep their mouths closed while having 
the mask on. When, however, regurgitation of the gas does occur, it 
would have to be sudden-a change which would be abruptly registered 
on our graphic record of the spirometer volume, and which is neces
sarily discounted for by our graphic-slope method of computing metab
olism. We compute the metabolism not by finding the actual decrease 
in volume of the oxygen spirometer in the given time, but by measuring 
the slope of the graphic record, and an abrupt change in the volume of the 
system does not affect the slope of the graphic record. It is felt, therefore, 
that the graphically uncorrected-for accumulation of methane in the 
system is quite negligible, and may be completely ignored. We hope 
in the near future to obtain quantitative data on methane excretion 
by our method of measuring metabolism and perhaps determine the 
relative amounts of this gas excreted by way of lungs, oesophagus, and 
rectum. 

b. Resting Metabolism Curves oj Cattle Populations.-These are 
represented in Fig-. 2a by breed and sex. Each data point represents a 
monthly average value for a given animal. Each monthly average value 
is the average of from one to ten single measurements during the given 
month. 

The heavy curve passing through the data points represents t]-~e 
average, which was obtained as follows: Equation 2b was fitted to tnt 
data for each individual animal separately. The constants A, k, and 0 
of the individual equations were then averaged, and the heavy curve in 
Fig. 3a is the average equation of the individual equations as thus ob
tained by averaging the constants. The broken curves represent 10 
and 20% deviations from the average curves. 

An attempt was also made to fit to the data equation Ib (which 
does not have the constant C), with the result shown by the straight 
broken line passing through the data points. The fit of the equation is 
fair until 12 to 15 months of age, but it obviously does not fit after 
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equation 2b; straight} heavy} broken lines represent equation 2a; the ligh t broken curves represent 10 
and 209?" deviation from the average. The meaning of each of th e four symbols is indicated on the 
lower If' .\: corner of the chart. The curves represent data accunlulated up t o September 1, 1932. 

this age. This is also shown by curve B in Fig. Id. The constant C is 
an absolute necessity in the equation. But the fit of equation 'lb is 
interesting in showing that until about 15 months the average decline 
in metabolism per unit weight in cattle is of the order of 4.8 per cent 
per month, as compared to a decline of about 9 per cent per year (or 
less than 0.8 per cent per month) between ages 1 and 5 years in humans 

15 
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(see Fig. 8a). Does this difference in rate of decline in metabolism per 
unit weight with increasing age simply represent differences in declines 

' in gains in weight, or does it represent differences in the rate of ap
proach to physiological maturity? This problem is discussed in greater 
detail in connection with Fig. 11. 

As in the preceding report, the gestation and lactation data are 
above the level of the average curve. We are as yet unprepared to in
terpret these results; we do not now know whether the high values 
during lactation are due to the additional food ingestion or to the 
energy expense of milk production. The problem of the energy expense 
of lactation distinct from food ingestion must be worked out in species, 
such as humans, dogs, rats, and swine, whi~h have a simple digestive 
tract, which can be conveniently maintained on very simple diets, 
and which reach the post-absorptive condition within 12 to 15 hours 
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Fig. 2b.-Basal metabolism as a function of age in our cattle populations. The 
circles, etc., represent individual measurements. The heavy smooth curves represent 
the fit of equation 2b to the data. The broken curves represent the resting metabolism 
curves of Fig, 2a. The legend for each of the three kinds of symbols is 'given in the lower 
right quadrant. The average heat increments of feeding is seen to be between 23 and 26 
per cent for dairy cattle during the whole period of growth. I n the case of beef cattle, 
the heat in'crement of feeding seems to decrease with the age of the animals. 
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after feeding. It is obviously impracticable to fast heavily lactating 
cattle or sheep. We are at present collecting data on rats, humans, and 
swine for this purpose. 

c. Basal Metabolism and Heat Increments oj Feeding in the Cattle 
Population,s.-Our basal m~tabolism data were obtained in the same 
manner as the resting metabolism data, except the animals were fasted 
48 to 72 hours. As it is not ptacticabk to subject to frequent fasts the 
very expensive animals at our disposal, and which according to our 
program must be managed under conditions of a commercial herd any
way, therefore our basal metabolism data are comparatively few
really too few for drawing general conclusions. But whatever data we 
have are presented in Fig. 2b. Each point represents an individual 
measurement. Data Roints representing individual measurements are 
naturally less reliable ~nd more scattered on the chart than the points 
in Fig. 2a which represent averages of from one to 10 measurements. 

The heavy smooth curve drawn through the data points in Fig. 
2b represents equation 2b in the text; while the upper broken curve 
l'epresents the resting metabolism of the groups, as traced from Fig. 
2a. Note that the numerical values of the exponents are the same in both 
curves; that is, the slopes of both curves are the same, and the percentage 
differences between the two curves are the same for all regions of the 
curve. 

The percentage difference between the curves represents, according 
to our definition, the average heat increments of feeding of the particular 
group of animals under observation. All this was discussed in detail 
in the preceding report (pp. 45 to 65, Missouri Research Bulletin. 166). 

d. Resting Metabolism Curves oj Individual .. dnimals.-It was point
ed out that equation 2b was fitted to the data of each individual animal 
separately. These data have been plotted, and they are exhibited in 
Figs. 2c to 2g. A very conspicuous feature of the curve of every lactat
ing animal is the extraordinary high metabolic value during lactation. 
The lactation level of metabolism is seen to be between 30 and 60% 
above the general metabolic level in dairy cattle and 26 to 28% in beef 
cattle. 

The average rise in metabolism due to lactation is indicated on each 
chart, showing conspicuous individual differences in this respect. While 
we have not as yet correlated the relative heights of the lactation levels 
of metabolism with the levels of milk yield and food ingestion, yet there 
is no doubt that such relations exist. However, the causative factor 
for the high metabolism during lactation may not be the process of 
lactation as such, but chiefly the heat increment of the extra food con
sumption during lactation. The decline in body weight of heavily lacta
ting animals may be another contributing factor to the increase in metab-
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olism per unit weight. This gross survey of the situation must neces
sarily be followed by an analysis of the partition of the heat production 
in relation to each of the various possible factors causing the high level 
of metabolism during lactation. 

e. Individual Differences in Resting M etabolism.-What are the 
individual differences in energy metabolism? This is not only an impor
tant problem in biology, but it is evidently a problem of capital impor-

GM:IIIIJDOV ••• RIlI o 0 i--\;, 

30 -- ""~ '- >--~ ~~~~::, /-t-
'251--+-~c--1'''"''*''';:?!-'''~''lll::Pt-""_o'+,,,""",,±-::---1 t=ti~,~~~~otr-:::.~oll~t:i~ >--+------' f~ .!,;~,,~-:OJ-rl'--k-=-

., '- 1-- 1-+-I~+"::'{-"";::~;:+-+--1 '- 0 E:::,.". 
'20 I--I---I~-+/---': ...,"ho,,;~'----tt---=.:O:P _-i-=~ __ lI:u. -0- 4 1- 1---->-- i--I--------I __ ;_-_-'l-+-""_'-~_kl.fj,1!>+--.4J__+_=_i 
15 q..m·l35e-~~!Mi (3 - - - f- - IQAn'i45e- t+ p 051 ~f-- I-- - Q,fu·]36e l'l.+l> l,fir - t-_ 

50 

40 

on c 
0 

~ 
~ '25 

"-
"I, '-... .... I....... ' . 0 0 0 

" " P- 0 0 "f, > " 

'2 

'20 

Age 

Fig. 2eo-Age curves of resting metabolism in Jersey cattle, females, of individual animals. The circles represent 
the observed monthly metabolism values. The heavy smooth curves represent equation 2b. The broken curves 
represent 10 and 20 % deviations from the average curves. The short, heavy, broken segments represent the average 
metabolism during lactation. The percentage differences between the lactation and general levels are indicated on 
the curves. The ages a t breeding and calving are given. 



RESEARCH BULLETIN 176 19 

tance in agricultural practice. The most- important expense in animal 
or milk production is the co~t of maintenance. Other conditions being 
the same, the smaller the cost of maintenance, the more efficient is the 
animal as a transformer of energy. There is a general belief among 
practical feeders of animals that there are "easy" and "hard" keepers; 
that is, that some animals can get along with less food and need less 
for maintenance . than others. Are there really such differences between 
animals of the same breed? Are there breed differences in this respect? 

Fig. 2d.-Ruting metabolism in Holstein c,ttle, females. Sec legend to Fig. 2c for additional ex-
planations. w 
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Fig. 2e.-Resting metabolism of d,airy cattle, continued. 
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Are there species differences in this respect? Or, in general, do animals 
having approximately the same mature body weight and having the 
same rate of growth differ in their efficiency as transformers of energy? 
We shall refer again to these questions in connection with Fig. 8c com
paring the age curves of metabolism of humans, white Americans and 
Australian Aboriginals. 

Fig. 2g represents a comparison of age curves of individual animals, 
and also of breeds. This comparison of individuals against age is less 
significant than a similar comparison of individuals against weig!:! 
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given on page 31, Missouri Research Bulletin 166, because there are 
individual differences in body weight at given ages which affect the 
metabolism per unit weight. This comparison, as well as the one in the 
preceding report, suffers from the fact that the food in take was not con
trolled-the animals were merely fed according to the best practice 
of commercial herds-and so the' metabolic rates might have been in
fluenced by differences in individual food intake. We hope to report 
in the future on the relation between resting metabolism and food in
take in these animals. 

50~==========~==~ ;:::::;===============~ 
40 Holstein Cattle, ~:; Jepse'y' Cattle, ~5 

.30 

20 

15 

Fig. 2g.-Individual and breed differences in age curves of metabolism. The upper left quad-
rant represents curves of populations; the other quadrants represent individual animals with their 
herd numbers. 

2. Sheep 

With the exception of the complications arising from the peculiar 
wool covering of sheep, also the characteristic seasonal fluctuations in 
their sex lives, and the influence of pasture on sheep, the preceding dis
cussions and explanations for cattle are applicable to sheep. 

a. &sting Metabolism oj the Sheep Population and of Individuals.
. The population curve is shown in the lower left quadrant of Fig. 3a. 
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Fig. 3b represents individuals. The data on seven females are included. 
As before, each data point of resting metabolism represents a monthly 
average. The heavy smooth curve represents equation 2b, while the 
broken curves represent 10 and 20% deviations from the average curve. 
The lactation values were not included in the fitting of the equation 
to the data. 

The most conspicuous characteristic of the population, as well 
as of the individual curves, is the cyclic variation in metabolic rate. 
What is the cause of this phenomenon? 
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Fig. 3a.-Age curves of r!.Sting metabolism of sheep population (lower left quadrant) :tnd 
of individuals. 

Benedict and Ritzman have , discussed many influencing factors 
in the metabolism of sheep. The recurrent gestations, lactations, shear
ings, seasonal changes in temperature, seasonal changes in food consump
tions-both quality and quantity-are all important factors most of 
which have been discussed in the preceding report of this series, and in 
the preceding section as they relate to cattle. 

The peak in the early spring coincides with the spring shearing, 
also with the last stages of gestation, and with the heavy lactation. There 
is also a change in the nature of the diet and in environmental tempera
ture. As all these events come at nearly the same time, it is not possible 
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Fig. 3b.-Age curves of ruting metabolism of individual sheep. Note the 
maxima of the cycles tend to come in May following shearing, and the principal 
minimum in November. See also the inset in Fig. 3c. 

to say anything very definite at this time, concerning the relative con
tributions of each of these factors to the cyclic variations in metabolism. 
Since the wethers and females that were not bred, likewise show the cyclic 
variations, it is evident that there are other factors in addition to sex 
influencing the apparent seasonal variations in metabolism. 

This problem is under active investigation. However, it may be 
permissible to call attention at this time to a gross arithmetical error 
in all the computations using body size as unit of reference. It is this: 
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The weight of the wool constitutes, before shearing, an important frac
tion of the total weight of the animal. In the preceding and in the present 
report, as also in the reports by Benedict and Ritzman, no adjustments 
were made for the wool weight. Therefore, before shearing, the apparent 
metabolism per unit weight (or area) is lower than it should be. Follow
ing shearing, there is an apparent (due to shearing) drop in the weight 
of the animals, with a consequent apparent increase in metabolism per 
unit weight. 

The relatively simple and obvious problem of adjusting for the 
wool weight in sheep is a phase of the more general problem of adjusting 
the live weight of the animal to its "active mass." We have for example, 
a similar but more complicated problem in adjusting for the relatively 
inert fat deposits in the bodies of individuals of different degrees of fat
ness and different heights. This is merely another way of saying that 
the live weight of an animal is not a measure of its "active mass", and 
the custom of relating metabolism to surface area is an attempt to 
minimize these fluctuations in "active mass" by relating metabolism 
to a fractional power of live weight. instead of to weight itself; and the 
"surface law" may only be an attractive "explanation," or rationaliza
tion, of this difficulty. 

We have already mentioned Benedict and Ritzman's contributions 
in this field. Lefevre and Auguet have built an elaborate calorimeter 
with refrigeration equipment for sheep, and they are at present making 
a thoroughgoing investigation of the influence of temperature on the 
metabolism of this species. Andre Mayer and associates also, are 
investigating similar problems as they relate to the rabbit. It would 
not be appropriate to discuss the remarkable results of the Paris inves
tigations as they do not bear directly on the problem under immediate 
investigation, but we wish to call attention to their work, and to 
refer to some of their recent reports on this problem. 

b. Basal Metabolism and Heat Increment of Feeding.-The lower 
left quadrant in Fig. 3c represents individual measurements of sheep 
in post-absorptive condition. The distribution of the data points are 
somewhat erratic, but an average equation was fitted to them as repre
sented by the heavy continuous curves. The broken curve represents 
the resting metabolism of the population as in Fig. 3a. The difference 
between the resting and basal metabolism levels is seen to be of the 
order of 20,,%. The basal metabolism of the (single) wether is seen to 
be considerably below that of the females, mainly because the wether 
is much larger, and also much fatter, than the females. 

c. Individual Differences in Resting Metabolism.-The curves of 
the individual animals shown in separate charts in Fig. 3a and 3b are 
brought together in the lower right chart of Fig. 3c. Individual differences 
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in sheep are as great as those in cattle-partly on account of differences 
in live weight of the animals. 

d. A Comparison oj Our Curves With Published Data.- The only 
published systematic measurements on the metabolism of sheep at dif-
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ferent ages are those by Benedict and Ritzman. We have plotted their 
data in the upper half of Fig. 3c. The resting and basal curves of our 
animals are there shown, for purposes of comparison, along with Bene
dict and Ritzman's measurements. 

The difference between the values of Benedict and Ritzman and 
of our data may be due in part to the differences in live weight of the 
animals. This is shown in Fig. 4a, p. 55, of Missouri Research Bulletin 
166, in which the curves based on Benedict and Ritzman's data are 
compared to ours, with metabolism per unit weight plotted against 
body weight (instead of age as is done in the present Fig. 3c). There, 
it is seen that the curves representing Benedict and Ritzman's data, 
especially for wethers, are below our resting metabolism curves. However, 
our basal metabolism values are always below Benedict and Ritzman's 
whether expressed as functions of age or of weight. 

It was there pointed out that Benedict and Ritzman's animals were 
measured in the standing position while our animals, thoroughly trained 
and habituated to these measurements from the day of birth, were 
measured individually in the natural lying position. These factors 
(position and training) would tend to reduce our values considerably, 
a t least 15 per cen t. Also, our suckling lam bs were separa ted from their 
mothers for 12 hours before measuring them for resting metabolism, 
while apparently this was not done in the case of Benedict and Ritz
man's lambs. This would reduce our metabolism values during the suck
ling period. Furthermore, our basal metabolism values represent 
animals that fasted at least 48 hours, while Benedict and Ritz
man's standard metabolism represents animals fasting only 24 hours. 

Of course, as previously noted, there is a possibility that sheep 
exhale some methane, which on accumulation in the oxygen spirometer 
during the measurement might give an apparently lower oxygen con
sumption. We admit the existence of such a possibility for sheep as 
we did for cattle, but we do not believe that this would be sufficient 
to introduce an appreciable error. 

3. Horses 

a. Peculiarity oj the Horse Data.-The horses, unlike the other 
classes of our animals, were measured in the standing position. The 
reason for this exception, as explained on page 57 of the preceding re
port, is that horses naturally stand up most of the time, even while 
sleeping; and this species, unlike the others, seems to be more at ease 
in the standing position than if compelled to lie down. Young colts are 
much more restless than any of the other species, ·so that our metabolism 
of the young animals includes the heat increment of the consequent 
fidgeting. But after they had worked in the field (on a regular farm 



C&1;K~/Day 
v 

'.iO 

40 IX' i 
:VI 

.r> 

~r "'/IlL <ftC 

,,"-
\ .'- - r--

'25 
"'- ~ " --
'b. r- uo 

° 2 r- __ -
. ~ M' 

~ 
Q) 

:;s 

w "0'1 
\' 'I,; 

M \ '\. -..... . -, r--e 
'0" 
~ 

CJr. "-0 ~. p 000 

~ 
Q) 

[J:;. 
15 

4( 

,J 

25 

~, 

:\"\ 
\.\ 

I!'> <D 
M05~ 

IQ 

--- ..... 

° 
I.Q' IoPM< 
!" LOA, 
:,..;' -.. t----

.. 
10 

0 

0' . 
\ 

WI -'.c:J, 

~ ';:r,; 
A i:tiOo 

0 A .,,-

-2.0 

lI\'. 

1m" 

t. 
~ 
\1.1 

LL ::1.1>'. 
-- -,i'< .:s:~ 

o ". '<>, 

'"-

-.'J; :'2'l 
'l-l-

-"-a-I-- - "-
n 0 ;;C ", 

° ° ° 

l1\ 
e !1. 

eo ~ 

- ~ 

<n> r-r. ~ 
~~ ~ ~~ "-. AI' .. 0 

po. . G) 
30 

. . 
40:5 

i& 

'::If?, cJ:tilt fed 
.Mt. 

"(III . ...,..!, · .. oJ 

--OOO<L ....Q. .!L-..... 0 0 

-- t-.- - 1-- f--- t-9--- - 1-- f- -

.. 

. r. • n..., • ·.'.l':lt !.CH . .., ~ , ~, 

0 --0._ ° ~o<. -
"-

r----
.-.::... - - -"15 1,-"-

-- -t1 110--

/"::",, \\ ~JOIl\<; 

fI ,0" 
/ .// "!b 

:L '// 
~ 1L/ 

.. 
10 --20 --30 .- -

4O~ 
<Q 

A~e 

r. r.n ..,391 -;:;c 
'6' "- "(I ' loU' .I.:"; 

0 0 

\ ~ 0 0 0 0 o 0 

...... 
° ...... "'1, 

c. 
to 

. 
~ 

" .'2 - . ~ 
'.'\'\, "- "Y -' "" 
j' ,,"- 9, 

\ "- -- 0_ -,uoe' 

'" - f- 1-- --
0 

f- =-= 

'\ 

° ~Q/m 'Z9f '.~ ft?'2 
. ~ ° 0 

I~ A'" 
c 0 .... o~ .. ~ ° . ., 

to 

iT: ~ 6A 
• A • 

o/m 1ge-·ro7t. 13 .. 
Q!»-5 mont. o.v~ " 

(3) -. 
.. 
10 '20 30 

00 

0 

1-°..., 

-
-

~ 

'-

30 

.25 

20 1\ 

I !!'> 

III , 
i 

[0 

9 
8 

40 

Ei 
.~ 
-0 

:S 
~ 
d3 

~ 

r: Fig. 4.-Age curves of metabolism of horses. The upper 6 charts represent as many individual animals. The lower left chart (No. 1) has 
the data of all six plotted together, and the equation and its curve is the arithmetical average of the six individual equations and curves. Chart 
No.2 (bottom center) represen.ts a comparison of the curves of the six individual animals. The symbols in chart No.3 (lower right, represent 
"bnsalU data. The heavy curve is the average basal curve, and the broken curve is the average of the ruting metabolism . ...J..The animals indi-
cated bv 'tilt: malc _Rvmhols are castrated males (geldings). -

N 
00 

~ 
H 
1fl 
Ul 
0 
c: 
fd 
H 

> 
Cl 
fd 
() 
c: 
l' 
t-'J 
c: 
fd 
~ 
l' 

trl 
X 
'tI 
t'1 
fd 
H 

i':::: 
.~ 
t-'J 

U1 
t-'J 
~ 
>-l 
H 
0 
Z 



RESEARCH BULLETIN 176 29 

schedule) for several weeks, they seemed to have lost completely their 
restlessness, and remained quietly drowsing whil~ being measured. 
This would tend to give an apparently lower metabolism at the later 
ages. However, the animals lost weight while working, thus increasing 
the metabolism per unit weight with the net result that the age curve 
was not greatly affected by the work at the more advanced ages. 

b. The Age Curves oj Resting and Basal Metabolism.-All our 
curves for horses are shown in Fig. 4. The upper 6 charts in Fig. 4 
represent the curve of the individual animals, the lower left (No.1) 
represents the curve of the population of the six animals; the chart 
in the center (No.2) presents a comparison of the individual animals; 
the chart on the right (No.3) represents individual "basal" measure
ments, 5-month averages (double circles), and the fitted curves for the 
basal and resting metabolism of the population. ' 

The horse population is seen to be made up of females and geldings, 
some of which were "full-fed" and others "limited-fed". The full-fed 
animals tend to have a higher resting metabolism than the limited-fed, 
and the geldings tend to have a lower metabolism than the females. 

We are not familiar with published data on the metabolism of 
growing horses, and so, of course, we can not say how our values might 
compare with those that might be obtained by others. We are confi
dent that our data on horse metabolism, especially for the later ages, 
are thoroughly reliable. 

4. Swine 
a. Peculiarities oj the Swine Dczta.-The animals at our disposal 

were obtained in connection with another investigation relating to fac
tors influencing fertility in swine. In that connection, they were kept 
in rather confined quarters with no access to pasture. The animals were 
very poor breeders, and tended to get very fat. Indeed, at the later ages 
the animals were altogether too fat to be typical representatives of their 
kind in Missouri. 

While being measured under proper conditions, the animals are 
absolutely quiet, more so than any other species investigated. On the 
other hand, when the animals are not in a mood for it, they give surpris
ingly erratic values for metabolism. 

b. The Age Curves.-The data and curves of the individual animals 
are presented in Figs. 5a and 5b. The influenc~ of lactation on metab
olism are even more striking in swine than in cattle. This may be due 
in part to the fact that the animals lost weight very rapidly during lac
tation, with a correspondingly rapid increase in metabolism per unit 
weight. 

The two charts in the center of Fig. 5b represent individual measure
ments of basal metabolism, together with the fitted curve to the basal 
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data (solid curve) and also to the resting metabolism data (broken curve) 
of the swine population. The resting data for the entire swine population 
are shown in the upper right chart. 

The lower left chart presents a comparison of individual curves 
of each of the animals under observation. The "resting" curve of Deight
ton's hogs is also drawn there (broken curve) for purposes of comparison. 

The "resting" and basal metabolism data (and their fitted curves) 
of Deighton's hogs are shown in the lower right chart. Measurements 
taken 10 to 12 hours after feeding are taken to represent "resting" 
metabolism, while measurements made 48 to 72 hours after feeding are 
taken to represent basal metabolism. Deighton's animals were measured 
in a water calorimeter while they were in deep sleep. The very light, 
irregularly broken,lines in the two center charts represent Deighton's 
data for basal metabolism. 

When the metabolism per unit weight values are plotted against age, 
then our animals appear to have lower metabolism than Deighton's; 
but when metabolism per unit weight is plotted against body weight, 
then our animals appear to have a higher metabolism than Deighton's 
animals. This is, of course, due to the fact that our animals are heavier 
a t the given ages. 

III. DOMESTIC FOWL 
Our data on the domestic fowl are shown in the lower half of Fig. 

6. The upper chart represents data by Mitchell, Card and Haines. As 
these two sets of data were discussed critically in pages 67 to 70 of 
Missouri Research Bulletin 166, there is nothing that we can add in 
this place that would shed further light on this problem. The numerical 
values for the metabolism of these two sets of data are presented at the 
end of this bulletin. I t may be noted that, according to a report now 
in press, there is satisfactory agreement between metabolic values ob
tained on the same birds by the volumetric method here used, and Hal
dane's gravimetric method. 

IV. THE WHITE RAT 
The animals under consideration in this section are the same as 

those discussed in pages 71 to 76 of Missouri Research Bulletin 166, 
but about 6 months older; and the metabolism data are here presented 
as functions of age instead of weigh t. 

The data are presented graphically in Figs. 7a and 7b. Curves 1 
and 3 in Fig. 7a are age curves of metabolism per unit weight of individual 
rats growing more or less normally, while curves 2 and 4 represent similar 
curves for healthy but quantitatively undernourished animals. The age 
curves for weight (the light rising curves) are also given for purposes of 
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Fig. 7a.-Age CUrves of metabolism of rats. Curves 1 to 4 represent values 
of some of our individual rats growri on different diets. Curve 2 represents 
arat receiving mostly an adequate diet qualitatively. but restricted to the same 
calorific intake as that consumed by the corn-gluten rats. The diets of the other 
groups are indicated on the charts. The weight curves (light lines) are given to 
indicate the influence of the nature of the diet on growth in weight, and as a 
semi-quantitative indication of the influence of body weight on metabolism. 
Curve 5 represents Bened!ct and MacLeod's summer group of rats, while the 
curves in 6 represent a compariaon of curves 1 to 5. 
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indicating the extent of underweight in the chronically undernourished 
animals. 

The four individual curves are compared in the lower left chart 
(No.6) . It is clear that at given ages the underweight rats have a much 
higher metabolism per unit weight than the normal rats. This is probably 
due to the fact, as previously explained, that the viscera (i. e., the 
"working" organs under basal conditions) constitute a greater proportion 
in the underfed than in the normal animal. 

The lower right chart (No.5) represents data by Benedict and Mac
Leod. We have fitted our usual equation to their summer group of 
data, including males and females . To avoid confusion, the winter 
groups are shown in broken enclosures. This summer group average 
is also shown in chart 6 for purposes of comparison. It is seen to agree 
with our subnormal individual curves, but rather high as compared 
to our normally-growing animals. 
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Curves 1, 2, and 3in Fig. 7b represent three groups of animals 
on different diets, for the younger ages. As previously indicated, if 
attention is confined to only a part of the segment of the age curve, then 
the simple exponential equation (not including the constant C) fits 
the data satisfactorily. The advantage of using the simple exponential 
equation 2a, is that k represents, without qualifications, the relative 
(or when multiplied by 100, the percentage) decline in metabolism per 
unit time. In the case of the curves in 7b, the value of k (for curves 
2, 3, and 4) is of the order of - 0.004 to -0.005, which means that the 
metabolism per unit weight declines at the rate of 0.4 to 0.5 per cent 
per day (or 12 .to 15 per cent per month). This may be compared directly 
with the decline in metabolism in other species. Thus, for 'example, the 
decline of Q/m with age for the earlier ages in cattle (see Fig. 2a) is 
of the order of 4 to 5 percent per month, as compared to 12 to 15 in 
rats (Fig. 7b). That is to say, assuming that the cattle and rat curve 
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segments to which the equation was fitted represent equivalent periods 
of development in the two species, then the decline in metabolism with 
increasing age in rats is 3 times as great as in cattle. The differences in 
percentage decline in metabolism of cattle and rats are probably related 
not to the absolute weights of the animals in these two species, but 
rather to the relative declines in growth rates. 

The curve 4 in Fig. 7b represents data by Mitchell and Carman. The 
male and female data are combined in the fitted equations. 

The curves in 5, Fig. 7b, represent a comparison between curves 
1,2,3 and 4. It is seen that curve 4 (Mitchell's data) is a bit high, but, 
in general, agrees quite well with our data. As Mitchell used an entirely 
different method for measuring the metabolism of his rats, this agree
ment speaks well for the very simple method for measuring metabolism 
as em£loyed by us (described in pages 71 to 76, Research Bulletin 166). 

We next come to the consideration of the exceedingly important 
problem of the- relative influences of age and body weight on metabolism 
during growth. This might be conceivably determined by letting the 
animal increase in age while holding it at constant body weight . 

We attempted to do this in a tentative and halting fashion on a 
few rats by confining the protein in their diets to corn gluten, but per
mitting the animals to take freely of this inadequate diet. The animals 
did make some gain in weight on this diet; but the rate of growth IS 

very slight as compared to animals on a complete diet. 
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Fi g. 7c.-A comparison of growth and metabolism of normally .growing 
rats with stunted rats on a COrn gluten diet as sole SOurce of protein. On t he 
right side, the heavy curves represent the stunted animals while the light lines 
represent a normal animal. On the left side, circles and heavy curve represent 
the stunted rats on the inadequate (corn gluten) diet while the Xl and heavy 
curve represented the stunted rats after they we re placed on an adequate diet. 
T~e light curve, as before, represents a normal animal. Periods 1 and 2 shown 
on the chart represent respectively the periods on the inadequate corn gluten 
and on an adequate diets. 
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The results are presented in Fig. 7c. The right half represents the 
age curves of growth in weight of a stunted animal (heavy rising curve) 
up to about 430 days and of a normal animal (light rising curve); also 
d metabolism per unit weight of a stunted animal (heavy curve) and 
·of a normal animal (light declining curve). 

The stunted animal gained about 35 grams during the age interval 
·of 4 to 15 months (period 1), while the normal animal gained about 150 
grams. The metabolism per unit weight in the stunted animal remained 
nearly constant from 200 days on, while in the normal it declined. from 
about 115 to about 75 Calories per kilo per day. This appears to indicate 
that body weight is by far the most influential factor in limiting the 
metabolic rate, and that age is a relatively negligible factor during this 
age interval. Age, or time, is not, of course, a part of the animal system; 
therefore when we speak of time as affecting the organism, we merely 
use a convenient figure of speech which can be expressed quantitatively. 
The quantitative aspect of this figure of speech is statistically valid 
under certain conditions of growth, and not valid under others of which 
the present is an example (see Fig. 20, p. 62, and the discussion relating 
thereto in Missouri Research Bulletin 97). The stunted rat under con
sideration, while old in days, is apparently young in physiological devel
opment and its metabolism per unit weight is accordingly high. The 
relative absence of adipose tissues in the stunted rat may be a factor 
contributing to the high metabolism. 

When, at age 440 days, the animal was placed on an adequate 
,diet (period 2), it promptly began to gain in weight, and the metabolism 
per unit weight began to decline; but the decline in metabolism was not 
as rapid as was expected. (This may be due to secondary specific 
dynamic action.) 

On the left side of Fig. 7c, th(" same metabolism data are plotted 
against body weight. Circles (period 1) represent the period of inade
quate diet; Xs (period 2) represent the period on adequate diet. The 
heavy lines represent the average curves (fitted by the method of least 
·squares). The light lines represent the curve of a normal growing rat. 
The slope of the metabolism curve of the experimental rat is very slight 
as compared to that of the normal rat; age is an insignificant factor. 
We expected a very steep slope for the period of adequate feeding (period 
2, Fig. 7c). This expectation was not realized. This experiment needs 
to be confirmed before advancing explanations for this phenomenon. 
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v. ANALYSIS OF AGE CHANGES OF BASAL METABOLISM 
PER UNIT WEIGHT OF PUBLISHED DATA ON HUMANS 

AND PIGEONS WITH SPECIAL REFERENCE 
TO SENESCENCE. 

1. Humans 

The importance of the human data for the formulation of a broad 
generalization on metabolism has been discussed on pages 77 to 82 of 
Missouri Research Bulletin 166. 

As before, we shall use the extraordinary complete series of data 
on humans by Benedict and his associates; and, by way of check, also 
insert a series of values on adults by Boothby and Sandiford. 

a. Age Curve During Active Growth.-The data are shown graphic
ally in Fig. 8a. The upper chart represents females, the lower chart 
males. All the data by Benedict and associates, from birth to 88 years, 
are included. Equation (2b) was fitted by the method previously describ
ed and lines representing 10% and 20% deviations are also given. 

The observed values for Q/ m when plotted against age are seen, 
in Fig. 2a, to be scattered over a wider zone than when plotted against 
weight (pp. 79 and 80, Research Bulletin 166). That is to say, the metab
olism per unit weight is more closely correlated with body weight than 
with age. This is especially true as regards the data for females and par
ticularly those following age of 30 years. These fluctuations must 
be due to the variability of the population as regards their weights and 
build at given ages. 

b. Age Curve During Adulthood (Period oj Senescence).-There 
are four notable discussions in the periodic literature regarding the age 
course in metabolism during adult life (following age 20 years), namely, 
those by Zuntz and Loewy, by Harris and Benedict, by Lusk and Du 
Bois, and by Benedict. 

Zuntz and Loewy appear to doubt that there is an appreciable 
decline in metabolism (per unit area): "Diese zeit umfast die spanne 
vom 26 bis zum 52 Lebensjahr. Innerhalb dieser Zeit war keine vom 
Alter obhangige Anderung des Umsatzes nachweisbar." Lusk and Du 
Bois likewise seem to doubt such a decline, while Harris and Benedict, 
and Benedict seem to be inclined to the view that, other conditions 
being the same, there is a decided decline in metabolism even at constant 
body weight with increasing age. It should be noted, however, that 
Lusk and Du Bois, in their textbooks on nutrition and metabolism (Lusk 
1928, p. 139; Du Bois, 1927, p. 200) present metabolism standards indi
cating declines in metabolism with increasing age during adult life. 

As these data are of considerable interest to us in indicating what 
possibilities we may expect to find in our still immature farm animals 
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under observation, it may be appropriate to examine the quantitative 
properties of these published data in some detail. 
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Fig, 8a.-Basal Metabolism per unit weight in humans as functions of age. Open circles represent 
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For this purpose we have plotted the data, in Fig. 2b, on arithlog 
paper and fitted to them linear (Wm = A + Bt) and exponential 
(Wm = Ae=k t) equations. In these equations B represents the 
absolute loss in metabolism (Calories) per unit weight per year, and k 
represents the relative (or when multiplied by 100, the percentage) 
yearly decrease, or increase, in metabolism with increasing age. Both 
types of equations were fitted to the data by the method of least 
squares; so that, within the limits of applicability of this method, guess
ing is thereby eliminated from the fitting of the equations to the data. 
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Fig. Sb.-The decline of metabolism per unit weight with increasing age in adult humans. Double 
circles represent population averages. The single circles represent individual measurements, and with 
the exception of curve 10, represent the same individuals. The exponents in the exponential equation 
represent the relative, or when multiplied by 100 the percentage, decline per year. The coefficients of the 
linear equations represent the absolute decline in Calories per kilogram per year. The Curves are num
bered in the order of their magnitude of the yearly declines (k) beginning with the lowest decline. The 
continuous curves represent a fit to all of the data points (broken curve (9) does not include values 
follov..-ing 46 years; broken curve (2) does not include the observation at 58 years, and broken curve (1) 
does not include the value at 41 years). All equations were fitted by the method of least squares. The 
x's (in section 7) represent the average of data on elderly women (ages 66 to 86 years) published by 
Benedict & Meyer, and. inserted after this chart was prepared, and so are not included in the fitted 
equation for women. The data point (x.) at 71.3 years represents Benedict's subjects 1 to 12, covering 
ages 66 to 76 years. The data point ex) at 82 years, represents Benedict's subj ects 13 to 23, covering 
ages 77 to 86 years . 

In Fig. 8b, each set of data is designated by a number, the curves 
being numbered in order of their decline, k, in metabolism with increas
ing age. Curve (1) representing the age changes in metabolism of Loewy, 
shows the least decline with age. The continuous curve includes all 
measurements on Loewy and shows that the metabolism increaseS with 
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increasing age at the rate of 0.07 per cent per year, or at the rate of 
0.017 Calories per kilo per year. If the observation at 41 years is omit
ted, then we get the broken curve which is practically horizontal; that is, 
there is no decline in metabolism for the gi ven age interval of 26 and 
53 years. Curve (2) on H. M. S. (data by Benedict) shows a decline of 
0.13 per cent per year, or 0.028 Calories per kilo per year between age 
limits of 42 and 59 years. Next come the data on Zuntz, and so on as 
shown in Table 1. The broken curve for T. M. C. does not include the 
data following 41 years, while the continuous curve includes all measure
ments. The broken curve for Lusk does not include the last measure
ment, while the continuous curve includes all three measurements. The 
double circles for curves (5) and (7) represent averages of a number of 
individuals, while the single circles represent individual measure
ments of individuals. 

TABLE I.-CHANGE IN BAS A L METABOLISM WITH INCREASING AGE IN HUMANS 

Serial lOOk (yearly B (absolute de-
N u mber perccntJ.ge de- cline in daily 
on the Age Range cline in mctab- metabolism per 
Chart Subject Authors in Years olism per kilo) kilo per year) 

1 Loewy Zuntz &. Loewy 26-52 +0.07 &. +0.017 
-0.01 

2 H. M. S. Benedict 43-59 -0.02 -0.029 

3 Zuntz Zuutz & Loewy 41-63 -0.16 -0.040 

4 F. G. B. Benedict 39-58 -0.20 -0.041 

5 Population of Men Harris & Benedict - 22-62 -0.42 -0.10* 

6 Mis. W Belledict 25-36 -0 .47 -0.10 
--

7 Popul:ttion of Women Harris & Benedict 22-72 -0.51 -0.12* 

8 Du Bois Lusk &. Du Bois 30-41 -0 .. \8 -0.14 

9 Population of Women McKay 37-55 -0.7+ -0 . 15 

!O T. M. C. Benedict 31-49 &. -0. S7&. -0 .22 
31-41 -0.25 

11 Population of old men Aub &. Du Bois 77-83 -1.1 -0.28 

12 Lusk Lus k &. Du Bois 44-58 &. -2.18 -0.46 
44-47 -1.4 

.Harris and Benedict (1919, p. 126) give the yearly decli ne as 0.112 Calories for men and 0.124 
Calories for women, but they included the a.ge period of 15-19 years which we did not, as we wished to 
confine our computations for the period following active growth. 

Fig. 8b and Table 1 indicate that individuals vary considerably 
as regards their decline in metabolism with increasing age. Subjects 1, 
2, 3, and 4 (Table 1) show very slight declines, while subjects 9 and 11 
show considerable declines. The curve of subject 9 (T. M. C.) is unusual 
in the fact that the decline is very slight for the age interval 31-41 
year-less than half of the decline for subject 8 for the same interval; 
and then, following 46 years, there was a sudden decline which brings 
down the average decline for the interval of 31-49 years to 0.87 per 
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cent per year. The most rapid decline is shown by subject 11, unusually 
rapid in comparison wi th the other curves. Lusk and Du Bois explain 
the decline of this subject by his strenuous life in the earlier years, with 
an accompanying relatively high metabolism, and by the "cage life" 
of later years with accompanying low metabolism. These two circum
stances tend to give a resultant exaggerated rapid decline. This ex
planation appears reasonable, and it may apply to the drop in metab
olism of subject 9 (T. M. C.) following age 46 years. The writer under
stands that Subject 9 has reduced considerably his program of physical 
activity following age 46 years when he suffered an attack of typhoid 
fever. 

These individual variations indicate that generalizations are not 
permissible on the basis of data on one or two individuals and emphasize 
the importance of statistical studies on populations if one is to arrive 
at reasonable figures. The data by Harris and Benedict (represented 
in Fig.1b by double circles, and numbered (5) and (7) ) represent such 
statistical values. The decline in metabolism with increasing age of these 
populations are seen in Fig. 8b, and Table 1, to be about midway in the 
series of individual curves. In other words, while there are very con
siderable individual differences in regards to the decline in metabolism 
with increasing age (due to age as such and also influenced considerably 
by the vigor and physical activity of the individual), it is safe to say 
that, on the average, the metabolism per unit weight tends to decline 
with increasing age (for the given age intervals) at the rate of about 0.5 
per cent per year. While there is, of course, uncertainty concerning the 
relative contributions of the various causative agencies to these declines, 
there can be no doubt that the metabolism, on the average, does decline 
with increasing age. 

c. Race and Sex Differences in the Age Curves.-Before concluding 
this section, it may be interesting to discuss briefly the age changes in 
metabolism of another race of the human family in comparison with 
the metabolism of white Americans .. Mr. R. P. Combs of Kansas City, 
Missouri, a breeder of dairy cattle and saddle horses, has suggested 
that racial and individual differences in energy metabolism in farm 
animals might be made a basis for selection of promising animals. Since 
but few data, if any, are available for a comparison of racial character
istics of metabolism of farm animals, and since the experimental errors 
in metabolism measurements are very much greater for farm animals 
than for humans, therefore human data are likely to furnish the best 
indications of racial differences, if present. This explains in part the 
interest of agriculturists in this matter. 

Benedict and associates are giving considerable attention to the 
problem of racial differences in human metabolism. One of these in-
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vestigations was carried out at Benedict's request by Hicks, Matters, 
and Mitchell on Australian native aboriginals of the Kokata tribe at 
the Kooniba Mission in South Australia. We have plotted these metab
olism data in Fig. 8c for males and fitted equations in the same manner 
as was done for the data in Fig. 8a. Fig. 8c and Table 2 lead to the 
following conclusions: 
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Fig. 8c.-The basal metabolism per unit weight Ds a function of age in 
Australian aboriginals, males. The circles represent observed values, the heavy 
curve represents the average given equation. The broken curves represent 10 
and 20% deviations from the average. The lighter continuous lines represent 
the age curves of Americln white males and females copied from Fig. 8l . 
The upper portion of the chart represents ratios of basal metabolism of (1) 
American m:tles to American females; (2) Australian males to Amcricln fe
males; and (3) Australian males to American males (.ee Table 2). Note that all 
curves nearly meet at puberty; that preceding puberty the metabolism of 
Australian aboriginals is greater than of American whites, and that the reverse 
is true following puberty; the metabolism of American m,lies is at all ages higher 
than of females, but they are nearest together at about 15 years. . 
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TABLE 2.-THE INFLUENCE OF SEX AND RACE ON THE RELATIVE BASAL METABOLISM 
OF AMERICAN (WHITE) MALES AND FEMALES, AND AUSTRALIAN ABORIGINAL 

MALES 

Basal Metabolism, Calories peT Kilo per Day 

Percentage of 

Austr. Male Austr. Male Amer. Male 
Age Australian American American to to to 

Years Males Males Females Amer. Male Amer. Female Amer. Female 

10 40.2 36 . 3 35.3 1l0.7 113.9 102.8 

20 24.1 27 .4 27.1 88.0 88.9 101.1 

30 20.8 24.5 23.3 84.9 89.3 105.2 

40 20.2 23.5 2l.5 86.0 94.0 109.3 ---
50 20.0 23.2 20.6 86 . 2 97 . 1 112.6 

(1) There are undoubted differences in basal metabolism of 
American white males and Australian Aboriginal males. It is impossible 
to say at this time concerning the relative contributions of the two 
most probable causative factors of these differences, namely environ
ment and heredity. The American Negro should be a suitable subject 
for such a study. 

(2) The curves of American and Australian males cross at about 
13 years (puberty). Preceding this age, the metabolism of Australians 
is higher-and thf' earlier .the age, the higher in comparison is the metab
olism per unit weight of Austrlians over Americans. Following this 
age', the metabolism of American males is higher than of Australian males. 
At age 8 years, for example, the metabolism of the Australian male- is 
almost 20% above that of the American white male; while at age 40 
years, the metabolism of the white male is about 6.5% above- that of the 
Australian male. Assuming that metabolism is an index of vigor, then 
the Australian aboriginal would be said as having a more vigorous child
hood and youth and a less vigorous adulthood than the American white, 
which is, perhaps, in agreement with experience. It would be interesting 
to know whether under the samp conditions the duration of life is greater 
in the white American than in the Australian aboriginal-that is, whether 
duration of life is a function of vigor or physical condition (assuming 
that basal metabolism is an index of vigor). It must be noted, however, 
that preceding puberty the Australian males are lighter, and following 
puberty, they are heavier than American white males (see Table 3): 
this may explain the differences in metabolism per unit weight in the two 
races of men. 

(3) It is interesting to note that following 13 years, the age curve 
of the American females approaches more closely the age curve of the 
Australian male than of the American male. This is simply because 
the metabolism of the American female is below that of the American 
male. All three curves (American male and female and Australian male) 
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practically meet at puberty (13-15 years). These phenomena as they 
relate to body weight were discussed on pages 78 to 82, Missouri Research 
Bulletin 166. 
TABLE 3.-THE COURSE OF BODY WEIGHT AND BASAL METABOLISM IN HUMANS 

WITH INCREASING AGE 

Body Weight, Kilograms Basal Metabolism Per Day 
-

Per Kilogram Per Individual 
A ustr. ---

American Aborig. American American 
Age -------------- Austr. ------ Austr. 

Years Males Fem31es Males Males Females Aborig. Male~ Females Abo rig. 
------------------------

5 19.0 17.2 - - -- 42.0 40.D 64.0 798 688 ------- - --------------------
10 27.0 27.0 26.0 36.3 35.3 40.2 98D 953 1045 -----------------------
IS 48.0 44.0 <14.5 30.7 30.'f 29.1 1474 1338 1295 

------------------------
20 63.8 54.3 58.5 27.4 27.1 24.1 1748 1472 1410 --------------- -.--------
25 63.0 54 . 2 69.5 25 .6 H.8 21.8 1613 1344 1515 

-----------------------
3D 62.5 55.0 73.0 24.5 23.3 20.8 1531 1282 1518 

-------------------------------
35 66.2 SS .5 73.5 23.8 22.2 20.4 1576 1232 1499 ---

_74.0 _I 23~_ ---------------
40 64.0 58.7 21.5 20.2 150·f 1262 1495 

50 64.4 64.6 .. ___ 23.2 20.6 20 .0 1+94 1331 

2. Pigeons and Doves 
Data on pigeons and doves are plotted in Fig. 9. As the pigeon 

reaches practically mature weight at about three months of age, there
fore charts 1 and 2 in Fig. 9 represent metabolism during adulthood, 
that is during the period of senescence, corresponding to the period in 
man following age of about 20 years. 

From chart 1, Figure 9, it is seen that the basal metabolism per 
kilo per day in the female dove declines from 122 Calories at 5 months 
to 104 Calories at 60 months, or as indicated on the chart, the decline 
is 0.3 per cent per month, or 3.6% per year. We have seen (Fig. 8b) 
that in human females the decline is about 0.5 per cent per year, which 
is about 1/7 of the rate of decline in doves. The decline in the male 
doves is 0.5 per cent per month, or 6.0 per cent per year. In human males, 
the average decline appears to be of the order of 0.4 per cen t per year, or 
1/15 as rapid as in the dove. Of course, these comparisons must be 
considered as first, and very crude, approximations to the truth. We, 
nevertheless, have here a beginning towards a comparative physiology 
of metabolism during the declining phase of the life cycle. 

A curious fact in this connection is that the metabolism in the female 
dove or pigeon is higher than in the male, and the decline in metabolism 
with age is greater in the male than in the female. This is just the op
posite of what we found for humans (Fig. 8b). The curves for data sets 
1 and 2, Fig. 9, were fitted by the method of least squares, so these 
differences are not due to errors in drawing the curves. 
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Fig. 9.-Metabolism of pigeons and dons. Sources of data are indicated on the 
chart. The curves in (I) , (2). and (6) were fitted to the data by the method of least 
squares. The data in (4) and (6) were published by Riddle, Nussmann. and Benedict 
in terms of Calories per .rquau meter per day; we converted the data, for th e present 
chart, into Calories per k£lo per day. \Ve chose only such of the Ginglinger and Kayser 
data as were obtained at an environmental temperature of about 30oC. We consider 
the curves in (1) and (2) as age curves during senescence (as in Fig. 8b for humans) 
rather than age curves of growth. (3) merely represents a compact comparison "f the 
fitted curves in (1) and (2). 

However, according to Riddle, who kindly furnished the unpublish
ed numerical data for charts 1 and 2, Fig. 9, these birds were measured 
at 30°C, and there is a "differential response of male and female ring 
doves to metabolism measurements at higher and lower temperatures"; 
and "that the metabolism of the male suffers a greater decrease with 
increase of external temperature than does that of the female" (Riddle, 
Christman, and Benedict). Under date of July 16, 1932, Riddle wrote 
to the author: "That statement (that the metabolism in the female 
dove is higher than in the male) would be true only if you added, 'when 
measured at 30°', and there would be other qualifications-such as, the 
inclusion of females at and near the ovulation stage of reproduction. 
Even with the latter inclusion the data of Riddle, Christman, and Bene
dict, Am. J. Physiol., Vol. 95, p. 111, 1930, show the metabolism of ring 
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doves (common pigeon data, comparable and adequate; not yet pub
lished) both at 15° and 20° is higher in the male; it is lower at 30° in the 
male". 

The curves in chart 3, Fig. 9, present a comparison of the metabo
lism per unit weight of doves and pigeons. 

The data in charts 1 and 2 are basal metabolism data obtained at 
an environmental temperature of 30° C. 

While preparing charts 1, 2, and 3, Fig. 9, we received a reprint 
from Riddle on "Metabolism During Growth in a Common Pigeon", 
by Riddle, Nussmann, and Benedict, and we thought that it would be 
interesting to plot these new data in the same manner as we have plotted 
charts 1 and 2, with the results shown in charts 4 and 6 of Fig. 9. In 4, 
the metabolism data are plotted against age. The metabolism during 
the first 150 days is seen to decline from about 250 to 101 Calories per 
kilo per day. It is somewhat difficult to interpret these results in view 
of the fact that the measurements preceding 50 days were made on birds 
which were not in post-absorpti ve condition while those following 
this age were made with the birds in post-absorptive condition. 

The data in Chart 6 represent the metabolism of two groups of 
birds of constant ages: 21 day stage (3 days after hatching) and 29-day 
stage (11 days after hatching), but having different body weights. The 
curves represent equations fitted by the method of least squares. From 
the distribution of the data points, it appears that the average metabolisn 
per unit weight of the ll-day birds is abollt the same as of the 3-day 
birds, and that the differences in slopes of the fi tted curves to the 3 
and 11-day birds are due to differences in the amount of food in the 
birds of different weights at the two stages. 

Chart 5, Fig. 9, representing data by Ginglinger and Kayser gives 
an interesting age curve of metabolism for. the earlier stages of growth, 
comparable in shape to the curves of humans (see Fig. 8a, and of 
farm animals, Figs. lOa and lOb). The metabolism values are, however, 
unusually high, especially in the very early stages, as compared to 
Riddle and Benedict's values. 
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VI. ADDITIONAL NOTES ON THE EARLY POSTNATAL RISE 
AND DECLINE IN METABOLISM 

This phenomenon has been discussed in detail in connection with 
the life curve of metabolism of the domestic fowl (page 6), and also 
in connection with the age curves of humans (Fig. 8a) and pigeons 
(Fig. 9). In this section, we merely wish to present our data on farm 
animals in the form of graphs. 

These data (covering the period from birth to 5 months) are shown 
in Figs. lOa and lOb. 
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Fig. l0a.-Rise and decline in metabolism per unit weight plotted against age. for very young dairy 
calves. 

Fig. lOa is given entirely to dairy calves. It shows, among the many 
rregularities, that the metabolism rises from about 34 to 42 Calories 
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per kilo per day shortly after birth, to about 50 to 55 Calories at one 
to two months-when it is at a maximum. 

The other species of farm animals, the curves of which are shown 
in Fig. lOb, naturally differ with respect to the initial level and the age 
of maximum metabolism. The maximum occurs later in swine, and 
much earlier in horses. 

I t is necessary to emphasize the difficulty of keeping a very young 
animal quiet and relaxed. This applies especially to horses. They 
were exceedingly nervous and apprehensive when separated from their 
mothers. In view of these difficulties, these curves will naturally have 
to be verified. 

The possible causes of the shape of the metabolism curve have 
been discussed in the introduction (page 6). 
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Fig. lOb.-Rise and decline in metabolism per unit weight plotte:! against age for very youn, bee 
steers, sheep, swine, and horses. 
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VII. SPECIES COMPARISONS OF AGE CHANGES IN ENERGY 

METABOLISM PER UNIT WEIGHT WITH NUMERICAL 

SUMMAR!ES OF THE DATA. 

Since the energy metabolism tends to be a function of weight raised 
to some fractional power, rather than to weight directly, therefore species 
comparisons in age changes of metabolism per unit weight do not 
have the same significance as comparisons of weight changes in metab
olism per unit weight. Yet, such a comparison will not be without 
interest, and this section is therefore devoted to this problem-or 
rather, to an introduction to this problem. 

The comparisons are presented in graphic form in Fig. 11, and 
also in numerical form in Tables 4 to 15. Since body weight is an im
portant factor affecting the metabolic rate, therefore the tables also 
include columns for the average live weights of the animals under con
sideration. Values for total metabolism per individual per day are 
also given: 

Curves 1 and 2 of the pigeons represent the period of seneSCf'nce 
rather than of growth, as this species matures at about age three months. 
This may be largely true as regards curve 3, representing Benedict and 
MacLeod's summer group of rats. But the other curves represent periods 
of active growth in weight. 

As equal slopes on arithlog paper represent equal percentage de
clines in metabolism per unit weight, therefore the slopes of the curves 
represent proportional percentage declines in metabolism per unit 
weight with increasing age. By actually measuring the slopes of the 
curves in various regions, we find that the slope at 10 months for the 
curve of the rats is the same as the slopes for 6 months in the curves of 
chickens, 5;4 years for humans, 8 months for sheep, 10 months for J er
sey cattle,7 months for Holstein cattle,13-14 months for swine, 5;4 
.months for horses. The slope of the curve for a .5-month rat is the same 
as the .slope for 4-month chickens; 3-year humans; 4-month swine. 
How should one interpret the fact that the percentage decline in metab
olism per unit weight is the same in a lO-month-old rat (which is quite 
mature at this age) as in a 10-month Jersey calf (which is very immature 
at this age) ? Evidently the relative stages of physiological maturity 
do not explain the similarity in slopes at 10 months in the two species. 
It may, conceivably, be associated with the percentage decline in the 
growth rate. We hope to report on this and related problems in a future 
paper. 
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AQ0 
Fig. I I.-Species comparisons of age changes in metabolism phI' unit 

weight plotted on an arithlog grid. Ages are in months, except for humans and 
elephants in years. The numbers on the Curves refer to corresponding legends 
the chart. The elephant, like the horse, was measured in stancing position. 

51 
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TABLE 4.-LIVE \VEIGHT, RESTING AND BASAL METABOLISM OF JERSEY CATTLE 
FEMALES AT DIFFERENT AGES 

Metabolism, Ca1./kg./day Metabolism. Ca1./day 
Age 
Mos; 

Live Weight 
kgs . Resting Basal Resting Basal 

2 44.0 48.2 36.5 2121 1606 
4 73.0 42.6 32.2 3110 2351 
6 III 37.9 28.7 4207 3186 
8 146 34.1 25.8 4979 3767 

10 174 30.9 23.4 5377 4072 
12 201 28.4 21.5 5708 4322 
14 228 26 . 2 19.8 5974 4514 
16 256 24.3 18 .4 6221 4710 
18 283 22.9 17.3 6481 4896 
20 310 21.7 16.4 6727 5084 
22 338 20.7 15.7 6997 5307 
24 366 19.9 15.1 7283 5527 
26 396 19.2 14.5 7603 5742 
28 404 18 .7 14.2 7555 5737 
30 404 18.2 13.8 7353 5575 
32 406 17.8 13 .5 7227 5481 
34 416 17.5 13 .2 7280 5491 
36 434 17.2 13.0 7465 5642 
38 456 17.0 12 .9 7752 5882 
40 480 16.8 12.7 8064 6096 

Q/m = 3ge-.""+ 16 
Qb/m = Q/m - (Q/m X 0.243) 

TABLE S.-LIVE \VEIGHT, RESTING AND BASAL METABOLISM OF JERSEY CATTLE 
MALES AT DIFFERENT AGES 

Age 
Mos. 

Live Weight 
kgs. 

2 47.0 
4 80.0 
6 120 
8 155 

10 193 
12 232 
14 270 
16 310 
18 345 
20 377 
22 410 
24 435 

Q/m = 38e-.""+ 18 
Qb/m = 28.1e-.'o.;,+ 13.3 

Metabolism. CaL/kg./day Metabolism. CaL /day 

Resting Basal Resting Basal 

48.8 36.1 2294 1697 
43.0 31.8 3440 2544 
38 . 3 28.3 45 96 3396 
34.4 25.5 5332 3953 
31.3 23.2 6041 4478 
28.8 21.3 6682 4942 
26.7 19 . 8 7209 5346 
25.1 18.6 7781 5766 
23.7 17.5 8177 6038 
22 .6 16.7 8520 6296 
21.8 16.1 8938 6601 
21.0 15.5 9135 6743 

TABLE 6.-LIVE 'WEIGHT, RESTING AND BASAL METABOLISM OF HOLSTEIN CATTLE 
FEMALES AT DIFFERENT AGES 

Age 
Metabolism. CaL/kg./day Metabolism. Cal./day 

Live Weight 
Mos. kgs. Resting Bas.l Resting Basal 

2 62 41.0 31.6 2542 1959 
4 100 36.9 28.4 3690 2840 
6 145 33.3 25.7 4829 3727 
8 186 30.4 23.4 5654 4352 

10 221 27.8 21.4 6144 4729 
12 255 25.6 19.7 6528 5024 
14 292 23.8 18.3 6950 5344 
16 330 22.4 17.3 7392 5709 
18 367 21.1 16.3 7744 5982 
20 403 20.0 15.4 8060 6206 
22 440 19.0 14.6 8360 6424 
24 483 18.3 14 . 1 8839 6810 
26 524 17 .6 13.6 9222 7126 
28 544 17.0 13 .1 9248 7126 
30 509 16.6 12.8 8449 6515 
32 490 16 . 2 12.5 7938 6125 
34 508 15.8 12 . 2 8026 6198 
36 520 15.6 12.0 8112 6240 
38 536 15.3 11. 8 8201 6325 
40 553 15 . 1 11.6 8350 6415 

Q/m = 32e .08"+ 14 
Qb/m = Q/m - (Q/m X 0.229) 
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TABLE 7.-LIVE WEIGHT, RESTING AND BASAL METABOLISM OF SHEEP FEMALES 
AT DIFFERENT AGES 

Age 
Mos . 

Live Weight 
kgs. 

2 18.5 
4 33 .5 
6 39.8 
8 44.1 

10 48.0 
12 53 .3 
14 59.7 
16 53.0 
18 54.6 
20 55.8 
22 60.8 
24 64.7 
26 59.7 
28 56.7 
30 58.5 

Q/m = 44e -" "+ 27 
Qb/m = 35.6e-·"'+ 22 

Metabolism, Cal./kg./day Metabolism, Cal./day 

Resting Basal Resting Basal 

55.3 44.9 1023 831 
45.3 36.8 1518 1233 
38 .7 31.5 1540 1254 
34.6 28.1 1526 1239 
31.8 25.9 1526 1243 
30 . 1 24.5 1604 1306 
29.0 23 .6 1731 1409 
28.3 23. 1 1500 1224 
27.8 22.7 1518 1239 
27.5 22.4 1535 1250 
27.4 22.3 1666 1356 
27.2 22.2 1760 1436 
27. 1 22 .1 1618 13 19 
27 . 1 22. 1 1537 1253 
27.0 22.0 1580 1287 

TABLE S.-LIVE WEIGHT, RESTING AND BASAL METABOLI SM OF SHEEP WETHERS AT 
DIFFERENT AGES 

Age Liv e Weight 
Mos. kgs . 

2 18. 5 
4 34.0 
6 41.2 
8 45.8 

10 51.0 
12 58.3 
14 6S .0 
16 69.7 
18 74 . 0 
20 78.2 
22 83.1 
24 87.7 
26 89 . 7 
28 84.9 
30 90.9 

Q/m = 38e - '''''+ 17 
Qb/m = 23e-· 0.,,+ 13 

Metabolism, Cal./kg./dar Metabolis m, Cal./day 

Resting Basal Resting Basal 

-- -- 33.2 -- -- 614 
46 .6 30.8 1584 1047 
43.2 28.7 1780 1182 
40. 1 26.8 1837 1227 
37.4 25.1 1907 1280 
35.1 23 .7 2046 1382 
33.0 22.4 2145 1456 
31.1 21.3 2168 1485 
29.5 20 . 3 2183 1502 
28 .0 19 .4 2190 1517 
26.7 18.6 2219 1546 
25 .6 17.9 2245 1570 
24.6 17.4 2207 1561 
23 .7 16.8 20 12 1426 
22.9 16.4 2082 1491 

TABLE 9.-LIVE WEIGHT, RESTING AND BASAL METABOLISM OF BEEF FEMALES AT 
DIFFERENT AGES 

-
MetabDlism. Cal. /kg./day Metabolism, Cal./day 

Age Live Weight 
Mos. kgs. Resting Basal Resting Basal 

4 87 40.1 23.7 3489 2062 
6 130 35.4 22. 1 4602 2873 
8 174 31.5 20 .8 5481 3619 

10 214 28.4 19 .6 6078 4194 
12 247 25.7 18.7 6348 4619 
14 280 23 .6 17.9 6608 5012 
16 317 21.9 17.3 6942 5484 
18 351 20A 16.7 7160 5862 
20 383 19.3 16.3 7392 6243 
22 399 18.3 15.9 7302 6344 
24 416 17.5 IS .6 7280 6490 
26 452 16.9 15.3 7639 6916 
28 444 16 . 3 15.1 7237 6704 
30 417 16.0 14.9 6672 6213 
32 414 15. 6 14.8 6458 6127 
34 423 15.3 14.6 6472 6176 
36 435 15 . 1 14 .5 6569 6308 
38 450 14 . 9 14.4 6705 6480 
40 454 14 . 7 14.4 6674 6538 
42 456 14 .6 14 .3 6658 6521 
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TABLE lO.-LIVE WEIGHT, RESTING AND BASAL METABOLISM OF BEEF STEERS AT 
DIFFERENT AGES 

Age 
Mos. 

Live Weight 
kgs. 

4 116 
6 172 
8 228 

10 280 
12 336 
14 384 
16 433 
18 483 
20 530 
22 575 
24 622 
26 665 
28 706 
30 745 
32 781 
34 810 
36 840 
38 865 
40 888 

Q/m = 33e -.11 '+ 15 
Qb/m = 25e-.1"+ 11.5 

Metabolism, Cal./kg./day Metabol ism, Cal./day 

Resting Basal Resting Basal 

36.3 27 .6 4211 3203 
32.1 24.4 5521 4197 
28.7 21.8 6544 4970 
26.0 19.8 7280 5544 
23.8 18. 1 7997 6082 
22. I 16.8 8486 6451 
20.7 15.8 8963 684 1 
19.6 15 .0 9467 7245 
18 . 7 14.3 9911 7579 
17.9 13.7 10293 7878 
17 . 1 13.2 10761 8210 
16 .9 12.9 11239 8579 
16.5 12.6 11649 8896 
16.2 12 .4 12069 9238 
16 .0 12.2 12496 9528 
15. 8 12 .1 12798 9801 
15.6 11. 9 13104 9996 
15 .5 11 .8 13408 10207 
15.4 11.8 13675 10478 

T AB LE 11.-LIVE \\lEIGHT, RESTING AND BASAL METABOLISM OF HORSES, FEMALES 
AND GELDINGS COMBI NED AT DIFFERENT AGES , 

Age Live Weight 
Mos. kgs. 

2 166 
4 247 
6 297 
8 336 

10 369 
12 400 
14 426 
16 446 
18 457 
20 469 
22 482 
24 507 
26 544 
28 576 
30 607 
32 632 
34 660 
36 649 
38 635 
40 658 

Q/m = 2ge-.'''+ 22 
Qb/m = 1ge-.09"+ 13 

Metabolism, Cal./kg./day Metabolism, Cal./day 

Resting Basal Resring Basal 

37 .9 28.7 6291 4764 
30.7 25 .9 7583 6397 
26.8 23 .6 7960 7009 
24.6 21.7 8266 7291 
23.5 20.2 8672 7454 
22.8 "18.9 9120 7560 
22.4 17 .9 9542 7625 
22.2 17.0 9901 7582 
22 .1 16.3 10100 7449 
22.1 15.7 10365 7363 
22 . 0 15.2 10604 7326 
22.0 14.8 11154 7504 
22.0 14.5 11968 7888 
22.0 14.3 12672 8237 
22.0 14 .0 13354 8498 
22 .0 13.9 13904 8785 
22.0 13.7 14520 9042 
22.0 13.6 14278 8826 
22.0 13 .5 13970 8573 
22 .0 13.4 14476 8817 

T ABLE 1 2.-LIVE WEIGHT, RESTING AND BASAL METABOLISM OF SWINE FEMALES AT 

DIFFERENT AGES 

Age Live Weight 
Mos. Kgs. 

2 8.0 
4 23 
6 55 
8 94 

10 126 
12 152 
14 173 
16 194 
18 213 
20 227 
22 240 
24 252 
26 260 
28 266 
30 269 
32 270 
34 270 
36 270 

Q/m = 161 •. ""+ 16.5 
Qb/m = 52.-."'+ 13 

Metabolism, Cal./kg. /day Metabolism, Cal./day 

Resting Basal Resting Basal 

11 8. I 48 .6 945 389 
80.6 37.3 1853 858 
57. I 29.6 3141 1628 
42.1 24 .4 3957 2294 
32 .6 20.7 4108 2608 
26 .6 18.3 4043 2782 
22.9 16.6 3962 2872 
20.5 15.5 3977 3007 
19. I 14 .7 4068 3131 
18. 1 14.1 4109 3201 
17.5 13 .8 4200 3312 
17. I 13 . 5 4309 3402 
17 .0 13.4 4420 3484 
16 . 8 13.3 4469 3538 
16 .7 13.2 4492 3551 
16.5 13.1 4455 3537 
16.5 13 .0 4455 3510 
16.5 13 .0 4455 3510 
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TABLE J3 .-LIVE WE I GHT, RESTING AND B ASAL METABOLISM OF SWI NE MAL E S AT 
D I FFERENT AGES 

Age Live Weight 
Mos. Kg •. 

2 7.0 
4 20 
6 47 
8 74 

10 98 
12 118 
14 139 
16 159 
18 177 
20 195 
22 212 
24 228 
26 244 
28 258 
30 273 

Q/m = 93e - .""+ 20.5 
Qb/m = 50e-.'''+ 18 

Metabolism, Cal./kg./day M etabolism, Cal./day 

Resting Basal Resting Basal 

86 .0 50.8 602 356 
66.7 39.6 1334 792 
53 . 0 32.2 249 1 1513 
43.5 27 . 3 3219 2020 
36.7 24. 1 3597 · 2362 
31.8 22 .0 3752 2596 
28.5 20 .6 3962 2863 
26.2 19.7 4166 3132 
24.5 19. 1 4337 3381 
23.3 18.8 4544 3666 
22 .4 18 .5 4749 3922 
21. 9 18.3 4993 41 72 
21.5 18.2 5246 4441 
21. 1 18.2 5444 4696 
21. 0 18 .1 5733 494 1 

TA B LE I 4 .- L IVE WEIGHT, RESTING AND BASAL METABOLI SM OF DEI GHTON ' S SW I NE 
AT DIFFER E NT AG E S 

Age 
Mos. 

Live Weight 
Kgs. 

2 12 
4 24 
6 42 
8 60 

10 78 
12 96 
14 114 
16 131 
18 149 
20 164 
22 177 
24 189 
26 200 
28 211 
3D 220 

Q/m = 78e-."'+ 15 
Qb/m = 36e- .09"+ 10 

Metabolism, Cal./kg./day Metabolism, Cal. /day 

Resting Basal Resting Basal 

223 
75.1 - - - - 901 - . --
61.4 34.8 1474 835 
50.7 30.6 2129 1285 
42 .5 27.1 2550 1626 
36.3 24.2 2831 1888 
31. 4 21. 7 30 14 2083 
27.6 19.8 3146 2257 
24.8 18.1 32+9 2371 
22 .5 16 . 8 3353 2503 
20.8 15.6 3411 2558 
19 . 4 14 .6 3434 2584 
18.4 13.9 3478 2627 
17.7 13.2 3540 2640 
17.0 .. --- 3587 - ---
16.6 - -- - 3652 - -- -

TAB LE I S .- L IVE W E IGHT, R ESTI NG AND B ASAL M E TABO LISM OF H OLS T EIN C ATTLE 
M ALES AT DIFFERENT A GES 

Metabolism, Cal./kg./day Metabolism, Cal./day 
Age Live Weight 

Resting Basa! Resting Mos. Kg •. Basal 

2 71 42 .9 - - - .. 3046 - - - -
4 112 37.6 .. - -- 42 11 - -- .. 
6 166 33.0 - - -- 5478 -- --
8 226 28.9 - - - - 6531 ----

10 280 25 .3 -- - - 7084 ----
12 333 22.2 - .. - .. 7393 - - - -
14 380 19.5 -- - - 7410 - - --

Q/m = 4ge- ."" 
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DISCUSSION, SUMMARY AND CONCLUSIONS 

This bulletin presents data and discussions on resting and basal 
energy metabolism per unit weight as a function of age, in the same man
ner as the preceding paper (Missouri Research Bulletin 166) presented 
data on resting and basal energy metabolism as a function of live weight. 

The same exponential equations may be used to represent the 
metabolism as a function of age or of live weight; but the agreement 
between observed and computed values is better when metabolism is 
expressed as a function of weight alone than of age alone, as weight 
influences metabolism to a much greater extent than does age. 

We are not yet able to report quantitative evaluations of the 
relative influences of body weight and of age on energy metabolism dur
ing active growth, on account of the difficulty of investigating experi
mentally each of these factors independently. It appears, however, 
that when immature rats are kept at a constant body weight for a 
long period, then their metabolism also remains practically constant. 
In other words, whatever the influences of increasing age on the course 
of metabolism per unit weight of immature animals, they are relatively 
slight as compared to the influence of increasing live weight on metab
olism per unit weight. This conclusion may also be deduced from the 
fact that during adulthood, that is, when live weight naturally remains 
practically constant, the decline in metabolism with increasing age 
is very slight as compared to the decline during normal growth when 
live weight increases rapidly. 

The cause of the decreasing basal metabolism per unit weight 
with increasing live weight will probably be found in the fact that the 
several organs and tissues of the body differ in their metabolic intensity 
under basal conditions; and that the greater the live weight of an organ
ism, the smaller in proportion is the quantity (or possibly activity, 
as pulse rate) of the most actively metabolising organs under basal 
conditions. It may well be that the visceral organs and tissues are the 
most active under basal conditions; and therefore the metabolism per 
unit weight is mainly a function of the relative mass of these organs in 
the body. The idea seems reasonable in view of the fact that under 
conditions of basal metabolism the adipose, muscular, and skeletal 
systems, which constitute the bulk of the live weight, are relatively 
quiescent, while the visceral organs are perhaps no less active under 
basal than under other conditions. Metabolism is more nearly propor
tional to area than to live weight, probably because the ratio of area 
to live weight tends to vary in the same manner as the ratio of the vis
ceral organs to live weight (see Fig. Ic). This concept is in general agree
ment with the popular ideas that a heavy animal carries much "dead" 
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weight; that beyond a certain age, weight is a liability, as it is a strain 
on the vital organs to support the masses of the relatively nonessential 
muscular, fatty, and skeletal tissues; that those engaging in competitive 
sports requiring great physical exertion muct keep their body weights 
at a minimum. There are essential organs or tissues, and there are 
relatively non-essential organs or tissues which are supported by the 
essential organs; and the intensity of metabolism under basal condi
tions is largely a function of the essential (visceral, nervous, endocrine) 
organs rather than of live weight. Hence, the justification of referring 
metabolism to "active mass" rather than to live weight, or even to 
surface area. True, we have no good measure of "active mass"; but 
this will, no doubt, come in due time. 

By way of summary, it may be said that from a practical point 
of view, the data constitute the essential contribution of this bulletin. 
We know now, as we have not known before, how the energy metabolism 
changes with age in farm animals, not only basal metabolism-which 
is an unusual condition in farm animals-but also that which seems to 
us more important, resting metabolism, which is the average heat pro
duction of quietly resting animals under normal conditions of food sup"' 
ply. These data cover the periods of gestation and lactation. The in
clusion of a large number of species during growth in this study con
stitutes a contribution towards the evaluation of the relative efficiencies 
of growth in different species;- while the inclusion of a large number 
of individuals in each species constitutes a contribution towards the 
evaluation of individual differences in efficiency of growth. The metab
olism data on immature animals held at a constant body weight will 
contribute towards our knowledge of maintenance cost for energy of 
young animals distinct from energy requirements for growth. 

From a theoretical point of view, in addition to the above, this 
bulletin is a contribution towards the subjects of comparative metab
olism, and of comparative growth and development; also towards a 
search for rational units of reference for expressing metabolic rates, 
not only for adults, but also for growing animals. 
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