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A, NUMBER of metabolism experiments have been carried out in this
country primarily with the object of estimating nutrient requirements
but the statistical studies that have been carried out on such data do
not usually go beyond the recording of the balances. It is the object
of this note to attempt a statistical analysis of data from one such study
with a view to (a) indicating a statistical method of estimating nutrient
requirements and (h) suggesting possible modifications in the planning
of these experiments. The study has been carried out on the calcium
metabolism data collected under" the Coimbatore Animal Nutrition
Scheme conducted under the auspices of the Indian Council of Agri
cultural Research during the period 1935-43.

2. Four series of experiments namely A, B, C and D were con
ducted under the scheme. Experiments in Series A were conducted
on five crossbred cows, B on six Kangayam heifers, C on six crossbred
heifers and D on five of the animals in .C after they had attained maturity.
Series A consisted of 5 experiments, B of 23, C-of 10 and D of 11. The
method used for collection of data was the familiar 'balance' technique.
Before the commencement-of each experiment the animals were put
through a preliminary period of seven days during which they received
the experimental rations. Green fodder and straw were allowed
ad lib, while the concentrates were adjusted according to body weight
and condition of individual animals. Each experiment consisted of
recording for each animal the amounts of feed consumed, the excreta
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voided, and in the case of a milking cow quantity of milk delivered on
each of four consecutive days. The feed, the excreta and" the milk
vifere chemically analysed to obtain the amounts of intake and outgo
of calcium and phosphorus for each day. The excess or deficit of
daily intake over the corresponding outgo constituted the balance.
As has already been observed the present study has been confined to
calcium data alone.

3. Before proceeding with the statistical analysis of the data it
will be useful to examine the general features and limitations of the
plan of experimentation. Table I shows the brand numbers and the
breed of the animals used in each series of experiments, the date of
commencement of each four-day experiment, the condition of the
animals at the time of eaich experiment and the average age of the
animals. The animals selected for each series of experiments were
more or less of the same age but not necessarily of the same breed.
Whereas the heifers in the series of experiments B Were all of one breed,
viz., the Kangayam, the animals in the other series included several-
crossbreds. Again the interval between successive four-day experi
ments within a period in the life cycle of the animals, such as gestation,
lactation or dry period was not regular. It is seen to vary from twenty
days to over half a year. Lastly the roughage in the feed, while remain
ing unchanged within a given experimental period of four days, varied
from experiment to experiment. Space does not permit us to reproduce
the whole of the feed table, but we reproduce below two portions of
the table to illustrate the point;—

SERIES B SERIES C

Experiment
No.

Type of green
fodder

Type of dry
fodder

Experi
ment No.

Type of green
fodder .

Type of dry
fodder

1

2

3

4

5

6

R»gi
/Guinea grass
1Silage
Guinea grass
Maize

Maize

Cholam

Paddy straw

6

7

8

9

10

Guinea grass
Thellai

Cholam

Maize
Cholam

Choi am'straw
Cholam straw

Cholam straw

Cholam straw

Cholam straw

It may be added, however, that the supplement in the form of the con
centrate mixture consisting of groundnut cake, cotton seed, rice bran,
dhall husk, and a mineral mixture with salt remained practically the
same throughout the series of experiments. The implications of these
observations will become clear as we proceed with the study.
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4. In calculating, the calcium requirements from the intake and
outgo figures we have proceeded on the basis of the definition of
requirement as given by Leitch and Duckworth (1937), viz., that the
requirement is that amount of the mineral which is just sufiicient to
keep an animal which is in normal health in mineral equilibrium under
stated conditions of experimentation. In other words, requirement
is that value of the intake which gives the least positive—ideally zero
balance under the specified experimental conditions. The last proviso
is essential as the requirement is known to, depend among other things
upon the condition of the animal and the nature and quantity of feed.
This point willhowever be discussed at length at a later stage.

The average outgo itself is often taken as the requirement. This
cannot be taken to be correct a priori since it ignores the obvious fact
that the outgo depends on the intake. On the other hand, a direct
determination of the value of the requirement, in the sense defined
above, by means of experimentation, by contriving to make the balance
zero is also not feasible, as all the balances are subject to uncontrollable
fluctuations, due in .part to endocrine activity. The consideration,
however, that the outgo bears a relationship to the intake and is yet
subject to fluctuations can be utilised to offer a solution of the problem
of estimating the requirement. The relationship can be looked upon
as a statistical one and can be approximated to by means of a regression
of outgo on intake based on repeated balance studies. The regression
curve having been determined the requirement can be found as the

. minimum value of Ihe intake for which it is equalled by the regression
estimate of the value of the outgo.

If, for instance, the regression is linear, it may be expressed by the
usual equation

Y^y + b{x-x), (1)

where y denotes the outgo, x the intake, y the average outgo, x the
average intake and b, the regression coefficient of y on x. The line
of equal intake and outgo is

y = x (2)

The requirement R is the point of intersection of (1) ana (2) and is
therefore given by

. (3)
The value of the requirement so arriyed at is only an estimate and

is therefore subject to errors of random sampling. • An idea of the
magnitude of its standard error is consequently necessary for judging
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its accuracy. It can be shown that an estimate of the variance of R
is given by the formula:

1 , G —-^)'̂(R) - _ ijy + s(x -xy. (1 - by (4)

where denotes the residual variance of vafter adjustment for regression,
and n the number of pairs of observations of intake and outgo. The
square root of (4) gives anestimate of the standard error of the require
ment. In the case of the Coimbatore data, ihe assumption
involved in the above method of estimating the requirement, viz., that
the observations of intake are independent, is perhaps justifiable as the
straw was fed dd lib. At any rate, w'e found no evidence of significant ,
correlation between successive observations in any four-day experi
mental period. The regression of outgo on intake being approxi
mately linear, the formulas (3) and (4) were utilised in obtaining esti
mates of calcium requirements per diem for each animal during the
various four-day experimental periods and their standard errors.
These are shown in Table II. The figure in the first line of each cell
gives the estimate requirement and that in the second line gives its
percentage standard error; the figures in italics give alternative estimates
of requirement described as cubic estimates obtained by a method
explained later on in this paper.

' 5. The figures in the table indicate the extent to which calcium
requirements vary not only from experiment to experiment but also
from animal to animal. An unhappy feature of the table, however, -
is the fact that in a number of cases'it was not possible to obtain satis
factory estimates of requirement. For some experiments, it was not
possible at all to work out the estimates of requirement. This was the
case with some experiments like Nos. 4, 17, 18 on heifer No. 351, and
Nos. 8, 17 and 18 on heifer No. 353 in Series B as the reported yalues
of the intakes of calcium were identical on all the days of the experi
ments. Since in such cases no study of the variation of outgo with
intake could be, made, the data could not be utilised in any manner to
obtain estimates of requirement by the regression method. In the
remaining cases in which requirement could not be estimated, as -for
example in experiment No. 3 on animal No. 285 in Series A and in
experiment No. 2 on animal No. 382 in Series D, the regression method
outlined above yielded either unreasonably large positive values or
sometimes negative values of the estimates, and thus rendered them
devoid of any physical meaning. There were other experiments again
for which, although the numerical data admitted of estimation by the
linear regression method, the estimates obtained were of such poor
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precision, as can be seen from the high values of the corresponding
percentage standard errors of requirements, that it became superfluous
to examine whether the estimates happened to be in conformity with
expectations or were far wide off them. Experiment No. 10 on animal
No. 354 and experiments No. 2, 8, 16 and 20 on animal No. 355 in
Series B, experiments No. 2, 7, and 9 on animal No. 687 in Series C,
and experiment No. 4 on eachof animals No. 381,'382 and 385 in Series
D may be cited as instances in point. In these cases it is obvious that
the failure to obtain satisfactory estimates of requirement must be
attributed to the non-yalidity of some of the assumptions made in
employing the linear regression method of estimation. The possibility
of errors of measurement and "recording being responsible in some
instances for these discrepancies cannot, however, be ruled out.

Another point which should be considered in this connection, is
the fact that in large animals, particularly the ruminants, the process
of digestion of ingested food takes several days, and consequently the
outgo on a particular day may depend not only on the intake of that
day but also on those of the previous days. It may therefore be more
appropriate to fit the regression of outgo on the intake of the corres
ponding day as well as those of the previous days. Such a study
would throw light on the gain in efficiency of the partial regression
method on the procedure adopted here. It could be undertaken, how
ever, only if the values of the previous daily intakes were available and
the observations were numerous enough to permit the fitting of the
regression line with a fair degree of precision. Obviously the four
pairs of observations available per experiment were too few to permit
us to examine this point. 'The adequacy or otherwise in the present
study "of the method of linear regression'of outgo on the single inde
pendent variable, viz., the corresponding intake can be judged by
pooling the data together and examining {a) the extent of variation
removed by regression and {b) the percentage of experiments in
which the residual variance was at all less than the total variance. The
results are given in the table below. It will be seen that in the case of
milking animals alone has there been a significant reduction in variance
due.to regression and that only in about 40 per cent, of the experiments
was the method employed successful in reducing the variance. In
the absence of more extensive data no attempt could be made to see
if a more satisfactory result could have been achieved by employing as
independent variates not only,the intake of the corresponding day but
those of previous days also. .
































