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PREFACE.

I~ a former volume—The Chemistry of Crop Produetion—
I have endeavoured to set out in the form of a connected
story the scientific principles of the cultivation of the soil
This volume deals with the second main adventure of the
farmer, namely the utilisation of the produce of the soil for
the feeding of animals. Its aim 1s rather to tell a connected
and intelligible story than to give exhaustive information
about every detail of the feeding of animals. Readers who
are interested in the story can readily fill in the detail from
other sources quoted in the text.

In the chapters dealing with the computation of rations, 1
have adopted a somewhat novel point of view, substituting
for the system of standard rations, which has persisted with
a minimum of change since Wolft’s first publication in 1864,
a much more elastic system of computing rations according
to the result which the feeder desires to produce. I am con-
vinced that this system already used in computing rations for
milch cows has come to stay. It appeals more to the
intelligence than to the memory, and is consequently more
mteresting, easier both for the teacher and the student, and
more useful to the practical man.

I have much pleasure in acknowledging valuable help and
suggestions received from my colleagues Messrs. J. W. Cap-
stick, 5. T. Halnan, and H. E. Woodman, who have been
good enough to read parts of the MS. and proofs.

L. B "W,
SCHOOL OF AGRICULTURE,

CAMERIDGE.
Sannary 1924,
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CHAPTER 1.

PLANT AND ANIMAL METABOLISM.

The word agriculture originally meant the cultivation of
the soil for the production of crops. This,
however, is to-day only one branch of agri-
cultural practice, for every farmer is concerned not only with
growing crops, but with their utilisation for the feeding of
animals. In a former volume, The Chemistry of Crop Pro-
duction, we have endeavoured to set out the general scientific
principles which underlie the sucecessful practice of arable
cultivation. This volume is intended to expound on similar
lines the general scientific principles which underlie the suec-
cessful feeding of animals.

Anyone who has read the former volume, or any similar

book on soils and manures, will be aware that
?:;‘Plant-u plants obtain the constituents of their food

from the air and from the soil in the form of
very simple compounds which are not capable of giving out
heat or energy, or even of actively combining with one
another to form the substance of the plant.

Plants, however, do not appear at first sight to require
energy on the same scale as animals, for their power of move-
ment is almost negligible, and they are not noticeably warmer
than their surroundings. They do nevertheless require
energy for the building up of their own substance and for
growth, and this energy they absorb from sunlight by the
agency of their green colouring matter—chlorophyll.

A. NUT, 1

Bcope.



2 PLANT AND ANIMAL METABOLISM.

Briefly, plants take in carbon dioxide from the air, and
water and simple salts from the soil. By
:Ili:tn:buliam. means of the energy of sunlight which is
absorbed by their chlorophyll they build up
these simple substances into the complex materials of which
their structure is composed. A small proportion of these
complex materials is decomposed to yield the comparatively
small amount of energy required for growth and the various
other functions of the plant. The greater part, however, is
stored for the future use of the plant or of its progeny, some-
times in seeds, sometimes in stems or roots, and it is this
power of storing reserve materials which makes plants valu-
able as food for men and animals. Thus the result of all
the chemical changes occurring in plants, which are collee-
tively called the plant’s metabolism, is the building up of
much complex material, most of which is stored for future
use.
A few simple experiments on ourselves will show that
: animal metabolism proceeds on very different
ﬁ?t-?t?&liam. lines. Insert a clinical thermometer into the
mouth so that the bulb is under the tongue.
Close the mouth and keep the thermometer in position for at
least a minute. Withdraw the thermometer and read the
temperature. It will be found to be 98'4° F. or thereabouts,
whatever the temperature of the air may be. Similar experi-
ments may be made with horses, cattle, sheep, and pigs. In
finding the body temperature of such animals it is usual to
insert the thermometer in the rectum instead of in the mouth.
The average body temperatures of farm animals are as
follows :—
Horses 100°4° F. to 100-8° F. Sheep 103-6° F'. to 104.4° F.
Cattle 101'8°F.to102:0° F. Pigs 101°F. to 105°F.
These are temperatures very seldom reached by the air of
Gireat Britain, and we may conclude that animals must
possess some kind of internal arrangement for keeping their
bodies warm or maintaining their body temperatures.
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To maintain the body at a higher temperature than that of
the surrounding air heat must be provided.
This heat does not come from the sunlight, for
the body temperature is the same in summer
and winter and in light and darkness. Where then does it
come from? Make a small heap of dry hay on an iron plate
or dish and set fire to it. Note that the hay burns giving
out heat and that its products of combustion are carbon
dioxide and water vapour.

Hay is one of the commonest foods consumed by farm
animals. It can burn and give out heat in the process and
at the same time it forms carbon dioxide and water vapour.
Possibly it does this in the animal’s body. TIf so, then the
animal must get rid of the carbon dioxide and water vapour.
Breathe into a cold glass vessel and note that the glass
becomes steamy, showing that your breath contains water
vapour. Note also the steaminess of the breath of animals
in cold weather. This is due to the condensation of the
water vapour in their breath when it meets the cold air.

Now breathe through a glass tube into some clear lime-
water, and note that your breath turns the lime-water milky.
Your breath therefore must contain carbon dioxide. This
experiment is not easy to repeat with a large animal. It
has, however, been done many times, and has shown that
animals like ourselves expire carbon dioxide. We can now
put two and two together. Hay will burn to form ecarbon
dioxide and water vapour. When it burns heat is given out,
Animals eat foods such as hay and expire carbon dioxide and
water vapour. KEvidently these products arise from the oxida-
tion of the hay inside the body. This oxidation produces heat,
and this heat is utilised for maintaining the body temperature.

Take a number of other substances which are used for
feeding animals, for instance bran, crushed oats, straw, lin-
seed cake. Place small quantities of each in a metal spoon,
heat in a flame and note that they all burn with varying
readiness, and that on burning they all give out heat and

Source of
Animal Heat.



4 PLANT AND ANIMAL METABOLISM.

form carbon dioxide and water vapour. What is true of
hay 1s true of other feeding stuffs, and we can now make the
general statement that animals feed on the complicated com-
bustible materials made by plants, which are oxidised in
their bodies with the formation of ecarbon dioxide and water
vapour, and with the production of heat which is used to
keep their bodies warm.
We can now contrast the metabolism of plants and animals,
metabolism being the word used by physio-
Plants and  Jogists to express the sum of the chemical
Animals . S .« s .
Compared. changes which go on inside a living thing.
Plants take in from the air and the soil carbon
dioxide, water, and simple salts. By means of the energy
which their green colouring matter absorbs from sunlight
they build up these simple substances into the complex
materials of which their structure is composed. Animals eat
these complex materials breaking them down into carbon
dioxide, water, and other simple substances and using for
their own purposes the energy which was absorbed from the
sunlight by the plants in their making. The carbon dioxide,
water, and simple substances excreted by animals are again
absorbed by plants. Thus plants are necessary for the feed-
ing of animals and animals play their part in feeding plants,
The annexed diagram illustrates graphically the interdepen-
dence of plants and animals,

Complex substances

A
\

— > Plants Animals ——> Heat

i\

II|

Energy of
light

. v
Carbon dioxide
Water and simple salts.

Diacram 1.
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In Chemistry of Crop Production we studied the relations
between plants and the air and soil and learned how to help
crops to get all the simple substances they need for their
nutrition. Our present task is to study the fate of these
simple substances in the plant, how they are built up into
complex substances and stored in certain organs and how
they are used for feeding animals.



CHAPTER IL

THE CONSTITUENTS OF PLANTS.

We have seen that animals depend for their subsistance
on the stores of complex materials built up by plants with the
ald of the energy of sunlight from simple substances absorbed
from the air and from the soil.

The details of this building-up process are not yet fully

understood, we know, however, that the begin-
gf:ré;t;“ of ning and end of one of the most important of
Plants. these processes can be expressed by the follow-
ing equation :—
6CO, + 5H,0 =CH,0; 4+ 60..
Carbon dioxide Water Starch Oxygen.

This process is known as photosynthesis or assimilation.
It goes on only in green plants exposed to light. The plants
absorb CO, from the air by their leaves. The H,O is absorbed
from the soil by the roots. The products are C_H, O, starch,
which is stored in the plant, and oxygen which is returned to
the air.

We cannot directly eonvert CO, and H,O into starch and
oxygen by experimental methods in the laboratory. The plant
makes this conversion by means of the energy of light which
is absorbed by the chlorophyll and handed on to the plant’s
protoplasm or living substance.

It is difficult, too, to measure how much energy a plant
absorbs in order to make a given weight of
starch. We can, however, burn a given weight
of starch in oxygen, and measure the amount
of heat given out, and this must be the equivalent of the
energy absorbed. If it were not, then by first building up

G

Heat of
Combustion.



THE CONSTITUENTS OF PLANTS. 7

starch from CO, and H,O and then burning it in oxygen, it
would be possible to increase or decrease the energy in a given
weight of the four substances CO,, H,O, starch, and oxygen.
This would be breaking the law of the conservation of energy,
one of the great natural laws, which states that whilst the
total energy in any given weight of substances can be changed
from heat into work or electricity or light or any other form of
energy, its amount cannot be increased or diminished.

To measure the heat given out by burning a given weight
of starch in oxygen we proceed as follows: a small quantity
of pure starch accurately weighed is placed in a platinum
vessel inside a steel bomb. The bomb is then filled with
oxygen under pressure and placed under the water in a vessel
which is insulated to prevent loss or gain of heat. After
standing for some time the temperature of the water is taken
very accurately. The starch is then lighted by electrical
means when it burns completely in the oxygen. The heat
given out by the burning warms the bomb, the water which
surrounds it, and the insulated vessel.

Let us suppose that the weight of starch burned is 1 gm,,
the rise in temperature 1:767° C., the weight of water in the
insulated vessel 2,000 gm., and that the bomb and the
msulated vessel together require as much heat to warm them
as would 320 gm. of water.

The calculation will then be made as follows, one calorie
or unit of heat being the amount of heat required to warm
1 gm. of water through one degree Centigrade. Adding
together the water in the calorimeter, 2,000 gm., and the
water equivalent of the apparatus, 320 gm. the total weight
of water warmed 1s 2,320 gm. The temperature through
which it was warmed 1s 1'767° C. The quantity of heat
required was therefore 2,320 x 1'767 = 4100 calories, and
this was given out by burning 1 gm. of starch.

1 Ib. of starch can give out 4,100 x 454, or 1,861,400
calories. This 1s a very large figure, so large as to be
inconvenient. To meet this difficulty we usually adopt a
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larger unit of heat, namely the large or kilocalorie, which is
equal to 1,000 ordinary calories. In terms of this unit, the
amount of heat which 1 Ib. of starch can give out is 1,861
kilocalories.

Starch is one of the most abundant constituents of plants.
Wheat, for instance, contains about 60 per
cent. of starch in the grain alone. An aver-
age wheat crop yields per acre 32 bushels of
grain, and, since a bushel of wheat normally weighs 63 1b.,
the grain of an average acre of wheat weighs 63 x 32 =
2016 Ib. This will contain 2016 X £% = 1210 lb. starch.
Taking the heat of combustion (which is the name given to
the quantity of heat given out by burning 1 lb. of a sub-
stance) of starch as 1,861 kilocalories, the total amount of
starch in the grain of an average acre of wheat is capable of
giving out 1210 x 1861 kilocalories = 2,251,810 kilocalories.

Again, this figure is inconveniently large, so once more we
choose a larger unit, a thousand times as large as the kilo-
calorie. This we call a therm, and in terms of this new unit,
the starch in an acre of average wheat can give out 2,252
therms.

The green colouring matter must have absorbed at least an
equivalent amount of energy from the sunlight.

An average steer requires about 7 therms per day to
maintain his body temperature and to provide the energy
for carrying out his vital functions. The starch in an acre
of average wheat can, therefore, provide the necessary heat
and energy for an average steer for5322 days, or103 months; and
all this heat and energy comes originally from sunlight, which
enabled the leaves of the wheat to build up 1,2101b. of starch
containing energy which can produce 2,252 therms of heat.

Starch is only one of the complex substances built up by

the plant. Others are various kinds of sugars
Other Plant . b o S T
Constituents, Which are contained in nearly all plant juices,

and especially in the juice of the sugar cane
and of the sugar beet : gums which are also common in plant

Starch in
Crops.
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juices but are perhaps best known in the case of the gummy
material which oozes out of wounds in the bark of cherry
and plum trees : cellulose and woody fibre which form
the harder parts of plants corresponding to the skeleton
of animals. All these substances, starch, sugars, gums, cel-
lulose and woody fibre are direct or indirect products of
photosynthesis.

They resemble each other in being composed of carbon in
combination with hydrogen and oxygen, the
latter two elements being present in the same
proportion as that in which they are combined in water. For
this reason these substances are all included in the great
class of compounds called carbohydrates, which means com-
pounds of carbon and water.

These, however, are by no means all the complex substances
found in plants. Everyone has heard of linseed
o1l which is used for making paint, of colza oil
which before the days of paraffin was .commonly burned in
lamps, of palm kernel oil from which margarine is made.
These oils are obtained from linseed, from rape or cole seed,
and from palm kernels, because these particular plants happen
to contain oils in great abundance in their seeds. All plants
are by no means so rich in oils as these, but oils are never-
theless found in smaller quantities in nearly all plants. And
very important constituents they are from the point of view
of the feeding of animals, for 1 gm. of oil when completely
burned in oxygen gives out 9,400 calories or more than twice
as much heat as a similar weight of starch.

Oils are like carbohydrates in that they are compounds of
carbon, hydrogen, and oxygen, but their chemical structure is
quite different. They are not formed in plants by direct
photosynthesis. Indirectly this process must be responsible
for their origin, but the exact steps in their formation
are not known. Probably starch is formed first and
changed into oils during the course of the plant’s meta-
bolism,

Carbohydrates.

Oils.
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The building up process in plants does not stop at carbo-
Piokiiss. !1ydrﬂ,tes and 0:113. We know th:ia,t plants take
in from the soil compounds of nitrogen, phos-
phates, and other salts. These are built up together with
carbon, hydrogen, and oxygen into still more complex sub-
stances known as proteins. The best known plant protein is
the gluten of wheat, which is easily obtained by the following
method. Place a small quantity of ordinary wheat flour on
a square of fine muslin, gather the edges of the muslin
together and tie them with a piece of string. Moisten with
tepid water and rub under a jet of water until the water no
longer runs away milky. Now open the muslin and take out
the elastic sticky substance which remains inside. This is
gluten. By suitable tests it can be shown to contain carbon,
hydrogen, oxygen, nitrogen, sulphur, and phosphorus. It is
one example of the class of exceedingly complex substances
known as proteins which are found in varying proportions in
all plants. These three great classes of complex substances,
the carbohydrates, the oils, and the proteins, are by far the
most abundant constituents of plants. Plants contain, how-
ever, many other substances in smaller quan-
gﬁlﬁﬁimm. tities, among which may be I'IIE.I].t-i.I}IlEl]. the
amides, which are steps in the building up of
the proteins, acids which are probably steps in the oxidation
of the carbohydrates, and a great variety of substances which
give plants their characteristic scents and flavours. In addi-
tion to these organic compounds which are converted mto
gaseous products when the plant is burned, plants contain a
certain proportion of inorganic materials, such
as lime, potash, and phosphates, which when
the plant is burned are left behind in the form of ash.

To summarise, plants consist of carbohydrates, oils, pro-
teins, amides, acids, scents and flavours, and ash. In due
course we shall find out which of these substances are im-
portant to animals,

Ash,



CHAPTER Il1I.

STARCH AND SUGAR.

Before proceeding further it is necessary to learn something
more about the classes of complex substances of which plants
are composed, and we will begin with the carbohydrates
because they are so far as we know the first things formed in
the plants by the process of photosynthesis.

Let us repeat the experiment by which we obtained wheat
gluten, but in rather a different way. Tie up a
small quantity of wheat flour in a piece of
muslin as before. Moisten it with tepid water,
and rub it between the thumb and fingers in a large vessel
of water. The water will become milky, and on standing for
a short time a fine white powder will settle at the bottom.
This powder is starch. Pour off most of the water and
examine the powder.

Transfer a very little of it to a glass slide, cover it with a
cover slip and look at 1t under a microscope.
It will be found to consist of very small more
or less rounded grains. Starch consists of
small separate grains. The starch grains of different plants
have characteristic sizes and shapes by means of which they
can be identified. Thus it 1s possible by examining starch
grains under the microscope to decide whether they come from
wheat, barley, oats, maize, peas, or potatoes.

Put a small quantity of the starch into a test tube, add

some cold water and shake, Note that it does

g::;’:;ﬂr not dissolve. Starch is insoluble in cold water.

Now heat the test tube. Note that before the

water boils, the starch swells up, and dissolves in hot water,

malking, however, a rather opalescent solution. Cool the test
11

Preparation
of Starch.

Microscopic
Examination.



12 STARCH AND SUGAR.

tube by holding it under the tap. If you have used enough
starch the solution will become thick, and set to a kind of
jelly. Starch dissolves in hot water, the solution is opalescent,
and if strong sets on cooling.

To a little of the cold solution add a few drops of iodine
solution. Note that a blue colour is formed. Warm the
test tube ; the blue colour disappears, but returns on cooling.
Starch 1s evidently quite an easy substance to identify. Starch
grains have definite and characteristic shapes and sizes. Starch
is insoluble in cold water. It dissolves in hot water. The
solution becomes thick on cooling. The cold solution gives a
deep blue colour on addition of iodine. This blue colour
disappears on warming but returns on cooling.

Test for starch in various plants by making use of these
properties as follows :—

Boil a small quantity of the plant in water.
Pour oft the iquid. Cool it and add iodine. A
blue colour, which disappears on heating but returns on
cooling, shows the presence of starch.

By applying these tests to different plants and plant pro-
ducts it will be found that starch is a common constituent of
almost all plants. It is always found in the plant in the
form of starch grains. Although the grains of each plant
have characteristic shapes and sizes, the starch of which all
starch grains are composed is chemically the same.

Everyone knows that certain plants, for instance the sugar
beet and the sugar cane, contain sugar, but it
is not so well known that there are many dif-
ferent kinds of sugar. This is nevertheless the case, and at
least five kinds of sugar are of importance to the agriculturist.
These are: cane sugar which occurs not only in the sugar
cane and sugar beet but in mangolds, turnips, parsnips, and
many other plants: grape sugar which occurs in grapes,
turnips and many other plants : fruit sugar which is a common
constituent of fruits, flowers, and honey : malt sugar which is
found in germinated seeds : and milk sugar which as its name

Testing Plants
for Starch.

Sugars.
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implies oceurs in milk. In many books on the feeding of
animals these sugars are frequently called by their chemical
names and it is therefore desirable that these names should
be mentioned here. They are as follows :—

Cane sugar ... ... Sucrose or saccharose
Grape sugar ... d Glucose or dextrose
Fruit sugar ... ... d Fructose or laevulose
Malt sugar ... ...  Maltose

Milk sugar ... ...  Lactose

It is by no means an easy matter to identify each of these
sugars, and for our purpose it is not necessary that we
should be able to do so, for they are all practically equal in
food value. They are not, however, equal in sweetness, cane
sugar being far sweeter than any of the other kinds. For
our purpose it will suffice if we can find a general test for the
presence of sugar of any kind.

Make solutions of all the different sugars mentioned above.

Test each solution as follows:—To a little of
gﬁ;ﬁ:nfﬂr the solution add a little Fehling’s solution and

boil. In the case of all the sugars except cane
sugar, the blue colour of the Fehling’s solution will disappear
and a red precipitate will be formed. This seems to be a
general test for all the common sugars except cane sugar.,

Take a second portion of cane sugar solution, add to it a
little dilute sulphurie acid, and boil for a moment. Neutra-
lise the acid by adding a little sodium hydrate solution, then
add Febling’s solution and boil. The blue colour will disappear
and a red precipitate will separate as with the other sugars,

By means of this test we can find if a plant or a part of a

1 plant contains any kind of sugar. The pro-
E;isgsgailants ceedure is as follows:— Since all sugars are
soluble in water, sugar is likely to be found in

the plant’s juice, or, if the plant is dry, in the extract
obtained by shaking the ground up material with cold water.
The best way of preparing plant juice in the case of the
turnip, mangold, potato, or other “root” is to cut the root
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into strips and put them through a sausage mill. Then tie
up the pulp in a piece of fine linen and squeeze out the juice.
Plant juice or extract is usunally too thick and dark coloured
to be suitable for testing without further treatment. The
best way to make it clear is to add to it about one-tenth of
its volume of basic lead acetate solution. This causes a
bulky white precipitate which carries with it all the sub-
stances which make it thick and muddy and most of the
colour. On filtering off this precipitate a clear liquid runs
through which is suitable to test for sugar as described
above. By testing a number of plants in this way it will be
found that sugar, of one kind or other, is a common con-
stituent of almost all plants, and that it is specially abundant
in roots such as turnips, mangolds, and parsnips and carrots.
Starch and the sugars both belong to the great class of
substances known as carbobydrates, and they
Conversion of ;e rather closely related to each other as is
Starch into .
Sugar by Acids. Shown by the fact that starch can readily be
transformed 1nto sugar. Put a little starch
into a small flask with some water. Add a little dilute sul-
phurie acid and boil for at least five minutes. At intervals
pour out a little of the solution into a test tube, cool it, and
add a few drops of iodine solution. Note that as the boiling
proceeds, the solution loses the power of giving a blue colour
with iodine, showing that the starch is undergoing change.
When the solution no longer gives any colour with iodine,
transfer a portion to a test-tube, neutralise it with sodium
hydrate solution, add a little Fehling’s solution and boil.
The blue colour of the Fehling's solution is destroyed and a
red precipitate appears, showing that sugar has been formed.
Starch is therefore changed into sugar by boiling with acid.
Prepare some starch solution by boiling a very little starch
with water in a test-tube. Fix the test-tube
E;“Evn'a:;ig’:ﬂ_ in a vessel of water warmed to 50° C., and
kept at that temperature by means of a

very small flame.
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Meantime, shake up a little finely ground malt with some
cold water and pour it on to a filter. Malt is barley which
has been made to germinate and then dried so as to kill the
root and shoot and thus prevent further growth, The liquid
which runs through the filter is malt extract. Add a little
of the malt extract to the warm starch solution in the test-
tube. By means of a glass rod, place a number of drops of
iodine solution on a porcelain slab or failing this on a piece
of glazed paper. Dip another glass rod into the warm starch
solution to which the malt extraet has been added, and trans-
fer a drop of the solution to one of the drops of iodine. A
blue colour will appear because the starch will combine with
theiodine. Repeat this experiment every minute or so. Tess
and less blue colour will be formed, and finally after a few
minutes, no colour at all. Something in the malt extract
has changed the starch.

Now pour some of the starch solution which has been
changed into a test-tube, and add a little Fehling's solution.
Before boiling it put an equal volume of water into a second
test-tube and add to it about the same proportion of malt
extract as you added to the starch solution, and then a little
Fehling’s solution. Boil the two test-tubes side by side. In
that containing the changed starch solution much red precipi-
tate will be formed, in that containing only water and malt
extract only a trace. This trace represents the sugar contained
in the malt extract. Of the larger quantity formed in the test-
tube containing the changed starch solution, a trace also came
from the sugar in the malt extract, but the greater part from
sugar formed from the changing of the starch. Evidently
malt or germinated barley contains something which can
change starch into sugar.

Repeat the experiment, but boil the malt extract before
adding it to the starch solution. Note that
boiled malt extract has lost the power of chang-
ing starch, The constituent of malt extract
which changes starch into sugar is destroyed by boiling. Tt

Enzymes.
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1s a ferment or enzyme called diastase, and its function in the
germinating seed is to convert the store of insoluble starch in
the seed into sugar, so that the juice or cell sap may dissolve
the sugar so formed, and carry it to the root and shoot where
it is required to provide material for growth.

Such ferments or enzymes are common in plants, their fun-
tion being to change the starch formed by photosynthesis or
that stored in roots or tubers into sugar whenever the plant
wants to move it from leaves to roots, from roots to stems,
or elsewhere.

The ease with which starch may be converted into sugar

i1s well illustrated by the similarity of their
Formulae of  chemical formulae. Chemical experiments have
Starch and :
Sugar. shown that in starch the elements carbon,

hydrogen, and oxygen are combined in the pro-
portion of six atoms of carbon, ten atoms of hydrogen, and
five atoms of oxygen. The simplest formula for starch would
therefore be C,H,O0.. Experiments have shown, however,
that the real formula is more complicated. We are not sure
what it is, but we know that it is probably not less complex
than C, H,,0,,. |

It has been shown that the formula of grape sugar and
fruit sugar is C,H ,O,, and of cane sugar, malt sugar, and
milk sugar C, ,H,0O,. The similarity of these formulae is
obvious. Thus, if we add to starch, C, ;H,,0,;, ten times H,O
we get ten times C,H,0,—thus :—

O H 0. 410 H0=100H.,0.:

Something of this kind occurs when starch is converted
into sugar by boiling with acid, the acid changing the starch
by making it combine with water.

Similarly the action of acid on cane sugar is represented
by the equation—

C,H,0, + HO =2 CH,,0;.

Another point of similarity between starch and the sugars

is that in all of them the hydrogen and oxygen are present
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in the same proportion as in water H,O. Thus the formulae
can be written C_50(H,0), C 11(H,0), C,6(H,0), in which
they all appear as compounds of carbon with water. Since
compounds of substances with water are called hydrates, we
might call starch and the sugars carbon hydrates. As a
matter of fact chemists have contracted these two words into
one—carbohydrates.

A. NUT. 2



CHAPTER 1IV.

CELLULOSE AND SOME LESS IMPORTANT
CARBOHYDRATES.

The great group of substances called carbohydrates in-
cludes many other members besides starch and the sugars
which we have just considered.

The most important of these is the substance -called
cellulose, which forms the cell walls and other
supporting parts of plants.

As might be expected, from the part it plays in the plant
economy, this cellulose i1s more insoluble and less prone to
change than the other plant constituents. It is by taking
advantage of this fact that we are able to separate and
identify cellulose.

Take a small quantity of finely ground or chopped plant
substance. Ground oats or finely chopped
straw are suitable for this experiment. Pour
into a beaker 200 c.c. of water. Put a label on
the bealker to mark the level at which the water stands.
Pour away the water, and put the ground oats or chopped
straw into the beaker. Now pour into the beaker 25 c.c. of
dilute sulphuric acid, and fill up to the 200 c.c. mark with
water. Cover the beaker with a clock glass, and boil over a
small flame for half-an-hour. Care must be exercised when
boiling first begins to prevent frothing. Afterwards, when
the size of the flame is properly adjusted, boiling will proceed
without further attention.

Cellulose.

Preparation of
Cellulose.
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After half-an-hour’s boiling, filter through a piece of fine
linen tied over a funnel, and wash the insoluble material
well with hot water. Pour some of the filtrate into a test-
tube, neutralise with sodium hydrate solution, add Fehling's
solution, and boil. Note that sugar is present. The boiling
with acid has dissolved all the starch and sugar in the
material under experiment.

Remove the linen from the funnel and stretch it over a clock
glass. With a spatula or blunt knife scrape the insoluble
material off the linen, and put it back in the same beaker, wash-
ing back the last traces with a jet of water from a wash-bottle.
Add to it 25 c.c. of sodium hydrate solution, and fill up to the
200 c.c. mark with water. Cover with a clock glass and
again boil for half-an-hour, with the same precautions as
before.

At the end of half-an-hour filter as before, through a
linen filter, wash with hot water, and finally once with
methylated spirit. Scrape off the linen as before, placing
the insoluble residue on a watch glass. Dry in the steam
oven,

In the second treatment, the boiling with sodium hydrate
solution dissolves the plant constituents which the first
treatment with acid had failed to attack. The residue which

resisted both treatments is cellulose, or, as the analyst
prefers to call it, fibre.

A somewhat similar treatment is used commercially to
separate cellulose from certain plants. The residue when
bleached and spread out into sheets makes paper. In some
plants, such as flax, the cellulose, which exists in long
fibres, is separated by allowing the rest of the plant to
rot m water. This process is known as retting. In the
case of the cotton plant, the seeds are provided with
long fibres or hairs composed of cellulose, which are
separated by mechanical means. Thus the common sub-

stances, paper, linen, and cotton, are composed of almost
pure cellulose.
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Cellulose is, as the method of preparation has shown,
insoluble in water and in acids and alkalis.
It is, in fact, a most stable and permanent
substance. Its formula is like that of starch,
a large multiple of the simple formula, C,H,O,. This agrees
with its inclusion in the carbohydrate group, which can also
be shown experimentally as follows :—

Put a small quantity of cellulose, either that prepared
from ground oats or chopped straw, or, perhaps better still,
a bit of filter paper or cotton wool, in a small mortar. Pour
on to it enough strong sulphuric acid to cover it, and rub
with a pestle until the solid substance disappears. Pour into
a small flask and add water. Note that the cellulose has
practically dissolved. Boil over a small flame for some time,
taking out a portion from time to time, neutralising with
sodium hydrate and boiling with Fehling’s solution. TUlti-
mately it will be found that the continued boiling with acid,
after first dissolving in strong sulphuric acid, has trans-
formed the cellulose into sugar. This confirms the inclusion
of cellulose in the carbohydrate group.

The cellulose separated from woody or fibrous plants by
the method described above is often not pure.
It has been partially or wholly changed into a
substance called lignin, which is still tougher and more
permanent than cellulose. 1t is for this reason that the
analyst does not wish to commit himself to its being
cellulose, but prefers to call it fibre.

Cellulose or fibre is an abundant constituent of most
plants. Hay and straw contain 30 to 40 per
cent. Since the annual production of these
two in the United Kingdom reaches about
60 million tons, their total cellulose content must amount to
between 20 and 25 million tons. It is remarkable that this
vast amount of so permanent and insoluble a substance as
cellulose should disappear annually. As a matter of fact
the disappearance of all this cellulose, and the cellulose of

Properties of
Cellulose.

Fibre.

Cellulose in
Cropa.
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paper, the leaves of trees, and the remains of other plants is
due to the action of certain kinds of microbes, which in the
presence of moisture feed upon cellulose and change it into
carbon dioxide, water, and a variety of other products, amongst
the most important of which is the vegetable matter or
humus of the soil.

Many plants contain carbohydrates which are] neither
starch, sugars, nor cellulose. Put some linseed
in boiling water, and note that the seeds will
burst, and that a gummy muecilaginous sub-
stance will exude from them and swell up in the water.
Pour off some of the gummy liquid and divide it into several
portions. To one portion add iodine solution. No blue
colour is produced, so the substance is not starch. To a
second portion add dilute sulphuric acid and boil for some
time. When the solution has become clear, neutralise it
with sodium hydrate solution, add Fehling’s solution and
boil. A red precipitate is produced, showing that the sub-
stance is changed into sugar by boiling with acid. It is,
therefore, a kind of carbohydrate. Among the sugars which
are formed is one which differs from all the sugars which we
have studied.

Put some of the gummy solution into a distilling flask
and add to 1t twice its volume of strong hydro-
chloric acid. Fix the flask over a small flame,
and allow the liquid to distil into a test-tube. Moisten a
strip of filter paper with aniline acetate solution. Remove
the test-tube, and allow a drop of the distillate to fall on
this filter paper. An intense rose colour will be produced.
This is a characteristic test for sugars which contain only
o carbon atoms. Their formula is C;H, O;, and they are
called pentoses.

Linseed mucilage bears somewhat the same relation to
these pentose sugars as starch does to the sugars with the
formula C,H,,0,. It is, therefore, called a pentosan, since
on boiling with acid it splits into pentoses.

Gums and
Mucilages.

Pentosans.
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Pentosans exist in many plants in considerable proportions.
Straws contain about 5 per cent., wheat bran
considerably more. Somewhat similar sub-
stances called pectins are found in fruits, They have the
property of making solutions which become semi-solid or
jelly-like on cooling. This property is important in the
setting of jam. Another well-known pentosan is the gum
which exudes from wounds on the stems and branches of
cherry and plum trees. All the experiments described above
can be repeated with cherry gum.

Pectins.



CHAPTER V.

THE OILS.

That plants contain oils is a familiar every-day fact.
Castor oil is one of the unpleasant recollections of our child-
hood. Olive oil is in everyday use for making salads.
Linseed oil is the basis of paints, and every farmer knows
that the percentage of oil left behind in the linseed cake,
when the linseed oil is pressed out, is an important factor in
determining the food value of the cake. Oils are evidently
important plant constituents with which we ought to become
more familiar.

The name o1l i1s applied to many different substances,

Thus, we speak of paraffin oil, turpentine oil,
gﬁ?ﬁfﬁ oi. DPitter almond oil, and olive oil. Olive oil we

know is commonly used for food, and bitter
almond o1l as a flavour in cooking. Paraflin oil and turpen-
tine we should have no hesitation in pronouncing as inedible,
though the former has of late years become a fashionable
medicine. Why is it that some of the substances called oils
are good for food and others are not? A few experiments
will clear up this point.

Pour into separate test-tubes a few drops of each of the
oils mentioned above. Add water to each test-tube and
shake gently. Note that in each case the oil floats up to the
top, showing that it does not dissolve in the water or mix
with 1t, and that it is lighter than water.

Now add to each test-tube a small quantity of ether and
shake gently. Note that in each case the oil dissolves in
the ether, making a solution which floats on the water.

23
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Allow a drop of each of the oils to fall on a strip of filter
paper. Note that it is at once absorbed by the paper,
making a greasy transparent mark,

These substances are all called oils because they all possess

_ certain common characteristics by which oils

Efr%l;f:_t = are recognised : they are lighter than water,

they do not mix with water or dissolve in it,

they dissolve readily in ether, they make a greasy stain on

paper. Substances possessing these properties are commonly
called oils.

Now place the pieces of filter paper in a warm place.
Note that the stain produced by the olive oil remains
unchanged, whilst the stains produced by the other oils
disappear, because these other oils evaporate readily, whilst
olive oil does not. This experiment can be made more pre-
cise by actually determining the boiling point. Olive oil
will not boil without decomposing. The other oils men-
tioned boil between 150° and 200° C.

For these reasons olive oil is called a fixed oil, the others
volatile oils. Tt is also worth noting that olive oil is almost
free from smell, whilst the other oils mentioned all possess
very characteristic odours.

Of the oils mentioned, only olive oil is valuable as a food,

] : and, although it is rash to generalise on so
E;xregtgﬂa small a number of instances, it appears that

oils which are valuable for food are non-
volatile or fixed oils without odour, whilst oils which are not
cood for food are volatile oils with characteristic odours.
The fixed oils like olive oil are called fats. They possess a
very characteristic chemical constitution, as shown by the
following experiments.

Put about 5 c.c. of olive oil in a large test-tube, and add

20 c.e. sodium hydrate solution. Shake well,
Ef?alf't?iti“ until the oil and the watery solution are
thoroughly mixed. Although oils will not mix
with water they mix readily with water containing sodium
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hydrate or other alkalis. Now put the test-tube in a vessel
of boiling water, and keep it there until a drop taken out
and stirred in water produces no milkiness.

Pour the contents of the tube into a small beaker, neutral-
ise it with dilute sulphuric acid, and add 3 or 4 gm. of
finely-powdered common salt. As the mixture cools, a white
curdy mass will solidify on the top of the liquid. Remove
this, break it up with a glass rod, and wash it with a little
cold water. Put a small bit of it in a test-tube, add distilled
water and shake. Note that the tube becomes filled with
lather.

Dissolve more of the curd by heating in distilled water
and filtering if necessary. To a little of the solution add
some caleium chloride solution. A white curdy precipitate
1s formed.

To another portion add some hard water and shake.
Note that white curd is formed instead of lather. ILather
can, however, be produced by adding enough of the
solution.

To a third portion add some finely-powdered common salt
The white curd again rises to the top.

To a fourth portion add dilute sulphurie acid. A milky
precipitate separates, and on warming rises to the top, where
it forms an oily layer.

The fact that the solution lathers when shaken with dis-
- tilled water, and gives a curdy precipitate with

hard water, suggests that the white curdy
mass is soap.

To test this dissolve some soap in boiling water, filtering
if necessary, and repeat the above experiments. Note that
the soap solution behaves in every way like the solution
of the curdy mass, which undoubtedly, therefore, is
soap.

Olive oil, therefore, when heated with sodium hydrate
solution gives soap, and this behaviour is characteristic of all
the fixed oils or fats which are good for food.
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Now take the liquid from which the curdy mass of soap
was removed, filter it if it is not clear, and
evaporate it to dryness in a porcelain dish
placed over a vessel of boiling water. It will be necessary to
stir the residue as it gets nearly dry in order to get rid of
the last traces of water., Most of the residue will consist of
the common salt which was added to cause the soap to
separate. Common salt does not dissolve in aleohol, and
most organic compounds do. Pour a little strong alecohol
on the dry residue, stir well, and filter. The common salt
will remain on the filter paper. Any organic compound
formed when the sodium hydrate converted the oil into soap
will probably run through the filter in the alecohol. Put the
alcoholic filtrate in a glass dish or small beaker, and
evaporate away the alcohol on the water bath. If the whole
experiment has been carried through accurately a small
quantity of a thick sweet-tasting liquid will remain, which
can be identified by appropriate tests as glycerin, or, to give
it its real chemical name, glycerol.

Glycerol is an alcohol containing three hydroxyl groups.

Its formula is C,H,(OH),. It is a constituent
Formulas of all fixed oils or fats which are compounds of
of Fats.

clycerol and fatty acids. Thus olive oil con-
sists chiefly of a compound of glycerol and oleic acid with
the formula (C,H,CO,),C,H,. This compound is called
glyceryl trioleate, or simply triolein.

When this compound is boiled with sodium hydrate, the
sodium hydrate turns out the glycerol and combines with the
oleic acid, forming sodium oleate, thus :—

(C,.H,CO0,),C.H, + 3NaOH = C,H,(OH), + 8C,;H,,CO,Na.

Sodium oleate is a soap. It is soluble in water, but
separates out in the form of a curdy mass on addition of
common salt. When soap is added to hard water, the
caleium salts which make the water hard react with the
soap, which is a sodium salt, to make insoluble calcium
oleate, which separates as a white curdy precipitate. When

Glycerol.



THE OILS. oy

sulphuric acid is added to sodium oleate, sodium sulphate is
formed, and oleic acid is set free as an oily liquid. Fixed
oils and fats always behave in this way when boiled with
sodium hydrate, yielding soap and glycerol. They are com-
pounds of glycerol with oleic or other more or less similar
acids, which will be met with in the course of our work.
We noted in our earlier experiments that oils dissolved in
: ether, and it is this property which enables us
ani“if?E&H“tﬂ to test for the presence of oils in plants.
Before testing, the plant substances must be
dry and finely powdered. Shake with ether small quan-
tities of linseed meal, oat meal, maize meal, and wheat
flour in separate test-tubes. Filter through separate
filters, and evaporate off the ether in each case over a vessel
of hot water, being careful not to have a flame near, as ether
and ether vapour are very inflammable. Note the amount of
oil left behind in each case. Linseed contains much oil—
over 30 per cent.—oat meal and maize meal much less—only
about 5 per cent. Wheat flour contains only a trace.
Transfer some of the oil in each case to a strip of filter
paper, and note that it makes a greasy transparent mark
which does not disappear on warming. The oils contained
in linseed, oats, maize, and wheat are, therefore, fixed oils or
fats which possess high food values.



CHAPTER VL

THE PROTEINS.

We have already (Chapter II.) noted that among the
complex substances built up by plants are substances like the
gluten of wheat which contain nitrogen, sulphur, and some-
times phosphorus, and are called proteins. We have learned
also that cellulose forms the supporting parts of the plant’s
structure, corresponding to the skeleton of the animal, and
that starch, sugar, and oils are the forms in which the plant
stores up supplies of food for the future. The stores of food
include proteins, but the proteins also play another part in
the plant’s life.

When the plant is alive the protein is the chief con-
stituent of its protoplasm or living substance,
so that part, at any rate, of the protein which
we obtain from a dead plant was protoplasm, or living sub-
stance, when the plant was alive.

Proteins are evidently exceedingly important and interest-
ing substances, and we must now proceed to study them.

For the following experiments we ean use some of the

o wheat gluten prepared m Chapter II., pre-
gfﬂgﬁf:m L ferably some which has been dried and pow-
dered. Heat a small quantity in a dry test-
tube. It chars, owing to separation of carbon, and at the
same time gives off steam which condenses to water on the
cooler part of the tube. Gluten, therefore, contains carbon,
hydrogen, and oxygen, resembling in this respect the carbo-
Liydrates and fats.

Mix a small quantity with 5 to 10 times as much soda
lime, and heat the mixture in a dry test-tube. Hold a piece
of moistened red litmus paper in the fumes which are given

28
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off. The litmus paper is turned blue, suggesting that they
contain ammonia. Confirm this by smelling the fumes,
Now ammonia is a compound of nitrogen and hydrogen,
NH,, and gluten, therefore, contains nitrogen, differing in
this respect from the carbohydrates and oils.

Take a little more gluten in a test-tube, add strong
sodium hydrate solution, a few drops of lead acetate solu-
tion, and boil. A dark brown colour appears, owing to the
formation of lead sulphide, which is almost black. Gluten,
therefore, contains sulphur.

If gluten is a fair sample, the proteins are exceedingly
complex substances, more complex than the carbohydrates
and oils, for they contain not only carbon, hydrogen, and
oxygen like the carbohydrates and the oils, but also nitro-
gen, and sulphur, and phosphorus is often present too.
They are, indeed, so complex that, although many proteins
have been separated, purified, and analysed, so that we know
their percentage composition, we have not yet succeeded in
deciding on their chemical formule.

In spite of this, it is possible to recognise the presence of
proteins in plant substances by certain tests.
Put a small quantity of gluten in a test-tube,
add a little strong nitric acid, and warm.
The mixture turns yellow. Now add cold water and shake.
Pour some ammonia solution into the test-tube, and note that
in the upper part of the liquid, where the ammonia is in
excess, the colour deepens to orange. This is a characteristic
test for proteins, and is known as the xanthoproteic test.
It 1s interesting to find out what the test means. Put a few
drops of benzene into a test-tube, add a few drops of strong
nitric acid, and heat for a short time. Brown fumes are
given off, and a yellow substance is formed, which, on
addition of water, gives a yellow milky liquid. Now add
ammonia, and note that, as in the case of gluten, the colour
deepens to orange. This xanthoproteic test depends on the
presence of a benzene ring in the protein.

Tests for
Proteins.
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To a little gluten in a test-tube add some Millon's reagent
and boil. A red colour or a brick-red precipitate is formed,
which again depends on the presence in the protein of a
benzene compound known as tyrosin.

Dissolve a little gluten by warming with some strong
sodium hydrate solution in a test-tube. Cool and add one
drop of dilute copper sulphate solution. Shake the tube,
and note that a pinkish violet colour is formed. This test is
known as the biuret test, and is a characteristic test for
proteins.

This test again has a definite meaning. Heat a little urea
in a test-tube. It melts at first, but on further heating
solidifies, giving off ammonia. The change which takes
place is represented by the following equation :—

NH, — CO — NH, + NH, — CO — NH,

uraa 1nrei

= NH, 4+ NH, — CO — NH — CO — NH,.

biuret

After the test-tube containing the solid product, which 1s
known as biuret, has cooled, pour some sodium hydrate
solution into it, and help it to dissolve the biuret by warming
and shaking. Cool again, and add one drop of dilute copper
sulphate solution. Shake, and note that a pinkish violet
colour is formed. The biuret test, therefore, indicates that
some of the atoms of carbon, hydrogen, oxygen, and nitrogen
in proteins are arranged as in biuret—

NH, — CO - NH - CO — NH.,.

To a small quantity of protein in a test-tube add some
“reduced oxalic acid solution” and pour a little strong
sulphuric acid down the side of the tube so that it forms a
layer at the bottom. Most proteins cause the formation of
a purple ring at the top of the sulphuric acid layer. The
purple colour indicates the presence in the protein of an
amino acid known as tryptophan,

It is important to note that each of these tests indicates
the presence in the protein of a definite group of elements
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combined in a definite manner. When a protein is digested
by an animal it is split into about twenty separate and dis-
tinct compounds called amino acids. These amino acids are
formed from the groups of elements recognised by the above
tests. From the mixture of amino acids resulting from
digestion the animal picks out the amino acids it requires
for its own purposes, and it picks them out in certain pro-
portions. If any amino acid is too abundant the excess of it
is wasted. If any is deficient the animal suffers.

It is an exceedingly difficult matter to test for all the
amino acids in a protein. The above tests, however, will
show the presence or absence of several of the important
ones: Millons’ test tells us if the protein contains tyrosin,
the “ reduced oxalic acid test” does the same for tryptophan,
and the sulphur test for an animo acid known as cystin.

All proteins do not contain all the twenty amino acids,
Certain proteins, e.g. gelatin and zein, one of the proteins
of maize, are deficient in one or two of them. Some
protemns contain great excess of some amino acids. Conse-
quently all proteins are not of the same value to the animal.
Animal proteins are usually better than vegetable proteins,
because on digestion animal proteins yield all the amino
acids in about the proportion which the animal requires.
In the case of vegetable proteins the safest course is to use
a mixture of feeding stuffs, so that the excess of certain
amino acids in the protein of one may balance the deficiences
of the same amino acids in the protein of others.

In applying these tests to the discovery of the presence or

_ absence of proteins in certain plants we shall
ng;ﬁ?“ °f  neet with many difficulties. Although pro-
teins contain the same percentage of carbon,

hydrogen, oxygen, and nitrogen, and give similar results
when tested as above, they differ widely in many of their
properties. Some of them are soluble in cold water, but are
precipitated or coagulated from their solutions on heating.
These are called albumins, from their similarity in these
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respects to white of egg, which has long been known to
chemists under the name albumen.

Others do not dissolve in pure water, but can be dissolved
by water containing a little common salt, These are known
as globulins. Like albumins, their solutions are coagulated
by heating. DMany proteins are known which dissolve
neither in pure water nor in salt solution: some of them
dissolve in dilute acids, others in dilute alkalis, and
still others in alcohol. There are some proteins which
are insoluble in all these solvents, and can only be dissolved
by ferments, or by acids or alkalis so strong as to decom-
pose them.

To make a complete examination of any plant substance

for the presence or absence of proteins is evi-

T;i-tit?es for dently a lengthy proceeding, for it involves

in ﬁla,ﬂﬁ, trying in turns all the solvents mentioned

above. We shall only be able to deal with
a few comparatively simple instances.

Prepare a quantity of mangold or turnip juice by slicing
the roots and passing them through a sausage mill, subse-
quently squeezing the pulp in a square of fine linen. Boil a
quantity of the juice in a beaker, and note that a curdy
precipitate separates. Filter or skim this off, and test 1t by
the xanthoproteic test. Note that with nitric acid it gives a
yellow colour, which turns orange on addition of water and
ammonia. It is, therefore, a protein, and, since it was
soluble in the watery juice from which it coagulated on
boiling, it must be either an albumin or a globulin.

Put 10 to 20 gm. of finely powdered linseed cake or cotton
cake in a flask, and add about 5 gm. of common salt and
100 ec.c. of water. Shake for some time, allow to stand,
shake again, and repeat the process for several hours.
Finally pour the contents of the flask on to a large filter.
Test the filtrate as follows :—

Heat a portion in a test tube. Note that coagulation

takes place.
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Pour a little into a beaker of water. Note that each drop
as it falls into the water becomes milky. This is because the
protein was dissolved in salt solution, which, as it mixes with
the water, becomes so dilute that it can no longer hold the
protein in solution.

Test a portion by Millon’s test, and by the biuret test.
Linseed and cotton seed cakes contain a protein which
dissolves in salt solution and coagulates on boiling. It is,
therefore, a globulin.

Put 10 to 20 gm. of ground peas or beans in a flask, add
100 c.c. of water and 5 c.c. of sodium hydrate solution.
Shake, and allow to stand as before. Pour on to a large
filter, and test the filtrate as follows :—

Neutralise a portion by the cautious addition of drops of
dilute acid. As it becomes neutral a precipitate appears.

Test a portion by the biuret test.

Beans and peas contain a protein which is soluble in
dilute alkalis.

Put about 5 gm. of wheat flour, oat meal, barley meal,
or maize meal in a flask, and add 50 c.c. of strong alcohol
and 10 cc. of water. Shake, and allow to stand as before.
Finally pour on to a large filter, and test the filtrate as
follows : —

Pour some of it very slowly into water. Asthe water
dilutes the alcohol a milky precipitate separates.

Test a second portion by the biuret test. If you wish to
apply the xanthoproteic test and Millon’s test, the aleohol
must first be evaporated away. Aleohol would react too
violently with nitrie acid.

Cereal grains contain proteins which are soluble in 70 per
cent. alcohol.

We have now proved the presence of proteins in mangolds,
swedes, linseed, cotton seed, beans, peas, and cereals, which
is enough to show that proteins are of general occurrence in
plants. They are, in fact, usually the next most abundant
constituent after the carbohydrates,

A.NUT. 3
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SOME LESS ABUNDANT PLANT CONSTITUENTS.

We have now studied the more abundant constituents of
plants, the carbohydrates including starch, sugars, cellulose
and pentosans, the oils, and the proteins. Plants, however,
contain many other constituents which though less abundant
are perhaps not less important.

We saw in Chapter II. that the first produets of photo-

s sythesis were the carbohydrates. We also
%‘;ﬂﬂ::ﬂ noted that a portion of the carbohydrates so

formed were oxidised or otherwise changed
by the plant, so as to provide material and energy for
growth, whilst the rest, being probably the greater portion,
were stored for future use. To return to the oxidation of
the carbohydrates for the provision of material and energy
for the immediate purposes of the plant. The ultimate
products of this oxidation are carbon dioxide and water
as is shown by observation of the respiration of the plant in
the absence of light. The oxidation, however, does not take
place in one single step: there are probably several inter-
mediate steps between carbohydrate and carbon dioxide.
Some of the substances corresponding to these intermediate
steps are useful to the plant and can be identified and studied.

Prepare some mangold, turnip, or potato juice by the

method already deseribed. To a small portion

g’;ﬁ:m in a test-tube add five times as much strong

alcohol, shake well and filter. To some of the

clear filtrate add a few drops of phenol phthalein, an indicator

which is colourless in presence of acids but turns pink when

in contact with alkalis, Note that the solution remains
g4
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colourless and is therefore acid. Now add dilute solution of
sodium hydrate drop by drop, shaking after each addition,
Note how many drops are required to neutralise the acid in
solution as shown by the production of a pink colour with
the phenol phthalein. Evidently the plant juice contains a
measurable amount of aecid.

Put some rhubarb stalks through the sausage machine

_ and squeeze out the juice as before. Test a

Ezﬂm sample of the juice with litmus paper. It is

strongly acid. If necessary clear the juice by

alcohol as above, and to the clear solution add calcium

chloride. Note that a white precipitate is formed which

does not dissolve on addition of acetic acid. Rhubarb juice
is acid and its acidity is due to the presence of oxalie acid.

Prepare some lemon juice by cutting the lemons in halves

b and squeezing. Test the juice with litmus
E::tig:: paper. It is strongly acid. Neutralise some

of the juice by cautiously adding ammonia
solution in the presence of a drop of litmus. Now add
calcium chloride solution. No precipitate is formed. The
acidity is therefore not caused by oxalic acid. Now boil the
solution. A white precipitate is formed. This is a charac-
teristic test for citric acid.

We may conclude that some kind of organic acid is a
general constituent of plants although present in varying
degrees. The acid has probably been formed by the oxida-
tion of carbohydrates. It is found in the juice, and is useful
to the plant, partly because it protects the plant from certain
enemies, partly because it may help to dissolve from the
soil the salts required by the plant.

Cut up the remains of the lemons and put them in a large

4 flask with a quantity of water. Connect the
Sanential flask with a condenser and receiver and boil
Oils.

the water. Note that the water which drips
from the condenser into the receiver contains drops of oil.
When oil drops no longer come over, pour the whole distillate
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into a separating funnel, shake gently and allow to stand
while the oil rises. Run out the water and leave the oil.
Transfer the oil to a test-tube for examination. The method
of separation has shown that the oil is lighter than water
with which it does not mix. Note its very fragrant smell.
To remove from it the last traces of water, drop into the test-
tube a few pieces of calcium chloride and shake. After a few
minutes filter through a dry filter. Put a drop of the oil on a
strip of filter paper. Note that it makes a greasy transparent
marl, which, however, slowly disappears on warming

This oil is therefore an oil according to our definition, but
since the mark it malkes on paper disappears on warming it
is a volatile oil and not a fixed oil or fat having a high food
value. This can be confirmed by finding its boiling point.
Fit a cork to the test-tube. Bore a hole in the cork to fit a
thermometer reading to at least 200° C. Cut a slot out of
the side of the cork so that when it is put into the test-tube
there may be a vent for the vapour. Put the cork in the
tube and adjust the thermometer so that its bulb is well clear
of the liquid. Clamp the test-tube and heat with a small
flame. The liquid will boil and when its vapour has filled
the tube, the thermometer will read about 160° C. which 1is
the boiling point of the oil.

This oil is called volatile or essential oil of lemon. Such
oils are frequently found in plants to which
they impart characteristic scents and flavours.
They belong to a large class of chemical compounds called
terpenes with the general formula C H,,.

The terpenes are by no means the only class of chemical
mmpmuuh which impart scents and flavours
to plants. Bitter almond oil which gives the
scent and flavour to bitter almonds is an aldehyde, called
benzaldehyde. Many other scents belong to the class of
esters which are salts of orgamie acids and alecohols. The
cruciferae usually owe their sharp taste to oil of mustard,
which is a sulphur compound.

Terpenes.

Aldehydes.
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We have seen that the proteins are the most complex of
all the constituents of plants. The plant, how-
ever, builds them up from the simple sub-
stances it takes in from the air and from the soil. The
building up process undoubtedly takes place in several
stages, which may probably be represented thus. First some
of the carbohydrates are oxidised to organic acids, which
combine with ammonia, either absorbed as such from the
soil, or produced by the plant from nitrates absorbed from
the soil. The plant removes water from the ammonium
salts thus produced, and the resulting amides are then
further combined together to form protein. In fully ripe
parts of plants such as seeds the intermediate stages have
been passed through and all the nitrogen has been built up
into protein. In unripe plants or parts of plants all the
stages can be identified, though their identification requires
some considerable manipulative skill. Thus the juice of the
mangold contains nitrates, ammonium salts, amides, and
proteins. We have already shown how to separate the
protein by coagulating it by boiling. The nitrates and
ammonium salts are difficult to identify. The presence of
amides, however, can readily be proved by taking advantage
of their property of giving off nitrogen gas when acted on
by sodium hypobromite. Add some freshly made sodium
hypobromite solution to some mangold juice which has been
boiled, filtered, and cooled. Note the effervescence due to
the evolution of nitrogen. The amides present in mangolds
are glutamin and asparagin. These amides are commonly
found in succulent unripe plants. They are half-way stages
in the building up of protein.

Make a small heap of chopped hay on a metal plate.
Place the plate on a tripod and heat it with a
flame wuntil the hay begins to burn. The
organic constituents of the hay will burn, their carbon,
hydrogen, oxygen, and nitrogen being converted into gaseous
products which disappear into the air. A small (quantity of

Amides.

Ash.
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grey powder remains behind. This is called ash. Tt repre-
sents the substances which the plants of which the hay con-
sists took from the soil, except the nitrogen compounds which
are converted into gases on burning,

On testing the ash it will be found to consist of lime,
potash, phosphates, sulphates, chlorides, and silicates, to-
gether with traces of iron and magnesia, and a variable
amount of unburnt carbon depending on the completeness
with which the hay was burnt.

We can now summarise the composition of plants as
follows : —

Plants contain earbohydrates, which include starch, sugars,
cellulose, and pentosans; oils, which include fixed oils or
fats, which possess high food value, and essential oils which
provide scents and flavours ; proteins ; and amides which are
half-way stages in the building up of proteins; organic
acids, aldehydes, and other substances which contribute to
the plant’s scent and flavour; and finally, inorganic or ash
constituents, amongst the most important of which are lime
and phosphates,

There is still one more class of substanceés contained in
plants which must not be overlooked—the
newly discovered vitamines, These substances
exist in plants in such excessively minute quantities that no
one up to the present has succeeded in separating them from
the plant or even in devising a chemical test for their pre-
sence. We can only conclude that they are present or
absent in a diet by observing the effect of the diet on animals
which live on the diet for a considerable period.

Vitamines.



CHAPTER VIII.

COMPOSITION OF MILK.

So far we have learned that plants consist of water,
carbohydrates, oils, proteins, and small quantities of other
substances such as amides, organic acids, scents and flavours,
and inorganic materials known collectively as ash. Our next
step is to find out which of these constituents are important
in the diet of animals.

There are various ways in which this problem can be
attacked. The simplest for our purpose will be to examine
some kind of natural food which forms the exclusive diet of
various animals. DMilk answers these requirements admirably,
for it is the sole food provided by nature for the sustenance
of newly born animals at the most delicate and critical period
of their life. It may, therefore, be assumed to be a perfect
food for the purpose for which it is designed. Whatever
substances our examination shows to be present in milk may
be assumed to be necessary constituents of a healthy diet, It
1s not likely to contain anything which is unnecessary, or to
be deficient in anything which is necessary.

Pour a small quantity of milk into a porcelain dish, and

heat 1t on a water bath. Note that as soon as
Albumen. A i :

the milk gets hot a skin forms on the surface.
Evidently the milk contains a constituent which is dissolved
in the milk at ordinary temperature but separates and rises
to the surface when the milk is heated. Now this is very
pecubiar behaviour, for most substances dissolve on heating
and separate from solution on cooling: this substance was
dissolved in cold milk but separated on heating. We know
one other substance which behaves in this way—white of egg

ol
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—the chemical name of which is albumen. Possibly this skin
which forms on heated milk may be albumen.

Albumen is a protein which gives all the protein tests. It
1s soluble in cold water from which it separates, or coagulates,
on heating. Remove the skin from the milk by means of a
glass rod, and transfer it to a test tube. Add to it a little
strong nitric acid and warm. It turns yellow. Now add
water until the test tube is half full, and then ammonia. The
yellow colour deepens to orange. This is the well-known
xanthoproteic test for proteins. Evidently the skin which
separates from milk on heating is a protein—the particular
kind of protein known as albumen.

We have now separated and identified one constituent
of milk—albumen—a protein. TLet us con-
sider our next step. Everyone knows that if
milk is kept for some time, and especially if it is kept in a
warm place, it becomes sour and curdles. Dip a blue litmus
paper into some sour milk and note that the paper turns red.
This is what we should expect, for sour is only the popular
name for acid. Apparently the acidity which develops in
milk on keeping causes the milk to curdle, that is to say, it
causes a curdy substance to separate from the milk. KEvery-
one who has tried to heat sour milk also knows that heating
hastens the separation of the curd.

Now it is a long process to wait for the milk to become

_ sour enough to curdle, and if we are right in

;ﬂ:pca:'ﬂ?un thinking that the separation of the curd is

simply due to the milk becoming acid, it should

be possible to bring about the separation of curd at once by

adding acid, especially if we hasten the process by warming
the milk.

Put about 100 c.c. of milk in a beaker and warm it to 50° C.
Stir it with a glass rod and add dilute sulphuric acid very
slowly, a drop at a time, stirring well between each successive
drop. After a few drops have been added curdling will take
place, and, if the above directions have been carefully followed,

Curdling.
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the whole of the curd will collect in a lump which will stick
to the glass rod. Pick out this lump of curd, transfer it to
another beaker and wash it several times with cold water.
Note that the curd forms a much larger proportion of the
milk than the albumen did.
Now to examine the curd. We all know that milk contains
\ butter fat. This may therefore be present 1
Eﬁi‘f‘g the 16 curd, and we must test for it. We have
already learned that the best way to test for
fat is to take advantage of the fact that it dissolves in ether.
But ether does not mix with water, and the curd is wet. We
must, therefore, dry it so that the ether may mix with 1it.
The best way of drying such a substance is to wash away the
water it contains with aleohol. Pour some methylated spirit
on to the curd, and break it up with the glass rod. Pour off
the spirit, add some more and stir the curd again. Pour off
the second lot of spirit. The curd will now be practically free
from water, and will mix readily with ether. Add some ether
and stir well. Pour off the ether through a filter. Add more
ether and pour off again. Note that the ether is slightly
coloured which shows that it has dissolved
something. Pour the ether into a porcelain
basin standing over hot water. The ether will very soon
evaporate, and leave in the basin a globule of butter fat.

Now return to the white powdery curd from which the fat
was dissolved by ether. Remove most of the ether by press-
mg it with a wad of filter paper. Spread it out on a sheet
of filter paper and evaporate away the remaining ether by
leaving it for a short time in a warm place.

Put a small quantity in a dry test-tube and warm it until
it is quite free from ether. Heat i1t in a flame,
and note that it chars and gives off water. It
contains, therefore, carbon, hydrogen, and oxygen. Heat a
second lot in a tube with soda lime, and note that it gives off
ammonia. It therefore contains nitrogen, and is presumably
a protein,

Fat.

Casein.
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To a third portion add nitric acid and warm. It turns
yellow. Add water and then ammonia. The yellow colour
deepens to orange. Evidently it is a protein.

Put still another small portion into a test-tube, add half a
tube full of water and a little sodium hydrate solution. Warm
slightly and shake. Note that the substance dissolves, form-
ing a more or less turbid solution. Add dilute sulphuric
acid drop by drop, shaking between each addition. After a
few drops of acid have been added the substance again
separates as a white curdy precipitate.

Our experiments have therefore shown that the curd which
separates from milk on addition of acid consists of a mixture
of butter fat, and a protein which is dissolved by alkali and
precipitated (or curdled) again by addition of acid. This
protein 1s known as easein. It i1s so called because cheese is
made from the curd of milk, and the Latin word for cheese
18 caseus.

We have now identified as constituents of milk two proteins,
albumen and casein, and a fat—butter fat. So
far we have not found a representative of the
class of carbohydrates. We have not, however, examined the
liquid from which the curd separated. Filter some of this
liquid and add just enough sodium hydrate solution to male
it allkaline, Now add some Fehling's solution and boil. Note
that the blue colour disappears and a red precipitate 1s formed.
The liquid therefore contains sugar, a carbohydrate.

Milk, therefore, contains representatives of the three great
classes of chemical compounds which we have found to be
the main constituents of plants, namely the proteins, repre-
sented by albumen and casein, the fats and oils represented
by butter fat, and the carbohydrates represented by milk
l':-'l.l;__':il.rl'.

In addition to these constituents milk also contains two

other substances.
Put some milk into a flask fitted with a cork
through which passes a thermometer. Cut a slot in the side

Milk Sugar.

Water.
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of the cork. Place the flask over a flame and allow the milk
to boil. Note that when the milk boils steam issues through
the slit in the cork and the thermometer stands at 100° C.
the boiling point of water. Evidently milk contains water,

Evaporate some milk to dryness in a porcelain dish over a
- water bath, Transfer the dried milk to a small

poreelain crucible, and place it on a pipeclay
triangle over a flame. The protein, fat, and sugar will soon
burn away. Note that a small quantity of greyish incom-
bustible material remains. This is the ash. Pour a few
drops of nitric acid on to the ash and wash it from the
crucible into a test-tube. Note that the ash dissolves in the
acid with the possible exception of a small quantity of carbon
due to incomplete burning.

Divide the solution into two parts. To one part add
ammonia to neutralise the nitrie acid, and citrie
acid to redissolve the precipitate which results
from neutralisation. Now add a few drops of ammonium
oxalate solution. A white precipitate will appear showing
that the ash of milk contains caleium.

To the second portion add ammonium molybdate solution
Psihile and warm. A yellow pre'?ipita.te will appear

showing that the ash contains phosphoric acid.

Summarising the results of our examination we have shown
that milk contains proteins, fat, carbohydrate, water, and
ash, and we conclude therefore that these substances are the
necessary constituents of the diet of animals.

Since our examination of plants showed that they contained
these same substances, we can now understand why plants
are commonly used to feed animals.

Calecium.



CHAPTER IX.

THE ANALYSIS OF FEEDING STUFFS.

The experiments which we made in the last chapter

showed that milk consists of certain proteins,

Necessary fats, and carbohydrates, together with certain
chmz?aﬁ;:t inorganic or ash constituents, suspended or

dissolved in water. TI'rom this fact we argued
that, since milk is the food designed by nature for the
young of most of our animals, these substances, proteins,
fats, carbohydrates, ash, and water are the necessary con-
stituents of a complete diet.

The experiments we carried out were what are known as
qualitative experiments: that is to say, they were designed
to ascertain the quality, or kind, of constituents present in
milk, and they took no account of the quantity of these
constituents.

By more precise methods it is possible to make a quantita-
tive analysis of milk so as to ascertain the percentage of each
constituent. Such quantitative analyses in the case of very
large numbers of samples show that the average composition
of cow’s milk 1s as follows :—

Average Composition of Cow's Milk.

Per cent. Per cent.
Albumen .................. %
S8l o nnmnsaineg 9
m.. ¢, - . 1 21
Total protein ...... 3} 32
Fat . 3%
Milk sugar ............... 4%
Ash ... 1
Water .. 873
1O
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To carry out an analysis of this kind requires considerable
manipulative skill and experience, such as it is impossible for
every one to acquire. By carrying out the following simple
experiments, however, it is possible for anyone to impress
upon his memory many important facts about the com-
position of the common feeding stuffs. It will be convenient
to consider first home-grown feeding stuffs i the following
order :—Straw, hay, roots, green stuffs, cereal grains, legu-
minous grains. Afterwards we will turn our attention to
the feeding stuffs which we purchase to make up the
deficiencies of those we grow ourselves.

Straw is the residue left when the grain is separated by
thrashing from a cereal, leguminous, or other
crop. Thus we have wheat straw, barley straw,
bean straw, and so on. The thrashing machine, however,
does not deliver all the straw together. The main bulk,
which is commonly called straw, is tossed out by the shakers,
and is almost invariably preserved by stacking or in some
other way.

Two other products are thrown out at the side of the
machine, namely, the chaff, which consists of the glumes,
pales, awns, ete., of the grain, and the cavings, which con-
sist of short pieces of broken stems, leaves, pods, etc.
Both chaff and cavings are very frequently wasted. In con-
sidering the composition of straw it is, therefore, necessary to
pay attention to the straw of different kinds of crops, and to
the value not only of the straw, but of the chaff and cavings.

For our experiments we will use, in the first place, some
wheat, barley, or oat straw which has been finely chopped
or ground in a mill.

Counterpoise a small square of paper by a similar square
from which you snip bits until the two are of
equal weight. Put one on each pan of the
balance. In the left-hand pan of the balance
put a 1 gm. weight. Put ground straw on to the paper in

2B
the other pan until the pans swing level. Now remove the

Straw.

Testing for
Proteins.



46 THE ANALYSIS OF FEEDING STUFFS,

% gm. weight and replace it by 3 gm. Put soda lime on to
the paper holding the straw until the pans again swing level.
Remove the paper which will now hold 1 gm. straw and
25 gm. soda lime. Mix these well and pour them into a
test-tube through a roll of paper, which acts as a funnel and
keeps the mouth of the tube clean. Tap the tube so as to
get the mixture to the bottom, and heat it in the flame.
Hold near the mouth of the tube, in the escaping vapour, a
piece of moistened red litmus paper. Note that after a time
the paper shows signs of turning blue in places. This shows
that a very little ammonia is given off. The straw, there-
fore, contained a very little nitrogen, and, since nitrogen is a
characteristic constituent of protein, the straw evidently
contains very little protein.
Put a small quantity of ground straw into a dry test-tube
. and add some ether. Close the tube with your
;:?mg for  {humb, and shake well for some time. Pour
off the ether, through a filter if necessary, into
an evaporating basin, and allow the ether to evaporate by
standing the basin on a vessel of hot water, not over a flame,
because ether takes fire so readily. When all the ether has
evaporated, note that only a small trace of oily residue
remains. Straw evidently contains very little oil or fat.
Weigh out 2 gm. of straw as before, and transfer it to a
‘ beaker. Add 25 c.c. of dilute sulphuric acid
gfﬁ::lg for _ and 175 c.c. of water. Stand the beaker on a
wire cauze over a flame, covering it with a
clock glass. As soon as it begins to boil, adjust the flame so
that it continues to boil gently for about half-an-hour. At
the end of this time pour off some of the liquid for further
tests, and note carefully the amount of material undissolved.
The undissolved material represents roughly the amount
of cellulose, or, as the analyst calls it, woody or indigestible
fibre in the straw. Note that it forms a very large propor-
tion of the straw, somewhere between a third and a half.
When it has settled, pour away the liquid and wash the fibre
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into a test-tube. TLabel it and keep it for comparison with
the fibre from other feeding stuffs,
In an earlier chapter we found that all the ordinary carbo-
. hydrates like starch and pentosans were trans-
E:i%‘;‘fyg;mm formed by boiling with acid into sugars which
are readily soluble. If the straw contains
carbohydrates, therefore, we should expect to find them in
the acid liquid. To test this liquid proceed as follows:—
To a portion of it in a test-tube add just enough sodium
hydrate solution to neutralise its acidity, testing for this
point by a bit of litmus paper dropped into the tube. When
neutral or faintly alkaline, pick out the litmus paper and add
enough Fehling’s solution to produce a deep blue colour.
Boil, and note that the blue colour disappears, and is re-
placed by a red precipitate, which shows the presence of a
considerable amount of sugar. The straw must, therefore,
have contained a considerable proportion of carbohydrates,
which were converted into sugar by boiling with dilute acid.
Put a small quantity of ground straw into a porecelain
_ crucible, and place the erucible on a pipe-clay
jesting for  triangle over a flame. The straw will soon
Ash. =
burn away. Note that a considerable amount
of ash remains. When cool, pour on to the ash a little
strong nitric acid and a few drops of water. Warm the
crucible, add more water, and wash the contents of the
crucible into a test-tube. Note that a considerable amount
of insoluble material settles out. Pour off the clear solution
into another test-tube for examination later. Stir the
insoluble residue with a glass rod, and note that it feels
hard and gritty. It is, in fact, silica. Divide the clear
liquid into two parts. To one part add ammonium molyb-
date solution and warm. Note that only a very small
amount. of yellow precipitate is formed, showing that the
ash of straw contains very little phosphate. To the other
part add ammonia until alkaline, then a little citric acid
solution to dissolve any precipitate which may have been
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formed, and, finally, ammonium oxalate solution. Note
that only a very small amount of white precipitate is
formed, showing that the straw contains very little lime.

Our experiments show that straw is a bulky fodder con-
taining much indigestible fibre, to which it
owes its bulk, a good proportion of digestible
carbohydrates, very little oil, and very little
protein, It contains a fair amount of ash, which, however,
is rich in silica and poor in the two ash constituents re-
quired by animals, namely, phosphates and lime.

For the exact composition of straws of various kinds
readers are advised to consult the tables given in Rations
Jfor Live Stoel: (Miscellaneous Publication, No. 32) which can
be obtained from the Ministry of Agriculture.

It is not desirable to attempt to memorise all the figures
given in these tables, because they can be consulted when-
ever occasion requires. There are, however, certain salient
facts about the composition of straws which everyone con-
cerned in the feeding of live stock should know.

Oat straw is a more valuable fodder than either wheat
straw or barley straw. The reason of this is
as follows:—OQats are commonly cut before
they are dead ripe, and this is especially so in the North of
England and Scotland. One of the essential factors in
ripening is the transfer of materials from the straw to the
orain. This process is not so complete in oats as in wheat
and barley. Oat straw, especially in the North, therefore,
contains more protein and soluble carbohydrates than wheat
and barley straw, and this increases its nutritive value.

Wheat straw is stiffer and more elastic than either oat
straw or barley straw. For this reason it
malkes better litter and worse fodder.

Jarley straw often contains a considerable proportion of
the leaves and stems of the clovers and grasses
which are commonly sown with the barley.
These leaves and stems are young, and have not been robbed

Composition of
Straw.

Oat Straw.

Wheat Straw.

Barley Straw.
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by seed formation. Their nutritive value is, therefore, high,
and barley straw enriched in this manner is, therefore, good
fodder.

It has been pointed out above that the thrashing machine
delivers the straw in three parts—the straw
proper, the cavings, and the chaff. These
three products differ greatly in nutritive value.
The straw proper consists of the stems and the tougher
leaves, and i1s good for litter. The cavings consist of the
more breakable leaves, and are usually very rich in clover
leaves if these are present in the crop. They make poor litter,
but their nutritive value is comparatively higch. The chaff also
has a high nutritive value, but it is liable to irritate the
eyes of animals to which it is fed. This defect can, however,
be remedied by mixing it with pulped roots 24 hours before
use, so that the moisture in the roots may soften it.

Bean, pea, and vetch straw has a high nutritive
S jra,]irle. fl‘he stems are, however, tough and
Pon Bl indigestible, the best parts being the leaves

and pods.

If we repeat with ground or finely-chopped hay the same
b series of experiments which were applied to
Composition.  StYaW above, we shall find by comparison of

the results obtained that hay is similar to
straw in that the presence of a high proportion of indi-
gestible fibre gives it great bulk. It also resembles straw in
containing much digestible carbohydrates, very little oil, and
a fair proportion of ash containing much silica. It differs
from straw in containing very much more protein, and its
ash contains more phosphate and lime,

Readers should again consult the tables in Rations for

Live Stock. From these tables it will be seen
“that hay is very variable in composition. The
reasons for this variation are three in number, Firstly, the
botanical composition of the herbage from which the hay is

made. Broadly speaking, the more clover the hay contains,
A, NUT. 4

Chaff and
Cavings.

Quality of Hay
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the higher its content of protein, the lower its content of
indigestible fibre, and the better its quality.
Secondly, the date of cutting affects the
quality. As the spring and early summer
advances the total weight of hay which can be saved from a
given area increases at first rapidly, but the rate of increase
gets slower and slower as time goes on until flowering time.
After this date growth almost ceases, and the plants devote
their attention to the transfer of digestible materials from
the leaves and the stems to the seeds. Now the seeds are
very liable to get lost in the process of making and saving
the hay. The plants have robbed their stems and leaves in
forming their seeds. Consequently bay which has gone to
seed contains little digestible proteins and carbohydrates and
correspondingly much indigestible fibre, and is poor in
quality. To obtain the best result, hay should be cut when
the majority of the plants in the herbage are just coming
into flower, provided, of course, that weather conditions are
favourable. Further delay will give very little more hay,
which will be much inferior in nutritive value.

Lastly, the quality of hay is dependent on the weather at
haymaking time. Rain washes some of the soluble nutritive
materials out of the hay, and diminishes its food value.
Excessive exposure to sun bleaches the hay, and diminishes
its aroma and palatability.

Date of
Cutting.



CHAPTER X.

GREEN FODDERS.

Amongst green fodders are mecluded grass, which 1s by far
the most important in point of quantity, tares or vetches,
alone or in mixtures, lucerne, sainfoin, kale, rape, and the
other numerous crops, other than roots, which are consumed
on the land in the green state,

Taking grass as typical, the following experiments will
serve to show the most important points to
note as to the composition of green fodders.

Weigh a small flat porcelain dish, or better still an

)l aluminium tray. Spread out in it a thin layer
EF%E::E“ of freshly cut grass which has been chopped

or snipped with secissors into short lengths.
Weigh again and record the weight of grass taken,

Thus  Weight of grass 4+ dish 5572 gram,

Weicht of dish alone 4325 ,,
Weight of grass s DB
Now place the dish or tray in a steam oven, or on a hot

plate kept at about 100° C., and leave it there for 24 hours.
Weigh again:—

Grass.

Weight of dry residue + dish 46:99 gram.
Weight of dish alone ... T

Weight of dry residue i ol

L]

From these figures it appears that 12:47 gm. of grass
when completely dried leaves 3-74 gm. of dry residue. The
difference, 873 gm., is the water which was evaporated
during drying. Grass therefore contains 873 x 100 =

5l
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12:47 =70 per cent. of water. This high percentage of
water is characteristic of all green crops. The percentage is
not always exactly 70. It may be as low as 65 or as high as
80, according to eircumstances, but it is always high. Tt is
for this reason that green crops are often called succulents.
Transfer a little of the dried residue of the grass to a dry
test-tube : add some soda-lime and heat in the
flame. Test for ammonia in the evolved gases
by means of a piece of moistened red litmus
paper. Note that the paper quickly turns blue, which means
that ammonia is given off rapidly. This indicates that the
agrass contains a fair proportion of nitrogenous substance,
probably protein. In this, as might be expected, the dry
matter of grass resembles hay, as indeed it does in other
respects, for hay is of course sun-dried grass. Grass there-
fore contains about 70 per cent. of water: when most of this
is removed, the dry residue which remains is like hay, fairly
rich in protein, carbohydrates, fibre, and ash, but very poor
n fat.
There is, however, one very important respect in which
‘ grass as grazed by animals should differ from
gﬂﬂg:iggzﬂf hay. The essence of good management of
grazing land is so to stock the land that the
orass never grows long and coarse as 1t does if set up for
hay. The animals should therefore feed all the time on
young freshly grown grass. Now such grass contains more
protein, more soluble carbohydrates, more ash, and less fibre
than grass ripe for cutting. It is, therefore, more nutritious
and more digestible than is hay. At the same time there is
not so much of it, for keeping the grass short diminishes its
leaf area, and the leaves are the organs which enable the plant
to absorb the energy of sunlight which it uses to build up its
substance. (Gtood grazing therefore yields less produce than
haymaking, but the produce i1s more nutritious and more

Testing
for Protein.

dizestible.
The herbage of ordinary grass land consists of grasses
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clovers, and weeds, and of these the grasses predominate.
By good management the weeds should be kept at a minimum.
By suitable manuring, notably with basic slag, the propor-
tion of clovers can be considerably inereased. This increases
‘the value of the herbage, for clovers contain about twice as
'much protein as grasses, and appreciably less fibre,

It was stated above that grass dried in the oven was in
‘most respects similar to hay. This is only correct when the
hay has been saved under exceptionally advan-
tageous circumstances—usually the process of
haymaking entails very considerable losses,
Rain or even heavy dew washes away some of the soluble,
and therefore the most digestible and valuable constituents
of the grass. Sunlight bleaches the hay, and causes loss of
colour, loss of aroma, and it is said destroys some of the
vitamines. Rough handling breaks and scatters the morve
brittle constituents of the hay, usually the leaves of the
clovers, and since these are the most nutritive parts of the
hay, serious loss may arise from this cause.

Green crops, other than grass, may be considered under
two heads, viz., cruciferous crops and legu-
minous erops. Cruciferous green fodder crops
include kale of various kinds, rape, and mustard. All these
crops are commonly grazed on the land where they are grown.
Swedes, turnips, and cabbages, which are also cruciferous
crops, are usually fed at the homestead or allowed to ripen
before they are consumed on the land. They will be con-
sidered under the heading of root erops in a later chapter.
Dry some freshly gathered mustard or rape in the manner
described above for drying grass. It will be found to con-
tain from 80 to 85 per cent. of water. Such crops contain
more water, and are even more succulent than grass, Their
dry matter is rather different in composition from the dry
matter of grass. In protein content the difference is small,
but the proportion of soluble carbohydrates is greater,
and the proportion of fibre less. Such crops are there-

Losses in
Haymaking.

Crucifers.
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fore more digestible and more suitable for fattening
animals.

Leguminous fodder crops include clovers, lucerne, sainfoin,
and tares or vetches. Like the cruciferous
fodder crops they contain more water and are
more succulent than grass. In content of fibre they resemble
grass, but in protein they are considerably richer. To get the
best results they should be grazed when young. Their growth
ceases at flowering, after which period they transfer their
nutritive materials from their leaves and stems to their seeds.

One of the most valuable characteristics of all green crops
is that they contain vitamines, and perhaps
this is a convenient place to make a short
digression on this subject.

Until about 15 vears ago it was assumed that a suitable
mixture of proteins, fat, carbohyvdrates, water, and ash formed
a complete diet for all amimals. About this date, however,
several experimenters endeavoured to rear young rats on
such a diet using carefully purified materials in its composi-
tion. In every case it was found that although the young
rats lived for some time on this diet, growth practically
ceased, and they almost invariably became affected with a
disease attacking their eves and ears, and at the same time
their nervous system ceased to be able to control their limbs,
The addition to their diet of a trace of fresh milk or yeast or
plant juice or green food at once caused normal growth to be
resumed and relieved the eye and ear disease and the nervous
derangement. The explanation suggested was that young
animals require something in their diet besides proteins,
fats, carbohvdrates, water, and ash, and that this something
is contained in suflicient amount in milk, yeast, and most
fresh green plants.

Further experiments on the same lines have confirmed this
suggested explanation, and the existence in many fresh
materials of this necessary something is now almost uni-
versally recognised.

Legumes.

Vitamines.
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Later experiments have shown that there are several such
substances, some of which are necessary for growth, others
for the maintenance of health. At first the name accessory
food factors was suggested for these substances, but this has
been generally discarded in favour of the more euphonious
name of vitamines which was suggested by one of the later
experimenters.

The whole idea is so fascinating, and the name vitamines
has so romantic a sound, that it has caught the popular
imagination and there are signs that it is being exploited 1n
many directions.

It is desirable, therefore, that those concerned with the
feeding of animals should be acquainted with the funda-
mental facts.

So far as is known at present there are three or perhaps
four or five vitamines. These are (1) a vitamine invariably
associated with fats or oils, generally known as the fat
soluble A vitamine, (ii) a vitamine which is found in plant
juices and is known as water soluble B vitamine. These are
the two vitamines whose absence from the diet of young
animals causes cessation of growth and hability to disease.

(i11) The antineuritic vitamine, which exists in the outer
skin of the cereal grains, but not in the starchy interior,
especially in the case of rice. The absence of this vitamine
causes the disease known as beri-beri, or polyneuritis, in cer-
tain eastern races who feed almost exclusively on ““polished”
rice. It is not certain whether this vitamine is identical with
water soluble B vitamine,

(iv) The antiscorbutic vitamine, found in most fresh green
plants and especially in crucifers such as cabbage. TLack of
this vitamine causes the disease known as scurvy, which was
one of the chief troubles of sailors and explorers who were
compelled in past times to exist for long periods without
fresh vegetable food.

(v) The antirachitic vitamine, found in association with
fats and oils, which may be identical with the fat soluble A
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vitamine. Lack of this vitamine is one of the causes of the
disease known as rickets which attacks babies and young
animals.

It appears probable that animals cannot make any of
these vitamines, and that all of them are made by green
plants in the first instance. Animals, however, eat green
plants and may store one or other of the vitamines in their
tissues and especially in their fat. It is in this way that
vitamines occur in milk. Even in the case of cod liver oil,
which is notably rich in fat soluble vitamine, the original
source of the vitamine is the small green plants which float
in the sea,

It appears therefore that farm animals which have access
to grass or other fresh green stuff are not likely to develop
any of the ills that arise from lack of vitamines. Further
than this, anyone who has experimented on this subject
cannot help being impressed with the very great difficulty
experienced in designing a diet for his experimental animals
which can be depended upon to produce the symptons of
vitamine deficiency. Putting these two facts together, it
appears exceedingly improbable that lack of vitamines is a
frequent source of trouble among farm live stock. And in
addition it must be remembered that whilst, undoubtedly,
healthy normal growth is hindered by the absence of vita-
mines, 1t is quite impossible in the absence of a proper ration
of proteins, fats, carbohydrates, ash, and water, for none of
which are vitamines in any sense a substitute. Animals on a
well-balanced and sufficient ration with access to green stuff
will not suffer from vitamine deficiency. If they fail to
thrive, the cause is much more likely to be bad management.

Nevertheless cases do sometimes occur in which failure to
thrive is probably due to lack of vitamines. Slow growth
and susceptibility to disease in young stye-fed pigs is often
cured by the addition of fish meal, blood meal, dried yeast
or green stuff to their diet. Cod liver oil often inereases the
arowth rate of calves reared on milk substitutes.



CHAPTER XL

ROOT CROPS.

The systematic culture of root crops, which became general
in Great Britain not much more than a century ago, has had
two widespread results on the farming practice of the country.
The fact that roots are sown in the late spring or early sum-
mer, and that interculture is possible throughout the summer
between the widely separated rows, has made it possible
to use them as cleaning crops, and to discard the old practice
of fallowing. Secondly, roots keep well throughout the
winter, providing succulent fodder for live stock at this
season, and making it possible for the farmer to maintain
during the winter a continuous supply of fresh meat and
milk.

Itis with the use of roots for this purpose that we are at
3 present directly concerned, and to enable us to
Sampling. 2 : _ :

discuss the point, we must first study their
composition,

Investigations on the composition of root crops have shown
that roots are liable to very great variation. Individual
roots of the same variety, grown in the same field with the
greatest attainable uniformity in cultivation and manuring,
vary in composition to the extent of over 50 per cent. Even
a single root is by no means the same all through: the
underground part is usually much richer in food substances
and poorer in water than the part which grows above ground.
If we want to ascertain the composition of the roots growing
on a field, it is evidently at least as important to know how

a7
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to take a representative sample as it is to learn how to make
the analysis.

In order to allow for the individual variation it is necessary
that the sample should consist of at least fifty roots of average
size taken from different parts of the field or plot. Each
of these should then be sampled by cutting out a core with
an instrument like a cheese taster, which should be pushed
through the root horizontally at its widest part. The sample
will then consist of fifty cores and may be relied upon to be
representative of the whole erop.

To examine the sample, proceed thus: place the cores side

by side and cut the whole bundle in half. Place
Est-;matmn °f fifty half-cores in a flat dish which has been

ry Matter.

weiched. Place the dish on a hot plate kept at
about 60° to 70° C. and leave it there for 24 hours. Now
cover it with a sheet of iron or asbestos, supported so that
there is a space between the dish and the sheet. Leave for a
second 24 hours. Remove the dish to the balance pan whilst
still warm and weigh rapidly. Calculate the percentage of
dry matter thus :—

Weight of dish + cores e 1857 gm,
Weight of dish .., . 103°2 gm.
Weight of cores ... ... 825 gm.
Weight of dish 4 dried cores ... e 1129 gm.
Weight of dish ... .. 1032 gm.
Weight of dry matter ... -.-'H_'?_El.
Percentage of dry matter ik = L 11'8 per cent.

825

As soon as the first half sample has been put to dry,
pulp the second half sample by putting it
through a sausage mill. Tie up the pulp in
a piece of linen and squeeze out as much
juice as possible.

Test this juice as follows :—

Extraction of
Juice.
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Boil a little of it in a test-tube, and note that thereis a
small amount of coagulum which sticks to the
sides or rises to the top. This shows the
presence of a little protein.

Filter this boiled juice, cool it, and add some freshly-made

sodium hypobromite solution. Note the evo-
Testing for  Jution of nitrogen gas which indicates the
Amides. : o :

presence of * amides ” which are half-way stages
in the building up of proteins.

Clear a second portion of the juice by adding a few drops
of basic lead acetate solution which precipitates
the proteins and most of the colouring matters.
Test some of the clear filtrate for sugar by
boiling it with Fehling’s solution. Repeat the test on a
second portion after first boiling 1t with a little hydrochloric
acid, and neutralising the acid with sodium hydrate solution
before adding the Fehling’s solution. Note that swedes
and turnips contain a mixture of sugars, and that man-
golds and sugar beet contain nearly pure cane sugar if
sampled before Christmas, but a mixture of sugars in the
spring. Refer back to Chapter III. for explanation of
these tests.

You will have noticed that when first expressed, the juice
was quite light coloured, but that on standing,
its colour darkened very rapidly, especially near
the surface where it was in contact with the
alr. Roots contain a ferment or enzyme of the particular
kind known as oxidase. When the cells are burst by
grinding, this ferment escapes into the juice. It causes
the oxygen of the air to combine with certain “amides”
contained in the juice, converting them into a dark
coloured substance which in time settles down to the
bottom of the vessel in which the juice is contained. A
similar action takes place when cut surfaces of apples

or other fruits or vegetables are left exposed to the
air,

Testing for
Proteins.

Testing for
Sugar.

Presence of
Oxidase.
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These tests will serve to show the salient facts about the
composition of such roots as mangolds, sugar-
beet, turnips, swedes, and kohl rabi, and even
cabbages may be examined by this method.
All these crops contain from 9 to 14 per cent. of dry matter.
About two-thirds of the dry matter consists of sugars, the
rest being chiefly other carbohydrates known as pectins, a
little protein, some fibre, and some ash. Broadly speaking,
these root crops are very succulent, i.e., they contain much
water, and their chief food value lies in the large proportion
of carbohydrates which they contain.

In examining potatoes by the same method, you will note
that the juice deposits a white powder in con-
siderable quantity. Collect a little of this
powder, boil it in water, and note that it swells up and

_ behaves like starch. Cool the solution and show
g:;;;i% for  that it is starch by adding iodine solution. You
will also find that the percentage of dry matter

in potatoes is very much higher—usually just over 20per cent.

Potatoes differ considerably in composition from other
root crops: they contain from 18 to 25 per
cent. of dry matter, of which the predominant
constituent is starch. Although they contain
starch instead of sugar, starch is also a carbohydrate, and
potatoes, like other root crops, are essentially a predominantly
carbohydrate supplying food.

Although sugar beet are seldom grown for feeding animals,
it may be advisable to explain certain special
points about their analysis, for sugar beet
culture seems to be spreading in this country, and what is
more, their sugar content is frequently taken into account in
dealings between growers and factories.

Sugar beet, like other roots, are subject to great individual
variation. Consequently, reliable samples can-
not be obtained from less than 50 roots. In
coring these roots, which are spindle-shaped, the core should

Composition
of Roots.

Potatoes.

Composition
of Potatoes.

Sugar Beet.

Sampling.
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be taken diagonally through the centre of the root, beginning
at the shoulder.

In examining the cores, it is not necessary to determine the
dry matter which, although a good measure of food value,
does not give much information about the main point at issue,
which is the sugar content.

Proceed, therefore, to pulp the whole of the cores, and to
squeeze out as much juice as possible. Pour
this juice at once into a tall vessel, and float in
it an instrument known as a Brix spindle. This is a kind of
hydrometer, but its graduations, instead of giving specific
gravity, give the percentage of total solid matter in the juice.
Thus, if the surface of the juice is level with the reading 19-8
when the spindle is floating freely in the juice, the juice con-
tains 198 per cent. of solid matter.

If a Brix spindle is not available, the same result may be
obtained by the following rather more troublesome process.
Weigh a small flat porcelain dish, measure into it 10 c.c. of
juice, and place the dish in the drying oven. All the water
will evaporate and the solids will be left in the dish. Weigh
again and calculate as follows :—

Solids in Juice.

Weight of dish s o 875 gm,
Weight of dish + bﬂllds v VTS g
Weight of solids .. 198 gm.

s 10 ec.c. juice contains 198 gm. solids and 100 c.c.
198 gm,

The next step is to estimate the percentage of sugar in
the juice. For this purpose pour 50 c.c. of the
juice into a 100 c.c. measuring fask, add 5 c.c
basic lead acetate solution, and fill up with
water to the 100 c.c. mark : shake gently and leave until the
precipitate of lead compounds of the protein and colouring
matters shows signs of settling. As soon as this takes place,
pour on to a large dry filter, Throw away the first few drops
of filtrate, and then place under the filter a perfectly clean

Estimation of
Sugar,
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20 cem, saccharimeter tube. Wash the tube out once with the
filtrate, and replaceit. When quite full remove the tube and
slide on the glass end plate so as to avoid the inclusion of air
bubbles. Screw on the cap tightly, and wipe the outside of
the tube and the end plates.

The percentage of sugar can now be read in the sacchari-
meter, which is an instrument very complicated in construction
but very simple in use.

First test the instrument to ensure that its zero is correct.
Light the incandescent burner. Place your eye to the eye-
piece and manipulate the slide of the eye-piece until the field
of view is sharply defined and in focus. You will note that
this field of view includes an illuminated circle which is
divided into three vertical strips. The centre strip may be
light or dark and the outer strips dark or light. With your
eye still at the eye-piece, rotate the circle near the eye-piece
until the illuminated circle becomes the same colour all over,
until in fact you cannot distinguish the separate strips.

Now read the position of the pointer on the rotating circle,
It should be 0° if the instrument is correctly adjusted. If it
is not exactly 0” repeat your observation several times, and
average your results. Thus: + 2, +°1, + 2, —'1, — 2, 0,
—-1: these add up to + 5 — 4 = + ‘1, which divided by 6,
the number of observations, is only ‘017 which is negligible.
Your failure to read 0° every time was evidently due to your
unfamiliarity with the instrument and not the fault of -
correct adjustment. To get an accurate result it is clearly
advisable for you to take a series of readings and average
them.

Now place the filled tube in the trough of the instrument
and replace the cover. Again focus the eye-piece and then
proceed to turn the rotating circle until, as before, the illumin-
ated circle in your field of vision looks the same all over.
Read the position of the pointer on the rotating circle, dis-
place the rotating circle and read again at least six times.
Average your results thus :—
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Readings : 305, 30-7, 309, 306, 307, 30-8. These add
up to 1842, which divided by 6, the number of readings,
gives an average of 307,

To convert this average reading into percentage of sugar
multiply by -2605 which is the factor of most modern
saccharimeters. Thus: 307 X 2605 = 80 per cent. sugar.
This 1s the percentage of sugar in the solution contained in
the saccharimeter tube, and since in making that solution
50 e.c. of sugar beet juice was diluted with basic lead acetate

and water to 100 c.c., the percentage in the juice must have

been 8 x IPU = 16 per cent.

ol

The sugar beet juice has now been shown to contain (in
100 c.c.) 19'8 per cent. of solids and 16 per cent. of sugar.
The percentage of sugar contained in the solids of the juice
1s therefore

-I-E-i}{i‘)—;ﬂo = 808 per cent.
This figure, 808, is known as the quotient of purity. It
! 1s really the percentage of sugar contained in
g&?ﬁ;?‘t °f  the solid matter of the sugar beet juice. The
higher it is the easier the factory finds the task
of separating pure sugar from the juice. It should be 80 or
over,

The percentage of sugar in the juice was found to be 16,
but the roots are not all juice. They contain
4 per cent. of insoluble fibrous material, which
leaves 96 per cent. of juice. Consequently, 100
parts of root, containing 96 parts of juice will contain
16 x Fﬂ%= 154 per cent. of sugar. The result of our an-
alysis is, therefore, to show that the given sample of sugar
beet contained 154 per cent. of sugar, and that the quotient
of purity of its juice was 80-8. These are the two figures
which govern the value of the sugar beet to the factory.

Composition
of Sugar Beet.
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Although the analysis of sugar beet has taken some time
to describe, and although it involves the use of complicated
and expensive instruments, it is quite easy to perform, and a
skilled analysist will carry out very large numbers of analyses
in a very short time.

The residue remaining after the sugar has been extracted
from the sliced beets is dried and sold—usually
to the farmers who supplied the beets to the
factory. These dried sugar beet slices still con-
tain much soluble carbohydrate, some protein, and much
indigestible fibre. They should be used as a substitute for
roots, for which purpose they are moistened with water, which
they soak up readily. Feeding trials have shown that one stone
of dried slices can take the place of one ewt. of roots. They
are not suitable for use in place of corn, meal, or cake.

Sugar Beet
Slices.



CHAPTER XII.

THE CEREAL GRAINS AND THEIR PRODUCTS.

The cereal grains include wheat, barley, oats, and rye
which are grown in this country, and maize and rice which
are imported from warmer climates. Their products include
miller’'s offals, the portions of the wheat grain rejected in the
process of flour milling; brewer’s grains and malt culms,
which are refuse materials in the brewing and malting
industries, and small amounts of materials resulting from
the manufacture of oatmeal, pearl barley, cornflour, and such
like articles of human food.

Taking oatmeal as typical of the cereals, the following
experiments will serve to demonstrate the
general facts about the composition of this
class of feeding stuffs. Mix a little oatmeal
with soda lime, put the mixture into a dry test-tube, and
heat it in a flame. Test the evolved gases
with a piece of moistened red litmus paper.
Note that there is a considerable evolution of ammonia,
showing that oats contain a fair proportion of nitrogen.
Since in well ripened seeds practically all the nitrogen exists
in the form of protein, this means that oats contain a fair
proportion of protein.

Moisten a little oatmeal with water and stir it into a paste.
Pour boiling water on to it, stir it up, and
boil.  Note that much of the oatmeal swells up
and dissolves to form a rather thick solution which goes
almost solid on cooling. This suggests the presence of much
starch. Confirm by adding iodine solution to a little of the

A.NUT. 65 5
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cooled thick pasty solution and noting the deep blue colour.
Starch is evidently the predominant constituent of oats.

Shalke up a few grams of oatmeal with ether in a test-tube,
closing the open end with the thumb. Pour
on a filter, allowing the ethereal solution to run
into a porcelain dish. Place the dish on a vessel of hot
water to evaporate the ether, and note that an appreciable
oily residue remains. Oats therefore contain quite an
appreciable percentage of oil,

Put 1 gm. of oatmeal in a beaker. Add 25 c.c. of dilute
sulphuric acid and 175 c.c. of water. Place
on a gauze over a flame and raise to boiling,
As soon as boiling commences adjust the flame so as to
maintain the contents of the beaker at the boiling point
without allowing them to boil over. Boiling should continue
for half an hour and the residue should be boiled again with
alkali—for explanation refer to Chapter IV.—but a few
minutes’ boiling will in this case suffice to show that oats
contain a fair but by no means excessive proportion of fibre.

Put a gram or two of oatmeal in a erucible and place on a
poreelain triangle over a flame. Note that the
oatmeal burns away and leaves a small quan-
tity of almost white ash. Disolve this in nitric acid and
proceed to test it for lime and phosphate as in Chapter VIII.
page 43. Note that oats contain a fair proportion of ash
which is rich in both phosphate and lime.

To summarise, the above experiments have shown that

- oats contain a very large proportion of carbo-
Ef’gftfltmn hydrates in the form of starch, and fair pro-
portions of protein, oil, fibre, and ash, which

latter supplies both lime and phosphates. These are all the
necessary constituents of a good diet. As a fact oats form a
very well balanced food, and this is no doubt the reason of
their popularity, and explains the fact that about three million
tons of oats are grown annually in the United Kingdom, which
together with nearly a million tons imported from abroad, are

Fat.

Fibre.

Ash.
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consumed annually by the live stock of the country. Among
the concentrated foods, oats form by far the largest item on
the bill of fare of the nation’s animal population.

A similar set of experiments with the other cereals will
prove that though they all show a sort of family likeness to
oats, none of them is nearly so well balanced.

Wheat is much richer in starch, and poorer in oil and ash,

N and it contains so little fibre that it is apt to
Ef%yh":;:f”“ become objectionably pasty during mastication
unless mixed with a large proportion of some
other feeding stuff. Wheat is therefore not popular as a
feeding stuff except for poultry Sound wheat is almost
invariably sold to the miller; the small and damaged grains
removed in screening or winnowing, called tail wheat, being
commonly fed to poultry, though sometimes ground for pigs
or crushed for other animals.
Barley is similar to wheat in composition, with the excep-
tion that it is poorer in protein and richer in
g;'%lfflfﬁ"n fibre. Its higher content of fibre makes it
> much more pleasant to masticate, and therefore
more palatable, and it is a popular feeding stuff, especially
for pigs, which when fed on barley are said to yield excellent
quality pork and bacon with firm but tender fat. Tt is also
used for sheep, and parched barley is the staple food for
horses in countries whose climate is too hot to grow oats.
Being poorer in protein and richer in starch than oats it is
not so well balanced, and is therefore usunally fed in conjunc-
tion with some more nitrogenous feeding stuff such as beans,
peas, or oilseed cake of some kind. The annual production
of barley in the United Kingdom is well over a million tons.
Rather less than that amount is imported, so that the annual
consumption is approximately two million tons. The brew-
ing industry consumes rather less than a million tons, live
stock about the same amount, the remainder being sown as
seed, and a very small fraction used for the preparation of
such human foods as pearl barley.
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Rye forms so small an item in the bill of fare of the
country’s live stock that it is scarcely deserving
of mention. In composition it is almost iden-
tical with wheat. Tt is little used as a feeding stuff, since
most of it is sown again in order to produce green fodder.

Maize is a very ill-balanced feeding stuff, being exceedingly
rich in starch and poor in protein, fibre, and
ash. It contains a fair proportion of oil. In
consistency it is very hard and flinty, and
unless finely ground or cooked is not completely digested by
some animals.

This does not mean that it 1s not a useful and valuable
feeding stuff. All that it implies is that it must be used in
conjunction with such other feeding stuffs as will correct its
deficiencies,

Maize 1s grown in this country as green fodder, but cannot
be depended upon to ripen grain in an ordinary British
summer. It is very largely grown in the United States,
where the annual production reaches the almost ineredible
ficure of 70 to 80 million tons. Large quantities are also
grown in South America and South Africa.

About two million tons are imported annually into the
United Kingdom from these countries, over one and a half
million tons of which are consumed by animals. Horses,
cattle, sheep, and pigs all take part in this consumption, but
most of it probably goes to pigs, in spite of the fact that
maize fed pigs are said to yield poor quality bacon and pork
with tough, soft, greasy fat.

Rice is cultivated only in hot countries and is not grown
at all in the United Kingdom. The quantity
imported is relatively small and most of it is
used for human food. The small amount fed
to animals consists of two grades: ground or erushed in-
ferior rice and what is commonly called rice meal. The
former is even richer in starch than maize, and at the same
time poor in proteins and oil. It is an ill-balanced feeding

Rye.

Composition
of Maize.

Composition
of Rice.
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stuff, which should only be used in conjunction with other
feeding stuffs which are capable of making up its deficiencies.

Rice meal is a very different product. It consists of the
finely ground outer layers of the rice grain which are
separated in the process of preparation for human food—
hulling and polishing as the process is called. The protein
and oil of the grain collects in these outer layers. Conse-
quently rice meal is comparatively rich in these constituents
and contains correspondingly less starch. It is a much
better balanced feeding stuff and gives good results as a
constituent of the diet of fattening animals. On account of
its rather sticky consistency it is chiefly used by manu-
facturers of mixed feeding cakes because it helps to bind
together the other constituents.

Millers’ offals are the various products separated from
o, wheat in the process of milling. Broadly
Dfi’arf speaking they consist of the germ and the

outer layers of the grain, and as the protein,
oil, and ash of the grain are chiefly deposited in these
structures, the offals contain a greater proportion of these
valuable ingredients and are consequently better balanced
feeding stuffs than the whole grain would be

Before the war four grades of offals were on the market,
namely, fine middlings, which were not widely different in
composition from flour, but contained rather more protein,
oil, and ash ; coarse middlings, containing still more protein,
oil, fibre, and ash, and appreciably less starch; pollards, which
were still richer in ash and fibre but rather poorer in protein,
oil, and starch than coarse middlings ; and finally bran, which
contained as much as ten per cent. of fibre, and five per cent.
of ash, and correspondingly less of the other constituents.

During the war the milling industry went through a long
period of government control which has left as an apparently
permanent effect a different and much simpler method of
grading offals. Fine middlings and pollards, as separate
grades, have almost disappeared from the market, and at the
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present time only two grades of offals are being sold, coarse
middlings and bran.

Coarse middlings, the finer of these grades, is sold under

a great variety of names, such as supers, sharps,
?Ifﬁﬁﬁng% toppings, thirds, and so on. As met with to-

day it includes the coarser portions of pre-war
fine middlings, the finer portions of pre-war pollards, and, as
its name implies, all the pre-war coarse middlings., It isa
most useful and well-balanced feeding stuff approximating
somewhat in composition to oats, though it is rather richer
in protein and poorer in fibre. Its main use is for feeding
pigs, for which purpose it is excellent. It is also used in
some distriets for mileh cattle kept under urban conditions.

Bran is sold in two grades, broad bran and ordinary bran.
There is no appreciable difference in composi-
tion between the two. DBroad brand is, how-
ever, more flakey and freer from floury matter than ordinary
bran and on this account realises a higher price, which does
not appear to be justified by higher food value.

Bran, on account of its comparatively high content of fibre,
is not a very digestible food. Its actual food value is only
about two-thirds that of coarse middlings. Nevertheless,
bran is a valuable feeding stuff rather because of its laxative
properties than of its high food value. It is too fibrous for
pigs, but is largely used for horses and cattle.

Millers’ offals constitute one of the larger items in the
bill of fare of the country’s live stock. The annual con-
sumption in the United Kingdom is in the neighbourhood of
two million tons, more than half of which at the present
time is coarse middlings.

Brewers’ grains are used either wet or dry. Wet grains
consist of the residue of the malt left when the
wort is separated after mashing. They con-
tain nearly 70 per cent. of water, which makes
them very prone to ferment or putrefy. Their use is there-
fore almost exclusively confined to the feeding of animals,

Bran.

Brewers'’
Grains.
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usually dairy cows, kept quite near the brewery, so that they
can be consumed while fresh. Even then care must be taken
to keep the mangers clean or trouble may ensue. Dried
grains consist of the above wet grains which have been arti-
ficially dried until they contain only about 10 per cent. of
water. They are somewhat similar in composition and food
value to bran but do not possess its laxative properties.

Malt culms are the dried sprouts separated from germi-
nated barley after drying and before grinding in the process
of malting. They are somewhat similar to dried grains in
composition and food value.



CHAPTER XIII.

THE LEGUMINOUS GRAINS.

Beans and peas are the only leguminous grains grown in
this country for feeding animals, Although they belong to
different genera, and like different kinds of soil, they are
very similar in composition.

The following experiments should be performed with
cground peas or beans to demonstrate the main facts.

Heat a little of the meal mixed with soda lime in a test-
tube. Test the evolved gas with a piece of
moistened red litmus paper, and note the
copious evolution of ammonia. This indicates
a high percentage of protein; in fact, peas and beans con-
tain more than twice as much protein as the cereal grains do.

Shake some of the meal with ether. Filter and evaporate
away the ether from the filtrate as before,
Note the very small oily residue, showing a
very low content of oil.

Boil a little meal with water. Note that it swells up,
suggesting the presence of much starch. Cool,
and add iodine solution. A deep blue colour
shows an abundance of starch,

Boil about a gram of meal with acid as before (p. 66), and

note that a fair proportion of fibre remains
undissolved.
Burn some meal in a crucible. Note that a considerable
amount of ash remains. Test it for lime and
phosphates as before (p. 43), and note that it
is rich in both these constituents,

o
]2

Testing for
Protein.

Fat.

Starch.
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Beans and peas are, therefore, rich in protein and ash,
they contain a fair proportion of carbohydrates
Composition of iy, the form of starch, and they are poor in oil.
Beans and o :
Poas. They are valuable feeding stuffs, and are
commonly used to make up in the diet the
deficiency of protein in other feeding stuffs. For imstance,
when using maize for horses, crushed beans are commonly
icluded in the ration.

Beans are also used for the same purpose in feeding pigs,
and are reputed to produce excellent quality flesh and fat.
Finely ground bean meal is a common ingredient of what 1s
known as milk substitute for calves. Bean meal is also
regarded as an excellent addition to the ration of fattening
cattle, more especially in the last stages of fattening for
market,.

Peas are a favourite addition to the diet of pigs, and are
also fed successfully to sheep when folded on roots in the
winter.

Both beans and peas are somewhat difficult of digestion.
They are generally used either coarsely crushed or finely
ground, seldom whole. In using them it should never be
forgotten that they are rich in protein. Consequently they
should never form more than a small proportion of the diet.
Their real value is to make up for the deficiency of protein
in other feeding stuffs,

Several varieties of foreign peas come on to the home
markets. They have much the same food
value as home-grown peas, and are usually a
safe and inexpensive food.

There are also a great variety of foreign beans which are

: imported from China, Burmah, and other
Testing for B . : .

Prussic Acig, castern countries. Some of these are as good

as home-grown beans, whilst others are fre-

quently poisonous. Unfortunately, few people are able to

identify the poisonous varieties by inspection. An analyst

can, however, readily decide if they are poisonous by the

Foreign Peas
and Beans.
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following test. The poisonous constituent of foreign beans
is a substance known as a glucoside, because it is a chemical
compound of sugar (glucose), prussic acid, and usually some
other constituent. The glucoside itself is bitter but harm-
less, but when kept warm and moist, for instance, in the
rumen or paunch of an animal, it is split up by an enzyme
which occurs in the same seeds, into its constituents, among
which is prussic acid, which latter is, as is well known,
exceeding poisonous. The test is carried out thus: Some
of the suspected beans are ground to powder, moistened
with water in a loosely-corked flask, and kept for some
hours in a warm place, usually an incubator at the tem-
perature of the animal body—about 40° C. During this
treatment the enzyme splits the glucoside and sets free the
prussic acid. More water is then added, a condenser is
connected to the flask, and some of the water is distilled
over. 'To this are added a few drops each of ferrous sul-
phate, ferric chloride, and sodium hydrate solutions. Hy-
drochloric acid is then added, when if the beans were
poisonous a blue precipitate of Prussian blue will be seen.
Very frequently it is necessary to pour the liquid through a
filter, when the Prussian blue will be left as a blue stain on
the filter paper.

Beans which give this test are not safe for use as a feed-
ing stuff.

Gram is a small leguminous grain which 1s sometimes met
with on home markets. It is something like
vetch seed in appearance, and is grown in
large quantities in India and other eastern countries, where
it is commonly used to make up the deficiency of protein in
barley as a ration for horses. It is similar in composition
to belms and peas, and may be used for the same purposes.

All the above leguminous seeds are poor in oil, of which
constituent they contain only from 1 to 13 per
cent. Two other leguminous seeds which are
imported into this country, namely, soya beans and ground

Gram.

0il Seeds.
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or earth nuts, are exceedingly rich in oil. Soya beans con-
tain about 17 or 18 per cent. of oil, and ground nuts as much
as 45 per cent. Both are also exceedingly rich in protein
and correspondingly poor in carbohydrates, so that they
contrast sharply with all the feeding stuffs whose com-
position we have discussed.

Sova beans are grown chiefly in Japan and Manchuria,
where they are one of the staple crops. They
do not appear on the home feeding stuff
markets in their natural state, but are bought wholesale by
the oil-ecrushing mills, where their oil is separated for the
manufacture of margarine or soap. The residue left after
crushing out the oil is sold on the markets as soya bean
cake.

Soya bean cake is a light-coloured cake which is usually

very hard and tough. It is exceedingly rich in
g;i:ﬂﬂan protein, of which it contains over 40 per cent

I'ts other constituents are about 7 per cent. of
oil, fair proportions of fibre and ash, and comparatively
little carbohydrates. It is said to exert a distinctly laxative
effect on the digestive organs. For this reason, and because
of its exceeding richness in protein, it should never be used
in large quantities. A full-grown ox requires only about
13 Ib. of protein per day. The normal ration of 2 cwt. of
roots and a stone of hay or straw supplies about 1 lb. of
protein, leaving only 2 1b. to be supplied by the concentrated
food. Two pounds of soya bean cake would supply rather
more than this amount, and more than this should not be

used. It would be wiser to use only 1 lb. as an adjunct to
some other concentrated feeding stuff,

Soya Beans.

Ground or earth nuts are grown in many hot countries,
notably in the various States on the East and
West Coasts of Africa. As in the case of
soya beans, they are seldom bought in their natural state in
this country, except by children under the name of pea nuts
or monkey nuts. Practically the whole import is erushed

Ground Nuts.
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for oil, with or without removal of the husks. If the husks
are completely removed the resulting cake is known as
decorticated ground nut cake. The cake resulting from
crushing without removal of the husks is known as unde-
corticated ground nut cake. An intermediate product,
from which part of the husk has been separated, is called
semi-decorticated ground nut calke.

Decorticated ground nut cake is a valuable and safe
feeding stuff, very similar in composition to soya bean cake,
but without its laxative properties. It should, however, be
used in small quantities, because of its very high content of
protein. Used in excess of an animal’s requirements protein
is of doubtful advantage. It is not so valuable for produc-
ing either work or fat as is carbohydrate, than which it is
much more expensive. Further, it has to be excreted from
the body through the kidneys on which it throws much
extra work, sometimes with disastrous results.

Undecorticated ground nut cake resembles undecorticated
cotton cake in composition, containing 22 to 23 per cent. of
fibre. It contains, however, considerably more protein and
oil than does undecorticated cotton cake, and has a dis-
tinctly higher nutritive value. It does not, however, possess
the astringent properties which make cotton calke so useful
for cows on lush grass in the spring and autumn, and for
bullocks when they first begin root feeding in the yards.

As this is the first occasion on which we have mentioned
oil seed cakes, it seems opportune to give a
short deseription of the process by which such
feeding stuffs are manufactured.

0il seed cakes are essentially by-products. Seeds, such as
soya Dbeans and ground nuts, which have been described
above, and many others, such as linseed, cotton seed, rape
seed, palm kernels, and coconuts are valuable in the first
place for the oil which they contain. Oil is required in very
large quantities for a variety of purposes. Soap is made
from oil. Glycerine, which is used in the manufacture of

0il Cakes.
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explosives, is a by-product in the manufacture of soap. By
a comparatively modern process liquid vegetable oils are
made to combine with hydrogen, which converts them into
semi-solid fats suitable for making margarine.

The usual process of obtaining the oils required for these
purposes is to grind the seeds to a coarse
powder, which is then packed in strong bags,
which retain the solid matter but allow the oil to escape.
These bags are then placed between pairs of hinged boards,
which are corrugated and engraved with the name of the
maker and of the brand of cake. These pairs of hinged
boards, each enclosing a bag of seed, are then piled up inside
a hydraulic press. Enormous pressure is then applied, which
squeezes out the oil and makes the solids stick together into
a cake, on which is impressed the corrugations of the boards,
the name of the maker, and of the brand of the cake.
When the pressure is released the cakes are withdrawn
from their bags, and packed in sacks for distribution to
buyers.

By this method of manufacture it is not possible to
squeeze out the whole of the oil. From 5 to 10 per cent. of
oil is still left in the cake, and, as oil is a very valuable food,
this residue of oil greatly increases the nutritive value of the
cake,

An alternative method of extracting oil from seeds has
come into use in recent years, and is likely to
be extended 1if oil becomes more expensive. Tt
is carried out as follows : —The coarsely-ground
seed is mixed with benzene, patrol, or some other solvent.
This dissolves the oil, but does not dissolve the other con-
stituents. The solvent containing the oil is then separated
by filtering under pressure. The solvent is then separated
from the oil by distilling it off, so that it is recovered and
can be used again. The insoluble residue of the seed, from
which the oil has been thus extracted, is then warmed to
remove the last traces of solvent, and a dry powder or meal

Manufacture.

Extraction
Process.



78 THE LEGUMINOUS GRAINS.

results, which is, or should be, sold as a feeding stuft under
the name of extracted meal.

This method of extraction yields more oil than the crush-
y . ing method, but the residue is an extracted
Mfa’fl':‘ja“tad meal, not a cake. The extracted meal usually

contains not more than 1 per cent. of oil, and
is correspondingly lower in nutritive value than the cake,
which, as mentioned above, usually contains from 5 to 10
per cent. of oil.

It is instructive to shake with ether equal quantities of
ground up cake and extracted meal made from the same
seed, filtering, evaporating away the ether, and comparing
the amounts of oil left in the porcelain dishes from which the
ether was evaporated.



CHAPTER XIV.

ANALYSIS OF LINSEED CAKE.

Looking back through the preceding chapters, which have
been devoted chiefly to a description of the
Composition of ¢oyposition and properties of home-grown
?ume-gmwn feeding stuffs, one cannot help arriving at the
odders. B : P o
ceneral conclusion that the fodders grown in
this country supply abundance of carbohydrates, such as
starch, sugar, and fibre, but that on the whole they are
deficient in the two very important constituents, proteins
and oils or fats,

There are, of course, certain notable exceptions. Good
hay, oats, and millers’ offals are fairly well balanced feeding
stuffs. Beans and peas contain abundance of protein, but
almost no fat. These, however, are not sufficient in amount
to balance the deficiencies in protein and fat of the large
quantities of straw, roots, and barley grown in the country
and the 1} million tons of imported maize.

Looking, therefore, at the bill of fare of the country’s
animal population as a whole, it 1s evident that what is
wanted to balance the total ration of our live stock 1s more
protein and more fat. This fact sufficiently explains the
popularity of oil-seed cakes among live stock owners, for
these cales are characteristically rich in proteins and fats,
and correspondingly poor in other constituents, notably
carbohydrates. It is fortunate for the live stock industry
that the demand for oil for various manufacturing purposes
produces by-products which meet the requirements of the
animals of the country so exactly as do oil seed cakes and
other oil-seed residues.

19



80 ANALYSIS OF LINSEED CAKE.

These oil-seed cakes and residues vary very widely in

composition and purity. Consequently they

ﬁgi’;ﬂt‘ﬂme of should always be bought on a guaranteed

analysis, stating the name of the seed from

which they are made, the chemical composition, and the
purity.

In order that the meaning of such a guarantee should be
fully understood it is desirable that a complete examination
of at least one such feeding stuff should be carried out.
We will, therefore, make a complete examination of a
delivery of linseed cake bought on a guarantee that it is
pure linseed cake containing 28 per cent. of protein and
8 per cent. of oil.

In making such an examination the first step is to obtain
a sample which fairly represents the bulk of
the delivery. For this purpose we take one
cake out of every tenth bag, or, if the delivery is large, we
may take a cake from every twentieth bag, or every fortieth
bag, so that we have ten or twenty sample cakes.

Now it 1s not satisfactory to break off a bit from the end
of each sample calke, for, since the oil when being squeezed
out drips from the ends and sides of the cakes, these ends
and sides are likely to be somewhat richer in oil than the
central parts. To obviate this difficulty break each sample
cake across the middle by taking one end in each hand and
bending the cake against the edge of a bench or table.
Next break off by the same method a strip, say 3 inches
wide, from one of the broken ends, and again break this
across its middle. This will give a small piece of cake
about 3 inches wide by 4 to 5 inches long including the
proper proportion of middle and outside. Take such a strip
from each of the sample cakes and put the whole lot
through the cake crusher, which should be set to erush
them as finely as possible, If necessary put them through
several times so that they are all finely broken and well

mixed,

Sampling.
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If the examination is to be made solely for your own
information all that remains to be done is to put a pound or
two of this finely divided material into a wide-mouthed
bottle or tin which can be tightly closed to prevent evapora-
tion or absorption of water. If, however, you contemplate
legal proceedings as a result of the examination, the whole
of the sampling operations should be carried out in the
presence of an accredited witness, and three bottles or tins
should be filled with the finely divided material, each being
labelled, dated, sealed, and signed by the witness. One
should be used for your own or your analyst’s examination,
the second should be sent to the agent from whom the cake
was purchased, and the third kept for examination by a
referee in case of dispute.

Having obtained a representative sample in this way, the
examination is conducted as follows:—

The broken surfaces of several small pieces of the cake are
looked over very carefully, first with the naked
eye and then with a hand lens. In this way it
should be possible to decide if the cake is
linseed cake free from impurities. Pure linseed cake should
have thin light red husks packed between the yellowish grey
powdery material from the inside of the seeds. The im-
purities to look for are bits of straw or other fibrous
materials, dark coloured thick, often shiny, husks of such
seeds as rape, polygonum, corn cockle, or other weeds
which have been left in the linseed by inadequate sereening,
or, very occasionally, castor oil seed husks or other materials
added to the cake by way of adulteration. A bit of the cake
should also be chewed, which may disclose the presence of
acrid impurities, such as rape or mustard seed, or sandy
gritty material not completely removed when the seed was
screened.

The rest of the sample should now be ground to a fine
powder in a small mill.

A.NUT. 6

Looking for
Impurities.
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From 10 to 20 gm. of the powder is now put into a beaker,
and about 100 c.c. of boiling water poured
on to it. It is mow thoroughly stirred with
a glass rod, covered with a clock glass, and left to
stand.

Linseed contains a peculiar carbohydrate, known as lin-
seed mucilage, which swells up in hot water, making
a thick translucent solution, through which the reddish
husks settle to the bottom. Genuine linseed cake treated
as above gives three layers—the husks at the bottom, the
thick translucent solution at the top, and between these
a whitish layer containing much granular or powdery
material,

Remove the clock glass and note the smell. TLinseed has
quite a characteristic odour, which should be free from the
acrid smell of mustard or other cruciferous seeds. Pour off
some of the two top layers into a test-tube, boil it, cool, and
add iodine solution. There should be no blue colour, as
linseed contains no starch. A blue colour shows that the
cake is contaminated with starchy seeds.

Now stir the contents of the beaker again with a round-
ended glass rod, feeling for grit, which, if present, will bhave
settled to the bottom of the beaker. In this way 1t is
possible to judge of the amount of sandy matter left in
the eake by inefficient cleaning of the seed before crush-
ing.

While stirring watch the sides of the beaker to see if any
husks which look unlike linseed are present. If you see
anything suspicious, pick it out, transfer it to a glass slhide,
and examine it under a microscope, identifying it by com-
parison with the drawings in Microscopic Analysis of
Caltle Foods, by T. N. Morris (Cambridge University Press,
28.).

By these preliminary tests it is possible to form a good
opinion as to the purity and genuineness of the sample, and
the quantitative analysis can now be undertaken.

Genuineness.
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Weigh a porcelain crucible, after heating it and allowing it
to cool in a desiccator. Put into it 3 or 4
crams of the powdered cake, and weigh again
accurately. Place the crucible and its contents
in the drying oven, and leave it there for some hours. Cool
in a desiccator and weigh. Replace in the oven, and repeat
the cooling and weighing until no appreciable change in
weight occurs during one hour in the oven, which shows
that all the water has evaporated. Calculate percentage of
water thus :—

Estimation of
Water.

Weight of cake 4 crucible ... .. 12-988 gm.

Weight of crucible ... ver  9°553 gm.

Weight of cake taken .. 8435 o,

Weight of crucible + cake afterdrying ... 12714 gm,

Weight of crucible 4+ cake before drying... 12:988 gm,

Weight of water in cake ... .. 274 gm.
274 x 100

Percentage of water = 8'0 per cent.

3435
Stand the crucible on a pipe-clay triangle supported on a
s tripod, and heat 1t with a flame placed rather
Efi?ﬁtmn to one side, so that the crucible is not com-
pletely enveloped in the flame, which would
prevent access of the oxygen required to make the cake burn.
Note that the cake takes fire, blackens, and burns away,
leaving a grey ash. If necessary, hasten the process by
stirring carefully with a thin wire. When no more black
specks remain, turn out the flame, and remove the crucible
to the desiccator, weighing it when cold.
Calculate percentage of ash thus :—
Weight of erucible 4 ash e 97822 gm.
Weight of erucible alone oo 9538 pm,
Weight of ash -269 gm,
‘269 x 100

Percentage of ash
* 3435

= 78 per cent.
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This is rather a high percentage of ash, and when this is

: the case the cause is usually the presence of
g:;‘fg o sandy impurities not completely removed when
the seed was screened. Pour very carefully

into the ecrucible a few drops of strong hydrochloric acid,
which will dissolve the constituents of the real ash of the lin-
seed, but will not dissolve sand. Wash the contents of the
crucible into a small beaker with hot water, boil for a moment,
and feel for grit on the bottom of the beaker with a glass rod.
To find the percentage of this sand or gnt, fold a small
filter paper and fit it carefully into a funnel.
Pour the contents of the beaker down a glass
rod on to the filter, washing all the grit on to
the filter with hot water. Wash several times with hot
water. Dry the paper by putting the funnel into a drying
oven. Meanwhile heat, cool, and weigh a crucible. When
the filter paper is dry, take it out of the funnel, and fold it
up so that it will go into the erucible. Take great care not
to lose any of the sandy particles. Burn the paper in
the crucible just as you burnt the linseed. Cool and weigh.

(laleulate thus:—

Estimation of
Sand.

Weight of crucible 4+ sand .., e 9602

Weight of crucible alone ... e 9°552

Weight of sand ... 080
050 x 100

Percentage of sand — = 1'5 per cent.

~ 5435
The total ash amounting to 7'8 per cent. evidently con-
tains 1'5 per cent. of sandy impurities, so that the real ash
of the linseed amounts only to 7°8 — 1'5 per cent., or 6°3 per
cent., which is much more like the correct figure.
The next constituent to estimate is the protein. To malke
this estimation we assume, firstly, that all the
Estimation of | i, nren in the cake exists in the form of
pa protein, and, secondly, that the protein con-
tains 16 per cent. of nitrogen. The first assumption is
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practically true for a ripe seed, though it would be quite
unjustified in the case of unripe succulent fodders like grass
or roots. The second assumption is also probably quite near
the truth, and is good enough for our purpose, because all
analysts have agreed to work on the same assumption so
that they may all obtain comparable results.

Working on these two assumptions, all we have to do is
to find the percentage of nitrogen and multiply it by
100 = 16, which is 6-25.

We will use the method known as Kjeldahl's method, and

o proceed thus: weigh a small clean dry test-
Egmmatmn °f tube. Put into it about 1 gm. of the powdered

itrogen. ] : 5 : ;
cake, adding a little more or shaking a little
out until the quantity left in is approximately 1 gm. Weigh
again accurately. Hold the tube upright, and invert over it
a long-necked hard glass flask. Now turn the flask and
tube upside down, so that the cake falls into the flask with-
out sticking to the neck of the flask. Tap the tube against
the neck of the flask so as to shake out the cake as com-
pletely as possible. Weigh the tube again accurately.

Weight of tube + cake... o 4783 gm.
Weight of tube ... ... 97561 gm.

Weight of cake ... .. 1032 gm, :

Now measure out in a small measuring cylinder 10 c.c. of
pure strong sulphuric acid, and pour it into the flask, swirl-
ing it round so that it wets the whole of the powdered cake.
Place the flask on a stand in the draught chamber, and heat
it slowly with a very small flame. The sulphuric acid at
once chars the cake by taking water from the organic com-
pounds of which it is composed, thus setting free carbon.
As the mixture gets hot this carbon is oxidised to carbon
dioxide gas by the sulphuric acid, which is itself reduced to
sulphur dioxide gas. Much gas is, therefore, given off, and
1t 1s necessary to watch the flask and adjust the flame, or the
mixture may froth so much that some of it is lost. During
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the process of setting free and oxidising the carbon the
sulphuric acid also separates the nitrogen of the cake. This
nitrogen remains in combination with hydrogen in the form
of ammonia, which combines with the sulphuric acid, forming
ammonium sulphate. As soon as the frothing ceases, add to
the mixture, which is now black from the presence of carbon,
about 5 gm. of powdered ignited potassium sulphate. This
addition raises the boiling point of the sulphuric acid, and
at the same time makes up for the fact that in the chemical
actions mentioned above some of the acid has been reduced
to sulphur dioxide gas which has been lost, and the rest has
been diluted by the water abstracted from the cake.

The addition will cause a second frothing. As soon as
this has subsided, turn up the flame and heat the mixture
until all the carbon has been oxidised, as shown by the com-
plete disappearance of the dark colour. All the nitrogen
has now been separated from the other constituents of
the cake, and is dissolved in the clear colourless liquid in
the flask in the form of ammonium sulphate. Turn out the
flame and let the flask cool. ;

Meantime prepare a distilling apparatus, consisting of a
large round-bottomed flask fitted with a rubber cork, through
which pass a bulb with a stop cock, and a splash trap
connected with a condenser and receiver. Measure into the
receiver, by means of a pipette, 10 c.c. of semi-normal hydro-
chlorie acid, and moisten the glass beads in the exit tube of
the receiver with 3 drops of methyl orange indicator.

Disconnect the distilling flask, and wash into it with dis-
tilled water the clear colourless liquid which resulted from
boiling the eake with sulphuric acid, rinsing the flask several
times with water, so that everything it contains is trans-
ferred to the distilling flask. Drop into the distilling flask
a piece of pumice stone wrapped round with copper wire to
make it sink. The object of this is to make the liquid boil
steadily.

Connect the distilling flask to the condenser, twisting the
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cork in tightly, and measure into the bulb enough very
strong solution of sodium hydrate to neutralise all the
sulphurie acid, and make the liquid in the flask strongly
alkaline. If the sodium hydrate solution is 50 per cent.,
50 c.c. will be sufficient. Shake the flask gently so as to mix
the contents, put a flame under it, and distil off about
100 ¢.c., adjusting the flame so as to avoid frothing, and so
that the pink colour of the indicator in the exit tube of the
receiver does mnot change to vellow. The sodium hydrate
decomposes the ammonium sulphate, setting free ammonia,
which passes over into the receiver with the steam, and
neutralises some of the standard hydrochlorie acid.

When about 100 c.c. has distilled over it will have carried
with it all the ammonia. Turn out the flame, and at once
disconnect the distilling flask. Remove the receiver, wash-
ing the end of the distilling tube and the exit tube. The
liquid in the receiver should be pink on account of the
presence of the methyl orange indicator washed into it from
the beads in the exit tube.

Fill a burette with semi-normal solution of sodium
hydrate, and adjust the level of the solution to 0. Place
the receiver under the burette, and run in the alkali a drop
at a time, shaking between each addition, until the pink
colour changes to orange. Read the burette at this point.
Suppose it 1s 2'9 c.c.  Run in one more drop, and note that
the colour changes to light yellow, showing that the liquid is
now alkaline. Neutrality was, therefore, reached by the
addition of 2-9 c.c. of semi-normal alkali.

If the 10 c.c. of semi-normal acid put in the receiver had
been titrated at once with semi-normal alkali it would have
required 10 c.c.  But so much of it had been neutralised by
the ammonia from the cake that it required only 29 c.c.
This ammonia must, therefore, have neutralised the differ-
ence between 10 c.c. and 29 c.c., which is 7-1 c.c,

The ammonia formed from the protein of 1:032 gm. of the
sample of cake was, therefore, enough to neutralise 7:1 c.c. of
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semi-normal hydrochloric acid, and it is easy to calculate its
amount, for 1 c.e. of semi-normal acid i1s exactly neutralised
by that amount of ammonia which contains ‘007 gm. of
nitrogen. It follows, therefore, that 1032 gm. of cake con-
tained ‘007 x 7'1 = ‘0497 gm. nitrogen, which is equivalent to
&Tui;ﬂo = 4-7 per cent.
Since all the nitrogen in the cake is assumed to exist as
protein containing 16 per cent. of nitrogen,
Eﬂ:‘u‘;‘fi of this percentage of _nitrogen. corresponds  to
Protein. 47 X 100 = 47 X 625 =294 per cent. of
protein.
The caleulation may be summarised thus :—
Weight of calke taken, 1:032 gm.
Volume of N/2 acid in receiver ... .« 10 co.
Volume of N/2 allkali required to neutralise 29 c.c.

Volume of N/2 acid neutralised by NH,... 71 ce.
Weight of N in cake ‘007 x 7-1 = -0497 gm. N.
0497 x 100
1-032
Percentage protein in cake 47 X 625 = 29'4 per cent
protein,

Percentage of N in cake = = 47 per cent. N,




CHAPTER XV.

ANALYSIS OF LINSEED CAKE-—continued.

The sale of feeding stuffs in the United Kingdom is regu-
lated by an Act of Parliament known as the Feeding Stuffs
and Fertilisers Act which preseribes that every delivery of
more than one cwt. of a feeding stuff or fertiliser must be
accompanied by an invoice on which is stated the percen-
tages of nitrogen, phosphoric acid, and potash in the case
of fertilisers, and of protein and oil in the case of feeding
stuffs. We have already estimated the percentage of protein
and our next step is to estimate the percentage of oil.

This is carried out by taking advantage of the fact that
the organic solvent ether dissolves oil quite
readily but does not dissolve any of the other
constituents of feeding stuffs. The procedure
1s as follows : cut an oblong sheet of filter paper about eight
inches long and five inches wide. Roll it round a test-tube
so as to make a hollow cylinder five inches long, and close
one end by bending it over. Weigh it accurately. Now put
into it about five gm. of the powered cake and weigh again—

Estimation
of 0Qil.

Weight of paper cylinder 4+ cake 7-585 gm.
Weight of paper cylinder alone 2:212 gm.

Weight of cake ... e T gtn-.-

Fold over the open end of the paper so as to enclose the
weighed quantity of cake in a small paper case. Push this
into the wide test-tube of a Soxhlet fat extraction apparatus,

Meantime select a wide mouthed flask to fit the cork on
the extractor, dry it in the water-oven, cool it in a desiccator,
and weigh it accurately. Push the cork of the extractor
firmly into the neck of the weiched flask, and connect the

89
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upper end of the extractor to a condenser. Pour ether into
the upper end of the condenser until it fills the tube of the
extractor and syphons over mto the weighed flask. Add
more ether until it nearly syphons over a second time. Turn
on a slow stream of cold water through the condenser, and
fix up the whole apparatus so that the weighed flask is partly
immersed in a water bath. Adjust the flame under the
water bath so as to warm the bath enough to keep the ether
boiling.

The vapour of the ether rises through the side tube of the
extractor into the condenser, where it is condensed into
liquid and drops back on to the little parcel of cake, rising in
the tube until it reaches the level of the top of the syphon.
As soon as it reaches this level the ether syphons into the
welghed flask carrying with it the oil which it has dissolved
out of the cake. The water bath must be kept warm enough
to boil the ether until this process has been automatically
repeated at least a dozen times, which should take about two
hours. By this time the ether will have carried all the oil
into the weighed flask, and the filter paper in which the cake
was enclosed will have kept back all the other constituents
which the ether does not dissolve,

Now turn out the flame, disconnect the weighed flask,
reverse the condenser, connect the flask to the other end, and
distil off the ether. Again disconnect the weighed flask and
place it in the water-oven to evaporate the last traces of
ether and any moisture which the ether may have contained
or dissolved out of the cake. After drying for about two
hours, cool the flask in the desiccator and weigh it accurately.
Calculate thus:

Weight of flask + oil 31876
Weight of flask ... 351:380
Weight of oil 406
496 x 100

Percentage of oil ——=—— = 92 per cent.
5373
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It should be noted that this method, like the method used
for estimating protein, depends on the assumption that ether
dissolves all the oil out of the cake and nothing except the oil.
It will dissolve all the oil of the cake if the cake is finely
ground, and in the case of linseed cake it dissolves very little
indeed except oil, so that in this case the results are sufficiently
accurate. In the case of dried green fodders such as hay it
is not so easy to ensure fine grinding, and the ether dissolves
chlorophyll and certain waxy materials as well as oil, so
that the method 1s less accurate,

Although we have now estimated the two constituents pre-

Liggnl scribed by the Feeding Stuffs and Fertilisers
E?trl?;::_mn Act, it is usual also to estimate the percentage

of what analysts call fibre, and this for two
reasons.  Firstly, because the percentage of fibre gives
valuable information in classifying feeding stuffs, and
secondly, because until we have estimated the fibre we
cannot calculate the percentage of carbohydrates. Fibre as
we know is impure cellulose, and is characteristically in-
soluble in the usual solvents such as acids and alkalis which
dissolve all the other constituents. There is no absolute
method of estimating the percentage of fibre, but analysts
have agreed upon a method which gives satisfactory results
and does not lead to confusion so long as all analysts proceed
in exactly the same way. Such a method is called a con-
ventional method, and its success depends upon the exact
observance of the details of working, which are as follows : —
Cut two small squares of glazed paper, about 3 inches square,
and place one on each pan of the balance. Snip small bits
off the heavier until the two exactly counterpoise each other,
Place a 2 gm. weight on the paper on the right-hand pan and
carefully shake powdered cake on to the paper on the left-
hand pan until the two pans swing level. Pour the 2 gm. of
powdered cake weighed out thus into a 300 c.c. beaker, and
add 25 e.c. of dilute sulphuric acid containing 10 per cent. of
H,SO,. Now add 175 c.c. of water. The beaker will now



99 ANALYSIS OF LINSEED CAKE.

contain 2 gm. cake and 200 c.c. of solution containing 1} per
cent. of H,S0,,

Gum a label on the side of the beaker so that the upper
edge of the label is exactly level with the upper surface of
the solution. This will mark the height reached by 200 c.c.
of liquid. Place the beaker on a wire gauze on a tripod and
heat it to boiling by a flame. When it begins to boil adjust
the flame to maintain steady boiling without boiling over.
Cover the beaker with a clock glass to hinder evaporation,
and continue boiling for half-an-hour.

At the end of this time remove the flame and while the
beaker cools stretch a piece of fine linen over the expanded
neck of a filtering bottle tieing it in position with a piece of
string. Connect the tube of the flask to the suction pump,
wet the linen and set the pump working which will pull down
the linen. Now pour the still warm liquid from the beaker
on to the concave surface of the linen filter, guiding it down
a glass rod so that none is lost by splashing. When the
liquid is sucked through, wash out the beaker with hot water
several times taking care that all the contents reach the
linen filter. Wash the fibrous residue on the filter several
times with hot water,

This treatment dissolves all the carbohydrates by con-
verting them into sugar which should be tested for in the
contents of the filter flask. It also dissolves some of the
protein, When the washing is completed, and the filter has
been sucked as dry as possible, disconnect the filter flask
from the pump, untie the string, and remove the linen, laying
it on a clock glass. Streteh it tightly over the hollow side
of the clock glass, and with a spatula or blunt knife, scrape
the fibrous material from the linen into the same beaker you
used for boiling with acid. Wash the last traces from the
linen into the beaker by means of a jet of hot water,

Now add 25 c.c. of 10 per cent. solution of sodium hydrate
and fill up to the 200 c.c. mark with hot water. Boil as
before for half-an-hour. Filter through linen as before,
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washing out the beaker very thoroughly and washing the
fibrous material on the filter with hot water several times.

This treatment dissolves the oil by converting it into soap
and glyeerol and completes the solution of the protein.
Thus all the constituents of the cake except the fibre or im-
pure cellulose have now been dissolved, and the insoluble
fibre alone remains on the linen filter. Scrape it off as before,
transferring it to a porcelain crucible which has been pre-
viously heated, cooled, and weighed. Place the crucible in
the water oven, cooling and weighing it from time to time
until it ceases to lose weight. Calculate thus:—

Weight of crucible 4 fibre 8754 gm.
Weight of crucible alone ... 8571 gm

Weight of fibre ... .o 183 gm.

One more point before calculating the percentage. 1t is
possible that the fibre weighed above may contain a trace of
ash which has not been completely dissolved by the acid and
alkali. To decide this, place the crucible containing the
fibre on a triangle supported on a tripod. Put a flame under
the side of the crucible and burn the fibre away as com-
pletely as possible. Fibre burns very readily and it will be
completely burnt in a very short time. A very small quan-
tity of ash usually remains. Cool and weigh the crucible.
Calculate thus :—

Weight of crucible 4 ash of fibre  8:574 gm.
Weight of crucible alone ... e 8571 gm.
Weight of ash of fibre ... w2008 glﬁ..

Weight of fibre containing ash ... ‘183 gm.
Weight of ash e 008 gpm.

Weight of fibre less ash ... ... ‘180 gm.

180 x 100

Percentage of fibre in calke 3

= 90 per cent.
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We can now collect together the results of all our esti-
mations, thus :—

Water ... 80 per cent.
tAsh .., S WA
*Protein .. 294
1 [ — . Bl
Fibre... ; il b N S5 B

Adding up to 634

¥

T Containing sand 15 per cent.

* Containing nitrogen 4°7 per cent.

One constituent has not been estimated, namely the carbo-
hydrates, and in the present state of our
knowledge we have no direct method of esti-
mating them. Presumably, however, they
make up the difference between the sum of the percentages
of the constituents which we have estimated and 100. At
any rate we know of no other constituents, so we are not
likely to be far wrong in making the assumption that the
carbohydrates make up this difference. This indirect and
somewhat unsatisfactory method of estimating the carbo-
hydrates in a feeding stuff is accepted by general agreement
amongst analysts though every one hopes that in time a
better method may be found,

The unsatisfactory nature of the method is implied in the
continental name for carbohydrates estimated
in this way—they are called *nitrogen-free
extract "—which means soluble materials other
than proteins, and is certainly a more justifiable name to use
under the eircumstances.

The complete analysis of the sample of linseed cake can
Final Result, 1Ow be entered thus :

Calculation of
Carbohydrates.

Nitrogen-Free
Extract.
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Percentage composition of sample of Linseed cake as
determined by analysis.

Water ... ... 80 per cent.
*¥Protein—often called albuminoids or
flesh formers ... L [ L TR
0il ... by 8
Carbohydrates, or nitrogen-free extract 366
Fibre MR | | R
tAsh Sodie S

1000 per cent.

*Containing nitrogen 4°7 per cent.
tContaining sand ... 1°5 per cent.

The sample is genuine linseed cake free from weed seeds,
and of normal average composition except that it contains
rather a high percentage of sand. The method described
above is that in general use for analysing all kinds of con-
centrated feeding stuffs such as cakes and meals. When a
sample of such a feeding stuff is sent to an amnalyst for
examination this is the method he uses, but there is scope for
the exercise of great individual ingenuity and experience in
searching the sample for weed seeds and other impurities.

A great variety of oil-seed residues appear on the feeding
stuff markets, among which may be mentioned
coconut cake and meal, a variety of cotton seed
products, linseed cake, and several palm kernel products.
These will now be briefly described.

Coconut cake is a soft yellowish white crumbly cake with

a characteristic smell. It is made by squeezing
ggi,fut the oil out of the white fleshy layer, called
Copra, which lines the shell of the coconut.
It contains about 20 per cent. of protein and about 10 per
cent. of oil and is not likely to contain impurities. Tt is a
useful feeding stuff for cattle and pigs, but is not readily

L ]

Other Cakes.
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eaten by these animals. Some trouble is usually experienced
in getting animals accustomed to it, and for this reason it
has not become a popular feeding stuff amongst British live-
stock owners.

Cotton seed cake, or to give it its full name, undecorti-
O (:B.teﬁ. cotton seed calke, is m.ade by squeezing
Cotton Cakes. Lhe oil out of cotton seed without first remov-

img the husks. It is greenish yellow and con-
tains a very large proportion of black or dark brown husks.
There are two chief kinds of cotton seed cake, known as
Egyptian and Bombay, corresponding to two kinds of cotton
seeds.

In Egyptian cotton seeds the cotton fibres or lint are

) attached in a tuft to one end of the seed, and
gﬁﬁzagake. are therefore almost completely removed in the
process of ginning. Cake made from such

seeds is therefore fairly free from cotton fibres,

In Bombay cotton seed the lint is attached more or less all
over the seed, and ginning does not succeed in
removing it with anything approaching com-
pleteness. Consequently cotton fibres are very
obvious on the broken surface of Bombay cotton cake.

When first Bombay cake appeared on British markets
buyers were afraid that the presence of so much cotton fibre
would injure their animals, and were only tempted to buy it
by its comparatively low price. Experience, however, has
shown that though the cotton fibres are so obvious the
actual quantity of them is very small, and they are not
dangerous to animals. Bombay cake now sells at practically
the same price as Egyptian.

Undecorticated cotton cake contains rather over 20 per
cent. of protein, about 5 per cent. of oil, and
about 22 per cent, of fibre. Itsactual nutritive
value is low compared with most other cakes, and its very
high content of fibre, which is nearly as high as the fibre
content of good hay, almost forbids its inclusion amongst

Bombay
Cotton Cake.

Composition.
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concentrated feeding stuffs. It possesses, however, charac-
teristic astringent properties which make it a most valuable
addition to the ration of cattle on lush grass or roots which
tend to produce scouring. But for this property its price is
generally too high in comparison with its nutritive value to
make its purchase as a feeding stuff an economic proposition.

Decorticated cotton seed cake, made from cotton seeds
which have been decorticated or freed from
their husks before being crushed, possesses a
much higher nutritive value. It contains
about 40 per cent. of protein and 10 per cent. of oil, and
removal of the husks has reduced its fibre to from 7 to 8 per
cent. It has a bright yellow colour and is rather hard. It
is useful for cattle and sheep, but should be used only in
small quantities on account of its very high content of pro-
tein. It is frequently ground to a fine powder which is sold
as decorticated cotton seed meal or yellow meal. Cotton
seed products seldom contain impurities as the seeds are kept
from contamination by the boll which surrounds them.

Linseed cake 1s one of the safest and most popular con-
centrated feeding stuffs on the market. It
can be identified by its smell, by its greyish
colour, and by the presence of reddish husks. It contains
about 30 per cent. of protein, 9 per cent. of oil, and 7 per
cent. of fibre, but these fizures are liable to considerable
variation according to the pressure to which it has been sub-
jected. It is also liable to considerable contamination with
dirt and weed seeds. It should therefore always be bought
on a guarantee of composition and purity. It is much used
for cattle and sheep and sometimes for horses.

Palm kernel cake is a light yellowish white rather soft
e cake containing small black specks of husk.
Oaln It results from the crushing of palm nut ker-

nels for oil. It is free from ordinary impurities

as the shell in which the kernels grow prevents contamina-

tion. It contains about 18 per cent. of protein, about 7 per
A. NUT. 7

Decorticated
Cotton Cake.

Linseed Cake.



098 ANALYSIS OF LINSEED CAKE.

cent. of oil, and about 13 per cent. of fibre. It is a valuable
feeding stuff for cattle and pigs, and is occasionally used for
horses. It has a good reputation for milch cows. It was
scarcely known in this country before the war, but during the
last two years of the war and in the post-war period its use
has been very greatly extended. The chief drawback is that
animals do not like it at first, and trouble is often experienced
in getting them accustomed to it. It is still on that account
not very popular with live stock owners.

Palm nut kernel oil is often obtained by extraction with a
Palm Kernel Solvent, in which case the residue is called
Meal— extracted palm nut kernel meal. This is in.
BRI ferior in nutritive value to palm nut kernel
cake as the process of extraction has reduced the oil to 2 per
cent. or less, and it is not clear that the nutritive value of
the other constituents is unaltered. Buyers of palm kernel
meal should make quite sure whether they are buying palm
kernel cake meal made by grinding the cake or extracted
palm kernel meal made by the extraction process.



CHAPTER XVI.

MISCELLANEOUS FEEDING STUFFS.

All the concentrated feeding stuffs described in the preced-
ing chapters are practically standard articles,
each made from one seed only. There are,
however, many cakes and meals on the market
which have been manufactured for specific purposes by
erushing or grinding together two or more materials. These
compound feeding stuffs are usually sold as proprietary feed-
ing cakes, dairy cakes, calf meals, pig meals, and so on. They
vary greatly in complexity. Some are quite simple, as for
instance, the cake known as Sovcot, which is made by crush-
ing soya beans and cotton seeds together, so that the astrin-
gency of the cotton seed may neutralise the laxative properties
of the soya beans. Others contain a great variety of materials
which vary from month to month according to price, the only
constant properties being the percentages of protein and oil,
and the characteristic smell and flavour,

Very great skill is used in their manufacture, as is shown
by the fact that such materials as palm kernel cake and meal,
which arenotreadily eaten by animals, form themain ingredients
of many popular cakes which all animals eat greedily. The
fondness of animals for these compound feeding stuffs is one
of the main points in their favour. The use of a feeding
stuff which animals eat with relish is conducive to good
progress and to economy of labour. Another advantage is
that they are usually well designed for the purpose for which
they are sold, though some compound feeding stuffs which
find their way on to the market offend seriously in this respect.

99
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Cakes.
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As compared with such standard feeding stuffs as decorti-
cated cotton cake, ground nut cake, soya bean cake, and even
linseed cake, these compound feeding stuffs are low in protein,
and can be used safely without risk of the ill effects which
sometimes follow the consumption of excessive quantities of
protein.

They are, however, in many cases, the refuge of the ignor-
ant. A live stock owner who has taken the trouble to study
the feeding of his animals can usually make up a ration with
standard articles which will be as satisfactory as, and cheaper
than, a ration supplemented by compound feeding stuffs.
They are not by-products but specially manufactured articles,
and the purchaser must naturally pay for the knowledge
and trouble involved in their manufacture. They do not
possess any mysterious or marvellous properties which
enable the animals fed on them to make more growth or
fat or milk than they would make in the ordinary way
out of the proteins, fats, and carbohydrates included in
the diet. They are usually palatable and fool proof,
and it is on these characteristics that their popularity
depends.

It would be a great advantage to intelligent purchasers of
these compound feeding stuffs 1f manufacturers would disclose
their actual composition in terms of the ingredients of which
they are composed. This would make it possible to calculate
their content of digestible nutrients and their true nutritive
value. Exact knowledge of both these figures is necessary
to anyone who wishes to buy in the cheapest market and to
work out economic rations.

Examine the freshly broken surfaces of several samples of
compound cakes, both with naked eye and lens,
and identify the more obvious constituents.
Girind several samples of compound cakes and meals. Boil a
little of the ground material in water containing a few drops
of sodium hydrate solution. Place some of the insoluble
material on a glass slide and examine with the microscope.

Examination.
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Identify the constituents by reference to Microscopic Analysis
of Cattle Foods, by T. N. Morris.

You will find that these cakes and meals are made for the
most part of quite ordinary constituents such as palm kernel
meal, coconut meal and so on, with a certain small proportion
of spicy flavouring materials such as locust bean pods and
fenugreek. In the case of the cakes some kind of binding
material is usually present, such as treacle or rice meal.

Besides these proprietary compound feeding stuffs, several
feeding stuffs are commonly met with of which
treacle or molasses is the predominant constitu-
ent. Treacle itself is the residue from the purification of
sugar. It contains about 65 per cent. of sugar, 25 per cent.
of water, 5 per cent. of ash, and 5 per cent. of various nitro-
gen compounds which, not being protein, are probably of no
feeding value. The nutritive value of treacle is, therefore,
confined to the sugar which it contains., Its chief use on the
farm is to make chaff more palatable, for which purpose it is
diluted with water and spread over the chaft with a watering
can. It is somewhat troublesome to make use of it in this
manner, and most stock owners only buy it when straw is
plentiful and roots are scarce.

Treacle is also a difficult material to ship from the countries
where it 1s produced, for 1t must be carried in
water-tight casks which add to its weight and
occupy much space. To avoid this it is sometimes absorbed
in the fibrous refuse of the sugar cane. The damp crumbly
product, known as molascuit, can be shipped in sacks, and is
much more convenient to use than treacle, though it does not
serve exactly the same purpose. Other molasses foods con-
sist of treacle absorbed in various fibrous substances so as to
yield an easily transported crumbly product. Live stock eat
these molasses foods very readily. 'This and their convenience
of handling make them popular. They are, however, rather
an expensive form of treacle. The treacle they contain
accounts for nearly the whole of their nutritive value. Tt is

Treacle.

Molasses Foods.
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possible, or even probable, that some of the fibrous material
which they contain may be digestible, but straw contains 40
per cent. of similar digestible carbohydrates and fibre which,
with straw worth on the farm £1 per ton, costs only sixpence
per unit or one farthing per lb.

Treacle 1s also used to improve the palatability of palm
kernel meal, a sweetened form of which is
usually on the market and is readily eaten by
animals. In buying it the guaranteed analysis
should be carefully serutinised so that the purchaser may
realise whether it is made from ground cake containing six to
seven per cent. of oil, or from extracted meal containing only
one to two per cent. The former is, of course, much the more
valuable.

Besides the materials deseribed above, several valuable

; industrial refuse materials are commonly on
g[r?;zc“. offer in the markets. Maize is used in large

quantities for making corn flour and in the
manufacture of glucose, a form of sugar used in brewing.
In the course of manufacture of these materials, considerable
quantities of valuable by-products result.

Amongst these may be mentioned maize gluten feed and
maize gluten meal. These two products are
rich in protein, and both are valuable feeding
stuffs for raising the proportion of protein in the ration of all
kinds of live-stock. Gluten meal usually contains about 35
per cent of protein, five per cent. of oil, and 45 per cent. of
carbohydrates. Gluten feed contains 25 per cent. of protein,
three per cent. of oil, and 55 per cent. of carbohydrates.
Fibre and ash are low in both—only about two per cent. in
each case.

Maize germ meal is another maize by-product containing
only 13 per cent. of protein and about 133 per
cent. of oil. It differs widely from gluten meal
and gluten feed, and is suitable for milch cows and fattening
cattle or sheep, but not for pigs,

Other Uses
of Treacle.

Gluten Meals.

Germ Meal.
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Examine examples of gluten feed, gluten meal, and maize
germ meal. Note appearance. Heat equal
quantities with soda lime and note relative rate
of evolution of ammonia. Extract equal quan-
tities with ether, evaporate off the ether, and note relative
quantities of oil left in the evaporating dish. Burn a little,
and note the small proportion of ash.

Fish meal is the product which results from the drying and
grinding of the refuse from the fish curing
industry. The best quality is called white fish
meal, because it is made from the refuse of white fish which
contain very little oil. Fish oil is not a desirable constituent
of feeding stuffs because of its tendency to produce a fishy
taint in the flesh, fat, or milk of animals fed upon it. It
also contains in some cases hydrocarbon oils which are of no
feeding value.

White fish meal should contain over 50 per cent. of protein,
not more than about four per cent. of oil, and only a trace of
salt. It also contains over 20 per cent. of ash, which is
mainly phosphate of lime, a valuable addition to the diet of
many animals. It is a very valuable feeding stuff on account
of its very high content of protein and phosphate of lime,
but it should only be used in very small quantities or there
will be risk of trouble from excessive protein. It is chiefly
used in feeding pigs, in which case the daily ration should not
exceed from four to eight ounces per head per day according
to size.

Such an addition to a pig’s ration has a very marked
effect on rate of growth, partly because of the protein, partly
because of the phosphate of lime. It is commonly stated
that the chief value of fish meal lies in its high vitamine con-
tent, but this is doubtful, for white fish meal containing
little oil is not a rich source of vitamines,

Another reason for not exceeding the ration of fish meal
stated above is that with such a ration the risk of tainting
the carcase is much reduced. Since fish meal is most valu-

Testing Maize
Products.

Fish Meal.
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able for producing growth rather than fattening, it is advis-
able to discontinue its use during the last month or so before
slaughter whilst the animals are fattening. This will again
reduce the risk of tainting the carcase without hindering the
formation of fat.

Oily fish meals made from the refuse of herrings, mackerel,
and other oily fish are not suitable for use as feeding stuffs.
They may be rich in vitamines, but the risk of tainting milk
or carcase is too serious,

Cod liver oil is sometimes used to promote growth in
young animals, especially calves which are
reared on milk substitutes. It is an easily
digestible o1l of high nutritive value and most
samples are rich in vitamines. There is no chemical test for
vitamines. The only really reliable test is their effect on
animals which have been kept on a vitamine-free diet until
growth has ceased. It has been shown, however, that samples
of cod liver o1l which the animal test has shown to be rich
in vitamines almost invariably give a bright red colour when
mixed with an equal volume of strong sulphuric acid, and
this test is worth trying.

Examine samples of fish meal. Note the appearance and

) characteristic smell. Heat with soda lime and

E‘Iie:}:t;l?ﬁial. note the very copious evolution of ammonia,

Burn a little in a erucible and note the large

proportion of ash which remains. Test the ash for caleium
and for phosphorie acid.

Three by-products of the slaughtering of animals arve
valuable feeding stuffs. These are blood meal
or dried blood, meat meal, and carcase meal.
Blood meal or dried blood is made by drying part of the
large volume of blood shed at the larger public slaughter
houses or bacon factories, It is a fine dark brown powder
containing about 80 per cent. of protein, and very little else
besides water. A ration of not more than one or two ounces per
day is a valuable addition to the diet of young growing pigs.

Cod Liver
0il.

Dried Blood.
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Meat meal is made by drying and grinding the refuse other
than bones from factories where meat is canned,
or meat extract is made. It contains about
70 per cent. of protein and 10 to 15 per cent. of fat.

Carcase meal results when some or all of the bones are
ground with the refuse meat. It contains
about 50 per cent. of protein, 15 per cent. of
oil, and over 20 per cent. of ash, which, as in the case of fish
meal, is chiefly phosphate of lime.

Test these three products as you tested fish meal and com-
pare the results.

Of recent years it has become increasingly the practice of
some of the larger brewers and distillers to
dry some of their waste yeast, and dried yeast
is now regularly met with on feeding stuff markets. It con-
tains about 50 per cent. of protein, practically no oil, about
30 per cent. of carbohydrates, and about 10 per cent. of ash.
On account of its high content of protein it is a valuable
feeding stuft for certain purposes. In addition to this it is
credited with a very high content of the water soluble vita-
mines, which it will be remembered are also found in fresh
green fodders. Like all feeding stuffs which are excessively
rich 1n protein it should be used only in very small quantities,
It is chiefly fed to pigs, and not more than from 4 to 8
ounces per head per day should be included in the ration.

Separated milk and whey may be mentioned here as they are
ke by ‘. uquct‘s of. the dairy ll]il}ls'f.!‘?". Sepm?&’fecl
Milk. milk differs from whole milk in containing

much less fat, since most of the fat has been
removed in the eream. It contains about 90 per cent. of
water, and 10 per cent. of solids, which are chiefly protein
and milk sugar. To compare it with other feeding stuffs it is
instructive to work out the composition of its solids. These
contain about 37 per cent. of protein, about 53 per cent. of
sugar, only a trace of fat, and from 9 to 10 per cent. of ash,
which is chiefly phosphate of lime. Separated milk is,

Meat Meal.

Carcase Meal.

Dried Yeast.
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therefore, rich in protein and ash, and is on this account a
valuable feeding stuff. It is especially valuable for growing
animals, and is chiefly used for calves and growing pigs.
For the former the deficiency of fat is made up by addition
of finely ground linseed meal and the finest grade of miller’s
offals, which together make an efficient cream substitute as
it is called. For young pigs skim milk is used in place of
water to wet their meal.
Whey is the liquid from which the curd has been separated
in cheese making. It is by no means so valuable
Whey. B .
as separated milk, as the curd has removed not
only the fat but most of the protein. It only contains about
6% per cent. of solids as compared with 10 per cent. in sepa-
rated milk. The solids in whey contain about 10 per cent.
each of profein and ash, only 3 per cent. of fat, and 77 per
cent. of sugar. It is, therefore, a carbohydrate rich food. Its
chief use is to supplement the meal ration of young pigs, for
which purpose it possesses considerable value.
There is a general idea among stock owners that cooking
feeding stuffs makes them more nutritious
ggg:;::i because it increases their digestibility. Con-
sequently some live stock owners cook some of
their feeding stuffs, and in addition to this several brands of
ready cooked feeding stuffs, especially maize, are on the
market. As a general rule cooking does not increase digesti-
bility, except in the case of maize and perhaps other very
hard flinty grains.



CHAPTER XVII.

DIGESTIBILITY OF FOODS.

We have shown in the preceding chapters that the most
abundant constituents of plants are the three great classes of
compounds known as the carbohydrates, the fats, and the
proteins, We know that plants or plant products of one
kind or other form the diet of all our farm animals. We
may assume, therefore, that these said carbohydrates, fats,
and proteins between them provide in the main the food
requirements of animals. Let us now turn our attention to
the changes which these substances undergo in the animal’s
body from the time when they are taken by the animal
until what is left of them is excreted in the breath, in the
dung, or in the urine.

Food i1s taken in by the mouth, where it is chewed or
masticated and mixed with the saliva so that it
can be swallowed. It passes down the gullet
or oesophagus mto the stomach. In cattle and sheep the
stomach 1s a complicated structure divided
into four compartments. The largest of these,
called the paunch or rumen, receives the food when swallowed.
The food remains in the paunch for some time, and there
undergoes fermentation. As soon as the animal gets an
opportunity to rest, the food is regurgitated into the mouth
and chewed or masticated a second time. This process of
regurgitating the food and chewing it a second time is
known as chewing the cud or rumination, and animals like
cattle and sheep in which it oceurs are called ruminants,

After the second chewing is completed, the food is again
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swallowed and passes down the gullet into the true stomach.
In other animals, such as the horse and pig, in which
rumination does not take place, the stomach consists only of
a single compartment, which corresponds to the true stomach
of cattle and sheep. In the true stomach the
food 1s mixed with the gastric juice, a liquid
secreted by the walls of the stomach. In due
course the food leaves the stomach and enters the intestine,
where it is mixed with other liquids, namely the pancreatic
Juice, which is secreted by the pancreas or sweetbread, the
bile which is secreted by the liver, and the juice secreted by
the walls of the intestine itself.

The intestine is a long coiled tube of varying size. The
first coils are small in bore, and are known as
the small intestine. The later coils are much
larger, and are known as the large intestine or colon. At
the point where the small intestine becomes the large
intestine there 1s a blind-ended branch known as the coeeum,
or blind intestine, which in the horse is of enormous size.
The last straicht portion of the large intestine is known as
the rectum, or straight intestine. This is the end of the
intestine. From it the residue of the food is voided through
the anus, which 1s situated under the root of the tail.

If during a period of a week or a fortnight the food eaten
by an animal is weighed, sampled, and analysed,
it is possible to calculate the weight of dry
matter consumed by the animal. In the same way the dung
excreted by the animal during the same period can be
collected, weighed, sampled, and analysed, and the total
weight of dry matter excreted can then be calculated. On
comparing the dry matter consumed with the dry matter
excreted, it becomes obvious that during its passage through
the animal’s body more than halt the food has disappeared.

In an experiment of this kind a sheep was found to have
eaten during a certain period 879 gm. of dry matter in the
form of hay, linseed cake, and silage. During the same

Digestive
Juices.

The Intestine.

Digestibility.
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period the dry matter excreted in the form of dung was
found to be 3839 gm. The difference between these two
weights, i.e. 879 — 339 gm., or 540 gm. had disappeared.
During the period of experiment the sheep maintained its
normal body temperature, carried on its normal vital fune-
tions, such as breathing, standing, eating, and made a small
gain in live weight. The 339 gm. of its food which was
voided as dung cannot have contributed to these results.
The 540 gm. which disappeared must, therefore, have pro-
vided the energy necessary to maintain body temperature
and vital functions, with a slight balance which supplied the
material for a small gain in weight.

This is a fact from which many questions naturally arise.
How did the 540 gm. disappear? What
became of them? How were they used to
maintain body temperature, to carry on vital
functions, to produce increase in live weight ? All these
questions cannot be answered at once. We will first try to
find out how the 540 gm. disappeared.

We know that the chief constituents of plants are carbo-
hydrates, fats, and proteins. Presumably these substances
formed the greater part of the diet of the sheep. It is much
easier to experiment with one substance than with a mixture,
so we will begin with one substance—starch. Looking back
at Chapter III., we find that starch is insoluble in cold
water, and that even in boiling water the solution which it
forms is turbid and goes solid on cooling.

Now the food in its passage through the digestive organs
1s mixed with several different liquids. Probably these
liquids are not without purpose. Possibly they may have
taken part in causing the disappearace of the 540 gm. of food.

Make some starch solution by boiling about 1 gm. of

L0 starch in 100 c.c. of water. Cool to about
g;g:gﬁ"m of  40° (., and measure 20 c.c. into a test-tube

fixed in a large vessel of water kept at that
temperature. Now add to the starch solution 1 c.c. of

Process of
Digestion.
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liquor pancreaticus, a preparation of pancreatic juice which
is made in large quantities for medicinal purposes. Before
adding the liquor pancreaticus put a number of spots of
iodine solution on a white tile or a piece of glazed paper, and
to the first spot add a drop of the starch solution by means
of a glass rod. Note the characteristic blue colour,

Immediately after adding the liquor pancreaticus, stir
with a glass rod and transfer a drop of the mixture to a
second spot of iodine. Probably the blue colour will still
appear. Repeat this test every few seconds. Very soon no
blue colour will be formed. Record the time which has
elapsed since the liquor pancreaticus was added up to the
point when the mixture first failed to give any blue colour
with iodine. Let us suppose that this time was 95 seconds,
then 1 c.c. of liquor pancreaticus changes all the starch in
20 c.c. of starch solution kept at 40° C. in 95 seconds. If
the time taken was much less than this, repeat the experi-
ment, using liquor pancreaticus which has been diluted by
mixing with several times its volume of water,

Repeat the experiment exactly as before, but boil the
liquor panereaticus before adding it to the starch solution.

Repeat the experiment as before, but add to the mixture
of starch solution and liquor pancreaticus 1 c.c. of dilute
hydrochloric acid, and in another case 1 ec.c. of dilute
sodium carbonate solution. Note that the boiled liquor
pancreaticus has no etfect on the starch, that dilute hydro-
chloric acid prevents or greatly delays, whilst dilute alkaline
solution of sodium ecarbonate quickens the rate of change of
starch by liquor pancreaticus.

Finally, repeat the original experiment, but place the
test-tube in cold water, which will be at 12° to 15° (.,
instead of 40° C. Note that the starch is changed slowly at
the lower temperature.

Take one of the test-tubes in which the starch has lost all
power of giving a colour with iodine, add a little Fehling's
solution, and boil. The blue colour will disappear and a red
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precipitate will be formed showing that the starch has been
changed into sugar.,

Liquor pancreaticus, which is simply a commercial pre-
paration of the juice of the pancreas, evidently
contains something which has the power of
changing starch into sugar under certain eir-
cumstances. It acts on starch most rapidly at 40° C., which
is about the temperature of an animal's body, and in the
presence of a trace of sodium carbonate. A trace of acid
delays the action. Boiling completely and permanently
stops it.

Nearly all the digestive juices contain active substances of
this kind. Such substances are called ferments, because of
their similarity to the well-known ferment yeast, which
changes sugar into alcohol. Yeast, however, is a living
thing, a microscopic fungus, whilst the ferments of the
digestive juices are chemical substances, and not living
things. To distinguish them from living ferments like yeast
they are called unorganised ferments, or, more frequently,
enzymes. The characteristics of such enzymes are that they
act most rapidly at about 40° C., the body temperature of
animals, that their rate of action is greatly influenced by
the acidity or alkalinity of their surroundings, and that they
are destroyed by boiling.

The enzyme of the saliva is called ptyalin. It changes
starch into sugar, and acts most rapidly in the presence of
traces of alkali. The gastic juice contains an enzyme called
pepsin, which in the presence of very dilute acid dissolves
proteins. The intestinal juice contains several enzymes,
among which may be mentioned erepsin, which dissolves
proteins, and a peculiar enzyme which sets free the enzymes
of the pancreatic juice. The pancreatic juice contains three
very active enzymes, which, however, cannot become active
until the enzyme of the intestinal juice has set them free.
They are amylopsin, whose action on starch has already
been studied above; trypsin, which dissolve proteins; and

Ferments or
Enzymes.
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steapsin, which splits fats into glyeerol and soap. All these
ferments act best in presence of a trace of alkali, preferably
sodium carbonate.

Now it is noteworthy that the action of all the above
enzymes is to dissolve insoluble substances
by converting them into soluble substances.
Thus, insoluble starch is converted into soluble
sugar, insoluble proteins become soluble, insoluble fats are
changed into glycerol and soaps, which are both soluble.
This conversion of the insoluble constituents of the food into
soluble substances i1s the aim and object of digestion,
Digestion is the first stage of the disappearance of the
greater part of the food as it passes through the digestive
organs.

Having been brought into solution by the process of
digestion the food constituents are absorbed
directly or indirectly into the stream of blood
which flows through the blood vessels in the walls of the
alimentary canal. In the blood they are carried to every
part of the body, and used or stored as occasion demands.

On reference to the experiments described on p. 108, it

will be seen that during a certain period a
How sheep ate 879 gm. of dry matter, and execreted
Digestibility . m .
is Measured. 999 gm. in the form of faeces. The difference
between these two figures, 540 gm., represents
approximately the amount of the food which was digested.
Calculating this as a percentage of the food consumed, it

o400 x 100

appears that of the dry matter of the given ration 379

Object of
Digestion.

Absorption.

or 61'5 per cent. was digestible.

By the same method carried out in greater detail it 1s
possible to ascertain the digestibility of each separate
constituent. Thus, in an investigation of the digestibility of
oat and tare silage, a sheep was found to eat 3,000 gm. per
day. The silage contained 72'7 per cent. of water, and,
consequently, 27.3 per cent. of dry matter. The amount of
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faeces excreted per day was 569 gm., which was found to
contain 292 gm. of dry matter. The dry matter of the
silage and of the faeces was found by analysis to contain :—

Composition of Dry Matter per cent.

Silage. Faeces.
EPOEEN  iniiiianiamees 12-55 12-:02
WAL oiiiay i ieiaisvaving o 4732 327
Carbohydrates ......... 4557 37°15
BAOER s i caimitis: 2944 3503
1) - (RSO S -  | 12-53

100-00 100-00

From these figures the amounts of protein, fat, carbo-
hydrates and fibre eaten and excreted per day were calculated.
Thus : —

3,000 gm. silage contain 3,000 x 27-3 = 100 =819 gm.
dry matter.

819 gm. dry matter contain 819 x 12:55 = 100 = 103 gm.
protein.

292 gm. dry matter of faeces contain 292 x 12-02 = 100 =
35 gm. protein.

The sheep, therefore, ate per day 103 gm. of protein
and voided in his faeces 35 gm He digested, therefore,
68 x 100

103 or66 per

103 — 35 = 68 gm., which corresponds to

cent. of the protein he consumed.

Similar ealculations show that the digestibility of the other
constituents were: fat, 73 per cent., carbohydrates, 70 per
cent., fibre 57 per cent., ash 44 per cent.

These figures give the percentage of the various food
Blaveiiiiiiiy ﬂ?ﬂﬂti!:ﬂﬂutﬁ of oat and tare silage whi{.:h are
Coefficients.  A1gestible by sheep. Such percentage digesti-

bilities are known as digestibility coeflicients.

Tables of digestibility coefficients for many feeding stuffs

when fed to different kinds of animals are given in The
A.NUT. 8
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Scientific Feeding of Animals by Kellner, published by
Duckworth and Co., and in Feeds and Feeding, by Henry and
Morrison, published by Lake Side Press, Chicago.

These coefficients show that all kinds of animals do not
possess exactly the same powers of digestion. Cattle and
sheep are very similar. Both digest coarse fodders better
than horses do. Pigs resemble cattle in their powers of
digestion, but, although they can digest foods low in fibre
as well as cattle can, they do not do well on fibrous foods.

From the analysis of a feeding stuff and the percentage
digestibility coefficients it is easy to calculate the percentage
of digestible nutrients. This is how the tables in Rations
for Live Stock and most other books were compiled.



CHAPTER XVIIIL

FEEDING STANDARDS. COMPARATIVE
SLAUGHTER AND BALANCE METHODS.

Since the first serious attempts were made about a century
ago to apply scientific methods to the feeding of animals it has
always been the aim of the scientific investigator to establish
some kind of quantitative connection between the weight of
an animal and the amount of food required to enable it to
produce a certain result in the form of growth, milk, or work.

About that date the German experimenter, Thaer, evolved
a method of investigation which was capable
of giving a definite result.

Thaer's method was to feed an animal on
hay, weighing it at intervals, and thus determining its rate
of growth. Part of the hay was then replaced by another
feeding stuff, and the amount of the latter increased or
decreased until the original rate of growth was again obtained.
An instance will perhaps make the method clear. An ox
consuming per day 30 Ib. of hay was found to increase in
weight at the rate of 11 Ib. per day. The hay ration was then
reduced to 20 1b., and the 10 1b. of hay replaced by 20 1b. of
swedes. Weighings showed that the growth rate as a result
of this replacement fell to 3 1b. per day. The swede ration
was then increased to 30 lb. per day, when the growth rate
became about 1 Ib. per day. A further increase to 40 b, per
day of swedes gave a growth rate of 11 1b. per day, which
was the original rate, This showed that 40 lb, of swedes
had the same growth producing value as 10 Ib. of hay.
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Thaer then took as his standard 100 1b. of hay. The
amount of swedes required to produce as much growth as
100 1b. of hay would be 400 lb., and this he called the hay
equivalent of swedes, Working in this way he was able to
measure the hay equivalents of a number of feeding stuffs.
A live-stock owner could by using these figures compare the
growth producing values of these feeding stuffs, and further
he would know the proportions in which he could replace one
of them by another without altering the rate of growth of
his animals.

Thaer’s next step was to state as the result of his experience
the ration of hay required to maintain a normal rate of
growth in cattle and sheep, and a normal amount of work in
horses. These rations were called Thaer’s feeding standards.
They were generally useful, because by using his hay equi-
valents stock owners could work out rations for their animals
by replacing all or part of the hay ration by other feeding
stuffs in proportion to their hay equivalents.

The method, however, had two very obvious disadvantages:
hay is notoriously variable in quality, and consequently a
most unsuitable feeding stuff for adoption as a standard.
And again, it is exceedingly difficult to base accurate measure-
ments on weighings of a live animal. There are so many
sources of error in determining the live-weight, which is
always changing, sometimes very suddenly, as when the
animal excretes urine or dung.

At the time when Thaer was experimenting, chemical

analysis was not generally applied to the investi-
Grouven’s cation of feeding stuffs. As the use of this
%ﬁ?f;; . method extended, it became obvious that ani-

mals required not simply so many pounds per
head per day of food, but such an amount of food as would
supply them with a certain amount of protein, fat, and carbo-
hydrate, and standard rations for various kinds of live stock,
sﬂs.ted in terms of proteins, fats, and carbohydrates, were
suggested by Grouven in 1859.
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The spread of this knowledge was largely due to a German
firm of publishers who issued every year an

Wolff’s acricultural calendar, In 1864 they arranged
Standard > ; :
Bation. that Wolff, who was at that time the leading

authority on the feeding of animals, should
prepare for their calendar a series of standard rations stating
in terms of digestible protein, fats, and carbohydrates, the
requirements of all classes of animals under varying con-
ditions. These standard rations were revised annually up to
1896, by Wolff, in the light of his continued experience.
They were copied into the text-books of all countries, and
became known as Wolfi's feeding standards.

After 1896 the revision of Wolft's feeding standards was
entrusted to Lehmann, and the revised rations, known as the
Wolff-Lehmann feeding standards, appeared annually in the
Geerman Agricultural Calendar from 1897 to 1906, and very
quickly replaced the older Wolff standards in all the text-
books. After 1906 new standards were prepared by Kellner,
which will be discussed later.

Meantime two other methods of investigation had been

introduced.  Lawes and Gilbert, at Rotham-
g?mparative sted, had used what is known as the comparative

aughter : :

Method. slaughter method for studying two very im-

portant questions, the relation between the
consumption of fodder and the amount of saleable carcase
produced, and the sources of fat in the animal body. The
essential feature of this method is that a number of animals
are selected as carefully as possible for uniformity in breed,
age, weight, and condition, and some of them are slaughtered
and their carcases sampled and analysed, The rest are then
fed on a weighed and analysed diet for a given time, or to a
given condition of fatness, when they are slaughtered, and
their carcases sampled and analysed. Tt is then assumed
that the composition of the carcases of the first lot slaughtered
was the same as that of the survivors which were subsequently
fed and slaughtered later. The weight of carcase, fat, bone,
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flesh, and of protein, fat, water, ash, found in the first lot
slaughtered, subtracted from the weights of these constituents
found in the second lot slaughtered can then be compared
with the amount of fodder consumed between the two dates
of slaughtering, and a definite connection can thus be found
between the consumption of fodder and the amounts of
carcase, fat, bone, flesh, and of protein, fat, water, and ash
produced.

By this method Lawes and Gilbert definitely proved that

the chief source of fat in the animal body is
?ﬁg;ﬁﬂﬁ:‘gﬂ?t the carbohydrate in the food. They also

showed that a fattening animal retains in its
body not more than about 5 per cent. of the protein it con-
sumes, whilst a young growing animal may retain and convert
into flesh as much as 25 per cent,

This method of comparative slaughter is expensive, and
entails a very great amount of labour in sampling and ana-
lysing the carcases. After Lawes and Gilbert it was not
used for many years, but it is being used again at the present
time in Cambridge and elsewhere to investigate several
important and disputed points in the process of winter
fattening of cattle.

The second method of investigation referred to above is

known as the balance method. By weighing,
I]ilaélizaﬁ]::c; sampling, and analysing the diet of an animal

it is possible to record the exact weights of the
various constituents consumed by the animal during any
given period. These weights can be stated both in terms of
protein, fat, carbohydrates, water, and ash, and in terms of
nitrogen, carbon, hydrogen, sulphur, phosphorus, and the
other elements included in the fodder, if the analyses are
sufficiently complete.

By collecting, sampling, and analysing the urine and dung
voided during the same period it is also possible to record the
weights of the same constituents excreted by the animal, So
far this is the same method as was used for determining the
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digestibility of fodders (Chapter XVII). Carried only thus
far, however, 1t does not enable the investigator to strike a
complete balance between the constituents of the fodder
consumed and the total excreta of the animal, for it takes no
account of the gases excreted in the breath and from the
alimentary canal.

Certain investigators, notably Kellner, devised the apparatus
knownas therespiration chamber, which enabled
them to sample and analyse also the gaseous
excreta, and thus to strike a complete balance.
A respiration chamber consists of a chamber large enough
to accommodate the animal in reasonable comfort. This
chamber can be made air tight except for a pipe which
admits air for ventilation, and a corresponding pipe from
which the ventilating air is drawn by means of a pump.
The air thus drawn through the chamber is measured
by a meter, passed through an absorbing apparatus which
tales out all the water wvapour, and then through a
second absorbing apparatus which takes up all the carbon
dioxide.

For flesh eating animals this would be sufficient, but for
farm animals, especially cattle and sheep, it is necessary also
to estimate the marsh gas which is formed by bacterial
digestion of fibre and other carbohydrates. This is effected
by making a special analysis of samples of the air drawn out
of the chamber.

Whilst the animal is in the chamber its dung is collected
in a bag as in digestibility experiments, and its urine is also
collected by means of a funnel slung in position by girths
and connected by a rubber tube to a suitable receptacle. The
dung and urine are then weighed, sampled, and analysed.
In accurate experiments the scurf brushed from the animal’s
coat is also weighed and analysed.

In this way all the necessary figures are obtained to enable
the investigator to draw up a complete balance between say
the carbon, nitrogen, ete., consumed in the food and the same

Respiration
Chamber.
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constituents exereted during the same period in the dung,
urine, and breath, and in the form of marsh gas.

The following very much simplified example of a balance
experiment will make the method clear :—

Balance experiment with a steer weighing 1,000 Ib.

Ration 14 1b. per day of meadow hay.

Carbon Balance, Nitrogen Balance.,
14 1b. hay contained 521b, C. 141b. hay contained ... -221b, N.
Excreta contained — Excreta contained —
Dung ... 801bh.C. Dung R L0 TR
Urine... 08 ,, Urine i N
Breath 4°11 ., Breath ... —
Marsh gas 21 ,, Marsh gas -
521b. C. 22 1b. N.

In the above experiment it will be noticed that both the
carbon and nitrogen consumed in the ration of hay are
exactly balanced by the carbon and nitrogen in the excreta.
Such an experiment would extend over several days. The
ficures given are the average consumption and excretions per
day. The exact balance between consumption and exeretion
of carbon and nitrogen shows that on the ration employed
the animal's body neither gained nor lost either carbon or
nitrogen. It remained in what is called “carbon and nitrogen
eqquilibrium.”

Since nitrogen and carbon are the two chief constituents

of flesh and fat, the animal neither gained nor
%I:E:thmnca lost flesh or fat on the ration of 14 1b. hay per

day. A ration which maintains an animal’s
flesh and fat constant in this way is called a maintenance
ration, and it will be instructive to work ount the weights of
protein, fat, etc., in this ration. The percentage composition
of meadow hay of good quality is :—
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Total, Digestible.
Water . 143 —-
Protein ... sl (SRR 54
Fak... L 10
Carbohydrates ... . 410 257
Fibre e 2079 150
Ash R — i

1000 —

Consequently 14 Ib. of such hay, which was the ration em-
ployed, contain the following amounts of total and digestible
constituents, and these are the amounts which will maintain
a 1,000 1b. steer so that he neither gains nor loses flesh or fat.

Muaintenance ration of 1,000 Ib. steer.

Total. Digestible.
Protein ... ... 136 lb. 76 1b.
Fat... P . ‘14 ,,
Carbohydrates ... e D74, 360 ,,
Fibre o 368 |, 2-10 ,,

If the hay had been rather poorer in protein as a matter
of fact the nitrogen balance would probably have still been
maintained in equilibrium, for the requirement of protein
for maintenance of a 1,000 lb. steer is on an average nearer
6 1b. of digestible protein than -751b.

This balance method of investigation was a great advance
in methods of studying problems of animal nutrition, for it
enabled the investigator to compare food consumption with
flesh and fat production without his having to rely on such
inaccurate measurements as live-weight, and without assum-
ing that the composition of the carcase of one animal is the
same as that of another as was necessary in the comparative
slaughter method. Another instance, again very much sim-
plified, will male clear the further possibilities of the method.
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This experiment is supposed to have been carried out im-
mediately after the last one. The same animal was used,
but the ration of 141b. of the same hay was supplemented
by the addition of 2 1b. per day of pure starch. The sampling
and analysis of the excreta were carried out as before with
the following results :—

Carbon balance of 1,000 1b. steer.
Ration 14 1b. meadow hay and 2 Ib. starch.

141b. hay contained as before ... .. 9201b. C.
2 1b. starch contained ... e EE =
Total carbon consumed per day we  OOB
Exereta contained —
Dung ... «.  '801b.C.
Urine ... o . OB
Breath ... o 3495
Marsh gas 2 E—-
56935 ,,
Balance : Carbon retained in body - 385 ,,
60830 ,

- ——

There is no need to repeat the statement of the nitrogen
balance which remained as before, showing no loss or gain of
nitrogen.

The experiment shows that the addition to the maintenance
ration of 21b. per day of starch caused the retention in the
body of "385 Ib. of carbon. Now the two carbon containing
constituents of the body are proteins and fats. None of this
carbon can, however, have been retained as protein for the
equilibrium of the nitrogen balance shows that there was
neither gain nor loss of protein. It must therefore have been
retained in the form of fat. Fat contains 77 per cent. of
carbon. Consequently '3851b. of carbon is equivalent to

‘385 X 102 =-51b. of fat. Two pounds of starch when
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added to a maintenance ration produced in the animal’s body
the storage of half a-pound of fat. This result was not
obtained in one experiment. It was the average of many.
Usually an exact nitrogen balance was not obtained, in which
case a correction was made for the carbon in the protein
stored or lost as shown by the nitrogen balance. From the
average of many such experiments, however, Kellner estab-
lished the important fact that for every pound of fat stored
in its body an animal must consume 41b. of starch (or its
equivalent in the form of other food constituents).

Kellner also carried out other experiments on the same
lines by adding to the maintenance ration pure protein or
pure fat instead of starch. From these experiments he
found that the quantities of the three main food constituents
required to produce 11b. of fat in the body were: —

Quantities required to produce Weight of fat formed by
1 {b. fat. 1{h. of
Protein ... 4251b. Protein o 228510
' Fat in coarse fodders 2'11,, Fat in coarse fodders 474 ,,
,, 1n cereals e 1990 ,, 1n cereals cie 02D,
o imolleeeds .. 167 . , Inoillseeds ... 600 ,,

i Carbohydrates ... 400,, Carbohydrates ... 250 ,,



CHAPTER XIX.

STARCH EQUIVALENTS—KELLNER'S AND
OTHERS.

In the last chapter we set out to discuss feeding standards,
but were compelled to digress in order to study the balance
method of investigation. We found that by the use of this
method Kellner was able to measure with considerable
accuracy the weights of the various food constituents re-
quired to produce the storage of 1 1b. of fat in the body of a
steer in store condition.

Kellner's idea in making these determinations was that

they would enable him to caleulate from the
Calculation of papcentage of digestible nutrients in a feeding
Fat produced i . :
by Food stuff how much of it would be required to pro-

duce a given weight of fat. He proceeded to
malke the calculation thus:—100 1b. of linseed cake contains
253 1b. of digestible protein, 8:7 Ib. of digestible fat, and
330 1b. of digestible carbohydrates and fibre. Multiplying
each of these figures by the weight of fat formed from 1 Ib.
of protein, fat, and carbohydrate respectively, we get the
weight of fat which should be formed by the consumption of
100 1b. of linseed cake. Thus—

253 1b. digestible protein x ‘235 = 595 lb. fat
87 1b, " fat x 600 ——i 5 [P
33:0 1b. " carbs. and fibre X ‘260 =825 ,, ,,

100 1b. linseed cake should therefore form 1942 |,
124
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Having made this caleulation, Kellner now proceeded to
test it by the balance method. He adjusted the hay ration
of a store bullock to maintenance, and determined the carbon
and nitrogen balance. He then added to the ration a known
weight per day of linseed cake, and again determined the
carbon and nitrogen balance. The balance showed that the
animal was retaining a certain weight of carbon in his body.
This weight of carbon was calculated as fat, and 1t was found
that fat formation from linseed cake was at the rate of
1884 Ib. of fat from 100 lb. of cake. This is distinctly
lower than the figure which was calculated. It is, in fact,
ounly 97 per cent. of the calculated figure.

Such a small difference as this, only amounting to 3 per
cent., might well be due to experimental error, but Kellner
then proceeded to compare the fat-producing values of about
a dozen typical feeding stuffs as found by calculation and as
determined directly by balance experiments. He found that
in every case the actual experimental values were lower than
the calculated values. A few of his figures are tabulated
below :—

Percentage

of caled.

Name of Fat produced per 100 lb. actually

Feeding Stuff. Calculated. Found. Found.
Linseed cake............ 19-42 18-84 a7
Swede turnips ......... 2:147 1-825 85
Meadow hay—good ... 11:045 7400 67
Ont sbIAW ....cvvonvenens 9-930 4270 43

Whilst the 3 per cent. diserepancy between the values
calculated and found in the case of linseed cake might well
have been due to experimental error, the differences in the
case of the other feeding stuffs, which are in order 15 per
cent., 33 per cent., and 57 per cent., could not possibly be
due to this cause. They were certainly real differences.
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It will be noted that they are larger in the more fibrous
foods. Kellner noticed this, and concluded,
therefore, that his directly determined experi-
mental results were lower than his calculated
results because his original fat-producing values for pure
protein, fat, and carbohydrates were determined by using the
pure substances, whilst in the case of the actual feeding
stuffs, these constituents were, so to speak, entangled in the
fibrous constituents of the feeding stuffs, from which the
animal must separate them in the process af digestion.
This entailed longer and more strenuous work for the
digestive organs, which used up a portion of the nutritive
constituents of the feeding stuffs which might otherwise
have been converted into fat.

On this assumption the percentage ficure given in the last
column measures the proportion of the total possible fat-
producing power of the feeding stuff which can actually be
converted into fat, the rest having been used up in what
Kellner called the work of digestion.

Having determined the actual fat-producing power of a

dozen typical feeding stuffs, and having com-
gﬂ:;era. pared these values with the calculated values,

Kellner established a definite relation between
the proportion of fibre in a feeding stuif and the percentage
of its calculated fat-producing power which could be actually
converted into fat. By means of this relation he was able to
assign to other feeding stuffs figures, based on their propor-
tion of fibre, which indicated the percentage of their total
calculated fat producing power which could actually be con-
verted into fat. These figures he called value numbers,
which he abbreviated into the letter V.

Armed with these V numbers, and with his original figure
Calculation of for the fat producing power of pure proteins,
Fat produced fats, and carbohydrates, he was able to calculate
by Foods. the actual fat producing power of any feeding
stuff of which he knew the content of digestible nutrients.

Work of
Digestion.
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Thus :—Oats contain 8'0 per cent. digestible protein, 4 per
cent. digestible fat, 448 per cent. digestible carbohydrates,
and 26 per cent. of digestible fibre, and the V number of
oats is estimated from their proportion of fibre to be 95.

80 Ib. digestible protein x 235 would produce 1'83 Ib. fat.
4:0 1b. i fat x 525 would produce ... 210 ,, ,,
44°8 1b. . carbohydrates x ‘25 would
produce ... i EL2Y
2:6 1b. o fibre x ‘25 would produce ... 65
Total calculated fat production per 100 lb. =1583 ,, ,,

Actual fat production per 100 lb. = 1583 x 95 =100 =
150 Ib.

Such calculations were made for about 300 different feed-
ing stuffs, and the results are given in Kellner’s book, which
has been translated into English by Goodwin, and published
by Duckworth & Co., under the title, The Scientific Feeding
of Animals.

Kellner does not, however, give the fat-producing power of

the various feeding stuffs in terms of lb. of fat
Eouiealents,  Produced by 100 Ib. of the feeding stuff. His
figures are given in terms of the number of
pounds of starch which would be required to produce the
same amount of fat as 100 lb. of the feeding stuff. Thus.—

¥ mn

100 1b. oats produce ... .o 150 Ib. fat
1 Ib. starch produces ... s o BEEE
4 1b. starch produce ... e | g N

100 1b. oats, therefore, produce as much fat as
150 x 4 = 60 1b. starch.

This figure, 60 lb. of starch, which is the amount of
starch which would produce as much fat as 100 lb. of oats, is
called the starch equivalent or the starch value of oats.
Kellner, in the appendix to his book, gives such starch
equivalents for about 300 feeding stuffs,
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These starch equivalents, as is shown by the method
used 1n their determination, really attempt to
gﬁﬁ;ﬁlﬂﬂ' of  measure the fat-producing value of feeding
Equivalent. stuffs when fed to steers in store condition,
and it is important to remember this. They
have been widely, but not universally, accepted as measuring
the real value of feeding stuffs for all kinds of production,
not only of fats, but of growth, milk, and work., Their
usefulness for measuring the value of feeding stuffs for all
these purposes is undoubted, but it has, perhaps, stretched
rather unduly their original meaning, especially in the case
of milk production. There is some evidence to show that
Kellner's starch equivalents do not include a sufficiently high
value for protein to make them really accurate as a measure
of milk-producing value.

To return at last to our discussion of feeding standards,
it is obvious from Kellner's work on the real fat-producing
value of feeding stuffs, which showed that in very fibrous
materials the actual productive value was less than half the
value calculated from the content of digestible nutrients, that
standards given in terms of digestible nutrients leave much to
be desired. Evidently the digestible nutrients of feeding stuffs
containing little fibre may be twice as valuable as the same
quantity of digestible nutrients in feeding stuffs rich in fibre.

Kellner followed up his work by giving feeding standards

in terms of his starch equivalents, which
Rationing by  possessed two very obvious advantages. The
E;ﬂfxﬁilentu. standard could be expressed in a single figure

—s0 many pounds per head per day of starch
equivalent—instead of three figures, one for protein, one for
fat, and omne for carbohydrate. The figure is also a net
ficure directly related to the result 1t may be expected to
produce. Thus, a steer getting 6 1b. per day of starch
equivalent in addition to his maintenance ration may be
expected to lay on 1% Ib. of fat per day, since 1 1b. of starch
or starch equivalent produces 3 1b. of fat.
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Experience has indicated a somewhat similar relation in
the case of milk production, in which case 21 lb. of starch
equivalent is required to produce 1 gallon Of milk. Up to
the present no definite numerical 1'13]1.1;1:}11 has been estab-
lished between consumption of starch equivalent and pro-
duction of work. There is no doubt that such a relation
exists. The difficulty in discovering it lies in the fact that
there is no practical method of measuring the amount of
work done by a horse under farming conditions. Even if
a definite numerical relation were discovered it would
be incapable of practical application because of the diffi-
culty of expressing the varying activities of the horse in
foot-pounds of work. Although it is possible to state food
requirements as starch equivalent in one figure, this one
figure must always be accompanied by the qualification
that it must include a given quantity of protein. Thus it
does not suffice to state that a fattening ration for a 9 cwt.
steer is 13 Ib. per day of starch equivalent, for this might be
made up of mangolds, straw, and maize, which might not
provide sufficient protein. It must also be stated that the
13 1b. of starch equivalent must include 1-5 1b. of digestible
protein.

The term starch equivalent, originally used by Kellner,

has been used by other writers in several
g;ﬁ:ﬁgﬂ? different senses. Kellner's starch equivalents,

as explained above, were measures of the net
or aetual fat-producing values of feeding stuffs. The
obvious advantage of expressing the nutritive value of
feeding stuff by a single figure has tempted several writers
to use the term in quite a different sense. As this has
caused much confusion, it is necessary to make a short
digression on the subject.

The digested constituents of the food are oxidised in the
bﬂd_',' with the production of heat, each constituent produc-
ing when oxidised a definite quantity of calories or heat

units, Thus, 1 gm. of starch, sugar or other carbohydrates
A, NUT. 9
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when completely oxidised gives out 4,100 calories: 1 gm. of
fat, 9,300 calories; 1 gm. of protein, 5,800. Digestible
carbohydrates, however, before they are absorbed from the
alimentary canal, arve attacked by bacteria which, on the
average, take a toll of about 8 per cent., which they trans-
form into marsh gas, a combustible product which leaves
the body unoxidised. Proteins, again, are not completely
oxidised by the animal, but leave the body in the urine, in
the form of urea, uric acid, and other similar products
which are still capable of further oxidation, and, therefore,
still contain a proportion of the heat of the protein. Fats,
as estimated in feeding stulfs by extraction with ether, are
not quite pure, since ether dissolves small quantities of
other materials. These impurities have a lower heat value
than pure fats.
These facts are tabulated below :—

Gross and Net Heat Values of Food Constituents.

i .
Deductions—calories, =
: Net Heat

Heat of | ' r
| Combustion | — '1 % ) 1::':;:-::15?
l,"?" f"'-r',"‘ Marsh Gas L:; If‘fr‘ii.l“ ‘ Lower Heat enlories
it | Fermenta- Urie z"u:li:i Value of per gm.
i tion, ate. | | Impurities. |
, = |
Protein ... 5800 | 1o 4700
Fatl i EEE : !}3[;“] ! | E.Uﬂ SHI-I[}
Carbohy- | ' . -
drates..| 4100 | 340 | 3760
|

These figures show that from 1 gm. of protemn an animal
obtains 4,700 calories; from 1 gm. of fat, 8,800 calories, and
from 1 gm. of of carbohydrates, 3,760 calories. The relative
heat-producing values, taking that of starch as 1, are, for
protein, 8799, or 1:25, and for fats, §5%5, or 2'3. _

Using these relative heat-producing values, it is possible
to caleulate the amount of starch which would be required to
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yvield to an animal the same amount of heat as 100 1b. of any
feeding stuff, for instance, linseed cake, as follows :—

Digestible Nutrients per 100 b,

Protemn .., e 40'8 X 126 = 816
Fat e R X E3 =200
Carbohydrates ... v oe X 10 .=3285
Fibre ... e 4B ¥ 10 = 48

84-6

This calculation shows that 100 Ib. of linseed cake would
produce inside an animal as much heat as 84:6 1b. of starch.
Figures calculated in this way have been called starch
equivalents by several writers. They are, however, quite dis-
tinet from Iellner's starch equivalents, since they measure,
not the net productive value, but the gross heat-producing
value of feeding stuffs. This distinction has been recog-
nised by calling Kellner's starch equivalents production
starch equivalents, and starch equivalents calculated as
above maintenance starch equivalents. The reason for
using these names will be dealt with in a later chapter.

Meanwhile other names have also been used, as, for
instance, net digestible energy for Kellner's starch equiva-
lents, and gross digestible energy for starch equivalents
calculated on the heat production basis.

The important point to remember, however, is that Iell-
ner's starch equivalents, determined by ascertaining, by the
balance method, the amount of fat stored in the body of an
animal by the consumption of a certain weight of feeding
stuff, are the best measure of net productive value. The
other so-called starch equivalents measure only the gross
heat-producing value of feeding stuffs, and do not attempt
to specify what proportion of the heat can be used for pro-
ductive purposes.



CHAPTER XX.

HEAT MEASUREMENTS. METABOLISABLE
NERGY.

In the last chapter we saw that Kellner, by means of a
respiration chamber large enough to accommodate an ox, was
able to apply the balance method to the investigation of
nutritional problems, with the result that he was able to
measure the net productive value of feeding stuffs which he
expressed as starch equivalents.

Meantime, Armsby had constructed at the Pennsylvania
experiment station in America, another complicated instru-
ment called an animal calorimeter. By the aid of this
instrument he and his colleagues attacked the same problem
as Kellner had done, but in another way. Kellner's observa-
tions had enabled him to record the quantity of feeding stuft
recuired to produce the storage of a definite quantity of fat.
The Pennsylvania workers directed their attention to observ-
ing the quantity of heat given out by animals from the
consumption of certain quantities of feeding stufls.

The word ecalorimeter means an instrument for measuring

quantities of heat. A quantity of heat is
ﬁeezgurements. measured by timlin;‘_,r .h::w much wn,h:-.r it will
warm through a definite temperature interval,

That quantity of heat which will warm 1 gm. of water
throuch 17 C. is called one unit of heat or one
calorie.  For many purposes this unit is incon-
veniently small, in which case it is replaced by the large

132

Heat Units.
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Calorie, written with a capital C, which is the amount of heat
required to warm 1 kilogram = 1,000 gm. of water through
17 C. Even this large Calorie is sometimes too small and is
replaced by 1 therm which is equal to 1,000 large Calories or
1,000,000 small calories. It is important to remember the
relation between these three heat units because all of them
are used in the various books which treat of the nutrition of
animals.

The first step in investigating the value of feeding stuffs
from the point of view of their value for heat
production, is to measure the gross amount of
heat which their chief constituents can produce
when completely burned. Such measurements are made
by an instrument called a bomb calorimeter, which con-
sists essentially of a heat-measuring vessel which holds
the water to be warmed by the combustion of the sub-
stance under investigation, and a steel bomb in which
the combustion actually takes place. The procedure is as
follows : —

A small quantity of the substance under experiment, com-
pressed into a pellet and aceurately weighed, is placed inside
the bomb, being supported in a small erucible attached to the
lid of the bomb. The bomb is then filled with oxygen under
pressure, and immersed in the water in the calorimeter vessel.
The substance is set on fire by a very fine wire which is heated
electrically. It burns rapidly in the compressed oxygen, the
heat it gives out in burning being conducted through the
walls of the bomb to the water in the calorimeter. The rise
in temperature of the water is measured by a specially con-
structed thermometer which can be read to -001° C. The
rise of temperature in degrees C., multiplied by the weight of
water in grams, gives the heat in calories given out by the
burning of a known weight of the substance. From this the
heat given out by 1 gm. of the substance is calculated. This
is the heat of combustion. It is by experiments of this kind
that the heats of combustion of proteins, fat, and carbo-

Heat of
Combustion.
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hydrates quoted in Chapter XIX., p. 130 were determined,
namely :—
Heats of combustion

per gram. per lb.
Protein ... 0800 calories = 58 Calories 2633 Calories.
Fat ... oo 9300 calories = 9'3 Calories 4222 Calories.

Carbohydrates 4100 calories = 4-1 Calories 1861 Calories.

In determining heats of combustion by this method, the
substances are burnt in compressed oxygen,
ngﬁ’g‘e‘m‘ which ensures their complete combustion to
Body. Protein. carbon dioxide and water, and in the case of
proteins, nitrogen and ash. This is not exactly
what happens in the animal’'s body. For instance, when
protein 1s oxidised by an animal, most of its carbon is oxidised
to earbon dioxide and most of its hydrogen to water, but some
of 1ts carbon and hydrogen remain in combination with all
its nitrogen forming such compounds as urea, uric acid and
hippurie aecid, which are excreted in the urine. These excre-
tory products are capable of burning, and therefore still
contain some of the chemical energy which was responsible
tor the heat of combustion of the protein. To ascertain the
net heat producing value of the protein to the animal, the
heat of combustion of the exeretory products must be sub-
tracted from the heat of combustion of the protein,

To find the heat of combustion of the excretory products
corresponding to 1 gm. of protein, the following method is
used. Referring to the nitrogen balance experiment quoted
in Chapter XVIIL, p. 120, it appears that the steer under
experiment, consumed ‘22 1b. of nitrogen per day and excreted
‘10 1b. as undigested materials in his dung, and -12 Ib. as
excretory product in his urine. He was consuming, therefore,
per day, ‘12 1b. of digestible nitrogen, which is equivalent
to ‘12 X 6:251b. = 75 1lb. of digestible protein. This
quantity is 75 x 454 gm. = 340 gm. of digestible protein
per day.
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The whole of his urine was collected for several days,
mixed, and accurately measured. The average volume ex-
creted per day was found to be 4:75 litres. This volume,
therefore, contains the execretory products corresponding to
the consumption of 340 gm. of digestible protein. The
excretory products corresponding to 1 gm. of digestible pro-
tein are, therefore, contained in %i_glitres = 14 c.c. This
volume of 14 c.c. of urine is then measured out into an
evaporating dish and evaporated almost to dryness. It is
then transferred to the small platinum cup of the bomb
calorimeter, and dried completely in the water oven. The
usual thin piece of iron wire is made to dip into the solid
residue, the cup attached to the lid of the bomb, the ends of
the wire secured to the two platinum rods, and the heat of
combustion of the dried excretory products determined in the
usual way.

The result shows that on the average the heat given out by
burning the excretory products corresponding to 1 gm. of
digestible protein is 1,100 calories. Subtracting this from
the heat of combustion of 1 gm. of protein, the net heat
producing value per gram of protein to the animal is 5,800 —
1,100 ecalories = 4,700 calories, or 47 Calories. This
i1s equivalent to 47 x 454 calories, or 2,133 Calories
per lb.

The case of carbohydrates is rather different. The carbo-
hydrates which are actually absorbed from the
alimentary canal, after having been converted
into sugar in the process of digestion, are completely oxidised
to carbon dioxide and water, and therefore yield to the animal
their full heat of combustion per gram. But before they
are absorbed, the fermentative bacteria of the alimentary
canal take toll of them to the extent of about 8 per cent.,
which is converted into marsh gas and voided in that
form by the animal. Marsh gas can burn, and in doing
so gives out heat, so that a proportion of the heat value

Carbohydrates.
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of the carbohydrates consumed by an animal is lost in this
way.

Referring back to the carbon balance experiment described
in Chapter XVIIL., p. 120, it appears that out of 3:60 1b. of
digestible carbohydrates consumed by the steer, the loss as
marsh gas was equal to ‘21 1b. of earbon, which is equivalent
to 28 Ib. of marsh gas. This corresponds to a loss of ‘08 1b.
of marsh gas for every pound of digestible carbohydrates
eaten. The heat of combustion of marsh gas per lb. is 1925
Calories. The heat given out by *08 lb. would therefore be
‘08 x 1925 Calories = 154 Calories. Deducting this from
the heat of combustion of carbohydrates per lb., the heat
producing value of digestible carbohydrate to the animal
is 1,861 — 154 Calories = 1,707 Calories per lb., which is
equivalent to 1,707 = 454 Calories = 3'76 Calories per
gram.

The case of fats is again different. Fats are completely
oxidised in the body to carbon dioxide and
water, and they do not suffer any loss from the
action of fermentative bacteria. The whole of their heat of
combustion 1s therefore available to the animal. But all fats
do not possess exactly the same chemical composition. Con-
sequently the heat of combustion of all fats is not exactly the
same. Further, the analytical method used for estimating
fats in feeding stuffs is not quite exact, since ether dissolves
from feeding stuffs small quantities of materials which are
not fats. These impurities in what may be called analytical
fat yield little heat to the animal. For these reasons 1t has
been found necessary to reduce the figure for the heat of
combustion of digestible fats from 9,300 calories per gm.
to 8,800 calories which is equivalent to 8'8 Calories per
gram, or practically 4,000 Calories per 1b. We are now
in possession of the necessary figures to enable us to cal-
culate from its content of digestible nutrients the heat-
producing value of a feeding stuff to an animal. These
ficures are:—

Fats.
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Heat producing values to the antmal.

Calories per Ib,  Per gram,

Protein e .. 2133 47
Fat ... 7N ... 4000 3-8
Carbohydrates e RIUE 376

Metaholisable The method of wusing these figures is as
Energy. follows :—

Heat producing value of linseed cale,

Linseed cake contains

per 100 1b.
Digestible protein e 253 x 2133 = 53965 Calories.
Digestible fat ... eee 87 x 4000 = 34800 i
Digestible Carbohydrates 285 x 1707 = 48650 -
Digestible fibre ... e drh % 1707 = 7682 =

145097

This is an inconveniently large figure, so it may be stated
as 145 therms.

The heat producing value of linseed cake is therefore 145
therms (see p. 133) per 100 Ib,, or 1'45 therms per 1b,

This figure is called by the American investigators the
metabolisable energy of linseed cake. It is essentially the
same figure as that given on p. 131 for the so-called mainten-
ance starch equivalent or gross digestible energy, namely
846 Ib. starch. Starch is of course a carbohydrate, and its
heat producing value to the animal is therefore 1,707 Calories
per Ib. The heat producing value of 84:G lb. of starch is
therefore 84:6 x 1,707 Calories = 144,412 Calories, or 144
therms per 100 1b., or 144 therms per 1b.

Evidently metabolisable energy and maintenance starch
equivalent or gross digestible energy are the same, except
that metabolisable energy is expressed in terms of heat
units—Calories or therms—and maintenance starch equiva-
lent or gross digestible energy in terms of starch. The latter
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can be converted into the former by multiplying by 1,707, the
heat producing value of 1 1b. of starch.

An alternative method of ascertaining the metabolisable
energy 1s frequently used. An animal is fed upon a weighed
ration of the feeding stuff under investigation, and its dung
and urine collected, weighed and sampled as in carrying out
digestibility or balance experiments. The gross heat of com-
bustion of the feeding stuff per gm. is then determined by
the bomb calorimeter, and the quantities of heat given out by
portions of dried dung and dried urine corresponding to 1 gm.
of the feeding stuff are also determined.

The sum of these quantities is then subtracted from the
gross heat of combustion per gram of the feeding stuff, and
from the remainder, in the case of ruminants, a further
deduction is made of the calculated heat of combustion at 4:1
Calories per gram of 8 per cent. of the digestible carbo-
hydrates and fibre contained in 1 gm. of the feeding stuft.
The final remainder is the metabolisable energy of the feeding
stuff in Calories per gram, and this can readily be converted
into therms per 1b.



CHAPTER XXI.

NET ENERGY.

Having carried out these preliminary investigations which
led to the determination of the theoretical heat producing
values of feeding stuffs, the Pennsylvania investigators next
proceeded to use their animal ealorimeter to find out whether
or not the animal actually obtained from the consumption of
a weighed ration of feeding stuffs the amount of heat indi-
cated by these theoretical values. <This was necessary because
of the view held by some people that an animal possessed a
certain mysterious power, called vital force or some similar
name, which enabled it to defy the laws of physies and
chemistry.

The Pennsylvania calorimeter consists essentially of a
metal chamber large enough to accommodate a
steer. The chamber has double walls with a
space between them. A complicated electrical
arrangement enables the experimenters to maintain the inner
and outer walls of the chamber at exactly the same tem-
perature. This ensures that no heat can pass into or out of
the chamber. The heat given out by the animal is removed
from the inside of the chamber by a stream of cold water
which circulates through a system of pipes somewhat re-
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sembling a motor car radiator which is fixed under the roof
of the chamber,

The volume of water flowing through this heat removing
apparatus is measured from time to time, and its temperature
1s also taken very accurately every few minutes, both where
it enters the chamber and where it comes out. The amount
of water i kilograms flowing through the apparatus, multi-
plied by the difference of temperature between the entering
and issuing water, gives the amount of heat in Calories re-
moved from the calorimeter. This accounts for most but
not all of the heat given out by the animal.

A current of air is drawn through the chamber to provide
the animal with fresh air to breathe. This air is warmer
when it comes out than when it enters, and consequently
carries heat away with it. The amount of heat thus re-
moved is calculated by multiplying the volume of air drawn
through the chamber by its density, by the difference of
temperature between the issuning and entering air and the
specific heat of air.

A certain amount of heat is also carried out of the
chamber in the issuing air in the form of latent heat of
the water vapour exhaled by the animal. The weight
of water vapour thus removed mutiplied by the latent heat
of vaporisation of water gives the amount of heat removed
from the chamber in this form. These three quantities of
heat added together give the total amount of heat lost by
the animal.

In the simplest possible case, in which the animal is con-

stming a malntenance ration on which he re-
Heat

ains in exact carbon and nitrogen equilibrium,
Balance. malin exact carbc o |

neither gaining nor losing protein or fat, this

total amount of heat lost by the animal has been found

to be exactly equal to the metabolisable energy of the
ration.,

Thus in the case of the experiment quoted in Chapter

XVIIL, p. 120, when the carbon and nitrogen balance indi-
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cated exact equilibrium, the heat given out by the steer was
exactly equal to the metabolisable energy of his ration of
14:1b. of meadow hay.

Metabolisable energy Heat removed per day
of ration of 14 1b. hay. from calorimeter.
1b. Calories. Calories,

Digestible protein 75 x 2,133 = 1,609  In cireulating water 8,934
e fat ... 14 x 4,000 = 560 In ventilating air... 1,675
Digestible carbo-

hydrates ... 360 x 1,707 = 6,146  In water vapour ... 1,201
Digestible fibre  2-10 x 1,707 = 3,585
11,900 11,900

It is practically impossible, however, to secure such ideally
simple conditions as the above. There is always a gain or a
loss of carbon and nitrogen during the experiment, and it is
therefore impossible to strilke a direct balance between the
metabolisable energy of the ration and the heat given out by
the animal. If the animal loses carbon and nitrogen, some
of his protein, or protein and fat must have been oxidised,
and in being oxidised will have contributed to his heat pro-
duction. If on the other hand, the animal has gained pro-
tein, or protein and fat, he has stored some of these con-
stituents of his ration and if they have been stored they
cannot have given out heat.

To enable the Pennsylvania investigators to cope with
these difficulties, their calorimeter is fitted as a respiration
chamber, so that, besides measuring the heat given out by
the animal, they can also collect his exereta, dung, urine,
carbon dioxide gas, and marsh gas, and thus determine also
his carbon and nitrogen balance.

The following example taken from one of the Pennsylvania
experiments will make clear the method of working and cal-
culation,
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Ration—6,988 gm. Timothy hay.
400 gm. linseed meal.

Carbon and m'i:-'ogﬁn bhalance.

gm. | gm.
Carbon in ration... .. 3,004-3 | Nitrogen in ration.., e 483
Carbon in excreta— Nitrogen in exereta—
16,619 gm. - 1669 gm. dung 335 gm.
dung 1,428-7 gm. | 4,375 gm. urine 324 ,,
4,375 gm. | 37gm.seurf ... 13 ,,
urine ... 1242 | - ) e
37 gm. Total nitrogen in excreta 672
scurf ... 80 ,,
4,730 gm.
carbon
dioxide 11,2002 ,,
142 gm.
marsh

gas ... 1066 ,,

e ———————

Total earbon in exereta  2,957°7

—
——

Carbon stored in body 466 = Nitrogen stored in body ... 11'1

A e aa —

Nitrogen is stored in the body as protein, and since the
protein of a steer contains on the average 16:67 per cent. of
nitrogen, the 11:1 gm. of nitrogen stored correspond to 111 x

I—U{J— = 66:6 om. protein. The pt'u:-tein of a steer contains

1667
52'5 per cent. of carbon. Therefore 66:6 gm. of protein con-
. 52:5 e
tain 666 x S=— = 350 gm. of carbon.
100 >

The total storage of carbon in the experiment was 466 gm.
Subtracting from this the 350 gm. of carbon stored as pro-
tein, the remainder, 466 — 350, or 11'6 gm. may be as-
sumed to have been stored as fat. Fat contains 77 per cent.
of carbon. Therefore 11'6 ¢m. of carbon correspond to
100

16
| X -

or 152 gm. fat. The balance experiment there-
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fore shows that the steer stored per day 66'6 gm. of protein,
and 152 gm. fat.

Now the heat of combustion of the protein of the steer is
57 calories per gram, and as this protein i1s stored and not
excreted, there is no deduection for combustible substances
in the urine. The daily storage of heat in the form of pro-
tein therefore was 66:6 x 57 or 380 Calories.

Similarly the heat of combustion of the fat of a steer is
9'5 Calories per gram. Therefore the heat stored in 15-2 gm.
fat 1s 152 X 9-5 or 144 Calories. The daily storage of heat
in the form of fat is therefore 144 Calories.

The heat balance can now be made out as follows :—

Metabolisable energy of 6,988 gm. Timothy hay
and 400 gm. linseed meal 12,101 cal.
Heat evolved by animal as measured
by the calorimeter e 11,498 cal.
Heat stored as protein as measured
by the nitrogen balance... 380
Heat stored as fat as measured by

¥

the carbon balance 144 ,,
Total heat evolved and stored ... 12,017 cal.
Experimental error 84 m,l

An errror of only 84 calories in 12,000 cc}rrmpun{]a to only
*7 per cent., which is an exceedingly small error for so com-
plicated an experiment. Many experiments of this kind
have been carried out in the Pennsylvania calorimeter.
They show quite clearly that the heat producing power of
the food eaten by an animal can be completely accounted for
in the form of heat evolved by the animal, heat lost in the
excreta and heat stored in the body, and that the animal
therefore possesses no mysterious power of making heat out
of nothing, thereby defying the laws of physics and chemistry,
This conclusion is important for it proves that the laws of

physics and chemistry apply to the animal body and the
changes which take place inside it,
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The Pennsylvania ealorimeter has also been used to investi-
cate another important and interesting question,
Referring back to Chapter XIX. it will be seen
that the fat producing power of a feeding stuft
as measured by Kellner in terms of starch equivalent is
always smaller than the heat producing power also expressed
as starch. In the case of meadow hay, for example, the heat
producing power or gross digestible energy per 1001b. 1is
488 expressed as lb. of starch, whilst the fat producing
power or starch equivalent is only 508 Ib. starch. Taking
the heat producing power as 100, the fat producing power is
only 63. In other words, out of an amount of hay which
could yield to the animal 100 Calories, only 63 Calories could
be stored in the body as fat, the remaining 37 Calories being
necessarily converted into heat. Kellner’'s explanation of
this and similar facts was that the 37 calories were neces-
sarily converted into heat in the process of digestion.
This view was generally accepted, and a distinction was
drawn by many writers between what was
Thermic and  cylled the thermic energy of a feeding stuff,
Dynamie : : iy :
Energy. which is the proportion of the total energy
necessarily transformed into heat in the process
of digestion, and the dynamic energy, which is the proportion
of the total energy which can be transformed into fat, as
measured by Kellner, and by assumption into growth or milk
or work., On this view, the total energy of meadow hay per
1001b. is 48:81b. The dynamic energy 30'81b., and the
thermic energy 48:8 — 308 or 13:0 1b. all expressed as starch
equivalent,
Meantime other investigators, experimenting for the most
part with dogs or human beings, had observed

Net
Energy.

Specific many facts which threw a new light on this
Dynamic 1 sl Tt 1]'13'1] P
Action. question. It had been found that shortly after

the taking of food there was always a marked
rise in the rate of heat evolution as measured directly in
the calorimeter or indirectly by observing the rate of
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evolution of carbon dioxide in the breath. This was
found to take place even when completely digested food
was introduced through a tube into the stomach of a
anaesthetised animal, in which case it could not be due to
the work of digestion.

The suggestion was that it was due to the stimulating
effect of the products of digestion on the rate of chemical
change in the body. This increase of heat production fol-
lowing the consumption of any food substance was called its
specific dynamic action.

The Pennsylvania investigators attacked this problem as
follows :—in order to simplify the investigation they decided
to make their observations on animals consuming less than a
maintenance ration, so that there should be no need to carry
out balance experiments in order to ascertain how much pro-
tein or fat was stored. If the ration is below maintenance
requirements no storage can take place.

A steer was fed on a daily ration of 6:17 Ib. of Timothy
hay whose metabolisable energy had been found to be
935 Calories per 1b. The ration therefore contained 6:17 x
935, or 5,768 Calories. The heat produced per day by the steer
on this ration was then measured by the calorimeter and
found to be 8,064 Calories. This is much greater than
the heat provided by the ration. Consequently the animal
must have oxidised some of his store of fat to provide
the difference, which was 8,064 — 5,768, or 2,296 Calories.
On this ration therefore the animal is compelled to pro-
vide per day 2,296 Calories from the oxidation of his own
fat.

The ration was then increased to 10-21 1b. which contained
1021 x 935, or 9,554 Calories, and the daily heat pro-
duction again measured in the calorimeter, and found to be
9,812 Calories. On this increased ration therefore the
animal was still compelled to provide 9,812 — 9,544, or
268 Calories per day by the oxidation of his own fat. Tabu-
lating these figures :—

A. NUT. 10
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Ration. Calories provided by
oxidation of body fat.
617 1b. Timothy hay 2,296
1081 0bs: 5 5 268
Difference 404 1b. Timothy hay 2,028 Calories.

The consumption of 4-04 1b. of Timothy hay reduced the
amount of heat which the animal was compelled to provide
from the oxidation of his own fat by 2,028 Calories. It may
be assumed that the animal would oxidise of his own fat the
minimum or net amount needed to provide energy for his
vital functions. From this it follows that 4-04. 1b. of Timothy
hay contributed 2,028 Calories which the animal could use
for performing his vital functions. Dividing by 404, 11b.
of Timothy hay could evidently provide 2,028 = 404, or
502 Calories which the animal could use for performing his
vital functions.

The Timothy hay used in this investigation therefore pro-
vided per 1b, 935 Calories of metabolisable energy of which only
502 Calories could be used for performing vital functions, the
difference, 935 — 502, or 433 Calories being the proportion of
the metabolisable energy which was necessarily transformed
into heat in the process of digestion, either by the work of
digestion as Kellner assumed, or by the specific dynamic
action of the products of digestion of the hay according to
later views, or partly by one method and partly by the other.
Whichever explanation of the facts is adopted, the facts
remain the same, namely that of the 935 Calories per 1b. of
metabolisable energy of Timothy hay, only 502 Calories can
be used by a steer for physiological purposes, the balance of
433 Calories being necessarily transformed into heat which
the steer cannot use for physiological purposes. Translating
these facts into the older terms, the total heat producing
value of Timothy hay is 935 Calories per 1b. of which
502 Calories represent dynamic energy and 433 Calories
thermic energy.
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By many years of investigation on these lines, the Penn-
sylvania investigators were able to measure the metabolisable
energy of a number of typical feeding stuffs, and the pro-
portion of the metabolisable energy, which they call the net
energy, which an animal can use for physiological purposes.
From their results they were able to establish a connection
between the total digestible nutrients of the several classes
of feeding stuffs and their metabolisable and net energy
values. This then enabled them to caleulate the metabolis-
able and net energy values of many feeding stuffs and to
compile the tables which are given in the appendix of
Armsby’s book—The Nutrition of Farm Animals, published
by MacMillan, New York. Armsby’s net energy values
and Kellner's starch equivalents are essentially the same,
both of them being intended to express the net productive
values of feeding stuffs. They are, however, stated in dif-
ferent terms, Kellner's starch equivalents in terms of starch,
and Armsby’s net energy values in terms of Calories. They
can, however, be converted quite readily into the same terms
as follows :—

According to Kellner's results, 4 1b, of starch can produce
- in the body of an animal 1 1b. of fat, 11b. of average animal
fat can produce on complete combustion 4,284 Calories.
- Therefore 11b. of starch can produce in the body 4,284 + 4
- or 1,071 Calories. If therefore Kellner's starch equivalents
are multiplied by 1,071, which may be called the net energy
value of 11b. of starch, they are converted into Calories of
net energy, which if both Kellner's work and the Pennsyl-
vania work are correct, should be approximately the same
figures as the net energy values given in Armsby’s book.
The following table shows the comparison for a few feeding
stuffs chosen at random from Kellner's and Armsby’s
- tables :—
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I¥itference

Armsby’s as per

Kellner's starch Therms net energy  cent. of

equivalent per 100 1h, per 100 1b, Therms per Armshy’s

100 1b, figures,
Red clover hay  31'9 x 1,071 = 1,000 = 34°16 35-68 - 12
Oat straw ... 170 18-21 34-81 — 45
Swedes PO s 803 846 -5
Oats ... R ' Ly | 6394 6756 - 5
Barley e 20 i1l 89-94 - 14
Maize ... s Bl5 8728 8400 + 4
Wheat T T636 91 -GG - 15
Beans ... D66 7132 7329 - 3

Out of the eight pairs of results taken at random, four
pairs agree within five per cent., three other pairs within
about 15 per cent., and there 1s only one serious discrepancy—
oat straw. Taking into account the great complexity of the
measurements in each case, the fact that Kellner and Armsby
tried to arrive at the same result by entirely different methods,
and that Kellner's results refer to feeding stuffs grown in
Germany, whilst Armsby wused American materials, the
agreement between the two sets of results is quite as good as
could be expected, '

Armsby’s and Kellner’s work taken together make it quite
certain that in designing rations for animals and in estimat-
ing the results which the rations should produce in the form
of growth, fat, milk, or work, the fact must be recognised
that only a certain proportion of the energy of any feeding
stuff can be used by the animal for productive purposes, since
a certain proportion is necessarily transformed into heat
during the processes of digestion and absorption.

Exactly what these proportions are can only be accurately
determined by further investigation, either on Kellner's or
Armsby’s lines, and such investigation with home grown
feeding stuffs are badly needed. Meantime in the case of
most feeding stuffs no serious error will result from using
either Kellner's or Armsby’s figures.



CHAPTER XXII.

MAINTENANCE REQUIREMENTS. FEEDING PIGS.

In computing rations for animals the object in view 1s to
adjust the ration so that it may provide the
Maintenance  ypaterial and energy required to enable the
;ﬁgﬂucﬁm_ animals to produce the desired result, whether
growth, fat, work, or milk. In order to achieve
this object it must be remembered that part of the ration 1s
required to maintain the vital functions of the animal—to
provide for instance the energy necessary for maintaining
ecirculation, respiration, and body temperature—and it is only
the excess of the ration over these maintenance requirements
which can contribute towards produetion.

In computing a ration it is therefore necessary to consider
two points—how much is necessary for maintenance, and how
much is necessary to attain the desired production of growth,
fat, work, or milk.

The first point to consider 1s the amount of the ration
required for maintenance. The simplest method
of ascertaining this is to keep the animal for
several days in a calorimeter without food,
measuring 1ts heat production when asleep, and therefore
resting. This method is not applicable in the case of cattle,
sheep, or horses, which eannot be fasted long enough to
ensure the completion of the digestion and absorption of
the very large amounts of fibrous foods eaten by these
animals. It has, however, been used with success at Cam-
bridge in the case of the pig, in which animal, when full

149

Maintenance
Requirement.
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agrown, digestion and absorption are complete in about 96 hours
after the last meal. In the Cambridge investigations an adult
Large White hog weighing 300 1b. was put into the calorimeter
immediately after a meal, and his rate of heat production
recorded continuously for five days. During the day the rate
of heat production varied greatly because the animal was
restless. At night the hog slept from about 6 p.m. to about
6 a.m., and his rate of heat production fell continuously until
about 4 am., when it usually became constant until he
awoke. The rate of heat production was measured each night
during the constant period about 4 a.m., and was found to
decrease night by night up to the fourth night. The fifth
night it remained at the same level as the fourth night,
showing that the specific dynamic action of the last meal
was exhausted, and that digestion and absorption were com-
pleted. The heat production on the fourth and fifth nights
was approximately at the rate 2,300 Calories per day. During
these observations the internal temperature of the calorimeter
chamber was 207 C,

The Cambridge calorimeter gives a continuous record of
the heat production by meaus of which it is possible to
determine the addition which must be made to the absolute
minimum figure of 2,300 Calories per day, which is the basal
resting metabolism, in order to allow for the minimum
necessary muscular movements during the day, and thus
convert it into a practical maintenance ration, The addi-
tion indicated is 300 Calories per day, which points to a
ficure of 2,600 Calories per day as the maintenance require-
ment of an adult hog weighing 300 1b.

In rationing pigs it is necessary to know the requirements

of animals of all sizes and ages, and the next
Maintenance  point to investigate is the relation of require-
in relation . . . :
to mige. ments to size, or rather to weight, as weight is

the most convenient way of measuring size.
The German physiologist, Rubner, many years ago investi-
cated this point by measuring the rate of heat production of
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a series of dogs ranging in weight from 7 1b. to 60 Ib., and
comparing their rate of heat production with their weight,
and with their surface. He found that the rate of heat pro-
duction per Ib. of the different animals was not constant, the
smaller dogs giving off more heat per lb. than the larger
ones. When, however, he calculated the area of the external
surface of each amnimal, and divided its heat production by
its surface area, he found that the rate of heat produe-
tion per unit of surface was practically the same in every
case.
He thus established the surface law, which is now generally
accepted, to the effect that an animal’s main-
E::,_E'"Im“ tenance requirements are proportional to its
surface area. Since all animals are approxi-
mately of the same density, and since volume X density =
weight, the weight of an animal is proportional to its volume,
Now volume is of three dimensions, length, breadth, and
thickness, and surface is of two dimensions, length and
breadth only. Surface is, therefore, proportional to the square
of the cube root of volume, and since volume is directly pro-
portional to weight, surface is also directly proportional to
the square of the cube root of the weight.
Food requirements being proportional to surface, they must
also be proportional to the square of the cube root of weight.
Taking as the starting point 2,600 Calories as the mainten-
ance requirements of a 300 lb. hog, the requirements of a
hog of any other weight can be calculated thus. The cube
root of 300 1s 6:7, and 67 squared is 44:9. This figure 449
1s the square of the cube root of 300, the weight in lb. of
what may be called the standard hog. The next step is to

write down in series the first eight numbers, to cube them,
and to square them, thus—

Numbers 1 2 3 4 9 6 7 8
Squared 1 4 9 16 25 86 49 - B4
Cubed 1 8 27 64 125 216 343 512
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The square of the cube root of the lower series of numbers
can then be read off by inspection, and the maintenance
requirement according to Rubner’s surface law ealculated
thus :—Hog weighing 512 1lb. Square of cube root of 512
= 64. Maintenance requirements = 2600 x eLﬂ_L_h“"t} = 3706
Calories per day.

Hog weighing 343 1b. Square of cube root of 343 = 49,

Maintenance requirements = 2600 x -'-.l'ji:]‘l = 2837 Calories.
Hog weighing 216 1b. Square of eube root of 216 = 36.
Maintenance requirements = 2600 X % = 2085 Calories,

It 1s useless to calculate in this way maintenance require-
ments for hogs weighing less than 200 lb, for the main-
tenance requirements of young animals do not follow the
surface law. The maintenance requirements of a young
Large White hog have been measured in the Cambridge
calorimeter, and the results of these measurements are
plotted in the maintenance requirement curve in diagram IT.
on page 163.

This curve shows the relation between the live-weight and
maintenance requirement expressed in Calories. It refers to
large white pigs kept at a temperature of about 20° C., which
is the same as 60° F., the temperature of a fairly warm
summer day. It is not likely that the maintenance require-
ment of other breeds of pigs would differ appreciably from
the indications of this curve, at any rate in the case of animals
weighing over 200 1b.

Variations in temperature, however, greatly increase main-

tenance requirements. This question has been
‘:I[:'E;f;egzture. imr.ustigntml at C‘:un‘m‘idge by determiuiu; the
maintenance requirements of a hog as described
above, when the internal temperature of the calorimeter
chamber was kept at different temperatures ranging from
10°C. = 50° F. to 23° C. = 73°F. It was found that the
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maintenance requirement was constant between 20° C. and
and 23°C. As the temperature fell below 20° C. the main-
tenance requirement increased steadily at the rate of about 5
per cent. of the maintenance requirement at 20° C. per degree
fall of temperature below 20° C. Thus when the temperature
fell to 10° C., the maintenance requirement of the 300 1b. hog
rose from 2,300 Calories per day to 2,300 + 2,300 X 5 x 10
— 100 = 3,450 Calories per day. The higher temperature of
20° C. = 68° F. is the temperature of a fairly warm summer
day. The lower 10°C. = 50° F. is the temperature of a
fairly warm winter day. It looks, therefore, at first sight as
if the change from summer to winter conditions would make
it necessary to increase the maintenance ration by something
like 50 per cent.
Before accepting such a drastic conclusion, however, it will
be wise to enquire rather more fully into the
gzﬂnerature. method by which an animal maintains its body
temperature constant in spite of variations in
the temperature to which it is exposed. The rate at which
heat is lost from the surface of an animal’s body depends on
the difference of temperature between the animal’s skin and
the air which surrounds it. The temperature of the air is,
of course, beyond the animal’s control. He can, however,
control the temperature of his skin by altering the course
of his blood supply. If the surrounding air is cold he diverts
the blood supply from his skin to his internal organs, His
skin, deprived of blood to warm it, becomes cold, which
decreases the difference of temperature between his skin and
the surrounding air, and minimises the rate of loss of heat
from his body surface. If, in spite of this reduction of heat
loss from the skin, more heat is lost than is provided by the
normal metabolie processes, involuntary muscular movement,
i.e. shivering, takes place in an attempt to provide for this
extra heat loss. If, on the other hand, the surrounding air
is warm, the animal sends a full blood supply through his
skin which is thus kept warm, and loses heat rapidly. If
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the air is so warm that even the fullest possible blood
supply will not keep his skin warmer than the air, so that
the air fails to cool his skin, then as a last resort he sets
his sweat glands to work and pours out sweat on to his
body surface. This evaporates into the air, and cools the
skin by absorbing from it the necessary latent heat of
vaporisation.,

When the temperature of the surrounding air falls below
a certain temperature, diversion of the blood
supply from the skin fails to keep the skin
cold enough to lower the rate of heat loss
sufficiently to enable the animal to maintain his internal body
temperature constant. Below this temperature, which 1is
called the critical temperature, the animal is compelled to
oxidise more food, or failing food, more of his own fat, and
consequently his maintenance requirement increases con-
tinuously as the temperature falls. The critical temperature
in the case of the pig is about 20° C. If a pig is kept at
temperatures below 20° C., his maintenance requirement
increases at the rate of about 5 per cent. for each degree C. as
stated above.

But pigs are not in practice kept on maintenance rations,
Every one expects his pigs to increase in live
weight at the rate of at least 1 lb. per day.
This increase in weight consists of water, pro-
tein, fat, and ash, and its average composition has been found
by comparative slanghter tests—see Chapter XVIIL., page
117. From the average composition it appears that 1 1b. of
increased live weight made by a pig contains 2,700 Calories.

To store 2,700 Calories in his body the pig’s ration must
supply 2,700 Calories of net energy over and above his
maintenance ration. Armsby estimates that 100 Ib. of barley
meal can supply to a pig 106 therms of net energy. This
is equivalent to 1,060 Calories per Ib. Consequently 2,700
Calories of net energy corresponds to a ration of 2,700 =
1,060 = 2.5 1b.

Critical
Temperature.

Practical
Conclusions.
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A 300 1b. hog would, therefore, in practice get a ration of
at least 2'5 1b. of barley meal or its equivalent over and above
its maintenance ration. The maintenance ration of 2,600
Calories wonld also correspond to about 2:5 Ib. of barley
meal. The total ration would therefore be 5 Ib.

Now the metabolisable energy of barley meal is about 1,460
Calories per Ib., so that each Ib. consumed produces 1,460 —
1,060 = 400 Calories of heat which eannot be used for the
production of increased body weight. Consequently, the
ration of 5 1b. would produce 5 x 400 = 2,000 Calories of
heat, which although not available for production of increase,
would serve to maintain the body temperature, and prevent
the oxidation of food for this purpose.

The maintenance ration of the 300 Ib. hog at 20° C. was
found to be 2,600 Calories which as the temperature fell
increased by 5 per cent., or 130 Calories per degree Centi-
grade. The waste heat or thermic energy amounting to 2,000
Calories would therefore serve to maintain the body tempera-
ture during a fall in temperature of 2,000 =130 = 15° C.

On an average practical ration, therefore, there would be no
need for increased oxidation of food for maintenance of body
temperature unless the temperature of the surrounding air
fell below 20 — 15 = 5°C. or 41° F., the temperature of a
cold winter day. In other words, the heat necessarily pro-
duced during the processes of digestion and absorbtion of
average rations may be regarded as lowering the critical point
from about 20° C. to about 5° C. or 41° F. Consequently, it
is only in very cold weather in the winter that the pig is
compelled to oxidise an increased proportion of his ration in
order to maintain his body temperature. This is not, there-
fore, a very serious matter, for except during prolonged frosts
there are not many days in the year when the temperature of
the air of a pig stye would fall seriously below 41° F. This
would not be so with pigs kept in the open air, but in their
case the cost of the extra food required would be balanced by
the decreased cost of housing,
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In caleulating the maintenance requirements of the pig by

the surface law above, it was stated that this

ﬂ%’;‘:ﬁ;ﬂ“e law did+ not hold for young growing animals.

Animals. The maintenance requirements of such animals

have been studied at Cambridge. A young

Large White hog was observed in the calorimeter at regular

intervals from the time when his age was 60 days and his live

weight 28 1b., until he was 365 days old and weighed 300 Ib.

The results of these observations are included in the main-
tenance requirement curve of diagram II. on p. 163.

From this curve 1t 1s possible to read off at once the
maintenance requirement of a pig of any weight from 28 lb.
to 300 Ib. in terms of Calories of net energy.

No one, however, wishes to keep his pigs on a mere
maintenance ration—he wishes them to grow and to increase
in weight. A young pig at buth weighs on the average
about 21 1b. For the first ten days of his life he puts on
about 1 Ib. increased weight per day, doubling his weight,
therefore, in ten days. From this date his rate of growth
soon increases to about % 1b. per day. When
he weighs 80 to 100 1b. his growth rate is about
1 1b. per day, increasing as he grows larger to 13 or even 2 1b,
per day. Under good conditions a pig may reach a weight
of 200 1b. at 7 months, which means an average daily growth
rate of nearly 1 Ib. per day. In exceptional cases, where
pigs have been fed all their life for exhibition, live weights of
300 1b. have been reached in six months, but this is not an
economic practice for commercial purposes, as it involves the
use of very digestible and appetising foods such as separated
or even condensed or new mulk.

The comparative slaughter method introduced by Laws and
Gilbert and used subsequently by many investigators, especi-
ally in Germany and in America, has provided important
information as to the composition of live weight increase in
the case of pigs at different ages. At eight days old the lLive
weight inerease contains per Ib. 18 Ib. of protein and only

Growth Rate.
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‘016 1. of fat, the rest being nearly all water. These amounts
of protein and fat correspond to 530 Calories. As the pig
grows his increase contains less water and more fat, with the
result that at 40 days 1 Ib. of increase corresponds to about
700 Calories. This change in composition continues, as shown
on the dotted line in diagram II.

Diagram II. on p. 163 also includes a curve, showing the
daily requirement of protein for pigs of varying weights
This curve is based on the standards given by Kellner, which
in turn were based on the results of a number of cooperative
feeding trials, carried out at a number of stations in Geermany.
The curve probably errs on the side of excess of protein, but
more reliable information is not available.

Diagram II.and TableI. contain between them the necessary
mformation for the computation of rations for pigs at any
weight, The method of using them will be made clear by
a few instances. To compute a ration for a pig weighing
50 1Ib. The maintenance requirement curve in Diagram II.
shows that the maintenance ration of a 50 Ib. pig is 1,300
Calories of net energy. Such a pig might grow at the rate
of about 1 1b. per day. At this age and weight 1 1b. of live
weight increase contains about 800 Calories (see dotted line).
The full ration to produce 1 1b. increase per day would then
be 1,300 4 800 = 2,100 Calories. If this is provided in the
form of fine middlings (see Table I.), 2,100 = 1,070 or 2 Ib.
will be required. 2 1b. of fine middlings (see Table I.) con-
tan 2 x 132 =100 = -26 Ib. of digestible protein. The
protein curve on diagram I. indicates that a 50 1b. pig requires
'31b.  The middlings ration, therefore, does not supply quite
enough. 'To correct this, part of the middlings must be re-
placed by a feeding stuff richer in protein. The most popular
food for this purpose is fish meal, which should be white fish
meal containing 50 per cent. of protein, and not more than
5 per cent. of oil and 1 per cent. of salt. The deficiency of
protein is only ‘04 1b. To supply this amount only, ‘08 Ib.
would be required. The ration would then be 2 1b. of fine
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middlings and 08 1b. of fish meal. The easiest way to malke
up such a ration would be to mix together very thoroughly
100 1b. of middlings and 4 1b. of fish meal, and to use just
over 2 1b. of the mixture. Fora 50 Ib. pig this should suflice
to produce a daily gain in live weight approaching 1 1b. To
make sure that the pig does not suffer from deficiency of
vitamines he should be given access to a small amount of
some kind of green food every day.

As a rule, it 1s not advisable to use a ration counsisting so
exclusively of one constituent as the above. A mixed ration
is generally advisable because it is more palatable, and
because the proteins of the various constituents tend to
balance one another. The following example will show how
to work out a mixed ration, again for a 50 lb. pig.

Suppose that prices indicate that barley meal, middlings
and coconut cake meal are the cheapest foods suitable for
young pigs. Then a mixture of these materials in the
proportions of 2 : 2: 1 will contain 11'1 per cent. of digestible
protein and 1,082 Calories of net energy per Ib. Thus:—

Protein per cent. Calories per 1b.
2 parts barley 6'6 x 2 =130 1060 x 2 = 2120
2 parts middlings 132 x 2 = 264 1070 x 2 = 2140
1 part coconut 182 ¥ 1= 162 1150 x 1 = 1150
5 parts mixture 556 0410
1082

1 part mixture 11-1

To produce 1 1b. daily gain, 2,100 Calories are required.
Since the mixture contains 1,082 Calories per 1b. 2,100+1,082
or 2 1b. will be required. This will supply 2 x 111 =100
= 22 Ib. digestible protein, which 1s 08 1b. below the normal
requirement. To supply this ‘16 1b. of 50 per cent. fish
meal is necessary. The ration would then be 2 1b. mixture
and ‘16 1b. fish meal. The easiest way to make up such a
ration would be to mix together intimately 100 1b. of the
mixture and 8 Ib, of fish meal, and to use just over 2 Ib. per
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head per day. An alternative, and perhaps easier way, would
be to mix together 40 Ib. each of barley meal and middlings,
20 1b. of coconut cake meal, and 8 lb. of fish meal, which
would give exactly the same result.

To compute a ration for a pig weighing 150 Ib. At this
weight the pig will be approaching the weight at which pigs
nowadays are slaughtered for bacon. It is therefore advisable
to avoid feeding stuffs such as fish meal, maize, linseed, or
oily foods which are reputed to produce soft bacon. Let us
suppose that questions of price and supplies indicate the use
of barley meal, coarse middlings, and potatoes.

A mixture of these materials in the proportion of 3 : 1 : 4,
works out as follows :—

Protein per cent. Calories per 1b.
3 parts barley 65 x 83=195 1060 x 3 = 3180
1 part middlings 138 x 1 = 138 1040 x 1 = 1040
4 parts potatoes  1'1 x 4 = 44 250 x 4 = 1000
8 parts mixture 377 5220
1 part mixture 47 452

At this weight a pig should be capable of putting on 1} Ib.
crease per day, containing per lb. 1,550 Calories, or per
3 1b. 2,325 Calories. The maintenance requirement is 2,075
Calories. The total ration required to produce 12 1b. increase
per day is therefore 4,400 Calories. This would require 4,400
-+ 452 or 93 1b., which would include 5 1b. of potatoes, 3:6 1b.
of barley, and 1-2 Ib. of middlings, This ration would con-
tain *46 1b. of digestible protein, which is slightly below the
normal requirement—see protein requirement curve. The
easiest way to give such a ration would be to make a mixture
of 3 parts of barley meal and 1 part of middlings, to weigh
out of this the day’s allowance at the rate of 4% lb. per pig,
and to stir it into an equal weight of cooked potatoes. In all
cases 1t 1s wise to decrease the ration if it is not cleared up at

once, and to increase it if the pig will eat more.
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It will be noticed that no example is given of calculating
rations for very small pigs. The reason is that there is prac-
tically no information as to the maintenance ration of pigs
below about 30 1b., and that in the absence of accurate infor-
mation, the feeding of such very young animals must for the
present remain an art which must be acquired by practical
experience rather than a science based on proved principles.
Certain points are, however, well known. Young pigs from
weaning up to 50 1b. weight require very digestible foods
containing little fibre—such, for instance, as fine middlings,
pea meal, maize gluten feed or meal, maize meal, or coconut
cake, of which a mixture is better than any single food,
They require a good supply of protein, which may be given as
fish meal, meat meal, dried blood or dried yeast, of which
not more than 2 oz. per head per day should be used. It is
most advantageous to mix these foods with skim milk or
whey instead of water. Young pigs should also have access
to green stuff to supply vitamines,



MAINTENANCE REQUIREMENTS, FEEDING PILGS, 161

Table I. and Diagram II. overleaf.

Showing Composition of Foods suitable for pigs and curves
Jor maintenance and protein requirements.

A. NUT, 11
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TABLE IL.—FEEDING STUFFS FOR PIGS.

T ) | . |
= - =
- = % Fg‘ = | 2 22 | Remarks.
= =2 = 2o |a9&E
Eé H&; =5 ! == I§;§ Etfect on
E;., :"_g E% J = | 5 == Bacon,
= & | =
1 | |
Barley .| 85 6:5 | 1060 | 10| ]2 Good
Maize oo | 87 7-1 | 1200 | 11 13 Bad
Wheat | 87 102110890 | 7 | 15 ‘ Good
Beans s | B8 20°1 | 1000 | 2 32 '3
Peas... ...| 86 194 | 1000 | « 28 | 3
' Middlings—Fine ...| 87 13211070 | & 22 | od
' o —Coarse 87 13°8 | 1040 | 4 22 | -
Pollards .. .| 87 | 11'6| 1040 | 5 -
Coconut Cake ..| 89 | 162| 1150 | 4 30 Bad
Palm Kernel Cake ! !
ﬁIEﬂ-l ihn bt 171 1100 | 4 23 3]
Palm Kernel Meal '
extracted... .| 89 17:1 | 1050 | 4 24 g
Maize Gluten Feed ! 90 200 | 1100 | 3 27 —
o iq Meal| 91 306 | 1180 | 2 40 | —
Dried Bloed .| 86 | 7277|1050 | 1| 80 =
Meat Meal ... ..| 93 392 (1100 1 | 54 —
Flesh Meal ... ...1 89 67211100 | -5 75 —
Fish Meal ... 87 00 820 | 2 s6 Bad
Dried Yeast o 96 416 | 980 | o ad —
Potatoes ... o a2 1:1 250 | 16 4 Good
Pasture ... | 28 19| 120 6 i =
Marrow Stem Kale| 15 1-8 150 | & 4 | -
Tares 17 Dk 133 4 D --
Swedes -1 115 kil 135 | 7 2 ‘ —
| Mangolds ... ] 12| T 136|118 | 3 =
'iﬁkim Milk ... 9 33 | 1400 | 2 i — | . Good
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CHAPTER XXIII.

RATIONS FOR WINTER BEEF PRODUCTION.

The maintenance requirements of cattle have been deter-
mined by many investigators, Kellner, by the
Maintenance Jslance experiment method, arrived at the
Requirements : . :
of Steers. conclusion that the maintenance ration of a
1,000 1b. steer should provide 6 1b. of starch
equivalent which should include at least -5 Ib. or, preferably,
*7 1b. of digestible protein (see page 121).

Armsby used a different method, and expressed his result
in terms of net energy. Referring back to the experiment
quoted in Chapter XXI., p. 146, by which Armsby found
the net energy of Timothy hay to be 502 Cal. per 1b,, it will
be seen that the consumption of 10-21 Ib. per day of th:a hay
still failed to provide for maintenance by 268 Cal. per day of
net energy, This amount of net energy could have been
supplied by adding to the ration 268 -+ 502 or *53 lb. of
the hay. The maintenance ration would, therefore, be
1021 + +53 or 1074 1b. of hay, which at 502 Cal. of net
energy per lb.=1074 x 502, or 5,391 Cal. of net energy.
Adjusting this by the surface law to an animal of 1,000 Ib.
live weight, the maintenance ration of a 1,000 Ib. steer was
found to be approximately 6,000 Cal. per day, which was
supplied by 12 1b, of hay. Armsby's experiments were
carried out in his calorimeter, the internal temperature of
which was 18° C. The maintenance ration of a 1,000 Ib.

164
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steer at 18° C. is, therefore, 12 Ib. of Timothy hay or 6,000
Calories of net energy.

Now the Timothy hay, see p. 145, was found to supply
per 1b. 935 Cal. of metabolisable energy : 12 Ib.
would, therefore, supply 12 x 935, or 11,220
Cal. of metabolisable energy. The ration of
12 1b. would, therefore, supply besides the 6,000 Cal. of net
energy required for maintenance at 18° C., 11,220 — 6,000,
or 5,220 Cal. of thermic energy which must be transformed
into heat in the processes of digestion and absorption, and
could be used if required for maintenance of body tempera-
ture.

There are no measurements of the effect of temperature on
the maintenance requirements of steers comparable with the
Cambridge measurements in the case of the pig. Assuming,
however, that the effect of fall of temperature is the same
in the steer as it is in the pig, namely 5 per cent. per degree
C., and assuming that 18° C. is not above the ecritical
temperature, then the increased requiremement per degree
below 18° C. would be 5 per cent. of 6,000 Cal., or 300 Cal.
per degree. The hay ration provides 5,220 Cal. of thermic
energy, which corresponds to the increased demands due to a
fall of 5,220 = 300, or 17° C. A steer on a maintenance
ration of hay would, therefore, not require to oxidise food or
tissues for the maintenance of his body temperature unless
the surrounding temperature should fall below 18 — 17 or
1° C., or practically below the freezing point.

The maintenance ration of a 1,000 lb. steer may, therefore,

be taken as about 14 1Ib. of good hay, varying
Maintenance g few pounds more or less, according to the
FTem fut ality of the hay and the individuality of the
ir Teptnn quality of the hay a e y
of Hay. animal. This figure has been repeatedly con-

firmed by British experimenters. It agrees
fairly well with Armsby’s figure of 6,000 Calories of net
energy, and with Kellner's figure of 6 1b. of starch equivalent,
thus :—The starch equivalent of 100 Ib. of good hay is 40 ;

Effect of
Temperature.
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of 1 Ib., therefore, *4, and of 14 1b. 56 lb. starch equivalent.
56 Ib. starch equivalent provides 56 x 1071 = 6,000 Calories
of net energy.

Good hay usually contains 5 to 6 per cent. of digestible
protein. Consequently 14 1b. would contain at least ‘8 1b.,
which is above the necessary 5 1b. quoted by Kellner and
by Armsby as the protein maintenance requirement per day
of a 1,000 Ib. steer.

Adopting 14 1b. of good hay as the maintenance ration of
a 1,000 Ib. steer, the surface law can be used to
calculate the maintenance ration in terms of
hay for animals of varying weight, and the
results can be plotted on a curve, as shown in Diagram III.,
p. 175.  From this curve the maintenance requirement in
terms of hay for cattle of varying weight can be found by
inspection with a minimum of trouble,

It should be noted that the curve almost certainly fails to
give correct results in the case of young animals whose main-
tenance requirements are probably much in excess of the
indications of the surface law. No exact measurements of
this excess are available in the case of cattle.

Having determined the maintenance ration of cattle of

varying weight, the next step is to compute
Composition of t}e productive part of the ration. The main
}';::ﬂggfght point to bear in mind in this computation 1s

that there should be a direct relation between
the amount of the productive ration and the result which it
is designed to produce. In feeding cattle, except mileh
cows, the desired result is a gain in live weight. Gains in
live weight consist of water, protein, fat, and ash. In young
animals water, protein, and ash form a considerable propor-
tion of the gain: as the animals grow older the proportion
of fat in the gain increases at the expense of the other con-
stituents, until in the case of an adult very fat animal, any
cain in live weight which may be produced will eousist
almost entirely of fat.

Adjustment by
Surface Law.
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In measuring the gain for the present purpose it is con-
venient to transform the protein and fat into
Live Weight  Calories so that the whole gain may be ex-
%T;:::;E din Pressed by one figure. In this way Armsby,
Calories. from consideration of all the recorded experi-
ments on the chemical composition of gains in
live weight, both by the comparative slaughter method and by
the balance method, concludes that 1 1b. of live weight
inerease in a young animal contains 2,500 Calories, in an
average animal 3,250 Calories, and in an adult animal 4,000
Calories.

Taking first the average animal, for 1nstance’ a two-year-
old steer in store condition. In feeding such an animal for
beef production most graziers would aim at a daily increase
of 21b. live weight per day. This would contain 2 x 3,250 =
6,500 Calories, to produce which at least 6,500 Culories of net
energy, or 6,500 = 1,071 = 61b. of starch equivalent would
be required. If the animal weighs 1,000 Ib., or about 9 cwt.,
the ration would be :—

For maintenance, 14 Ib. hay.

For production of 2 1b. per day live weight increase, 6 1b.
starch equivalent.

The ration should include for maintenance ‘6 — '8 lb. of
digestible protein.

For production, or rather to provide the material for
making extra digestive juices and the small amount of
protein included in the inerease, and to increase the palata-
bility of the ration, ‘6 — '8 Ib. digestible protein, a total of,
say, 1'5 Ib. of digestible protein.

In the simplest case, the maintenance part of the ration
might be given in the form of 14 1b. of good hay. Usually the
productive part of the ration will consist for the most part
of roots : swedes, for instance. Now the starch equivalent
of 100 Ib. of swedes is 7-3 1b. The weight of swedes re-
quired to supply the necessary 6 lb. of starch equivalent will,
therefore, be 100 x 6 = 7-3 = 82 Ib. of swedes.
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The whole ration should now be checked to see if it
contains enough digestible protein, thus :—

14 1b. hay contains ... '8 1b. digestible protein

82 1b. swedes contain 82; X ‘3 =25 ,, " "
Total ration contains e 100G
It should contain about N

The deficiency of protein should be made good by replac-
ing part of the swedes by a protein-rich food. For this
purpose it is usual to make use of some kind of oil seed
residue, the most popular being a mixture of linseed and
cotton seed cakes. Linseed cake contains 25 per cent.,
cotton seed cake 18 per cent. of digestible protein. A half
and half mixture would, therefore, contain 21'5 per cent.,
and 3 1b. of the mixture would certainly make up the protein
deficiency. It would also improve the palatability of the
ration as a whole, and prevent any tendency to scouring
from the consumption of a heavy root ration. The
stareh equivalent of linseed cake is 74, of cotton cake 42;
the average starch equivalent of the mixture is, therefore, 58,
and of 3 1b. of the mixture 1'7 1b. The total starch equiva-
lent required above maintenance is 6 1b, If 1'7 1b, of this 1s
supplied by the cake mixture, 6 — 1'7 =43 lb. must be
supplied as roots, and for this purpose 4'3 X 100 573, or
60 1b. will be required.

The final ration will now read :—

For maintenance 14:1b. hay

supplying ... 61b. st. equiv. and -8 1b. dig. prot.
For production 3 1b. cake
supplying i B @ | T
60 1b. swedes supplying ... 43 1b. A -
12 165

Such a ration will be palatable and, consequently, readily
eaten; it will contain enough coarse fodder to keep the
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animals comfortably full, and 1t will provide enough starch
equivalent or net energy in excess of maintenance require-
ments to enable the animals to store 6,500 Cals. per day as
protein and fat, which corresponds to a gain per day In
a store animal of about 2 1b. live weight. Such a ration is,
however, not within the reach of every grazier. On many
farms it would be impossible to spare 14 1b. of good hay per
day for every steer which the farmer desirves to fatten, and,
such a practice would leave a surplus of straw. In this case
the hay might be replaced, for instance, by barley straw.

According to Kellner, 100 Ib. of barley straw con-
tains 195 1b. of starch equivalent, which corresponds to
195 x 1,071 = 100, or 209 Calories of net energy per Ib.
Armsby gives a very different figure—366 Cal. per Ib.
Accepting Armsby’s figure, which was determined much
more recently, the weight ef barley straw required to pro-
vide the 6,000 Calories necessary for the maintenance of a
1,000 Ib. steer is 6,000 =366, or 17 1b. DBarley straw con-
tains only ‘6 per cent. of digestible protein, and 17 Ib. would,
therefore, contain only °1 1b., which is far short of the main-
tenance requirement of -7 1Ib. The deficiency can, however,
be made up by increasing the cake in the productive part of
the ration. This will, as before, consist chiefly of roots, for
instance, yellow globe mangolds.

The starch equivalent of yellow globe mangolds is 55 Ib,
starch equivalent per 100 Ib. To provide the 6 Ib. starch
equivalent required to produce 2 1b. per day live weight
increase 100 x 6 = 55, or 110 Ib. would be required, and
this quantity would contain only ‘8 1b, of crude digestible
protein. The ration, so far, would be—

17 1b barley straw con-

taining ... 6 1b. st. equiv. and -1 1b. dig. prot.
110 1b. mangolds con-
taining « B s, ; b

ol
I~

Total 9
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This shows a deficiency of at least ‘6 1b. of digestible pro-
tein, which can most readily be made up as before by includ-
ing some kind of oil seed cake or meal in the ration in place
of part of the roots. It will be advisable to include some
cotton cake to neutralise the laxative action of the very heavy
root ration, and since the protein is very deficient, to mix
with the cotton cake some kind of cake very rich in protein,
for instance ground nut cake, which contains 42 per cent. of
digestible protein. Cotton cake containing 18 per cent.,
the average content of the mixture will be 30 per cent.,
and 2L Ib. will contain enough protein to correct the de-
ficiency.

The ration will now read :—

For maintenance—
17 1b. barley straw = G 1b. st. equiv. and "1 1b. dig. protein.
For production—
SO 1b. mangolds = 4-
21 Ih, cake =1°

v AL 5 .

0
:i ) T LR .Tﬁll:'- LR 13

12 1b. 145 1b,

This ration should be quite satisfactory. In practice the
animals would probably be given 25 to 301b. of long straw
per head per day. They would pick out the leafy parts
which are more palatable and digestible, and the remainder
would be thrown under them for litter.

Another variation would be necessary when as in some
seasons the root crop partially fails, and a heavy root ration
is not available. A common practice under such conditions
is to persuade the animals to fill themselves with straw.
This is done by chafling the straw and mixing it with pulped
roots the day before it 1s to be used, or by moistening it
with treacle dissolved in water. Either treatment softens
the straw and makes it more palatable, but neither increases
its nutritive value. By adopting some such treatment 9 ewt.
steers will consume some such ration as the following :—
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20 1b. barley straw = 71b. st. equiv. and -11b. dig. protein,

20 1b. mangolds =11h. ., i e e 2l o
41b. cake L R S - | | M
101 1h. 14 1b.

Such a ration contains practically enough protein, but it is
deficient in starch equivalent. It supplies only 103 — 6 or
411b. starch equivalent above maintenance, and the live
weight increase which it may be expected to produce will
consequently be only 2 X 41 = 6 or 1'5 1b. per head per day.
If by making it palatable animals are tempted to eat more
straw than will suffice for their maintenance requirements,
they will not be able to eat enough of the more productive
constituents of their ration to provide for a normal rate of
increase because the capacity of their paunches is limited.
If on the other hand they are given a larger ration of more
palatable and productive foods, such for instance as cake, they
will reject a proportion of the straw which is offered to them,

In feeding younger animals, for instance 10 months old
steers intended for baby beef, it must be recognised that any
increase they make will contain more water and less fat and
that it will therefore require less starch equivalent or net
energy per lb. to produce. Armsby estimates that the live
weight increase of such animals contains per Ib. only
2,500 Calories. A daily increase of 21b. live weight would
therefore require 5,000 Calories of net energy which corres-
ponds to 5,000 = 1,071 or 47 1b. of starch equivalent. In
designing rations for such animals, weighing say 6 cwt. live
weight, the procedure is as follows :—Inspection of the main-
tenance requirement curve on p. 175 shows that the mainten-
ance requirement of 6 cwt. cattle is 41 Ib. starch equivalent.
Let us assume that the home grown fodders available
are good hay, swedes, and beans which can be ground into
meal,

The maintenance requirement will be satisfied by 41 1b,
starch equivalent or 10 Ib. of good hay.
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To provide for 21b. daily increase 47 Ib. of starch equiva-
4-7
73
65 1b. of swedes. This would be too high a root ration for
animals of this size and the ration would also be deficient in
protein :—

lent will be required. This is contained in 100 x or

For maintenance—

101b. hay containing 4-51b. st. equiv. and *51b. dig. protein.
For produetion—

63 1b. swedes ,, 4-71b. ,, | | 1 -

9-21b. *71b,

The protein requirement of a fatting animal of 6cwt. is
1-41b. The deficiency is therefore -71b. Bean meal, the
other available home grown fodder, contains 20 per cent. of
digestible protein, and 4 lb. would therefore make up the
deficiency. But experience shows that 4 1b. of bean meal
would be too much for such animals, as it is inclined to cause
constipation. It would be wise to buy, for instance, linseed
cake to mix with it. A half and halt mixture of bean meal
and linseed cake would contain 22} per cent. of digestible
protein and its starch equivalent would be 70 Ib. starch
equivalent per 100 1b. 31 1b. of the mixture would make up
the protein deficiency and would supply 2% 1b. of starch
equivalent. This would leave 2:2 Ib. of starch equivalent to
be supplied as swedes, which would be contained in 30 Ib.
The ration would therefore be :—

For maintenance

101b. hay containing 4-5 1b. st. equiv. and -5 1b. dig. protein.
301b, swedes g F0An. . 11k .. e
31 1b. cake and meal ,, ahilb. . o 81b. ., -
9-21b. 1-4 1b,

Such a ration would produce 21b. per head per day live
weight increase. It illustrates the fact that a given amount
of food produces more live weight inerease in a young animal.

Live weight increase in older animals, especially when they
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are in good condition is much more expensive to produce.
Armsby estimates that on account of its small content of
water and high content of fat, the live weight increase in a
three year old steer in good condition weighing 13 ewt. con-
tains 4,000 Calories per 1b. It would require therefore
4,000 = 1,071 = 3:71b. of starch equivalent to produce 1 lb.
of live weight inerease in such an animal.

A typical ration worked out on this basis to give 2 Ib.
daily increase would be :—

For maintenance—
221b. barley straw  containing 7 lb. st. equiv, and -11b. dig. protein.
For production—

751b. swedes o5 54lb, |, it 216,  ,,

31b. ground nut cake 2 221b, . = 1:31b.

146 1b. 16 1b.

Such a ration would contain about 30 Ib. of dry matter
which is 2 or 3 Ib. more than most 13 ewt. animals would eat.
Consequently they would probably reject some of their straw,
which is the least palatable constituent of their ration, and
in this case a corresponding amount of the more expensive
roots and cake would be used for maintenance. Consequently
less would be left for production and the live weight increase
would fall correspondingly short of 2 lb. per day. To main-
tain the rate of increase of such animals it would be neces-
sary to reduce the straw and to give more cake, an expensive
practice only justifiable in the case of animals in preparation
for the show yard.

Summarising this chapter, the method of rationing fatten-
ing cattle in the winter is as follows :—

Ascertain the weight of the animals.

From the maintenance curve find their maintenance re-
quirements.

Caleulate the weight of coarse fodder required to provide
for maintenance,

Decide what result you wish to produce in terms of live
weight inerease per day,




TABLE IL—FEEDING STUFFS FOR STORE AND FAT
CATTLE AND SHEEP.
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Estimate the number of Calories in this increase from
Armsby’s figures according to the age and condition of your
animals.

Calculate the weight of starch equivalent required to pro-
duce such a number of Calories.

Caleulate the weight of home grown fodder, usually roots,
required to provide this weight of starch equivalent.

Check the weight of digestible protein in the ration of
coarse fodder and roots.

Estimate how much concentrated food, such as cake or
meal, 1s required to make up any deficiency.

Reduce the root ration according to the amount of starch
equivalent contained in the cake or meal,

Write down the ration and check it once more, and if
necessary malke final adjustments.

The necessary information as to the composition of the
various feeding stuffs can be found in Table II. and
Diagram IIL., pp. 174 and 175.

This method of rationing leaves much scope for indi-
vidual judgment and skill, for instance in judging the weight
and condition of the animals, in deciding on the most con-
venient method of handling the feeding stuffs, in selecting
the particular cakes and meals to be used to supplement the
coarse fodder and roots and in many other details. The
rations worked out in this way will be found to differ
maferially in one respect from those in general use among
araziers, namely in that they contain far less cake and meal.

The general tendency to use excessive amounts of these
expensive feeding stuffs is a legacy from the days of the old
Wolff standard rations, which were later admitted by Wolft
himself to contain excessive amounts of protein. Wolff's
rations in turn were a legacy of the old view that fat could
only be formed from fat or protein. This was completely
necatived more than 50 years ago by Lawes and Gilbert at
Rothamsted, who showed that the chief source of fat in the
animal body was carbohydrate.



CHAPTER XX1V.

FATTENING CATTLE ON GRASS. FEEDING
STORES. FEEDING SHEEP.

In the last chapter winter fattening was discussed, and a
method was suggested for computing rations,

FaMloning Many animals are, however, fattened in the
Pasture. summer on grass, in which ecase they ration

themselves, N evertheless, the nutrition of
animals on grass cannot be passed over without comment,
The total weight of dry matter which a steer ill eat is in
practice limited by the capacity of his paunch, and is fairly
well known from winter feeding trials. It can be found by
inspection of the average consumption curve in Diagram IIL.,
p- 175. The type of animal usually chosen for fattening on
grass 1s the three-year-old steer weighing about 10 ewt.
Such an animal on winter rations will eat 24 Ib. per day of
dry matter, Presumably it will eat the same amount when
on grass in the summer,

The composition of the dry matter of grass, for instance, of
the best quality of meadow hay is per 100 1b. 45 1b. of starch
equivalent and 10 Ib, of digestible protein. No exact figures
are available for the composition of grass as grazed by
animals, but we know that on well managed grazings the
grass 1s never allowed to grow long, and the animals conse.
quently feed all the time on young new growth. We know
also that the younger the grass the higher its digestibility,
and the higher consequently the starch equivalent. No serious
error is likely to arise if we assume that the dry matter of

A. NUT, 177 12
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high class pasture as grazed contains 50 per cent. of starch
equivalent and 10 per cent. of digestible protein. Another
characteristic, and perhaps the most important one, of high
class pasture is the denseness of the herbage. So many
blades are produced per square inch that an animal on such
a pasture can fill himself with a minimum of walking about
in search of food. He need not, therefore, lead a more active
life than a steer fattening in an open yard in the winter.

Assuming that the animal under discussion weighs 10 ewt.,
his needs for maintenance will be 6-5 lb. of starch equivalent
(Diagram III.,p.175). He will eat 24 1b. of dry matter, which
will contain 2-4 1b. of digestible protein and 12 1b. of starch
equivalent.  Subtracting the 65 Ib. of starch equivalent
required for maintenance, 5'5 1b. will be left for production.
This corresponds to 55 x 1,071 or 5,890 Calories of net
energy, enough to produce 5,890 = 3,250 = 1'8 Ib. of live
welzht Increase.

Good pasture is so very palatable to animals that in many
cases they will eat the small extra quantity necessary to make
the daily increase up to the normal 2 lb. per day or even
rather more. In the case of first class pastures, therefore,
there is no need to supplement the pasture with cake or
corn,

In poorer pastures this is not the case. The herbage being
less dense, the animals are compelled to cover
much more ground in order to fill themselves,
and a considerable proportion of the net energy
of the grass they eat is therefore transformed into the muscu-
lar work of walking, which reduces the proportion left for
transformation into increased weight. Again, the starch
equivalent of the dry matter of poor pasture grass is relatively
small, probably only 40 per cent instead of 50 per cent. Its
protein content is also much lower, probably only 5 per cent.
instead of 10 per cent. This will certainly be the case if the
grazing is badly managed and the grass allowed to grow long

nd fibrous before the animals eat it.

Fattening on
Poor Pasture.
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To provide the 65 Ib, starch equivalent required for
maintenance, 100 x 65 = 40, or 16 1b. of dry matter will be
required. This will leave only 8 1b. of dry matter for pro-
duction. Assuming that the muscular effort of walking in
search of food uses up 2 1b, only 6 Ib. will remain for
production of increased weight. This will produce a daily
increase of only 6 x 40 = 100 x 1,071 — 3,250 = ‘8 1b.
For store animals such an increase is often allowable though
not satisfactory. For fattening animals it would be quite
useless.

To produce satisfactory fattening on such a pasture, it would
be necessary to supplement the pasture with some kind of
cake or meal. Assuming the dry matter of such a pasture
to contain 5 per cent. of digestible protein, the 24 1b. eaten
per day would supply 12 b, The protein deficiency is
therefore quite small, and the supplement needed for fatten-
ing is chiefly starch equivalent. The provision of a supplement
will reduce the need for walking, and consequently the extra
consumption of net energy for muscular exercise will practi-
cally disappear.

To produce 2 1b, of live weight increase per day containing
an average of 3,250 Calories per 1b. will require 6 Ib. of starch
equivalent. For a 10 ewt. animal the maintenance ration
requires 65 Ib. The total requirements will therefore be
12:5 1b. of starch equivalent. Since the protein deficiency is
small, it is not necessary to use a supplement very rich in
that constituent. Palm nut kernel cake containing 17 per
cent. of digestible protein and 75 per cent. of starch equiva-
lent would be suitable, and is usually cheap. It might be
wixed with an equal weight of maize containing 7 per cent,
of digestible protein and 81 per cent. of starch equivalent.
The mixture would then contain 12 per cent. of digestible
protein and 78 per cent. of starch equivalent,

The problem now is to caleulate how much of the” dry
matter of the pasture containing 40 per cent. of starch
equivalent it will be necessary to replace by the palm kernel
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cake—maize mixture to give a ration containing 12'5 of
starch equivalent in the 24 1b. which the animal will eat.

81b. of the mixture supply 8 x *78 = 6:24 lb, starch equivalent.
161b. of grass dry matter  ,, 16 x 40 = 6-41b. - i
24 1b. 1264 1b, o i3
The ration would then contain :—
8 1b. mixture containing 12 per cent. dig. protein = *961b.
16 1b. grass dry matter e 5 e = = = 80 1b.
176 1b.

This ration would produce satisfactory increase at the
rate of something like 21b. per day, but the
cost of 81b. per day of cake and corn would
probably be excessive. The lesson is that
fattening cattle on poor pasture is very expensive. This is
the reason why poor pasture is generally used for raising
young store animals which it will maintain at the slow rate
of growth of about 2lb. per head per day. This is the
) method usually employed in raising many of
?ﬁ:r‘;ﬂiﬂ or.  the store cattle produced in the United King-
dom. The rest are wintered in yards on a

ration of roots, hay, and straw which works out thus:—

Stores on
Pasture.

Ration—
Dry Matter  Starch Dig.
1b. Equiv. lb.  Protein lb.
7 1b. poor hay containing ¥ 1-3 24
7 1b. oat straw - G 1-3 07
20 1b. swedes ” 21 1'5 22
142 4-1 '3

The protein requirement of such young stores weighing
5 ewt. is about 11b. per day of digestible protein if they are
to make normal growth. 'Their maintenance requirement is
35 1b. of starch equivalent per day. Such a ration leaves



FEEDING STORES. FEEDING SHEEP. 181

therefore only 41 — 35 =61b. of starch equivalent for
production of increased weight. This would supply only
‘6 x 1,071 Calories = 646 Calories of nett energy, which
would provide for 646 = 2,500 or }1lb. increase per day.
The ration could be improved either by giving better quality
hay, or more hay and less straw, or by supplementing 1t
with say 2 1b. per day of linseed or other cake.
In the latter case the ration would work out thus:—

Dry matter  Starch Dig. -

1b. Equiv. Ib.  Protein 1b.
7 1b. poor hay containing 6 1-3 24
6 1b. oat straw g 5] 1-3 07
20 1b. swedes s 21 15 22
2 Ib. linseed cake |, 12 1:5 50
15 56 1-03

Such a ration would supply 56 — 3:5 = 2:11b. of starch
equivalent for production of increased weight, which would
produce a daily increase of just under 1 Ib. The ration
could still be improved by using better quality hay.

The general principles of the winter feeding of sheep are
practically the same as those already discussed
in the case of cattle. There are, however, dif-
ferences in detail which demand some difference
in the method of working out rations. For instance, the
common practice in winter mutton production is to fold the
sheep on swedes or some similar crop which they consume
practically ad libitum. Under these conditions a sheep of
about 100 1b. to 1201b. live weight will consume 100 Ib. of
roots per week. When the root erop is poor, root consump-
tion is limited by moving the fold at longer intervals in
which case the other constituents of the ration must be
mereased correspondingly.

A normal ration for sheep weighing 100 1b,, stated per week
to avoid fractions is :—

Fattening
Sheep.
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Dry matter  Starch Dig.
1b, Equiv. 1b.  Protein lb.
o Ib. hay containing 41 L5 25
51b. cake mixture ,, 41 37 105
100 1b. swedes = 111 73 : i |
20 12-5 260

The maintenance requirement of a 100 Ib. sheep per week
1s 51 1b. of starch equivalent and not more than -51b. of
digestible protein. The above ration contains more protein
than is necessary even for a fattening ration. It supplies too
12:5 — 51 or 741b. of starch equivalent for production,
which is capable of producing in average animals an increase
of 2'41b. per week or just over 5 oz. per day. The 201b. of
dry matter per week or 31lb. per day is just about as much
as a 100 Ib. sheep will eat. The ration is a good ration
except that it supplies too much protein. As in the case of
fattening cattle, there is an almost universal tendeney among

farmers to overdo the protein in the ration of

Eﬁr ;’]f fattening animals, especially sheep. It may
uc : . # %
fecie well be that this excessive consumption of

protein is the cause of many of the sudden
deaths among sheep folded on roots in the winter. The
waste produets of protein consumption are excreted by the
kidneys. The extra work thrown on the kidneys by excessive
protein consumption may cause a serious derangement which
results in sudden death. In the absence, however, of accurate
knowledge on the subject it is unwise to dogmatise. The
following sugeestions are directed to the question of reducing
the nitrogen in the ration:—

Without the eake mixture, the ration supplies 8:81b. of
starch equivalent and 1:35 1b. of digestible protem. The
cake mixture was calculated to contain 37 Ib. of starch
equivalent and 1-25 Ib. of digestible protein. The ration
supplied about the correct quantity of starch equivalent but
‘85 Ib. more protein than the sheep required. What is re-
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quired, therefore, is a cake mixture capable of supplying 3-7 Ib.
of starch equivalent and only 1:25 — -85, or *41b. of diges-
tible protein, a ratio of 9 parts of starch equivalent to 1 part
of digestible protein. The cereals approximate most nearly to
this ratio. In barley the ratio of starch equivalent to digestible
protein is 11 to 1, in maize 10 to 1, in oats 7} to 1, and in
wheat 7 to 1. Barley or maize would be suitable for most
of the mixture, and linseed cake or decorticated cotton cake
might be the other constituents.

A mixture of 10 parts of barley or maize with 1 part of
linseed cake or decorticated cotton cake would have approxi-
mately the correct composition. Of the linseed cake mixture,
5 1b. per week, of the cotton cake mixture 4 1b. per week
would provide the necessary 4 lb. of digestible protein, and
about 31 lb. of starch equivalent. The ration would then
be :—

Per head per week for 100 Ib. sheep.

100 1Ib. roots.
o Ib, hay.
5 b, mixture of linseed cake 1 part, barley or maize
10 parts.
or 4 lb. mixture of decorticated cotton cake 1 part, barley
or maize 10 parts.

Such a ration is quite in aecord with the most recent
measurements of the protein requirements of the sheep, and
it 1s believed that sheep would malke very satisfactory in-
creases on it, and that they would keep healthy. It is at
present, however, without the sanction of extended successful
practice in this country, and might well be made the subject
of feeding trials.

Having access to unlimited roots, the sheep will adjust
their ration according to their size, and there is, therefore,
not the same need to vary the ration according to the live
weights of the animals, as was the case with eattle confined in
yards or boxes when every constituent of the ration was
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limited. Nor is there any reason to increase the protein
supply as the sheep increase in weight, for it appears that the
protein needs of the sheep do not increase after they reach
100 1Ib. live weight.

One more point needs discussion, the effect of the low
external temperature and of the consumption
of the cold swedes on the maintenance require-
ments of the sheep. There are no measure-
ments of the effect of a fall of temperature on the maintenance
ration of sheep, but as the sheep is so much better clothed
with wool than the pig, it is unlikely that the sheep would be
more affected than the pig. The Cambridge measurements
showed that the maintenance requirements of the pig increased
at the rate of 5 per cent. of the requirement at 20° C. for
a fall of 1°C. The normal requirement of the sheep is 51 1b.
starch equivalent per weel, which corresponds to 51 x 1,071
or 5,462 Calories.

The normal ration pmvidpq 12:5 Ib. starch equivalent in
the form of 100 Ib. roots, 5 1b. hay, and 5 1b. cake and corn,
The metabolisable energy of this ration is 15 5 1b. reckoned as
starch. Therefore, in the processes of digestion and absorp-
tion 155 —12:5 = 3 1b. of starch would be converted into
heat, which could not be used for physiological purposes.
Since 1 1b. of starch produces in the animal 1,707 Calories,
this 3 1b. of starch would produce 5,121 Calories, which could
be used to keep up the body temperature. But the 100 Ib. of
roots would contain 83 Ib. of water or 40 kilograms. Assum-
ing that this is eaten at an average temperature of 4° C., it
will be warmed through 36” C. to the body temperature of
40° €. This will require 40 x 36 =1 440 Calories. Sub-
tracting this from the above 5,121 calories, 5,121 — 1,440 or
3,681 Calories will be left to assist to maintain the body
temperature. This is 3,681 X 100 + 5,462 = 67 per cent. of
the normal maintenance ration, and at 5 per cent. per degree
it will neutralise a fall of temperature of 13 C. If the
normal maintenance ration was measured at 18° C., there

Effect of
Cold.
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will, therefore, be no need to increase it unless the temperature
falls below 18 — 13 = 5" C. The rate of increase produced
by a normal ration should, therefore, not fall off unless the
temperature falls below 5° C. or 41° F., which of course it
does in really cold weather,

Summarising the above discussion, 1t appears that if
fattening sheep of about 100 Ib. live weight are to make
satisfactory progress, they should be allowed access to a ration
containing per week 121 1b. of starch equivalent and 12 Ib. of
digestible protein, which should not bulk to more than 20 lb.
of dry matter—the limit of the capacity of the digestive
organs of sheep of this class. Of this ration the hay and
cake and corn are usually fixed in amount, and the sheep are
allowed to adjust their consumption to their requirements by
giving them access to unlimited roots.

Towards the end of the period of fattening, the increase in
live weight contains more fat and consequently more Calories
per Ib. To maintain the rate of increase, more Calories must
be consumed. The capacity of the digestive organs limits
the consumption of bullky materials such as roots and hay.
The sheep should, therefore, be given more concentrated food,
cereal grains or meal being the most suitable,



CHAPTER XXV.

RATIONS FOR MILCH COWS.

In the preceding chapters an attempt has been made to
adjust rations for various kinds of animals so that within
limits they may produece the desired result. This method of
rationing has not been used in the practice of feeding for
beef or mutton. It has, however, been for some time the
accepted practice among the more advanced milk producers,
and i1s widely sanctioned by good practical results. As
generally practised, the method consists in first computing a
maintenance ration according to the weight of the cow, and
then supplementing the maintenance ration in proportion to
her yield of milk, and, as a further refinement, according to
its composition.

The maintenance ration of a cow will be the same as the
maintenance ration of a steer of the same
weight, and can be found by inspection of
Diagram IV., p. 197. Fora 10 ewt. cow it will
be about 6,500 Cal. of net energy, or 6} lb. of starch equi-
valent, including about -7 1b. of digestible protein.

Many investigations have been carried out with the object
of ascertaining the amount of food required to
produce 1 gallon of milk. The essential con-
clusions of these investigations are given

Maintenance
Ration.

Ration per
Gallon of Milk.

helow.
A gallon of average milk, containing 3} per cent. of butter
186
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fat, if dried and burned in a bomb calorimeter, would give
out about 3,000 Calories. If 1 Ib. of starch equivalent
produces 1,071 Cals. in the form of milk, as it is known to
do in the form of live weight increase, then 1 gallon of milk
would require 3,000 < 1071, or 2'8 Ib. of starch equivalent
for its production. This 1s, however, not the case, for 1 Ib.
of starch equivalent has been found to produce more Calories
in the form of milk than it can produce in the form of live
weight increase, and this in spite of the fact that a heavy
milking cow on a correspondingly heavy ration does not
digest her food so completely as a steer.

The reason for the increased yield of Calories in milk per
Ib. of starch equivalent is not clear. It may be that the cow
is intrinsically a better converter of fodder into millk, or that
a sufficiently high value is not assigned to protein in the com-
putation of starch equivalents. Whatever the reason, the
fact remains, and has been measured, with the result that it
has been found that 1 Ib. of starch equivalent can produce
1,350 Cal. in the form of milk. On this basis 1 gallon of
milk requires for its production only 3,000 = 1,350, or 21 b,
of starch equivalent. But milk contains a high percentage
of protein, on the average about "4 1b. per gallon, There is,
however, a considerable loss in the conversion of the protein
of the food into the protein of milk, and nitrogen balance
experiments on milch cows have shown that on the average
‘6 1b. of digestible protein is required per gallon of milk
secreted in order to prevent the cow from losing nitrogen,
which, of course, means losing flesh,

With these data, namely, that the food requirement per

gallon of milk is 2} 1b. of starch equivalent,
g‘;ﬁfﬁﬁrTwn_ 111(:11}{1311;5 ‘6 1b. of digestible protein, it is
gallon Cow.  possible to proceed at once to the computation
of rations for milch cows.

It will be convenient to take as a basis the ration fora cow
vielding 2 gallons of wmilk per day, as it is hardly worth
while to weigh out an individual ration for a cow yielding
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less than this. Such a cow, weighing 10 cwt. live weight,
will require—

For maintenance ... 61 1b. starch equiv., and ‘7 1b. dig. prot.

For production of 2
- .o 4l lb. e W 5 5L

ir
o}

S

Todal o A1 19

This must be included in a ration containing about 27 1b.
of dry matter which is the limit of such a cow’s capacity for
consumption.

A typiecal ration for a 10 ewt. cow, yielding 2 gallons of

milk per day, would be :—
Dry Starch Diges.
Matter.  Equiv. Protein.

1b. 1b. 1b.

20 1b. hay containing ... 17 60 10

40 1b. mangolds containing 4-3 2-2 3
3 1b. bran containing ... 2:6 1-35 32
2 1b. palm kernel cake ... 2-8 15 34
Total 267 11-05 1:96

This ration might be modified in a great variety of ways
according to the feeding stuffs available. For

g:l?:;‘fg the  jnstance, the 2 Ib. of palm kernel cake might
be replaced by 3 1b. of erushed oats. The

bran might be replaced by an equal weight of cotton cake,
or both the bran and the palm kernel cake by an equal
weight of a half and half mixture of cotton cake and coconut
cake. Some of the hay might be replaced by straw, in which
case the deficiency of protein in the straw should be made
good by replacing the bran by a feeding stuff rich in protein,
as, for instance, decorticated cotton cake or ground nut calke,
The roots might be increased at the expense of the hay, in
which case also the concentrates should be richer in protein

than are bran and palm kernel cake. Whatever replace-
ments are made, the ration should be adjusted to contain
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about 27 1b. of dry matter, about 11 Ib. of starch equivalent,
and just under 2 1b. of digestible protein.

On such a ration a cow yielding 2 gallons of milk per
day will maintain her weight. If the ration is
continued as she dries off and until she calves
again, she will store fat and protein in her own
body and that of her calf.

The amounts of protein and fat stored in the calf are com-
paratively small. A newly-born calf of the average weight
of 90 Ib. contains 18 Ib. of protein and about 40,000 Calories,
which corresponds to a rate of growth during the period of
gestation of about 1 oz. of protein and 140 Calories per day.

For cows yielding over 2 gallons of milk per day, it is

_ necessary to add to the above ration 2% 1b. of
E:fll:; P ve Starch equivalent, including *6 1b. of digestible
Two Gallons. protein for each extra gallon, Since the

standard 2.gallon ration given above contains
about 27 Ib. of dry matter, which is about the limit of a
10-cwt. cow’s capacity for bulk, it is necessary to give the
extra productive ration in a very concentrated form, or the
cow will not be able to find room in her digestive organs for
the whole ration, and will reject part of the constituent
which she finds least palatable, probably the hay or straw.

The most concentrated feeding stuffs are the oil seed
- residues, the cereals, and certain industrial by-
Mitirres. produects, such as gluten feed and gluten meal.

Of these the only one which is of exactly the
right composition to be used alone is gluten feed, which
contains 20 per cent. of digestible protein, and 75 per cent.
of starch equivalent. Consequently 3 1b. of this feeding
stuff will supply exactly 21 lb. of starch equivalent and
‘6 1b. of digestible protein, and will, therefore, suffice for the
production of 1 gallon of milk.

It is impossible, however, to adopt this as a general
standard productive ration per gallon, firstly, because the
quantity of it on the market is limited, and, secondly,

Feeding Dry
Cows.
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because it is made from maize, and maize proteins are not
very good. In general it will be necessary to use a mixture
of oil seed products and cereals so adjusted that it may
contain 20 per cent, of digestible protein, and 75 per cent. of
starch equivalent.

Such mixtures are :—

I. 3 parts maize,

2 parts ground nut cake (decorticated).
II. 1 part maize,

2 parts oats,

2 parts decorticated cotton cake.
III. 6 parts palm kernel cake,

1 part ground nut cake (decorticated).
IV. 4 parts palm kernel cake,

1 part decorticated cotton calke.

Each of these mixtures contains approximately 20 per cent.
of digestible protein and 75 per cent. of starch equivalent,
and should, therefore, be used at the rate of 3 Ib. per gallon
of milk secreted above 2 gallons per day, of course as a
supplement to the standard ration,

For cows of varying weight, it is necessary to alter the

basal ration according to the weight. Usually

Cows of the concentrated part of the ration and the
Varying Ll =
Weight. roots are kept constant, and the coarse fodder

altered in accordance with the maintenance
curve, Diagram IV, p. 197. Thus a ration for a large cow
weighing 12 cwt., and yielding per day 4 gallons of mlk
would be—

Dry Starch Diges.
Matter. Equiv. Protein.
],h-. ”:I. lb.
22 Ib. hay ... ... 19 67 12
40 1b. mangolds e 403 22 '3
3 1b. bran ... T 1-35 ‘32
2 1b. palm kernel cake e BB 1'5 34

287 |, 1175 - 216
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For extra 2 gals,, 6 1b. cake
mixture .., oyl 45 1-2

Total ration ... R L | 16:25 336

Heavy milking cows usually have good appetites, but in
many cases 1t would happen that 34 1b. of dry matter would
be more than they would eat. For this reason the ration
might be modified by replacing some of the hay by an extra
allowance of roots in proportion to their starch equivalent.
Thus, to replace 8 1b. of hay by roots: the starch equivalent
of hay per 100 1b. is 31. Therefore 8 1Ib. of hay contain
248 1b. of starch equivalent. The starch equivalent of
mangolds per 100 1b. 1s 55. Therefore 2:43 1b. of starch
equivalent is contained in 45 1b. of mangolds, which is the
weight of mangolds which should replace 8 1b. of hay.

The ration would then be :—

Dry Starch Diges.
Matter. Equiv. Protein.
1b. 1b. 1h.
14 1b. hay ... s T 42 '8
89 1b. mangolds el 47 "G4
3 1b. bran ivs 26 1-35 32
3 1b. palm kernel cake 5 s 15 ‘34
260 11-75 2'1
For extra 2 gallons, 6 1b. cake
mixture e O 45 1:2
319 16-25 33

The replacement of part of the hay by roots has decreased
the dry matter of the ration by over 2 Ib., which will bring
the total ration within the appetite of so large a cow. A
further decrease could be made by replacing the bran by
2 1b. of a more concentrated feeding stuff, such, for instance,
as one of the cake mixtures, or by further decreasing the hay
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by replacing it with cake mixture. The problem in feeding
heavy milking cows is to get suflicient protein and starch
equivalent in a ration which is within their appetite. It is
simplified, however, by the fact that in most cases heavy

milkers have large appetites.
In computing the rations given above, the standard ration
adopted—22% 1b. starch equivalent and -6 lb.

Varying digestible protein per gallon—is based on the
Composition _ ; :
of Milk. food requirements per gallon of average milk

containing 3'5 per cent. of butter fat. If the
milk varies in composition, the ration per gallon will also
vary as shown below :—

Butter Fat Ration per Gallon.

in Milk, Starch Equiv.  Dig. Protein. Cake Mixture.

per cent. 1b. 1b. 1b.
" 1-75 46 2-33
3U 2-0 ‘03 2:67
3D 2:25 6 300
40 25 67 333
45 2:75 73 367
50 30 8 4:00

The method of rationing milch cows deseribed above
implies individual rationing, and this implies

Milk a definite knowledge of the live weight and
?;;;E%Tﬁ and pilk yield of each cow. It must, therefore, go
Feeding. hand in hand with milk recording. It also

involves additional labour and constant super-
vision. The labour can be much reduced by giving a general
basal ration adjusted as above according to the average live
weight of the herd. A measure is then made to hold the
weizght of cake mixture required for one extra gallon. The
yield of each cow is chalked up over her manger, and she is
given one or more measures of cake mixture according to her
milk yield. This is usually quite good enough for practical



RATIONS FOR MILCH COWS, 193

purposes, and will lead to considerable economy in the cost
of food.

The alternative method of giving all cows the same ration,
often without relation even to the average milk yield of the
herd, will cause the poor milkers to get unduly fat, and the
good milkers to lose flesh, with great detriment to the milk
yield in each case, and a correspondingly increased cost of
food per gallon of milk.

Finally, it must not be forgotten that the capacity for

yielding milk is an inherent character of each
kg individual cow, and cannot be appreciably

eeding on 3 5 =

Milk Vield. increased by feeding, though it can be de-

creased by deficient feeding. To overfeed a
poor milker simply results in her getting unduly fat, and is
most uneconomical. Within the limits of good practice the
average composition of the milk of an individual cow is also
an inherent character, and is capable of but slight alteration
by feeding unless the ration is so unsuitable as to derange
her normal health, as, for instance, by causing scouring.

The system of rationing described above does not by any

means replace the individual skill of the milk
g:;‘i‘ ifr?r producer. He still requires to exercise great
Management. Judgment in purchasing or breeding animals of

good inherent milking eapacity, in watching
the condition of his cows, and the completeness with which
they take their ration, adjusting it if necessary as his judg-
ment indicates. He should endeavour to acquire a wide
knowledge of many of the properties of feeding stuffs
which cannot be described in print or measured in terms of
Calories or starch equivalents. Thus, for instance, all eruci-
ferous crops—swedes, turnips, cabbages, kale, etc.—tend to
give to milk, and especially to butter, an acrid favour,
which can be mitigated by feeding them after rather than
before milking. Cotton cake tends to prevent the scouring
which sometimes results from the consumption of a heavy
root ration. Linseed cake produces soft butter, cotton cake

A. NUT, 13
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hard butter. Barley is said to have a very bad effect on the
yield of milk. Many such points as these will be acquired
by constant observation.

Cows, as a rule, spend the summer at grass, and it is,
therefore, desirable to discuss their nutrition
at this period. Referring back to Chapter
XXIV., p. 178, where the nutrition of fatten-
ing steers on grass was discussed, it was estimated that on
good pasture well managed the dry matter of the herbage as
eaten would contain 50 per cent. of starch equivalent and
10 per cent. of digestible protein. A deep milking cow,
weighing, say, 12 ewt., would eat per day an amount of such
herbage which would contain 30 1b. of dry matter. This
amount of dry matter would supply her with 15 lb. of starch
equivalent and 3 1b. of digestible protein, which is approxi-
mately the ration for a 12 cwt. cow giving 4 gallons of milk
per day. The great palatability of such herbage would
probably induce her to eat even more than 30 lb. of dry
matter, in which case it would certainly provide an abun-
dant ration. Even heavy milkers, therefore, require mno
extra food when they are on good well managed pasture.

If, however, the pasture is poor by nature, or if is badly
managed, and allowed to grow long and benty,
or if for any other reason its quality falls off,
as 1s often the case towards August and Sep-
tember, the case is very different. Under these circum-
stances the dry matter of the pasture may well contain only
30 per cent. of starch equivalent and 5 per cent. of digestible
protein. The 30 1b. of dry matter consumed by a cow per
day would in this case yield only 9 1b. of starch equivalent
and 1'5 1b. of digestible protein. Subtracting the mainte-
nance ration of a 12 cwt. cow, which is approximately 7 lb.
of starch equivalent and ‘8 Ib. of digestible protein, the
remaining 2 1b. of starch equivalent and ‘7 1b. of digestible
protein is barely sufficient for the production of 1 gallon of
milk,

Cows on Good
Pastures.

Cows on Poor
Pasture.



RATIONS FOR MILCH COWS, 195

Pastures, however, seldom become as poor as this. A
more usual condition would be that the dry matter of the
pasture as eaten would contain 40 per cent. of starch equiva-
lent and 7 per cent. of digestible protein, which corresponds
to a daily consumption per cow of about 12 lb. of starch
equivalent and 2'1 1b. of digestible protein. After subtract-
ing maintenance requirements there would remain 5 1b. of
starch equivalent and 1-3 Ib. of digestible protein, which would
suffice for the production of 2 gallons of milk. This is a
frequent oceurrence in the late summer and autumn, when it
often happens that a supplement is necessary for cows yield-
ing more than 2 gallons per day. At this time of the year
the cows should be watched carefully. If the heavier
milkers show signs of losing flesh they should be given a
cake mixture such as mentioned on p. 190, at the rate of 3 1b.
per gallon for each gallon they yield above 2 gallons per day.

If this is not done, loss of flesh is soon followed by
decreased milk yield, and when once the yield has fallen it is
difficult to restore it.
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TABLE III.—FEEDING STUFFS FOR MILCH COWS.

,._‘}.‘a

g | 2 g %
8: | 28 5| % ==
22 | 2y |27 | = il =
ﬂ § ‘% ;i E; E E s E’f Remarks,
z Zz | 2§
Kahl Rabi ... i gy b | 33 | 11 ! szt 1
Mangolds — White- |
fleshed Globe ... 107 TNEE 3E 1 =
Potatoes . | 238 11 | 17-8 | 16 -
Swedes b 1145 1+1 ‘ 13 | s
Cabbage — " Drum- .
hea . J11o0] 11| 66| 8 el
Kale .. 148 | 18 88 D s
bIlage—Dat and | ‘
Tare sad 300 28 | 116 51 ol
Hay—{:nad 840 | 92 | 404 | 5 e
,s —Poor .. 857 34 | 186 | 11 oo
Straw—0at ... 860 10 | 170 | 39 s
,» —Barley 860 8 | 195 | 52 =
Maize 87 7'1 | 814 | 11 13
Oats . 86G-7 80 [ 595 | 7 13
Beans 857 | 201 | 658 | 25 | 32 |
Coconut Cﬂ.kﬁ .. | 886 | 162 | 791 4 30 |
Cotton Cake, Egyp- | | | |
tian B79 | 176 |41'8 | 2 | 34 |
Cotton Cake, Decor- , !
ticated ... .| 902 | 346 | 907 | 12 | 54 |
Ground Nut ane ' | |
Decorticated ... 897 | 420 | 730 8 55 |
Ground Nut Cake, | |
Undecorticated ... 897 | 277 | 56'8 14 35
Linseed Cake 888 | 253 | 740 | 2 ‘ 38
Maize Germ Meal ... | 89:3 | 104 | 853 T 20
Palm Kernel Cake... 890 | 171 749 4 | 23
Maize Gluten Feed | 896 | 200 | 756 3 27
Maize Gluten Meal 909 | 306 815 2 | 43
Wheat — Middlings | 870 | 135 700 | 435 | 22
Wheat Bran ; 864 | 106 450 B 26
Pasture—Very gﬂud 25 25 |11256 | § | —
s» —Average... | 25 1-87| 100 B o=
sy —Poor 125 76 | T | —_
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A cow requires for maintenance *6 to '8 lb. of digestible protein
per day according to size.
2 1b. starch equivalent, including 6 1b. of digestible protein,

Diacram 1IV.

Production of 1 gallon of milk requires



CHAPTER XXVI.

FEEDING HORSES FOR WORK PRODUCTION.

The earlier investigators of the physiology of work pro-
duction adopted the assumption that since
work was done by the contraction of the
muscles, and since the muscles were composed
essentially of protein and water, protein must be the source
of muscular energy, and consequently of work. These early
investigators experimented with carnivorous animals such as
dogs, whose diet consists mainly of protein, and their method
of investigation was to estimate the nitrogen excreted in the
urine during periods of rest and work. Under these con-
ditions they almost invariably found that the performance of
work increased the excretion of urinary nitrogen. Since the
nitrogen in the urine is a measure of the rate of decomposi-
tion of protein in the body, they naturally concluded that
the increased decomposition of protein was the source of the
energy required for the performance of the work.
As these experiments were repeated from time to time,
certain investigators, notably Fick and Wis-
Protein not  Jjcenus, obtained results which were at variance
Sole Source i . .
of Muscular  With this theory. These two experimenters,
Energy. after abstaining from food containing protein
for some time, climbed the Faulhorn, a moun-
tain over 6,000 feet high, and estimated the nitrogen in
their urine during the six hours occupied in climbing and
the subsequent seven hours rest. They found no appreciably
increased exeretion of mitrogen during the climbing period,
198

Early
Views.
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and in addition to this the number of foot pounds of work
done i lifting their bodies to the height of the mountain
corresponded to about three times as many Calories as could
have been produced by the oxidation of the whole of the
protein decomposed during the period as measured by the
excretion of nitrogen in their urine. This was generally
accepted as proving that protein was not the only source of
muscular energy.

It was Kellner's experiments with the horse which finally

cleared up the question. Kellner estimated
Carbohydrate the nitrogen excreted per day by a horse doing
E?ﬁif:;ﬁe variable amounts of work, and at the same
Energy. time found the animal’s live weight by weigh-

ing. He found that the performance of a
small amount of work neither increased the excretion of
nitrogen nor diminished the live weight. A large amount of
work, however, decreased the live weight of the horse and
increased the excretion of nitrogen. A large amount of work
was, however, performed by the horse without loss of live
welght or increase in nitrogen exeretion if a certain quantity
of starch was added to his ration.

Kellner interpreted these results to mean that work is
done preferably at the expense of the non-protein constituents
of the body. If the work is increased so much that these
constituents do not supply energy enough for its performance,
then the animal is compelled to decompose the protein of its
muscles ; its live weight consequently falls and its excretion
of nitrogen increases. If more non-protein is provided by
adding starch to the ration, this is used in preference to pro-
tein, there is no increased excretion of nitrogen and the live
weight remains constant.

This explanation of Kellner's reconciled the divergent
results of former investigators. On examination in the light
of Kellner's work it appeared that those investigators who
had found increased nitrogen exeretion as a rvesult of work
had used rations deficient in non-nitrogenous constituents so
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that their animals had been compelled to decompose protein
to provide the necessary energy. On the other hand, when-
ever a sufficiency of non-nitrogenous constituents had been
used no increase in nitrogenous excretion had resulted from
the performance of work. From this time onwards 1t has
been generally accepted that work is done at the expense of
the non-nitrogenous constituents of the body—the carbo-
hydrates and fats—which as they are exhausted are replaced
by the carbohydrates and fats of the diet, and that protein is
only decomposed for the production of energy for muscular
work when carbohydrates and fats are not available,

More recent investigators have studied the relation between

the consumption of protein, fat, and carbo-
‘R;fit hydrate, and the amount of muscular work

performed, by the much more direct method of
measuring the volume of carbon dioxide expired in the
breath and the volume of oxygen used during periods of rest
and work,

Before this method can be fully understood it is necessary
to examine shortly the oxidation of the various
food constituents. A typical carbohydrate, for
instance grape sugar, is oxidised according to
the equation:—C H, 0O, + 60,=6H,0 4+ 6C0O,. Six mole-
cules of oxygen are used in the production of six molecules
of carbon dioxide, and since equal volumes of all gases at
the same temperature and pressure contain the same number
of molecules, the volume of oxygen used is the same as the
volume of carbon dioxide produced. The ratio of the volume
of carbon dioxide produced to the volume of oxygen con-
sumed is therefore 1. This ratio is known as the respira-
tory quotient. It is 1 in the case of all carbohydrates,
since they all contain just enough oxygen to oxidise all their
hydrogen, and on oxidation only consume enough oxygen to
oxidise their carbon.

A typical fat, for instance tristearin, is oxidised thus:—
(C,,H,,C0,),C.H, + 8150, = 55H,0 + 57C0,. The respira-

Respiratory
Quotient.
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57
815
write an equation for the oxidation of protein because its
formula is not known, but from its average percentage com-
position, after allowing for the incompletely oxidised com-
pounds excreted in the urine, 1t is estimated that its average
respiratory quotient is approximately '8, though the exact
figure will vary somewhat according to the nature of the
nitrogenous excreta.

The following table takes into account the variations in
respiratory quotient and provides figures from which the
heat production can be calculated if the oxygen consumption
1s known.

Calories produced per litre of oxygen consumed—

tory quotient will therefore be = 7. Itisimpossible to

| Respiratory i

|
|  Quotient. | 0 E o o0 ‘ 3 4 5 ! & | 7 I 8 0 ‘
| ' -
; | J | |
b 4689 | 4-64) | 4702 | 4-714 | 4727 | 4739 | 4-75% | 4-754 | 4776 | 4*T8BO |
'8 4801 | 4813 | 4°825 | 4888 | 4850 | 4 863 | 4875 | 4887 | 4-900 | 4-912 |
0 4024 | 4°086 | 4048 | 4060 | 47078 | 4*085 [ 4°007 | 5010 | 51022 | 5-034
10 a0y ] |

The method of experimenting 1s as follows :—By a suitable
arrangement, to be described later, the volume

%:ﬂxn:‘::i?nental of oxygen consumed and the volume of carbon
Method. dioxide produced during a measured time are

accurately measured. The volume of carbon
dioxide divided by the volume of oxygen gives the respiratory
quotient. The above table is then consulted to find the heat
production per litre of oxygen, and this figure multiplied
by the volume of oxygen consumed gives the heat produc-
tion in the measured time.

This method of experimenting is known as indirect calori-
TH L metry, because it gives by an indirect method
Calorimetry. the rate of production of heat in the body. It

has been compared with direct calorimetry,
where the animal is confined in a calorimeter, as described in
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Chapter XXI. The direct and indirect methods have been
found to give identical results. The indirect method possesses
many advantages for the measurement of the heat required
for muscular work, because it can be used for animals working
in natural conditions. It is obviously impossible for a horse,
for instance, to work normally inside a calorimeter.

The method of experimenting by indirect calorimetry with
the horse is first to perform the operation known as trache-
otomy, by means of which a tube is permanently fixed in the
trachea, or windpipe, as it is commonly called. To this tube
1s attached a rubber tube connected with an expanding air-
tight bag, which can hold several hundred litres of expired air.

The bag is fixed on the horse’s back, and at the beginning
of each experiment is completely collapsed. The rubber
connecting tube is provided with a three-way stop cock,
which, when turned one way, connects the trachea with the
open air, so that the animal does not breathe into the bag,
but when turned through one right angle connects the trachea
with the bag, which is then filled with the expired air,
When the stop cock is turned through two right angles the
bag is closed, and the animal again expires into the open air.
There is also in the connecting tube a valve which admits
the inspiration of fresh air, but directs the expired air into
the bag.

The apparatus having been fixed in position, the animal is
allowed to rest for some time. Whilst the
animal is still at rest the stop cock is turned so
that the expired air flows into the bagand kept
in this position for a time accurately measured by a stop
wateh. The stop cock 1s then turned, and the bag detached,
a small measured sample of expired air taken from it for
analysis, and the rest forced out through a gas meter so as to
ascertain its volume. In analysing the sample of air the
carbon dioxide is absorbed by potassium hydrate solution,
the decrease in volume giving the volume of carbon dioxide.
The oxygen is then absorbed by alkaline solution of

Eesting
Metabolism.
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potassium pyrogallate, the decrease in volume giving the
volume of oxygen in the measured sample. The volumes of
carbon dioxide and oxygen in the whole volume of air
expired in the measured time are then calculated. The
volumes of these gases in the inspired air are then cal-
culated from the known composition of fresh air. Com-
parison of the volumes in the inspired and expired air then
gives the volumes of oxygen consumed and carbon dioxide
produced during the experiment. From these volumes the
respiratory quotient is calculated. The table, p. 201, is then
consulted to find the number of Calories produced per litre
of oxygen at this respiratory quotient, and this figure
multiplied by the volume in litres of oxygen consumed
during the experiment gives the amount of heat produced by
the resting animal in a measured time. Dividing by the
time of the experiment in minutes the rate of heat produec-
tion per minute of the resting animal is obtained. The bag
is then again placed in position and the experiment repeated
several times in order to obtain a reliable average result.
When the experimenter is satisfied with the accuracy of
: this result, the apparatus is again adjusted and
g:::;:ﬁﬂm_ a set of experiments carried out while the
horse walks. The horse is then harnessed to a
cart or a plough, or made to perform any other kind of work.
As soon as work is proceeding steadily, a set of experiments
1s carried out as before. The average results give the rate
of heat production per minute by the horse when resting,
walking, and working. These rates of heat production ave
known as the resting metabolism, walking metabolism, and
working metabolism. By recording the time occupied in
resting, walking, and working, and multiplying each period
In minutes by its respective rate of metabolism, the sum of
the results will give the total metabolism per day in Calories,
This will be the number of Calories of net energy which
must be supplied in the horse’s daily ration. By dividing it
by 1,071, the number of Calories of mnet energy in 1 1b. of
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starch equivalent, the daily ration will be obtained in terms
of 1b. starch equivalent.

Thus, suppose that a series of experiments with an
ordinary farm horse, weighing about 13 cwt., carried out as
above show that the metabolism per minute is :—

At rest ... . 947 Cal,
Walking in- DS
Ploughing ... o 181,

Again, suppose that the average division of the horse’s
time per 24 hours is:—

At rest ... ... 8 hours
Walking ... i B
Ploughing v

Then his total net energy requirement per 24 hours will
be :—
8 hours’ resting at
3-47 Cal. per min. = 8 x 60 x 347 = 1665 Cal.
8 hours’ walking at -
6:72 Cal. per min. = 8 X 60 X 672 = 3t
8 hours’ ploughing at
13-15 Cal. per min. =8 x 60 x 1815 =6312 ,,

=

20 ,,

24 hours 11,202
This may be expressed in another way more comparable
with the method employed in the earlier chapters :—
Maintenance requirements—
24 hours at
347 Cal. per minute = 24 X 60 x 347 = 4995 Cal.
Production requirements—
16 hours’ walking at
(672 — 3:47) Cal. per min. = 16 X 60 X 3-25 = 3120 Cal.
8 hours’ ploughing at
(13:15 — 6:72) Cal. per min. = 8 x 60 x 643 = 3087 Cal.

11,202
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If it were always possible to measure the work done by a
horse, this method would form the basis of an accurate and
generally applicable system of rationing horses. In some
cases this can be done. For instance, in ploughing an acre
of land, if the average width of the furrow is 10 inches,
the horse will walk 17,424 yards. The average pull exerted
by a pair of horses in ploughing average land is about 330 1b.,
as measured by a dynamometer inserted between the horses
and the plough. The work done by each horse in ploughing
an acre is 17,424 x 165 or 2,874,960 foot-pounds.

Now the amount of heat which can be produced by the

_ expenditure of 1 foot-pound of work has been
Efficlency of  yccurately measured, and found to be *000324
Cal. Consequently 2,874,960 foot-pounds cor-
responds to 2,874,960 x ‘000324, or 922 Cal. The horse
requires food supplying 3,087 Cal. to make good the material
he oxidises in ploughing an acre. He, therefore, expends
3,087 Cal., and produces work corresponding to 932 Cal., or
the useful work produced is 32 per cent. of the Calories
expended in producing it. This percentage is called the net
efficiency, because in determining it the Calories expended by
the horse in maintenance and in walking are not taken into
account. The total Calories consumed per day by the horse
are 11,202, On this total consumption the horse performs
useful work corresponding to 932 Calories. His overall
efficiency is, therefore, 932 x 100 = 11,202, or 83 per cent.,
or about that of a first-class modern steam engine.

It should be noted that no machine is able to transform
heat into work without very great loss. The
percentage of the heat supplied to the machine
which reappears as useful work is known as
the efficiency of the machine. In the case of the horse, or
other working animal, there are two ways of calculating the
efficiency. The gross or overall efficiency is the useful work
as a percentage of the gross Calorie consumption. The net
efficiency is the useful work as a percentage of the extra

Net and Gross
Efficiency.
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Calories over and above basal requirements consumed in
producing the useful work.

The net efficiency of an animal in good working condition
when performing its accustomed task is about
33 per cent. The net efliciency varies accord-
ing to the condition of the animal, the severity
of the work, and the training which the animal has received.
In the case of an animal in poor condition doing severe work
to which it is not accustomed, the net efficiency may be as
low as 20 per cent. An animal in good condition doing its
usual routine work, may attain a net efficiency of nearly 40
per cent. Rapid walking, trotting, or galloping is very
severe work, and 1s, consequently, performed at a low
efficiency, but this is much improved by training.

With this knowledge it would be possible to compute
rations for horses on the basis of the amount
of work done if it were possible to measure the
work done in foot-pounds. Suppose, for in-
stance, a similar horse to the one used for the experiment
described above were required to produce five million foot-
pounds of work per day instead of just under three million.
Then five million foot-pounds correspond to 5,000,000 X
‘000324, or 1,620 Cal. Assuming that the net efficiency of
the horse is about the average, 33 per cent., the ration re-
quired to produce 1,620 Cal. would be 1,620 x 100 = 33,
or 4,860 Cal. of net energy.

Assuming also that the resting and walking metabolism
are as before, the total ration would be :—

Varying
Efficiency.

Computing
Rations.

24 hours’ resting metabolism at 3-47 Cal. per min. 4995 Cal.
16 hours’ walking i i D g an 0 G DARD e
5,000 ft.-1b. at 33 per cent. efliciency S ... 4860

12975
The total ration would, therefore, be 12,975 Cal. of net
energy, or 12,975+ 1,071 =12 lb. of starch equivalent.



FEEDING HORSES FOR WORK PRODUCTION. 207

The difficulty in using this method is in the measurement of
the work done. There is no practicable method of measuring
or even estimating the work done in the endless variety of
“jobs " required of a farm horse. Even in a straight-
forward task such as ploughing the work done per acre will
vary according to the texture of the soil, the number of
turnings, the width of the furrow, the degree of consolida-
tion, the weather, the slope of the land, and the type of
plough. The discussion of the method has, however, served
to illustrate the general principles of work production, and
to indicate the directions in which further information is
required.

It will be noticed that the net energy required for mainte-
nance is less in the horse than in cattle of
equal weight. At low temperatures the main-
tenance ration of net energy will not ordinarily
be associated with sufficient thermic energy to maintain the
body temperature, and the maintenance ration must, there-
fore be increased or the animal will be compelled to oxidise
its own tissues, and will, therefore, lose flesh. For practical
purposes, however, this i1s of no importance, for under
practical conditions a horse will always receive a working
ration which will supply abundance of thermic energy for
temperature maintenance.

For practical purposes all that can be done at present is
to make rough estimates for the rations of ordinary farm
horses working at varying degrees of severity.

The ration of hay and oats thus computed will probably
be approximately correct, To correct it more nearly, watch
the condition of the horse, and raise or lower the oat ration
according as he loses or gains flesh.

Good hay and oats are the standard constituents of the

1 ration of horses in this country, but they can
Fupoutules b partly replaced by other feeding stuffs quite
or Oats. J ]

satisfactorily 1f due precautions are observed.
For instance, in eastern countries where oats cannot be

Effect of Low
Temperature.
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grown, the oat ration is commonly replaced by a mixture of
barley and gram, even in the case of horses required to do
fast work. The necessary precautions are that the replace-
ment should be made in proportion to the content of net
energy or starch equivalent. Thus, the starch equivalent of
oats being 595 and of maize 81'4, the amount of maize
which will replace 1 1b. of oats is 377, or 73 Ib. For all
practical purposes, therefore, 3 1b. of maize will take the
place of 4 1b. of oats.

Again, in the case of bran with a starch equivalent of 45,

1 Ib. of oats is equivalent to Jii—;, or 1'32 1b. of bran, so that

4 1b. of bran are required to take the place of 3 1b. of oats.
Other feeding stuffs which can be used in place of oats are
barley, gram, palm kernel cake, beans, gluten feed, dried
orains. In each case the proportion required to replace 1 lb.
of oats should be caleulated as above.

Rations computed in this way will always contain sufficient
protein. They will certainly be more likely to contain too
much than too little. In the case of horses required to do
fast work, it may be necessary to decrease the bulk of the
ration by replacing some of the hay given for maintenance
by a quantity of oats calculated to supply an equivalent
amount of starch equivalent.

To compute rations from Diagram V. and Table IV,,

first estimate as nearly as possible the live
Efa;rTng? weight of the horse. Read off from the main-

tenance requirement curve on Diagram V. the
maintenance ration for the estimated weight. This is given
in terms of good hay on the left of the diagram, and in terms
of starch equivalent on the right. If good hay is available,
the amount to use is read off at once. If the quality is poor,
more must be given. If hay is not available, and you are
forced to use say oat straw, read the weight of starch equiva-
lent required and give enough oat straw to contain that
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amount, Thus a 13 ewt. horse requires 5 lb. of starch
equivalent. The starch equivalent of oat straw per 100 Ib.
is 17. To get 5 1b. of starch equivalent, therefore, 100 <+ 17
X 5 = 30 1b. of oat straw is required. This 1s more than
the horse would eat. Half this amount, or 15 lb., would
satisfy the horse’s need for bulk, and would supply 2-5 Ib.
starch equivalent. The remaining 2'5 1b. required for main-
tenance would be made up by giving 100 =595 x 2'5 or
4 1b. of oats. An alternative would by 100 =45 x 25 or
51 1b. of bran. The above three alternative maintenance
rations would be—

(1) 12% Ib. of good hay,
(2) 15 1b. oat straw and 4 lb. of oats,
(3) 15 b, oat straw and 5% 1b. of bran.

Rations (2) and (3) would not be suitable for a horse
which 1s required to do severe work. Their bulk would malke
it difficult for the horse to eat the necessary additional
productive ration. Having decided on the maintenance
ration, the next step is to estimate the degree of severity of
the work on which the horse is to be employed. This can
only be done very roughly as light work, medium work, or
heavy work, for which a productive ration must be given in
addition to the maintenance ration. Thus, for light work
such as carting, a farm horse of average size requires in addi-
tion toits maintenance ration,about 5 Ib. of starch equivalent,
for medium work, such as ploughing, about 8 lb. of starch
equivalent, and for heavy work such as pulling a binder,
about 11 1b. of starch equivalent per day.

If the productive ration is to be oats, the following amounts
are required :—

light work 100 = 595 x 5 = 8} Ib. oats,

medium work 100 + 595 x 8 = 131 Ib. oats,

heavy work 100 = 595 x 11 = 18 Ib. oats.
A. NUT, 14
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TABLE 1V.
18 18 [§ |8
:‘-‘:43 §£ 5 | &4 E= |
HEHEARAER
20| 28 | 52 |822| 5%
ol §5 | 24 | &5 | 58
- & 5 f:"} 2=
=5 & |E =k
Koh!l Rabi ... s 1249 | 83 | 70 — |
Mangolds—Red or

yellow fleshed 132 7| 68 | 90 —_ ‘
Carrots vy 13-0 7] 88 | 67 -
Pasture—Good 2240 35 | 130 | 45 s |

s Poor e | 2000 25 1112 | 53 =
Clover and Rye— ]

Grass-green 220 | 231|120 | 50 -
Hay—Good... 840 | 92 | 400 [ 15 | —

e Poor... 857 34 | 186 | 32 —

. ““Seeds 60 62 | 240 | 25 | —
Oat Straw ... 860 10 | 170 | 356 —
Oats ... 867 | 80 | 595 | 10 13 |
Barley .| 851 | 651710 | 83| 15 |
Maize ... | 87°0 71 | 814 73 13 |
Beans ... | 857 | 201 | 658 -0 32 |
Gram .| 890 | 180|710 | 83| 30 |
Linseed Cake ...| 888 | 2583 | 740 -8 35 |
Palm Kernel Cake | 89:0 | 17'1 | 749 ] 23 |
Brewers' Grains—

Diried .| 897 | 13:0 | 483 | 123 24
Bran RS .. | 864 | 106 | 450 | 1-32 26

|

Farm horse requires in addition to maintenance ration :—
If at light work ... olb. st. equiv. per day.
s  medium work .., .. 8lb. i -
»» heavy work ... e 11 1D, e g
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CHAPTER XXVII.

PURCHASING FEEDING STUFFS.

In buying feeding stuffs it is important not to lose sight
Why of the fa?.ct that it is impossible to form an
Farmers exact estimate of their cheapness or dearness
grgﬁ:'ﬂediﬂg from a consideration of their price per ton or

' per quarter. Animals require definite amounts
of protein, fat, and carbohydrate, and it is to provide an ade-
quate supply of these substances that feeding stuffs are
bought. Their cheapness or dearness, therefore, depends on
the price at which they provide proteins, fats, and carbo-
hydrates. It is here that the difficulty arises. If a feeding
stuff contained only one of these constituents it would be
easy to calculate its price. For instance, in the case of a
feeding stuff containing 70 per cent. of carbohydrate, no
protein and no fat, and costing £7 per ton, the price of the
carbohydrate would obviously be £7 = 70 or 2s. per 1 per
cent, of a ton,

As a fact, however, practically all feeding stuffs contain
all three ingredients, and in order to compare prices it is
necessary to devise some method of reducing the three in-
gredients to a common measure so that they can be added
together into one figure which will measure the total nutri-
tive value.

Several methods have been used to achieve this end.
Taking them in order, the first was known as
the food unit method, and was worked out
thus. Referring back to Chapter XX. it will
be found that the amount of heat given out in the body of

212

Food
Units.
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an animal by 1 1b. of each of the three main constituents of

feeding stuffs is:—
Heat value per lb.

Protein ... 2,130 Calories
Fat 4,000 ”
Carbohydrates ... - o) | 501

It is obvious that these figures provide a common basis
for comparing the values of protein, fat, and carbohydrates.
Taking the heat producing value of carbohydrates per 1b. as
1, then the relative values of protein per Ib. will be 2,130 +
1,707 or 123, and of fat 4,000 - 1,707 =23. Applying
these values to a feeding stuff, say linseed cake, it is possible
to find the percentage of carbohydrate which will have the same
heat producing value as the combined percentages of protein,
fat, and carbohydrate shown by the analysis. Thus:—

Linseed cake.
Analysis per cent.

Water A 5 — -—
Protein so BOb oy 128 = 36°5
Wik ... w5238 =918
Carbohydrate e BBl =885
Fibre PR " | = ==
Ash ... BN e —

938

A linseed cake of average composition will therefore give
out as much heat in the body of an animal as if it contained
938 per cent. of carbohydrate and no protein and fat.

But it must not be forgotten that when an animal eats a
feeding stuff, although the carbohydrates and fat are either
converted into fat or lost in the breath of the animal, the
nitrogen of the protein and the ash are excreted in the dung
and urine and serve to increase the value of the animal’s
manure. On this subject refer back to Chemistry of Crop
Production, Chapter XIII. This being so, every ton of feed-
ing stuff purchased will bring onto the farm a certain
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manurial value which depends chiefly on the percentage of
protein which it contains. A rough and ready way of allow-
ing for this is to increase the protein factor from 1:23 to
2:3, when the carbohydrate equivalent of the feeding stuff is
calculated thus :—(protein °/, 4+ fat °/)) X 2'3 4 carbohy-
drate °/, = carbohydrate equivalent. In the case of linseed
cake : — (295 4+ 95) 2:3 4+ 356 =390 x 2.3 + 355 =897 +
355 = 1252 = carbohydrate equivalent.

Linseed calke contains, therefore, the equivalent of 1252 per
cent. of carbohydrate. For convenience the unit adopted
was one hundredth of a ton, this quantity of carbohydrate
equivalent being called one food unit. On this basis linseed
cake contains 1252 food units, and if the price is £12 per ton,
the price per food unit is £12 =~ 125°2,or 240/- = 1252 = 1/11.

Similarly, if cotton cake containing 22 per cent. of protein,
o per cent. of oil, and 25 per cent. of carbohydrates costs £7
per ton, the price per food unit is found thus :—

(22 + 5) 23 4 25 = 871 food units.
£7 +871 =140/- =871 =1/7.

This method was for a long period the recognised way of
comparing the relative value of feeding stuffs.
As knowledge was increased, however, it became
evident that the method would be improved by
taking into account the digestible instead of the total
nutrients and calculating digestible food units, The pro-
cedure is exactly the same, except that the calculation is
based not on the analysis but on the average percentage of
digestible proteins, fat, carbohydrate, and fibre. Thus for
linseed cale :—

Digestible
Food Units.

Percentage digestible nutrients.

Protein i 203 T8 = 58S At £12 per ton
Fat ... . 87 x23= 200 cost per digestible
Carbohydrates 285 X 10 = 285 fo : 240
od unit = —— /-
Fibre... o ¥5X10= 495 111-2
— 9/9

Digestible food units = 1112 = 24,
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The digestible food unit method of comparing values was
certainly an improvement on the older method, but it still
possessed two defects. The digestible nutrients of all feed-
ing stuffs are not of the same value : consequently any
system of valuation based upon digestible nutrients must
be lacking in accuracy. Secondly, the food unit method is
a kind of hybrid between nutritive value and manurial
value, and therefore although it was useful as a guide in
purchasing it could not be applied to rationing.

It has now been replaced by an application of the starch

equivalent or calorie idea. The best measure
Starch of the real nutritive value of a feeding stuff is
Equivalent or . :
Net Energy.  its content of starch equivalent or net energy.

But in buying a feeding stuff its manurial
value should certainly be taken into account. The modern
procedure is as follows: From the price of feeding stuff per
ton subtract the manurial value per ton as given in Tables
I. to IV.,in Rations for Live Stock or elsewhere. This gives
the net cost of the nutritive as distinet from the manurial
constituents. Divide this by the starch equivalent per 100 1b.,
or by the number of therms of net energy per ton, and the
quotient i1s the cost per unit of starch equivalent or per
therm (1,000 Calories) of net energy.

Thus, in the case of linseed cake of average composition
costing £12 per ton, the manurial value is 38/-, per ton.
The nutritive constituents therefore cost £12 — 38/-. =
£10 2s. per ton. The starch equivalent of 100 1b. of linseed
cake is 74. The cost per unit of starch equivalent is there-
fore £10 2s. <= 74, or 2/83. Linseed cake contains per 100 lb.
79 therms (79,000 Calories), or per ton 79 x 2,240 =100 =
1,760 therms. The cost per therm of net energy is there-
fore £10 2s, = 1,760, or 1-38d.

The unit of starch equivalent used above is one-hundreth
of a ton or 2241b. By dividing the cost per unit of starch
equivalent by 224 the cost per 1b. of starch equivalent can
be found. Thus cost per unit of starch equivalent in hinseed
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cake as above, 2/83. Cost per 1b. of stareh equivalent 2/83 =
22:4=1'46d. For many purposes this is a more useful
figure. For instance, in rationing animals the daily require-
ments were reckoned in b, starch equivalent. The cost per
Ib. starch equivalent is therefore useful in assessing the cost
of the daily ration.

Thus, the ration per gallon of milk being 2% 1b. starch
equivalent, if this can be bought at 1-46d. per lb., the cost of
the ration will be 21 x 1-46d. or practically 31 per gallon.
This of course is the cost over maintenance. If the main-
tenance ration is 6 1b. of starch equivalent, and the cow pro-
duces 4 gallons of milk, in producing which she consumes
4 x 21 = 91b. starch equivalent, her total consumption will
be 151b. starch equivalent. This will cost 15 X 1-46d. or
21-9d., which is 21'9 = 4 = 51 per gallon.

The cost per unit and per Ib. of starch equivalent of a
number of common feeding stuffs at current prices are given
each month in The Journal of the Ministry of Agriculture in
“Notes on Feeding Stuffs.” These notes provide a very
useful guide as to the relative cost of starch equivalent
in the common feeding stuffs.

Cost, however, is by no means the only criterion of value.

In buying feeding stuffs their suitability for
Price not only t},e purpose for which they are required must
Criterion of . . i ik
Value. also be taken into account, and this suitability

may be looked at from two points of view:
composition and what may be called for want of a better
word—wholesomeness.

In order to decide if a feeding stuff is suitable from the

43 point of view of composition 1t is necessary to
g::EFIvE know first the composition of the deficit which
it is required to make good. In choosing a

feeding stuff to make good the deficit in protein of a ration
of home grown roots and straw, evidently a feeding stuff
rich in protein is required. Richness in protein is, however,
not always measured by the percentage of protein in the
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feeding stuff. Skim milk, for instance, is rich in protein
though it contains only a low percentage. Richness in pro-
tein should be measured relatively to the percentage of other
ingredients. The usual way to express this relative richness
in protein is by means of what is known as the albuminoid
or nutritive ratio, which is the ratio of the protein to the
non-protein constituents. In caleulating this ratio it must
be remembered that weight for weight fat gives out 23 times
as much heat as carbohydrates. The formula for calculating
the nutritive ratio therefore is :—

digestible fat X 2'3 + digestible carbohydrates and fibre
digestible protein '

Thus the nutritive ratio of linseed cake of normal composi-
tion is:—

87 x 23 + 285 + 45 _ 530 _ 9-1
253 253 '

This means that for every lb. of digestible protein in
linseed cake there are 2'1 lb. of digestible nonprotein
reckoned as carbohydrate. The ratio of protein to non-
protein is 1:2'1. This is what is called a narrow ratio, and
implies that the linseed cake is comparatively rich in
protein.

Approximate nutritive ratios are given for many feeding

stuffs in Tables I. to IV. and in Rations for Live
gﬁ:"ﬁﬁ?g“ Stock. They are quite useful in showing at a
Ratios. glance the relative richness of feeding stuffs in

protein. It has been customary for many years
to use nutritive ratios in the computation of rations, and this
custom has given rise to many very serious mistakes. A
few imstances will suffice to show the pitfalls which beset the
amateur, or even in some cases the expert, who tries to com-
pute rations by this method. Thus, to calculate the propor-
tions in which barley and fish meal should be mixed in order
to provide a ration for pigs, with a nutritive ratio of 1:7,
the following method has been recommended. The nutritive
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ratio of barley is 1:104, that of fish meal 1::193. The
required ratio is 1:7.

Barley nutritive ratio
1:104: 5 parts barley 5:520

Fish meal nutritive ratio
1: -193:2 parts fish meal 2: -386

7 parts mixture 7: 52386
Nutritive ratio of mixture 1: 7B

This caleulation is entirely wrong, and the error is so large
as to be serious. The correct ratio of the above mixture is
found thus:—

100 1b. barley contain 65 1b. digestible protein, 1-2 Ib.
digestible fat, 622 1b. digestible carbohydrates, and 25 1b.
digestible fibre. 500 lb. will, therefore, contain 32-5 Ib. of
digestible protein, 6:0 1b. digestible fat, 311'0 1b. digestible
carbohydrates, and 125 1b. digestible fibre.

100 1b. of fish meal contain 50 1b. of digestible protein,
42 1b. of digestible fat, no carbohydrate, and no fibre.
200 lb. will, therefore, contain 100 1b. of digestible protein
and 84 1b. digestible fat. Thus:—

Digestible Protein, Fat, Carbohydrate, Fibre.
500 1b. barley ... 325 6:0 3110 12:5
200 1b. fish meal... 1000 84 — —

700 1b. mixture ... 1325 144 3110 12:5
The correct ratio i1s therefore : —
144 x 23 4+ 311:0 4+ 12:5 _ 3566 _ Q-7
1825 1825 :

The ratio ealculated by the so-called short method is,
therefore, nearly three times wider than the correct ratio,
and anyone feeding a mixture computed by this method
would be giving his animals nearly three times the correct
proportion of protein.
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There are two methods by which the correct proportions
can be worked out, one purely arithmetical but

How to Make : : :
a Mixture of  tedious, the other a very simple algebraical
any Desired  method as follows :—Barley contains 65 per
E::;‘:”“ cent. of digestible protein, and 12 x 2:3 +
622 + 25 =675 per cent. of nonprotein
reckoned as carbohydrate. Fish meal contains 50 per cent.
of digestible protein, and 42 x 2:3 = 97 per cent. of non-
protein reckoned as carbohydrate. Let # = the number of
Ib. of barley to be mixed with 1 Ib. of fish meal in order
that the mixture may have a nutritive ratio of 1:7; then

the nutritive ratio of the mixture will be - Bitam fut ?, and

652 + 5
this must be = 7. Therefore :—
675 + 97 _ 7 Ty o .
S ek i 6752 + 97 = (6:5x 4+ 50) X 7
" 6752 4+ 97 = 455z + 350,
., 222 = 34403,
>oa= 158,

The correct mixture 1s, therefore, 155 parts of barley to
1 part of fish meal, which will give a nutritive ratio of 1: 7,
thus—
Digestible Protien, Fat, Carbohydrate, Fibre.
1 1b. barley ... ‘065 ‘012 ‘622 ‘025

155 1b. barley 1-0075 ‘186 9-641 3875
1 1b. fish meal ‘5 042 = Ty

16°5 1b. mixture 1:5075 228 9-641 8875
The nutritive ratio of the mixture will be :—

228 x 23 + 9641 4 '3875 _ 10-5529
1:5075 - 15075

The calculation of the nutritive ratio of a mixture, or the
computation of a mixture which shall have a given nutritive
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ratio is not a very simple matter. It can only be done
correctly by taking into account the actual quantities of
protein, etc., in the various ingredients. Attempts at short
cuts are almost sure to cause serious errors.

Fortunately, such ecalculations are not necessary. Tt is
easier and more certain to compute the ration
in terms of starch equivalent or net energy,
and afterwards to check its protein content
and adjust the ration if necessary. This is the method
adopted in the chapters on rationing. The 1dea of nutritive
ratio 1s, however, useful in so far as it assists in defining the
relative richness of a feeding stuff in protein. To use it in
computing rations is very liable to cause serious mistakes.

Richness in protein is, however, not the only point to be

considered in regard to suitability of com-
gﬁgﬁiﬁgﬁm position. An animal can only eat a definite

amount of bulk per day. The best measure of
bulk is the proportion of dry matter. The weight of dry
matter which the capacity of the digestive organs of various
animals allow them to consume is defined by the curves
connecting live weicht and food consumption given in Dia-
grams II. to V.

From these curves it is possible to read off the amount of
dry matter which an animal of any given live weight will
consume per day. This sets a limit to the bulk of the ration.
The amount and character of the home-grown contribution to
this 1s next decided, and its composition worked out in
terms of dry matter, starch equivalent, and digestible pro-
tein. It will usually be found that the home-grown contribu-
tion provides plenty of bulk but is deficient in protein. The
supplement to be pul‘clmsﬂd must, therefore, be not only rich
in protein, but also concentrated, that 1s to say, low i water
and fibre. An additional reason for this is that it would not
be economical to pay costs of transport on water and fibre
which are produced in plenty on the farm in the form of
roots and other succulents, and in hay and straw,

Alternative
Method.
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Turning to the other aspect of suitability, namely, whole-
someness, information on this subject is better
W holesomeness. acquired by practical experience than from
books. To make the best of feeding stuffs
from this point of view is rather an art which comes from
observation and experience than a science based on experi-
ment and reasoning. There is, however, a mass of recorded
experience on the subject which the live stock owner will
find useful, and perhaps this is more readily available in
Henry and Morrison’s Feeds and Feeding (Lakeside Press,
Chicago), than elsewhere. This book also contains compre-
hensive tables of analyses, digestibilities, and net energy
values of feeding stuffs, feeding standards, maintenance
rations, etc. In fact, it is an excellent reference book on all
matters concerning the feeding of animals,
Summarising the above, the procedure in purchasing feed-
ing stuffs should be :—
E:g;r?““ 1. Decide the ration you will supply to your
Purchasing.  animals (see Chapters XXIIL-XXVL.) in terms
of dry matter, digestible protein, and starch
equivalent or net energy.

2. Work out the contribution which your home-grown
feeding stuffs can malke towards this, also in terms of dry
matter, digestible protein, and starch equivalent or net
energy.

3. From the difference between 2 and 3 estimate the com-
position of the supplementary feeding stuff which you must
buy to make good the deficiencies of your home-grown ration.

4. From the tables of composition in Rafions for Live
Stock, or elsewhere, make a list of feeding stuffs, or prefer-
ably mixtures of feeding stuffs, which have the requisite
composition,

9. From your own experience select from this list the
feeding stuffs which on the ground of wholesomeness, palata-
bility, and other characteristics are most suitable for the
special purpose which you have in view.
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6. Get quotations for these, and work out the cost per lb.
of starch equivalent in each case by the method shown
above. This will show you which of the feeding stuffs in
your select list will give you what you want at the lowest
cost.

7. In buying insist on a definite guarantee of genuineness,
purity, and composition.
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