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PREFACE

Feeds and Feeding, first published in Marech, 1898, was received with
immediate and widespread favor by practical stockmen, as well as by the
professors and students of animal husbandry in our agricultural colleges
and secondary schools. The plan of the book had been laid along original
lines, and neither time, labor, nor expense was spared in its preparation.
In 1910, after nine editions had come from the press, the book was entirely
rewritten and improved in many ways. During the lapse of time since
that date, the accumulation of new and important matter, both scientific
and practical, has made another revision desirable. Accordingly, more
than two years ago, the preparation of this, the second revision, was be-
gun, Professor F. B. Morrison, who had so ably assisted with every page
of the first revision, becoming joint author herein with the original author.

‘With a corps of trained assistants he has devoted much time during the
past two years to the preparation of this second revision. Previous to
and during its writing he has visited numerous stock farms and ranches
as well as the agricultural colleges and experiment stations of many states,
80 that now the combined observations and studies of the joint authors,
along the lines of both theoretical and practical animal husbandry, cover
quite intimately every state of the Union, as well as parts of Canada and
the Old World.

It has been the aim of the authors to give in Feeds and Feeding an
unbiased and condensed presentation of the most important findings of
the investigators of both the Old and New Worlds in the science of animal
nutrition, together with the most important results of the vast number of
feeding trials which have been conducted at the experiment stations in
the United States and other countries, the whole being rounded out by
the practical experiences of many of the leading stockmen of America.

In a large number of instances, as the text shows, the data and results
of important investigations, completed so recently at the experiment sta-
tions as not yet to be in print, have been forwarded to the authors by
those who were conducting them, in order that the findings might be sum-
) marized in this revision.

L. Part I the fundamental principles of animal nutrition are first
briefly presented, including the most recent discoveries of the biological
¢hemists. The various feeding standards for the different classes of farm
animals are then fully discussed, and there is presented a new series of
standards—*‘The Modified Wolff-Lehmann Standards,’’ formulated by
the anthors,—which are based upon the recent findings of the scientists in
this and other countries. To point out some of the economic principles
which should be considered in the feeding of live stock, an entirely new
chapter—*‘ Economy in Feeding Live Stock’’—has been added.
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iv PREFACE

In Part I the many new feeding stuffs are given full consideration
along with the old. Especial emphasis is placed upon the importance of
combining the legume roughages with corn and the other cereals for the
economical feeding of farm animals, and upon the great value of silage
for the various classes of live stock. Finally the vital relation of animal
husbandry to the economical maintenance of soil fertility, thru the return
to the soil of the manurial residue of feeding stuffs, is emphasized.

In Part III there are presented the most important findings obtained
by the experiment stations, to date, on the value of the many different
feeding stuffs for each class of live stock, and on the effect of various
methods of preparing feed, systems of feeding and caring for stock, ete.
Rather than simply giving the results of single typical trials on the
various subjects, in most cases the data for all the similar trials on a
given subJect have been carefully compiled and averaged together. The
feeder is thus given more trustworthy information in regard to the rela-
tive value of the different feeding stuffs.

Feeds and Feeding contains about one-third more matter than the
former revision, due not only to the addition of 85 pages, but also to a
larger type page, a change of type, and other devices for saving space.
This expansion has been made chiefly in Parts IT and III, so that teachers,
students, and farmers in any section of the country may find in this
volume information regarding all the feeds of any importance in that
" district.

The sincere thanks of the authors are hereby extended to the hundreds
of friends who by suggestions and reports of experiments and experiences
have furnished invaluable assistance in innumerable ways—only by such
help so generously given has the making of this book been possible.
Acknowledgment is due Professor E. V. McCollum of the University of
‘Wisconsin for valuable suggestions in the revision of the first six chapters
of the book; to Messrs. F. R. Jones, G. Bohstedt, A. J. Dexter, and J. G.
Poynton, and Miss Vivian Elver for help in compiling data ; and especi-
ally to Mrs. Elsie Bullard-Morrison for invaluable assistance thruout the
entire work of revision.

W. A. HENRY.
Madison, Wisconsin,
October, 1916

PREFACE TO SIXTEENTH EDITION

The favor with which the second revision of Feeds and Feeding was
received has exhausted the fifteenth edition in only four months since
its publication. This, the sixteenth edition, is therefore brought forth
with but minor changes.

Madison, Wisconsin, W. A. HENRY.
February, 1916 F. B. MORRISON
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INFORMATION TO THE READER

‘When seeking information on any subject presented in this book, the
reader should first consult the copious index, the figures of which refer
to the page on which the topic is presented. Additional information bear-
ing on the subject given at other places may be found by following up the
numerous references set in black-face figures in parentheses, occurring in
the body of the text. These figures refer to the numbered black-face side-
heads, and not to the pages.
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INTRODUCTION
LIVE STOCK AND PROFITABLE FARMING

The animals of the farm should be regarded as living factories that are
continuously converting their feed into products useful to man. A fact
of great economic importance is that a large part of the food they con-
sume is of such character that humans can not directly utilize it them-
selves. Among the products yielded by the farm animals are not only
articles of human diet, such as meat, milk, and eggs, but also such
materials as wool, mohair, and hides, which are needed for clothing and
other purposes. Another product of greater aggregate money value than
any one of these is the work performed by horses and other draft animals.
Altogether, the farm animals of the United States yield each year
products worth over $5,000,000,000, a sum nearly as great as the value of
all the crops annually harvested on our farms.

As the population of our country becomes more dense, most naturally
and properly a smaller portion of the crops raised will be fed to animals
and a larger part consumed directly by humans. This change must come
with the increased demand for human food, since even high-producing
animals are able to convert only a part of the feed they eat into food for
our consumption. Accordingly, with our increasing population, we
should expect the census statistics to show that the number of animals
on our farms was failing in some small degree to keep pace with the in-
erease in people. The actual decrease in farm animals compared with
population is, however, surprising. While the population of the United
States increased 21 per ct. during the decade 1900 to 1910, the number of
cattle and sheep decreased, and the number of swine increased but
slightly. This indicates that if animal products are to hold their present
important place in the diet of our people, American farmers must more
thoroly appreciate the basic advantages of stock farming and better
understand the principles and methods which are essential to its success.

1. Live-stock farming and soil fertility.—Lured by the high prices
vhich have ruled for grain and other crops in recent years, many farmers
all over the country have sold their crops for cash, rather than following
the wiser plan of marketing a portion thru the feeding of live stock, and
thereby maintaining a balanced agriculture. Seldom have they realized
that with every ton of grain thus sold they are removing from their farms
§7 to $8 worth of fertility. The loss thru such mining of the soil is grad-
ual, but in & comparatively few years there will result none the less surely
worn-out fields, lacking in plant food and humus, which must ever after-
wards be fed with fertilizers to secure fair crops. On the other hand, if

v
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a part of the crops are fed to live stock and proper care taken of the
resulting manure, most of the fertility may be retained on the farm, and
the need of commercial fertilizers long delayed. Under intensive stock
farming, where more or less milling by-products rich in fertilizing con-
stituents are usually purchased and fed on the farm, the land will even
become richer and more productive year by year, with but little need for
commercial fertilizers.

‘When the great South comes into its own, cattle raising will balance
cotton raising. Neither the cotton lint nor the oil obtained from the seed,
which is a valuable human food, takes an appreciable amount of fertility
from the soil. On the other hand, cottonseed meal is the highest in fer-
tilizing value of all common plant products. Fortunately, it is at the
same time the highest in feeding value for cattle of all our commonly
available feeding stuffs. Therefore, by feeding the meal resulting from
his cotton crop to live stock the southern farmer may bring back to his
fields most of the fertility drawn out by the cotton plants in their growth.
Thus he may reap a double profit.

2. Consumption of feed otherwise wasted.—In exclusive grain farming
there is no successful way of utilizing the large amount of roughage, such
as straw and corn stover, which results as a by-product in the growing of
the cash crops. Such materials are merely in the way and are disposed
of in the easiest manner, often by burning, without regard for the loss of
vegetable matter, so much needed by the soil. In a well-planned system
of stock husbandry all these materials are utilized for feed or bedding.
Much forage which can not be consumed by humans and would otherwise
be wasted is thus refined thru the agency of animals and converted into
a form suitable for the nourishment of man, while a large part of the
organic matter is returned to the fields in the resulting manure. Im-
mense amounts of by-products result from the manufacture of the cereals
and other seeds into flour, breakfast foods, vegetable oils, etc. While
unsuited for humans, some of these by-products are among our most
valued feeds for stock. As the density of population increases and the
prices of foodstuffs advance, the feed supplied our farm animals must to
an ever increasing extent consist of substances resulting secondarily from
the making of human food, whether they be coarse roughages or milling
by-produects.

8. Utilization of land unsuited for tillage.—In some sections of our
country much of the land is so rough or stony that it can not be cropped
economically. Here cattle will gather the grass on the smoother stretches
and sheep will search out the herbage on the more inaccessible, rocky
slopes. Over great areas of the West there is too little rainfall to warrant
even dry farming, and irrigation will never be possible, either because of
lack of water or the roughness of the land. Yet stock will thrive on the
scanty but highly nutritious grasses and other forage. Thru well-
planned systems of grazing, with additional feed in time of winter stornx
or parching drought, the western ranges should, at no far distant date.
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earry even more stock than they did before large areas were broken up
into farms. In the cut-over districts of our country large areas of land
may be profitably grazed by live stock before they are finally brought
under tillage. ' '

4. Distribution of labor.—Under exclusive grain farming the chief de-
mand for labor is confined to the periods of preparing the land, planting
the crops, harvesting, and later marketing the products. During the rush
seasons labor is high-priced, and often hard to secure at any cost. On the
other hand, live-stock farming offers employment thruout the entire year.
Winter, when little other farm work can be done, is the very season when
farm animals require the most care and attention, for they are then
usually housed instead of at pasture. Because the live-stock farmer can
thus offer steady employment he is usually able to secure men who are
both more efficient and more reliable than he would otherwise be able
to obtain.

5. Intelligent and progressive agriculture.—The whole world over, the
most enlightened and progressive agricultural districts are found where
live stock provides one of the chief sources of income. This is due to
several reasons: The live-stock farmer can not live from hand to mouth,
but must providently lay in a store of feed for his animals thruout the
winter months. This same care and foresight is then carried into his
other activities. Under some systems of agriculture the returns from the
year’s crops all come in at once, which makes for extravagance and idle-
ness, with resultant poverty until another crop is harvested. On the
other hand, under most systems of live-stock farming, income is secured
several times during the year.

The care and control of domestic animals, which are intelligent yet
submissive to his will, tends to develop the best instinets in man and make
him kindly, self-reliant, and trustworthy. The good stockman grows
proud of his sleek, well-bred animals and derives a satisfaction therefrom
not measured in money. With pride he may hand down to his sons his
reputation as a breeder. He is also able to leave them fertile fields which
he has built up rather than robbed, a heritage bequeathed by but few
grain farmers.

8. Profitable live-stock farming.—In the early days, with land low in
price, pasturage abundant, and feed and labor cheap, making a profit
from live-stock farming was comparatively easy, even tho one possessed
little knowledge of the principles governing the feeding and care of stock.
Conditions have now changed. The great western prairies no longer
offer rich fields free for the taking, and hence thruout the country fertile
land has advanced in price. No less marked has been the increase in the
cost of labor and of feeding stuffs. But the price of live-stock products
bas also advanced, so that satisfactory profits may still be realized from
farm animals. However, present conditions call for a more intelligent
type of stock farming than has ruled in the past. Good profits are
possible only when all the operations are planned intelligently and with
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good judgment, and there is a thoro appreciation of the requirements of
the various classes of animals for food and care.

In the pioneer days of our country the feeds commonly used for live
stock were restricted to the grains and forages grown on the farm.
Knowledge of the value of these farm-grown products is not now sufficient
for intelligent feeding. The problem is complicated by the host of by-
products resulting from the manufacture of articles of human food which
are offered on the markets as feeding-stuffs for stock. Many of these are
valuable and economical supplements to the feeds raised on the farm.
However, such products vary considerably in price and even more
markedly in nutritive value. Most economical feeding is therefore
possible only when the relative value of these different products com-
pared with each other and with the farm-grown crops is clearly under-
stood. In seeking a knowledge of feeds and of feeding we must first
consider the plant substances which provide the nourishment for farm
animals and study the manner in which these compounds are built up in
the living plant. Next we should learn how the food consumed by
animals is digested and utilized within the body for the production of
meat, milk, work, or wool, and should also study the requirements of each
class of animals for food, water, shelter, and exercise. Only then are we
in some measure in a position to understand the value and merits for
each of the farm animals of the many different feeds, and finally to con-
sider the principles of care and management, the constant observance of
which is essential to the highest success in animal husbandry.
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Part I
PLANT GROWTH AND ANIMAL NUTRITION

CHAPTER 1

THE PLANT; HOW IT GROWS AND ELABORATES FOOD
FOR ANIMALS

I. PuANT GrROWTH

Asgide from air, water, and salt, plants either directly or indirectly
supply all food for animals. It is therefore proper in beginning these
studies to consider briefly how plants grow and elaborate this food.

7. The food of plants.—Of the 80 or more elements known to the chem-
ist, only 14 are commonly present in plants, viz.: carbon, hydrogen,
oxygen, nitrogen, sulfur, phosphorus, potassium, calcium, magnesium,
iron, sodium, silicon, chlorin, and manganese. Iodine also is present in
some plants. With the limited exceptions noted further on, plants can-
not make use of the elements, as such, for food, but are nourished and
supported by water, carbon dioxid (carbonic acid gas), and mineral salts
which contain the elements in chemical combination.

‘Water is the largest single component of plants, that not held in chemi-
cal combination constituting from 75 to 90 per ct. of their fresh weight.
The plant obtains practically all its water from the soil thru its roots,
only a small amount being taken from the air by the leaves. Soil water,
absorbed by the roots, enters the cells of which the plant is composed and
passes onward and upward thru the stem, moved by capillarity and sap
currents, eventually reaching every portion of the structure, being es-
pecially abundant in the leaves and growing parts. Thruout its existence
the plant takes great quantities of water from the soil, giving most of it
off again to the air thru its leaves and other green parts. For every
pound of dry matter which plants produce they take from the soil thru
their roots from 200 to 500 lbs. of water in humid climates, and as high
as 1,800 1be. in arid regions.

Next to water, carbon dioxid or carbonic acid gas is the great food
material of plants. Ten thousand parts of air contain 3 to 4 parts by
volume of carbon dioxid, and about 28 tons of this gas rests over each

1
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acre of the earth’s surface. The supply of carbon dioxid is never ex-
hausted from the air, because thru the decay and dissolution of plant
and animal matter it is being constantly returned thereto. On the under
surface of plant leaves are innumerable minute openings, or pores, lead-
ing inward among the cells of the leaf structure. The air, penetrating
these pores, supplies carbon dioxid, which is absorbed into the cells and
thus enters the plant proper. In the production of a 15-ton erop of green
corn over 5 tons of carbon dioxid are required, to obtain which the plants
must take in over 12,000 tons of air.

Nitrogen abounds in the living, growing parts of plants. Despite the
fact that about three-fourths of the air is nitrogen gas, with the exception
noted farther on plants cannot take it up as such, but obtain their supply
from the soil by means of their roots, either in the form of nitrates or as
ammonia, chiefly the former.

Plants obtain oxygen, which is a part of all plant compounds, largely
from water and carbon dioxid, and not from the free oxygen gas of the
air. Some free oxygen is necessary, however, for the growth of green
plants.

The mineral substances required by plants are taken from the soil thrn
the roots. They may be grouped as follows:

Sulfates potassium
Phosphates calcium
Nitrates of magnesium
Chlorids iron
Silicates sodium
Carbonates ammonium

Sulfur, in small amount, is a component of plant proteins. Phos-
phorus, likewise in small amount, is present in the life-holding proto-
plasmic protein of the leaf cells and also abounds in the protein of seeds.
Potassium is necessary in the formation of starch and sugar by plants.
Magnesium is an essential part of chlorophyll, the green coloring matter
of plants, which is necessary for their growth. Calcium is vital to plants,
tho its use is not well understood. Sodium, silicon, chlorin, and man-
ganese, tho commonly present, are regarded by some authorities as not
essential to plant life.

Free oxygen gas is absorbed by seeds during germination, and a small
amount is being constantly absorbed by the leaves and fruits of plants.
Bacteria inhabiting nodular growths on the roots of leguminous plants,
such as clover, alfalfa, and peas, take nitrogen gas from the air and pass
it on in combined form to the host plant, thus indirectly supplying this
important element. With these exceptions, the elements, as such, are
never used in uncombined form by plants, but serve them only when in
chemical combination.

8. Plant building.—Living matter is distinguished from non-living
matter by its power to grow, to repair its own waste, and to reproduce
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itself. In plants the life principle is most in evidence in the transparent,
viscous protoplasm found within the plant cells. Because of inherent
differences in the protoplasm, each plant possesses an individuality and
is able to grow and reproduce itself after its own manner.

The interior of the plant is everywhere bathed with juice or sap, which
is the great fluid medium for conveying the chemical ecompounds,
gathered by leaf and root, to the place where they are formed into or-
ganized plant substances or building materials proper, and, later, for
transporting the materials thus formed to all parts where needed. By
means of this sap, the green-colored protoplasm in the leaf cells is sup-
plied with carbon dioxid taken from the air by the leaves, with water,
and with nitrates and other soluble mineral salts taken by the roots from
the soil.

In some mysterious manner chlorophyll, the sensitive green coloring
matter of plants, is able, under the influence of light, to decompose car-
bon dioxid and water and rearrange their atoms to form primary plant
compounds. The excess of oxygen resulting from this union of carbon
dioxid and water is given back to the air as a free gas. It is not definitely
known whether the first product formed is starch, sugar, or some simpler
compound. From the compounds first formed the plant builds up its
more complex substances, some of which contain mineral matter taken
from the soil as salts. Sugar and starch contain much energy which may
be set free as heat when these substances are burned or otherwise broken
up. Carbon dioxid and water, on the other hand, have little internal
energy, and so on being decomposed do not liberate heat. Energy must
therefore be supplied whenever sugar and starch are formed out of the
elements contained in these two energy-poor substances. This energy,
used by the active life-holding protoplasm in building carbon dioxid and
water into energy-holding sugar and starch, comes from the sun, as light.

9. The carbohydrates.—Sugar and starch are the great common elemen-
tary structural substances of plants. With the related produects, the
celluloses and pentosans, they constitute the major portion of all dry
plant substance. They are grouped under the term carbohydrates, mean-
ing formed of carbon and the elements hydrogen and oxygen in the
proportion existing in water, the chemical formula for which is H,O.
The molecular composition of the leading carbohydrates is shown in the
following formulae :

Glucose

Fruit sugar } CeH.,0,
Cane sugar

Malt sugar } C1:H104
Starch

Comose | (GO
Pentosan (C:H,0,)x

Pentose C.H,,0,
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Chemists hold that the molecules in the bracketed groups are in reality
far more complex than the formulae indicate, the actual molecule being
many multiples of the group here given. The formulae not bracketed are
held to express the actual atomic composition of the molecule.

All sugars—cane sugar, glucose, malt sugar, frust sugar, etc. — are
soluble in the juices of the plant and constitute the common, portable
carbohydrate building material of plants, capable, by diffusion and sap
currents, of passing to all parts of the structure as needed. Some plants,
the beet and the sugar cane for example, store their carbon reserve as
sugar. Starch, however, is the common intermediate carbohydrate re-
serve of the plant world. It is insoluble in the juices of the plant and so
cannot be directly transported as can the sugars. Starch abounds in
most seeds, closely packed about the germs, as in the kernels of wheat,
Indian corn, ete. Often it is stored in the underground parts of plants,
as in potato tubers. When the starch thus stored is needed in other parts
of the plant, it is changed by an enzyme, or ferment, called diastase (37),
thru the adding on of water, to malt sugar, which is soluble and can be
further changed to glucose by the adding on of more water. The sugars
80 formed can then be passed from cell to cell until their destination is
reached, where they may be again changed to starch, pentosans, or cellu-
lose, as required.

Plants are primarily composed of minute cells, variously grouped and
modified, the walls of these cells being formed of cellulose, a carbohy-
drate. Cellulose is the great insoluble building substance of the vegetable
world, constituting as it does almost the whole of the skeleton or frame-
work of plants. As before shown, cellulose is similar to starch and sugar
in general composition and originates from them. In the dense wood of
trees the cell walls are thick, in some cases nearly filling the entire cell.
In the more tender twigs and leaves they are less dense, while in the still
softer portions, such as fruits and seeds, they are thin and delicate. More
or less mineral matter or ash is built into the cell walls of plants, being
especially abundant in the bark of trees, as is shown by the residue when
such material is burned.

The pentoses and pentosans are carbohydrates with 5 atoms of carbon
in the molecule, in place of 6 as in the sugars and starches. The pentoses
correspond to sugars, and the pentosans to starches and cellulose. The
pentosans, which are usually associated with cellulose in the more woody
portions of the plant, form a considerable part of the nitrogen-free ex-
tract of roughages and other feeds high in fiber. For example, hay from
the grasses and the straw of the cereal grains usually contain over 20
per ct. of pentosans, and wheat bran about 24 per ct., while corn grain
contains less than 6 per ct.

10, Vegetable fats and oils.—In some cases the plant stores carbon in
the form of faf, which is solid at ordinary temperatures, or of oil, which
is liquid. Such storage is entirely possible since fats and oils are formed
from the same elements that exist in the carbohydrates. In vegetable
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fats and oils the molecules are composed of a larger number of atoms
than are those of the sugars, and the proportion of carbon is greater, as
the following formulae of 3 common vegetable oils or fats show:

Stearin  CyyH,,00,
Palmitin C,,H,,0,
Olein  C,H,,0,

Vegetable oils and fats give off more heat on burning than do the car-
bohydrates, because they contain relatively more carbon. Oils and fats
most abound in the seeds of plants and represent carbon energy stored
in condensed form. When seeds containing oil, such as the flax seed,
begin to grow, the oil is changed over into products which nourish the
growing plantlet the same as is done in ordinary seeds by the sugar which
is formed from the stored starch.

11. Nitrogenous compounds.—We have learned how in the life-holding
protoplasm of the green parts of plants, especially their leaves, the
carbohydrates and fats are formed from the elements of carbon dioxid
and water by the energy of the sun. To these life centers, with their
green coloring matter, holding sugar and starch, the sap brings nitrates
and other mineral salts gathered by the roots from the soil. Thru the
union of the elements of the nitrates and other salts with those of the
starches and sugars there is formed a new group of complex compounds
called crude proteins, which, in addition to carbon, hydrogen, and
oxygen, found in the carbohydrates, contain nitrogen, sulfur, and some-
times phosphorus. The nitrogenous compounds are the most complex of

all plant substances. Osborne of the Connecticut Station gives the fol-
lowing as the probable molecular composition of legumin, a protein found
in the seed of the field pea, and hordein, found in the barley grain:

Legumm CnaHuusOacN:us:
Hordein  Cqg75H,0140,0eN;0:S¢

Because of their great variety and complexity, the nitrogenous com-
pounds are the most difficult of all plant substances for study and classi-
fieation. For years able organic chemists have been attacking the
intrieate problems of their structure and composition with great energy
and patience. Although their work has greatly advanced our knowledge,
yet little more than a beginning has been made in setting forth the
differences in the composition of the various nitrogenous or protein com-
pounds, and in pointing out their relative values as nutrients for animals.
In discussions of feeding stuffs and the nutrition of animals, the terms
crude protein, protein, and amids are commonly used for designating the
various classes of nitrogenous compounds.

Crude protein is the term employed to designate all the nitrogenous
compounds of the plant. The chemist finds that about 16 per ct. of the
plant proteins is nitrogen. Accordingly, he multiplies the nitrogen

found in a given plant substance by 6.25 (100-:-16=—6.25) and calls the
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product crude protein. Crude protein embraces 2 great groups of
nitrogenous plant compounds, proteins and amsds.

The amids may be termed the building stones of the proteins, for from
them the plant constructs the more highly organized proteins, and on
decomposition the proteins are again broken down into these more simple
bodies. These compounds are the portable building compounds of the
plant, for they are soluble in its juices and hence may be conveyed
wherever needed thruout the plant structure. Commonly included under
the general term amids are compounds which the chemist calls amino
acids, and others which he terms {rue amids. In this work, unless other-
wise stated, amids will be used to denote both classes of substances.

Proteins are the more highly organized forms of erude protein. They
are not always soluble and therefore in many cases not transportable in
the juices of the plant. The proteins form the basis of the living pro-
toplasm of all plants and animals, and so are essential to all life.

The complexity of the proteins is evident from the fact that 18 differ-
ent amino acids have already been identified, which may enter into their
composition. Just as the letters of the alphabet may be combined into
innumerable words, so the possibility for the combination of the amino
acids into different proteins is almost limitless. Thus far scores of differ-
ent plant and animal proteins have been separated and examined by the
chemists. Some of these, such as egg albumin, contain all the known
amino acids, while others, as zein of corn and gliadin of wheat, lack one
or more of them. As will be shown later, such incomplete proteins may
have a lower value for animal feeding than those which are complete in
their composition.

During the period of the plant’s life when active growth is taking
place, amids are constantly being formed in the living protoplasm out of
the nitrates and other mineral salts and the elements composing sugar or
starch. These amids are continually being transported to needed points
and there changed into the proteins, and as a consequence do not usually
accumulate in the plant. Just as starch and sugar may be changed one
into the other in the plant, so the proteins and amids may be changed one
into the other as plant necessity may require. When germination starts
in a seed, an enzyme, or ferment, contained therein acts upon the insolu-
ble proteins stored in and about the germ and changes them to soluble
amids, so that the nitrogen may be transported to the newly forming
parts of the plantlet. When corn forage is placed in the silo, much of
the protein it then contains is changed back to amids thru the fermenta-
tions which occur.

Very little crude protein is found in the older woody parts of plants,
the greater portion always being concentrated at the point of growth;
ie., in the leaves, seeds, and reproductive parts. The germ of seeds is
largely protein, and the rich nutritive substances in the grain close about
it usually hold much protein. It is in the life-holding protoplasm in the
green parts of plants, principally in their leaves, that all the inorganic
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compounds taken up by the plant from air and soil are elaborated into
true plant substances by sun power. The life processes of the plant are
maintained and all changes are wrought thru its nitrogenous or protein
ecompounds, and a knowledge of such fact is not only of interest, but has
many practical bearings for the farmer and stockman.

12. Mineral compounds.—The elaboration of food materials in the pro-
toplasmic masses, as well as the development of young plants from the
seed, requires the presence of mineral matter, or ash, which is found in
small amount everywhere thruout the plant. The leaves contain more
ash than do the other parts, due to the life processes within the leaf cells
and the constant evaporation of water from their surfaces by which the
ash in solution is left behind. The ash content of the bark of trees and
stems of plants is also usually high.

13. The end of plant effort.—If we study the life history of a plant, we

observe that its first effort is toward self-establishment and enlargement.
At this time all the elaborated material, as fast as formed, is transferred
to the growing parts that they may be built up and established. As the
plant approaches maturity, its energies are changed from growth to re-
production, or the perpetuation of its kind. The nutrients in the juices,
which were formerly directed to the growing portions, are now turned
toward the reproductive parts. First come the blossoms, then the young
enlarging fruits. Into these the sugars, amids, and mineral substances,
all elaborated and worked over by the plant in its leaves, are poured in a
steady current. The wheat plant resulting from a single kernel bears a
hundred fruits in the shape of seed grains, while the Indian corn plant
may produce a thousand-fold. In each of these grains is a miniature
plant, the germ, composed largely of protein, about which is stored a
generous supply of rich nutriment—proteins, starch, sugar, oil, and
mineral matter—all in compact, concentrated form, awaiting the time
when the germ shall begin life on its own account. In the tuber of the
potato the cells are packed with starch, while in the beet root the stored
material is largely in the form of cane sugar. Each germ, or reproduc-
tive part, is surrounded with food nutrients stored after Nature’s
choicest plan to aid the new life which is to follow.

14. Plants support animal life.—Nature has decreed that it is the func-
tion of plants to build inorganic matter taken from earth and air into
organic compounds, by which operation the sun energy employed becomes
latent. Thru the life processes the various plant compounds used as food
by animals are, after more or less change, built into the animal body, or
are broken down within it to give heat and energy. In this change and
dissolution the sun energy which became latent or was hidden in the
growing plant is again revealed in all the manifestations of animal life.
In the coal burning in the grate we observe the reappearance of the
energy of the sun which was stored in the plants of ages ago. In the
stalks and ears of corn which we feed our cattle we are furnishing energy.
received from the sun and rendered latent by the corn plant during the
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previous summer. Thus it is that the stockman, when supplying plants
and seeds to the animals under his care, observes in their growing bodies,
warmed by internal fires, the energy of the sun transmitted by the plant
to the animal. To the plants of the farm the stockman turns for the
nourishment and support of his animals. The final step is the consump-
tion of the flesh or milk of the animals by man, whereby sun energy
finally becomes human energy. A general knowledge and full realization
of how plants live and grow is therefore not only of interest, but also may
be helpful in a thousand ways.

11. How THE CHEMIST GROUPS PLANT SUBSTANCES

In the following table, taken from Appendix Table I, the composition
of a few common feeding stuffs is arranged after the manner adopted by
agricultural chemists. The first column gives the name of the feeding
stuff, followed by others showing the average per cent of the several
nutrients which the feed contains. Last is a column giving the number
of analyses from which the average composition was computed.

Chemical composition of typical feeding stuffs, from Appendiz Table 1

L . Organioc matter
norgAme Carbohydrates Now ot
Feeding stuff Crude Fat 5
Water | Ash | Pprotein | Fiber fnm
Perct. | Perct Perct. (| Perct. | Perct. | Perect.
Concentirates
Dentcorn............ 105 | 1.5 10.1 2.0 | 70.9 5.0 | 440
Oats................. 9.2 3.5 124 | 109 | 59.6 4.4 490
Wheat. .............. 102 1.9 12 .4 22| 71.2 2.1 | 858
Wheat bran........... 10.1 | 6.3 16.0 9.5 | 53.7 4.4 7,742
Flaxseed............. 9.2 4.3 22.6 7.1 23.2 | 33.7
Linseed meal, old
process............. 9.1 | 5.4 | 33.9 8.4 | 35.7 7.6 | 714
hages
Timothy hay......... 11.6 | 4.9 6.2 | 20.9 | 45.0 2.5 | 221
Red clover hay........ 129 | 7.1 12.8 | 25.5 | 38.7 3.1 76
%&t at:ukw. innciaa 11.5 5.4 3.6 | 36.3 | 40.8 2.4 41
entu luegrass,
o y ............ 68.4 2.8 4.1 8.7 148 1.2 32
rn _ silage, recent
YBES. ...\ 77| 17 | 21| 63| 154 08| 121
Mangels.............. 90.6 | 1.0 1.4 0.8 6.1 0.1 38

15. Water.—To determine the amount of water in a fodder the chemist
places a small quantlty of the material, finely divided, in a dish and as-
certains its weight. It is then dried in an oven at a temperature of 212°
F. for several hours and again weighed. The difference between the first
and last weights represents the amount of water in the sample. Volatile
compounds, such as some of the substances which give various plants
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their characteristic odors, are also driven off by this heating, but the
weight of such compounds is generally insignificant. From the second
column of the table we learn that even such ‘‘dry’’ feeds as corn, oats,
wheat, and wheat bran contain 9 lbs. or more of water per 100 lbs. of the
feeding stuff. Timothy and clover hay contain still more water, and
such succulent feeds as pasture grass, corn silage, and mangels are
largely water.

16. Ash, or mineral matter.—The chemist next burns the sample and
ascertains the weight of ash, or mineral matter, which is left. From the
third column of the table we learn that 100 lbs. of corn or wheat con-
tains less than 2 lbs. of ash. OQats, with their strawy hulls, and wheat
bran, consisting of the outer coats of the wheat grain, carry more ash.
The hays and straws are higher in ash than such grains as corn or wheat,
due to the accumulation of mineral matter in the leaves during growth,
to earthy matter washed upon the growing plants by rain, and to dust
settling on the roughage before it is housed. Such foreign material is not
really plant ash, but of necessity is reported as such. Owing to their
high water content, the ash in 100 lbs. of fresh grass, silage, and mangels
i8 low. The ash and water of plants together constitute the so-called
inorgansc matter; the other.,components—crude protein, carbohydrates,
and fat—are termed the organic matter.

17. Crude protein.—The process of determmmg the nitrogenous con-
stituents of feeding stuffs is too complicated for presentation here.
Suffice it to say that the nitrogen content is found, and the result multi-
plied by 6.25 to give the crude protein, since about 16 per ct. of plant
protein is nitrogen (100-16=—6.25). From the table we learn that 100
Ibs. of wheat bran contains 16.0 lbs. of crude proteln, while the amount
in wheat is 12.4 lbs. and in dent corn only 10.1 lbs. per 100 1bs. Red
clover hay contains over twice as much crude protein as timothy hay.

18. Fiber.—The woody portion of a feeding stuff is determined by
boiling a sample thereof successively in weak acid and alkali and wash-
ing out the dissolved matter. That which remains is termed fiber. As
is shown later (48), fiber, which consists mostly of cellulose, is less diges-
tible and hence has a lower nutritive value than the other nutrients of
feeding stuffs. Corn contains but 2.0 and wheat only 2.2 per ct. of fiber,
while, owing to the woody hulls, oats contain 10.9 per ct. Most rough-
ages, especially the straws, are much higher in fiber than the concentrates.
Mangels contain but 0.8 per ct. fiber; were they dried to the same water
content as oats they would contain only 7.7 per ct. fiber—less than oats.
. 18. Fat.—A sample of the pulverized dried fodder is treated with
ether, which dissolves the fats, waxes, resins, chlorophyll, or green color-
ing matter, and similar substances. This, called ether extract in works
on plant analysis, is for convenience termed fat in this work. The ether
extract of seeds is nearly all true fat, or oil, while that of the leaves and
stems of plants contains much chlorophyll, wax, etc. Corn and oats carry
more fat than the other cereals. Some seeds, such as flax seed, are so
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rich in oil that it may be extracted from them by crushing and subsequent
pressure.

20. Nitrogen-free extract.—The nitrogen-free extract, expressed in the -
tables in this book as N-free eziract, embraces the substances that are ex-
tracted from the dry matter of plants by treatment with weak acids and
alkalies under standard conditions, less the crude protein, fat, and ash.
1t is determined by difference and not by direct analysis. The total dry
matter in a feeding stuff minus the sum of the ash, crude protein, fiber,
and fat, equals the nitrogen-free extract. It embraces the sugars,
starches, pentoses, non-nitrogenous organic acids, ete., of the plant. The
nitrogen-free extract i8 more soluble and hence more digestible than the
fiber, and thus has a higher nutritive value. (48) Over 70 per ct. of both
corn and wheat is nitrogen-free extract, largely starch. The roughages,
carrying much woody fiber, contain less of these more soluble carbohy-
drates than the concentrates.

21. Carbohydrates.—The nitrogen-free extract and fiber together
constitute the carbohydrates.

By the present method all plant substances are grouped under the
terms crude protein, fiber, nitrogen-free extract, and fat, without regard
to the differences in composition and feeding value of the different in-
dividual proteins, carbohydrates, and fats which make up these classes.
In many particulars this is unsatisfactory. In time chemists will work
out & more accurate, tho necessarily more complicated, classification, but
at present for the great majority of feeds there is nothing better than
what is here given.

22. Roughages and concentrates.—In discussing feeding stuffs it is
desirable to differentiate between those which are of coarse, bulky nature
and others which are more condensed and more nutritious. Accordingly,
the terms ‘‘concentrate’’ and ‘‘roughage’’ employed in the first edition
of this book are retained, since they are now widely recognized and used.

Concentrates are feeding stuffs of condensed nature, which are low in
fiber and hence furnish a large amount of digestible matter. Examples
of this class of feeds are the various grains, as Indian corn, wheat, and
oats, and milling by-products of high feeding value, as wheat bran, lin-
seed meal, gluten feed, ete.

Roughages are the coarser feeding stuffs, which are high in fiber and
supply a lower percentage of digestible matter. Such feeds as hay,
corn fodder, straw, and silage belong to this class. Some of the low-grade
milling by-products, such as oat hulls, ground corncobs, and peanut
hulls are roughages, rather than concentrates, for they are largely fiber
and furnish but little nutriment. Roots are watery and bulky, and
contain relatively little nutriment per pound, yet based on the composi-
tion of the dry substance they are more like concentrates than roughages,
a8 they are low in fiber. They are really watery, or diluted, concentrates,
tho for convenience they are included under fresh green roughages in
Appendix Table I.
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II1. TeE STUDY OF AN ACRE OF CORN

The great basic facts in plant life, briefly set forth in the preceding
pages, are admirably illustrated by a study of Indian corn, the greatest
of our agricultural plants, such as has been made by Ladd at the New
York (Geneva) Station! and Jones at the Indiana Station®.

23. Changes in a growing corn crop.—Analyzing the plants at various
stages from July 24, when they were about 4 feet high, until Oct. 8, when
the kernels were hard, Jones secured the following data, based on an
average stand of 10,000 stalks per acre:

Composition of an acre of Indian corn at different stages

Total wt.| Dry Crude N-free
Stage of growth defo';“ g-e';t:; Ash protein Fiber extract Fat
Lbs. Lbes. Lbs. Lbs. Lbs. Lbs. Lbe.
Four feet high, July 24....| 5138| 731 | 90 | 149 170 | 282 | 40
First tassels, Aug. 6. ... .. 18,827 [ 2245 | 195 | 360 | 670 | o977 | 42
Silks dnn’ng, Aug. 28
rn and cob. . ....... 4839 | 755 | 214 | 102 147 | 413 9
Stalk, blade, etc.. ... .. 19488 | 3812 | 248 | 334 | 1,056 | 2,133 | 40
Total.............. 24,327 | 4,567 | 272 | 436 | 1,203 | 2,606 | 49
Milk stage, Scpl. 10
and cob......... 7,288 | 2268 | 50 | 252 | 263 | 1,648 | 55
Stalk, blade, etc. . ... .. 19,422 | 3006 | 278 | 202 | 1,008 | 2198 | 40
Total. . S 26,710 | 6,174 | 328 | 544 | 1,361 | 3846 | 95
ooy g 8620|3866 | 66 | 346 | 312 | 2,985 | 158
Stalk, blade, etc. .. .. .. 17130 | 4238 | 323 | 220 | 1,211 | 21440 | 44
Total.............. 25750 | 8,104 | 389 | 566 | 1,523 | 5,425 | 202
Silage stage, Oct. 1
and cob......... 9202 4625 | 72 | 450 | 824 | 3,600 | 179
Stalk, blade, etc. . ... .. 15983 | 4,304 | 207 | 210 | 1,278 | 21484 | 38
Total. ............. 25275 | 8,920 | 369 | 660 | 1,602 | 6,084 [ 215
Ready to shock, Oct. 8 '
Corn and cob. . ....... 9250 | 5186 | 76 | 492 | 368 | 4,027 | 223
Stalk, blade, etc. . ... .. 12004 | 4,226 | 307 | 109 | 1,369 | 2,309 | 42
Total.............. 22253 | 9,412 | 383 | 601 | 1,737 | 6,336 | 265

From July 24, at a stage when sometimes fed as soilage, to Aug. 28,
when the silks were drying, the crop increased over 19,000 Ibs. in total
weight and nearly 4,000 1bs. in dry matter. The increase in total weight
was thereafter less rapid, reaching the maximum when the kernels were
in the milk stage. After this the gross weight decreased by over 4,000 lbs.,
due to drying out as it matured. The dry matter, however, continued to
increase rapidly until the plants were fully ripe. Indeed in less than a
month following Aug. 28 the acre of corn stored over 3,000 lbs. of dry
. matter! When four feet high the crop was nearly 86 per ct. water
i1N. Y. (Geneva) Rpt. 1889. 3Ind. Bul. 176.
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and only about 14 per ct. dry matter; while when the kernels were hard
and the husks dry over 42 per ct. was dry matter. On Aug. 28 less
than 17 per ct. of the total dry matter was in the ears; by Oct. 8 the
ears contained over half the dry matter in the total crop.

24. Ash or mineral matter.—The total ash increased rapidly until the
plant reached its full height. During the period of greatest starch for-
mation, Aug. 28 to Oct. 1, the increase in potash was especially rapid.

25. Crude protein.—The most rapid increase in erude protein, the
nitrogenous portion, occurred before the plants were tasseled, when cell
growth was more active. After the ears were silked, as is shown in the
following table from Ladd, the amids—the soluble circulating nitroge-
nous compounds—did not increase.

Changes in crude protein in growing corn crop

Amids  Protein
Stage of growth Lbe. Lbe.
Tasseled............ccciiiiiiii i 69 171
Silked..........ciiii 158 279
Kemelsinmilk......................................... 102 377
Kernelsglazed. . .. ...... ... ......... ... ............ 152 491
RiDB. ..o 109 569

Altho amids—the building-stones of the proteins—were constantly
being formed during the development of the plants, they were in turn
quickly built over into the more complex, stable proteins. Thus, there
was a steady and marked storage of proteins up to maturity. At all
stages of growth nearly all the amids are in the stalks and leaves, the
amids in the ears never exceeding 1.5 lbs. per acre, according to Jones.
At maturity, Oct. 8, over 71 per ct. of all the protein in the erop
was stored in the ears, principally in and about the germs of the kernels,
ready to carry on the vital functions whenever the grains might find
lodgment in the soil and begin growth to form new corn plants.

28. Fiber.—The stalk of corn must be strong and sturdy to carry the
abundant foliage and especially the heavy ear—hence the increase in
fiber, the woody framework of the plant, which was especially rapid till
the skeleton of the plant was grown.

27. Nitrogen-free extract.—The nitrogen-free extract, the most valu-
able portion of the carbohydrates, made up of sugars, starch, and the
other more soluble carbohydrates, increased more than 2.5 tons between
tasseling and ripening. As is shown in the following, Ladd found that
after the milk stage there was practically no increase of either glucose
or sucrose, but a large storage of starch.

Changes in glucose, sucrose, and starch of growing corn crop

i
U e w
58 9 122
300 111 491
665 129 707
720 95 1,735

538 149 2,853
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The table shows that, altho sugars were being steadily formed in
the leaves of the plant from tasseling to ripening, they were continuously
being transferred to other parts, especially the swelling kernels of the
ear. Here a large portion was changed to insoluble starch and com-
pactly stored about the germs to serve as food for the future plantlets.
Another portion of the sugars was changed into cellulose to form the
woody framework of the plant structure. The elements of a third portion
were combined with nitrates and other mineral matter from the soil to
form the nitrogenous amids and proteins. It was because of such con-
tinuous transference and change that the sugars showed no material
increase.

Up to the milk stage starch formed only a small part of the total
nitrogen-free extract; after this it increased rapidly until by maturity
nearly & ton and a half of starch had been formed. Ladd found that
the other soluble carbohydrates, which increased up to the glazing stage,
consisted chiefly of pentoses and the more soluble pentosans and cellu-
loses. A study of the several tables shows most plainly the heavy losses
of valuable nutrients which are sure to occur when a crop of Indian corn
is harvested before it has fully ripened.

In producing this acre of corn, probably not over 10 1bs. of seed was
placed in the ground in the spring time. From this insignificant begin-
ning, by the following October, about 130 days later, the resultant plants
had gathered inorganic matter—carbon dioxid from the air, and water,
nitrogen, and mineral matter from the soil—and built all these, first
into primary organic forms, and finally into complex organic parts of
their structure. The product of such building amounted to over 11 tons
of green or 4.7 tons of dry matter, all largely available for nourishing
the animals of the farm and, thru them, man. This is a forceful illustra-
tion of Nature’s wonderful processes of food production occurring all
about us under the guiding mind of man.

The reader who will thoroly familiarize himself with this study of the
growing corn plant can readily extend his acquirement to all the other
crops of the farm. Thus equipped he is in position to study the compo-
sition of the bodies of farm animals and consider how they are built up
and maintained by food derived from plants, as later presented.
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CHAPTER 11

COMPOSITION OF THE ANIMAL BODY—DIGESTION—
METABOLISM

1. CoMPOSITION OF THE ANIMAL Bopy

Division III of the preceding chapter sets forth the yield and compo-
gition of an acre of Indian corn, thereby showing how the several
nutrients of feeding stuffs are elaborated by the plants of the farm.
‘We will next consider the nature and composition of the bodies of farm
animals, which are built up and nourished by plants.

28. The animal body.—The unit of the animal body is the protoplasmic
life-holding cell, which, associated with myriads of others and modified
in innumerable ways, makes up the body structure. Both the cell envelop
and its contents are of nitrogenous material in most complex combination.

In studying the higher animals we may regard their bodies as consist-
ing of a bony skeleton of mineral character surrounded by an elaborate
muscular system. Fatty tissue permeates the bones and muscles, filling
in and rounding out the body form, and around all is the enveloping
skin. Within the body cavity are the various special organs, such as the
heart, stomach, ete., designed for dissolving, assorting, distributing, and
utilizing the nutritive matters of the food and for conveying and dis-
posing of the waste. All these organs are nitrogenous or protein in
nature, as are also a part of the organic matter of the bones and a large
portion of the nerves, which control and direct all body activities. We
have seen that in plants the great structural material is cellulose, a
carbohydrate, and that the common stored reserve material is starch,
also a carbohydrate. In the animal body, however, while the glucose
in the blood and tissues and the glycogen in the liver and other organs
perform important functions, these carbohydrates at no time form an
appreciable part of the animal’s weight. (60)

29. Composition of animal bodies.—To aid in a study of the compo-
sition of the bodies of farm animals we have the following invaluable
data gathered by Lawes and Gilbert! of the Rothamsted (England)
Experiment Station, whose classic investigations stand as models in
agricultural research. The first division of the table shows the compo-
sition of the entire body (fasted weight) of the several animals, and the
second part the composition of their carcasses. Store animals are those
in thrifty condition, but not fat.

tJour. Roy. Agr. Soc. Eng., 1898; U. S. Dept. Agr., Office Expt. Sta., Bul. 23.
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Due to the fact that the gains during fattening are chiefly fat(122), the
animals of each kind contain a higher percentage of protein and a much
lower percentage of fat before being fattened. Thus while 14.8 per ct.
of the body of the store sheep is protein and 18.7 per ct. fat, the extra-
fat sheep contains 45.8 per ct. fat and only 10.9 per ct. protein. The
third column shows that in general the percentage of mineral matter,
or ash, decreases as the animal fattens, because fatty tissue is low in ash.
Due to the relatively light skeleton, the body of the pig in store condition
containg but 2.67 per ct. ash and only 1.65 per ct. when fat, the lowest
of any of the farm animals.

Composition of the entire bodies and carcasses of farm animals

. Contents of
Description of animal Protein | Fat | mater |dey wab-| Water slomach and
(ash) stance moist state
Division I. Per cent in the entire animal (fasted live weight)
Fatealf..................... 152 | 148 | 3.80 | 33.8 | 63.0 3.17
Half-fatox.................. 16.6 19.1 4.66 40.3 51.6 8.19
Fatox...................... 145 | 30.1 | 3.92 | 48.5 | 45.5 5.98
Flt hlnb .................... 12.3 28.5 2.94 43.7 47 .8 8.54
.................. 148 | 18.7 | 3.16 | 36.7 | §7.3 6.00
Hllf-fatodaheep ............ 14.0 23.5 3.17 40.7 50.2 9.05
Fat [+ 12.2 35.6 2.81 50.6 43 4 6.02
Extra-fat sheep.............. 109 | 45.8 | 2.90 | 59.6 | 35.2 5.18
Storepig ................... 13.7 23.3 2.67 39.7 55.1 5.22
Fatpig... .................. 10.9 42 .2 1.65 54.7 41.3 3.97
Averageof all.............. 13.5 28 .2 3.17 44.9 49.0 6.13
Division II. Per cent in carcass
Fatealf..................... 16.6 16.6 4 .48 37.7 62.3
Half-fatox.................. 17.8 22.6 5.56 48.0 54.0
Fatox...................... 15.0 34.8 4.56 54 .4 45 .6
Fatlamb.................... 10.9 36.9 3.63 | 51.4 48.6
sheep.................. 14.5 | 23.8 | 4.38 | 42.7 | §57.3
Half-fat old sheep. ........... 14.9 31.3 4.13 50.3 49.7
Fatsheep................... 11.5 45 .4 3.45 60.3 39.7
Extra-fat sheep. . ............ 9.1 | 55.1 | 2.77 | 67.0 | 33.0
Storepig.................... 14.0 | 28.1 | 2.57 | 44.7 | 556.3
Fatpig.......oovvvoonnnnn, 105 | 405 | 1.40 | 61.4 | 386
Averageofall.............. 13.5 34 .4 3.69 51.6 48 4

The fourth and fifth columns, giving the percentages of total dry
substance and water, show that in all but the extra-fat sheep and the
fat pig, water is the largest single constituent of the body. For all the
animals studied, on the average 49 lbs. in every 100 of the body weight,
or nearly half, is water. This brings out strikingly the great importance



16 FEEDS AND FEEDING

of water in the animal body. The percentage of water both in the entire
body (Division I of table) and in the carcass (Division II) is higher in
the fat calf than in the fat ox, and also higher in the fat lamb than in the
fat sheep. All animals contain a higher percentage of water when lean
than when fattened. .

80. Nitrogen and ash.—The following table shows the nitrogen and
the principal ash constituents in the fasted live weight of the animals
analyzed at Rothamsted, and also in milk and unwashed wool :

Ash and nitrogen sn 1000 1bs. of farm antmals, milk, and unwashed wool

Nitrogen | Phosphoric | poagp Lime M

™) Py (K:0) (Ca0) oo
Lbe. Lbs. Lbe. Lbs. Lbs.
Fatecalf................ 24 .64 15.35 2.06 16 .46 0.79
Half-fatox............. 27 .45 18.39 2.05 21.11 0.85
Fatox................. 23.26 15.51 1.76 17.92 0.61
Fatlamb............... 19.71 11.26 1.66 12.81 0.52
Storesheep............. 23.77 11.88 1.74 13.21 0.56
Fatsheep.............. 19.76 10.40 1.48 11.84 0.48
Store Pige. ... 22.08 10.68 1.96 10.79 0.53
Fatpig................. 17.65 6.54 1.38 6.36 0.32
................... 5.76 2.00 1.70 1.70 0.20
Unwashed wool. .. ...... 54.00 0.70 56 .20 1.80 0.40

The table shows that the nitrogen in each 1000 lbs. (fasted live weight)
of the bodies of farm animals varies from about 17 to 27 lbs., being
least in the fat pig and greatest in the half-fat ox. Lime, the largest
mineral constituent of the bones, ranges from about 6 lbs. per 1000 lbs.
of carcass in the fat pig to over 21 lbs. in the ox. Phosphoric acid
almost equals lime in quantity, while potash runs only from 1 to 2 lbs.
per 1000 1bs. of animal, and magnesia still less. Soda, silica, iron, ete.,
are found in small quantities.

31. Plants and animals compared.—One of the fundamental differences
between plants and animals is that in plants the walls of the cells of
which they are composed are of carbohydrate material, while in animals
the walls of the body cells are of protein substances. Thus plants are
on a carbon and animals on & nitrogen foundation. The higher plants
are nourished by inorganic matter, while animals live upon both organie
and inorganic substances, principally the former. Plants absorb thru
their leaves great quantities of carbonic acid gas, composed of carbon
and oxygen, retaining the carbon and giving off the oxygen as waste.
Animals take free oxygen thru their lungs and combine it with carbon
to form carbonic acid gas, which is thrown off as waste in the breath.
Thus the two great classes of living objects are interdependent.

In the animal body the organic material derived from plants may be
built into still other highly organized compounds, usually protein in
character. Thus built, matter has reached its last high stage of organized
existence, and its fall or descent soon occurs. In the daily waste of the
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bedy or upon the withdrawal of life, this highly endowed organic matter
is broken down into inorganic compounds, to begin again the eternal
ronnd of Nature.

II. DigESTION

88, Digestion.—The changes which food undergoes within the digestive
tract of the animal to prepare it for absorption and ultimate use in build-
ing new tissues, repairing body waste, and as a source of energy are
collectively known as digestion. Digestion is effected by enzymes, or
ferments, elaborated by glands of the mouth, stomach, pancreas, and
mall intestines, and by the bile, secreted in the liver. Baecteria inhabit-
ing certain parts of the digestive tract attack the woody cellulose of the
food, breaking it down and thereby freeing nutrients. In addition to
the action of the secretions and bacteria, the food in its course thru the
digestive tract is subjected to mechanical processes which tend to reduce
it to a fine state of division, the object of the whole process being to
separate from the useless matter those constituents which are to nourish
the body.

33. Nutrients.—The term nufrient is applied to any food constituent,
or group of food constituents, of the same general chemical composition,
that may aid in the support of animal life. Crude protein, the car-
bohydrates, and fat constitute the generally recognized primary classes
of nutrients, altho air, water, and mineral matter might likewise be
% termed.

The term digestible nutrient covers that portion of each nutrient which
is digested and taken into the body, as determined by.digestion trials
with various mature animals. (66)

3. Concerning rations.—On the farm a ration is the feed allowed or
set apart to maintain a given animal during a day of 24 hours, whether
all thereof is administered or fed at one time or in portions at different
times,

A balanced ration is the feed or combination of feeds furnishing the
&everal nutrients—crude protein, carbohydrates, and fat—in such pro-
portion and amount as will properly and without excess of any nutrient
nourish a given animal for 24 hours.

A maintenance ration is one that furnishes enough, but no more, of
each and all of the several nutrients than is required to maintain a given
resting animal, so that it will neither gain nor lose in weight.

35. The alimentary tract.—The digestive tract is a long, tortuous tube
passing thru the animal from mouth to vent, enlarged in places for the
storage of food or waste. Within its linings are secretory organs fur-
nighing various fluids of digestion, and into it, from other specific secre-
tory organs located near by, pour still other dlgestxve fluids. Within its
walls are nerves controlling its action, arteries which nourish it with
fresh blood, and veins and lymphatics which absorb and carry from its
interior the products of digestion, as well as water, mineral matter, and
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gases. It should be borne in mind that the contents of the stomach and
intestines are really outside the body proper. Only when a substance has
passed into or thru the walls of the digestive tract has it actually entered
the body of the animal.

Ruminants (animals which chew the cud), including the ox, sheep,
and goat, have much more complicated digestive tracts than other
animals. In the horse and pig the gullet is a simple muscular tube
passing from the mouth to the stomach. On the other hand, in ruminants
the gullet is expanded just before the true stomach, or abomasum, is
reached into 3 compartments of great aggregate capacity, the first of
which is the paunch, or rumen ; the second, the honeycomb, or reticulum;
and the third, the manyplies, or omasum. Of the 4 stomachs the paunch
is by far the largest.

The length and capacity of the intestines and the capacity of the
stomachs of different mature farm animals are shown in the following
table. Obviously these values will vary widely, depending on the size
of the animal.

Capacity of stomach and capacity and length of intestines of farm animals

Animal il e Animal .‘i:;‘.‘;‘i’.:& oy
intestines intestines i i
: Quarts Feet Quarts Feet
Horse Ox
Stomach®..... 19.0 All 4 stomachs..| 266.9
Small intestine . 67 .4 73.6 Small intestine. 69.7 150.9
Large intestine.| 137.4 24.5 Large intestine. 40.1 36.3
Total....... 223.8 98.1 Total........ 376.7 187.2
Sh Ho
lei.el?men ........ 24.7 Sgt.omwch ....... 8.5 .
Reticulum..... 2.1 Small intestine 9.7 60.0
Manyplies. . ... 1.0 Large intestine 10.8 17.1
Abomasum . 3.5
Total........ 29.0
All 4 stomachs. 31.3
Small intestine. 9.5 85.9
Large intestine. 5.9 21.4
Total......... 46.7 107.3

* Chauveau, Comparative Anatomy of the Domestic Animals, places the capacity at 3 to 3.5 gallons,

‘While the stomach of the horse holds only 19.0 gts., the 4 stomachs of
the ox have a capacity of 266 qts., or 14 times as much. On the other
hand, the large caecum, or blind gut, of the horse, a part of the large
intestine, gives the large intestine a capacity of 137.4 qts., compared with
40.1 gts. for the ox.

In young ruminants the first 3 stomachs are less developed than in
mature animals. Colin found that the first stomach,or the paunch,of a calf
held 2.6 1bs. of water; the honeycomb 0.22 1b.; the omasum 0.35 1b.; and
the true stomach 7.7 1bs. As the diet of the growing calf changes to more
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wlid food, such as grass, hay, and grains, the rumen, or paunch, gradually
increases in size, until in the grown ox it <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>