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PREFACE

THE manner in which the subject of the nutrition of-farm
animals is presented to the student will naturally’ differ ac-
cording to the ultimate end in view. If the prime purpose is
to impart practical skill in the feeding of live stock, the study
of the principles of nutrition is likely to be regarded as pre-
liminary and to partake of the nature of an information course,
and chief stress will be laid upon familiarity with the results
of experience, particularly as related to the business aspects
of the subject, and to the acquisition of practical skill.

But while by no means disposed to minimize the significance
of this aspect of the subject, the writer is nevertheless convinced
that for the students of our agricultural colleges a somewhat
different procedure is desirable. He believes that greater
emphasis than they sometimes receive may wisely be laid upon
the chemical and physiological laws which underlie the practice
of feeding, both on account of their intrinsic importance and
because the subject may thus be made a real collegiate disci-
pline which shall contribute to the training as well as to the
information of the student.

Accordingly, the present volume attempts to deal primarily
with the natural laws governing the nutrition of farm animals,
as distinguished from the broader field of animal husbandry,
and only secondarily with the specific details of practice. It
seeks to avoid so far as may be mere dogmatic statements, and,
although not attempting complete citation of literature even
upon important points, to present the experimental evidence
with sufficient fullness to indicate something of the limitations
of present knowledge and of the opportunities for further in-
vestigation. Its aim is to discuss the fundamental principles
upon which successful stock feeding is consciously or uncon-
sciously based in the firm persuasion of the truth so pithily
expressed almost half a century ago by the father of agricul-
tural science in the United States, Professor Samuel William
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vi PREFACE

Johnson, that, “Other qualifications being equal, the more
advanced and complete the theory of which the farmer is the
master, the more successful must be his farming. The more he
knows, the more he can do. The more deeply, comprehen-
sively, and clearly he can think, the more economically and
. advantageously can he work,” and that “A true theory is the
surest guide to a successful practice.”

In short, the book is intended for the student rather than

directly for the farmer and assumes a certain degree of prelim-
inary training on the part of the reader, including an elementary
knowledge of chemistry and physics.
- The author is under obligations to The Honorable Secretary
of Agriculture, for permission to reproduce, in Chapter XVIII,
a part of Bulletin No. 459 of the United States Department of
Agriculture; to the Macmillan Company for the similar use in
Chapter XV of material from Bailey’s “Cyclopedia of American
Agriculture”; and to Messrs. Henry and Morrison for permis-
sion to base the tables of the net energy values of feeding stuffs
contained in the Appendix upon their extensive compilations
in the fifteenth edition of “Feeds and Feeding.” He is like-
wise indebted to the following publishers for the use of the cuts
named :

The Carnegie Institution of Washington, Figure 24.

The F. A. Davis Company, Figure 17.

Ginn & Company, Figures 2, 3, 6, 7, 8, 16, 19, 20, and 22.

The Macmillan Company, Figures 4, 15, 29, 31, 32, 33, 34
37, 43, 44, and 45.

The W. B. Saunders Company, Figures 1, 5, and 14.

John Wiley & Sons, Inc., Figures 18 and 4o0.

STATE COLLEGE, PA.,
May, 1917. -
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INTRODUCTION

THE problems of nutrition concern the farmer both directly
and indirectly =— indirectly because his function in society is to
furnish the materials for the nutrition of man ; directly, because
an essential part of that function consists in the economical
conversion of vegetable into animal products by means of farm
animals, Particularly is this true regarding the inedible prod-
ucts of the farm., It is a well-recognized fact that only the
smaller portion of the solar energy or of the proteins which are
stored up in the farmer’s crops is directly available for man’s
use. Even in distinctively food crops, such as wheat, for ex-
ample, more than two-thirds of the energy which they contain
may be unavailable for human nutrition, while the grasses and
legumes, so important in all systems of agriculture, are of no
direct value as food for man. The essential function of the
animal in a permanent system of agricultute is the conversion
of as large a proportion as possible of these inedible products
into forms whose matter and energy can be utilized by the
human body. It is true that animal products contribute largely
to our supply of clothing and also that, as a motor, the work
animal plays an important part in agriculture and industry. In
both respects, however, substitution is possible to a greater or
less extent. Vegetable fibers may to a degree replace animal
fibers in our textiles, while inanimate motors seem destined to
fill an increasing r8le in power production in all its aspects.
But for the conversion of the by-products of the farm and fac-
tory into human food, there is as yet no suggestion of an agency
which can take the place of the animal body.

With the growth of the non-agricultural population it is in-
creasingly important that this function of conserving the food
supply through the utilization of inedible soil products shall be
performed with a maximum of efficiency. This requires, on the
one hand, as intimate a knowledge as possible of the funda-
mental laws governing the nutrition of farm animals, so that

xv



xvi INTRODUCTION

the transformation may be effected with the least possible waste,
and, on the other hand, the ability so to apply these laws as to
secure the greatest economic return, since it must never be
forgotten that the criterion of success in agriculture is not a
maximum production but a maximum profit. It is with the
former portion of this complex problem that the present work
attempts primarily to deal.

Without entering into the controversy between the vitalist
and ‘the mechanist, the nutrition of the animal, whatever its
guiding principle, may be regarded as a physicochemical pro-
cess, including the entire complex of reactions by which the
crude materials of the feed are converted into substances suited
to maintain the activities of the body cells or capable of being
built up into living structures. In other words, the study of
nutrition is a study of the chemistry and physics of the changes
through which the crude products of the soil yield animal tissues
or secretions on the one hand and excretory products on the
other.

The earlier investigators dealt with the food as a supply of
matter, dividing it into inorganic and organic constituents and
distinguishing among the latter between the nitrogenous and
non-nitrogenous substances. In other words, they studied the
problems of nutrition substantially as problems of biological
chemistry. Rubner’s fundamental investigations went far to
shift the emphasis to the physical side of the problem. It has
come to be clearly recognized that the animal body is essen-
tially a transformer of energy —a mechanism for the conversion
of the chemical energy of its feed into metion energy while
more or less incidentally a reserve of energy-containing material
may be stored up which can be utilized for human food. Itis
this capacity of the animal body to store up in itself or in its
secretions a part of the matter and energy of the feed it con-
sumes which gives the animal its economic significance as a
conserver of the food supply. Its value in this respect depends
upon the proportion of its feed which it is able thus to set
aside —Z.e. upon the balance between the income and outgo
of matter and of energy —and it is from this point of view that
the present volume undertakes to present the nutrition of farm
animals. From this standpoint, the subject naturally falls into
four principal divisions.
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First, since nutrition involves chemical changes by which
feed substances are converted into body substances, there is
required some knowledge of the chemical compounds concerned
and of their occurrence and proportions in plants and animals.

Second, the conversion of feed substances into body sub-
stances is a function of the living organism and it becomes
necessary, therefore, to learn something of the processes by
which the body effects these changes or, in other words, to

_study the physiology of nutrition.

Third, in order to apply the principles of the chemistry and

physiology of nutrition to the practical problems arising in the
~ feeding of farm animals it is requisite to determine quantita-

tively the amounts of matter and of energy which are required
by different species of animals for their support and for the
production of meat, milk or work.

Fourth, to supply the feed requirements as thus ascertained
in the most economical manner demands a knowledge of the
available feed resources, both as to the nature and quantity of
nutriment which they contain and as to the proportion of this
nutriment which can be utilized by the body.

Accordingly, the general subject of the nutrition of farm ani-
mals is treated of under four general heads, viz.: —

Part I, The Materials of Nutrition.
Part II, The Processes of Nutrition.
Part 111, The Feed Requirements.
Part IV, The Feed Supply.
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NUTRITION OF FARM
ANIMALS

CHAPTER 1
THE COMPONENTS OF PLANTS AND ANIMALS

§ 1. DRy MATTER; ORGANIC MATTER; Asa

1. Dry matter. — The material composing the plant or
animal may be regarded as consisting of water and dry matter.
The two are ordinarily separated by maintaining the material
at or above the boiling point of water until it ceases to lose
weight. The loss in weight is regarded as consisting solely of
water, while the residue is, of course, the dry matter.

2. Water. — Water is by no means to be regarded as an
accidental or incidental component of plants or animals. The
necessity for an adequate water supply to living beings is too
well known to require mention, while very little reflection is
needed to show that the water is as essential a part of the organ-
ism as any other ingredient. In the supporting tissues of the
plant or animal it has a mechanical function, lending elasticity
combined with strength. It acts as a solvent and carrier of
food materials and waste products and the osmotic pressures
of the solutes are gn important factor in physiological processes.
Finally, its action in dissociating electrolytes appears to be
very intimately related to the chemistry of living matter.

Water is usually abundantly supplied to live stock. The
study of animal nutrition, therefore, deals chiefly with the dry
matter, its supply and transformations, not because this is
fundamentally any more essential than the water but because
ordinarily it is economically more important.

3



4 - 'NUTRITION OF FARM ANIMALS

2. Drgauic matier.— By the action of oxygen at a high tem-
perature, the dry matter of plants or animals may be separated
into two portions, one being converted into the gaseous state,
while the other remains behind in the solid form. Following
the older nomenclature, it is customary to distinguish these
two portions as “organic” and * inorganic,” or “ ash,” in-
gredients. The terms, however, are to some extent misnomers,
since no such sharp distinction exists as was once supposed
between organic and inorganic compounds.” Organic matter
in the sense in which the term is commonly used may be said
to be broadly equivalent to the carbon compounds of the organ-
ism, but even this definition is inexact and the same element
may be volatilized during oxidation or may appear in the ash
according to circumstances.

For example, the element sulphur is an essential ingredient
of the proteins. When these are burned in air part of the
sulphur escapes in the gaseous form, but a part also combines
with any bases present and appears in the ash as sulphates.
Even the element carbon, distinctive of so-called organic matter,
may appear in part in the ash of the plant or animal in the form of
carbonates when the bases of the ash are in excess of the acid
radicles. These examples serve to show that an element may
be an integral part of the molecules which make up the organic
matter and yet appear after incineration in the ash. Thus it
has recently been shown that the phosphorus of wheat bran
and other feeding stuffs is present chiefly in the form of a
complex carbon compound, yet when these materials are burned
the phosphorus appears in the ash in the form of phosphates.

Organic matter is usually regarded as consisting of the ele-
ments carbon, hydrogen, oxygen, nitrogen and sulphur, phos-
phorus being sometimes added to the list, but doubtless other
elements like potassium, sodium, chlorin, etc., also enter into
the structure of the * organic ” molecules.

4. Subdivision of organic matter. — The number of individ-
ual organic compounds found in the animal body or in the plant
is very great. For the present purpose, however, it is not
necessary to consider separately each individual substance but
only the general properties of the important groups into which
they may be classified.

The organic constituents of the body may be subdivided into
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non-nitrogenous and nitrogenous substances. Under the former
are included the carbohydrates, the fats, the organic acids and
various other minor groups. The nitrogenous substances in-
clude the proteins and a variety of simpler nitrogenous sub-
stances sometimes classed together as the non-proteins. In the
following sections these various groups will be considered as
far as is requisite for an intelligent study of their behavior in
the animal body, it being assumed that the reader has already
some knowledge of their general properties, both chemical and
physical.

5. Mineral matter, or ash. — To what extent the elements

found in the ash and commonly reckoned as the mineral ele- -

ments, namely, potassium, sodium, calcium, magnesium, iron,
phosphorus, sulphur, chlorin, silicon, etc., are actually present
in the living plant or animal as electrolytes and to what extent
as ingredients of complex organic molecules, it is at present im-
possible to state with any definiteness. In ordinary usage the
term ash is equivalent to the residue remaining after incineration
at as low a temperature as possible, usually not exceeding a
dull red heat.

The proportion of ash in ordinary feeding stuffs varies con-
siderably according to the kind of plant, the portion of the plant
used (seeds, stems, leaves, roots, etc.), the maturity of the
plant and various other conditions. Wolff gives the following as
general averages for the proportion of ash in the dry matter:—

GRAIN STRAW
Cereal Crops . . . . ... ... 2% 5.25%
L?gummous Crops . . . . . « & .+ . . 3% 5.00%
Oilplants. . . . . . . . . . . . . 4% 4.50%

The proportion varies most in the straw and least in the grain.

In the animal, the presence of ash is most evident in the bones.
About two-thirds of the dry matter of the clean bone (free from
fat) consists of ash. Ash is by no means absent from the soft
tissues of the body, however, of which it forms an essential in-
gredient. The proportion varies in different organs, but as
a rough general average the body, inclusive of the skeleton,
contains about 3.5 per cent of ash in the fresh substance,



6 NUTRITION OF FARM ANIMALS

equivalent to about 7.1 per cent of the dry matter. The pro-
portion of ash to dry matter is greater in the young than in the
mature animal and greater in the lean than in the fat condition.

The more important elements found in the ash are as fol-
lows :—

Potassium. — This metal is indispensable to plant growth and is
found in all parts of the plant, but especially in the active, growing
parts. In the animal body it is found abundantly in the tissues, such
as the muscles, glands, nerves, etc., while the fluids (blood, plasma,
lymph, etc.) contain relatively small amounts of it.

Sodium. — Unlike potassium, sodium is not indispensable to plant
growth, although it apparently is useful to the plant under some con-
ditions. It is found especially in the stems and leaves of plants,
although not so abundantly as potassium. Seeds contain but little
of it. In the animal body it is especially abundant in the fluids,
which, as just noted, contain relatively little potassium.

Calcium. — Like potassium, calcium is necessary for the growth
of plants. It is found especially in the leaves and stems of plants
and to a much less extent in the seeds. It appears to be equally
essential to the animal and is found in all parts and organs of the body.
Its most striking use, however, is in the formation of the skeleton, the
mineral portion of which (81) consists chiefly of calcium phosphate
and carbonate. Both these compounds being scarcely at all soluble
in water, they are well adapted to form the framework of the body.
In the skeletons of the higher animals calcium phosphate is the chief
mineral ingredient, while in the lower animals like shellfish and
crustacea, the shell, which corresponds.to the bones of domestic ani-
mals, contains chiefly calcium carbonate.

Magnesium. — Magnesium is also one of the elements essential
for plant growth. It is found throughout the plant in smaller amounts
than calcium, but is more abundant than the latter in the seeds and
seems to aid in seed formation. In the animal body, magnesium
usually accompanies calcium, but in much smaller amounts.

Iron. — A small amount of iron is required by the higher plants
for the formation of the green coloring matter (chlorophyl) by means
of which they assimilate the carbon dioxid of the air. In the ani-
mal, iron in small quantity is necessary for the formation of the red
coloring matter (hzmoglobin) of the blood which is the agent for
conveying the oxygen of the air to the tissues. While, therefore, but
a very small amount of iron is required by either plants or animals,!
it is nevertheless essential to the most fundamental processes of life.

11t is estimated that the blood of an adult man contains about 3 grams of iron.
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Phosphorus. — Phosphorus is another of the elements essential to
plant growth, its chief function seeming to be to aid in the produc-
tion and transportation of the proteins. It is found in all parts of
the plant but accumulates especially in the seeds.

Plants may contain more or less phosphorus in the form of phos-
phates, especially in their vegetative organs. Even in the latter,
however, a considerable share of it is in “‘organic”’ combination, while
in the seeds but very small amounts of “inorganic” phosphorus are
found. The “organic’”’ phosphorus of plants is contained chiefly in
three classes of compounds, viz., the phosphatids (87, 38), or so-
called phosphorized fats, the nucleo- and phospho-proteins (62, 66),
and phytin, the latter being the chief phosphorus compound of seeds.
Phytin is a compound of phosphoric acid and inosit and may be split
up into these constituents by hydrolysis and also by an enzym found
in seeds.

In the animal, the great store of phosphorus is found in the skele-
ton, where it exists, as already stated, chiefly in the form of calcium
phosphate. It is also found somewhat abundantly in the soft tissues
of the body, of which it is an essential ingredient. Here it seems to
exist largely in “organic” combination in the phosphatids and the
nucleo- and phospho-proteins.

Sulphur. — Sulphur is taken up by the roots of the plant in the
form of sulphates, and when plant or animal substances are burned,
more or less of the sulphur which they contain is found as sulphates
in the ash. For these reasons, sulphur has been commonly regarded
as one of the ash ingredients of plants and animals. As a matter of
fact, however, as already pointed out, it is usually as truly an “or-
ganic” ingredient as nitrogen or carbon. In particular, it is one of
the elements of which the proteins are composed, and seems to exist
in the plant and animal chiefly in this form.

Chlorin. — Chlorin is found in plants associated with sodium.
It does not seem to be necessary to plant life. In the animal it is an
essential element in the gastric juice.

Small amounts of fluorine and traces of iodin and of manganese
and other catalysts also occur, but their specific functions are obscure
except that fluorin is an ingredient of the enamel of the teeth.

§ 2. THE CARBOHYDRATES

8. Occurrence. — Although substances belonging to this
group of compounds are found in the bodies of animals, they
are especially characteristic of plants. Starch, one of the most
familiar of them, is the first visible product of the assimilation
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of carbon dioxid by chlorophyl-bearing plants, and the great
mass of vegetable tissue is composed either of carbohydrates or
of their nearly related derivatives.

The more common carbohydrates have been known for a long
time. Starch is familiar to us in the mealy portion of grains and
in certain tubers, and cellulose in cotton and linen and, in im-
pure forms, in the woody fiber of plants. "Of the sugars, cane
sugar has been known since almost prehistoric times, while the
presence of this and other sugars in plant juices, in sweet fruits,
honey, etc., is a familiar fact. The more common sugars were
separated and identified quite early in the history of chemistry.

7. Classification. — The carbohydrates contain hydrogen
and oxygen in exactly the proportions to form water, and their
name is derived from this fact, although compounds exist
which contain two atoms of hydrogen to one of oxygen and
yet are not carbohydrates, such, for example, as acetic acid,
C.H(0.. The simplest of the carbohydrates are the simple
sugars, more exactly designated as the monosaccharids. By
polymerization, with elimination of water, the monosaccharids
yield more complex carbohydrates which are conveniently. classi-
fied as di-, tri-, and polysaccharids.

Monosaccharids, or simple sugars

8. Composition. — The monosaccharids may be represented
by the general formula C, Hy, O,. Substances having this gen-
eral formula are known whose molecules contain from one to
nine carbon atoms and which, from a chemical point of view,
may be called carbohydrates. The simplest of these is formal-
dehyde, CH;0, which is believed by many to be the first step in
the synthesis of carbohydrates by the green plant. Only the
Cs and C; compounds, however, known respectively as the
hexose and pentose carbohydrates, are of importance in their
relations to nutrition.

9. Hexoses. — The most important hexose monosaccharids
are dextrose, levulose, galactose and mannose.

Dextrose, d-glucose, or grape sugar, is generally regarded as
an aldose of the hexatomic alcohol sorbite. '

Sorbite: CH;OH—(CH - OH),— CH,OH
Dextrose: CH,OH—(CH - OH),—CHO
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It occurs almost universally in the juices of plants along with
levulose and cane sugar, and is found also in small amounts in
the blood of mammals. Sixteen isomers of this compound
are possible, twelve of which are known.

Galactose and mannose are isomers of dextrose, occurring in
nature only in combination as di- or polysaccharids.

Levulose, or fruit sugar, is a ketose of sorbite, having the
formula CH;OH-—(CH . OH);—CO—CH.OH, eight isomers
being theoretically possible. It occurs mixed with dextrose in
plant juices and in honey.

The hexose monosaccharids are all soluble in water and
readily diffusible and have a more or less sweet taste. All
those found in nature are optically active, rotating the plane
of polarized light. Thus dextrose, as its name implies, has a
right-handed rotation and levulose a left-handed rotation.
They reduce an alkaline solution of metallic salts, especially of
copper, and this fact is utilized both as a qualitative test for
them and as a means of quantitative determination. They are
fermented by yeast, yielding as the chief products ethyl alcohol
and carbon dioxid.

10. Pentoses. — The pentoses are simple sugars, correspond-
ing to the hexoses but having the general formula CyH;oOs.
Those occurring in nature are aldoses. Like the hexoses, they
reduce metallic oxids, but unlike them they are not ferment-
able by yeast.

Arabinose. — By the hydrolysis of gum-arabic or cherry gum,
there is produced dextro-rotatory arabinose (/-arabinose). Levo-
rotatory arabinose (d-arabinose) has been prepared artificially. The
inactive or racemic form (i-arabinose) has been found in human
urine in small amounts.

Xylose. — By the hydrolysis of wood gum there is produced a
dextro-rotatory pentose known as l-xylose. The levo-rotatory form
of the same sugar (d-xylose) is obtained in the hydrolysis of certain
nucleo-proteins, the pentose group seeming to be a constituent of
the molecule of those compounds.

Rhamnose is a derivative of the pentose sugars in which an atom
of hydrogen has been replaced by methyl. It occurs somewhat
widely in the vegetable kingdom.
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Glucosids

11. The monosaccharids not only occur in the free state but
also in combination with a great variety of substances in the
so-called glucosids. The glucosids readily undergo hydrolytic
cleavage into their two (or more) constituents, either by the
action of chemical reagents or of enzyms. For example, the
amygdalin of the bitter almond yields two molecules of dextrose,
one of benzaldehyd and one of hydrocyanic acid, and cerebron,
a constituent of the brain, splits up into cerebronic acid, sphin-
gosin and galactose. Among other more or less familiar glucosids
may be mentioned salicin, saponin, phloridzin and digitalin.

Disaccharids

12. The hexose group. — The disaccharids may be regarded
as polymers or anhydrids of the monosaccharids, formed by the
union of two molecules of the latter with the elimination of one
molecule of water. The only disaccharids at present known be-
long to the hexose group and their formation may be repre-
sented by the equation CgH12:0g + CeHi1s0s = Ci1oHzOn + H:O.
From another point of view they are termed by some writers
glucosids of the monosaccharids.

Sucrose.—Sucrose, or cane sugar, has probably been longest
known of the more familiar carbohydrates. It is found in the
juices of the sugar cane and sorghum, in the sugar beet and in
the sap of the maple, all of which are utilized as commercial
sources of sugar. In smaller amounts it is present in a large
number of plants.

By the action of heat, aided by a dilute acid or alkali, or by
the action of certain enzyms, notably the invertase of yeast,
the reverse of the general reaction for the formation of the
disaccharids may be brought about, one molecule of sucrose
combining with one molecule of water to yield one molecule
each of dextrose and levulose.

CieHz0n + He0 = CoHy06 + CeHi20s

Sucrose rotates the plane of polarized light to the right,
while, owing to the fact that the rotatory power of levulose is
greater than that of dextrose, the mixture of equal parts of the
two which is formed in the foregoing reaction rotates to the
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left. On account of this fact, this breaking up of cane sugar
has been called nversion and the use of this term has been
extended to designate in general the hydrolytic cleavage of di-
saccharids into their constituent monosaccharids.

Lactose. — Lactose, or milk sugar, is a characteristic ingredi-
ent of the milk of mammals. Like sucrose, it may be broken
up, with the addition of one molecule of water, into two mole-
cules of monosaccharids, in this case dextrose and galactose.
It is less soluble than sucrose and therefore less sweet to the
taste, having a gritty feel in the mouth. It is not found in
plants.

Maltose. — By the action of certain ferments upon starch
during the germination of seeds and also in the digestive tract
of animals, a disaccharid known as maltose is produced. It is
therefore present abundantly in malt, whence its name. This
sugar when hydrolyzed yields two molecules of dextrose.

18. General properties. — The disaccharids are crystalline,
soluble in water and optically active. Sucrose does not reduce
an alkaline copper solution, but lactose and maltose do. The
disaccharids are not fermentable. Any cases in which they are
apparently fermented are found to be preceded by some action
which inverts or breaks up the disaccharids into their con-
stituent monosaccharids.

Trisaccharids

14. By the union of three molecules of CeHj;30s with the
elimination of two molecules of water, there may be formed
the compound C;sHpnOse, called a trisaccharid. One such,
known as raffinose, is present in the sugar beet, the cotton seed,
in barley and in wheat. Upon hydrolysis it yields one mole-
cule each of dextrose, levulose and galactose.

Polysaccharids

16. Chemical structure. — The polysaccharids, like the di-
saccharids, are anhydrids, but are formed by the combination of
many molecules of the monosaccharids and have a correspond-
ingly high molecular weight. The general formula of the hexose
polysaccharids is (C¢H;Os)s, the value of # doubtless varying
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through a wide range, but the molecular weights of the in-
dividual polysaccharids have not been finally determined. -

The polysaccharids are tasteless and usually amorphous sub-
stances which, with the exception of cellulose, are more or less
soluble in water. They are optically active but in general are
not diffusible through membranes. They are hydrolyzed easily,
especially by the action of heat and-acids and by enzyms, yield-
ing ultimately monosaccharids.

In addition to their common names, they are designated by
terms derived from the monosaccharids out of which they are
built up. Thus starch, which is an anhydrid of dextrose and
yields only this sugar upon hydrolysis, is a dextran. Similarly,
there are levulans, galactans, mannans, arabans, xylans, etc.,
yielding the corresponding sugars when hydrolyzed. In the
same manner, it is customary to distinguish between the
hexosans, derived from the hexoses, and the pentosans, the
anhydrids of the pentoses.

16. The hexosans. — This group of carbohydrates mcludes
those which are most abundant in the vegetable kingdom and
of the greatest significance as sources of nutriment for man and
animals, viz., starch, the dextrins and gums, and cellulose and
its various derivatives. It will be convenient to consider the
more important hexosans somewhat in the order of their re-
sistance to solvents.

17. Cellulose. — Cellulose constitutes the basis of the cell
walls of plants and is also found in certain lower animals (tuni-
cates). Clean cotton consists of nearly pure cellulose, each
fiber being a single cell from which the contents (protoplasm)
have nearly disappeared. Linen and the best qualities of paper
are other examples of nearly pure cellulose. A crystalline
form has also been described.

Cellulose is insoluble in water and comparatxvely resistant
to reagents in general. Plants, however, contain enzyms
(cytases) which are able to bring it into solution in the processes
of plant growth, and apparently these enzyms play some part
in its digestion by animals. It is also attacked and dissolved
by some species of bacteria. Concentrated sulphuric acid dis-
solves it, and the solution, on dilution and boiling, undergoes
hydrolysis, yielding dextrose. Cellulose is therefore a dextran.
Its molecular weight is unknown.
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18. Hemicelluloses. — These polysaccharids differ from true
cellulose in being hydrolyzed by comparatively short boiling
with dilute acids and further in the fact that the hydrolysis,
instead of yielding only dextrose, as-in the case of cellulose,
produces a variety of both hexose and pentose sugars, the
former including galactose, mannose and levulose, as well as
dextrose, and the latter arabinose and xylose. The hemicellu-
loses must be regarded, therefore, as containing both hexosans
and pentosans, but whether in mixture or chemical union is
uncertain. While true cellulose constitutes the framework of
the plant, the hemicelluloses serve to a greater or less extent as
reserve material. In the conventional method of feeding stuffs
analysis, the hemicelluloses are found both in the “ crude fiber ”
(109) and in the “ nitrogen-free extract ”’ (110).

19. Lignin. — In the young plant, the cell walls consist of
nearly pure cellulose. With advancing maturity they become
thickened, not only by the formation of additional cellulose and
of hemicelluloses but by the deposition of numerous * incrusting
substances,” the most important group of which has received
the collective name of lignin. These substances contain a con-
siderably higher percentage of carbon than cellulose (54 to 6o
per cent) and may be separated from the latter by oxidizing
agents. The substances of the lignin group contain methoxyl
(—O- CH;) and ethoxyl (—O - C;H;) groups in considerable
amount, and by some are regarded as substituted celluloses.

20. Crude fiber. — The so-called “ crude fiber ” (109) of
plants contains most of the cellulose and lignin of the cell walls
and in addition a third group — the cutin group! — whose per-
centage of carbon is still higher (60—75 per cent) Cutin appears
to be indigestible.

21. Starch. — Starch is one of the most common and impor-
tant of the vegetable carbohydrates. In the growth of plants,
starch is formed in the green leaves by the aid of light, and is
the first visible product of assimilation. In the mature plant,
it is stored up in large quantities in the seed or in the tuber to
supply the needs of the new plant. Hence the common grains,
corn, wheat, oats, barley, etc., as well as potatoes, are rich in
starch and form commercial sources of it. The seeds of most
legumes contain it in less amounts but still abundantly. In

1 Compare Konig: Landw. Vers. Stat., 68 (1907), 55.
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the oil seeds it is replaced by oil. It is not found in the animal
body.

Starch occurs in plants in the form of microscopic granules,
which have a peculiar form for each species, so that we may speak
of the starches rather than of starch. These grains consist of
a surrounding envelope consisting of a variety of cellulose in-
closing a more soluble substance or substances known as granu-
lose. When treated with much hot water the starch grain swells
and bursts the envelope and the enclosed granulose dissolves,
probably after undergoing more or less hydration.

Starch may be hydrolyzed readily by dilute acids or alkalies
or by heat. The final product of its hydrolysis is dextrose,
which in an impure form constitutes commercial glucose or
starch sugar. Starch is therefore a dextran. As already noted,
certain enzyms, notably those formed in germinating seeds
and others secreted in the digestive tract of animals, act upon
starch readily with the production of maltose. Starch is also
acted upon by some species of bacteria with the formation of
lactic, butyric and other acids, methan and in some cases hy-
drogen.

22. Galactans. — Galactans occur more particularly in le-
guminous plants, other feeding stuffs being comparatively free
from them. '

23. Inulin. — The roots of the artichoke, dahlia, dandelion,
chicory and other composite contain instead of starch a quite
similar carbohydrate, inulin, which on hydrolysis yields levulose
instead of dextrose, 7.e., it is a levulan.

24. The dextrins. — In the hydrolysis of starch a series of
ill-defined, intermediate compounds is produced, collectively
called dextrins. Commercial dextrin is made by heating moist
starch to about 235° Fahrenheit. It is likewise produced in the
cooking of starchy materials, the brown crust of bread, for
example, consisting largely of dextrin. Various dextrins have
been separated and described, but it seems questionable
whether the investigators have worked with definite chemical
individuals. For the present, it seems wiser to speak collec-
tively of the dextrins as intermediate products between starch
and the simpler di- and mono-saccharids.

25. Glycogen. — In the liver and muscles of animals, and to
a less degree in other parts of the body, there is found in rather
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small amounts a carbohydrate called glycogen. Glycogen has
the same percentage composition as starch and has sometimes
been called animal starch, although improperly; since its proper-
ties are qulte different from those of starch. It has important
functions in the animal, as will appear later. It is not found in
the plant. It is readily soluble in water, yielding an opalescent
solution. The empirical formula of glycogen is the same as
that of starch. When hydrolyzed it yields only dextrose, and
is therefore a dextran.

26. The gums. — Familiar examples of this class of sub-
stances are gum arabic and the gums of the cherry, peach and
plum. The mucilage of flax seed closely resembles the gums,
‘and other seeds also contain gum-like bodies. Upon hydrolysis,
the gums yield hexoses, especially galactose, showing that they
contain galactans. In addition to hexoses, however, they yield
sugars belonging to the pentose group.

27. The pentosans. — The pentosans may be regarded as
polymers or anhydrids of the pentoses, corresponding in this
respect to the polysaccharids of the hexose group. Their
general formula is (CsHgOy),, but their molecular structure is
unknown.

Araban. — This is a constituent of gum arabic and other
gums, as shown by the fact that these gums, as already noted
(10), yield /-arabinose when hydrolyzed.

Xylan. — This compound is also known as wood gum. It
can be extracted from various woods, from the cob of maize
and from various other vegetable materials by the action of
dilute alkalies, and yields /-xylose when hydrolyzed. In the
plant, araban and xylan appear to be in a more or less close
chemical combination with hexosans, especially in the cell walls
of the more mature plant, constituting the so-called hemi-
celluloses (18).

Pectins. — Most ripe fruits, as well as the flesh of beets,
turnips and similar roots, contain a group of substances called
the pectin group. As they exist in the roots or fruits they are
insoluble in water, but by cooking they are converted into sub-
stances which form the basis of fruit jellies. On hydrolysis
they yield pentoses, chiefly arabinose.
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§ 3. Fars aAND RELATED BobiEs —THE LipoIps

28. Classification. — Under the rather vague term * lipoids,”
or fat-like substances, there are included, besides true fats, a
large number of chemical individuals of varied and complex
molecular structure. Chemically, these substances (with the
exception of the cholesterins) are characterized by containing
radicles of the so-called fatty acids, principally the higher ones
of the series. Physically, the lipoids have been defined, prin-
cipally from the standpoint of the physiological chemist, as
substances which are soluble in organic solvents, such as ether,
alcoliol, chloroform or benzol. This latter definition, however,
includes substances, such as the cholesterins, which would be
excluded by the chemical definition just given. For the present
purpose, the principal lipoids may be conveniently grouped under
five heads: (1) fats, (2) waxes, (3) cholesterins, (4) phosphatids
or phospholipins, (5) cerebrosids or galactolipins.

The Fats

29. Occurrence. — It is a familiar fact that the bodies of
animals contain a not inconsiderable amount of fat, the per-
centage seldom falling below six in the very lean animal while it

- may rise as high as forty in the very fat animal. The fat is
the reserve material of the body and is contained in what is
called adipose tissue (94), consisting of cells of connective tissue
more or less filled with fat. Larger or smaller amounts of adi-
pose tissue are found in all parts of the body but especially in
the subcutaneous tissues, the tissues surrounding the intestines,
and, particularly in fat animals, in the muscles.

In plants, fats are usually less abundant. They occur in
all parts of the plant but are especially stored up in the seeds,
where they serve as reserve material which is metabolized
during germination. Some seeds, like those of cotton, flax
and rape, contain fat so abundantly that they are commercial
sources of oil. In the plant, the fat is not deposited in special
tissues but is usually distributed through the protoplasm of
the cell. Both animal and vegetable fats are mixtures of
various simple fats, often containing also small amounts of
free fatty acids.
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30. Molecular structure. — The simple neutral fats are tri-
glycerids, that is, they are esters of the triatomic alcohol
glycerol with monobasic fatty acids, the hydrogen atoms of
the three hydroxyls being replaced by the acid radicles. Their
- general formula is as follows, R;, Rz and R, representing the
acid radicles, which may or may not be the same: —

Glycerol CH,-OH—CH-OH—CH,-0OH
Neutral fat CH,-OR, — CH - OR,— CH;-OR,

The fatty acids may be divided into the saturated and the
unsaturated. The saturated fatty acids have the general for-
mula C H,,0. and are the normal acids of the aliphatic series,
the two lower members of which are familiar as formic and
acetic acids. The general formula of these acids is as follows,
each carbon atom being united to the adjacent ones by a single
bond.

CH;—(CH)» —COOH

The two principal saturated acids contained in the animal fats
are stearic acid, CisH360., and palmitic acid, Ci¢HnOs. Besides
these two, however, others are also found in small amounts. .
In butter fat, especially, several of the lower acids of the series
are present, the principal ones being butyric, C;HgOe, caproic,
CeH120s, caprylic, CgH,60s, capric, CyoHxOs, lauric, CieH2O:
and myristic, CiHzs0,. In the body fats there have been
found also higher acids of the same series, particularly arachnic
acid, CypHyO,.

The unsaturated fatty acids differ from the saturated acids
in containing two or more carbon atoms united by two bonds
instead of one and consequently in containing less hydrogen
than the saturated acids. Of the unsaturated acids,.the most
abundant in animal fats is oleic acid, having the formula

CH;—(CH:);—CH = CH- (CH.);— COOH

The eruic acid of rape oil also belongs to this series, and the
linoleic acid, CsHs,Os, of linseed oil and other drying oils belongs
to a related series of unsaturated acids of the general formula
C,H,, 0, with two double unions of carbon atoms.

It is a noteworthy fact that nearlyall the fattyacids occurring
in the animal body contain an even number of carbon atoms.

c .
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81. Chemical reactions. — Of the chemical reactions of the
fats, the one of most importance physiologically is that known
as saponification, or more strictly as hydrolysis. It consists of
a cleavage and hydration of the molecule, yielding glycerol and
fatty acids. The most familiar instance of this reaction is in
the process of soap making. For example, if tri-stearin is acted
upon by potassium hydrate the final result is as represented
by the following equation: —

C3H;(CisH350,)s + (KOH); = (KCisH3:02)s + C;Hs0,

Tristearin  Potassium hydrate Potassium tristearate Glycerol

In this reaction, the alkali salt of the fatty acid, that is, a
soap, is obtained. By the action of water at temperatures con-
siderably above 100° C., essentially the same result is reached
except that the free acid is obtained instead of the salt. The
same decomposition may also be effected by means of acids,
which probably act as catalyzers.

Of most importance physiologically is the hydrolysis of fat by
means of enzyms. Such enzyms are produced by certain plants
and are also found in various digestive juices, notably in the
secretion of the pancreas. These enzyms have received the
general name of lipases. " The hydrolysis of fats by enzyms
appears to be a reversible reaction, at least with the glycerids
of low molecular weight. In other words, the same enzym
may effect the cleavage of a glycerid or the combination of
glycerol and the fatty acid, the reaction in either case reaching
an equilibrium at a certain stage,

82. Physical properties. — Certain general properties are
common to all the fats. Their specific gravity is in all cases
less than one, so that they float on water. They have a fatty
feel and leave a permanent grease spot on paper or fabric. They
are almost insoluble in water, although water is soluble to a not
inconsiderable extent in fats. They are readily soluble in ether,
benzol, carbon disulphid and most of them in petroleum ether,
but only sparingly in alcohol.

The melting point of the fatty acids increases with. the
molecular weight. The exact melting point of a fat is diffi-
cult to determine, but for the three common glycerids and
the corresponding acids it may be stated approximately as
follows : —
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MELTING PoOINTS

Olein . . . . . . « . . . . .. . —4°to-5°C.
Oleicacid . . . . . . . . . . . . . 14°C.
Palmitin . . . . . . . . . . . . . 63°to65°C.
Palmiticacid . . . . . . . . . . . 626°C.
Stearin . . . . . < . . o+ . o4 . . . 71.6° C.
Stearicacid . . . . . . . e e e 71.5° C.

A distinction is commonly made between fats and oils, the
fats being solid at ordinary temperatures and the oils liquid.
The difference depends largely upon the proportion in which
the various simple fats are present. Olein and other fats con-
- taining unsaturated acids are usually liquid at room temper-
ature and their presence increases the softness of the fat.

The fatty acids of higher molecular weight are volatile only
at comparatively high temperatures and at reduced pressure.
Those of lower molecular weight, notably those contained in but-
ter fat, can be readily distilled in a current of steam and their
proportion serves to distinguish butter fat from other animal
fats.

An important physical property of the fats, which, however,
is by no means peculiar to them, is that of forming what is
known as an emulsion. Fat is said to be emulsified when, in
the liquid state, it is distributed in minute droplets or globules
throughout some other liquid; for example, if fat be violently
shaken with water an emulsion is formed. Such an emulsion
is not permanent, however, the fat droplets very soon coalescing
and rising to the surface. The presence of small amounts of
certain other substances dissolved in the water, however, will
prevent this separation and give rise to a permanent emulsion.
The most common substance producing this effect is soap.

Certain gums and also proteins likewise serve to retain fat
in the emulsified state. The most familiar example of such an
emulsion is milk, the fat being held in suspension in this case
by the action of the proteins of the milk. This effect of various
substances in retaining fat in the emulsified form depends upon
their effect upon the surface tension of the contact layer be-
tween fat and water, but a full discussion of this point would
be out of place in this connection.

33. Native fats. — As has already been stated, the reserve
fats of the animal body are triglycerids, chiefly of stearic, oleic

’
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and palmitic acids, although small quantities of esters of lauric,
myristic and arachnic acids and frequently free fatty acids are
also found,-as well as minute amounts of esters of the higher
alcohols, coloring matter, etc. Since stearin and palmitin are
solid at ordinary temperatures, while olein is liquid, the con-
sistency of a fat depends largely upon the proportion of olein
which it contains and varies not only between different species
of animals but often in different parts of the body.of the same
animal. The fats of cold-blooded animals contain more olein
than those of warm-blooded animals and therefore remain liquid
at lower temperatures.

The vegetable fats contain a greater variety of fatty acids
than the animal fats, notably unsaturated acids like linoleic
and eruic, as well as oxy-acids and esters of the higher alcohols
(waxes), while the so-called crude fat, or ether extract (108) of
vegetable materials contains a great variety of ether-soluble
substances, including waxes, resins, chlorophyl, etc., some of
which are but remotely related to the true fats.

34. Elementary composition. — The three principal triglyc-
erids, stearin, palmitin and olein, while differing in formula
and molecular weight, differ but little in their elementary com-
position, as the following table shows: —

TABLE 1. — COMPOSITION OF TRIGLYCERIDS

o TRISTEARIN |Terparurroy| TRIOLEIN

% % %
Cartbon . . . . . . . . . .. 76.77 75.86 77.31
Hydrogen. . . . . . . . . . . 12.45 12.24 11.84
Oxygen . . . .« « « « « « o« . 10.78 11.00 10.85
Total . . . . . . . . . .. 100.00 100.00 100.00

Naturally, therefore, the composition of the ordinary mixed
animal fats varies but little, either in different individuals or in
different species of animals. The classic investigations of
Schulze and Reinecke!. upon the composition of animal fats
gave the following results.

1 Landw. Vers. Stat., 9 (1867), 97.
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TABLE 2. — COMPOSITION OF ANIMAL FATs

CARBON HyproceN OxXYGEN

No. or -
SAMPLES | Aver- | Maxi- | Mini- | Aver- | Maxi- | Mini- | Aver-| Maxi- | Mini-
e | mum | mum n%e mum | mum -&e mum | mum
) % %o o % % o % %
Beef fat . . 10 76.50 | 76.74 | 76.27 | 12.91 | 12.1x | 11.76 | 11.59 | 11.86 | 31.1§
Pork fat . . 6 76.54 | 76. 73 76.29 | 11.95 | 12.07 | 11.86 | 11.52 | 11.83 | 11.15
Mutton fat . 12 76.61 | 76.85 | 76.27 | 12.03 | 12.16 | 11.87 | 11.36 | 11.56 | 11.00
Average . 28 76.50 12.00 11.50
Dog. . . . 76.63 12.0§ 11.32
Cat . . . . 76.56 11.90 11.44
Horse . . . 76.07 1169 ° 11.24
Man . . . 77.62 11.04 11.44

Benedict and Osterberg!® obtained the following for the com-
position of human fat: —

TABLE 3.— CoMPOSITION OoF HUMAN FaT

CarBON HyproceN
% %

Sample No.z . . . . . . . . . . . 76.29 11.80
Sample No.2 . . . . . . . . . . . 76.36 11.72
Sample No.3 . . . . . . . . . . . 75.85 11.87
Sample No.4 . . . . . . . . . . . 75.95 11.85
SampleNo.5 . . . . . . . . . . . 75-04 11.74
Sample No.6 . . . . . . . . . . . 76.07 11.69
SampleNo.7 . . . . . . . . . . . 76.13 11.84
SampleNo.8 . . . . . . . . . .. 76.05 .81

Average . . . . . . . . . . . . 76.08 11.78

The average carbon content of animal fat is commonly con-
sidered to be 76.5 per cent.

Waxes

36. In popular usage, the distinction between fats and waxes is
based upon their obvious physical properties, substances having the
well-known greasy feel being called fats or oils according to their
consistency at ordinary temperatures while the waxes are solid, can
be kneaded and lack largely or wholly the greasy feel.

1 Amer. Jour. Physiol., 4 (1901), 69.
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Chemically, waxes are defined as fatty acid esters of alcohols other
than glycerol, while the fats have already been defined as the fatty
esters of glycerol. This distinction is far from according with com-
mon usage. Under it many substances popularly known as waxes
are technically fats, as for example, Japan wax and in part beeswax.
On the other hand, numerous materials ordinarily regarded as oils or
fats must be designated as waxes. One of the most familiar bodies
of this class is spermaceti, commonly regarded as a fat, which consists
chiefly of the palmitic ester of cetyl alcohol, CHs(CH2)1xCH,OH, and
sperm oil, which contains no glycerids, would also be regarded as a
liquid wax. Similarly wool fat is chemically a mixture of waxes, in-
cluding the stearic esters of cholesterin and isocholesterin. Beeswax
is likewise in part a true wax, containing the palmitic ester of myricyl
alcohol, CHs(CH,):sCHsOH. The secretion of the anal glands of
certain birds contains esters of octodeckyl alcohol, C,sH;OH.

Cholesterins

36. Substances of this group are found in the nonsaponifiable resi-
due of various fats. In the animal organism they are found widely
distributed through the tissues in small amounts and are appar-
ently normal constituents of protoplasm. As just noted, they are
especially abundant in wool fats in combination with stearic acid.
They are also widely distributed in plants. Their exact constitution
is still unknown, but they contain a single alcohol hydroxy! and ap-
parently belong to the terpene group. Their formula is C;;HuOH,
or CuH«OH, more probably the latter. From the chemical point
of view, they are entirely unrelated to the other groups classified as
lipoids, but biologically their functions appear to be closely rela.ted
to those of the other ether-soluble cell constituents.

. Phosphatids or Phospholipins

87. Lecithins. — Quite closely related to the fats are the
substances known as lecithins, which are sometimes, although
inexactly, called phosphorized fats. Like the fats, the leci-
thins are esters of glycerol. They differ from the fats in that
only two of the hydroxyls of the glycerol are replaced by fatty
acid radicles, the third being replaced by phosphoric acid
which is also in combination with the nitrogenous base cholin,
a derivative of glycol. The lecithins, therefore, contain, in
addition to carbon, hydrogen and oxygen, both phosphorus and
nitrogen.
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The molecular structure of the lecithins is illustrated by the fol-
lowing formula for distearyl lecithin: —

CH;— O — C;sH30
CH — O— CysH30

CH,- O
HO-PO
CH,- 0
CH:—N = (CHi)
on

The lecithins resemble fats in their general properties. They
are soluble in ether but, unlike the fats, readily form permanent
emulsions or colloidal solutions with water. On hydrolysis,
they yield fatty acids, glycero-phosphoric acid and cholin.
They are found widely distributed both in animals and plants
and appear to be essential constituents of protoplasm.

38. Other phosphatids. — A variety of other lipoids of the type of
the lecithins, but differing in both the fatty acid and the nitrogenous
base which they contain and likewise in the ratio of phosphorus to
nitrogen, have been described, but the chemistry of this group is still
in a very unsatisfactory state. The various phosphatid preparations
obtained from vegetable materials, especially seeds, by E. Schulze
and his associates and designated as lecithins are held by other
authors to be such only in a generic sense and in some cases are re-
garded as more analogous to the cerebrosids or galactolipins of the
succeeding paragraph.

Cerebrosids or Galactolipins

89. This group of substances, found especially in the brain and in
perve tissue in general, belongs chemically to the lipoids, since its
members yield fatty acids on hydrolysis. The other products of
hydrolysis are galactose and nitrogenous substances but no phosphoric
acid, but the constitution of these compounds is still unknown.
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§ 4. THE PROTEINS

40. Importance. — By far the larger share of the organic
matter of the animal body, aside from fat, consists of sub-
stances belonging to the well-defined group of the proteins,
these compounds, according to the results of analyses recorded
on subsequent pages (88), making up from 17.5 to 21 per cent
of the fat-free body. These substances are characteristic of
the animal body, as the carbohydrates are of plants. Biologi-
cally, they are of prime importance to both plants and animals,
since they form the basis of the cytoplasm and nucleus of
every living cell.

41. Nomenclature. — The chemical structure of the pro-
tein molecule has until quite recently been almost entirely un-
known and even yet has been but very partially unraveled.
Accordingly, the basis for a scientific classification of these
substances has been lacking. As a matter of necessity, there-
fore, the nomenclature hitherto followed has been based chiefly
on their physical properties, more particularly their solubilities
and coagulation temperatures. Naturally, such a classification
has been far from satisfactory and this has been the more true
on account of the difficulty of accurately separating the differ-
ent proteins either by precipitation or crystallization.

Accordingly, there has existed a great and confusing diversity
in the nomenclature of the proteins, and uniformity is still far
from having been reached. For the present, it seems desirable
to follow the classification and nomenclature which has been
adopted provisionally by the American Physiological Society!
and the American Society of Biological Chemists? This
nomenclature rejects entirely the term protesd as ambiguous
on account of the wide diversity in its use, and employs protein
as a general term to signify the group of substances which,
according to the nomenclature adopted by the Association of
American Agricultural Colleges and Experiment Stations in
18983 was called proteids. In other words, protein under the
new plan excludes altogether the non-protein nitrogenous
substances of plants and animals.

1 Proceedings, Amer. Physiol. Soc., Amer. Jour. Physiol., 81 (1908), nvxi
2 Proceedings, Amer. Soc. Biol. Chemists, 1, 142.
3U. S. Dept. Agr., Office of Expt. Stas., Bul. 65, pp. 117-123.
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The proteins in this sense are subdivided into:—

1. Simple proteins
2. Conjugated proteins
3. Derived proteins

Simple proteins are defined as those yielding only a
amino acids or their derivatives upon hydrolysis. Conju-
gated proteins are those which contain the protein mole-
cule united to some other molecule or molecules otherwise than
as a salt. Derived proteins are the products of the hydrolytic
cleavage of the protein molecule and include a wide range of
substances, from slightly altered protein to the peptids.

42. Physical properties. — In the dry state, the proteins are
in general white or slightly tinted substances. They are usually
amorphous, but a number of them have also been obtained in
the crystalline form and some are found crystallized in nature.
Some of the proteins are soluble in water, others only in salt
solutions or in acids or alkalies. They are insoluble in most
other ordinary solvents.

The proteins belong to the class of colloids, 7.e., they do not
diffuse through membranes and are claimed to have no osmotic
pressure when free from electrolytes. Colloids in general exist
in two forms, a liquid form, technically known as a sol, and a
solid form called a gel, the difference being well illustrated by
the familiar substance gelatin. When a colloid is distributed
through water so as to form an apparent solution the latter is
known as a hydrosol. Whether the proteins are to be regarded
as soluble in water, or whether their apparent solution is in
reality a suspension, has been much discussed. It has been
shown, however, that these solutions are conductors of electricity
and it has been concluded that they are true solutions. It may
be said, however, that no sharp boundary exists between a
true solution and a suspension but that an indefinite number of
intermediate stages is possible. As a matter of convenience,
however, we may speak of solutions of the proteins.

Different proteins may be precipitated from their solutions
by various reagents, particularly acids, alkalies and metallic
salts. Ammonium sulphate, especially, has been largely used
for the purpose of separating different proteins by means of
fractional precipitation.
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43. Coagulation. — An important property of the proteins
is that of coagulation. For instance, if a solution of ordinary
egg albumin be heated to 55° C. the albumin begins to separate
in an insoluble form and at about 60° C. the precipitation is
complete. This change differs from the change in the case of
gelatin solutions from liquid to solid in being irreversible, i.e.,
coagulated protein cannot be changed back to the soluble form.
It should be noted that this change is entirely distinct from the
precipitation of proteins by means of ammonium sulphate for
example. The exact nature of the change is unknown, but it
would seem to be in part chemical in character.

All forms of protein appear to be subject to coagulation in
the chemical sense of the word. Thus the precipitated proteins
obtained from solutions are at first in the colloidal form but on
standing pass more or less rapidly into the coagulated or “ de-
natured ” form. The same is true of the solid proteins like
fibrin, etc. The coagulated proteins are insoluble in water
and salt solutions, but may be dissolved in acids or alkalies.

The simple proteins

44. Composition. — The simple proteins differ from the com-
pounds considered in the previous sections in containing, in
addition to carbon, hydrogen and oxygen, the elements nitro-
gen and sulphur. Notwithstanding the considerable variation
in the properties of the different simple proteins and the notable
differences which have been shown to exist in their chemical
structure, their elementary composition differs but little.
Cohnheim ! quotes the following figures from Michel for the
composition of serum albumin, which is in many respects a
typical animal protein. ‘

Carbon . . . . . . . . . . . 0 ... 53.08
Hydrogen . . . . . . . . . . . . . .. 7.10
Nitrogen . . . . . . . . . . . . . .. 15.93
Sulphur . . . . . . ... 0.0 . 1.90
Oxygen . . . . . « v v ¢ v v 4w 21.99

100.00

The variations in the percentages of the principal elements
as stated by Cohnheim?! and by Plimmer? are: —

! Chemie der Eiweisskorper, 2d Ed., p. 151.
*The Chemical Const‘itution of the Proteins, Part I, p. 2.
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ConNmEX PrLiMMER
Carbon . 52-55% 51-55%
Nitrogen . 15-19% 15-17%
Hydrogen . . . e e e 7%
Sulphur . . . . . . . . . . . .| o4-200%! 0.4-2.5%
[

As a rule, the vegetable proteins contain a higher percentage
of nitrogen than do the animal proteins.

45. Structure of the proteins. — The molecular structure of
the proteins is very complex and their molecular weights are
very large, but as yet no very satisfactory determinations of the
latter magnitude have been made. Determinations of the
molecular structure of hemoglobin (a conjugated protein) by
two methods have given concordant results indicating a mini-
mum molecular weight of 16,666, from which has been computed
the formula CyssHjesNygsFeS;. Confirmation of this result has
been reported as the result of determinations of its osmotic
pressure2 For the globin of hemoglobin, a minimum molecu-
lar weight of between 5000 and 8ooo has been obtained. For
serum albumin, the figure 10,166 is reported, for egg albumin,
5378, and for edestin 14,500. These figures are of value, how-
ever, chiefly as showing the complex nature of the protein mole-
cule.

Up to within a comparatively few years, general statements
like those just made marked the limits of our knowledge of the
chemical nature of the proteins. The masterly researches of
Emil Fischer, however, and especially his creation of new
experimental methods, have resulted in a very great advance
in knowledge, and to-day, thanks to his labors and those of a
large number of investigators in applying and improving his
methods, we possess a fairly definite general conception of the
structure of the protein molecule. As in the investigation of
chemical compounds in general, two lines of attack have been
followed, viz., a study of the products resulting from the
splitting up of the molecule and attempts to synthesize the
compound from simpler substances of known composition and
structure.

1 Four to five per cent in keratins. 2 Zentbl. Physiol., 81, 730.
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46. Hydrolysis of proteins. — The simple proteins readily
undergo hydrolysis when acted upon by strong acids or alkalies,
or by various enzyms such as the pepsin of the gastric juice,
the trypsin of the pancreatic juice, etc. These various agents
effect a succession of cleavages and hydrations resulting in a
series of products of decreasing molecular complexity and in-
creasing solubility, ranging from very slightly modified proteins
through the so-called proteoses and peptones to still simpler
substances.

47. Cleavage products of proteins. — When the hydrolysis,
especially acid hydrolysis, of the simple proteins is pushed as
far as possible, there result a number of comparatively simple
crystalline substances which are qualitatively the same for all
proteins with a few exceptions, although the proportions of the
various products obtained from different proteins vary ma-
terially. It is believed, therefore, that the protein molecule is
built up of these final products of hydrolysis, the so-called
“ building stones.”

These primary cleavage products of the simple proteins are
all @ amino acids. One of the first of them to be isolated was
glycin or aminoacetic acid, represented by .the following for-
mula: —

CH, CIH: - NH,
COOH COOH
Acetic acid Glycin

The other cleavage products of the simple proteins may be
regarded as derived from glycin by the replacement of one
atom of hydrogen in the CH; group by various atomic group-
ings. In all of them the NH; group occupies the same position
in the molecule relative to the group COOH as in glycin, the
so-called a position. The atomic grouping

I
CH - NH,
CO - OH

is therefore common to all of these bodies and determines their
general chemical behavior as well as that of the proteins from
which they are derived.




THE COMPONENTS OF PLANTS AND ANIMALS 29

The amino acids derived from the proteins may be divided
into two classes; the monamino acids, of which glycin is typi-
cal, containing one NH, group, and the diamino acids, contain-
ing two NH; groups. To these there are to be added certain
heterocyclic compounds. Plimmer! gives the following list of
the amino acids which have been identified with certainty among
the cleavage products of the proteins. The presence of others
has been claimed by several investigators.

A. Monoaminomonocarboxylic acids

1. Glycin, C;HNO,, or aminoacetic acid.
CH, - (NH,) - COOH
2. Alanin, CsH;NO;, or a-aminopropionic acid.
CH, - CH(NH,) - COOH
3. Valin, C;H;;NOs, or a-aminoisovalerianic acid.
CHs\
CH - CH(NH,) - COOH
CH,/
4. Leucin, C¢H;3NO: or a-aminoisocaproic acid.
CHs\
CH - CH, - CH(NH;) - COOH
CH,/
s. Isoleucin, C¢HysNO3, or a-amino-g-methyl-g-ethyl-propionic acid.
CH‘ . .
\CH - CH(NH;) - COOH
CH,/
6. Phenylalanin, C;H,;NO., or g-phenyl-a-aminopropionic acid.
C¢H, - CH; - CH(NH,) - COOH
7. Tyrosin, CGGH;NOQO;, or g-parahydroxyphenyl-a-aminopropionic
acid. HO - C¢H; - CH, - CH(NH,) - COOH
8. Serin, C;H;NO;, or g-hydroxy-a-aminopropionic acid.
CH;(OH) - CH(NH,) - COOH
9. Cystin, CeH12NsO,S,, or dicysteine, or di- (8-thio-a-aminopro-
pionicacid) HOOC - CH(NHo) - CH; - S—S - CH, - CH(NH,) - COOH

B. Monoaminodicarboxylic acids

10. Aspartic acid, C;H;NO,, or & aminosuccinic acid.
HOOC - CH, - CH(NH.) - COOH

11. Glutamic acid, C¢HoNO,, or a-aminoglutaric acid.
HOOC - CH; - CH. - CH(NH,) - COOH

1 The Chemical Constitution of the Proteins, Part I, 2d Ed., 1912.
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C. Diaminomonocarboxylic acids

12. Arginin, C¢H1iN,Os, or a-amino-y-guanidin valerianic acid.
HN = ¢ NHs

NH - CH: - CH, - CH, - CH(NH,) - COOH
13. Lysin, C¢HuuN:0; or «, e-diaminocaproic acid.
H.N - CH, - CH; - CH, - CH. - CH(NH,) - COOH

D. Heterocyclic compounds

14. Histidin, C¢H N30;, or g-imidazol-a-aminopropionic acid.
CH

/7 \

N NH

| |

CH = C—CH,- CH(NH,) - COOH.
15. Prolin, C;Hy,NO, or -pyrrolidin carboxylic acid

CH, — CH,

CH; CH:COOH
N _/
NH
16. Oxyprolin, or oxypyrrolidine carboxylic acid.
C;H;NO;
17. Tryptophan, CyH1,N;O;,, or -indol-a-aminopropionic acid.
C — CH; - CH(NH;) - COOH
VA
CH, CH

N/
NH

48. Synthesis of proteins. — Peptids. — Fischer and others
have shown that the amino acids which result from the cleavage
of the simple proteins may combine with each other, the NH;
of one uniting with the COOH group of the other with the
elimination of one molecule of water. As many as 18 molecules
of amino acids have been combined in this way, although the
exact structure of the resulting compounds is still more or less
uncertain.

The compounds of the amino acids which have been prepared
artificially have received the general name of peptids, the pre-
fixes di-, tri-, etc., being used to indicate the number of amino
acid molecules entering into the compound. The term poly-
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peptids is also commonly used as a general term for the more
complex substances of this group. The latter show many of
the reactions of the proteins or of their less modified deriva-
tives. For example, many of them give the biuret reaction
characteristic of the proteins, are precipitated by phospho-
tungstic acid and undergo cleavage by appropriate proteolytic
ferments. Moreover, some of the artificial polypeptids of known
composition have also been isolated from the mixture of products
resulting from the action of ferments upon the proteins.

49. Conclusions. — Since, therefore, the same comparatively
simple crystalline products are obtained as the final result of
the complete hydrolysis of all the simple proteins, viz., the
various amino acids enumerated in a previous paragraph (47),
and since, on the other hand, these cleavage products may be
synthesized to form substances closely resembling the proteins,
it is believed that the protein molecule is built up of these
amino acids, united in substantially the same way as in the
artificially prepared polypeptids. In other words, it is be-
lieved that the latter are the first steps toward the synthesis
of proteins, or indeed that they may, from a systematic point
of view, be regarded as the simplest of the proteins.

It should be noted, however, that while the foregoing method of
combination of the amino acids appears to be characteristic of the
protein molecule, it is not the only form of combination in which
nitrogen enters into it. For example, arginin, apparently a constit-
uent of all proteins, contains an atom of imid nitrogen, HN. The
proteins also contain amid nitrogen (i.e., NH. substituted for the OH
of the carboxyl group) which yields ammonia on hydrolysis. Further-
more, the proteins are capable of acting as polyacid bases and there-
fore the molecule must contain numerous NH; end-groups such as
that of the amids just mentioned or those of the diamino-acids like
lysin and arginin.

50. Proportions of cleavage products in different proteins. —
While all the simple proteins yield, with a few exceptions,
qualitatively the same cleavage products, the relative pro-
portions of these “ building stones” vary widely in proteins
from different sources. This is strikingly illustrated by the
following tabulation of the percentages of the various amino
acids yielded by a number of proteins according to the researches
of Osborne and his associates.
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TABLE 4. — CLEAVAGE Propucts or PROTEINS!

‘ H 2
Fl
HHRHEEEE
3| =

Bl folf, g 3] 2 |53 &

FHHEI AR

1558|3583\ 38| & | 3 (33| & |85

% | % | % | % | % | % | % | B | %
Glycin. . . . . . o0.00| 0.89| 0.00| 0.38 0.0 | 0.0 | 0.00( 2.06| 0.68
Alanin . . . . . .! 2.00 4.65 13.39, 2.08| 2.22| 2.50| 1.50! 3.72| 2.28
Valin . . . . . . 3.34| o.24| 1.88) — | 2.50| 0.90| 7.20| 0.81] +
Leucin. . . . . 6.62{ 5.95/19.55! 8.00|10.71/19.40| 9.35|11.65|11.19
Phenylalanin. 2.35| 1.97| 6.55! 3.75| 5.07! 2.40| 3.20| 3.15{ 3.53
Tyrosin . . . . 1.50| 4.25| 3.55| 1.55| 1.77 2.20| 4.50! 2.20| 2.16
Serin . . . . . I 0.13| 0.74| 1.02| 0.53 ? |osol ? ?
Cystin. . . . . .. o045/ 002 ?2 | — | ? ? 2| —| -
Prolin . . . . . .!13.22| 4.23| 9.04| 3.22| 3.56| 4.00| 6.70| 5.82| 4.74
Asparticacid. . . .' 0.58| o.91| 1.71| 5.30| 2.20| 1.00| 1.39| 4.51| 3.21
Glutamic acid . . . $3.66/23.42|26.17|13.80| g.10|10.10|15.55|15.49|16.48

Tryptophan . . . .| 100 + [o0woof 4+ | 4+ | + | 1.50] 4+ | +
Arginin . . . . .| 3.16] 4.72| 1.55|10.12| 4.91| 3.01| 3.81} 7.47| 6.50

Lysin . . . . . .| ? | 1.02| 0.00| 4.98| 3.76| 8.10| 7.61| 7.59| 7.24
Histidin . . . . .| 1.49| 1.76| 0.82| 2.42| 1.71| 1.53| 2.50| 1.76| 2.47
Ammonia . . . . - | 5-22| 401 3.64] 1.99| 1.34| 1.32| 1.61| 1.07] 1.67
Total . . . . . .!84.72 50.68/88.87(58.12{48.85|56.46/66.92(67.29/62.15

The results shown in the foregoing table are typical. In a
few proteins, certain amino acids have not been found at all.
For example, no glycin has been found among the products of
the hydrolysis of gliadin, zein, albumin or casein and no lysin
among those of gliadin or zein. Furthermore, the proportion of
the various cleavage products is quite variable in the different
proteins, one of the most striking instances being that of glu-
tamic acid which ranges from nearly 44 per cent in the gliadin
of wheat to a little over g per cent in egg albumin, and is no-
tably more abundant in vegetable than in animal proteins.

61. Classification. — For the present purpose, it seems super-
fluous to enter into a full description of the various simple pro-

1 The sign + signifies that the substance was present but was not quantitatively
determined. A blank simply indicates that the ingredient in question was not
determined but does not show that it was not present.
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teins. The principal groups into which they are subdivided are
designated as follows: —

a. Albumins. — These are simple proteins soluble in pure
water and coagulable by heat. Besides the familiar egg al-
bumin, they include the albumins of blood serum and of milk
serum. Albumins have also been found in small amounts in
a great variety of $eeds, including those of wheat, rye, barley,
pea, vetch, soybean and cowpea.

b. Globulins. — The globulins are simple proteins insoluble
in pure water but soluble in neutral solutions of salts of strong
bases with strong acids. Globulins are found in the lymph
and the blood serum and in the muscles and other organs, but
they appear to be especially characteristic of the vegetable ,
kingdom, occurring in considerable amounts in a large number
of seeds. Osborne! gives a list of 15 globulins occurring in 24
different species of seeds and enumerates 12 additional species
which contain globulins to which no distinctive names have
yet been given.

c. Glutelins. — These are defined as simple proteins insoluble
in all neutral solvents but readily soluble in very dilute acids
and alkalies. The only well-defined members of this group at
present known are the glutenin of wheat and the oryzenin of
rice, although there seems reason to believe that similar pro-
teins exist in the seeds of other cereals.

d. Prolamins, or alcohol-soluble proteins. — The typical mem-
ber of this group is .the gliadin of wheat and the name has
been applied by some authors to the entire group, but the
term prolamins, proposed by Osborne, seems preferable. The
prolamins are soluble in relatively strong alcohol (70-80 per cent)
but insoluble in water, absolute alcohol and other neutral sol-
vents. They are characteristic of the seeds of the cereals, the
principal prolamins being the gliadin of wheat and rye, the
hordein of barley, the zein of maize and the bynin of malt.

e. Albuminoids. — This name, formerly used to a consider-
able extent as practically synonymous with proteins, is now
applied to two groups of nitrogenous substances which have
been otherwise designated as the collagens, or gelatinoids, and
the keratins. Albuminoids are defined as simple proteins which
possess essentially the same chemical structure as the other

1 The Vegetable Proteins, p. 78.
D
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proteins but are characterized by great insolubility in all
neutral solvents. They form the principal organic constituents
of the skeletal structures of animals and of their external cover-
ing and its appendages and hence have also been called sclero- .
proteins. This definition does not provide for gelatin, which
is, however, an artificial derivative of collagen. Besides gela-
tin the more important members of this group are chondrin,
or collagen, which constitutes the organic basis of cartilage and
bone; elastin, the characteristic component of the ligaments;
and the keratins of the epidermal tissues such as hair, wool,
feathers, horns, hoofs, etc.

The conjugated proteins

62. Nucleoproteins. — In the scheme of classification here
followed (41), the nucleoproteins are defined as follows: * These
proteins are especially characteristic of the nucleus of the
vegetable and animal cell (74). They consist of protein mole-
cules united with one or more of the compounds known as
nucleic acids. These are complex organic compounds contain-
ing a phosphoric acid radicle and also a xanthin group.”

The simple proteins of the nucleoproteins apparently may be
of quite diverse nature and belong to various groups of the
simple proteins. The special interest of the nucleoproteins
attaches to the nucleic acids entering into their composition.

63. Nucleic acids. — These compounds contain in addition
to carbon, hydrogen, nitrogen and oxygen the element phos-
phorus. Their constitution has not yet been fully worked out,
but their cleavage yields four classes of products, viz.,

1. Xanthin, or purin, bases
2. Pyrimidin bases
3. A pentose carbohydrate
4. Phosphoric acid

According to the recent investigations of Levene and others,
the nucleic acid molecule may be regarded as built up from
nucleosids, or glucosid-like combinations of a pentose carbohy-
drate with a purin or pyrimidin base. By the union of such a
nucleosid with phosphoric acid there is formed a mucleotid.
Finally, the most common nucleic acids are tetranucleotids.
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which seem always to contain both purin and pyrimidin nucleo-
sids.

64. Glycoproteins. — The glycoproteins are defined as “ Com-
pounds of the protein molecule with a substance or substances
containing a carbohydrate group other than a nucleic acid.
The principal compounds of this group are the mucins and the -
mucoids.”

66. Phosphoproteins. — These are defined as compounds of
the protein molecule with some, as yet undefined, phosphorus-
containing substance other than a nucleic acid or lecithin.
The casein, or rather caseinogen, of milk is one of the most
familiar and important of this group.

66. Hemoglobins. — The hemoglobins are compounds of
the protein molecule with heematin or some similar- substance,
and constitute the red coloring matter of the blood.

67. Lecithoproteins. — Compounds of the protein molecule
with lecithins.

The derived proteins

88. Primary protein derivatives. — Derivatives of protein ap-
parently formed through hydrolytic changes which involve only slight
alterations of the molecule.

Proteans. — Insoluble products which apparently result from the
incipient action of water, very dilute acids or enzyms.

Metaproteins. — Products of the further action of acids and alkalies
whereby the molecule is so far altered as to form products soluble in
very weak acids and alkalies but insoluble in neutral fluids. This
group will thus include the familiar “acid proteins” and “alkali pro-
_ teins,” not the salts of proteins with acids.

Coagulated proteins. — Insoluble products which result from (1) the
action of heat on their solutions, or (2) the action of alcohols on the
protein. .

89. Secondary protein derivatives. — Products of the further
hydrolytic cleavage of the protein molecule.

Proteoses. — Soluble in water, uncoagulated by heat, and pre-
cipitated by saturating their solutions with ammonium or zinc
sulphate.

Peptones. — Soluble in water, uncoagulated by heat but not pre-
cipitated by saturating their solutions with ammonium sulphate.

Peptids. — Definitely characterized combinations of two or more
amino acids, the carboxyl group of one being united with the amino
group of the other with the elimination of a molecule of water (48).
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§ 5. THE NON-PROTEINS

60. Occurrence.— In addition to the proteins, both plants
and animals contain a great variety and sometimes relatively
considerable amounts of nitrogenous compounds of the most
diverse nature. While the occurrence of such compounds, es-
pecially in feeding stuffs, was known from an early day, it was
long assumed that the amounts present were relatively insignifi-
cant and that no material error was involved in regarding all
the nitrogen of a feeding stuff as existing in the form of protein.
Accordingly, the total nitrogen multiplied by the conventional
factor 6.25 and designated as ‘ crude protein ”’ was taken as
representing the true protein content of the material. The
researches of Scheibler, E. Schulze and Kellner in the seventies,
however, showed that this was far from being the case. It
was found that nitrogenous substances other than protein
were very widely distributed and that sometimes as much as
one-third or even one-half of the total nitrogen of feeding
stuffs existed in these non-protein compounds. These results
have been fully confirmed by subsequent investigations and it
has therefore become necessary to distinguish between these
substances and the true proteins.

61. Definition. General properties. — While these nitrog-
enous compounds other than protein are of the most varied
nature, they all differ from the proteins in having a much less
complex molecular structure. Many are comparatively simple,
crystalline substances, most of them readily soluble in water
and diffusible, and they appear distinctly inferior in nutritive
value to the proteins. It is a matter of practical convenience,
therefore, to have a group name by which to distinguish them
and for this purpose the term non-proteins has been proposed.
It is, of course, a contraction for non-protein nitrogenous sub-
stances and means simply substances which contain nitrogen
but are not proteins. It therefore includes a great variety of
compounds and may be considered as in a sense a cover for
our ignorance of their exact nature, The more important
groups of non-proteins are:—

The nitrogenous muscle extractives
The nitrogenous lipoids
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The nitrogenous glucosids
Alkaloids and organic bases
Amino acids and amids
Nitrates and ammonium salts

62. The muscle extractives. — The more important nitrog-
enous muscle extractives are creatin, creatinin and the purin
bases xanthin and hypoxanthin.

63. Nitrogenous lipoids. — As noted (37-39), the lipoid
group includes a number of compounds, classed as phosphatids
and cerebrosids, which contain a nitrogenous group in combi-
pation with fatty acid radicles. The most familiar members of
this group are the lecithins. The actual amounts of these sub-
stances contained either in the animal or plant are small and
their nitrogen does not constitute any important fraction of
the total nitrogen of the body or of the feed.

64. Alkaloids and organic bases. — Alkaloids are compara-
tively rare in agricultural plants, the seeds of the lupine forming
the principal exception. The organic bases, on the other
hand, appear to be somewhat widely distributed. In addition
to the so-called ‘ hexon bases ”’ arginin, lysin and histidin, de-
_ rived from the proteins and nucleo-proteins, the bases cholin,
betain, trigonellin and stachydrin have been found in a variety
of plants.

66. Nitrogenous glucosids. — The substances of this group
are characteristic of the vegetable kingdom. They contain
a variety of nitrogenous compounds coupled with simple sugars.
The nitrogenous glucosids do not appear to be especially abun-
dant in the. ordinary feeding stuffs of domestic animals and
where they do occur are distinguished rather by their specific
physiological effects than by their nutritive value in the or-
dinary sense. E. Schulze! mentions seven bodies of this class
which have been found in various plants,

66. Amino acids and amids. — These substances are by far
the most abundant forms of non-protein in vegetable materials.
The first one to be discovered was asparagin, in 180s, in aspar-
agus shoots, and this substance has since been found in a large
number of plants or parts of plants. Glutamin, a second
amid, is also of frequent occurrence in plants.

1 Jour. Landw., 82 (1904), 305.
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Asparagin and glutamin are respectively the amids of aspartic and
glutamic acids, both of which are constituents of the protein molecule.

(IIOOH (l:OOH COOH CIZOOH
CH, (lng (IIHg (|IH,
(|3H - NH, (|IH - NH, CH. CHy
COOH CO - NH, CH - NH, CH - NH.
COOH CO - NH,
Glutamic acid Glutamin

It has thus come about that the term amids has been more
or less commonly used as a general designation for the non-pro-
tein nitrogenous substances found in feeding stuffs. The usage,
however, is unfortunate. The word amid denotes a distinct
class of chemical substances of which only asparagin and glu-
tamin appear to be especially common in plants, while the
latter contain a variety of nitrogenous substances which are
not amidsat all. The general term non-protein proposed above,
therefore, seems preferable.

In addition to asparagin and glutamin there have been found
in feeding stuffs a large number of the cleavage products of the
proteins. E. Schulze !*3 enumerates ten amino acids, viz., valin,
leucin, isoleucin, phenylalanin, tyrosin, prolin, tryptophan,
arginin, lysin and histidin, besides the purin bases xanthin, hy-
poxanthin, adenin and guanin, as well as guanidin, allantoin
and carnin, as having been isolated from various vegetable ma-
terials. Hart and Bentley * found that from 5o to 70 per cent
of the water-soluble nitrogen of a variety of feeding stuffs ex-
isted as amino acids or peptids, while the amid nitrogen proper
amounted to only 10 to 20 per cent.

Occurrence. — These substances evidently stand in a close
relation to the protein metabolism of the plant. They appear
to be in part intermediate products in the synthesis of protein
from nitrates and ammonium salts and in part to be formed in
the cleavage of proteins necessary for their translocation and
resynthesis during the processes of growth. They are especially

1 Jour. f. Landw., 58 (1904), 305. 2 Ztschr. Physiol. Chem., 48 (1905), 38.
3 Ztschr. Physiol. Chem., 47 (1906), 507. 4 Jour. Biol. Chem., 28 (1915), 477.
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abundant, therefore, where growth is going on most rapidly.
Young and succulent feeding stuffs, such as pasture grass, green
soiling crops and the like, accordingly contain a considerable
proportion of their nitrogen in the non-protein form. As plants
approach ripeness, the proportion of non-protein to protein
nitrogen becomes less, so that mature hay, straw and the like
are relatively poor in non-proteins. This is especially true of
seeds, whose nitrogen is contained chiefly in the reserve pro-
teins, although small amounts of various non-proteins are also
found. One class of feeding stuffs relatively rich in non-protein
is the roots and tubers, in which the conversion of inorganic
nitrogen into protein seems to be incomplete and in which the
non-protein serves as a nitrogenous reserve for the growth of
the succeeding year. Finally, feeding stuffs which have under-
gone fermentation, such as silage, show a relative increase of the
non-protein nitrogen over that of the original material.

67. Nitrates and ammonium salts. — Occasionally somewhat
considerable amounts of nitrates or of ammonium compounds
are found in vegetable material, especially when the supply of
soluble nitrogen compounds in the soil is abundant. In such
cases they are to be regarded as materials taken up in excess -
of the immediate needs of the plant.

§ 6. SUNDRY INGREDIENTS

68. Number and significance. — In the foregoing sections
the groups of substances which constitute the animal body or,
in the form of feed, supply the matter and energy for its growth
and maintenance have been considered. It is hardly necessary
to say, however, that these four groups, the carbohydrates,
fats, proteins and non-proteins, are very far from comprising all
the constituents of animals or plants.

In the animal body the physiological chemist has recognized
relatively small amounts of a vast number of substances of
the most varied nature. Some of these are derived quite di-
rectly from the proteins, fats or carbohydrates and these will be
considered to a greater or less extent in studying the changes
which these substances undergo in the body. Others, while of
great physiological importance, have little direct relation to the
processes of nutrition.
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Similarly, plants contain a great variety of ingredients not
strictly belonging to any of the four main groups. In the
aggregate, thiese substances do not often add greatly to the po-
tential food value of feeding stuffs, but, on the other hand,
they may in some cases considerably modify their palatability
or the activity of the var