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PREFACE.

In lecturing in the Veterinary Department of the Univer-
sity of Pennsylvania the author has found it a serious disad-
vantage that the students are compelled to rely solely on
the notes that they may be able to take during the lectures.
‘While French students have access to the encyclopaedic work
of Colin, and those familiar with the German language to the
admirable works of Schmidt-Miilheim, Bruckmiiller, Munk,
Ellenberger, Gurlt, Thanhoffer, Miiller, and others, English-
speaking students have absolutely no work to which they
can turn to obtain any application of the laws of physiology
to- the functions of the domestic animals. Commenced
originally as outline notes for the author’s own wuse in
lecturing, this work has been published at the request of his
students, in the hope that it may supply them with an
exponent of the laws of modern physiology applied, as far
as possible, to the functions of the domestic animals, and
that a recognition of its shortcomings may stimulate inves-
tigation of this much-neglected branch of physiology.

It is surprising, in view of the ceaseless activity of
physiological students throughout all the world, that more
attention has not been devoted to the application of improved
methods of research to the study of the funections of animals
so important in the domestic economy. Unfortunately,
investigators in this domain may almost be counted on the
fingers, and the field which is yet untouched is almost
unbounded. The author, therefore, has been compelled to
assume that in many cases the laws of the physiology of
man, which, to be sure, have been deduced from experiments

(v)
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on animals, are applicable to the vital processes of the
domestic animals.

Modern physiology rests on the application through
experimental research of the laws of physies and chemistry.
The fundamental principles of these sciences in their relation
to biology have been, therefore, discussed somewhat at
length. Experience has taught that a comprehension of the
laws of life in the higher mammals is best attained after a
familiarization with the vital operation of lower forms. The
first part of this book, therefore, deals with the general laws
of life, while in the second part these principles are applied
to the study of the vital operations in the domestic animals,
the study of each function being introduced by a sketch of
the mode of development of the mechanism by which that
function, in passing from lower to higher forms, is accom-
plished. '

As far as possible the author has acknowledged in the
text his indebtedness to various authorities for the matter
or manner of his subject, though references to publications,
as tending to confuse the student, have been omitted.

For illustrations the author is indebted to the liberality
of the publisher, Mr. Davis, and to Messrs. Blakiston and
H. C. Lea & Co., of Philadelphia; Appleton, Wm. Wood & Co.,
and Macmillan, of New York; Ferdinand Enke, Stuttgart;
Engelmann and F. C. W. Vogel, Leipsic; Paul Parey, Berlin;
W. Braumiiller, Vienna; Carl Winter, Heidelberg; Hachette &
(Cie, Bailliere & Fils, Asselin & Cie, Paris; Simpkin, Marshall
& Co., London; Moritz Perles, Vienna, and Hirschwald, Berlin.

ROBERT MEADE SMITH.

PHILADELPHIA :
332 SOoUTH TWENTY-FIRST STREET,
January 3, 1880.
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INTRODUCTION.

PHys10LOGY treats of the functions or actions of living beings.

When these actions or functions occur in a disturbed or irregular
manner, they constitute disease, or abnormal life, and become the subject
of abnormal physiology or pathology. Normal physiology is the basis of
pathology, and a knowledge of the one must precede the intelligent study
of the other: just a8 an acquaintance with the functions of the com-
ponent parts of a machine must precede the recognition of disordered
movement and the provision of means of repair.

Since the functions of the animal body are resident in the various
tissues and organs of the body, an acquaintance with the forms and
structure of those organs and tissues must precede the study of their
functions. The study of anatomy and histology, or microscopic anat-
omy, must therefore precede the study of physiology.

GENERAL PHysioLogy treats of the functions of organized beings in
an abstract inanner,—that which regards the general laws of life, whether
seen in the animal or vegetable world. Although for the purposes of
practical life physiology is divided into several provinces, yet the knowl-
edge of general physiology is essential even to special students, since
the relation between the different forms of life is very close.

VEGETABLE PHYSIOLOGY is concerned solely with the consideration
of the vital actions or functions of plants.

CoMPARATIVE PHysIoLogy treats of the functions of animals below
man, with a consideration of the means by which different functions are
accomplished by different animal forms.

SPECIAL PHYSIOLOGY is confined to the consideration of the vital
phenomena of a single species, single genus, or it may deal with the
consideration of a special function. In this book special physiology
will refer mainly to the study of the vital phenomena of the domestic
animals. i

Human PuysioLogy treats exclusively of the vital phenomena of
man. But, while this branch of physiology is of greater importance to
the physician than the other divisions, in consequence of its relations
to human pathology and therapeutics, it should not be made the exclu-
sive subject of study; for the physiology of man cannot be properly
understood without a previous acquaintance with the vital phenomena of

v ey



2 INTRODUCTION.

the lower animals and plants. For the veterinary physician the study
of life in the domestic animals must be of the greatest importance.

Every living body is organized,—that is, composed of instruments
or organs each one of which is destined to fulfill some special office in
the organism called its function, the sum of which fuuctions constitute
the life of the individual. Other bodies met with in nature, and not so
constituted, are called unorganized, or inorganic, e.g., the mineral.

DIsTINCTIONS BETWEEN ORGANIZED AND UNORGANIZED Bopres.—Organ-
ized and unorganized bodies have few or no correlative points, but stand
opposed to each other in almost every characteristic trait.

Unorganized matter is only subject to the forces whose generality
of action constitutes physical and chemical laws. Organized matter is
also controlled to a certain extent by the same laws, and, although there
are a great many actions manifested by living bodies which are not
readily explicable by the ordinary physical laws, and for which the term
¢ vital phenomena ” is conveniently employed, it does not by any means
follow that we have here to deal with any entirely distinct series of laws.
The attempt to reduce the so-called vital phenomena to physical and
chemical laws has already succeeded in demonstrating the dependence, on
physical and chemical principles, of many functions previously regarded
as purely vital in nature, and the hope may be reasonably held for con:
tinued progress in this direction. The sciences of physics and chemistry
are therefore the foundation-stones of modern physiology.

Nevertheless, organized and unorganized matter differ to such an
extent that their consideration forms entirely distinct branches of study.
The forms, the forces, and the laws of unorganized matter are the sub-
jects embraced by physics and chemistry. The forms and forces of
living organized matter are the objects of physiological science, or
biology. :

Organic bodies differ from inorganic—

1. In their Origin.—The former spring from a parent, or from
previously-existing living matter, either by splitting, budding, seeds, or
eggs. The latter have no such origin, but may arise from the combina-
tion, under the influence of chemical affinity, of the elements which com-
pose them. Spontaneous generation, though claimed by some, has not
been satisfactorily established.

2. In their Form.—Organized bodies are usually determinate in
their form, rounded in their outline, and, in their simplest expression,
either spherical or spheroidal in shape. Unorganized bodies, on the
other hand, are irregular in their outline (amorphous), or,if determinate
in form, are bounded by plane surfaces and straight lines.

3. Duration of Lxistence.—Organized bodies have a definite time
to live, pass through distinct stages of development and growth, and ulti-
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mately die. But the inorganic body may continue to exist until some
disrupting force separates the inorganic elements of which it is com-
posed, and enables them to form new combinations; but so long as
uninfluenced by such an agency it  may remain unchanged for an indefi-
nite period.

4. Size—Organized bodies have a definite limit to which they may
attain, varying, however, among individuals of the same species.  And.
when they exceed the average size of the species it is not by the
increased size of the individual, but by the continued production of new
individuals or a repletion of parts already existing. The unorganized
body, on the other hand, is as indeterminate in size as in duration, con-
tinuing to grow so long as fresh particles are brought together.

5. Chemical Constitution—Of the sixty-five simple elements found
in nature but about twenty enter into the composition of organized bodies,
and of these but four are to be regarded as essential, viz., C.0.H.N.,
of which at least two are found in every organic compound. The remain-
ing elements are called incidental. Unorganized bodies may be simple in
their composition, or binary, ternary, quaternary, or higher; but binary
is the most usual combination.

The molecular constitution of the organic body is also different
from the inorganic in being much more complex, both in the number of
elements which it contains and the number of atoms, or combining
equivalents of those atoms, which exist in a combining equivalent of
the compound. Thus, albumen, which forms an important constituent
of nearly all organized bodies, may be represented as CyHy,NeO05S;s
(Schiitzenberger), while ammonium carbonate, an inorganic compound
containing the same elements, with the exception of sulphur, may be
written as follows: {(NH,),CO;+ H,0.

From the large number of elements which enter into the composition
of organic bodies, and the large number of atoms constituting an organic
molecule, arises the great tendency to decomposition by which they are
characterized ; for, “ the greater the number of atoms of an element
which enters into the formation of a molecule of a compound, the less
is the stability of that compound.”

Inorganie compounds are therefore stable; organic bodies, unstable.

It was formerly supposed that organic compounds could only be
formed under the influence of vitality, and that they could be decom-
posed by the chemist, but not recomposed. But this has been shown to
be an error, some of the organic acids, alcohols, organic coloring matters,
and some of the secondary organic components, such as uric acid and
urea, having'been synthetically prepared by the chemist. It is thought,
therefore, not to be impossible that some of the higher organic com-

- pounds, such as albumen, may ultimately be also made in the same
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manner, though thus far all attempts in this direction have been unavail-
ing. = All those compounds which have as yet been made by synthesis
are allied to those which result from a long-continued series of chemical
changes in the organism, produced by the action of oxygen upon prod-
ucts of disintegration.

6. In their Mode of Growth.—Organized bodies grow by assimila-
tion,—the internal deposit of materials by which the unlike become the
like. Unorganized bodies grow, or increase in size, by external deposit
or accretion. The organized body is dying from the moment of its birth,
and requires new materials to repair those losses and for the increase in
size, The unorganized body, as the erystal or the stalactite, continues
to increase in size so long as fresh particles are deposited upon it.
Every part of an inorganic body is therefore alike and independent of
the rest, and exhibits the same properties as the whole. The organized
body, on the contrary, is made up of a number of dissimilar parts, each
of which is more or less dependent upon the others, and each of which
requires different materials for its growth and reparation. In the unor-
ganized body a small portion serves to determine by analysis the consti-
tution of the whole; in other words, it is homogeneous. In the organ-
ized body each part is more or less dependent on the remainder, and
differs from it in chemical composition; in other words, it is hetero-
geneous. Organic compounds, moreover, from the large quantity of
fluid they contain, are usually soft and ductile, while the inorganic body
is hard, rigid, and inflexible, and when once the affinities of its chemical
elements are satisfied it remains an inert mass. Within the organized
living body all is change. Death and repair are ever taking place. From
the commencement of its existence its growth, its progress toward
maturity, its decline, decay, and death are all made up of an incessant
series of changes. It is the constant round of these actions which con-
stitutes life ; their study is the subject of physiology.

It is thus seen that organized are distinguished from unorganized
bodies by three cardinal characteristics: 1. The law of nuirition, the
most fundamental of all vital laws; since in virtue of it the organism
continues to exist as an active being, and increases from infancy to
maturity., 2. The law of development, or differentiation, which causes
the organism to pass through the definite cycles of change constituting
what we call ages, and leading inevitably to the final changes which we
call death. 3. The law of reproduction, another aspect of the first law,
in virtue of which the organism gives origin to similar organisms from
one generation to another. :

In no example of inorganic matter can any of these characteristics
be found. When inorganic bodies are said to grow, their growth is a
process of mere aggregation, one part adhering to another similar part,
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‘The growth arises from no internal necessity, as in organic bodies. The
bulk is not increased by a process of assimilation which converts the
unlike into the like. Minerals do not feed ; they cohere. Nor have they
any power of development. They pass through no definite cycles of
change ; they have no stages of growth, no ages, no power of repro-
duction.

The constant round of actions, therefore, in the organized structure
called life, in them is wanting. They occupy space, but have neither
birth nor death.

DisTiNcTION BETWEEN PLANTS AND ANTMALS.—Organized bodies are
divided into two classes,—animals and vegetables,—constituting two sep-
arate kingdoms, which, though capable of ready recognition when studied
in their higher members, seem almost to overlap in their lowest expres-
sion. Hence, while the differences between the higher animals and higher
plants are so striking as not to need mention, when we examine the lowest
forms of life the greateést difficulty will sometimes be met with in the
attempt to decide whether the organism is an animal or a vegetable. For
when the protozoa, or lowest animals, are compared with the protophyta,
or lowest plants, all the differences which are so striking between the
higher animals and plants are completely wanting ; yet the protozoa are
as truly animal as are the vertebrata, and the protophyta just as surely
plants. Consequently the definition of an animal or a plant, to be of any
scientific value, must include the lowest as well as the highest forms,

We found, in our comparison of organic and inorganic matter, that
differences in form could be clearly made out. The external charac-
teristics of plants and animals are, however, inadequate to distinguish
them. Many animal forms, such as the hydrozoa, are essentially plant-
like in their external form, growing from fixed points and even repro-
. ducing themselves by * budding,”—a process almost universally holding
in the vegetable kingdom. So also the well-known coral polyps and' the
sponge closély resemble plants in external configuration, and, though.
undoubtedly animals, were long placed by naturalists in the vegetable
kingdom. '

Then, on the other hand, many plants, examined in respect to their
external form alone, would often be confounded with animals. Thus,
the germs of many algee, the ciliated zoospores, are scarcely to be dis-
tinguished from infusorial animalcules.

It was at one time thought that the power of motion was a proof
of animality; but many of the lowest plants, such as volvox and the
diatoms, possess the power of motion, of changing their location, the
instruments being the same as in many animals, viz., cilia. Nor is the
power of moving in response to an irritant peculiar to animal life:
witness the Mimosa pudica, the sensitive plant, which closes its leaflets
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on irritation ; the Dionza muscipula, the Venus’ Fly-Trap, the extremities
of whose leaves have the power of closing on insects or other bodies
brought into contact with them. Plants are also possessed of internal
motion: witness the circulation of the sap and the circulatory motions
in the interior of many vegetable cells. They also turn spontaneously
to the light and extend their rootlets to the most nutritive soil.

Again, all animals are not possessed of the power of motion.
Sponges, coral polyps, hydroid zoophytes, sea-mats, etc., are entirely
destitute of locomotive power, and spend their entire existence rooted
fast to some immovable object. Hence, the possession of motor power
is not characteristic of animal life, and its absence does not prove the
organism to be a vegetable.

Chemical analysis helps us but little more in the attempt to dis-
tinguish animals from vegetables. Carbon and nitrogen compounds form
a large proportion of the constituents of each, and a large number of
complex combinations found in animal tissues are represented by entirely
similar compounds in vegetable matter. There is therefore no one chemi-
cal compound whose presence is characteristic of animality or vegetable
nature ; for * cellulose,” the substance out of which wood-fibre and the
walls of plant-cells are formed, has been ascertained to form the greater
part of the external coverings of certain molluscous animals (ascidians).
So also chlorophyll, the green coloring matter of plants, is the cause of
the green color of many infusorial animalcules and of Hydra viridis,
while starch has been found in the ventricles of the brain of animals,
and is represented by glycogen, a body closely analogous to starch and
manufactured by the animal economy. Such examples, therefore, show
that chemical examination can give us no definite aid in separating plants
and animals.

The microscope is also powerless to give us an infallible rule which
will enable us to distinguish animal from vegetable tissue. In other
words, plants and animals are built up on the same general plan; their
intimate structure closely coincides. Both originate in cells, consisting,
in their typical form, of a cell-wall, cell-contents, or protoplasm —nucleus
and nucleolus,~—and in both the parent cell undergoes subdivision and
results in the birth, growth, and development of myriads of other cells,
constituting the tissue of the plant or animal, and differing no more from
each other than almost any mature animal or vegetable cell does from
the germ from which it originated.

Nor is the possession of a digestive cavity, mouth, or alimentary
tube characteristic of animals; for there are vegetables which possess a
stomach, as the Nepenthes, or Pitcher-Plant, which has a cavity cor-
responding to a stomach, in which digestive fluids are poured out, and
in which digestion and absorption take place. On the other hand, many
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animals among the protozoa, such as the amceeba, have no stomach, the
general surface serving not only for the purpose of digestion, but also
for absorption, an extemporaneous stomach being formed by wrapping a
part of the external general body surface around the substance to be
digested.

So also in the tape-worms and other parasitic forms of animal life,
there is an entire absence of any special aperture for the entrance of
nutritive matter, such organisms living by the simple imbibition of
nutritive matter in solution.

‘When, however, we examine into the nature and mode of assimila-
tion of food, the nutritive processes occurring in the interior of the
organism, and the results of the conversion and assimilation of food,
then only have we any reliable scientific data for distinguishing animals
from plants. In the first place, the food of animals differs from that of
plants in its nature. Animals require organic food; plants live on inor-
ganic or mineral matter. The nutritive processes in the two kingdoms
are also diametrically opposed: the plant absorbs water, ammonia, earbon
dioxide and certain salts, and out of these manufactures the albuminoids,
carbohydrates and hydrocarbons found in vegetable tissue. The
animal feeds on these complex vegetable compounds,—and this holds
whether the animal be herbivorous or carnivorous,—and returns to the
soil and atmosphere the inorganic matter from which they were manu-
factured by the plant; and in the same form, 7.e., carbon dioxide, water,
ammonia, and certain salts. The plant therefore converts simple inor-
‘ganic compounds into ecomplex organiec compounds, while the animal
reduces complex organic matter to its simple inorganic constituents,

A further point of distinction between animals and vegetables, and
one closely connected with the nutritive processes, is their behavior to
the atmosphere. The animal requires for the processes of reduction
already mentioned as constituting its mode of nutrition a constant supply
of oxygen, which is withdrawn from the atmosphere and returned to it
in the form of CO,, representing one of the end products of oxidation
of the carbon of its tissues and food. Plants, on the other hand, absorb
CO,, and under the influence of sunlight, by the action of their chloro-
phyll, break up this CO,, fix the carbon in their tissues, and set free
oxygen into the air. The plant thus absorbs what the animal excretes,
and the animal absorbs what the plant excretes. We thus see that
animals and plants offer striking points of contrast as to the character
of their food and the nature of their nutritive processes, and, although
there are several apparent exceptions to the general outline here given,
their consideration may be deferred to the chapters on the Chemical
Processes in Cells.

We have found now that all objects in nature must be either organic
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‘ot inorganic, and we have considered the means by which these bodies
‘may be separated: we, therefore, here leave the inorganic world (the
domain of physies, chemistry, mineralogy, etc.), to confine our studies
to the animal kingdom. But here, from the fact that there was great
difficulty in separating the lower forms of animal from vegetable life, it
.aust be recognized that animals and plants possess many vital functions
in common; and as the simplest expression of these functions must be in
the simplest organisms, the study of those functions may best commence
in the simple, uncellular organisms, whether animal or vegetable.
General physiology will thus deal with the Animal Cell: its form, origin,
modifications, constitution, and the various chemical and physical proc-
.esses concerned in its nutrition, growth, development and reproduction.
It will, then, be shown that the higher animals are mere associations
‘of such simple organisms, in which the modification in the characters
of the various constituent cells leads to a division of labor. In other
-words, development of tissues leads to a specialization of function, and
Special Physiology will deal with the study of the development of func-
tion, especially as seen in our domestic animals. The functions of animals
are divided into the Vegetative Functions, the Animal Functions,—or
the functions of relation,—and the Reproductive Functions.
The Vegetative Functions include everything which relates to the
nutrition of the animal in its widest sense. As the Llood in higher
animals is the organ of nutrition, under this head are included (1st)
the additions to the blood,—therefore, the description and modes of
prehension of Food; Digestion, or the preparation of food for absorption;
and Absorption, or the means by which nutritive and other matters enter
the blood. The Blood will, then, be considered as a tissue of nutrition
‘or as a carrier to and from the various organs of the body by means of
its Circulation. As a boundary between the additions and (2d) the losses
to the blood Respiration will demand attention, while under the latter
head come the functions of Secretion and Excretion. The means by
which the identity of the individual is preserved concludes the subject
of Nutrition and deals with the nutritive value of different foods and
their combinations, the adaptment of foods to the different demands on
the animal economy, and the subject of Animal Heat. The Animal Func-
tions, or those by which the body is brought into relation with the
- external world by means of sensation, power of movement, consciousness,

and volition, include the study of the Muscular and Nervous Systems,
_ while finally the Reproductive Funetions lead to the preservation of the
species, and include the subjects of Generation and Development, or
Embryology.









SECTION 1.
THE STRUCTURE OF ORGANIZED BODIES.

CHEMICAL ANALYSTS has shown that all organized bodies are capable
of resolution into simple chemieal elements which in themselves do not
differ from the elements out of which all matter is composed: in other
words, that the simple elements of which organized bodies are built up
are universally distributed throughout nature, and that no one element
is peculiar to organiZzed matter. The characteristic of organized Dbodies
is, therefore, not to' be found in any peculiarity of the matter of which
they are composed, but in the manner in which the atoms composing
that matter are grouped. In an inorganic body we are accustomed to
attribute its chemieal properties to the nature, number, and mode of
association of its constituent elements, while its physical properties are
attributable to the mode of arrangement of its molecules.

Analysis of organized bodies shows that in them we have certain
elements constantly present in certain definite proportions: it is there-
fore warrantable to assume that the chemical properties of organized
bodies are, as in the case of inorganic matter, due to the number, nature,
and mode of association of their elements. Further, we find in all
organized living bodies a certain identity of physical properties: it is
therefore warrantable to assnme that the physical processes seen in
organized bodies are dependent on the mode of arrangement of their
constituent molecules. The elements constantly associated in living
matter are carbon, nitrogen, oxygen, hydrogen, and sulphur, forming a
complex combination, to which the term protoplasm has been applied.
This matter, protoplasm, whether found in the tissues of the highest
animals or plants, or in the lowest unicellular members of either kingdom,
has always the same composition and is always possessed of nearly the
same attributes; with the restriction that we have already referred to as
to the difference in functions possessed by animals and plants,—differences
which will probably in the future be cleared up, and found not to be in
contradiction to the statement that protoplasm is the universal basis of
organization.

All organized bodies are built up of associations of masses of proto-
plasm, which from their appearance are termed cells, or, from the func-
tions which they fulfill, elementary organisms: and as the physical
properties of inorganic matter are dependent on the arrangement of

(11)
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their molecules, so the physiological peculiarities of organized bodies
are dependent on their cellular structure.

Physiology is therefore the study of the properties of cells. Cells
possess the properties of Nutrition, Reproduction, Growth, Develop-
ment, and in many cases their contents are.capable of Motion and mani-
festing Irritability.

I. THE GENERAL PROPERTIES OF CELLS.

Microscopic examination teaches that every living object, from man
down to the smallest animalcule invisible to the naked eye,—from the
‘largest tree down to the most microscopic plant,—is built up on the
.same general plan. In each the same clement of organization is found,
‘and every living form is built up of associations of these microscopic
.units, each of which, even in the most complex fmms of life, may be
.regarded as separate individual organisms.*

For even in complex organisms cells to a certain extent carry on a
separate and independent existence. We see
separate cells originate separately, grow, repro-
duce themselves, become diseased and die
without the entire organism as a ‘whole taking
any part in these different stages of existence
“of its component parts. The individual life of
each separate cell is recognized in the different
activities of different cells: the activity of the

F16. 1.—Typrcat Aximar  Organism is the result of the; sum of these
CELL. RIPE OVUM OF

CAT. (Klein.) separate existences.
R T In their typical form both animal and

vegetable cells consist of closed vesicles, with
homogeneous or striated walls, a viscid albuminous contents, termed
protoplasm, containing an aggregation of granules called-a nucleus,
within which again is a still denser formation called a nucleolus. The
cell-contents is frequently vacuolated, ¢.e., contains minute cavities filled
with a clear fluid.

The contents of the cells, which we shall find to be functionally the
most important, is called protoplasm. It is a transparent mass in which
numerous granules are suspended, and which possesses in all young cells
the property of contractility. It is often seen to be reticulated. In
older cells the quantity of fluid diminishes and the cells become firmer
and drier, while vacuoles often form and contain fluid. This change in
.the physical properties of cells is often associated with a visible change
in their chemical nature,—thus, with a deposit of coloring matter, starch

* Suach units of organization are termed cells, from the resemblance which micro-
scopic sections of young tissues, whether plant or animal, bear to a honey-comb.
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granules, fat globules, or granular matter. All substances which coagu-
late proteids have the same effect on protoplasm. The vital properties
of protoplasm will be studied later.

A membrane is usually present in all mature cells, though always
absent in embryonic forms. It may therefore be assumed that the mem-
brane results from a condensation of the outer layers of the cell-contents.
The membrane:is apparently homogeneous, or may be porous.

The nucleus, the size of which is generally in proportion to that of
the cell, and which is usually oval or spherical, is never absent in early
forms of active cells, though it may disappear when the cell reaches
maturity. In its mature stage it.is generally reticulated,—that is, com-
posed of an investing cuticle within which the contents are arranged in
the form of a fibrillar/ net-work. The presence of a nucleus, which is
often difficult of recognition on account of its minute size, may be
demonstrated through the action of certain reagents, especially dilute
acids and staining fluids. Dilute acids render the protoplasm of cells
transparent without affecting the nucleus, which consequently becomes
more prominent; while staining fluids, such as carmine, h@matoxylin,
and the anilin dyes, color the nucleus deeper in.tint than the cell-contents.
The nuclens appears to be especially important in the reproductive fume-
tions of cells, since when cells multiply by division the division always
commences in the nucleus.

The nucleolus is simply a closer aggregation of the granules which
constitute the nucleus, and is very frequently absent.

Both cell-wall and nucleus may be absent from the lowest elementary
organisms, -

‘As our conception of the structure of the higher animals and plants
is an association of elementary organisms invariably taking origin from
a single cell, our definition of such a simple organism or cell must be
modified so as to apply to the description of the simplest conceivable
organism capable of carrying on an independent existence. And as we
have seen that of the constituents of a typical cell but one, the cell-con-
tents, or protoplasm, is essential; and as we know that there are
organisms capable of carrying on an independent existence in whom
neither cell-wall, nucleus, or nucleolus is to be detected, a cell may be
defined as a more or less homogeneous mass of organized material,—
protoplasm,—possessing development, growth, reproduction, nutrition,
and antomatism. ; :

The best known of such undifferentiated forms of cell life is the
amaeba,—one of the simplest examples of an animal organism.

In its lowest form the ameeba (Protameba primitiva, Haeckel) con-
sists of a mass of jelly-like, structureless, albuminoid substance (proto-
plasm), which, so far as its chemical composition and general attributes
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are concerned, cannot be distinguished from the contents of all active
forms of cells (Fig. 2).

The amaeba is capable of spontaneous motion, both as regards
change of external form and of progressing from place to place.
Motions may also be evoked by various stimuli; hence, free protcplasm,
in common with muscular fibre and ciliated organisms, is contraciile.
The peculiarity of protoplasmic motign, as seen in the amaba, is that
motion does not occur around a fixed point, but rather is a flowing
motion, such as might occur in the particles of a fluid. Thus, in an
amaeba the changes in form and location are effected throngh the thrust-
ing out of lobe-like prolongations of the periphery (pseudopodia), and
their subsequent withdrawal or the flowing into these extensions of the
remainder of the body.

Oceasionally one or more of these pseudopodia become gradually
more and more constricted, until, finally, a portion becomes entirely
separated from the original
mass, increases in size, and
itself possesses all the proper-
ties of the parent stock; hence,
protoplasm is reproductive,
and possesses the power of
growth. Moreover,the move-
ments of an amwmba are not

Fic. 2.—A Nox.NUCLEATED CELL, Tne Pror- necessarily the consequences
AM@EBA PRIMITIVA, AFTER HAECKEL. (Wundt.)  of oxternal Stimllli, but may
A originel om0 e compieis sepaeution. o M pe self-originating; lence,
protoplasm is also aufomatic.
If watched for some time, an amaba will often be seen to take into
its interior, by flowing around them, small vegetable organisms, of which
portions are dissolved and converted into the substance of its body,
while the undigested remainder is extruded ; therefore, protoplasm, even
in the absence of all digestive organs, possesses the power of nutrition.
The ammba requires for its existence an atmosphere of oxygen,
which is absorbed, and which it again partly exhales as carbon dioxide.
Protoplasm is therefore respiratory.

II. ORIGIN OF CELLS.

We have seen that in the amceeba a simple mass of undifferentiated
protoplasm possesses the powers of reproduction, contractility, respira-
tion, irritability, nutrition, and automatism. Every form of life com-
mences its existence in the form of just such a simple mass of proto-
‘plasm. Starting with the ovum, and ending with the nucleated elements
found in the organs and tissues of the embryo and adult, there is one
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uninterrupted series of generations of cells, each cell becoming so modi-
fied as to specialize certain functions which are together possessed by all
forms of undifferentiated protoplasm. Thus, in the higher forms certain
cells will be found to have become so modified as to have the function of
reproduction especially developed; they will therefore constitute the
reproductive tissues. In other cells the nutritive functions will become
most prominent; they will therefore form part of the tissues whose
function is to preserve the nutritive balance of the organism. Specializa-
tion of function is therefore the explanation of the development of
tissues; the result is a physiological division of labor. We will have to
return to this subject again.

The germ of every animal and vegetable organism is a cell which
owes its existence to some similar, previously-existing cell. Neglecting
the origin and development of cells in the vegetable kingdom, every
cell which forms part of the organs or tissues of all forms of animal
life originated in and developed from a germ-cell or ovum.

The ovum of man and other mammals is
a minute mass of protoplasm, corresponding in
its general appearance with the description of a
typical cell. The protoplasm, or cell-contents,
is surrounded by a delicate, striated membrane,
the Zona radiata, or vitelline membrane. Within
the cell-contents, in addition to numerous minute
particles,—the so-called yelk-globules,—is a
collection of denser particles of protoplasm,

—the nucleus, or germinal vesicle, and within ~ Sopi Jars OVUM oF

that, again, one or more still more solid masses, 4, Zona pelluclds; B, germinal

he b vesiele; C, protoplasm,
—the nucleoli, or germinal spots.

The cell-contents is identical in nature and properties with the sub-
stance of the ameba, and before and immediately after fertilization may
even be the seat of spontancous movements of contraction and expan-
sion. When mature, its diameter in the domestic animals and man varies
from the 315 to the ;5 of an inch (0.18-0.2 mm.).

Fertilization leads to a cleavage of the protoplasm into two parts,
the nucleus being first divided, so that two new elements originate from
the ovum, each consisting of protoplasm and each containing a nucleus.
Each of the two new cells thus formed again subdivide into four, these
into eight, and so on through many generations, until a large number of
new cells, the so-called “ mulberry mass,” results from the subdivision of
the original parent cell.

According to Schleiden and Schwann, the founders of the cell doc-
trine, organic forms of life may originate in one of two ways,—either by
the aggregation of granules in a previously-existing homogeneous fluid
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(the blastema), forming the so-called “free cell-formation,” or by the
subdivision of a previously-existing cell,—the ‘endogenous cell-forma-
tion.”

According to the first of these views, which may be compared to the.
formation of crystals in a saline solution, granules first develop in a fluid-
which contains all the.chemical constituents of
the organism, forming the nucleolus of the
future cell. Around this other granules are
gradually deposited until the nucleus is formed,
and the cell-contents and membrane gradually
consolidate around this. The first objection
to this theory, which, it is seen, implies spon-
taneous generation, lies in the fact that no one.
Fre. 4—Broon-Corpuscrrs 1Nas ever been able to demonstrate such a cell-

gﬁ%%%‘%‘gg?g&?ﬁ%% f];(;rmation or to discover the so-called cyto-
S (Ranke) asts. It was then shown that all the cells of
the embryo originate in the segmentation
spheres of the ovum, and the falsity of this doctrine of free cell-
formation is further proved from analogy by the manner in which the
connective-tissue cells take part in the development of pathological new
formations. There is now no more firmly-established dictum in physi-
ology than the statement that every cell originates from a previously-
existing cell. (Omnis cellula e cellula.)

The other view, which was also to a certain extent advocated by
Schwann, as to the origin of cells by sub-
division of a parent cell, is exemplified in
the mode of reproduction of many of the
lower forms of life. Cells may reproduce
themselves by simple division of the parent
cell or by endogenous division.

Cell reproduction always starts in the
nucleus. In simple division the nucleus first
becomes marked with a furrow, which grad-

ually deepens until the nucleus is divided
Fﬁ?@‘%ﬁﬁ‘%ﬁfﬁ' o:f\ ggg: into two. The protoplasm of the cells is
 Pianaty TER MEISSNER: then modified in the same way, until two new

cells are formed by the division of the
parent cell. This process may be followed in the reproduction of
the nucleated red blood-corpuscles of the embryo of the chick and
even in mammals (Fig. 4). A modification of this form of cell
reproduction is sometimes described as * budding.” This process also
starts with the nucleus. A number of nuclei are first formed by the
subdivision of the nucleus; these gradually separate; the protoplasm
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collects around them so as to form projections from the periphery of the
cell, which become more and more constricted until they finally separate
(Fig. 5). During division the nuclear membrane disappears, and the
nucleus usually divides before the cell-protoplasm, but not directly, by
simple cleavage, as was formerly supposed, but indirectly, by karyo-
kinesis (from movement of nuclear fibrils). This is an exceedingly com-
plicated process. Its different stages may be divided about as follows :—

1. The nuclear fibrils become very distinct, while the nuclear mem-
brane disappears and the fibrils of the nuclear net-work become twisted
and bent into a more or less dense convolution, while the entire nucleus
enlarges.

2. The fibrils unravel into loops arranged around the centre as a
wreath or rosette. t

3. The peripheral points of the loops become broken and a star-
shaped figure of single loops is obtained. This is termed the aster, or
star.

4. The loops separate into two groups or new centres. This is the
diaster, or double star.

5. The two groups of threads become farther apart, as if attracted
by opposite poles, but still remain connected by fine pole-threads, which
represent the interstitial nuclear substance. In this stage the figure
resembles a spindle.

6. The connection between the two sets of threads is broken.

7. The threads of each set become convoluted.

8. A membrane forms for each set, and thus new daughter nuclei
result. (See Fig. 6.)

The cell-protoplasm may commence to divide at any stage between
the one when the threads aggregate around the two centres and the one
when two distinet nuclei are present; or the division of the nucleus may
be followed by division of the cell, so giving a cell with two nuclei. It
is not proved that this is the universal mode of divisions of nuclei,
though it has been observed in all kinds of cells in the embryo, and to a
limited degree in the adult. On the contrary, it is probable that ameeboid
cells divide by the direct method and that other nuclei may also undergo
direct division, or Remak’s division, by simple cleavage, though all the
cases in which constriction of nuclei is observed need not be cases of
commencing division, as the change in-shape may be due to pressure of
cell-protoplasm, or to nuclear contractions. (Xlein).

The second form of cell-formation is termed by Kolliker * endoge-
nous cell-formation,” and consists in the formation of cells within the
membrane of the parent cell, which ultimately bursts and discharges its
progeny of young cells. The division of the mammalian ovum, the
growth of cartilage, and many pathological cell-formations are types of

2
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this mode of cell reproduction.
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The latter example furnishes many

instances in which a number of cells with entirely different attributes
from the parent cell develop in the interior of a cell, such as the develop-

FI1G. 6.—KARYOKINESIS.

(Klein.)

A, ordinary nucleus of a columnar epithelial cell ; B, C, the same nucleus in the stage of convolution :
D, the wreath, or rosette form; E, the aster, or single star; F, a nuclear spindle fromm the Descemet's
endotheliuin of the frog's cornea; G, H, I, the diaster: K, two daughter nuclei.

ment of pus-corpuscles in the interior of different tissue-cells in inflam-

mation (Fig. 7).

The best object for the study of cell reproduction by division, and

F16. 7.—~THE FORMATION OF PUS-COR-
PUSCLES IN THE INTERIOR OF EPITHE-
LIAL CELLS, SHOWING ENDOGENOUS
CELL-FORMATION. (Ranke.)

A, single cylindrical cell from the human bile-duct;
B, a similar cell containing two, C containing four, and
D numerous pus-cells; E, isolated pus-corpuscles;
F, a ciliated epithelial cell from the human respiratory
tract, containing a single pus-corpuscle; and G, a pave-
ment epithelial cell from the urinary bladder of man,
containing numerous pus-corpuscles.

the one of most interest for us,is
found in the fertilized ovum of
mammals.

As the ovum approaches maturity,
even before impregnation takes place,
the germinal vesicle becomes obscure
and more and more irregular in out-
line, its membrane and reticulum
disappear, and the germinal spot is
broken up. What remains of the
germinal vesicle becomes converted
into a striated, spindle-shaped body,
which moves to the surface of the
ovum, to there undergo division into
two parts. One part becomes ex-
truded from the ovum to form what

is known to embryologists as the polar cell, and is soon followed by a
second similar cell, while the portion of the spindle remaining within
the ovum forms a new nucleus, the female pronucleus, from which, in
conjunction with the male elements, the future embryo is developed.
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In the unimpregiated ovule spontancous contractions are generally
seen in the protoplasmie cell-contents. When the egg becomes fertilized
these contractions become so modified as to cause the germinal vesicle
(or the body resulting from the union of the male and female pronuclei),
and then the cell-contents to split into two parts contained within the
cell-membrane, which takes no part in this division. These segmentation
spheres, as already mentioned, continue to subdivide until an immense
number of minute, nucleated, membraneless cells are contained within the
vitelline membrane (forming the so-called mulberry mass).

From these elements, which become progressively smaller as cleavage
goes on, all the tissues of the embryo are formed. At first they all
possess mobility (ameeboid movements), showing their analogy to the
simple ameeba, but, at birth this property is only retained by certain cells,
Like amcebze, they also grow in size and divide into new individuals.

At first all the cells resulting from the segmentation of the ovum
are exactly alike: they then undergo certain modifications in arrange-

F16. 8.—OVA OF THE DOG FROM THE FALLOPIAN TUBE, SURROUNDED BY THE
ZONA PELLUCIDA, IN WHICH ARE FOUND NUMEROUS SPERMATOZ0A, AFTER
BISCHOFF. (Ranke.)

1, ovum with two segmentation spheres, the Zona pellucida being surrounded by the Membrana gran-
ulosa; 2, ovum with four segmentation spheres; 3, ovum with eight segmentation spheres; 4, ovum with
innumerable segmentation spheres, forming the mulberry mass.

ment and form, different in different classes of animals, from which the
different tissues of the embryo are developed.

The ova of animals are divided into two classes,—those in which the
éntire yelk is concerned in the production of the embryo, and those in
which a part only serves for this purpose,—while the remainder of the cell-
contents is drawn upon for the nutritive needs of the embryo. The first
of these which undergoes total segmentation is termed a holoblastic egg;
the second undergoes only partial segmentation, and is termed a mero-
blastic egg. The ovum of mammals serves for a type of the former
class; the ovum of birds is typical of the second class. As already
mentioned, the mammalian ovum represents a typical cell; the ovum of
the bird differs in many points. Beneath the yelk-membrane is a layer
of minute flattened cells, which gradually disappear during the maturing
of the egg; while the yelk consists of two parts, one serving for the
development of the embryo, the other for its nutrition. The part from
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which the embryo is formed is a small, white disk lying directly beneath
the vitelline membrane and termed the {read, the blastoderm or cicatricula.
In the hen’s egg this disk is about four millimeters in diameter, and is
always found in the upper surface of the yelk. If a hen’s egg is hard-
ened by boiling, and then cut in two by a vertical section so as to bisect
the yelk, the latter will be found not to be perfectly homogeneous. The
yelk is clothed externally by a thin layer of different material, which at
the edge of the blastoderm passes beneath it and becomes thicker so as
to form a bed on which the blastoderm rests, to become connected by a
narrow neck with a mass of similar matter occupying the centre of the

V.T. 2%

Fia. 9.—DIAGRAMMATIC SECTION OF AN UNINCUBATED FowL’'S EGG, AFTER
ALLEN THOMPSON. (Foster and Balfour.)

BL, blastoderm; WY, white yelk—this consists of a central, flask-shaped mass and a number of
layers arranged concentrically around this; YY, yellow yelk; VT, vitelline membrane; X, layer of
more fluid albumen immediately surrounding the yelk; W, albumen, consisting of alternate denser and
more fluid layers; CHL, chalazae; ACH, air-chamber at the broad end of the egg—this chamber is
merely a space left between the two layers of the shell-membrane ; ISM, internal layer of shell-membrane ;
SM, external layer of shell-membrane; S, shell; NP, nucleus of Pander,

yelk, which nearly always remains partially fluid in the hard-boiled egg.
Within the yelk again are several concentric layers of this white yelk,
separated from each other by layers of yellow yelk. The yellow yelk is
composed of comparatively large, unnucleated cells filled with highly
refractive granules, and containing vitellin, lecithin, and various fatty
bodies. The cells which form the white yelk are much smaller, are
nucleated, and often a large cell will be seen to contain numerous similar
but smaller cells.

When the egg is laid by the hen it has already undergone changes
which result from fertilization. We will first describe the characters of
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the blastoderm ‘when the egg is first laid, and then the changes which
have preceded it.

The blastoderm of an unincubated fertilized egg may be recognized
by the naked eye, when viewed from above, to consist of two parts: an
opaque, white circumference, the area opaca, and a central transparent
portion, the area pellucida. In the unfertilized egg these divisions are
not marked. They are due simply to the way the blastoderm, which is
itself entirely transparent, rests on the white yelk. The opaque, circular
ring is where the blastoderm is directly in contact with the white yelk,
while the central elear portion is due to the fact that the blastoderm is
separated from the yelk by a layer of liquid. The white spot often seen
in the centre of the blastoderm is the central column of white yelk
shining through the transparent membrane (Nucleus of Pander).

When the blastoderm is hardened and cut into vertical sections, it
is found to be composed of two layers of cells: the upper, small, nucle-
ated, cylindrical cells adhering closely together in a single layer and

C

FI1G. 10,—SECTION OF AN UNINCUBATED BLASTODERM OF CHICK. (Alein.)
A, cells forming the ectoderm ; B, cells forming the endoderm ; C, large, formative cells: F, segmen-

tation cavity.
resting on the white yelk; the lower,an irregular net-work of larger cells
which are not nucleated, apparently, but which contain numerous highly
refractive granules. These are probably identical with the white-yelk
spheres already referred to, and are spoken of as formative cells.

The processes which in the hen’s body result in the formation of
such an egg are about as follow :

In the capsule of the ovary the yelk alone constitutes the egg. It
then, just before bursting its capsule, consists of a minute, yellowish,
ellipsoidal, cellular body, with a delicate membrane, the vitelline mem-
brane, immediately below which in a granular cell-contents, the yelk, lies
“a lenticular, mass of protoplasm, the germinal disk; within this again is
a nucleus, the germinal vesicle, containing a nucleolus, or germinal spot.

‘When the ovum becomes mature the ovarian capsule bursts, and
the ovum (representing the yelk of the egg as laid) escapes into the
oviduet, undergoes impregnation by the spermatozoa found in the upper
portion of the oviduet, and has deposited around it the accessory
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portions of the egg through secretions from the walls of the oviduct.
Thus, the layer of albumen surrounding the yelk is first deposited in
the passage of the ovum through the second, tubular portion of the
oviduct, the chalaze (see Fig. 9), or twisted, denser portions of the
albumen, being due to the rotatory motion of the egg against the spiral
ridges of the oviduct. The shell-membrane is formed by the organiza-
tion of the most external layers of albumen, and the shell is formed in
the third portion of the oviduct, or the uterus. The walls of this
portion of the tube secrete a viscid fluid which surrounds the egg, and in
which inorganic particles are deposited. The egg remains in the uterus
for from twelve to eighteen hours, and is then expelled through the
cloaca, narrow end downward, by its muscular contractions.

FI1G. 1.—SURFACE VIEW OF THE EARLY STAGES OF SEGMENTATION IN A
Fow1's EGG, AFTER COSTE. (Foster and Balfour,)

1 represents the earliest stage. The first furrow, B, has begun to make its appearance in the centre
of the ierminal disk, whose periphery is marked by the line A. In 2 the first furrow is completed across

the disk, and a second similar furrow at nearly right angles to the first has appeared. The disk thus
becomes divided somewhat irregularly into guadrants by four (half) furrows. In a later stage, 3, the
meridian furrows, B, have increased in number, frem four, as in B, to nine, and cross-furrows have also
1nade their appearance. The disk is thus cut up into small central, C, and larger, D, peripheral segments.
Several new cross-furrows are seen just beginning, as ec. gr., close to the end of the line of reference, D.

About the time the shell is being formed, provided impregnation
has taken place, changes occur in the blastoderm, whicl, though analo-
gous to the process of segmentation already mentioned as taking place
in the mammalian ovum, yet differs from it. The germinal vesicle first
disappears, and a furrow is then seen to run across the germinal disk,
dividing it into two halves. This furrow is then met by a second run-
ning at right angles to the first; this is then crossed by another, and
division of the segments proceeds rapidly by furrows running in all
directions until the germinal mass is cut up into an immense number of
minute masses of protoplasm, smaller toward the centre than at the
periphery of the disk.

The furrows thus formed are not merely superficial, but extend
through the entire thickness of the germinal disk: hence the germinal
disk is cut up into minute masses of protoplasm. In other words, a
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large number of cells has resulted from the segmentation of the parent
cell.
These cells arrange themselves into an upper layer, with their long

FIG. 12.—SURFACE VIEW OF THE GERMINAL DISK OoF A HEN’S EGG DURING
THE LATER STAGES OF SEGMENTATION. (Foster and Balfour.)

At C, in the centre of the disk, the segmentation masses are very small and numerous; at B, nearer
the edge, they are larger and fewer: while those at the extreme margin, A, are largest and fewest of all.
It will be noticed that the radiating farrows marking off the segments, A, do not reach to the extreme
margin, E, of the disk.

The drawing is complete in one quadrant only. It will, of course, be understood that the whole circle
should be filled up in a precisely similar manner.

axes vertical, their nuclei become distinct, while the lower cells remain
large and granular and irregularly placed, forming in this way the unin-
cubated blastoderm already described. (See Fig. 10.)

A 2] b2 (o}
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¥1G. 13.—SECTION OF THE GERMINAL DISK OF A FowL's EGG DURING THE
LATER STAGES OF SEGMENTATION. (Foster and Balfour.)

. This section, which represents rather more than half the breadth of the blastoderm (the middle line
being shown at C), shows that the ug]per and central parts of the disk segment faster than those below and

toward the periphery. At the periphery the segments are still very large. One of the larger segments is
shown at A. In the majority of segments a nucleus can be seen ; and it seems probable that & nucleus is
present in them all. Most of the segments are filled with highly refracting sphérules, but these are more
numerons in some cells (especially the larger cells near the yelk) than in others. In the central part of
the blastoderm the upper cells have commenced to form a distinct layer. No segmentation-cavity is present.

A, large peripheral cell; B, larger cells of the lower parts of the blastoderm ; C, middle line of blasto-
derm; E, edge of the blastoderm adjoining the white yelk; W, white yelk.

As a result of incubation a third layer of cells makes its appearance

between the two layers of the blastoderm just described, forming an
upper, a middle, and a lower layer, or the epiblast, the mesoblast, and the
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hypoblast (Fig. 14). From these three layers of cells the embryo is
developed.
Leaving at this point the changes which occur in the egg of the bird,

we have now to follow the analogous changes in the mammalian ovam.

We have already seen that in the mammalian ovum one of the first
evidences of impregnation is the division of the protoplasm of the ovam
progressively into smaller and smaller segmentation spheres, until the
cell-membrane becomes filled with an immense number of minute masses
of protoplasm. The general character of this process in its earlier stages
is probably identical in all the mammalia. The ovum of the rabbit has
been most studied, and the sketch lere given is based mainly on Balfour’s
summary of the early stages of development in the rabbit’s ovum.

The ovum first divides into two nearly equal spheres, of which one

F1G. 14.—SECTION OF A BLASTODERM OF CHICK, AT RIGHT ANGLES TO THE
LoxNG AXIS OF THE EMBRYO, AFTER EIGHT HOURS’ INCUBATION, ABOUT
MIDWAY BETWEEN FRONT AND HIND ENDS. (Foster and Balfour.)

A, epiblast; B, mesoblast; C, hypoblast: PR, primitive groove; F, fold in the blastoderm produced

id. 1y ; MC, bl 11,—the line points to one of the peripheral blast-cells lying bet:
epiblast and hypoblast; BD, formative cells.

The section shows: (1) the thickening of the mesoblast under the primitive groove, PR, even when it
is hardly present at the sides of the groove: (2) the hypoblast, C, early formed as a single layer of spindle-
shaped cells; (3) the so-called segmentation cavity, in which coagulated albumen is present. On the
floor of this are the large formative cells, BD.

is slightly larger and more transparent than the other. The larger sphere

“and its products will be spoken of as the epiblastic spheres; the smaller
one and its products as the hypoblastic spheres. Both these original
spheres soon divide into two, and each of these into two more, thus
making eight. At first these spheres are spherical, and arranged in two
layers formed of four epiblastic and four hypoblastic spheres. Soon,
however, one of the hypoblastic spheres passes into the centre, and the
whole ovum becomes spherical again. '

In the next stage each of the four epiblastic spheres divides into
two, followed by the division of the hypoblastic spheres into two. The
ovum is then made up of sixteen different spheres, nearly of the same
size. Of the eight hypoblastic spheres four soon pass to the centre,and are
surrounded by the eight epiblastic spheres, arranged in the form of a cup.
Division of both sets of spheres now continues, the epiblastic layer con-
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tinuing to surround the central hypoblastic spheres, both sets continuing
to subdivide, until finally the ovum consists of an almost solid mass of
hypoblastic spheres surrounded by a layer of epiblastic cells.

When the process of segmentation is complete the epiblastic cells
- are clear and have an irregularly cubical form, while the hypoblastic
cells are polygonal and granular and somewhat larger than the epi-
blastic cells.

The blastodermic vesicle next forms. 'This results from the forma-
tion of a marrow cavity between the epiblast and hypoblast, which
increases in size until it entirely separates these two layers, except at the
point where the blastoderm was last in forming (the blastopore). As
the cavity increases in size the ovum also enlarges, so that soon it exists
in the form of a large vesicle, formed of a thin wall of a single layer of

F1G. 15, —OPTICAL SECTIONS OF A RABBIT'S OVUM AT TWO STAGES CLOSELY
?‘BQLZ}OW%WG UPON THE SEGMENTATION, AFTER E. VAN BENEDEN.
alfour.

e E;p:&ﬁl:?: dllnlgil!_.gl?n:::;y hypoblast; BP, Van Beneden'’s blastopore. The shading of the epiblast
cells,—the epiblastic cells,—with a large cavity, the hypoblastic cells
forming a small, ventricular mass attached to the inner side of the epi-
blastic cells (Fig. 16). The ovum of the rabbit has now increased in
size from 0.09 mm., its size at the close of segmentation, to about 0.28
mm: It is inclosed by the vitelline membrane and a mucous layer
deposited by the walls of the Fallopian tube.

As the vesicle continues to enlarge, the hypoblastie cells spread out
beneath the epiblast, though remaining thicker in the centre than at the
edges, where the cells still possess the power of ameboid movement.
The central, thicker portion, which is the commencement of the embryonic
area, forms an opaque, circular spot on the blastoderm.

The primitive hypoblast now becomes divided into two layers, the
lower continuous with the peripheral hypoblast and formed of flattened
cells, while the upper is formed of small, rounded elements,—the meso-
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blast. The superficial epiblast, again, is formed of flattened cells, which
soon become columnar and appear to unite with the rounded elements
below, except at the lower part of the embryonic area. IHere the blasto-

FIG. 16.—RABBIT'S OVUM BETWEEN SEVENTY TO NINETY HOURS AFTER
IMPREGNATION, AFTER E., VAN BENEDEN. (Balfour.)

BV, eavit! of blastodermic vesicle (yelk-sac); EP, epiblast; HY, hypoblast; ZP, mucous envelope
(Zona pellucida).

derm, as in the chick, is constituted by three layers,—the epiblast, the
mesoblast, and the hypoblast.

P.R. EP.

O [0 )
% e 5
HY.

FIG. 17.—SECTION THROUGH THE OVAL BLASTODERM OF A RABBIT IN THE
SEVENTH DAY, THROUGH THE FRONT PART OF THE PRIMITIVE STREAK.
(Balfour.)

EP, epiblast; M, mesoblast; HY, hypoblast; PR, primitive streak.

The subsequent changes in the development of the blastoderm form
the subject of Embryology, and for their consideration the reader is
referred to text-books on anatomy.

III. THE MODIFICATION IN THE FORM OF CELLS.

We have seen that originally all the cells formed by cleavage in the
egg are absolutely alike. Like the original egg, they are typical cells,
consisting of a cell-membrane inclosing finely granular protoplasm, in
which a nucleus and nuncleolus may be recognized. They only differ from



MODIFICATION IN

the original cell in size and in as
vet unmarked individual char-
acteristics which in the speciali-
zation of function of the organ-
ism will cause them finally, for
the, most part, to lose all mor-
phological resemblance to the
parent cell.

These differences in cells
produced in the development of
the organism are very numer-
ous.

First, as regards their size,
we find cells varying from the red
blood-cell 4755 to the large
ganglion-cell, 535 of an inch
{Figs. 18 and 19).

In nearly all instances where
a collection of cells develop into
an organ or tissue the original
spherical form is lost, often
merely from mutual pressure and
from alteration in the cell-con-
tents, by which the most varied
forms are produced. Thus,
instead of the spherical form,
cells may take on an oval, elon-
gated shape (Fig. 20), or may be
cylindrical (Fig. 21), or again
from mutual pressure may form
regular hexagons. Others may
have long, thread-like attach-
ments developed, as in the sperm-
cells (Fig. 22), or even a number
of such prolongations, which as
long as the cell is alive continue
in active movement (ciliated
cells). (See Fig.21.)

Often the nucleus deviates
from its spherical form, and may
become oval or irregular in out-
line,:.or, as in certain cells of
the marrow of bone and in
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F1G. 18.—RED AND WHITE BL0OOD-CORPUSCLES,
ENLARGED SIX HUNDRED DIAMETERS.
(Ellenberger.)

A, surface view of red corpuscles; B, profile view; C, rou-
leaux of red corpuacles ; D, central depression in red corpuscles;
E, cxl'enuted red corpuscles; F, small, and G, large white cor-
puscles.

F1G6. 19.—~ AN ISOLATED GANGLION-CELL OF
THE ANTERIOR HORN OF THE HUMAN
SPINAL CORD, AFTER GERLACH. (Klein.)

A, axis-cylinder; B, pigment. The branched processes of

the ganglion-cell break up into the fine nerve net-work shown
in the upper part of the figure.
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F16. 20,—~NON-STRIATED MUSCULAR FIBRES, ISOLATED. (Klein.)
The cro: kings indicate corrugations of the elastic sheath of the individual fibres.

Fi1G. 21.—VARIOUS KINDS OF EPITHELIAL CELLS. (Klein.)

A, columnar cells of intestine; B, polyhedral cells of the conjunctiva; C, ciliated conical cells of the
trachea: D, ciliated cell of frog's mouth; E, inverted conical cell of trachea; F, squamons cell of
the cavity of the mouth, seen from its broad surface; G, squamous cell, seen edgeways.

F1G. 22.—~VARIOUS KINDS OF SPERMATOZOA. (Klein.)

A, spermatozoon of guinea-pig not yet matured; B, the same seen sideways, the head being flattened
from side to side; C, a spermatozoon of the horse; D, a spermatozoon of the newt.



MODIFICATION IN THE FORM OF CELLS. 29

striped muscle, may undergo reduplication without division of the
cell (Fig. 23).

The cell-contents, or protoplasm, particularly as regards its granular
constituents, may undergo the greatest variation. Often true crystalline

FIG. 23.—~BONE-CORPUSCLES, WITH '(r;gl:m PROLONGATIONS, AFTER ROLLETT.
lint,)

formations are included in the cell-contents; or vacuoles may form in
which different fluids, sometimes watery, sometimes fatty, may collect, to
again disappear in later stages of the life of the cell.
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FIG. 24.—DIAGRAM OF DIFFERENT FORMS OF CARTILAGE. (FKllenberger.)

A, hyaline; B, fibro-cartilage; C, elastic cartilage; D, secondary cartilaginous capsule, containing
the primary capsule.

Another modification in the form of cells consists in the alteration
of the border layers of protoplasm, so that the cell is surrounded by a
more or less chemically or morphologically different area, or intercellular
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substance, which may present the greatest variety as to quantity. The
cell-membrane and so-called cell-capsule belong to these forms of proto-
plasmic modification. In cartilage and loose connective tissue this
intercellular substance exists in such amount that the still actively
moving protoplasmic cells appear to be forced apart by it. (See Fig. 24.)

Since the more active vital movements can only originate in the
semi-fluid protoplasm of cells, it is evident that the more or less rigid
intercellular substance could only take a slight part in organic processes
if there were not some means by which it could be brought into close
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Fi1a. 25.—NERVE-FIBRES. (Thanhoffer.)

1, a, medullated nerve-fibre: b, non-medullated nerve-fibre from the sympathetic of the ox (after
Schultze) ; 2, non-medullated nerve-fibre from Jacobson’s organ in the sheep (after Schultze); 3, nerve-
fibres with Ranvier's nodes (R), from the seiatic of the frog; 4, funnel-shaped arrangement of medulla
from sciatio of frog, treated with osmic acid; 5, nerve-fibre from frog, with axis-cylinder (t) and so-called
hoi'_n_y:l mesh-work ; 8, diagram of medullated nerve-fibre; n, neurilemma; v, medullary sleath: t, axis-
cylinder. .

association with the active vital processes constantly occurring in the
interior of cells. Consequently we find the entire intercellular substance
pierced of a mesh-work of fine canals, through which the cells send
prolongations of their outer layer, which, after numerous subdivisions,
serve to connect neighboring cells. :

By means of these juice-canals interchange between the contents of
the various cells is possible and the intercellular substance receives its
necessary supply of nourishment, while the connection of cell with cell
is an illustration of the loss of individuality of celllife. Often we find
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cells connected by branching prolongations: in other cases the exten-
sions of the cells—which, to be sure, have a very different function and
structure from those already alluded to, but which, nevertheless, serve as
connections between cells—so overbalance the cells in extent and number
that the latter often appear only as rounded swellings in the extensions
(e.g., in the nerves). (See Figs. 25 and 26.)

F1G. 26,—NERVOUS GANGLIONIC CELL AND BRANCHING FIBRES, AFTER
KRAUSE. (Thanhoffer.)

st, cell body ; m, leus; me, leolus; pn, protopl ie prol tions; U/, axis-cylinder fibres;
¢n, axis-cylinder prolongations.

IV. THE DEVELOPMENT OF TISSUES AND ORGANS.

The final result of the metamorphosis of cells is the formation of
tissues out of which the various organs of the body are built up.
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The development of tissue starts in the earliest stages of develop-
ment of the egg.

We have seen already that, as a result of fecundation, the egg divides
into a number of minute segmentation spheres which at first form a
solid, mulberry-like mass, and we have now to cousider the changes
occurring in the mass of simple, undifferentiated cells which result in the
development of the tissues and organs of the completed organism.

In their early stages, as in the amaeba, each of these cells possesses
the powers of development, reproduction, growth, assimilation, respira-
tion, and contractility. As the organism passes to a higher stage we
find that many of these cells lose these general properties possessed in
their entirety by undifferentiated protoplasm, while certain of them are
put aside to carry on specific individual functions. Thus,in the young
embryo, as in the amceba, all the cells possess the power of contractility ;
as the organism develops, this property becomes restricted to cells form-
ing constituents of certain tissues, the contractile tissues, or the muscular
system. The amaba, which we have already seen may be regarded as
representing one of the units of which the higher organisms are built up,
possesses the power of irritability and automatism. In higher forms
this property of undifferentiated protoplasm is restricted to a single
tissue, the nervous system. The amceeba has no part specialized for the
various processes of nutrition; any part of its substance may take in
nutritive matter, may digest out the portions capable of supplying its
nutritive needs, may remove the undigestible residue: any portion of
the amaba is capable of carrying on the metabolic processes by which
the matter absorbed as food is converted into protoplasm like itself, and
any portion is capable of absorbing the gases necessary for these com-
plex chemical processes and of getting rid of the effete products of its
nutritive processes. In the higher organisms certain cells are set aside
to form the organs concerned in the prehension of food; others have for
their sole function the secretion of solvent juices which will digest out
the nutritive matters of the food ; others are the carriers of the matters
absorbed to remote corners of the organisms; and the sole business of
certain other cells is to get rid of the useless matter and the products
of the waste of the economy. In the amceba any portion may divide off
from the parent stock and so originate a new individual; in the higher
animals certain tissues or collections of cells have for their sole office
the reproduction of cells which shall constitute the starting point of a
new organism. In the amoeba, therefore, specialization of function has
not commenced ; each minute particle of the protoplasm which constitutes
it is capable of carrying on all the vital functions. In the higher organ-
isms, however, the elementary organisms of which they are built up are
so arranged that there may be a division of labor. These collections of
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cells, marked by a more or less exclusiveness of function, are termed
tissues. It must not be overlooked, however, that, though certain func-
tions are accentuated in individual tissues, they all possess remnants of
all the functions originally seen in undifferentiated protoplasm. Thus,
many besides the muscular tissues possess the power of contractility :
it is not the nervous system alone which retains the property of
responding to irritants. All the tissues are capable of reproducing them-
selves in part, and all possess the power of carrying on their own
nutritive processes if suitable food is supplied to them.

We have seen that fecundation of the ovum leads to the develop-
ment of an immense number of new cells, and we have referred to the
modifications in form to which these segmentative spheres may be
subjected.

Tissues are formed from these segmentative spheres in three different
ways (Wundt) :— :

1. Through formation of layers of cells.

2. Through union of cells.

3. Through excretions by cells.

Often all of these methods are united in the formation of a compound
tissue which is functionally active as a unit. Such a tissue is called an
organ. The classification of tissues is based on anatomical grounds; of
organs, on physiological grounds.

1. To the first group belong the epitheliums. In most of these the
only modifications which occur in the form of the cells are due to
mutual pressure from close contact. Such cells are therefore polygonal
or flattened, or, when growth is most marked in one axis, cylindrical.
The epitheliums, in series of layers or in single rows, cover the external
surfaces of the body as well as the coatings of the digestive, urinary,
genital and respiratory tracts which communicate with it, the ducts of
glands, and the closed serous sacs. In the latter locality they are called
endothelia, in the former epithelia. The hair and nails are modifications
of these tissues formed of small elongated cells grown together into
almost homogeneous tissues. The terminal portions of the organs of
special sense are also epithelial in nature.

Epithelial cells are connected by a thin layer of an a]bummous
cement substance, which during life is in a semi-fluid condition.
The shape of the cell may be columnar or squamous. Spindle-shaped and
club-shaped cells, as well as goblet cells, ciliated cells, epidermic cells,
and prickle cells, are all modifications of these shapes. Endothelial cells
are always of the squamous variety, arranged in single layers of flattened,
transparent cells with oval nuclei. When their form approaches the
columnar, as occasionally is the case in certain serous membranes, they
are then in an active state of division, are called germinating cells, and

3
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the small spherical lymphoid cells which result are carried to the circu-
lation to become white blood-corpuscles.

Qlandular tissue is also epithelial in nature. Cells are the essential
secreting organs of glands, though numerous other tissues enter into
their composition. Such cells are usually rounded or polygonal, and are
soft in consistence. Frequently the cells rapidly partially break down
and are carried off as constituents of the secretion, as colostrum cells,
or mucoid corpuscles (moulting); or the destruction of the cell form may
be complete and the constituents of the cell enter the secretion in the
form of a solution.

Muscular tissue forms the third of the group. In the muscles the
muscular cells are always closely associated with connective tissue.
Such cells may be of two different kinds, different in structure and in
function,—the striped and unstriped cells. Muscle-cells are contractile,
like amceeboid cells, but contractility is only possible in one definite direc-
tion, that of their long axis; muscles, therefore, become shorter and
thicker during contraction.

2. To the second group of tissues formed by union of cells belong
two tissues in which, in their development, the cells have become greatly
elongated, and after absorption of the cell-wall become converted into
fibres or tubes ; these are the nerves and capillaries.

In the nervous tissues certain cells retain their primitive character,
the nerve-cells, and only nervefibres properly belong to this group of
tissues. Nevertheless the nerve-cells are in continuity with the nerve-
fibres. :

The capillaries in a similar manner originate from the arrangement
of nucleated, spindle-shaped cells in rows, which become hollowed out
through the formation of vaeuoles. The formative cells manifest a ten-'
dency to send out sprouts which connect with other forming or mature
capillaries by which the net-work of capillaries is formed. Lymphatic
capillaries are developed in the same way as the blood-vessels.

8. Tissues formed by excretions from cells, forming the third group,
may also be called intercellular tissues. Connective tissue is a type of
this class. Connective tissues serve to bind together all the organs of
the body ; they exist in various forms, which are to a certain extent
mutually convertible; they all yield allied chemical products.

Connective tissue originates in spherical cells, with very soft proto-
plasmic nucleated contents, which ultimately may form a perfectly homo-
geneous, laminated, or fibrous intercellular substance.

The cells themselves may exist in various different forms, either as
tendon-cells, when they are flattened, oblong masses of protoplasm
arranged in rows, with round nuclei lying in bundles of fibrils of white
eonnective tissue; as branched cells, found in the cornea, serous mem-



DEVELOPMENT OF TISSUES AND ORGANS. 35

branes, and subcutaneons tissues, which, under certain conditions, pre-
serve their power of movement; as pigment-cells, which are branched
cells filled, with the exception of their nucleus, with granules; as fat-
cells, in which the protoplasmic cell-contents are replaced by a drop of
oil, which forces the flattened nucleus against the cell-membrane; and as
migratory cells, which are formed in the spaces of fibrous tissue, and
which possess the power of ameboid movement.

The form of connective tissue in which least change is produced in
development is the so-called  mucoid or gelatinous tissue. In some
of the invertebrates, as in mollusks, this tissue forms the greater part of
the body. It consists of a soft,semi-fluid, intercellular substance, in which
numerous granules and broken down membraneless cells are suspended.
Many of these cells possess the power of amceboid movement. '

From this tissue in vertebrates the fibrillar connective tissue is de-
veloped by the condensation of this intercellular substance into bundles
of fibres, held together by an albuminous cement substance,in which
the forms of the cells become much changed, becoming flattened and
elongated by mutual pressure until the diameter of the cell is not greater
than that of the nucleus.

The elastic tissues are formed out of the fibrillar connective tissues,
which become so modified chemically as to yield elastin and not gelatin.
The fibres of elastic tissue are bright yellow in color, usually anastomose,
and are sometimes straight, but more often coiled up in bundles.

The different forms of development of connective tissue, especially
of the intercellular substance, depend upon its different chemical meta-
morphoses. Thus, the gelatinous tissues owe their properties to a semi-
fluid albuminous body, the connective tissue proper to gelatin-forming
bodies, cartilage or chondrin, and the elastic tissues to elastin, etc.

Bone is characterized by the deposit of inorganic compounds in its
intercellular substance. This hardened tissue then incloses the partially
broken down cells, which form the lacun® or bone-corpuscles, in which
the thickened membrane and nucleus are often visible, though they dis-
appear in old bones and their place is then taken by serous fluids, ete.

The bones are also rich in vessels which traverse the Haversian
canals. ;

As the deposit of salts occurs partly from these and partly from
the external membrane, the bones become laminated in structure, some
layers being parallel- with the canals, others with the exterior.

Cartilage is characterized by a sparse intercellular substance which
yields chondrin, and by large cells which are often the seat of endoge-
nous multiplication. As in bone, so in cartilage, the intercellular sub-
stance becomes arranged in the form of capsules around the cells, and
may either remain homogeneous (hyaline) or become fibrillar (fibro-
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cartilage or elastic cartilage, in which a dense net-work of elastic fibres
occupies the intercellular matrix). Most cartilages, except on articulating
surfaces, are covered by a fibrous membrane, the perichondrium, supplied
with blood-vessels, lymphatics, and nerves.

Bone is surrounded by a fibrous membrane, the periosteum, with an
inner layer of oblong nucleated cells, which, from the fact that the bone
is developed from them, are termed osteoblasts. Similar cells are also
found in the marrow of bones.

The organs of the animal body are always composed of several
tissues; they may be of three classes, in each one of which some one
tissue is especially prominent in function :—

1. Organs whose chief function depends upon tissues of the first
class (cells without intercellular substance).

a. Glands,which always in addition to the epithelium contain nerves
and blood-vessels. The epithelium is the essential part of glands, skin,
mucous and serous membranes. ;

b. Muscles. In these are found muscle-cells as the functionally
prominent tissues, though associated with them are connective tissue,
blood-vessels, and nerves.

2. Organs whose chief function is manifested through tissues of the
second class.

a. Compound vessels, arteries, veins, and lymph-vessels. Although
the capillaries are formed by union of cells, in larger trunks this mode
of formation only applies to the endothelium, on which the other tissues
—elastic tissue, connective tissue, and pale muscular fibres—subsequently
develop in layers.

b. The organs of the nervous system. Nerve-cells and nerve-fibres,
formed by union end to end of cells, here form the essential tissues,
though blood-vessels and connective tissue are associated with them.

3. Organs whose function is due to intercellular substance. The bony
skeleton is the only representative of this group, and the modification
of connective tissue known as bone, or its antecedent cartilage, is the
characteristic tissue; as secondary tissues, connective tissue and blood-
vessels and nerves, representatives of the second class, are also met with.

For the mode of development of the compound organs in the
embryo the reader must be referred to text-books on- anatomy or
embryology.



SECTION 1.
CELLULAR PHYSICS.

I. THE PHYSICAL PROCESSES IN CELLS.

As the tissues and organs of the animal body originate in cells. we
should expect that the functions of the higher organisms, which we know
to be identical with those of the most elementary forms of life, would to
a certain extent be accomplished by the same general processes. We
have already divided the functions of animal life into the vegetative, or
nutritive, functions and the functions of relation, and have called atten-
tion to the attempt which has been made to reduce the working of these
~ processes to physical and chemical laws. Although in many points this
endeavor fails, the operation of the ordinary physical and chemical laws
serves to explain many of the complex plienomena of animal life. This
is especially seen in the maintenance of the nutrition of the organism.

That cells may retain a nutritive balance it is requisite, in the first
place, that they be supplied with a proper pabulum, which must pass
from the exterior to the interior of the cells. We have found that the
typical cell is surrounded by a homogeneous or striated membrane,
which, like all other organic tissues, contains a large amount of water
closely associated with the ultimate molecules of which that membrane
is made up. Hence, the celllmembrane may be regarded as a porous
partition whose pores are filled with water, and which separates the
cell-contents from the surrounding media. These media may be ecither
gaseous, as the atmosphere; fluid, like the lymph and blood in higher
animal forms, or water in aquatic forms of life; or semi-fluid, like the
more or less solid intercellular substance. -

This passage of nutriment from the exterior to the interior of cells
is mainly accomplished by purely physical means, not only in simple
unicellular organisms but also in higher forms of life, where digestion,
or the preparation of food for absorption, has for its object the reduc-
tion of food into such forms that the operation of the physical laws of
imbibition, capillarity, filtration, diffusion, and osmosis, aided perhaps
by chemical affinity, will be sufficient to enable the nutritive matters to
pass to the interior of cells.

When once in the interior of the cells the raw food-products must
be transformed into protoplasm similar to that of which the cell-contents

(37)
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is composed. This is a purely chemical process, is accompanied by the
liberation of force, and requires for its performance the free access of
oxygen. (ases, also, must therefore pass from the exterior to the
interior,—a process which the laws of absorption and diffusion of gases
are quite sufficient to explain. Again, the chemical processes concerned
in the assimilation of food result in the formation of carbon dioxide,
urea, kreatin, and other crystalline bodies which are no longer of use
and which must be removed ; or the cell activity may take on the form
of a secretion,—that is, the cell-protoplasm may, from the matter sup-
plied to it, manunfacture certain substances whieh in the higher organisms
have to be used elsewhere. In either case the products of the proto-
plasmic operations must be removed. Here, also, physical laws are all
sufficient. Gases are removed under the laws of gaseous diffusion and
absorption.  All crystallized products are eliminated by equally
simple means, The absorption of fluid by the cell-contents through imbi-
bition leads to increase of volume, and hence to increased pressure on the
cell-membrane. Filtration thus comes into operation. Or, if the pres-
sures within and without the cell are equal, interchange of matters in
solution may take place through diffusion and osmosis. All these proc-
esses may occur equally well in membraneless cells; for, in all cases, to
permit interchange the dividing membrane must be capable of absorbing
the fluids or solutions with which it is in contact. The conditions, then,
are analogous to those of a body containing fluid by imbibition in con-
tact with another fluid.

‘We have now to consider some of the physical processes concerned
in these operations. The chemical processes will subsequently receive
attention.

The explanation of the pliysical processes in cells is to be found in
the molecular forces which fluid molecules exert on each other and on
solids with which they may be in contact.

1. Cougsiox is the force which binds together adjacent molecules of
the same nature; for example, two molecules of water or two molecules
of iron. This attractive force is strongly exerted in solids, less so in
liquid, and is absent in gases. It is measured by the force which is
required to tear a body asunder. The closer the molecules of a body
are together, the greater their cohesive force.

Cohesion varies inversely with the square of the distance which
separates the molecules; anything, therefore, which drives the molecules
apart will tend to weaken their cohesive force. When bodies are heated
the expansion which they undergo is due to the separation of their mole-
cules, Hence, when solids are heated their molecules are further and
further separated until finally their cohesive force is balanced by the
repulsive force, and the bodies*pass from a solid to a liquid state. This
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occurs in all cases, provided the heat to which they are subjected does
not cause them to undergo chemical change. If a body which has been
fused by heat has its temperature still further raised its molecules
become so much further separated that the force of cohesion is not
suflicient to keep them in contact, and the body then becomes vaporized.

In liquids the force of cohesion is not great; hencé their molecules
are readily displaced and a mass of liquid assumes the shape of the vessel
which contains it; in other words, the force of gravity overcomes the
force of cohesion. Cohesive force is, nevertheless, present in liquids, and
may be demonstrated by the difficulty with which a plate of glass placed
horizontally in contact with the surface of water is removed vertically
npward. 'This difficulty is due to the fact that the adhesion of the glass
to the water being greater than the cohesion of the water, the molecules
of water must be violently separated to permit of the removal of the
glass.

The spheroidal form assumed by small masses of liquid, as in a drop
of dew, a globule of mercury, is due to the working of the force of cohe-
sion of the molecules of the liquid. In a small drop of mercury placed

.on a surface for which it has no adhesion, as wood or glass, the sum of
the mutual attractions of all its molecules being greater than the force
of gravity acting on them, the globule assumes the spherical form. If,
however, the drop of mercury is large, then the force of gravity increas-
ing with the mass of the body becomes g1eate1 than its cohesion and the
drop becomes flattened.

The molecules of all liquids attracting each other, it is evident that
the molecules in the free surface of a liquid will be attracted by and will
attract those below them, but will exert or will be subjected to no exter-
nal attraction. At the surface of liquids, therefore, there is always an
inward attraction, which is called surface tension. Of course, in these
considerations external accidental pressures and attractions to which the
liquid nay be subjected are neglected.

The surface tension of liquids is well illustrated by blowing a soap-
bubble on the end of a glass tube; as long as the other end of the tube
remains closed the elastic tension of the air in the bubble balances the sur-
face tension of the soap-film, but when the end of the glass tube is opened
the tension of the film leads to the contraction and final disappearance
of the bubble. So also insects can move on the surface of water without
sinking, for the water, not being able to wet their feet, forms a depression,
and the elastic reaction of the surface supports them. The case is simi-
lar when a sewing-needle is floated on water; as the needle is coated
with a thin film of oil the water does not adhere to it, the surface becomes
depressed, and its increased tension serves to support the weight. Wash-
ing the needle first in alcohol, ether, or potash causes it at once to sink.



40 PHYSIOLOGY OF THE DOMESTIC ANIMALS.

The importance of these facts will be seen in the explanation of
capillary phenomena.

2. ApagesioN is the molecular attraction exerted between the surfaces
of bodies in contact; it may be manifested between solids (as between
two freshly-cut surfaces of a leaden bullet, or two pieces of plate-glass),
between solids and liquids (as when a drop remains clinging to a glass
rod which has been dipped in water), and between solids and gases (as
shown by the bubbles of air which adhere to a glass or metal plate when
immersed in water).

The adhesion of liquids to solids, which alone of the above will
receive attention at present, is greater than the cohesion of liquids, as
already mentioned. Thus, when a drop of water is placed on a glass
surface it does not assume the spheroidal form, but becomes flattened
out, showing that the adhesion of the water to the glass is greater than
the cohesion of the water. If, however, the glass plate be greasy, then
the drop of water will exert no adhesion to the glass and will remain
spheroidal. This adhesion of liquids to solids is mnot universal, but

i

F16.27. . F16.28. . Fi1c. 29, -
CAPILLARY PHENOMENA. (Ganot.)

depends on the nature of both the solid and the liquid. Certain liquids
are capable of adhering to, or wetting, certain solids and not others ; and
a solid to which one liquid will adhere will be inert, or even repulsive to
another. These facts also are of importance in the explanation of
capillarity.

3. CAPILLARITY.— When a solid body is placed in contact with a liquid
the phenomena (attraction or repulsion) which result are termed capillary
phenomena from the fact that they are best seen when capillary tubes
(capillus, a hair) are immersed in liquids.

As already stated, water is capable of adhering to glass. When a
glass rod is dipped into water, the water is raised up against the sides
of the rod to form a concave surface above the level of the water, as if
mno longer subject to the laws of gravity (Fig. 27). If, on the other
hand, a glass rod be dipped into mercury, which does not adhere to
it, the mercury is depressed around the rod, forming a convex surface
below the level of the surrounding fluid (Fig. 28). If glass tubes
with narrow boré are immersed in water and mercury, in the former



PHYSICAL PROCESSES IN CELLS. 41

the water will rise within the tube considerably above the level of
the water outside, and the surface of the water in the tube will be
concave (concave meniscus); while the mercury will be depressed in
the glass tube below the level of the mercury on the outside and the
surface of the mercury within the tube will be convex (convexr meniscus)
(Figs. 29 and 30). If any two bodies, such as two glass plates, are
‘immersed sufficiently near to each other in a liquid, the liquid will
rise or be "depressed between them, according as the liquid has or
has not any adhesion to the plates (Fig. 31), the degree of elevation or
depression being one-half what it would be if a tube of glass whose
diameter equals the distance between the two plates were immersed in the
same liquids. If a drop of water be placed in a conical glass tube of
small angle and horizontal axis, each end of the drop will have a concave
meniscus and it will move from the large to the small end of the tube:
if the liquid be mercury, each end will have a convex meniscus and it
will move in the reverse direction (Figs. 32 and 33).

In the explanation of capillary phenomena
two causes deserve attention: first, the cause of
the curvature of the surface,and, second, the cause
of the ascent or depression of the liquid within
the tube.

F16. 31, FIG. 32. Fi16. 33.

The form of the surface of a liquid in contact with a solid depends
on the relation between the attraction exerted by the solid on the liquid
and the mutual attractions of the molecules of the liquid. Any molecule
of a liquid in which a solid is immersed is acted on by three forces: 1st,
gravity; 2d, the attractive force of the solid for the liquid molecule; and
3d, the cohesive attractions of the other molecules of the fluid.

According to the relative intensities of these forces their resultant
may occupy one of three. positions :—

First—If the attraction of the solid balances the cohesive attrac-
tion of the fluid, the resultant of these two forces will coincide with the
force of gravity and the surface of the fluid will-be horizontal; for to
be in equilibrium the surface of a liquid must be at right angles to the
direction of the resultant of all the forces acting on that liquid
(Fig. 34).

Second.—If the attractive force of the solid for the fluid increases,
or if the cohesive force of the liquid diminishes, the resultant will fall
outside of the line of gravity or between the line of attraction of-the
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solid and the line of gravity, and the surface of the liquid being at right
angles to that resultant will be concave (Fig. 35).

Third.—If the attraction of the solid for the liquid decreases,or
the cohesive attraction of the liquid increases, the resultant will fall to
the other side of the line of gravity, or between the line of cohesive
force of the liquid and the line of gravity, and the surface of the liquid,
being perpendicular to that resultant, will be convex (Fig. 36).

F1a. 34, Fi1G. 35. Fi1a. 36.

DIAGRAMS ILLUSTRATING CAUSE OF CURVATURE OF LIQUID SURFACES IN
CONTACT WITH SOLIDS. (Ganot.)

The molecule m is acted on by gravity, in the vertical line m P: is attracted by the plate ». in the line
nm, and by the liquid F, in the line m F._The direction of the resnitant m R will depend npon the relative
intensities of these forces. If nm and m F balance, the resultant is vertical, m R (Fig. 34), and the surface
i8 horizontal., If 2m increases, or m F decreases, the resultant R is within the angle n m P, and the surface
is concave (Fig. 35). If F increases, or n m decreases, the resultant R is within the angle Pm F, and the
surface is convex, for the surface of a liquid is always perpendicular to the resultant of forces acting on
its molecules (Fig. 36).

The ascent or descent of liquid within a capillary tube is dependent
on the manner in which the curvature of the surface modifies the prin-
ciples of hydrostatic equilibrium.

When a tube of large calibre is immersed in a vessel containing
liquid the conditions of equilibrium are the same as in two communicating
vessels containing the same fluid. Equilibrinm is only possible when the
surface of the liquid in both vessels is
on the same horizontal plane. For, take
any molecule in the plane MN (Fig. 37).
It will be subjected to a downward pres-
sure equal to the weight of a column of
the same fluid, the height of which is equal
to the distance of that molecule from the
surface of the fluid within the tube.” It
will also be subjected to an upward pres-

3 sure which is equal to the weight of a
F16. 37.—DIAGRAM ILLUSTRATING e ) . .
LIQUID PRESSURES. column of liquid whose height is equal to
- the distance of that plane from the surface
of the liquid without the tube. These weights are, however, equal.
Therefore every molecule in the plane MN will be subjected to equal and
contrary pressures, and will consequently be in equilibrium.

Suppose, however, the tube have a diameter less than one millimeter.

The concave surfaces produced by the adhesion of the fluid to the
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walls of the tube will then intersect, and the surface of the fluid within
the tube will be a concave meniscus. In other words, every portion of
the surface of the liquid within the tube will be under the attractive influ-
ence of the walls of the tube. A certain portion of the fluid within the
tube will so be held up by adhesion to the tube, and will hence exert
no downward pressure. As a consequence the downward pressure within
the tube will be less than the upward pressure of ‘a column of fluid of
the same height without the tube. Any molecule on any plane below
the surface of the fluid in the tube would so be subjected to two
unequal pressures, a greater upward pressure and a lesser downward
pressure; the column of liquid will therefore rise within the tube until
these two pressures are equal.

When, however, the force of cohesion of the liquid is greater than
that of adhesion to the walls of the tube, as already explained, the sur-
face becomes convex and the surface tension is increased. Since the
molecular forces are greater than gravity, the downward pressure in the
tube is greater than the upward pressure to which any plane is subjected
by the weight of the liquid outside of the tube. The fluid then is de-
pressed in the tube until these two pressures are equal.

Capillarity partly explains the ascent of the sap in trees, the ascent.
of oil in a lamp-wick, to a certain extent the movement of the blood and
Iymph in the capillaries, but more especially the entrance of fluid into
porous bodies,—a fact of the greatest importance as underlying the expla-

_nation of imbibition, filtration, and osmosis. :

4. Sorution.—That a substance may enter the interior of cells it
must, as a rule, be in a state of solution; though we shall find, when we
study the process of absorption, that there are several exceptions to this
statement.

The process of solution of solids in fluids is of very general occur-
rence in cell life. Almost all food-stuffs are solid, and to be of nutritive
value must first be reduced to the form of a solution; even the con-
sumption of organic matter in the vital processes of a cell results in the
formation of a watery solution, as in the formation of urine, sweat, and
the various secretions.

When a solid dissolves in a liguid, the cohesion of the molecules
of the solid is broken by their adhesion for the molecules of the liquid.
When, therefore, the attraction of the liquid for the solid is greater
than the cohesion of the solid, the latter is said to be soluble and its
molecules separate. The limit of solubility is reached when the attiac-
tions of adhesion and cohesion are balanced.

Anything that reduces the cohesion of a solid favors its solution;
thus, heat accelerates solution by separating solid molecules through
the expansion which it produces, and, by increasing the distance between
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the molecules, thereby weakens their cohesive force. Pulverizing, by
mechanically separating the molecules to a certain extent, also assists
solution.

Heat is always essential to the conversion of a solid into a solution.
Ordinarily the heat is abstracted from the surrounding media, and is
rendered latent in the solution, thus explaining the mode of action of
freezing mixtures. The amount of heat so rendered latent in forming a
solution is nearly always equivalent to the amount required to melt the
body. ;

In certain cases, however, instead of the temperature being lowered
in the process of solution, it actually rises, as when caustic potash is dis-
solved in water. This depends upon the fact that two contrary proc-
esses are going on at the same time; the solution, which tends always
to produce a reduction of temperature, and the chemical union of the
potash with the water, which, like many other chemical processes, tends to
cause an increase of temperature. Consequently, as one or the other of
these processes predoininates the temperature will fall or rise; or, if the
two balance, will remain unchanged.

Solubility varies greatly in different bodies and in different liquids.
Some solids are soluble only in hot media, and are deposited on cool-
ing ; others only in cold liquids, and are thrown out of solution when
the temperature of the liquid is raised. As a rule, bodies dissolve in
liquids which have similar properties; thus crystalline bodies are soluble
in water, fats in oil, metals in mercury, and resins in alcohol.

“ When two or more salts are dissolved in water without chemical
action on each other, three conditions result: 1st. The quantily of each
salt held in solution is less than when it alone is present, though the
combined quantity is greater than when only one salt is used. 2d. The
quantity of each is as greaf as when one only is used; then the total
quantity dissolved is the sum of that taken up in each single solution.
8d. The quantity dissolved is greater than when one alone is used,
the addition of the second salt in this case increasing the solubility of
the first, and often the first increasing also the solubility of the second”
(Draper).

When the cohesion of the solid and its adhesion for the liquid mole-
cules balance, the solution is then said to be saturaied. In the case of
certain fluids, like alcohol and water, there is no limit to solubility ; their
molecules will freely mingle with each other, and the resulting liguid is
said to be a mixture, or an emulsion. On the other hand, two liquids
may offer an example of true solution, one being only capable of passing
to a certain degree between the molecules of the other, as in the case of
volatile oils and water, where the limit of solubility is readily reached.

5. ImeiBITION.—Every porous solid may be considered as formed of
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a collection of eapillary tubes. When such a solid (e.g., a piece of chalk)
is immersed in a fluid which is capable of wetting it, the fluid will enter
into the pores of the solid through capillarity, and will remain even after
the body is removed from ‘the fluid. The solid is then said to have
absorbed fluid by imbibition. Organic bodies also are capable of absorb-
ing fluid by imbibition, but the process is somewhat different from that
of the inorganic porous body.

Every organic body, no matter what its consistency, contains always
a large amount of water in its composition, to which fluid, as we shall
find later, many of the physical properties of the tissues are due. When
inorganic bodies contain fluid, that fluid is held in one of two ways,—
either chemically united with the body, as in hydrates, or as water of
crystallization ; or mechanically in the pores of the solid. Organic bodies
occupy a mean between these two. The water in their composition is
not in a form of chemical combination, nor is it held mechanically in
pores, as in the porous inorganic body, though the conditions are some-
what similar to the latter case. That there is a difference, however, is
proved by the different effects of the abstraction of water from organic
and porous inorganic bodies. The physical characters of porous, inor-
ganic solids, such as baked clay, are not seriously altered by the removal
of water contained in their pores. The abstraction of water from semi-
solid organic bodies, on the other hand, entirely changes their physical
and physiological properties. A piece of connective tissue in its fresh
condition is soft, white and glistening, flexible, extensible and elastic.
When the water which it contains is removed by drying, it shrivels up,
becomes rigid, vellowish in color, brittle, and loses weight. If it be then
immersed in water its previous characters will be restored. This differ-
ence in the manner in which thé water entering into the composition of
organic and inorganic bodies is held is explained by the assumption that
in the porous inorganic body the water occupies comparatively large
spaces between particles of solid, while in the organic body the water
surrounds the ultimate molecules of the body. Organic tissues may
therefore be defined as bodies whose intermolecular spaces are filled
with fluid.

As the fluids are held in a different manner in inorganic and- organic
bodies, it is natural to find that the way in which the fluid is absorbed
differs in the two cases.

When a dry, porous, inorganic body, such as a piece of chalk, is
thrown into water, the water enters the pores of the chalk by capillarity
and displaces the air which was contained in its pores. It increases in
weight by the addition of the weight of the absorbed water, but does
not increase in volume. When a dry organic body, such as a piece of
gelatin, is thrown into water no air is displaced, and yet many times
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its own volume of water may be absorbed. The gelatin must therefore
increase in volume. The fluid in organic imbibition passes into the inter-
molecular spaces and separates the molecules. That an organic body may
imbibe fluid it is consequently necessary that its molecules be freely
movable.

The power of imbibition possessed by the organic tissues is espe-
cially due to their albuminoid constituents. Protoplasm is, therefore,
above all capable of imbibition, and the rapid formation or disappear-
ance of vacuoles in protoplasmic cells may be due to rapid changes in
imbibition.

Every organic substance has a limit beyond which imbibition is
impossible. This limit is lower when the water contains solids in solu-
tion, provided the solids are not chemically acted on by the tissues, from
the fact that imbibed water is held with greater tenacity by the tissues
than are the substances held in solution in the water. Thus, when a
tissue saturated with a salt solution is subjected to pressure, the solution
first pressed out is more concentrated than that which is forced out when
the pressure is subsequently increased ; and in general the fluids lose in
concentration in imbibition. Organic tissues therefore absorb water with
greater readiness than saline solutions. The importance of this fact will
be seen in the explanation of osmosis.

The extent of imbibition depends, therefore, on the membrane and
the nature of the fluid with which it is in contact. Thus it has been
found by Liebig that one hundred parts of ox-bladder absorb, of—

Water, . . . . . 2068 volumes.
Salt solution (1. 204 sp gr. ), 4 5 S . 133 S
Alcohol (84 per cent. ), 3 S 5 3 . 38 ¥
Marrow oil, : 3 s iy i 7 £¢

Membrane, therefore, has less affinity for a salt solution than for
water. This may also be shown by soaking a bladder in water, wiping
it dry, and then sprinkling it with common salt. The salt comes in
contact with some of the water in the bladder, dissolves, and forms a
salt solution, But as the membrane can contain less salt solution than
water, some of the solution is expelled and the bladder shrivels up.
So also a moistened bladder thrown into alcohol shrivels up, because
the alcohol mixes with the water in the bladder; and as the Dbladder,
as shown above, can only absorb one-seventh as much alcohol as
water, the solution is driven out. 'This is the explanation-of the use
of alcohol and various saline solutions for hardening tissues for making
microscopic sections.

In the nutrition of animal cells the process of imbibition is an
important factor. Every substance which is soluble in water is capable
of being appropriated by the protoplasm and may, through imbibition,
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obtain access to the interior of cells, to there undergo the transformations
which the needs of the economy necessitate. In cells which possess a
closed membrane, capillarity may also be concerned; for there is reason
to suppose that the striated appearance which is seen on examining most
cell-membranes with a high power under the microscope is in reality due
to the presence of minute apertures, or canaliculi. Fluid will therefore
enter the pores in the membranes of cells, and so obtain access to the
protoplasmic cell-contents. The passage of fluids, however, through the
cell-membrane is not necessarily dependent on capillarity. For the
cell-membrane, like other organic tissues, is capable of absorbing water
by imbibition in the same way in which water is absorbed by gelatin, .e,
by entering into its intermolecular spaces. The state of affairs is thus
similar to the conditions described in the experiment with the bladder
and salt. We have an organic tissue soaked with a fluid in contact with
a substance (protoplasm) having an affinity for that fluid greater than
the affinity of the membrane for the flnid; the fluid, therefore, leaves
the cell-membrane to enter the protoplasm by organic imbibition.

The affinity of protoplasm for water is never satisfied during life:
or, in other words, the maximum amount of water capable of being
absorbed by cell-contents is never reached. Cells will, therefore, always-
absorb fluid when brought into contact with it, and by so doing will
tend to increase in volume. As, however, the extensibility of cell-
membranes is in most cases very limited, the increase in volume of the
cell-contents will tend to cause filtration of the fluid contained in the
meshes of the protoplasm back through the cell-membrane to the
exterior. '

These facts which we have learned in reference to the imbibition of
fluids by organic tissues give but an imperfect idea of the processes of
imbibition which take place in living cells. Many fluids which are
absorbed by dead tissues are perfectly indifferent to living cells, and
there can be no doubt but that imbibition in living tissues is largely
governed by the nature of the chemieal affinities caused by the chemical
processes continunally taking place in the interior of active cells. Thus,
living tissues (muscles) are incapable of absorbing dilute solutions of
sodium salts; the same tissues when dead will absorb it in large amounts.
Potassium salts, on the other hand, are rapidly absorbed by the same
tissue and almost instantly cause its death, though even in this case the
power of imbibition for the potassium salt is greatly increased after
death. Again, we shall find that the prolonged activity of many tis-
sues, especially the muscles, is manifested in the production of an acid
reaction in the cell-contents; under such circumstances, sodium soluticns,

which are indifferent to these tissues at rest, will now be absorbed by
them.
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The following figures represent the behavior of the muscular tissue
to solutions of different salts (Ranke):—

MaxiMuM IMBIBITION.
1 PER CENT. NaClL, 1 PErR CENT. K Cl

Living, resting muscle, ) Positive, but not capable of
< estimation, as the muscle
instantly died.

Living, tetanized muscle, . 13 Positive : not to be estimated,
for the samereasonasabove.
Dead muscle, 5 s . 3D 136 per cent.

Perfectly analogous observations have also been made in the case of
the nervous tissues.

It would, therefore, appear that living tissues only absorb by
imbibition when their vital forces are diminished in energy. In the
organism the cells are continually bathed in a fluid which contains the
matters necessary for the nutrition of the cells. If the cells have been
at rest their nutritive equilibrium has not been disturbed and imbibition
does not take place. If, however, they are exhausted by previous
activity, imbibition is then inaugurated, nutritive substances enter, the
results of cell activity are extruded (acids, ete.), nutritive equilibrium is
restored, and imbibition not only ceases, but from the increased volume
of the cell-contents pressure is produced on the cell-membrane and the
excess of fluid is forced through again to the exterior by filtration.
Consequently cells which are most weakened by prolonged activity are
the cells which carry on, as a direct result of the chemical affinities
created by that activity, the most ac¢tive imbibition. By these peculi-
arities in the conditions which govern imbibition in living cells is to be
explained the peculiar distribution of the inorganic salts in the animal
body,—sodium in the fluids, potassium in the solid organs of the body.
For, as we know, sodinm solutions are indifferent fluids and are not
absorbed by the tissues unless they have undergone some depression in.
energy, while potassium salts in solution are rapidly absorbed and lead
to the death, the drowning out of protoplasm.

6. FILTRATION OR TRANSUDATION is the passage of fluid through a
membrane dependent upon inequality of hydrostatic pressures; but that
a fluid should so pass it is essential that the membrane be capable of
absorbing the fluid by imbibition.

The greater the affinity of the fluid for the membrane (see Imbibition)
the more rapidly will the fluid under a moderate pressure pass through
the membrane: thus water, or even a saline solution, will filter .more
rapidly than oil. Filtration will oceur more rapidly through a thin than
a thick membrane.

The rapidity of filtration is, further, in direct proportion to the pres-
sure which the fluid exerts on the membrane, and increases with increas-
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ing temperature. Solutions of different salts pass almost unaltered
through membranes, though the filtrate, from the fact that the membrane
keeps back some of the water of solution, may be more concentrated.
The reverse is true in the filtration of colloids (bodies like glue); there
the filtrate contains a smaller percentage of the colloid than the original
fluid,—from the fact that the membrane allows more water to pass than
gum, albumen, ete.

This explains the fact that colloid bodies, perhaps on account of
the great size of their molecules, are with great difficulty removed from
the pores of animal and vegetable tissues, especially since it has been
found that if the fluid which contains colloids in solution also contains
crystalloids, less colloid will filter through than if the erystalloids had
been absent, and the filtrate is richer in crystalloids than the fluid in the
filter. Crystalloids, therefore, hinder the filtration of colloids; and as’
protoplasm is always associated with certain saline bodies, the latter
prevent the loss of the albuminoids of the cell-contents.

Many of the phenomena of filtration may be explained under the
working of the laws of capillarity, especially when the filter is an inorganic,
porous solid. When, however, it is an organic membrane, as of course
is always the case in the animal or vegetable cell, there the laws of imbi-
bition are of prime importance.

Cell life furnishes many examples of the process of filtration. When
the cell-contents increase in bulk through imbibition the pressure on the
interior of the cell-membrane is greater than on the exterior; substances
in solution within the cell may then pass through the cell-membrane.
The formation of the saline constituents of the various secretions is
probably accomplished in this way. When the flow of blood is obstructed
in a vein the pressure back of the obstruction becomes greatly increased,
and the water and saline constituents of the blood pass through the
walls of the vessel. In this way cedema and dropsies are produced. Inthe -
liver, so long as the pressure in the bile-ducts is low, the bile filters from
the liver-cells into the bile-ducts. But if the flow of hile is interfered
with so as to make only a slight resistance in the bile-ducts, the bile then
filters into the hepatic parenchyma, from there into the lymphatics, by
which it is carried throughout the body, and jaundice is produced.

When the renal secretion comes under consideration it will be found
that the process of filtration there fills a very important role.

When fluids pass from the interior to the exterior of cells, or the
reverse, they usually come into contact with other fluids. Under certain
circumstances these fluids will mix; under others mixing will not occur.
Those conditions now demand consideration.

7. DirrusioNn oF Liquips.—The molecules of liquids, as has been
already seen,are held together by a force of attraction, or cohesion ; the

4
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molecules of liquids are also capable of exerting an attractive force on
solids, or adhesion. In addition to these two modes of manifestation
of molecular force, molecules of liquids are capable of attracting mole-
cules of other liquids. If in two different liquids brought into contact
the cohesive force between the molecules of each liquid is greater than
the attractive force between the molecules of the different liquids, the
liquids remain separate and apart, and are said not to be miscible.
Water and oil furnish examples of such liquids.

If, however, the attraction between the molecules of the different
liquids is greater than the cohesive force of either, then the liquids will
mix, even against gravity, until the mixture becomes uniform. Such a
process of mixing is called diffusion of liquids. It follows, therefore,
that whenever two chemically indifferent fluids are brought into contact
with one another they mix, even without any disturbing cause, until a
perfectly uniform mixture results.

Diffusion may be illustrated by filling a small bottle with some saline
solution and then placing it in a large jar, which is then carefully filled
with distilled water, so poured in as to cover the mouth of the small jar
which contains the saline solution, at the same time avoiding any mixing
of the fluids by movement. '

If a small portion of the water in the large jar is then drawn off'
carefully from time to time with a pipette, it will be found that the
water will contain a gradually increasing quantity of the salt, until
finally the jar will be filled with a perfectly uniform saline solution.

From such experiments it has been found that the rapidity of dif-
fusion increases with the extent of surfaces in contact, with the tempera-
ture, and with the difference in concentration of the two fluids; it is,
therefore, more rapid at the beginning of the experiment, when the outer
jar contains distilled water, than later, when it contains a saline solution.
The rapidity of diffusion also varies with the chemical nature of the
solutions ; thus, potassium salts diffuse much more readily than sodium
salts,—a point which we shall later see is of great importance. Acids dif-
fuse very rapidly ; alkaline salts and sugar slower, and colloids, perhaps
from the fact that they cannot form true solutions, scarcely at all, though
colloids in solutions with crystalloids do not interfere with the diffusion
of the latter; while, when two salts undergo diffusion together, the least
diffusible salt diffuses more rapidly than it would alone. .

In the different animal tissues, in addition to the intermolecular
spaces filled with fluid, we have also larger spaces, or sensible pores,
which contain fluids, and which form a system of more or less fine canals
traversing the different parts of the body (lymph-spaces, lymph- and i
blood-capillaries). Therefore every internal part of the animal body is
continually . bathed in liquid into which fluids leaving the cells are
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capable of diffusion. In most cases, however, these fluids are in con-
stant motion, and the purely physical phenomena of diffusion are of
little importance, particularly when the extreme slowness of ordinary
diffusion is remembered. As the composition of the fluids of the body
is continually changing, diffusion, greatly aided by the motion of the
fluids, will, nevertheless, serve to maintain a certain degree of constancy
of composition.

It has been already shown that when watery solutions are found on
different sides of a membranous partition, as in the case of the cell-con-
tents of two neighboring cells whose contents are more or less fluid, the
membrane does not serve to keep the fluids apart. For, the membrane
being capable of absorbing liquids by imbibition, the liquids fill the
intermolecular spaces of the membrane, and so come in contact with each
other; the phenomena of diffusion then commence, though the process is
very greatly modified by the behavior of the intervening membrane. As
already mentioned, diffusion, with the exception of the part it plays in
distributing fluids uniformly through the interior of eclls, fills quite a
secondary rdle in the physical processes of the animal economy. Dif-
fusion as modified by the passage of liquids through an animal membrane
occupies a much higher position in point of importance.

8. Osmosis.—When two liquids capable of mixing are separated by a
membrane which possesses the power of imbibing these liquids, a gradual
union of the two liquids takes place through the membrane.

" This interchange, which is called osmosis, continues until the two
liguids are equally mixed ; consequently, the final result is the same as if
no membrane separated the two liquids, though the process is essentially
different ; for the diffusion eurrents must be modified by the molecular
forces which the molecules of the membrane exert on the liquids in con-
tact with them. If two liquids are
poured into the arms of a U-tube
(Fig. 38) so that they are in con-
tact at A they will mix, but the
level will remain the same in both
tubes, 7.e., equal portions of each
liquid pass into one another in equal
time ; if, on the other hand, a mem- FIG. 38.
brane is placed at A the liquids will
mix, but the column of liquid will rise in one tube above the original
level and sink to a corresponding amount in the other. From which it
follows that in the mixing of liquids through a membrane the interchange
is unequal, Z.e., more of one liquid passes than of the other. The current
through the membrane is a double one. Thus, if a saturated salt solu-
tion is placed in one arm of the tube and an equal quantity of distilled




52 PHYSIOLOGY OF THE DOMESTIC ANIMALS.

water be placed in the other, the salt solution will soon be found to have
increased in volume and the water to have decreased. It the character
of the two liquids is then examined it will be found that the distilled
water is no longer pure, but that it contains salt; while the saline solu-
tion will be no longer saturated, but of much less density. Salt has
therefore passed through to the water and water passed through to the
salt solution. There has been, however, as is evident, a difference in
the rapidity with which the two substances have traversed the mem-
brane. That this process is not at all analogous to filtration—in fact is
directly opposed to it—is seen in the continued ascent of the column of
liquid in one arm of the tube, showing that the water passes to the salt
solution even against a continually increasing hydrostatic pressure.
The tendency is therefore for filtration currents to form in the opposite
direction to the osmotic current. If one liquid is water and the other
salt solution, the amount of water passing to the salt solution for each
equivalent of salt passing to the water is called the osmotic equivalent
of the salt., The osmotic equivalent is dependent upon the chemical
nature of the body and the concentration of its solution.

Thus, for sodinm chloride it is 4.3, meaning that for every gramme
of salt which passes through the membrane 4.3 grm. of water will pass
in the opposite direction to the salt. For sodium sulphate it is 11.6;
potassium sulphate, 12 ; magnesium sulphate, 11.7 ; alcohol, 4.2 ; sugar, 7.1.

In general the osmotic equivalent increases with the temperature,
and varies very greatly with the concentration of the solutions.

The rapidity with which different bodies diffuse through a porous
membrane is independent of their osmotic equivalent, but is directly
dependent upon their chemical nature and solubility, increasing with
solubility ; and bodies nearly related as to théir chemical composition
are also nearly related as to rapidity of diffusion. The rapidity also
increases with increasing difference of concentration between the two
liquids and with increase of temperature.

When two solutions of the same substance but of different densities
are allowed to diffuse into one another, the denser decreases in density
and the lighter increases, and the same alterations of volume occur as
would be the case were one of the liquids pure water. The osmotic
equivalent is in both cases the same, but in the former case the rapidity
of osmosis is much less.

If two solutions of substances of different chemical composition are
allowed to diffuse, the rapidity will increase with increase in the chemical
affinity between the two substances.

All colloids pass with difficulty through organic membranes, but as
they have a strong affinity for water they draw it with vigor through
organic membranes ; hence, their osmotic equivalent is very high, though
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the current of water to the colloid is very slow, possibly because the
large molecules of the colloids readily stop the pores of the membrane.
Albumen in solution passes more readily through a membrane to mix
with salt solution than with water. A very concentrated solution of
salt, however, prevents osmosis of albumen by simply removing the water
from the albuminous solution.

When a solution of a diffusible substance, together with a solution
of a colloid, is placed on one side of a membrane and pure water on the
other, at first none of the colloid passes through the membrane, but
simply water to the colloid and the diffusible substance to the water;
hence, albumen may be freed of its salts by diffusion (dialysis), or, if a
mixed solution of sugar and gum is subjected to dialysis, only the sugar
passes through the membrane.

An exception to this is seen when albumen and salts dialyze with water.
First the salts pass, then the albumen passes into the salt’solution.

Just as we found there were two kinds of imbibition,—the capillary
and molecular,—so are there two kinds of osmosis, which differ somewhat
according as the partition between the two fluids is a porous, inorganic
solid, or an organic tissue capable of absorbing liquid by imbibition. In
the case of a porous, inorganic partition the phenomena of osmosis are
entirely governed by ecapillarity and the laws of diffusion of liquids.
Certain liquids have a greater tendency to enter capillary tubes than
others. When, therefore, two miscible liquids are separated by a porous
solid, which may be regarded as a collection of capillary tubes, the liquid
which has the greater affinity for the walls of the tube will enter to a
greater extent than the other, and will meet the other fluid advancing in
the opposite direction, but with less force on account of its lesser affinity.
The two liquids thus coming into contact with each other will diffuse into
each other, and the pores will be occupied with a mixture of two liquids,
for one of which the walls of the tube will have a greater affinity than
for the other. Then, although diffusion will take place from this mixture
into the liquid of greater affinity, the latter continually forcing out some
of the mixture, the liquid of lesser affinity will continually increase in
volume.

In the case of organic membranes, the power possessed by the mem-
brane of imbibing different liquids enables osmosis to take place, while
the direction of the current is governed by the affinity of the liquids for
the membrane. Whichever liquid has the greater affinity for the mem-
brane will pass in greatest amount. Here, for the sake of simplifying
the matter, we may assume that the liquid which has entered the inter-
molecular spaces of the membrane is, to a certain extent, governed by
the same conditions which apply to the entrance of liquids into capil-
lary tubes.
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When an organic tissue has absorbed liquid by imbibition, its inter-
molecular spaces being filled with that liquid, the liquid, which becomes
superficial on the far side of the membrane, is in direct continuity with
the body of the liquid having the greater affinity for the membrane, and
in direct contact with the liquid of lesser affinity. Diffusion phenomena
therefore commence. :

When a membrane has a tendency to imbibe water, it will absorb
more water than salt solution, if placed between water and a salt solu-
tion, and will increase in volume. In every pore or intermolecular
space of the membrane, therefore, the layer of liquid in contact with
the sides of the pores, or with the solid molecules, will contain less
salt than water.

From the affinity which the two liquids exert on one another this
condition will not remain constant,
and the rapidity with which the inter-
change takes place will depend upon
the affinity of the two liquids for
one another; but the interchange
will not occur in the same manner
as if no membrane were present, 7.e.,
equal quantities of salt solution and
water will not substitute one an-
other. Such an interchange will
only occur in the centre of the pore,
while on the wall of the pores only
water will pass; consequently the
salt solution will increase in volume
S e DL A R AM . DR S and the water will diminish corre-
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Therefore, the greater the concentration of the salt solution the
higher will be the osmotic equivalent, since the difference of affinity of
the membrane for the water as compared with the salt solution will be
the more marked. This, however, only applies to salts whose solutions
are also imbibed by the membrane; where this is not the case increased
concentration produces a decrease in the osmotic equivalent, for in the
latter case there will be more tendency for the membrane to hold the
layer of water in contact with the walls of its pores.

Different membranes will consequently modify the osmotic exchange
of liquids taking place through them.
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Thus, dry membrane will show a higher osmotic equivalent than
fresh membranes or dried membranes moistened, from the fact that the
membrane retains more water by imbibition, while the passage of the
salt is facilitated.

If an animal membrane separates water and alecohol, the water will
pass in much greater amount, for membrane absorbs water miuch more
readily than alcohol or a mixture of water and alcohol. .

Rubber or eollodium membranes, on the other: hand, allow alcohol
to pass with greatest readiness, as such membranes absorb alcohol more
readily than water.

The general phenomena of osmosis may he well illus-
trated by the egg-osmometer (Fig. 40). This is prepared
by picking off a little of the shell from one end of an egg,
taking care to leave the shell-membrane intact, while a
glass tube is cemented around a small hole pierced through
both shell and shell-membrane at the opposite end. The
end at which- the shell has been removed and the membrane
left undisturbed is then immersed in distilled water. After
a time it will be found that water has passed from the out-
side to the interior of the egg, as shown by the increased
volume, the white of the egg being forced up into the tube
cemented on the open end of the egg. At the same time
the addition of nitrate of silver to the water in which the
egg was immersed will show, by the white precipitate
formed, that the chlorides have passed from the inside to
the outside of the egg. No trace of albumen, however, is
to be seen in the distilled water. The salts of the egg, or
its crystalloids, have thus passed by osmosis through the
egg-membrane, water has also passed, while the egg-albu-
men, a colloid, has been retained.

These facts, already alluded to, that crystalloids in solu-
tion will pass through an animal membrane, while colloids
will not, has been made use of in a process which is fre-
quently employed by the chemist to separate bodies of these
two classes. Thus, albumen, or any other colloid, may be
entirely freed from crystalloids, such as salt or sugar, by
placing it on one side of a membrane with a large quantity
of distilled water, which is frequently renewed, on the other.
The salts pass through the membrane to the water, their

Frec. 40.—EGG PRE-
b 2 2 PARED SO AS
place being taken by water, while the albumen, with the lavsrnare  Be

exception of becoming more diluted, remains unchanged. MOTIC ACTION.

This process is termed dialysss. . A A (Flint.)

Osmotic phenomena, consequently, may be referred to the following
causes (Wundt) :—

1. The affinity which the two liquids exert on one another.

2. The relative affinity which the membrane exerts on the two
liquids.
" 3. On the narrowness of the pores through which the liquids diffuse.

4. On the overcoming of the adhesion of the liquids to the walls of
the pores through increase of temperature.

The importance of this process in the action of the animal organism is
very evident. Nearly all animal tissues are, during their entire life, in
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a state of tension from imbibition (swollen) ; therefore, all tissues permit
the entrance of watery and saline solutions, and prevent entrance of
liquids not miscible with water. The absorption of most of the dissolved
food-stuffs, and the removal of deleterious matters, etc., by the glands
from the blood rest on osmotie processes. The results as to the different
osmotic® equivalent of different substances; the behavior of different
membranes to diffusion; the different capability of animal matter for
imbibing different. solutions, all point. to the way in which the glands
remove different substances from the blood where no other explanation
can be found but a membrane and cells capable of absorbing certain
solutions. The presence of certain salts in the contents of certain cells
is without doubt instrumental in shaping the capability of those cells
for absorbing definite solutions.

9. DirrusioN oF Gases.—In the living organism, in the cell, the
vital activities are only carried on when there is an unbroken supply of
oxygen conveved to the cells either in the form of a free gas or in
hemoglobin. And, on the other hand, the organism cannot exist unless
there is some provision made for the removal of CO,, continually formed
in physiologieal oxidation, and which itself is a deadly poison to cell
activity. These two gases are, therefore, the most important which have
to be considered.

In pulmonated,air-breathing animals there is also a continual exhala-
tion of watery vapor ; there is also a continual circulation of N in the
lungs of animals, as N forms four-ifths of the atmosphere.

Gaseous interchange in the organism rests mainly on the laws of
diffusion and absorption of gases, thongh these laws are subject to some
slight modification as contrasted with their application to inorganic
matter.

By gaseous diffusion is meant the mutual mixing of two or more
free gases; and, as in liquid diffusion, it results in a uniform mixture.

Gases which pass into a vacuum fill it completely and uniformly; this
is also the case when the space into which a gas streams is already occu-
pied by a gas which is chemically indifferent to the first; a space filled
with an indifferent gas behaves to another gas precisely like a vacaoum.

If two flasks, each provided with a stop-cock, are connected, one
vertically above the otlier, and the upper one filled with hydrogen, the
lightest of gases, and the lower one with carbon dioxide, a heavy gas, if
the stop-cocks are now opened, in a short time it will be found that half
of the hydrogen, in spite of its lighter specific gravity, has descended
into the lower flask, while half of the carbon dioxide has ascended
against gravity into the upper flask, so that each flask will contain a
uniform mixture of the two gases (Fig. 41). Each gas has diffused into
the other as into a vacuum, and what holds for the diffusion of two
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gases applies also to the diffusion of several gases; so that the general
rule may be formulated: If a number of gases exerting no chemical
influence on each other are dllowed to enter a space, each gas will diffuse
itself uniformly through that space.

If the amount of gas in any given space is small or large, or, in
other words, no matter what the gaseous pressure may be, another gas
will enter that space precisely as if it were a vacuum.

The. importance of these laws in explaining the mechanism of
gaseous intérchange in respiration is very evident. The atmosphere is
composed of a mechanical mixture of about # nitrogen and } oxygen.
In the process of inspiration a variable amount of this
gaseous mixfture is drawn into the lungs. It then meets
with a gaseous mixture which contains less oxygen than
the atmosphere (for a certain amount of the oxygen
taken in in previous inspirations has been removed by
the blood), and which contains a considerable volume of
carbon dioxide removed from the blood.

Phenomena of diffusion, therefore, at once commence
between the air already in the lungs and that which has
entered in inspiration. The air in the lungs becomes
gradually poorer in oxygen and richer in carbon dioxide,
as the air-cells are approached. Diffusion tends to equal-
ize this difference; the oxygen of the inspired air diffuses
into the deeper portions of the lungs, the carbon dioxide
diffuses from the deeper to the upper portion, the process
being a constant one; for the difference in the relative
volumes of the two gases in the upper air-passages is
maintained by repé‘ited expirations, by which CO, is
removed, and msplmtlons by which more oxygen is
brought into the lungs. ‘

The CO, formed in respiration by animal organisms, and thus
removed from them in respiration, distributes itself uniformly through
the atmosphere, so that there is everywhere a uniform percentage,
unless there is a local temporary increase; but then this soon becomes
equalized by diffusion, permanent increase being prevented Dby the
absorption processes in the vegetable kingdom.

The tension of O in the atmosphere is far greater than that of CO,,
as the O is present in far larger proportion, and conversely.

Diffusion leads finally to the theoretical result, that all gases in any
given space, as in the atmosphere, exist under the same pressure ; when,
therefore, there is anywhere a temporary increase in the tension of a gas,
diffusion commences and tends to continue until there is a uniform
distribution and mixing of the different gases.
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If two different gases are separated by a porous partition, the gases
will mix through that partition. The phenomena under such circum-
stances are similar to what has been described in the case of liquids
under osmosis ; that is, that different gases pass with different degrees
of rapidity through the partition, so that the volume of gas increases on
one side of the partition and decreases on the other. If an unglazed,
porous, earthenware cup (such as is used in a Grove battery) is closed
with a cork through which passes a long, vertical, glass tube, whose end
dips into a vessel below containing water, and the cup is covered with a
bell-jar containing hydrogen or illuminating gas, the hydrogen will pass
through the walls of the cup to the inside faster than the air from the
inside can diffuse out. The volume of gas in the interior increasing,
bubbles of air will escape through the water from the end of the tube.

If now the belljar be removed the hydrogen will
diffuse out from the cup faster than the air can
i enter, the volume of gas within the cup will decrease
and the water will rise, from atmospheric pressure,
within the tube. If oxygen be used within the cup
instead of atmospheric air, it will be found that the
hydrogen will diffuse four times as fast as the oxygen.
The density of hydrogen is 1.; that of oxygen 16.;
. therefore, the law has been made that the rapidity
with which different gases under similar conditions
(equal pressures) diffuse tiirough thin, porous par-
titions into a vacuum or into other gases is in inverse
proportion to the square root of the density of the
gases (Graham’s law).

These general facts may be illustrated by another
very simple experiment. If an unglazed earthenware
cup be closed by a cork in which a water-manometer

is inserted and then placed in a larger glass vessel' containing vapor
of ether, the air from the inside of the cup will diffuse out faster than
the five-times-heavier vapor of ether will diffuse in, and the water in
the open arm of the manometer will sink (Fig. 42).

There is, however, hére a marked ditference from osmosis, for in the
diffusion of gases through inorganic partitions or dry organic membranes
the nature of the partition is without influence on the rapidity of diffusion.
The rapidity of diffusion depends only on the specific gravity of the gas.

10. ABsorrTioN OF GasEs.—Exactly as gases diffuse into spaces
already oceupied by other gases, so also will they diffuse into the inter-
molecular spaces of liquids, without any chemical attraction between the
gas and the fluid being essential. If a glass tube, closed at one end, is
filled with dry, ammoniacal gas, its open end immersed in mercury, and
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then a small quantity of water introduced into the tube, the water will
almost instantly absorb the gas, which will entirely disappear, and the
mercury will rise in the tube, and, with the water, entirely fill it.

Just as without so also within liquids, gases exert no pressure on
each other; so that a number of gases may diffuse at the same time into
any given liqunid.

We meet, in this solution of gases in liquids, with laws analogous
to those which govern the solution of solids in liquids. Every liquid
absorbs at any given temperature a fixed quantity of any given gas, just
as a certain quantity of liquid will only dissolve a given quantity of
a salt. The volumes which a given liquid at a fixed temperature will
absorb of different gases are very ditlerent, the most readily-liquefied
gases being most readily absorbed. The volume of any gas that may
be absorbed by a liquid varies greatly with the temperature. As the
temperature increases capability of absorption decreases, until at 100° C.
water absorbs no gas at all. The exact opposite holds in the case of
solutions.

The co-efficient of absorption is the volume of gas which a liquid in
free communication with a gas can absorb. It varies with every liquid,
every gas, and every temperature. According to Bunsen, a unit of
volume of water absorbs—

Gas. Temperature. Volume.
00 1.7967
00, . e il e 19046
N g 00 0.02034
200 0.01401
o 0° . P g S 0.04114
J g g ¥ g 20° ¢ . A ) 0.02838
H ; : % . (SN g . 5 0.0163

With every increase of pressure the liquid will absorb uniformly-
increased amounts of gas.

Gases absorbed by liquids do not lose their power of diffusion.
Hence, if we bring a liguid which contains a gas under a definite tension,
e.g., H;0 with CO,, in communication with a space containing another
gas, H, the CO, diffuses out of the H,0 into the space containing the H.
CO, will continue to leave the water until it exists in equal pressure
without and within the liquid ; so,also, I will diffuse into the water until
it has a uniform tension without and within the liquid. An absorbed
gas is therefore given up when the tension of the gas is less in the space
in communication with the liquid than the tension of the gas in the liguid.
When two or more gases are mixed together their absorption by a liquid
is proportional to the relative volumes of the gases present in the mix-
ture, or to the different gaseous tensions.

In the cell in the animal organism this gaseous interchange occurs
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through the cell-wall or the walls of capillaries, etc. These organic
tissues, which we have seen to be always filled with liquid, offer very little
resistance to the passage of a gas. The animal fluids communicate
through these delicate moist tissues almost directly with the gases of the
atmosphere.

Gases formed by cells, or gases which pass from the exterior to the
interior of cells, or even the passage of gases through the membranes of
the lungs or gills of animals, are not governed by the law of the dif-
fusion of gases given above, but their transfer through an animal mem-
brane is governed by the co-efficient of absorption of that tissue for the
different gases. This may be illustrated by a very simple experiment
devised by Draper, who does not appear, however, to have appreciated
its application to gaseous interchange in the animal body. The law of
the diffusion of gases through porous partitions is that the rapidity of
the diffusion is inversely as the square root of the density of the gas.
If the finger be dipped in soap-water and then rapidly passed over the
mouth of an empty bottle so as to leave a horizontal film,and the bottle
then placed under a Dbell-jar filled with carbon dioxide, the film soon
swells up into an almost hemispherical dome. Or, if the bottle be filled
with carbon dioxide, and then exposed to the atmosphere after its mouth
has been covered with a soap-film as before, the film is promptly
depressed into a deep concavity and bursts. Now, if the film is regarded
as a porous partition, the air, being of many times less density than the
CO,, should diffuse much more rapidly, according to Graham’s law. The
reverse, however, is thie case. Water, however, of which the filin consists,
_ has a much higher co-eflicient of absorption for CO, than it has for oxygen
or nitrogen. The CO, is therefore absorbed more rapidly by the film
than the gases of the atmosphere, and from its solation in the film dif-
fuses rapidly into the atmosphere. The state of affairs is similar in the
case of gaseous interchange in animal cells.

The membranes of cell are not porous partitions, but are tissues
whose molecular interspaces are filled with liquids. That a gas may pass
through such a membrane it is necessary, therefore, that the gas be first
absorbed by the liquid in the cell-membrane. The readily-absorbed gases,
such as CO,, will thus diffuse through cell-membranes more rapidly than
those with a lower co-efficient of absorption, such as N, H, or O, the
rapidity of absorption being further governed, not only by the co-eflicient
of absorption, but by the gaseous tension and the temperature. After
having passed through the cell-membrane gases will, of course, diffuse
into the liquid or gaseous media surrounding those cells, according to the
tension of those gases already present.

In the case of terrestrial animals this medium is the atmosphere,
which is composed of 21-volume per cent. of O and 79 per cent. of N,
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with traces of CO,. If we imagine in the first place that the tissues are
at first free from gas, according to the co-eflicients of absorption and
pressure, they will absorb definite volumes of these gases.

If we assume that the co-efficient of absorption of the animal liquids
for these gases is the same as water, as is actually nearly the case, the
co-efficient of absorption for O will be nearly double that of N, and the
volumes absorbed will be as 34.91 to 65.09. This is actually the case in
large bodies of water, as lakes, etc.

Under the conditions we have imagined, of course, only a trace of
CO, would be absorbed. - We know, however, that CO, is a constant
result of cell life ; therefore the tension of CO, in animal fluids is far in
excess of that in the atmosphere; consequently, instead of an absorp-
tion of CO, by the tissues from the air, we will have an exhalation taking
place. Similar conditions apply in the case of watery vapor.

Hence, the gaseous interchanges between the organism and the
atmosphere under the laws of absorption and diffusion are as follow :—

Absorption of O and N.
Exhalation of CO, and H,O vapor.

In animals, however, by far the greater part of O and CO, are
carried in chemical combination with haemoglobin, and not in mere solu-
tion in the fluids of the body. These conditions, as well as the mechanism
of gaseous interchange in the lungs and tissues, will be considered in
greater detail under the subject of Respiration. At present enough has
been said to show that the laws of diffusion and absorption are the
fundamental principles which underlie these processes.

II. THE PHYSICAL PROPERTIES OF TISSUES.

We have found that the different animal tissues furnish illustrations
of both the solid and liquid forms of matter, varying from a perfect
fluid to a solid of almost mineral eonsistence, and that midway between
these extremes what may be termed the semi-fluid tissues are of the
greatest importance in the physical and chemical operations of the
organism. We know, further, from analysis of the organic tissues, that,
no matter what their consistence, they all contain a large proportion of
water in their composition ; it is to the amount and the manner in which
this water is held by the tissues that nearly all the physical properties
of the tissues, particularly of the semi-solid tissues, are due.

We have already seen that in inorganic bodies, though they may
be rich in water, the water is either chemieally united to that body, or is
held mechanically in capillary pores; while in organic matter the water
occupies the intermolecular spaces. The tissues, therefore, resemble
solutions in this respect; thus,.in a salt solution the water occupies the
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intermolecular spaces of the salt. In solutions, however, the solids are
bound to the water; in tissues, the reverse.

Since all fresh, organic tissues contain water, their specific gravity
must be comparatively low; drying, by driving off the water, while
decreasing their weight by the amount of water displaced, will increase
their specific gravity, though even then, like all organic bodies, they will
be specifically lighter than most minerals. The specific gravity of dif-
ferent tissues will also vary according to the nature of their special con-
stituents ; thus, adipose.tissue will represent one extreme, bones and
teeth the other, and tissues which are rich in fat, like the nervous tissues,
will be of less specific gravity than those which contain inorganic
matters.

As the specific gravity of the tissues depends npon their constitu-
ents, it will vary according to the relative proportions of those con-
stituents at different ages; in different individuals, and in different
nutritive states. No fixed figures can, therefore, be given to represent
the specific gravity of the different tissues, but, though not constant, the
following represents the average specific gravity of the most important
tissues of the human body —

Bones, . 0 3 5 1.656
Elastic tissue and tendons, . s X r . 112
Muscles, . J 4 3 . . B . 3 . 1.078
Arteries, . 3 . 3 . . n s 5 . 1.096
Veins, . 2 3 . 3 . . . ) . 1.05
Nerves, .~ . 3 5 5 . : . . . 1.046

1. Comnesion.—It follows from what has been said as to the freedom
of molecular movement in most organic tissues, as shown in their capa-
bility of imbibition, that their cohesion must be less than that of most
inorganic solids. It is highest'in the bones, lowest in glands and ,brain,
though it is comparatively high in nerves. Cohesion is there due to the
fibrous envelope (neurilemma) and not to the nerve-fibre; and as these
sheaths relatively increase as the nerve-trunks subdivide, the cohesion of
the fine nervous twigs of the skin is relatively higher than that of the
nerve-trunks.

The greater the amount of water contained in a tissue the less its
cohesion, for the wider apart will be the molecules, and the molecular
attraction decreases as the square of the distance which separates them. -
Consequently desiceation increases cohesion. The order of cohesiveness
is inversely as the quantity of water; thus, the following list is arranged
with tissues of greatest cohesion and least water first, and as water
increases cohesion decreases:—

1. Bones. 4. Muscles. 7. Intestines.

2. Tendons. 5. Veins. 8. Glands.
3. Nerves. 6. Arteries. 9. Brain.
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In youth the tissues have less cohesion than in adult life, from the
greater preponderance in the former period of water; while the cohesion
again declines in old age, especially in bone and muscle, even though
the proportion of water present also diminishes, from changes in the
quantity of inorganic elements. 2

The cohesion of any tissue is not uniform in all directions, but, as is
well known, certain tissues may be ruptured in one direction more
readily than in another; thus, a costal cartilage is more readily broken
transversely than longitudinally. This is even more marked in fibrous
tissues, such as a’tendon, where it is much easier to separate the longi-
tudinal fibres than it is to rupture them by traction. This may be
explained by the fact that the cohesion of any tissue is the resultant of
the forces which holds the ultimate molecule of the tissues together, as in
s single, fibre of connective tissue, and of the adhesive force, which
through the mediation, ordinarily of cement substance, holds several
collections of similar molecules together.

The forces which may act on a tissue to destroy its cohesion may
operate in four different ways: by traction, by pressure, by flexion, and
by torsion. All the different tissues behave differently to each of these
modes of action.

The resistance to {raction is measured by the force required to tear
apart the molecules of any tissue; hence, the force required to produce
tearing in any tissue must increase with the cross-section of the tissue
subjected to strain, and when the cohesion of two different tissues is
compared in this respect the comparison must always be reduced to a
unit of cross-section. Thus, in the following table the numbers represent
the Dbreaking weight in kilogrammes for every square millimeter of
surface (Wertheim):—

Bones, . . . g . . s . X . 176
Tendons, . . . s . 3 3 g 3 g 6.9/_1
Muscles, . . . . s : . " A . 0.054
Nerves, . . . o . . s . ¥ 5 0.93:
Arteries, . . . 5 . . . G 4 S0:16
Veins, s . n 3 . 3 3 . . . 012

This resistance to traction is of great importance in the mechanics
of the organism. The cohesion of the bones, tendons, ligaments, and
muscles permits of the accomplishment of mechanical work, while the
resistance.to distension of the different membranes of the body, such as
the aponeuroses, fibrous membranes, etc., is of great value in numerous
physiological operations.

The resistance to pressure is especially seen in the bony skeleton,
articular cartilage, and intervertebral disks. In the bones this is especially
very marked. Thus, it has been found that from 1110 to 2300 kilo were
required to crush a cube of bone from the compact substance of the
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bones of the extremity 5 millimeters thick, while only 100 kilo were
required to crush a cube of the same size from the spongy substance.
The cohesion of the compact substance measured in this way decreases
to about the same degree when either the organic matter or the lime salts
are removed; it also decreases greatly when the water is removed,
showing a deviation from the general statement above made. This resist--
ance to pressure plays an important r0le in the support of the body in
standing, walking, and jumping, and in the protection from injury of such
important organs as the brain, spinal cord, lungs, and heart.

The resistance to pressure in the osseous system decreases with age.
Thus, Fick has found that a prism of bone 1 square millimeter in size
from a man 30 years of age was crushed by a weight of 15.03 kilo, while
a similar piece from a man aged 74 years would not sustain a welght of
4.33 kilo. The bones of different animals also show great differences in
their resistance to pressure.

The resistance to flexion and torsion possessed by the dlﬁ'erent tissues
of the body also comes into play in certain physiological operations.
Thus, in inspiration the ribs and costal cartilages undergo a slight
amount of twisting and bending through the action,of the inspiratory
muscles, and regain their position during expiration. So, when a weight
is lifted and held horizontal by the hand the resistance to flexion pre-
vents bending of the bones of the arm.

The cohesion of the tissues is always greatest in the direction in
which the forces which act on those tissues is usually exerted. Thus,
when tissues are ordinarily subjected to the force of traction, their co-
hesive force is most developed in a longitudinal direction, and such tis-
sues, like tendons and ligaments, are fibrous in structure. When the
pressure or force to which tissues may normally be subjected does not
liec in any one but in many different directions, as in the resistance
which serous membranes and aponeuroses offer to distension, such mem-
branes are also fibrous in structure; but the fibres, instead of being
parallel to each other as in tendons, in which traction is the only force
to which they are subjected, are interiacing and cross each other in
every direction. Finally, when pressure is the force which must be
resisted, we find the tissues taking the form in which such resistance
may be best offered ; the compact bony tissues are therefore arranged in
arches, as in the head of the femur, or in the form of hollow tubes,
as in the shafts of the long bones,—two forms which, with the greatest
economy of material, offer the greatest resistance to pressure. In the
case of the femur its upper end is not only subjected to pressure from
the weight of the body, but also to flexion; for the head of the femur
is not in a line with the long axis of the bone, but lies to one side and
is connected with the shaft of the bone by an oblique neck. The
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arrangement of the compact substance of the bone is especially fitted to
overcome these direct or indirect pressures (Fig. 43).

2. Ewrasricity.—The elasticity of the tissues varies in the same way
as their cohesion. The moist tissues have, as a rule, a very slight elas-
ticity ; that is, they offer slight resistance to external forces which tend
to change their form, and in most of the tissues which are rich in water,
as the brain and glands, the elasticity is incomplete ; that is, the original
form is not regained after the distorting force ceases to act. On the
other hand, in the elastic tissues and muscles the force must be excessive
to produce permanent distortion.

The cohesion of a body is its resistance to tearing forces; elasticity is
developed as resistance to alteration in form, and refers to the property by
which the original form is regained. The elasticity of a body is therefore
great when a great force is required
to produce change in form, and
vice versd; while the completeness
of the elasticity is expressed by the
perfection with which the original
form is regained after the distorting
force ceases to act. Thus, the elas-
ticity of lead is great but incom-
plete; of rubber, is small but
perfect.

Elasticity cannot be measured
by stretching force alone, but com-
pressing, twisting, and bending
forces must also be considered.

F16. 43.—DIAGRAM OF THE STRUCTURE

The resistance to each of these ?%,TII;)NECK OF THE HUMAN FEMUR.
ard.
forces is the same. The less exten- The fibres, A, by their rigidity, and the fibres, B, by

} . A their tenacity, tend to the support of the weight, as
sible a bOdy 18, the less eompreSSIble illustrated in the bracket, while the latter ﬁbresginter'

lace with the arciform fibres, F.
is it also, and the more rapidly it
vibrates when bent from its position of equilibrium.,

Organic tissues which are poor in water, as wood and bone, and
which possess high elasticity, behave to stretching weights like inorganic
bodies, i.e., the increase in length is proportionate to the weight. In
the soft tissues, of less but more complete elasticity, the increase in
length produced by heavy weights is proportionately less than that due
to smaller weights. The cause of this lies in the greater extensibility of
such tissues, through which they are more stretched by small weights
than is possible in rigid bodies, because in the latter a much smaller ex-
tension would exceed the limit of cohesion; though the use of weights
of very great difference shows that the extensibility of rigid bodies is
probably also governed by the same laws.

5
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The laws for elastic changes in form of all bodies, including the soft
organic tissues, is expressed in the diagram given below (Fig. 44).

The spaces on the line A B represent the extending weights. The
spaces on the line B C represent the increase in length. Thus, if the
extension of any given tissue by any given weight equal the ordinate,
A D, the increase in extending weight by regularly increasing amounts
will not produce a proportional increase in length. Each increase will
be less than that produced by the previous lesser extending weight, and
the line which connects the limits of extension will be a curve which
gradually tends to form a horizontal line,—in other words, a hyperbola.
In a corresponding figure, representing the extension of an inorganic body,
the line D C, instead of being a curve, would be a straight line, and the
spaces on the line B C from B to C would be equal, showing that the
extension increases regularly with uniform inerease in extending weight,

A g Wwith the exception above
alluded to, when very
great difference in ex-
tending weights is made
use of. This difference
between organic and in-
organic bodies is, without
_ doubt, attributable to the
1 greater extensibility of
' the former.

The organic tissues
have still another char-
acteristic which distin-
guishes them from the inorganic bodies, viz., when a tissue has been
extended by a weight, if the weight is allowed to remain the extension
gradually increases, and may not be complete for days or months; this
is called elastic after-working. It is present in all elastic bodies, though
in rigid bodies it is much less marked, and its limit is sooner reached.

The weight which will stretch a prism one square millimeter in area
and one meter long one meter, provided the limit of cohesion is not
thereby passed, is called the co-efficient of elasticity.

The following figures, according to Wundt, give the co-eflicients of
elasticity of some of the more important organic tissues :—

FiG. #.

Bones, . - . A H 3 3 % . 2264.

Tendons, 5 y . g T 3 . . 1.6693
Nerves, . ! . . . o s A 5 . 1.0905
Muscles, . . 4 5 3 3 N 4 3 . 0.2734
Arteries, X . 4 s . : 4 { . 0.0726

The smallness of these co-eflicientsis recognized when it is remembered
that for cast-steel it is 19881.
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'}

Elasticity is a property of the tissues of the animal body which is
of great importance in many physiological operations. It is a force
which acts either against constant forces, such as gravity, or temporary
forces, such as muscular action. Thus, the intervertebral disks, through
their elasticity, serve to deaden the shock given to the spinal column in
jumping; the elastic ligaments of the spinal column serve to preserve it
in its normal position without there being a constant strain on the muscles,
and in animals in whom the bagkbone is horizontal it serves to counteract
the weight of the abdominal viscera. In the herbivorous animals the
yellow elastic tissue of the lignmentum nuchze serves to assist the muscles
in supporting the head.

In expiration the elasticity of the costal cartilages and ribs, together
with that of the lungs,—forces which have to be overcome in inspiration,
—tend to restore the thorax to its natural form, and thus drive the air out
of the lungs. ; _

The elastic tissue of the arteries tends to aid the intermittent pro-
pelling force of the heart in producing a constant forward motion of the
blood. When the heart contracts it drives a definite quantity of blood
into the arterial system, already filled with blood, and thus still further
distends the arteries. During the pauses between the contractions of the -
ventricles the elastic tissue recoils, from the removal of the distending
force, on the contents of the blood-vessels, and, backward motion being
prevented by the closure of the semi-lunar valves, drives the current of
blood forward in the vessels. This point will again be alluded to in more
detail under the subject of the Circulation.

In addition to these properties most of the tissues of the animal
body are also flexible and extensible, the degree varying greatly accord- -
ing to the structure of the parts. Flexibility and extensibility must not
be confounded. Flexibility means capability of being bent or twisted;
extensibility means capability of being increased in length. Thus, the
tendons are flexible, but not extensible ; were they capable of being in-
creased in length it would be at the expense of the force developed by
. muscles. Tendons are, however, very flexible; they adjust themselves
to the position the part may occupy, so that sometimes they transmit
muscular force at right angles to the line in which the muscle acts. Liga-
ments, again, are flexible, and also somewhat more extensible than tendons.
In joints they permit of the free play of one bony surface on the other,
and yet by their inextensibility serve to keep the articular surfaces in
apposition. In dislocations the articular ligaments are rent, and the bony
articular surfaces are no longer in contact: in sprains the limit of elas-
ticity of the ligaments has been passed; that is, they have been stretched
beyond the point at which their elasticity enables them to regain their
original form, and partial ruptures take place.
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All the connective tissues are originally flexible and extensible;
these properties become greatly modified in the subsequent development
of the tissues of this group. Thus, in cartilage and bone, extensibility
has very largely disappeared,especially in the latter, but they are of high
elasticity. In dense fibrous tissue, such as aponeuroses, flexibility re-
mains, but extensibility has become greatly reduced ; hence the intense
. pain produced in inflammation below such tissues; for being inextensible
swelling is restrained, and the pressure produced by the products of in-
flammation on the nerve-endings is greatly increased.

3. OpricaL CoaracTeristics or Tissues (Wundt).—(a) Refraction.—
All organic tissues possess a higher refractive index than water. By this
is meant that when a ray of light passes obliquely out of one medium
into another of different density, it is bent out of its path in a straight
line at the surface of separation of the two media, the ratio between the
angle of incidence and the angle of refraction being the index of refrac-
tion. Though comparative measurements of the different tissues have not
been made, we can recognize the difference by the sharpness of outline
in microscopic examination. Thus, cell-wall, nucleus, and nucleolus are
recognized by their difference in refractive powers. When two tissues
have the same refractive power they cannot be distinguished by the eye,
and if no refractive power is possessed they are homogeneous.

Fat, elastic tissue, and horn have the highest refractive power.
Watery solutions, as in the vacuoles of plant-cells and in secretions, have
least refractive power. Albuminous matters, gelatin-giving intercellular
substance, and mucin have about the same refractive index.

(b) Power of Absorbing Colors.—In very thin sections most vegetable
and animal tissues appear colorless. In thick sections, when examined
by transmitted light, the different colors are absorbed in different degrees.
Vegetable tissues absorb the most refractive rays; therefore, in sections
of increasing thickuness they appear at first yellow and then red. The
same rule applies to animal tissues, even when freed from blood, e.g.,
epithelium and cartilage. Many tissues owe their color to deposits in
them of special coloring matters. When this is intense many rays of
light are entirely extinguished, and in the spectra of such bodies portions
of the spectrum are either entirely absent or dark absorption-bands
appear in different parts of the spectrum.

The points of occurrence of these absorption-bands are definite and
. characteristic for each different substance. The spectra of certain bodies
of physiological importance, such as the blood, biliary coloring matters,
etc., will be referred to under their appropriate headings in the sections
on Special Physiology.

(¢) Double Refraction.—A large number of bodies of crystalline
structure have the property of splitting a single incident ray of light pass-
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ing through them into two rays; hence, when an object is seen through
such a crystal it appears double, the bifurcation of the ray of light being
spoken of as double refraction. :

Many of the animal tissues are doubly refractive, though this prop-
erty is weaker in fresh tissue than after drying. Double refraction is
only faintly developed in connective tissue, especially in its youngest
stages. Elastic tissue is more highly doubly refractive, as are also car-
tilage, bone, nerves, muscles, nails, and hair.

Double refraction permits the recognition of the molecular structure
of organized tissues. A body whose molecules in all directions are
arranged in the same manner produces only single refraction ; one whose
molecules are arranged in different directions in different proportions
produces double refraction, i.e., splits the ray of light into two rays,
which are polarized perpendicularly to one another, and whose vibrations
are therefore in two planes perpendicular to one another. Simple glass
is a single refractive medium, but if compressed or stretched in one
direction it becomes doubly refractive. The double refractive body can
either, as in the last example, refract the ray more or less in one direction
than in the direction perpendicular to it, or the light can be transmitted
in three perpendicular directions with different velocities. In the inor-
ganic world crystals furnish examples of all three cases.

Crystals of the regular system (tesseral) are isotropic (singly
refractive). In tetragonal and hexagonal forms, which possess an unequal
axis and two or three perpendicular equal axes, the refraction is either
greater (positive) or less (negative) in the direction of the unequal axis,
and such bodies are said to have a single optic axis. Other crystalline
forms have three axes, characterized by the transmission of light with
different velocities. They have two optic axes not coinciding with the
axes of crystallization. y

In organized bodies all of the above cases are also met with. Most
mature tissues are doubly refractive. The optic characteristics are not,
however, changed by pressure or stretching.

We must conclude from this that the doubly-refractive tissue-mole-
cule is suspended in a singly-refractive medium, and that this molecule
is unaffected in pressure or stretching just as it remains unaffected in
imbibition. Organic tissues are therefore analogous to crystals in their
molecular arrangement; and this view is strengthened by the fact that
many organic substances which are apparently anything but crystalline
in their structure, such as albumen, gluten, and chondrin, possess the
power of rotating the plane of polarized light.

The most important examples of double refractive power are seen in
the muscles and nerves. These will be considered under their special
headings.
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4. ErecrricAL PuENOMENA.—Electrical phenomena may occur in
animal and vegetable tissues under various conditions.

Frictional electricity occurs when dry epidermal tissues (hair, outer
cpidermis) and other bodies of rough surface are rubbed together, as on
the skin and clothing. It has no physiological significance.

Currents produced by chemical differences in tissues may be seen in
plants when a point of the exposed interior is connected with a point of
the external surface, the internal section being negative to the exterior.
Such currents probably only exist when contact by conductors is made
between these two surfaces.

In certain animal and vegetable tissues there appear to be elementary
parts, which are actively efficient in developing an electrical current.
Among such phenomena belong the electrical phenomena observed in
certain plants, as the Dionza muscipula; in certain animals, as the torpedo
and electric eel, and in the currents developed in muscles and nerves of
all animals. The latter will receive consideration under the subjects of
Nerve and Muscle.

III. MECHANICAL MOVEMENTS IN CELLS.

It has been seen that the processes by which cells absorb and give
up liquids and gases are reducible to purely physical laws. We have
further alluded to the fact that the characteristics of the nutritive proc-
esses in animal as distinguished from vegetable cells is the reduction of
complex organic compounds in the former to simple, inorganic substances ;
while in the vegetable cell, simple, inorganic, elemhentary compounds are
built up into complex organic matter. In vegetable cells force is, there-
fore, rendered latent ; in animal cells force is liberated.

In the animal cell this liberation of energy may take on the form of
animal movements from the contractility of protoplasm; or it may result
in the development of heat or of electricity. The consideration of the
processes which lead to this liberation of energy will be deferred until
after the chemical constituents of cells have been discussed, while heat-
formation and the development of electricity will be studied under their
appropriate headings in Special Physiology.

The movements seen in animal and vegetable organisms may be the
result of external causes, such as friction, heat, or chemical action, or
they may be apparently spontaneous.

Two classes of movement may be distinguished :—

1. Those which are produced by varying tension in the cell-mem-
brane, from varying degrees of imbibition of the cell-contents.

2. Those which are peculiarly protoplasmic in nature.

1. MorioN Propucep BY IMBIBITON IN CrLLS.—The first of these is
especially illustrated by many of the forms of motion which occur in the
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vegetable kingdom, such as the turning of leaves toward or away from
the light, the regular motion of certain algee, such as diatoms, desmidia,
oscillatoria, as well as the irritative motions of certain plants, such as the
sensitive plant (Mimosa pudica), or the Venus’ Fly-Trap (Dionza mus-
cipula); all of these motions depend upon a change in the physical state
of imbibition of certain cells. In the Mimosa pudica, the plant in which
motion is most marked, and apparently most closely analogous to that
occurring in the animal kingdom, motion of three different parts may be
recognized.

While at rest during the day-time the leaf-stems of the sensitive
plant form an acute angle with the main stem, the secondary leaf-stems
diverge, and the leaves are opened out so that they form a plane surface.
When evening comes the leaf-stem sinks downward, the leaves approach
each other, as when the fingers of ‘the open hand are adducted .to the
middle finger, and the leaflets themselves close up so that the sur-
faces which during the day-time are the uppermost now come in contact
with each other. If the entire plant is shaken the same changes occur
as have been just described to take place during the night; or if the
under part of any one of the leaf-stems is gently touched, the closing
motion is localized in that part of the plant. If, however, the upper
portion of the leaf istouched, no change is produced in the position of
the leaves or of the stem. The under part of the leaf-stem is seen to be
cylindrical in shape, and this represents the sensitive portion of the
plant.

Briicke, to whom we are indebted for the explanation of the
mechanism of this movement, has found that this cylindrical structure
which underlies the leaf-stem is composed of a bundle of vessels running
through the centre, and between it and the outer green bark there is a
layer of very succulent cells, which on the upper and non-sensitive side
of the stem are comparatively thick walled, while on the under side the
cells are provided with very delicate membranes. If a portion is cut
out of this cylindrical stem, the ends immediately become retracted so
that each extremity takes on a funnellike form. If such a cylindrical
piece is then divided in the direction of its long axis, each part becomes
bent in the form of a bow, so that the external epidermal side is longer
than that bounded by the vascular bundle. This change in tension of
the cells is due to a change in distribution of the celljunice. When the
membrane of the under portion of the leaf:stem is touched the cell-juice
flows from the lower to the npper cells and into the intercellular spaces;
the tension of the upper cells therefore becomes increased, while that of
the lower cells becomes reduced. The stem, therefore, sinks and the
leaves close. Movement occurring in the mimosa as a consequence of
mechanical irritation, therefore, depends upon differences in degree of
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turgescence of certain cells, and has nothing in common with animal
motion.

The Dionaa muscipula, or Venus’ Fly-Trap, furnishes another illus-
tration of movement of parts occurring in the vegetable kingdom. The
form of the bilobed leaf, which is the movable part of this plant, is
shown in Fig. 45. The two lobes stand at rather less than a right
angle to each other, and on each of the inner surfaces are three minute
filaments projecting inward. The margins of the leaf are prolonged
into spikes, into each of which a bundle of spiral vessels enters. When
any one of these filaments is touched, even by so slight a pressure as
would be produced by contact with a hair, the leaves instantly come into
apposition, and the spikes interlock like the teeth of a rat-trap. The
upper surface of the leaf is covered with minute glands, which furnish a
secretion having the power of digesting organic substances. When

insects come in contact with

these filaments, the leaves close

so as to imprison them, and

the insects are digested by the

acid secretion stimulated by
- their contact, and absorbed.

In this plant the chief seat
of the movement is in the thick
mass of cells which overlies the
central bundles of vessels in

, the mid-rib. When any one
FIG. 45—VENUS' FLY-TRAP (Dionea muscipula). Of these filaments on the in-
LrAr YT pED ATERALIY INTTS EXYANDED yorna) surface of the leaves is
touched the impulse travels in
all directions through the cellular tissue, independently of the course of
the vessels, to the cells at the mid-rib. Fluid thus flowing from the
upper cells to the lower, the lower cells greatly increase in tension, while
the upper ones become relaxed and the leaves come into apposition.
Opening of the leaves is accomplished by a reverse process. In this
plant there is therefore to be secen mnot only a mechanical irritation,
which produces mechanical motion by purely mechanical means, but also
a chemical irritation through contact of various substances with the
leaf, which results in the production of a digestive secretion.

2. Prororrasmic MovEMENTS.—Protoplasmic movements, which may
be seen in both the animal and vegetable kingdoms, may be of various
kinds. We may meet with movements of free protoplasm, or of proto-

: plasm while contained within cell-walls.

The peculiarity of protoplasmic motion lies in the fact that the

particles of the contractile mass do not move around any fixed point,
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but that all the particles, as in a liquid, are capable of mutual rearrange-
ment of position. Further, the stimulus to motion is not invariably
applied from without, but may be self-originating in the interior of the
mass. Protoplasm is thus contractile, irritable, and automatic.

Protoplasm, wherever found, is a transparent, colorless, apparently
homogeneous mass, refracting light somewhat more strongly than water,
but less than oil. Where protoplasm may be separated into layers, as in
the ectosarc and endosarc of some of the lower animalcules, protoplasm
may be doubly refractive, and when the direction of motion of the
protoplasm is constant the optic axis coincides with the line of motion.
Protoplasm, as previously indicated, possesses considerable power of
imbibition, moderate cohesion, and great extensibility, the degree of each
of these physical attributes varying in different forms of protoplasm,
and at different” times and under different conditions for the same
protoplasm.

Protoplasm also usually contains a variable number of granules of
foreign matter, which are passive in the motions of protoplasm, but
which themselves may manifest oscillatory movement (Brownian motion).
The reaction of protoplasm is usually faintly alkaline or neutral.

Protoplasm may produce movement by means of prolongations of
cells, or by the contraction of organized matter resulting from the
metamorphosis of cell-contents. We have therefore to consider—

First.—Protoplasmic and cellular motion, whether limited by a cell-
membrane, or occurring in free protoplasm.

Second.—Motion of the protoplasmic prolongations of cells, as seen
in ciliary movement ; and '

Third.—The contraction of substances resulting from the metamor-
phosis of cell-contents, as seen in muscular tissue.

1. Movements in Protoplasmic Contents of Cells.—In addition to
the Brownian movement, or oscillatory movement of granules which is
seen whenever minute particles, whether organic or inorganic, are sus-
pended in a fluid, and which are simply due to varying currents produced
by differences of temperature, the motion in the protoplasmic contents
of cells may be either circulatory (cyclosis) or may result in changes of
form. Circulatory movements are seen in numerous vegetable cells,
particularly when the protoplasmic contents have decreased somewhat
in amount.so as not to fill the entire interior of the cell; the protoplasm
is then heaped up against the walls of the cells, and sends prolongations
across the interior. These cell-contents may then manifest movements,
either of changes of form or of circulation of starch granules, ete.,
which are imbedded in the protoplasm.

If a cell of the Tradescantia virginica is examined under the micro-
scope, the protoplasmic cell-contents will be found to be arranged in the
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form of an irregular net-work, as represented in Fig. 46. These proto-
plasmic threads are the seat of changes, both of form and position. The
single filaments may become thicker or thinner, or a new filament may
spring out from and enter and unite with adjoining filaments, or may
undergo division into several others, the process being analogous to that
already described as characterizing the amwba. In addition to this
motion in the cell-contents, rotatory movements may also be seen to take
place in the protoplasm which is in
contact with the walls of the cell,
rotation occurring in a constant
direction and with almost uniform
rapidity around the cell-nucleus, the
imbedded echlorophyll and starch-
granules rotating in a mass without
any decisive change in their relative
positions.  Such rotatory move-
ments are seen in the leaf-cells of
the Vallisneria, and various other
plants.  Similar motions are also
seen in the paramcecium and other
infusoria.

In young animal cells the same
character of movement is often
present ; often when a membrane is
absent or is very flexible the pro-
toplasmic movements cause a change
in the entire shape of the cell, and
the motion so produced cannot be
distinguished from those of free
protoplasm.

Occasionally protoplasm  be-

F16. 46.-—TRADESI({}A.NTIA CELLS, AFTER COMeES free by escaping from the

UHNE, 1 1071 =
A represents the fresh cell suspended in water; B the Interior Of cells, Slth L= the 58 Called

e o e e ons
stimulation. not only an internal granular move-

ment but also a change of external
shape may be made out. Similar phenomena are also seen in those
organisms which consist of masses of free protoplasm, such as the
monera, rhizopods, polyps, and infusoria. Such protoplasm possesses
in an eminent degree the property of contractility,—a term originally
applied to striped and unstriped muscles. The changes in form of
masses of free protoplasm is identical in nature with that observed in

muscular contraction.
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The contractility of protoplasm may be manifested by either
partial or total contractions, the latter tending to cause the protoplasm
to assume a spherical shape. Partial contractions are much more
common, and consist in contractions along certain circumferences of the
mass of protoplasm, and thus lead to the production of irregularity in
outline. Movements so produced are described as ameeboid movements
from the fact that they are best seen in the amoeba. -

Amceboid movements have already been described, and are e\emph-
fied in many of the cells of which the bodies of the higher animals are
made up. Thus, the colorless blood-corpuscles, lymph-cells, and corneal
corpuscles possess throughout their entire lifc the power of changing
their form in a manner entirely similar to that possessed by the amceba
(Fig. 47).

FIG. 47.—AM®BOID MOVEMENT IN A COLORLESS BLOOD-CORPUSCLE OF THE
FroG. (Engelmann.)

The temperature was gradually raised from a tom, and then gradually reduced.

The most striking illustration of this form of protoplasmic move-
ment, seen in adult animals, is exemplified in the motions of pigment-
cells in the skin of the chameleon. As is well known, the chameleon is
capable of changing the hue of its skin, and this is simply due to the
varying degrees of contraction of the pigment-cells, which are situated
below the epidermis. When these cells send out branching prolonga-
tions to the exterior, the skin surface of the chameleon, from the larger
amount of pigment exposed, will take on a dark hue. In the different
stages of contraction of these pigment-cells the tint of the skin will
vary according as the pigment-cells are seen through a thicker or thinner
layer of yellowish or almost colorless epidermal cells.
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The two extremes of position of these pigment-cells are represented
in Figs. 48 and 49.

F1G. 48, FiG. 49.

PIGMENT LAYER OF THE SKIN OF THE CHAMELEON IN DIFFERENT DEGREES
OF CONTRACTION. (Briicke.)

The frog also, as is well
known, is another illustration
of a change of tint produced
by precisely similar processes.

From the fact that the
movements of these pigment-
cells appear to be under the
control of the nervous system,
they offer an illustration of a
transition stage between the
independent, automatic move-
ment of free protoplasm, as in
the body of the amceba, and
the specialization of the func-
tion of movement in the nerv-
ous ganglia, nerves, and muscle-
cells of higher animals.

In certain of thelow forms
of life protoplasmic motion
may take on the form of minute
contractile threads thrown out
from the body of various rhiz-
opods and monera, which dif-
ers from the amaboid move-
ments just described. In this
case long and thin protoplasmic
threads in great number extend in every direction from the central mass;
these threads, on whose surfaces fine granules are often seen in active

FI1G. 50.
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motion, are not themselves, usually, the seat of any active change in form,
although they slowly and gradually become longer or shorter, or perhaps
even divided. They are also capable of being entirely withdrawn into
the contractile body-mass. Such a form of motion, or rather the forms
resuiting from such motion, are represented in Fig. 50.

2. Ciliary Movement.—By ciliary movement is meant the pendulum-
like motion possessed by protoplasmic prolongations of fine hair-like
threads of numerous animal and vegetable cells.

In many of the infusoria the entire external body surface, or a certain
limited portion of it, is supplied with minute hair-like appendages, which,
by their oscillation, serve as organs of propulsion. In vegetable spores
cilia are distributed in a similar manner, and likewise serve as propulsive
organs.

F1G6. 51.—CILTIATED EPITHELIAL CELLS FROM THE NASAL Mucous MEM-
BRANE OF THE Cow, MAGNIFIED 500 DIAMETERS. (C. F. Miiller.)

In the animal kingdom ciliary movement is seen under numerous
forms on ciliated epithelial cells lining the nasal passages, antrum, tear-
duct and sacs, pharynx and Eustachian tube, middle ear, trachea,
bronchi, uterus and Fallopian tube, vas defferens, epididymus, central
canal of the spinal cord and brain-ventricles, while cilia also serve as the
organ of movement in spermatozoa.

The form of the cilium is, as a rule, that of a narrow, hair-like
thread. In all of the ciliated epithelial cells of the higher animals, as
well as in most spermatozoa, and in many of the lower animals and
plants, the length of such cilia may vary from 0.05 mm. to 0.005 mm.
(Fig. 51). They are structureless in appearance and colorless, and
possess a considerable amount of flexibility and elasticity. Under the
influence of various agents they may either swell up by imbibition or



78 PHYSIOLOGY OF THE DOMESTIC ANIMALS.

shrivel when desiccated, and their appearances then undergo the same
changes as will be described under the alterations of protoplasm. The
solutions which coagulate albuminoid bodies also coagulate the ciliate
prolongations of cells. Caustic alkalies and most of the concentrated
acids dissolve them. In fact, cilia behave to all reagents in a very
similar manmner to protoplasm. All cilia are invariably connected with
a protoplasmic base, and are never on firm membranes. Therefore,
when cilia are found in the higher animals on epithelial membranes the
free surface of the cell possesses no membrane, but the protoplasmic cell-
contents, in a manner similar to that which is found in the epithelial cells
of the villi of the small intestine, is somewhat condensed, apparently
non-contractile, homogeneous, or striated, and not capable of imbibition.
Such a surface might therefore be described as a protoplasmic cuticle.

Cilia pass through this condensed layer of protoplasm to be directly
in contact with the protoplasmic contents of the cell below. On each cell
of a ciliated epithelial membrane, from ten to twenty such cilia will be
distributed over the external surface. In lower forms of animals, as in
the spermatozoa of all vertebrates, ciliated cells may possess but a single
cilium, as seen in many of the unicellular algse and flagellata.

Ciliated epithelial cells are always cylindrical in shape and are
nucleated. When a portion of ciliated membrane such as that obtained
from the mouth or nasal pharynx of the frog, or from the nasal chamber
of almost any animal, is placed under the microscope, the thread-like
prolongations of these cells will be found to be in constant motion, by
which the cells of one locality make a rapid bending motion in one
direction, and then more slowly bend themselves back to their original
position. The amplitude of these oscillations varies greatly with the
character of the cell and certain external conditions, but on all cylin-
drical epithelial cells taken from the same locality is about equal, and,
although the bending may be as much as 90°, it usually varies from
about 20° to 50°. The rapidity of oscillation of each cilium may be
about six or eight in the second, although under certain circumstances
it may be considerably higher, since it is influenced by a number of
external conditions, such as temperature, amount of water contained by
imbibition, ete.

The mechanical force exerted by this pendulum-like motion of the
cilia is very considerable. In cells which, like the spermatozoa, are
supplied with a single cilium (Fig. 52), the screw-like motion of this
appendage is sufficient to produce rapid motion of the entire organism.
In the case of ciliary membranes, the vibration, having a greater intensity
in one direction than in another, is sufficient to produce forward motion
of light bodies brought in contact with them. Thus, if the mucous mem-
brane is dissected from the pharynx of the frog and fastened by pins on
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a board, any light bodies placed in contact with the ciliated surface of
the membrane will be moved comparatively rapidly forward in the
direction of oscillation of the cilia; or if the body of the frog is bisected,
and a glass tube passed in the mouth and out the cesophagus, which is
cut off at the point where it enters the stomach, the motion of the ciliated
epithelium lining the pharynx and esophagus will be suflicient to cause

FIG. 52—SPERMATOZOA OF DIFFERENT ANIMALS. (Zhanhoffer.)

P, b, a, spermatozoa of Paludina vivipara; Hn, of Helix nemoralis; B, of Blaps mortisaga; Bi, of
bull; V of mole; K, of dog; D, of bat; Em, of man; E, of mouse; C, of canary -bird; L, of horse; Pa, b,
of rat., mth spermamblasts J, of sheep 8 Br of frog ; R, of Raja bnns Pa, a, spermato\)lasts

the body of the frog to advance at a comparatively rapid rate,—as
much possibly as one millimeter in the second, or even more. It has been
estimated that, in oblique or vertical upward movements, each square
centimeter of ciliated membrane can perform in one hour 6.8 gramme
millimeters of work, or the cells can lift their own weight more than four
meters high (Bowditch). This motion of bodies placed in contact with
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*

‘ciliated surfaces is evidently dependent upon the fact that the intensity
of, motion is greater in one direction than in the other; otherw1se of
course, the effect would be negative.

"_Since ciliated epithelium, as has been alread_y shown, lines most of
the tubular structures of the animal body, the effect of the vibratory
motion of the cilia will be to propel onward fluids and light particles in
contact with the surfaces of the membrane. Thus, the cilia of the
Fallopian tube, by their vibrations, serve greatly to assist the onward
passage of the ovum through the oviduct.

Ciliary motion persists only as long as the cilia are in contact with
the protoplasmic contents of cells, although Briicke has found that it is
not necessary that the entire cell be in contact with the cilia; for if the
free surface of .a ciliated membrane is carefully shaved with a sharp
knife and the portions cut off examined under a microscope, it will be
found that many of the ciliated cells have been divided, and yet, provided
a certain portion of the cell-contents is still in contact with the cilia, the
latter will still manifest their normal movements. Ciliary movement
may persist after the death of the individual where that ciliary motion
is not concerned in producing movement of the entire organism; thus,
in the ciliated infusoria anything which destroys the life of the animal-
cules will arrest ciliary movement; but, in the higher animals, in the
cold-blooded groups, motion of ciliated epithelium may persist for days
after the death of the animal; while, even in the warm-blooded animals,
a number of hours after the death of the organism, the cilia will still be
in vibration. This indicates that, in the first place, ciliary movement is
not under the control of the nervous system; and, secondly, that it is
independent of the state of the entire organism,—at any rate, in the
higher forms of life,—since it may persist long after the irritability of
nerves and muscles has disappeared. Temperature produces the same
effects, nearly, on ciliary movement as it exerts on other protoplasmic
movements ; thus above 45° C. ciliated motion ceases, while at 0° C. it
also is arrested, to, however, return again when the temperature is raised.

Increase of temperature between these two limits produces increase
in the rapidity of oscillation of cilia, while decrease of the temperature
produces retardation.

Every alteration in degree of watery imbibition of epithelial cells
exerts an influence on the ciliary movement ; especially on the degree of
frequency and amplitude of vibration. Increasing the amount of water
in the epithelial cells above the normal amount may, at first, increase the
vigor of oscillation, but when a certain maximum is passed motion is
gradually arrested, as in heat-tetanus ; the cilia coming to rest while bent
forward, both cells and cilia being swollen and more transparent, and the
nucleus appearing as a distended, watery vesicle. When such a con-
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dition is reached the normal condition of the cells may be again restored
through the use of desiccating agents, such as salts, which have an
affinity for water, provided the watery distension has not lasted too long,
nor has passed a certain degree. Abstraction of water again, on the
other hand, reduces the rapidity, amplitude, and mechanical force of
movement, while the cells and cilia become shriveled and motion is
arrested. Like all other evidences of protoplasmie activity, a certain
supply of oxygen is necessary for the maintenance of ciliary motion,
and here again the same conditions may be determined as will be
described under the conditions necessary for protoplasmic movement.
So also various chemical influences, alkalies, acids, ansesthetics, and
poisons produce disturbances of motion dependent upon their influence
on the protoplasmic contents of the cells. The influences of electricity
on ciliary movement have not been, as yet, very clearly made out,
although they also appear to be in accord with the results obtained from
the action of electricity on protoplasm.

These facts serve to show that ciliary movement is a form of pro-
toplasmic movement ; for, not only is such motion dependent on the con-
nection of the cilia with the cell-contents, but all cilia on a single cell
vibrate synchronously, and their motion is dependent upon the condition
of the protoplasmic contents of the cells. Anything which interferes with
the manifestations of force in protoplasm will interfere with ciliary motion.
Ciliary motion, nevertheless, differs from other forms of protoplasmic
movement in that it occurs in definite directions, and, with the exception
of the spermatozoa and other ciliated organisms, on fixed surfaces.

Cilia are contractile but not automatic or irritable, while the con-
tents of ciliated cells have apparently lost their power of independent
contractility. Cilia may, therefore, be regarded as the organs of move-
ment of certain cells. They, consequently, represent a certain stage of
specialization of funetion.

3. Movement in Specialized Contractile Tissue.—In the contraction
of muscular tissue, specialization of function has advanced a step farther.
Free protoplasm originates its own stimulus to contraction, is therefore
automatic, and is itself contractile. In ciliated cells the contractile
impulse originates in the protoplasmic contents of the cells, which, how-
ever, have lost their power of contractility, and transfers the stimulus
to contractile organs, the cilia, which are not themselves automatic.

In muscular tissue movement depends upon three histologically
different tissues: the nervous ganglion, which is automatic and originates
the contractile impulse; the nerves, which conduct this impulse to the
muscles, which, like cilia, are contractile but not automatic.

The phenomena of muscular eontraction will be considered under
Special Physiology.
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GENERAL CONDITIONS GOVERNING PROTOPLASMIC MOVEMENT.

The motions of protoplasm are governed by a large number of con-
ditions which are similar for protoplasm, whether of animal or vegetable
origin. This fact therefore points to the identity of protoplasm of ani-
mal and vegetable forms of life.

1. Temperature.—~For every variety of protoplasm there is an
upper and lower temperature beyond which spontaneous motion ceases.
The minimum temperature at which motion is possible is usually 0° C.;
the maximum is 40° C. Between these limits the rapidity of motion
usually increases with the increase of temperature, and the temperature
at which the motions are most active usually lies several degrees below
the maximum temperature, at which point heat-tetanus, or lheat-rigor,—
in other words, universal contraction of protoplasm,—occurs, resulting
in the assumption of spherical forms analogous to the condition pro-
duced by prolonged mechanical, chemical, or electrical irritation. If the
temperature is then reduced, the protoplasm may regain its power of
spontaneous contractility. At the maximum temperature no optical
changes occur in the protoplasm, but if the temperature is raised above
this point the protoplasm becomes shriveled and opaque from the coagu-
lation of the albuminoids of protoplasm. Vacuoles often form, and the
power of contractility is permanently lost. As the temperature is
reduced toward the minimum the movements become slower, and con-
tractility is finally extinguished. No optical changes are, however, so
produced, and an increase of temperature will now renew the power of
contractility. Contractility is therefore destroyed by an excess of heat,—
is suspended by a low temperature.

The changes in shape, as a consequence of change in temperature, are
represented in Fig. 53. From a to ¢ the temperature was 12° C. The
protoplasm—the white blood-corpuscles of the frog—during that time
changed its form but little. The preparation was then placed on the
warmn stage of the microscope and heated to 50° C. Almost imme-
diately the movements became more active, passing through the forms as
shown from d to I. At m commencing and at n complete heat-rigor is
shown, while at o and p are shown the commencing movements restored
by subsequent cooling.

2. The Degree of Imbibition.—The amount of water held in com-
position by the protoplasm is also of influence on the capability for
spontaneous motion. For every form of protoplasm there is a maximum
and minimum quantity of water of imbibition beyond which movement
ceases. Contraction is impossible when, as a rule, less than 60 per
cent. or more than 90 per cent. of water is held by protoplasm.
Within these limits the rapidity of contraction increases with the amount
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of water, and consequently with the increase of volume and decrease in
the index of refraction of the protoplasm. As the maximum amount of
water becomes approached the spherical form is assumed ; so that, there-
fore, distilled water, as pointed out in the section on imbibition, kills
protoplasm, possibly by the extraction of the salts which are necessary
for the life of protoplasm. Thus, salt-water fish are killed by placing in
fresh water; the fresh water is then found to increase in its inorganic
constituents, which thus evidently must be extracted from the tissues
of the animals with which it is in contact. So also desiceation produces
shriveling of the protoplasm and an entire disappearance of all power of
movement, although in the lower forms of life vitality is not destroyed,

F1G. 53.—AM®EBOID MOVEMENT IN A COLORLESS .BLOOD-CORPUSCLE OF THE
FroG. (Engelmann.)

The temperatare was gradually raised from a to m, and then gradually reduced.

but becomes latent; and when the proper percentage of moisture is again
supplied the protoplasm will regain its power of contracting.

This is seen in the infusoria and various low forms of animal and
vegetable life, which may be preserved indefinitely when desiccated, and
may be restored to active life by placing them in a condition to absorb
moisture.

8. The Supply of Oxygen.—Protoplasmic movements require the
constant supply of oxygen, although they may continue to live in a
medium of much lower oxygen-tension than is seen in the atmosphere.
Higher tensions of oxygen than are found in the atmosphere will reduce
the motions of protoplasm, which are, however, again renewed when the
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pressure of oxygen is diminished. All protoplasmic motion is rapidly
arrested in a vacuum.

" 4. Various Chemical and Physical Agents.—Various chemical agents
are capable of modifying the contractility of protoplasm. Thus, a slight
excess of acid or of alkali will arrest protoplasmic movement; hence,
protoplasmic motions in the cells of various vegetable organisms, such
as cara, will be arrested, after two or three minutes, in a one-tenth of one
per cent. soda solution. Dilute acids cause coagulation of protoplasm,
and will perhaps explain the poisonous action of carbon dioxide and the
necessity of its removal from cells as rapidly as formed. Various poisons,
such as ether and chloroform, interfere with the activity of protoplasm
of all forms, and the similarity of action serves to still further demon-
strate the identity of protoplasm. Thus, the alkaloid veratrine produces
effects on all forms of protoplasm similar to those so well marked in
muscular tissue. :

Protoplasm, also, like muscular and other irritable tissue, responds
to various forms of artificial stimuli, though the degree of susceptibility
to such stimuli may vary in different forms of protoplasm. Electrical
currents, when powerful, are capable of killing protoplasm, causing it to
assume a spherical shape, and to become opaque, shriveled, and granular.
Feeble currents slow the spontaneous motions of protoplasm, while
strong currents arrest them. Where the contractile tissue is inclosed
in tubular sheaths and the assumption of the spherical form so rendered
impossible, as in muscular tissue, an attempt is made to approach the
form as nearly as possible. Such protoplasmic cylinders when stimulated
become shorter and thicker.

Sudden changes of temperature are also capable of producing either
increase or decrease in the contractility of protoplasm, the change being
more marked the more rapidly the variation in temperature occurs.

Absence of light also serves finally to arrest protoplasmic motion,
while its presence will lead to increased vigor of contraction, as already
referred to in the changes in the contractile pigmented cells of the skin
of the chameleon and frog.



SECTION III.
CELLULAR CHEMISTRY.

I. CHEMICAL CONSTITUENTS OF CELLS.

I~ the consideration of the structure of organized bodies we found
that, no matter how complicated their form, all organized matter was
capable of being resolved into a unit of organization, which we termed,
with Briicke, an elementary organism or cell.

Cells, therefore, are the simplest schematic form to which all the
various forms of organized bodies are capable of being reduced. Chemi-
cal investigation of organized bodies further shows that they are equally
simple as regards their elementary composition. Of the sixty-five chemi-
cal elements only seven enter with any degree of constancy into the forma-
tion of organic compounds ; these are oxygen, nitrogen, hydrogen, carbon,
sulphur, phosphorus, and iron. By far the greatest number of all organic
compounds are composed only of the three elements, carbon, hydrogen,
and oxygen, varying in the different relative proportions of each. In
one group, represented by the organic acids (succinic acid, C,H,0,), even
if we assume that all the hydrogen present is associated with oxygen in
the proportion to form water, there always remains a considerable excess
of oxygen unaccounted for. In the second group, represented by the
carbo-hydrates (glycogen, C¢Hy,04), we have twice as much hydrogen as
oxygen, or, in other words, the oxygen and hydrogen exist only in the
proportion to form water. In the third group, composed of these ele-
ments, carbon, hydrogen, and oxygen, and represented by the fatty acids
(oleic acid, C,H,,0,), if we suppose that all the oxygen is united with
the hydrogen in the proportion to form water, we have still a consider-
able excess of hydrogen unaccounted for. Such bodies are, therefore,
termed hydro-carbons.

In another group of organic compounds, and one of the most im-
portant of the constituents of cells, we find nitrogen associated with
carbon, hydrogen, and oxygen. Such a group we would therefore term
the nitrogenous, in contradistinction to the non-nitrogenous.

To this group belong the highly complex organic products (complex
as regards their molecular arrangement), which contain sulphur and ocea-
sionally phosphorus, and still more rarely iron, and which are represented
by the albuminous bodies; the nitrogenous organic acids and bases, the

(85)
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organic alkaloids and indifferent crystalline bodies, some of which contain
sulphur, are other members of this group. As yet only three substances
of organie origin are known to contain phosphorus; these are lecithin
(found in the blood, bile, and serous fluids), glycerin-phosphoric acid
(derived from the former, and found in the same localities), and nuclein
(found in pus-corpuscles, yelk of egg, and semen). In the living organism
these organic compounds are in a state of solution in a relatively large
amount of water, and either associated or chemically united with a small’
percentage of inorganic matter, which modifies, in all probability, the
nature of the former,and is itself not without value in the vital processes.

All organic compounds are readily decomposable, either through the
action of various chemical reagents, elevation of temperature, or through
the processes of fermentation and putrefaction. As the result of all these
changes in organic matters simpler compounds are produced. The more
complex the molecule of organic matter, the more readily is it subjected to
decomposition. The character of these changes, as well as the nature of
some of the substances which result from change of various kinds in
organic matter, will be subsequently discussed.

Of the inorganic constituents of cells by far the most abundant is
water, which forms the great bulk of organic bodies. Muny vegetable
matters may contain as much as 90 per cent. of water, while the animal
tissues may contain 75 per cent. or more, though the percentage is by no
means constant, and may vary in single tissues according to different
physiological or pathological conditions. The inorganic constituents of
cells are taken up by the cells already preformed, and, as a rule, again
leave the cells in the form in which they entered it. The most prominent
exception to this rule is found in the case of carbon dioxide and sul-
phuric acid; the former originating in the oxidation of the hydrogen
contained in the water of organic constituents, and the latter coming
from the oxidation of the sulphur contained in albuminoids. The inor-
ganic constituents of animal and vegetable cells in no way differ from
similar bodies found in inorganic matter. When found as constituents
‘of cells they have invariably been derived from the atmosphere or the
earth, have been absorbed, often without undergoing any change, by
vegetable cells, and have passed from the latter into the interior of animal
tissues. Inorganic matter is found in all animal fluids and tissues,
although with great variation as to amount. Certain inorganic constitu-
ents—such, for example, as water and sodium chloride—are found
invariably in all animal tissues and fluids, while other of the inorganic
cell-constituents are limited to the cells of certain special tissues.

The inorganic constituents of cells may exist either in the form of
gases, salts, free acids, or in certain forms of combination whose exact
arrangement has not yet been made out.
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In addition to the elements which have been already mentioned as
forming part of the organmic constituents of cells, and which, of course,
may exist in other forms, we find also, when organic matter is subjected
to combustion, chlorine, fluorine, silicon, potassium, sodium, calcium,
magnesium, manganese, iron, and occasionally copper and lead, in the
ash. Of the other elements of organic bodies in incineration the carbon
is converted into carbon-dioxide, part of which remains in the form of
carbonates in the ash, part of the hydrogen uniting with oxygen to form.
water. Another portion unites with nitrogen to form ammonia, while the
phosphorus and sulphur remain as oxygen compounds, sulphuric and
phosphoric acids, united with different bases also in the ash.

Of the various chemical compounds which are found in the interior
of cells, and which have entered it, either from accidental contact or as
foods, or as resulting from the chemical processes in cells, we may make
three different groups :—

1. Those which, already formed, exist in inanimate nature, are
absorbed, and again leave cells without undergoing any change while
forming constituents of organized bodies. Such substances are repre-
sented by the inorganic constituents of animal cells. -

2. This group comprises those which are already formed exterior to
the cells, and which, in the process of assimilation by the cells, undergo
a change simply in their mode of molecular arrangement, without under-
going any profound chemical metamorphosis. Such constituents are
seldom, if ever, removed from the cells in the form in which they entered
it, and are, in the chemical process occurring in the interior of the cells,
always reduced to simpler forms. The organic constituents of cells form
this group. They may be either nitrogenous or non-nitrogenous in
composition.

3. We meet also with a class of compounds which are themselves
developed in the vital processes in cells, as the result of the metamorphosis
of either the organic constituents of cells or of the food-products which
have been assimilated by the cells. Such bodies may be removed from
cells either as complex, organic, excretory products (as types of which
urea and kreatin may be mentioned), or they themselves may undergo
more profound decomposition before being removed from the interior of
the cells. The examination of protoplasm, wherever found in the animal
or vegetable kingdom, will show that it contains examples of each of
these three classes of compounds.

The chemical constituents of organic bodies may, then, be divided
into two different groups,—the organic and the inorganic. The organic
may again be subdivided into the nitrogenous and the non-nitrogenous. -
Proteids, with their derivatives, represent the nitrogenous group; the
hydro-carbons and carbo-hydrates, with their derivatives, the non-
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nitrogenous group. Water and various salts belong to the second, or
inorganic group. These will be taken up in turn :—

CONSTITUENTS OF CELLS.

I. OrGANIC. II. INORGANIC. -
‘Water and Salts.

A. Nitrogenous. B. Non-nitrogenous.

Proteids and
their Derivatives.

1. Carbo-hydrates. 2. Hydro-carbons.

Starches and Sugars and Fats and Oils.
their Derivatives.

A. NITROGENOUS ORGANIC CELL-CONSTITUENTS—PROTEIDS AND
THEIR DERIVATIVES.

General Characteristics of Proteids.—Proteid, or albuminous
bodies, is the name given to a number of neutral, nitrogenous products
of complex nature widely distributed throughout the animal and vege-
table kingdoms, and agreeing more or less in chemical composition ‘and
properties with the white of an egg. They are found dissolved in the
fluid media of the animal body, as constituents of the digestive juices,
and in different degrees of solidity in the various tissues. They are
never, during health, eliminated from the body in excretious. They are
present during all periods of life. The higher plane of organization of
man and the higher animals depends mainly upon the abundance and
variety of the albuminous constituents of their tissues; for, while in
plants the cell-walls are largely composed of non-nitrogenous matter,
such as cellulose, in animals analogous parts are formed of various
complex albuminoids.

Proteids are organic, colloidal bodies, composed of carbon, hydrogen,
oxygen, nitrogen, sulphur, and occasionally phosphorus. They are
absolutely essential to life, whether animal or vegetable, but are exclu-
sively of vegetable origin; that is, although they may be assimilated
and modified by the vital processes occurring in animal cells, they
must first have been preformed by the chemical processes occurring in
vegetable cells. When found as constituents of the tissues of car-
nivorous animals they have been derived directly, with but slight
modification, from the herbivora which have served for their food,
while the herbivorous animals find them invariably ready formed in
the tissues of vegetables which serve as their food, and which require
but slight modification to be converted into the constituents of the
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animal tissues. Animals, therefore, do not have the power of manu-
facturing albuminoids, although they may transform albuminous bodies
- of one kind into those of another. Thus, casein may be transformed
into the albuminous constituents of muscle-tissue; it may be combined
with other substances so as to form, for example, the hemoglobin of
the blood-corpuscles, or may become so modified as to form what are
termed the derived albuminoids of the different tissues.

After serving the purposes of the organism such bodies are excreted,
not as proteids, but as products resulting from their retrograde meta-
morphosis. All albuminous bodies are so intimately associated with
inorganic matter that their isolation in a pure state is a matter of the
greatest difficulty, or, it may be, impossibility ; consequently the inciner-
ation of albuminous bodies—a process which is accompanied with the
development of an odor like burning horn—always leaves an ash composed
of potassium and magnesium phosphates and small quantities of carbo-
nates. If sulphuris regarded as a constant and normal component of
proteids and not as an occasional accidental addition, they all possess a
very high molecular weight. In all forms of proteids the percentage of
chemical elements entering into their composition is only subject to
slight variation in the different classes. Thus,according to Hoppe-Seyler,
C. may vary from 52.7 to 54.5 per cent.; H., 6.9 to 7.3 per cent.; N.,
15.4 to 16.5 per cent.; O., 20.9 to 23.5 per cent.; S., 0.8 to 2.0 per cent.

Physical Properties.—When dry, albuminous bodies form perfectly
amorphous, yellowish, brittle masses without. odor or taste, and closely
resembling gums in appearance, and, like gums, hygroscopic to a high
degree: they rotate the plane of polarized light to the left,and in watery
solutions, which are nearly always opalescent, are not, as a rule, capable
of osmosis,—a fact, which seems to show, as Briicke has pointed out,
that their condition in the form of fluid is more one of particulate
suspension than of true solution. When shaken with fluid oils, the latter
are mechanically separated into minute particles, each of which is sur-
rounded by a layer of the albuminous solution (emulsion). Some are
soluble in water, others not; nearly all are insoluble in alcohol and
ether ; most are soluble in strong alkalies and acids, but’ in the process
of solution undergo chemical change. Most of the albuminous bodies
may exist in two modifications, either in a soluble or in an insoluble
form. They exist usually in the soluble form in animal and vegetable
cells, but become insoluble by the action of heat and various chemical
reagents.

When ‘watery solutions of albuminous bodies are evaporated in a
vacuum, or at 40° to 50° C., a yellowish, brittle, soluble residue is left;
in other words, albumen may be recovered unaltered in general prop-
erties in the dry form from solutions when subjected to evaporation by
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gentle heat. When heated much above this point albuminous bodies
then pass into the insoluble form (coagulated proteids).

Chemical Properties.—Proteids are precipitated out of their solu- .
tions by the following reagents: the stronger mineral :cids, acetic acid
and potassium ferro-cyanide; acetic acid and sodium sulphate, lead
acetate, mercuric chloride, tannic acid, powdered potassium carbonate
added in bulk to saturation, alcohol, ether, and several other substances.

Iodine stains most proteids yellow,—a point which may aid in their
recognition under the microscope.

Their presence in solution may be recognized by the following
processes :—

First, by coagulation. When solutions of albuminoids are gently
heated, provided the amount of albumen contained is at all appreciable,
a firm coagulum results when the solution has been warmed up to 60°
or 70° C. The temperature at which coagulation oceurs will vary in
different forms of albuminous bodies, and according to the reaction and
chemical characteristics of the solvent. If a small amount of a dilute
acid is added to a solution of an albuminous body coagulation will be
found to occur at a lower temperature than if the solution be neutral;
while, on the other hand, the presence of a small amount of alkali will
prevent coagulation occurring until the temperature has been raised
above the point at which it occurs when the solution is neutral. If a
large amount of alkali be present coagulation by heat will be rendered
impossible. Neutral salts in small amount in albuminous solution will
also lower the temperature of coagulation, whether the solution be
faintly acid, faintly alkaline, or neutral. The coagulation of albuminous
bodies by heat is only possible when they are in solution, and therefore
seems to show that the change from the soluble to the insoluble form
produced by heat is not so much dependent upon the heat as upon the
heat combined with moisture; for if the albumen be separated from
solution by evaporation below the point of coagulation, the dried albumen
so obtained will still possess the power of solubility in water: and yet,
if placed in a perfectly dry tube the temperature of the albumen may be
raised far above the point of coagulation without any change occurring
in the albumen, 7.e., without its losing its power of subsequent solubility
in water, and of being coagulated when that solution is raised to tha
coagulating point.

Second: If a solution which is supposed to contain albumen is
acidulated with acetic acid, a few drops of potassium ferrocyanide then
added, and the fluid boiled, albuminous bodies will be precipitated.

Third : If the fluid is acidulated with acetic acid and a small
quantity of a strong solution of sodium sulphate then added, and the
fluid then boiled, a firm, white coagulum will result.
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The first and third of these tests may be used for separating albu-
minous bodies from other substances in solution—a process which is
often necessary in the examination of organic fluids. So also if the fluid
is acidulated with acetic acid, and then added to a large bulk of strong
alcohol, albuminous bodies may thus be coagulated, and their separation
from other ingredients of the solution rendered possible.

A precipitate produced by boiling alone is not a sufficient proof
of the presence of albumen, since certain substances, such as calcinm
phosphate in human urine and calcium carbonate in the urine of her-
bivora, will be thrown down by boiling. If the precipitate is permanent
on the addition of nitric acid after boiling, albumen is present, since the
salts above mentioned will be redissolved by the acid. Alkali may also
hinder the coagulation of albumen by heat, and an acid reaction is there-
fore essential for the employment of this test.

Occasionally albumen is present in solution in amount too small to
be detected by any of the preceding tests. The detection of traces of
albumen is then rendered possible by various color reactions.

The Biuret Reaction.——~When a small amount of caustic potash
solution is added to a dilute solution of cupric sulphate a precipitate of
cupric hydrate will’ be thrown down. If an excess of potash is now
added, the precipitate will be redissolved and the fluid take on a light-
blue eolor. If, however, albuminous bodies be present in solution, and
this procedure be carried ont, on solution of the precipitate of cupric
hydrate the fluid will take on a violet color instead of a blue. This test
may be used to detect the presence of albuminous bodies in extremely
small amount in solution. It may be also used for the recognition of
the albuminous nature of solids. If a solid body which is supposed to
contain albuminous bodies be touched first with a drop of cupric sul-
phate solution, then with a drop of potash solution, and then washed
with water, the spot so treated will be found to have a violet color.
This test is also used for the recognition of peptone. A solution of
peptone so treated will become red instead of violet.

Xantho-proteic Reaction.—When albuminous bodies in solution are
boiled with nitric acid, the solution and coagulum, if one be present,
take on a yellow color. If the -solution be then allowed to cool and
strong ammonia added, the upper layers of the solution, or the coagu-
lum, if any be present, will become orange colored.

Millon’s Reaction.—If a little Millon’s reagent* be added to a solu-
tion which contains albumen, if the albumen be present in considerable

* Millon’s reagent is prepared by dissolving mercury in its own weight of nitrie
acid by the aid of gentle heat. The solution is then poured into a glass vessel, and twice
its volume of water added ; a crystalline precipitate will separate in a few hours, and the
yellowish supernatant fluid, which may be readily decanted off, is Millon’s reagent.
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quantity, a dense, white precipitate will be formed, and when subjected
to heat the precipitate will become condensed into the form of a firm
coagulum, and will turn red. If but a trace of albumen is present the
fluid will éimply take on a pinkish color.

Schultze’s Test.—When albuminoids in solution are treated with a
cane-sugar solution in small quantities and concentrated sulphuric acid
then added a beautiful red color is formed.

Adamkiewicz’s Test.—If a solution of an albuminous body is strongly
acidulated with acetic acid and sodium chloride added in bulk, and then
strong sulphuric acid, the fluid will gradually assume a violet-blue color,
slightly phosphorescent, and gradually turning dark purple.

Frohde’s Test—When a mixture of sulpho-molybdic acid is added
to a solution of albuminous bodies a‘dark-blue color is produced.

Of the above tests the xantho-proteic and Millon’s reaction may be
used for the microscopical detection of the albuminoids.

Albuminous bodies may be divided into the following classes :—

I. AuBuMENs.—Albumens are bodies which are soluble in water, and
when in solution are coagulated by heat (about 70° C.). They are not
precipitated from their solutions by dilute acids, carbonates of the alka-
lies, sodium chloride, or platino-hydrocyanic amd When dried at about
40° C., or if ev apomted at a lower temperature in a vacuum, they leave
a )ellow1sh, friable, inodorous, gummy mass, which is still soluble in
water, and whose solutions possess all the properties of the original
solution. Albumens are precipitated from their solution by alcohol, if
alkaline salts are present. Albumens may exist in three ditferent forms,
—serum-albumen, egg-albumen, and vegetable albumen.

1. Serum-Albumen.—Serum-albumen is found in blood, serum,
lymph, serous transudations, and animal secretions.

Serum-albumen may be obtained from blood-serum, or any serous transuda-
tion, by adding dilute acetic acid, drop by drop, until a flocculent precipitate forms.
Tlns precipitate is then filtered off, and the filtrate, after neutralization with a
little sodium carbonate, is evaporated in a shallow dish to a small volume, not
allowing the temperature to rise above 40° C. The salts may then be removed by

d]a]ysxs changing the water frequently outside of the dialyzer, and again evapo-
rating at 40°© C. to dryness.

So obtained, serum-albumen always contains a slight percentage of
salts, but is soluble in water, forming a clear solution, which is somewhat
tenacious when concentrated.

In the dry condition it is a yellowish, brittle, transparent body
capable of being redissolved in water, and its solutions are then coagu-
lable by heat. Its solutions are opalescent, and possess a specific levo-
rotation for yellow light of —56°. Tt is precipitated out of its solutions
by alcohol, the precipitate being partially redissolved when the alcohol
is immediately poured off, but is not coagulated by ether. Most of the
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salts of the heavy metals precipitate serum-albumen, as do the mineral
acids in large quantities, especially nitric acid. Its point of firm coagu-
lation is from 72° to 73° C., although turbidity sets in at about 60° C.
The presence of acetic or phosphoric acids, sodium chloride, or other
neutral salts, lowers the coagulation-point of serum-albumen, while the
presence of sodium carbonate necessitates a higher temperature. It is
precipitated by the strong mineral acids from its solution in dilute acids,
and the precipitate is readily soluble in concentrated acids; egg-albumen
is not.

2. Egg-Albumen.—In many points egg-albumen, which is contained
in the meshes of the fibrous net-work of birds’ eggs, closely resembles
serum-albumen. The points of contrast are that its specific rotation is only
—35.5°, and when agitated with ether it is gradually precipitated. When
injected into a vein or the connective tissue, or when introduced in large
quantities into the stomach or rectum of an animal, egg-albumen is found
unaltered in the urine, while the injection of serum-albumen produces no
such albuminuria.

A solution of comparatively-pure egg-albumen may be obtained for testing
by breaking the whites of several hens’ eggs into a beaker, cutting up the mem-
branes with scissors so as to free the albumen from their meshes, stirring well
with an equal volume of water, and filtering through muslin. The salts may then
be removed by dialysis.

Dry egg-albumen may be obtained by evaporating the above solution
to dryness at 40° C. So prepared, its physical properties agree closely
with those of serum-albumen. Its solutions have several properties which
enable it to be distinguished from serum-albumen. Hydrochloric.acid
in small amount produces no precipitate; in larger amount it causes a
firm coagulum, which is only with difficulty soluble in excess of acid and
in water and neutral salt solutions.

3. Vegetable Albumens.—Albuminous bodies are found dissolved in
plantjuices and in the form of a solid in various seeds, and form the
most important albuminoids for the nutrition of the herbivorous domestie
animals. Their general properties agree with those of egg- and serum-
albumen, though they present certain variations among themselves in
composition and chemical properties. Thus, the coagulable substances
which may be extracted from peas and horse-beans dissolve readily in
lime-water and acetic acid, while the other vegetable albumens do not.

The vegetable albumens are, as a rule, poorer in carbon but richer in
nitrogen than albumen of animal origin,—a fact possibly accounting for
their lesser nutritive value and readiness of assimilation. They usually
have phosphorus associated with them. Vegetable albumen is soluble in
cold water, and its solutions are coagulable by heat; with dilute acids
and alkalies it is converted into an albuminate. In the seeds of certain
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plants there is contained a variety of albumen which, when extracted
with warm salt solution and then allowed to cool, forms octabedral
crystals.

Various forms of vegetable albuminous bodies have been deseribed :—

Vegetable Caseins.—The seeds of the leguminous plants and oleagi-
nous grains differ from the cereals, properly so called, in that they do
not contain gluten, soluble in alcohol, but, in addition to the albuminoids
coagulable by heat, various other albuminous bodies which are insoluble
in pure water but soluble in alkaline solutions, from which they may be
precipitated by acetic acid, the precipitate being soluble in excess.
According te Dumas and Cavours, this substance may even be coagulated
by renmet, and is therefore closely analogous to the casein of milk, to be
subsequently considered. Three different forms of vegetable casein-like
bodies have been described. Legumin, which forms the greater part of
the proteid constituents of the leguminous plants; almonds and the
lupins contain a substance analogous to vegetable casein to which the
name of amandin, or conglutin, has been given ; while the part of gluten
which is insoluble in aleohol is of similar nature, and has been termed
gluten-casein.

Legumin.—The watery extract of the seeds of the leguminous plants
often has an acid reaction, withont doubt due to the presence of phos-
phoric acid, which appears to be a necessary component of vegetable
casein, Legumin may be obtained by the agitation of powdered legu-
minous seeds with seven or eight times their weight of a one-tenth of
one per cent. solution of potassium hydrate. After about six hours the
fluid is decanted and allowed to stand from twelve to twenty-four hours
at a low temperature, and the residue which then forms is again washed
with water. The washings are then collected and precipitated with dilute
acetic acid, and the precipitate, washed again with dilute alcohol, is
finally precipitated by concentrated alcohol and ether.

Freshly-precipitated legumin is only very slightly soluble in cold
water. Legumin may, however, be extracted from the powdered seeds
of the leguminous plants by cold water, its solubility in water being then
due to-the phosphoric acid of the seeds. It is readily soluble in alkaline
solutions, from which it is precipitated by acids and solutions of metallic
salts. It is soluble in dilute hydrochloric and acetic acids. When boiled
with water it becomes coagulated and insoluble in alkaline solutions and
in acids. By prolonged ebullition with sulphuric acid it undergoes
decomposition, with the formation of leucin and tyrosin and small quan-
tities of aspartic acid. Legumin is also present in oats.

Amandin, or conglutin, is contained in sweet and bitter almonds,
and is separated from them in the same manner as legumin. It is dis-
tinguished from legumin by a greater solubility in dilute acids, though
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its general properties coincide with those of legumin. It isdistinguished
from it, however, by being more soluble than legumin in dilute acids. A
substance analogous to vitellin has also been found in the seeds of
various plants. It is also termed crystallized vegetable casein.

G'luten, or vegetable fibrin, exists in a large number of grains, par-
ticularly those of the cereals, and plays an important part in the nutritive
value of vegetable foods. It also exists in the growing parts of plants,
and in various vegetable juices. It is a compound albuminous body,
which differs from all others in that it is soluble in water and in alcohol
when traces of free acid or alkali are present. It is only partly and
imperfectly soluble in pure water. It may be readily obtained by
washing flour under a stream of water, by which the starch is removed,
and the gluten then remains in the form of an elastic, grayish mass.
Gluten is only partly soluble in alcohol. According to Ritthausen,
gluten contains at least four albuminous substances in addition to
vegetable albumen, which has been already described; a body insoluble
in alcohol, which is gluten-casein, or the vegetable fibrin of Liebig, and
three nitrogenous substances soluble in alcohol, to which the name of
gluten fibrin, gliadin, and mucedin have been given.

- 1. Gluten-Casein.—To prepare this body, fresh gluten is washed first
with alcohol,and the insoluble residue is then agitated with two-tenths of
one per cent. potash solution, which dissolves out the gluten and leaves an
insoluble residue of starch and fatty matters. From the fluid gluten-
casein is precipitated in flocculi by the addition of acetic acid sufficient
to give a faint acid reaction. It is then washed with water and alcohol,
and after desiccation the gluten-casein so prepared is insoluble in hot
and cold water. Boiling water, however, causes it to undergo some
modification, which renders it insoluble in alkalies and acids. In the
fresh state it is soluble in acetic acid, and in alcohol acidulated with
acetic acid. All weak alkaline solutions dissolve fresh gluten-casein,
and cause it when dry to first swell up and then dissolve. It is precipi-
tated out of these solutions by acids and the mineral salts, forming
combinations with the latter.. Its properties are very similar to those of
legumin and conglutin. It contains more sulphur and less nitrogen
than legumin.

2. Gluten-Fibrin.—This body is obtained by distilling the alcoholic
solution of gluten until the fluid does not contain more than 40 per cent.
of alcohol ; a mucilaginons mass rich in gluten-fibrin is then deposited,
and may be purified by washing with absolute alcohol and precipitating
with ether. It then forms a coherent, tenacious mass,insoluble in water:
Its separation from the gliadin and mucedin of gluten depends upon the
fact that all are soluble in dilute alcohol, and that gluten-fibrin is almost .
insoluble in water and very weak alcohol. As the aleohol is distilled off
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the gluten-fibrin separates. It dissolves in warm, dilute alcohol, and
forms a brownish-yellow solution. When sueh solutions cool, and as
they undergo evaporation, a white or grayish pellicle forms on the surface,
which disappears on agitation. It is more soluble in absolute aleohol
than either gliadin or mucedin. Gluten-fibrin is readily dissolved in
dilute acid and alkaline solutions, and is precipitated from these solutions
by neutralization, or by the addition of metallic salts.

3. Gliadin, or Vegetable Gelatin.—This body is one of the principles
of gluten which is soluble in dilute alcoliol. It is obtained by agitating
gluten with strong alcohol, which removes gluten-fibrin, dissolving the
residue in 1 per cent. potash solution, and, after having precipitated the
solution with acetic acid, by extracting the precipitate with alcohol of
75 per cent. at a temperature of 38° C. By this means only gliadin is
dissolved, while the mucedin remains. Vegetable gelatin tlhien separates,
as the fluid cools, in the form of a gelatinous mass. It may be purified
by dissolving in acetic acid and neutralizing the clear solution with
potash; the precipitate is then again washed with alcohol and ether. In
the fresh state vegetable gelatin has the consistence of a thick mucilage.
Absolute alcohol causes it to contract to a hard and yellowish-white
mass. Cold water causes it to again swell up and dissolves part of it,
and the solution may be precipitated by tannic acid. Submitted to long
boiling with water, gliadin becomes insoluble and undergoes partial
decomposition. Dilute alcohol dissolves ‘it more readily than pure water.
It is insoluble in absolute alcohol. It is very soluble in acids and dilute
alkalies, and while in solution in alkalies may be precipitated by the
metallic salts, but its solution in acetic acid is not precipitated by
mercuric chloride. It contains a considerable percentage of sulphur.

4. Mucedin.—This substance hag been but little studied, and is only
to be distinguished from vegetable gelatin by its greater solubility in
water. Its method of isolation has been already indicated in the pre-
ceding paragraphs.

These substances approach one another very closely in chemical
composition, and it would appear from the processes employed in their
isolation that it is by no means certain that they have been obtained
pure. On the other hand, their analogy to corresponding bodies of
animal origin is not sufficiently striking to justify an analogous nomen-
clature.

For the preceding account of their properties we are indebted
mainly to Wiirtz (Chimie Biologique).

1I. GrosuniNs.—Globulins are bodies which are insoluble in water
but soluble in dilute solutions of sodium chloride. They are coagulable
by heat when in solution, and, while soluble in dilute acids and alkalies,
are in the process of solution changed into derived albumens. They are
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precipitated by alcohol and by carbonic acid, and by the addition of a
large quantity of water to their solutions; sodium chloride added in
bulk to their solutions, as a rule, precipitates them.

Five ditferent kinds of globulins have been recognized.

1. Vitellin.—Vitellin is found in the yelk of eggs and in the crys-
talline lens. It may be prepared by shaking the yelks of eggs with
separate portions of ether until all the yellow color is removed, dissolv-
ing the residue in dilute sodium chloride solution, filtering and precipi-
tating the filtrate with excess of water. So obtained, it always contains
lecithin. It is not precipitated by the addition of sodium chloride in
substance to its solutions. It is soluble in dilute acids, and is readily
converted into syntonin, and by neutralization and re-solution with
alkalies into alkali albuminate. Its point of coagulation ranges from
70° to 80° C. It is also coagulable by alcohol.

2. Myosin.—Myosin is formed in the rigor mortis of muscles, and
probably also in the gradual death of all forms of protoplasm. It is
precipitated from its solutions in dilute sodium chloride by the addition
of common salt in excess. It is also precipitated from its solutions by
excessive dilution with water. Its general properties will be more closely
considered under the chemistry of muscles.

3. Paraglobulin.—This substance will be described under the con-
sideration of the coagulation of the blood. Hammarsten states that a
very much larger quantity of this body is found in the blood of domestic
animals than has been heretofore supposed. According to him, more
than half of all the albuminoids in the blood consists of paraglobulin.

4. Fibrinogen.—This is also a globulin found in the blood, and its
consideration will likewise, for the present, be deferred.

5. Globulin,or Crystallin,is contained in the crystalline lens, and
it resembles vitellin in that it is not precipitated from its solutions by
saturation with sodinm chloride, but it is readily precipitated by alcohol.

Representatives of tlie group of globulins are also found in the vege-
table kingdom. According to Dr. Sidney Martin, vegetable globulins'
may be divided into two classes, namely, vegetable myosins and vege-
table paraglobulins. The myosins, obtained from the flour of wheat,
rye, and barley, have similar properties; they are all readily soluble in
10 to 15 per cent. sodium chloride solution, and are precipitable from this
solution by saturation with sodium chloride or magnesium sulphate.
They are soluble in 10 per cent. magnesium sulphate solution, and are
coagulated in this solution at a temperature of 55° to 60°. If the salt is
dialyzed away from the saline solution of myosins, the latter is precipi-
tated ; but the precipitate is no longer a globulin, sinee it is insoluble in
saline solutions. It is soluble in dilute acids and alkalies (0.2 per cent.);
it is precipitable from thése solutions by neutralization, the precipitate

7
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being soluble in excess of alkali or acid; that is, the myosin has been
converted into a proteid having the properties of an albuminate. If
the saline solution of myosin be placed in an incubator at a temperature
of 35° to 40°,in twelve to eighteen hours a fine flocculent precipitate
falls, while the globulin disappears from the solution; this takes place
more rapidly if the saline solution is diluted. The precipitate exhibits
the same properties as the precipitate of the globulin by dialysis; that
is, at a temperature of 35° to 40° the globulin is transtormed into an albu-
minate. The ready transformation of the soluble globulin of wheaten
flour into an insoluble albuminate is one of the phenomena which take
place during the formation of gluten.

The second class of vegetable globulins, the paraglobulins, is in dis-
tinet contrast with that of the myosins. Two proteids of this class
have been found, one in papaw-juice, the other in the seeds of Abrus
precatorius (jequirity). Both these globulins exhibit the following
properties : they are soluble in saline solutions, and are precipitated by
saturation with sodium chloride and magnesium sulphate. In a 10 per
cent. solution of magnesium-sulphate, they coagulate between T70° and
75° C. When precipitated from their saline solutions by dialysis, they are
still soluble in solutions of sodium chloride and magnesium sulphate of
10 to 15 per cent.,not being transformed into albuminates. Nor are
they precipitated by long exposure (over three day s) to a tempemture
of 35° to 40°. poid] o2

III. FiBrins.—Fibrins are solid albuminous bodles nnsoluble in
water and sodium chloride, and which swell up to a stiff jelly in dilute
acids. When so treated fibrin is coagulable by heat. The fibrin of the
blood is produced in the process of coagulation of the blood ; its prop-
erties will be studied with the subject of blood coagulation.

IV. DErIvED ALBUMINATES.—Derived albuminates are bodies which
are insoluble in water or sodinm chloride solutions, but arereadily soluble
in dilute acids or alkalies. Their solutions are not changed by heat.
When neutralized they are precipitated from their solutions, the pre-
cipitate being soluble in excess. Derived albuminates may exist in two
different forms,—acid albumens and alkali albumens.

1. "Acid Albumen.—When a native albumen in solution is subjected
to the action of a dilute acid, such as hydrochloric acid, at a tolerably
warm temperature its solutions readily lose their power of coagulating
when boiled. If, however, the acid is exactly neutralized by the addition
of any alkali the albumen is at once precipitated, and the precipitate is
again redissolved by an excess of alkali. The native albumen is thus
converted into a form of albuminous body which has become insoluble in
water and uncoagulable by heat.

When acid albumen is precipitated out of its solution by the
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addition of an alkali and then subjected to heat, the acid albumen so
suspended in water becomes coagulated, and is then indistinguishable
from any other coagulated proteid. After precipitation by neutrali-
zation, if the precipitate be then dissolved in lime-water, its solution in
lime-water will be coagulable on boiling. Acid albumen is precipitated
out of its solution by the neutral salts, such as sodium chloride, and by
gallic acid and metallic salts.

The conversion of albumen into acid albumen from the action of a
dilute acid is a gradual process. If a solution of egg-albumen be acidu-
lIated with dilute hydrochloric acid, and subjected to a temperature of
about 40° C., it will be found, if tested from time to time, that a coagulum
still occurs on boiling. The amount of proteid so coagulated by heat .
will steadily decrease,and the amount of precipitate obtained by neutral-
ization will increase correspondingly. After only ten or fifteen minutes it
will be found that if the solution of acid albumen is exactly neutralized
all the albumen will have been converted into acid albumen, and if
the precipitate is then filtered off and the filtrate tested with the various
proteid tests it will be found that all the proteid has apparently: disap-
peared; or, in other words, has been converted into acid albumen,

A certain degree of temperature is necessary for this conversion.
If a mixture of albumen solution and dilute acid be snrrounded by ice,
the process of conversion into acid albumen will be extremely slow. If
warmed up to about 40° C., or, in fact, any distance below the tempera-
ture of coagulation of the albumen, the process of conversion will be
very much more rapid.

If finely-chopped muscle is washed in water so as to remove all the
soluble albuminous bodies and blood, and the remainder be covered with
a large quantity of dilute hydrochloric acid (0.2 per cent.), and kept for
about twenty-four hours at a temperature of 40° C., it will be found that
the greater part of the muscle will be dissolved ; if the supernatant fluid be
filtered off and neutralized, an abundant precipitate of acid albumen will
be thrown down in flocculi, which will gradually settle. The acid
albumen in this :case is derived from the.myosin of the muscle, and
indicates that the globulins as well as the albumens are capable of being
converted into derived acid albumen. Acid albumen so obtained from
muscle is frequently spoken of as syntonin, but is apparently identical
in its general behavior under the different tests- to the acid albumen
derived from either egg- or scrum-albumen. So also in the preliminary
stages of gastric digestion of proteids a product is first formed which
appears to be identical in character with acid albumen, or syntonin, and
is termed parapeptone. It also is precipitated from its solutions by
neutralization, and is apparently formed solely through the action of the
acid of the gastric juice on proteids.
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Any of the coagulated proteids may be converted into acid albumen
through solution in the mineral acids. If a solution of albumen is
gently heated to boiling with dilute hydrochloric acid, no coagulum will
be formed, from the fact that in the gradual elevation of temperature the
albumen in solution has had time to be converted quickly into acid
albumen through the action of the acid. If, now, a small quantity of a
concentrated mineral acid, especially hydrochloric, be added, an abundant
precipitate will form, and this precipitate is soluble in an excess of
mineral acid, especially if subjected to heat.

It is thus shown that acid albumen is soluble in concentrated mineral
acids. It is insoluble in them when they are moderately concentrated,
and it is soluble again when they are very dilute. Egg-albumen, in
certain respects, differs from serum-albumen in its behavior to dilute
acids. If dry serum-albumen is dissolved in a concentrated mineral
acid, it is readily converted in its process of solution into acid albumen.
If this solution of serum-albumen in concentrated acid is then diluted
with twice its volume of water, acid albumen will be precipitated, and if
the precipitate is filtered off it may readily be dissolved in water, from

the fact that it still holds clinging to it enough acid to make a dilute

acid solution. Therefore, it is not a solution of acid albumen in water,
but in dilute acid. KEgg-albumen is less soluble in concentrated nitrie
acid or hydrochlorie acid, and when precipitated from such a solution it
is less readily dissolved in water.

Fibrin also is soluble in concentrated mineral acids, and is rapidly
converted into syntonin; therefore, it may be said that all proteids are
capable of being converted into derived albumens.

Syntonin, dissolved in dilute hydrochloric acid, rotates the plane of
yellow light —72° to the left, and this degree of rotation is independent of
the concentration of the solution, but may be increased to —84.8° if the
solution is heated. Syntonin contains sulphur, as may be readily shown
by dissolving some syntonin in liquor potassse, and adding a solution of
lead acetate and boiling; the fluid will then become brown from the

formation of lead sulphide. When precipitated from its solutions by

neutralization acid albumen forms a white, gelatinouns substance insoluble
in water and sodium chloride solutions, but soluble in lime-water (in
which solution, as already stated, it undergoes partial coagulation when
boiled), and in dilute acids and alkaline solutions. If, to the solution in
lime-water, after having undergone partial coagulation through boiling,

magnesium sulphate be added, a still further precipitation will be caused.
:Cold solutions of acid albumen are not precipitated by magnesinm sul-

phate, even if the acid albumen be dissolved in an alkaline solntion. If,
however, the solution of acid albumen and alkali be warmed, it is then
precipitated by the addition of magnesium sulphate or calcinm chloride,
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indicating that, in all probability, the boiling has served to convert the
acid albumen into an alkali albumen. Acid albumen shows all the
reactions of proteids already described. It may be separated from
liquids in which it is dissolved by boiling with hydrated oxide of lead.

2. Alkali Albumen.—If any native albumen in solution is subjected
to the action of a dilute alkali, sueh as sodium or potassium hydrate, it
will undergo changes somewhat similar to those produced by the action
of an acid. Alkali albumens, or alkali albuminates, may, therefore, be
deseribed as albuminous bodies which are insoluble in water or sodium
chloride, but readily soluble in dilute acids or alkalies. Their solutions
are not changed by heat. When neutralized they are precipitated from
their solutions, the precipitate being soluble in excess of acid, unless
alkaline phosphates are present; an excess of acid is then required to
produce precipitation. In this conversion heat facilitates the process,
and, as in the case of formation of acid albumen, the conversion is a
gradual one. When alkali albumen is precipitated from its solution in
alkalies by neuntralization with an acid, if an excess of acid be added it
is again rapidly dissolved, through its conversion into acid albumen or
syntonin. This conversion of alkali albumen into acid albumen is more
readily accomplished when the alkali albumen has been freshly precipi-
tated. If some time has been allowed to elapse after the precipitation
by neutralization, it will still be converted into syntonin by the action
of an acid, but not so readily as when freshly precipitated, unless sub-
jected to heat (about 60° C.). If alkaline phosphates are present in the
solution the alkali albumen is not precipitated on neutralization, but
enough acid must be added to convert the basic phosphate into
acid phosphate, and, when this is accomplished, the slightest addition
of an acid, even of CO,, will then be sufficient to precipitate alkali
albumen.

Alkali albuminate may exist either in the form of solution or as a
solid. If undiluted white of egg is stirred up with a concentrated solu-
tion of eaustic potash, or with undissolved caustic potassium hydrate,
it will gradually be converted into a stiff jelly. If this jelly is washed
with water so as to remove the excess of alkali, it may be dissolved
in warm water, and will then behave like alkali albumen obtained by the
action of alkalies on albuminous solutions. If, before solution in water,
the solid alkali albuminate has been washed until most of the alkali has
been removed, passing a stream of carbon dioxide through the solution
will be suffieient to cause precipitation.

If some pieces of solid alkali albuminate are placed in an acid just
strong enough to show an acid reaction after the introduction of the
albuminate, the latter will become milky-white, shrivel up, ard form an
elastic mass, the so-called pseudo-fibrin, which will swell up in dilute
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(0.1 per cent.) acids without dissolving, but which is soluble in the causti¢
alkalies, and may be precipitated by neutralization.

Alkali albumen, like other albuminous bodies, is also precipitated
from its solutions by metallic salts. With alcohol no precipitate is
yielded, and alkali albumen is said to contain no sulphur, the sulphur of
the albumen from which it is made being removed by the alkali in the
process of conversion. It therefore differs from acid albumen and from
casein, which contains sulphur.

Alkali albumen or albuminate is present in all young cells, in blood-
corpuscles and blood-serum, in muscle, pancreas, nerves, cry stallme lens,
and cornea. It would seem that alkali albuminate may exist in various
forms, judging by the difference in effect produced on polarized light by
alkali albumen produced from different sources. Thus, alkali albumen
produced from serum-albumen has a laevo-rotatory power of —86° ; from
egg-albumen, of —47°, and if prepared from coagulated egg-albumen it
may be as high as —-58 836

Casein is a form of alkali albuminate which is present in mllk It
yields potassium sulphide when left to stand with liquor potasse, and
still more quickly when heated with it. It may be prepared from milk by
shaking the milk with caustic potash and ether, removing the ether and
precipitating the albuminate with acetic acid, and washing the coagulum
with water, alcohol, and ether. The other properties of casein will be
further studied under the subject of Milk.

Alkali albumen, therefore, differs from acid albumens in its not being
precipitated on neutralization if alkaline phosphates be present; by its
being precipitated by magnesium sulphate in substance in cold solution,
but in not being coagnlated when boiled in lime-water; and it contains no
sulphur.

V. CoacuraTep ProTEIDS.—It has already been seen that the action
of heat on solutions of egg- and serum-albumen, globulins, or on fibrin
when suspended in water, or dissolved in saline solutions, serves to
coagulate them and to convert them into an insoluble form. Absolute
alcohol produces a similar effect on the same bodies ; coagulated proteids
are insoluble in water, dilute acids and alkalies and neutral saline solu-
tions, and, although they are soluble in the strong mineral acids, their
solubility is dependent upon the fact that through the action of the acid
they are converted into derived albumens. They are readily converted
into peptones through the action of the different digestive juices (gastric
and pancreatic juices). When freshly formed they are white, flocculent, or
cheesy masses which, under the microscope, are entirely amorphous;
they hold water and salt solutions with great tenacity. Their chemical
characteristics have been very little studied.

VI. AMYLoiD SuBsTANCES 0R LARDACEIN.—This is a substance which
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appears to be a derivative of fibrin, and is found as a deposit in numerous
of the organs of the body, such as the spleen, liver, ete. It is insoluble
in water, alcohol, ether, dilute acids, and alkaline earbonates, and is not
dissolved by the digestive junices. When acted on by concentrated hydro-
chloric acid it passes into solution and is converted into syntonin, which
may be precipitated by dilution with water. With sulphuric acid it dis-
solves when boiled, forming a violet solution, and with strong sulphuric
acid it is converted into leucin and tyrosin.’ In its composition it appears
identical with other proteids. It behaves differently, however,to certain
of the proteid tests, and must, therefore, be regarded as a modified
proteid. Thus, with iodine, instead of the yellow color produced with
other proteids, a reddish-brown color is formed. With iodine and
chloride of zine or sulphurie acid a violet-bluish color is produced, thus
resembling cellulose in its reaction, to which similarity it owes its name
of amyloid, though it must be remembered that this is the only point of
similarity between amyloid substances and the starchy bodies; for it
contains nitrogen, which is absent from all starches, and it cannot be
converted into sugar. Aniline violet on amyloid substance causes a
reddish-violet color, and is a test which may be readily used for detecting
the presence of amyloid degeneration in various animal organs. Amyloid
substance yields the Millon’s and xantho-proteic reactions.

VII.. PeprroNEs.—A peptone is a modified form of proteid which
occurs-when any of the albuminous bodies, with the exception of lardacein,
are subjected to the action of gastric or panereatic juices, prolonged
boiling' at high temperature under great pressure, or by the action of
heat and dilute acids at moderate temperature. Their general charac-
teristics will be referred to under the subject of Digestion.

In addition to the above classes of albuminous bodies, albumen has
been said to exist under two other forms, that of meta-albumen and para-
albumen, although as yet verylittle is known about their characteristics, or
in fact whether they are not simply ordinary albuminous bodies modified by
the accidental addition of some other substance. Thus, meta-albumen
might possibly be regarded as a mixture of albumen and mucin, since it is
precipitated by alcohol without undergoing coagulation ; it is not coagu-
lated by boiling, although its solutions become cloudy when heated, and
it is not precipitated by acetic or hydrochloric acids, or acetic acid and
potassium ferrocyanide. It is, however, precipitated by mercuric chloride
and gallic acid. It has been found in ovarian cysts, and in the fluid of
ascites. « When precipitated by alcohol the precipitate is again soluble in
water. . Para-albumen has also been found in the fluid of ovarian cysts,
where.its presence was supposed to be characteristie, but has also been
found elsewhere.. -1t is precipitated by alcohol, and when so precipitated
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may redissolve again in water. It is not completely coagulated by boil-
ing. It is rendered turbid by acetic acid, the cloudiness being removed
by an excess of acid or sodium chloride. It is precipitated by nitric
acid, potassium ferrocyanide and acetic acid, mereurie chloride, and ace-
tate of lead.

- ALBUMINOIDS.

In the development of the different tissues of the animal body
the native albumens already described, which exist in the ovum and
embryonic cells, assume a modified form, the condition under which
such a modified albumen is present varying considerably in dif-
ferent tissues; as already pointed out, the difference in the different
tissues, especially in the different members of the connective-tissne
group, is dependent upon the modification which the albuminous con-
stituents of those cells have undergone. Such bodies have a chemical
composition very closely allied to that of native albumens. They
are complex, nitrogenous compounds, but they present certain proper-
ties in contrast with the true albuminous bodies. As they appear to
result from the transformation of those bodies in the animal economy,
not as a rule being found in the vegetable kingdom, they may be spoken
of as the albuminoids of special tissues.

In the connective-tissue group are included a number of different
tissues, such as white connective tissue, elastic tissue, tendon, bone,
cartilage, and dentine, which at first sight appear to have few if any
points in common. Yet all these tissues fulfill the same subservient
function of connection and support, all originate from the same layer
of the blastoderm, and in different periods of life are often changed
from one form into the other. The cells of all these tissues are capable
of developing a more or less homogeneous intercellular substance, whose
chemical composition differs in the different members of this group.

When any of the various forms of connective tissue proper are
macerated for some days in lime-water or baryta-water, the various
elements fall asunder from solution of the connecting cement, which
may be precipitated from its solution by dilute acids. This body is
mucin. - If the ground substance of the different connective tissues after
the removal of mucin is boiled in water, they nearly all yield substances
somewhat similar to glue; hence they are called collagenous bodies.

‘We will take these up in turn. ]

1. Mucin.—Mucin, or the cement substance, is found in all muecous
secretions as a result of special cell action, and in the tissue of mollusks,
and is the substance to which their tenacious character is due. It is
found in embryonic connective tissue, and serves to bind together the
fibres of tendons, and of connective tissue and epidermis, and is found
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in synovial secretions. Mucin may be prepared from the salivary glands
by making a watery extract, filtering and precipitating mucin by acetic
acid ; the precipitate may then be washed with water, with alcohol, and
with ether to remove fat. Mucin may also be obtained from tendons by
washing well, cutting up into small pieces, extracting them with water to
remove soluble albuminous bodies and salts, and then allowing them to
stand for several days in lime- or baryta-water. After filtration, acetic
acid will precipitate the mucin, which at first is granular, but afterward
flocculent in appearance, and which may be washed with dilute alcohol
or dilute acetic acid. It also may be prepared from ox-gall by precipi-
tating with its own volume of alcohol to remove the coloring matter and
proteids, dissolving the precipitate in lime-water, after washing with
fresh alcohol, and precipitating the mucin from its solution in lime-
water by acetic acid.

When freshly precipitated, mucin is a glutinous body which may be
suspended but not dissolved in water. Mucin is soluble in concen-
trated but not in dilute mineral acids. It is also soluble in liquor
potasse and lime-water, and the solution is viscid and nearly neutral.
When in solution it is not coagulated by boiling, but is precipitated
in an insoluble form by  acetic acid. Its solutions are precipitated by
mineral acids, the precipitate being soluble in a slight excess of acid.
It is not precipitated by metallic salts, with the exception of acetate
of lead. When boiled for twenty or thirty minutes with dilute sul-
phuric acid it acquires the power of reducing the ordinary sugar tests.
It again loses this power on prolonged boiling. A body similar to
acid albumen is formed at the same time. No precipitate is produced
with solutions of mucin by acetic acid and potassium ferrocyanide
unless other albuminoids are also present. It gives no precipitate
with mercuric chloride, and does not give the biuret reaction for albu-
minous bodies ; with Millon’s reagent it gives a red color. Ittherefore
possesses several properties which are divergent from those of or-
dinary albuminous bodies, and is evidently a proteid body modified
through the differentiation of the protoplasm of the cells of the con-
nective-tissue group.

Mucin appears to be digested by pancreatic but not by gastric juice.
Mucin is not soluble in water or alcohol, but swells up very much in the
former, particularly in the presence of certain salts. When the mixture
is filtered part of the mucin often passes through, and causes a turbid
precipitate. The mixture in water possesses no viscidity; it, however,
becomes clearer and more tenacious if sodium chloride is added.

2. Collagenous Albuminoids.—Collagenous albuminoids, of which
gelatin is the type, are albuminous bodies found in connective tissue,
cartilage, and bone. They contain a little less carbon and more nitrogen
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than the true albuminous bodies. They are termed gelatinous because
gelatin, which is formed by the action of boiling water on these tissues,
is the most important representative of the group. It contains—.

a. Collagen. 2

b. Gelatin.

¢. Chondrogen.

d. Chondrin.

a. Collagen, or gelatinous substance, forms the organic basis of:
bones and teeth, and of the fibrous parts of tendons, ligaments, and
fascia. It derives its name from the fact that by prolonged boiling it is
converted into gelatin or glue (KoAAd). Collagen is prepared from bones
by soaking in repeated changes of dilute hydrochloric acid; or from
tendons by removing mucin by means of lime- or baryta-water, then by
repeated washing with water, and finally with very dilute acetic acid.
When fresh it is soft, but it shrinks and becomes hard when dry, or when
alcohol is added. Collagen is insoluble in cold water; it swells up on
dilute acids, and becomes transparent ; through the prolonged action of
dilute acids collagen dissolves, the solution containing gelatin and acid
albumen, the latter, perhaps, being produced by the action of the acid on
the residual matter of the connective-tissue cells. It dissolves in liquor
potassee, and in boiling dilute acids or in boiling water it dissolves and
is rapidly converted into gelatin. :

b. Gelatin—Gelatin is prepared, as already indicated, by boiling
collagen, or any of the connective-tissue group, in water, and when the
solution cools it forms a jelly the consistence of which depends upon
the percentage of gelatin present.

Gelatin, prepared as indicated above, is a product of the trans-
formation of connective tissue by the prolonged action of boiling water.
It is favored by high temperature (120° C.), as in Papin’s Digester, and
the presence of a minute quantity of acid. When dry it forms a
yellowish or, if pure, a transparent, tasteless solid, closely resembling a
gum in its general appearance and characteristics. It is insoluble in
cold water, but when immersed in cold water is able to absorb by
imbibition forty times its own weight. Itthen will forma stiff, tenacious,
jelly-like mass. If dry gelatin is boiled in water, it is readily dissolved,
and when the solution in water cools the gelatin sets into a stiff jelly if
more than 1 per cent. of gelatin is present, the consistence of the jelly
depending upon the quantity of gelatin dissolved. When boiled for a
long time in water, or if boiled with an acid or alkali, this property of
gelatinizing is lost and two peptone-like bodies result. !

Gelatin is insoluble in alcohol, ether, and chloroform. It is soluble
in warm glycerin, such solutions having the power of gelatinizing when
cooled. ? )
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In solution gelatin rotates the plane of polarized light to the left
(—130° at 25° C.). In watery solutions gelatin is precipitated by tannic
acid,aleohol, and mercuric chloride ; but not by acetic acid, which serves
to distinguish it from chondrin; nor by potassium ferrocyanide and acetic
acid, which separates it from other proteids; nor acetate of lead, which
precipitates chondrin. When boiled with cupric sulphate and potassinm
hydrate, the blue solution becomes red without depositing oxide of
copper. Gelatin readily undergoes putrefaction, and among the products
leucin, ammonia, and some of the fatty acids are found. ;

¢. Chondrogen.—Chondrogen is found in the intercellular substance
of hyaline cartilage, and in the cartilage of bone before ossification. It
derives its name from the fact that when boiled with water it forms
chondrin,—a point which serves to distingunish it from fibro-cartilage,
which, when treated in the same way with boiling water, forms gelatin, and
not chondrin. Chondrogen is insoluble in cold water, but if dried before-
hand, when immersed in cold water will swell up slightly. It swells very
slightly in acetic acid, and may be dissolved by the concentrated mineral
acids and caustic alkalies. When subjected to prolonged boiling with
water it dissolves and forms an opaline solution, which forms a jelly
when cooled.

d. Chondrin.—As just stated, chondrin is the result of prolonged
boiling of chondrogen in water. When solutions of chondrin in water
cool they form a stiff jelly, which is insoluble in cold water, but soluble
in alkalies and ammonia. When solutions of chondrin are evaporated,
a hard, translucent, yellowish, gummy mass results, which is insoluble
in alecohol and ether, swells slightly in cold and dissolves tolerably
readily in hot water and solutions of the alkalies. Prolonged boiling of
watery solutions of chondrin destroys its power of gelatinizing, though
the other properties of chondrin are not thereby altered. It is precipi-
tated from its solutions by alcohol. It differs from gelatin in that it is
precipitated by the mineral acids even when they are dilute; an excess
of the reagent dissolves the precipitate. It is also precipitated by
solutions of sulphurous acid. It is precipitated by acetic acid, the
precipitate not being soluble in excess unless some alkaline salt be
‘present. It is precipitated in abundant flocculi by solutions of alum,
which readily dissolve in an excess, and the fluid becomes clear and
transparent. It is precipitated with acetate and subacetate of lead,
nitrate of silver, and cupric sulphate. Tannic acid and chlorine water
precipitate it, as in the case of gelatin. It rotates the plane of polarized
licht to the left. Chondrin also is readily decomposable, and when
subjected to prolonged heat with concentrated hydrochloric acid is
decomposed, with the formation of nitrogenous compounds which have
the power of reducing the cupro-potassium test; a body resembling acid



108 PHYSIOLOGY OF THE DOMESTIC ANIMALS. -

albumen is formed at the same time. The same changes follow prolonged
boiling with dilute sulphuric acid. There are some grounds for supposing
that chondrin is not an individual albuminoid, but that it is rather a
mixture of gelatin, mucin, and salts, since its general characteristics are
similar to what might be possessed by a combination of these bodies.
All the connective tissues, therefore, possess a body which may be
transformed into gelatin by boiling, and a cement substance, mucin.

The following statements represent in a few words the distinctive
characteristics of mucin, chondrin, gelatin, and albumen :—

Mucin.—Precipitated by acetic acid, the precipitate is not dissolved
by sodium sulphate.

Chondrin.—Precipitated by acetic acid, the precipitate is dissolved
by sodium sulphate. Precipitated by lead acetate, alum, silver nitrate,
and copper sulphate.

Gelatin—Not precipitated by acetic acid, nor by acetic acid and
potassium ferrocyanide, nor by lead acetate.

Albumen.—Dissolved by acetic acid, the solution is precipitated by
potassium ferrocyanide, or by the addition of ‘alkaline salts and heat.

Gelatin and chondrin are mostly to be recognized by their hot
solutions forming a jelly when cooled. This, as already mentioned, is not
invariably the case, as the property is lost by prolonged boiling, or by
boiling with acids. s

Closely allied to these collagenous albuminoid constituents of the
connective tissues we meet with two other albuminoids which have many
points in common with the above, with the exception that they do not
form jellies when their solutions cool. These two bodies are Llastin,
obtained from elastic tissue, and Keratin, a nitrogenous body of epithelial
origin.

3. Elastin.—Elastin is the albuminoid principle contained in yellow
elastic tissue. When yellow elastic connective tissue is Dboiled with
water, after mucin has been removed, collagen is dissolved. The residue
which remains is mainly composed of elastin. Elastin may be prepared
by macerating the lignmentum nuchz of the ox with ether, and then hot
alcohol, to remove the fats; boiling water, to remove collagen and convert it
into gelatin, and 10 per cent. caustic soda, and then acetic acid, allowing
the boiling in water to continue for at least thirty-six hours, and in the
acetic acid for at least six hours. After being subjected to the soda, the
remaining tissue is again boiled with dilute acetic acid, well washed with
water, and afterward the acid neutralized. After washing with hot
water a brittle, yellowish mass is obtained, which recovers its elasticity
and fibrous appearance if soaked in dilute acetic acid.

Elastin is insoluble in cold or boiling water, and offers remarkable
resistance to chemical agents, unless boiled for a very long time. It is
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insoluble in alcohol, ether, ammonia, or acetic acid, but it dissolves in
caustic potash. Its solutions, however, do not gelatinize. When once
dissolved in caustic potash the alkali may be neutralized without throw-
ing the elastin out of solution. Tannic acid is the only acid which will
precipitate it. Elastin gives the xantho-proteic and Millon’s reactions,
and its place among the albuminoids, therefore, seems warranted. When
boiled for a long time with sulphuric acid it undergoes decomposition,
with the formation of leucin and tyrosin. Elastin contains no sulphur.

4. Keralin.—The epithelial tissues of the animal body—nails, bone,
epidermis, and epithelium, as well as horns and feathers—are mainly
composed of a substance closely allied to albumen, as it gives leucin and
tyrosin on decomposition, to which the name of keratin has been given.

Keratin contains sulphur in loose combination, and is in some re-
spects ‘closely related to elastin. Keratin is insoluble in aleohol and
ether, swells up in boiling water, and is soluble in the caustic alkalies.
It is not liable to decomposition. When one of the epithelial structures,
such as horn, is subjected to the action successively of boiling water and
alcohol, ether, and dilute acids, this substance, keratin, remains behind.
But when so obtained it has by no means a constant composition,
and it is probable, therefore, that keratin is rather a mixture of several
nitrogenous bodies than a single albuminoid.

Decomposition of the Albuminous Bodies.—As already mentioned,
albuminous bodies are the most unstable of all organic compounds, and
we have the strongest reason for believing that, even while in the interior
of animal and vegetable organisms, the albuminous constituents of proto-
plasm are continually the seat of various forms of decomposition which
result in the production of simpler organic and inorganic forms. As we
know but very little as to the molecular constitution of the proteid
bodies, nothing positive can be said as to the complex chemical processes
which result in the production of simpler organic forms. The subject
has been a favorite field of research for organic chemists, but as yet
scarcely anything tangible has resulted from their labors. An immense
amount of valuable information has been attained, but the applicability
of the facts so reached to physiological processes is not as yet clearly
assured. The chief end products of the decomposition of proteids in
the animal cell, which is essentially one of oxidation, are water, carbon
dioxide, and urea. What the nature of the substances are which are in-
termediary between these end products and albuminoids we do not clearly
know, except that certain ones, such as leucin, tyrosin, certain of the
carbo-hydrates, such as glycogen and fats, are of constant occurrence
and of great importance. The subject of the decomposition of albumen
under various chemical and physical agents is an extremely intereéting
one, but it falls more within the province of works on organic chemistry.
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In our study of the processes of metabolism of the animal body, in
which we will attempt to trace the course of the food-stuffs after their
entrance into the body and in their elimination as various effete products,
this subject must necessarily be touched upon ; the consideration of the
part of this subject which is at all capable of practicable application will
be deferred until then.

It may only be mentioned here that the simpler an organism the
simpler must be the chemical changes in its constituents. Thus, we find
that in the elementary vegéta-ble organisms their entire structure is made
up of protoplasm, which is practically almost solely albuminoid ; we have
then appearing chlorophyll, cellulose, starch, and in still higher forms the
various sugar groups, vegetable acids, alkalies, etc. In the animal body
a similar state of affairs holds. We may say that the body of an amaba
is composed of simple albuminous matter. In the development of ‘organs
we have a development of supposed chemical derivatives of protoplasm,
and the higher the state of development of the organism the more com-
plex will be the changes which have resulted from the original proto-
plasm. As we have already mentioned, these cell-constituents are organic,
nitrogenous and non-nitrogenous, and inorganic bodies. All of the sub-
stances which we have heretofore considered are examples of derivatives
or modifications of protoplasm, and as protoplasm is essentially albumi-
nous they are, therefore, the examples of a modification of albumen. In
the waste of albuminous tissues we have an immense number of inter-
mediary bodies, partly belonging to the various aromatic series, between
albuminous bodies and the simpler end products, water, carbon dioxide,
and urea. These bodies result from a progressive series of oxidations,
and will receive consideration under the subject of Nutrition.

FERMENTS.

Various animal and vegetable cells will often be found to contain
a class of bodies which are closely allied in composition to albuminous
substances, since they contain carbon, nitrogen, hydrogen, oxygen, and
sulphur. From the fact that they are able, under certain conditions, to
produce reduction in the ecomplexity of organic compounds with the
action of water without acting through the development of chemical
affinities, and without themselves undergoing change, such hodies are
termed soluble ferments, and are derived directly from modifications of
the protoplasm of the living organisms in which they originate. Al-
though they are apparently allied to albuminoids in their chemical con-
stitution, yet when purified they fail to give the proteid reactions; and
although we may be pretty sure that such bodies are derived from
the physiological splitting up of proteids, we have no exact knowledge
as to their structure. When obtained dry by various processes, which



NITROGENOUS ORGANIC CELL-CONSTITUENTS. 111

will be considered under the study of the individual ferments in the
section on Digestion, they are amorphous, colorless powders, which are
highly soluble in water, résemble gums somewhat in appearance, and are
precipitated from their solutions by alcohol, corrosive sublimate, and
lead acetate. One of their remarkable points of contrast to albuminous
bodies is that, when precipitated from solution in water or glycerin by
absolute alcohol, if the precipitates are filtered off and dried, they are
again perfectly soluble in water, and are still capable of exerting all their
actions ; hence, their precipitation is more of a mechanical nature than
chemical. Further, when the precipitates formed by the above reagents
are decomposed by sulphuretted hydrogen a watery extract of the pre-
cipitate will still preserve the original properties of the ferment ; in other
words, the soluble matter is restored to the water unchanged, and still
preserves its specific properties. The ferments are with difficulty freed
from albuminoids, and it is in all probability the albuminoid which is
chemically precipitated from their solutions by the above reagents, and
which in this precipitation carries with it mechanically the ferment.
Consequently, this property of the ferment of being precipitated by the
above reagents is dependent upon the albuminous bodies which are
nearly always associated with it. We shall, further, find that this prop-
erty of being carried down by precipitates from solutions is the basis
of nearly all the methods which have been employed for the isolation of
the different digestive ferments.
. Ferments obtained from the animal and vegetable kingdom may
have the most varied functions. We have but little information
concerning the soluble ferments from a chemical point of view. We
do not even know whether they all have the same chemical compo-
sition, and differ only in some unknown manner in their specific activity.
They only are active at.a temperature below 60° C., and when in the
presence of water; at the temperature of boiling water they are perma-
nently destroyed; at lower temperatures their activity is suspended.
They do not themselves appear to be influenced in the phenomena of fer-
mentation which they inaugurate; ferments are also inactive in the pres-
ence of various chemical agents, such as alcohol, the stronger mineral
acids, and all the large group of substances which are known as antisep-
tics. Ferments may be of two kinds; either organized ferments, such
as the yeast-plant, malt, vibrios, bacteria, etc.,—substances which are
themselves elementary, cellular organisms,—or the so-called unformed
ferments, or enzymes, substances which invariably originate in the interior
of animal and vegetable protoplasm, and are soluble and not organized.
This latter group comprises all the ferments with which we are par-
ticularly interested. Their specific.action is in many cases closely analo-
gous to that of the formed ferments. =There are, however, several points
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of contrast between them. Organized ferments are destroyed by com-
pressed oxygen ; soluble ferments are not. Bolutions of borax prevent
the action of the unformed ferments, but are without influence on the
formed ferments. The organized ferments during their action reproduce
themselves ; the soluble ferments do not act. All the soluble ferments
have a high percentage of ash, sometimes as much as 8 per cent. Under
the action of ferments, fermentable bodies yield substances whose nature
is dependent on that of the ferment. So that any individual ferment-
able substance under the influence of different ferments will split up into
different substances. . v

The following are the important ferments found in animal organ-
isms: ptyalin, found in the saliva and converting starch into sugar;
pepsin, found in the gastric juice and in the presence of a dilute acid
converting albuminous bodies into peptones ; the melk-curdling ferment,
or rennet, found in the gastric juice and coagulating milk in neutral or
acid media; the amylolytic ferment of pancreatic juice, converting starch
into sugar ; the proteolytic ferment of pancreatic juice, converting proteids
into peptones in an alkaline medium ; the fat.ferment of pancreatic juice,
splitting up neutral, fatty bodies into fatty acids; the milk-curdling fer-
ment, also said to exist in pancreatic juice; the ¢nversive ferment, found
in intestinal juice and converting cane-sugar into inverted sugar; and
the liver-ferment, converting glycogen into sugar. The general subject
of the nature of the changes produced by these substances will be con-
sidered in the next section; the mode of action of the digestive fcrments
will be considered under the subject of Digestion.

B. NON-NITROGENOUS ORGANIC CELL~CONSTITUENTS.

I. CarBo-uYDRATES. — The carbo-hydrate tissue-constituents are
composed of carbon, hydrogen, and oxygen, the latter two in the propor-
tion to form water. Although occasionally present as constituents of
animal cells, they are almost exclusively produced by the vegetable king-
dom, and present many interesting examples of isomerism. They may
be divided into the three following groups:—

(a) StarcHES (C4H,,05).

(b) GRAPE-SUGAR GRrouP (CgH,0).

(¢) CANE-Sugar Grour (C,,H,0y).

The members of the first group may, through the action of dilute
acids or the diastatic ferments, be transformed in great part into the
second group. The latter undergoes alcoholic fermentation when in
contact with malt.

() THE AmyrosEs, orR StArcH GroUP 7n(C.H,0;).—This group
includes starch, dextrin, glycogen, cellulose, granulose, and inulin.
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1. Starch, or amylum (n(CeH,,04) or Cyll;,0y), is almost univers-
ally distributed throughout the vegetable kingdom, and is the first evi-
dence of the decomposition of CO, of the atmosphere by vegetable cells
(6 COz-f-5 H,0=C ;0,412 O0). It is particularly abundant in the
cercals, in seeds of the leguminous plants, and in the potato, and in cer-
tain roots, tubers, soft stems, and seeds. It forms rounded masses which
lie in the plasma of the plant-cells, becoming converted, in the process of
germination in seeds and bulbs, into soluble dextrin and sugar. Under

F1G. 54.—STARCH-GRANULES, AFTER LOEBISCH.

A, pea-starch; B, rice-starch ; C. oat-starch; D, wheat-starch: E, bean-starch; F, millet-starch; G, corn-starch; H, rye-
starch; I, lentil-starch; K, potato-starch; L, buckwheat-starch; M, barley-starch.

microscopie examination starch appears as rounded, glistening granules
composed of a series of concentric rings. These granules vary in appear-
ance and size according to their source. In size they may vary from
0.004 mm. in diameter, as when found in beet-seeds, to 0.16 mm., as in
potato-starch (Fig. 54).

In the following table (after Karmarsch) the diameter of the starch-
granules from different sources is given. Microscopic examination of

8
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different “ meals,” by the shape and size of the granules, will thus permit
of the recognition of adulteration with inferior meals :—

Mm.
Starch-granules from Potatoes (average), . . 0.140 (0.10-0.185).
&7 Arrowroot, ¢¢ 3 . 0.140
% “«  Bago, ¢ - . 0.07
o ‘¢ Beans, g ] . 0.063
< ¢ Peas, o J . 0.050
4 ¢« Wheat, 4 . . 0.050
dq ““ Rye, L g . 0.036
g ¢ Qats, = \ . 0.031
v «  Corn, & . . 0.02-0.03
e “«  Tapioca, i1 o . 0.028
Qo «  TRice, 4 ] . 0.022
“ “  Barley, o ; . 0.025
& “ Buckwheat, 3 0.009

The striated appearance is due to the fact th‘tt starch is composed
of two substances—cellulose and granulose, arranged in concentric

- layers, the cellulose always being external. Granulose stains blue with

iodine,—not by the formation of a chemical compound, but by the deposit
of the iodine around the starch-molecules,—and cellulose stains a faing
yellow. These two substances may be separated by digesting, at 60° C.,
one part of starch in forty parts of saturated salt solution containing
1 per cent. of free hydrochloric acid. The granulose then passes into
solution, while the cellulose remains. Examined in this wag, potato-
starch has been found to contain 5.7 per cent. cellulose, wheat-starch

3 per cent., and arrowroot 3.10 per cent. Under the action of dias-

“twtlc ferments granulose is converted into sugar, while cellulose remains

unaltered. A third substance has heen dlstmgmshed in starch which is
termed erythrogranulose, and it differs from granulose in taking on a red
coloration when treated with iodine. It has a stronger affinity for fodine

. than granulose. Hence, when starch-mucilage is treated with very dilute

iodine solution a red color is produced, but when a large quantity of
iodine is added, a deep-blue coloration, from the fact that the reaction
of the iodine with the granulose masks the erythrogranulose reaction.
Pure starch is a white, tasteless, and odorless substance which is
almost entirely insoluble in cold water. In boiling water the granules
swell up from the imbibition of water by the granulose, the cellulose
envelopes burst, and the granulose dissolves. It is to the presence of
the cellulose envelope that the insolubility of raw starch in cold water is
due. When the cellulose membranes are destroyed or comminuted, as by

' grinding with powdered glass, a part of the granulose is then dissolved

in the water, and by repeated washing nearly all the granulose may be
removed and the cellulose envelopes alone remain. In boiling water,
while the starch is said to be soluble, the condition is more strictly one
of a high degree of imbibition of the starch. Like other colloids, starch
is incapable of dialysis, and forms a mucilaginous emulsion. A solution
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of granulose in water rotates the plane of polarized light strongly to the
right. According to Payen, when starch is placed in a saturated solu-
tion of potassium iodide, or potassium bromide, it swells up to a stiff
jelly and increases twenty-five to thirty times in volume. This mass
may then be dissolved in water, with only a slight residue of starch-
cellulose. Dilute acids will also dissolve granulose.

“The alteration of starch through the action of the diastatic ferments
will be described under the consideration of the action of the digestive
juices on the different food-stuffs. When starch is boiled with dilute
acids similar products result.

When starch is subjected to dry heat at 150° to 160° C. it is gradu-
ally transformed into dextrin. When moisture, however, is present, quite
different compounds result, the starch being completely decomposed, with
the formation of carbon dioxide, formic acid, etc. In still higher tem-
pefatures small quantities of brenzeatechin are formed,—a fact which is
of especial interest, as it indicates the possibility of the conversion of

carbo-hydrates into members of the aromatic series. Oxalic acid results
from heating starch with nitric acid.

The test for starch is iodine, which, with raw st‘trch or with starch-
mucilage, gives a deep-blue coloration which disappears on heating, to
return on cooling, if the heat has not been too prolonged. Starch is
also precipitated from its solutions by tannic acid in the form of a yellow,
flocculent sediment which is dissolved on heating.

+ 2. Cellulose (CgH,O5).—Cellulose forms the wall or cell-membrane
of vegetable cells, and may be regarded as the skeleton of plants. It is
formed by vegetable protoplasm out of other carbo-hydrates, such as
starch and sugar, and is capable of being again reconverted into other
members of the same group. It only very seldom occurs in a perfectly
pure condition. Young plants contain purer cellulose than older plants;
in the latter there is a greater percentage of ash. Cotton and Swedish
filter-paper are forms of comparatively pure cellulose. Cellulose is very
hygroscopic, but ammoniacal cupric oxide solution (Schneider’s reagent)
is its only solvent. In sulphuricacid it first swells up and then dissolves
and forms a substance which is stained blue with iodine. This substance is
termed amyloid, but must not be confounded with the amyloid substance
of pathologists, which has been already described under the albuminous
bodies. Cellulose is also capable of being converted into the sugar
group by 'prolonged action of acids. Woody fibre is a modified form of
cellulose, which is due to the deposit within the cellulose of nitrogenous
substances ; it then hasacquired a greater power of resistance to various
mechanical and chemical agents. In woody fibre cellulose has become
associated with a body richer in carbon and poorer in oxygen than cellu-
lose, and which is termed lignin; its formula is CyH,0,. The lignin
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constitutes about 50 per cent. of wood, the other half being composed of
cellulose, upon which the lignin is deposited. Iodine stains cellulose of a
vellowish color unless hydriodic acid, potassium iodide, zinc iodide, sul-
phuric acid, phosphoric acid, or zinc chloride are added with the iodine.
With any of these reagents,combined with the iodine, the cell-membrane
or cellulose is stained blue. It is not known,however, in what way these
agents assist the reaction.

8. Dextrin (C¢H,05).—Dextrin, or British gum, is the name given
to a group of substances which may be regarded as intermediary products
in the conversion of starch into sugar. It may also be obtained by boil-
ing starch with dilute acid, although in this operation the sugars are alsa
obtained. There is some doubt as to whether it exists ready formed as
a constituent of vegetable cells. In commerce it is manufactured by
heating dry starch up to 400°. Through the action of the dry heat the
starch becomes yellowish in color and.soluble in water. Dextrin is in-
soluble in alcohol and ether; it should not reduce the sugar test unless,
as is apt to be the case, it is associated with sugar. It rotates the ray
of polarized light strongly to the right, from which it derives its name
(dexter =right), and is readily converted by the action of dilute acids,
or the diastatic ferments, into sugar. According to Bernard, dextrin is
found in the blood of both the herbivora and earnivora, though in greater
amount in the former. When found in the animal body it originates
partly from the glycogen of the liver and partly from the food. The test
for dextrin is the formation of a mahogany-red color when iodine is added
to its solutions. When heated this color disappears and does not return on
cooling,—a point of importance as serving to distinguish dextrin from
glycogen, another member of this group. Dextrin is precipitated out
of its watery solutions, which are always turbid, by aleohol, lime-water
and ammonia, and acetate of lead. With iodine in solution in potassium
iodide, dextrin gives a violet coloration.

4. Glycogen.—Glycogen,or animal starch,or, more properly speaking,
animal dextrin, will be discussed at length under the subject of Special
Physiology. .

5. Inulin (C¢H,,05).—In its composition and characteristics inulin
is closely allied to starch. It is found in the roots of the Lobeliaces,
Campanulacez, and Gordeniacez ; it owes its name to the fact that it was
first discovered in the root of the Inula helenium. Dried dahlia-bulbs
contain 42 per cent. of inulin. In the autumn inulin is found in
greatest amount; in the spring it becomes converted into laevulose.
Inulin is only found dissolved in plant-juices, and never as a solid
deposit; and since inulin by itself is insoluble in water, it must then owe
its solubility to the presence of some other substance.

Inulin may be obtained by boiling dahlia-bulbs in water, enough
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calcinm carbonate being added to neutralize the acid reaction. After
flltering and concentration, inulin separates from the extract in the form
of crystals. By boiling with dilute acid, inulin is converted into
leevulose.

(b) TuE GLUCOSES, OR GRAPE-SUGAR GROUP n(CsH,,0,).—This group
comprises grape-sugar, or dextrose, galactose, inosite, and levulose, or
sugar of fruits.

1. Grape-Sugar (CIl,,0,+H,0).—Grape-sugar, or glucose, is widely
distributed throughout the vegetable kingdom, as a rule accompanying
fruit-sugar, and Is also normally found dissolved in many of the animal
juices. It owes its name to its being found in grapes, where it is associated
with leevulose. It rotates the plane of polarized light to the right, and is
consequently designated as dextrose. As a product of the action of
the diastatic ferments on starch and the majority of the carbo-hydrates,
it acquires an especial importance for the animal organism. Grape-sugar
also occurs in the vegetable kingdom associated with other bodies to form
glucosides, from which it may be separated by treatment with acids or
‘ferments. Most of these bodies contain only C, H, and O; some, such
as solanin and amygdalin, contain N in addition, and in others S is also
found. Grape-sugar seldom occurs in well-formed crystals, but ordinarily
in crumbly, white masses, which, under the microscope, are seen to cousist
of small, rhombic tables. It has a sweetish taste, and is soluble in water
and alcohol. At 100° C. grape-sugar melts and loses its water of
crystallization. At higher temperatures it becomes brown, and is con-
verted into earamel, C,H;O,. At still higher temperatures it is
completely decomposed into CO, CO,, marsh-gas, acetic acid, acetone,
aldehyde, and other products. If heated with a strong solution of
caustic potash grape-sugar decomposes, with heat produnction, into lactic
acid, brenzcatechin, formic acid, and other products, accompanied by
the development of a brown color. If nitrie acid is then added, an odor
of burnt sugar and formic acid is produced. Grape-sugar is readily
soluble in water, but less so than cane-sugar. It is also less sweet than
cane-sugar. It is very slightly soluble in alcohol and insoluble in ether.
Glucose combines with different acids and bases to form glycosates or
saccharates. (rapesugar has a great affinity for oxygen, and it is
therefore a powerful reducing agent. This property is seen in the
reduction of cupric oxide in an alkaline solution, and has been made use
of for a qualitative and quantitative test of its presence. Thus, if one
molecule of grape-sugar is mixed with five molecules of cupric sulphate
and eleven molecules of sodic hydrate the copper will be precipitated
completely, and the filtrate will be free from sugar. In watery solutions
grape-sugar is unstable, since it is readily decomposed under the action
of ferments. This fermentation, produced under the influence of yeast
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or malt, is termed alcoholic fermentation, and is accompanied by the
development of carbon dioxide, with small amounts of glycerin and
formic acid. The fermentation caused by the lactic acid ferment, or
decomposing nitrogenous matter, results in the final development of
butyric acid.

Various tests have been proposed for the qualitative and quantitative
estimation of grape-sugar. Of these it may be mentioned that in
solutions of cupric hydrate in the presence of free alkalies, when subjected
to boiling, grape-sugar reduces the cupric oxide into red or yellow
anhydrous cuprous oxide (Trommer’s and Fehling’s test). Basic nitrate
of bismuth is reduced by grape-sugar to bismuth oxide (Bottger’s test).
When boiled with half its volume of liquor potassea grape-sugar solutions
acquire a bright-brown color, due to the formation of melassic acid. If
nitric acid is now added, the odor of formic acid is evolved (Moore’s
test). For the methods of quantitative estimation of sugar solutions
and further details as to testing for sugar, references must be made to
text-books on physiological chemistry.

9. . Laevulose.—As with dextrose and cane-sugar, levulose is also
abundantly distributed through the vegetable kingdom, especially in the
acid fruits. It forms a colorless, non-crystallizable syrup, with almost
as much sweetness as cane-sugar. It derives its name from its property
of rotating the plane of polarized light strongly to the left (at 15° C.=
—106°). It is as powerful a reducing agent as grape-sugar. When
placed in contact with malt it undergoes alcoholic fermentation without
first being converted into dextrose. Leevulose is also formed in what is
termed the inversion of cane-sugar. When cane-sugar is subjected to
the action of dilute mineral acids, or the intestinal juices of animals, it
is turned into the so-called inverted sugar, which may be regarded as a
mixture of equal portions of dextrose and lavulose.

3. Inosite (CeH},04 4 2H,0).—Inosite is a saccharine body whiclt
is found in the heart-muscle and in most of the organs of the body,
especially of the horse and ox. It is also found in certain plants, es-
pecially in the unripe fruit of the Papilionacez. Inosite crystallizes in
long, colorless, efflorescent tables, and in cabbage-like aggregations,
which when dried break down into a white mass. It has a sweetish
taste, is easily soluble in water, but insoluble in alcohol and ether. Its
solutions are optieally inactive. It does not reduce the copper test for
sugar. It is incapable of undergoing alcoholic fermentation, and is not
decomposed by caustic alkalies or weak acids. It is precipitated from
its solutions by lead acetate and ammonia. If inosite is evaporated
almost to dryness on a strip of platinum-foil with nitric acid, and the
residue moistened with a little ammonia and calcium chloride solution;
and again evaporated, a beautiful red coloration is produced (Scherer’s
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test). By means of this test it is claimed that the presence of 0.005
grain of inosite may be recognized. In contact with decomposing organic
matters inosite may undergo lactic acid or butyric acid fermentation.

(¢) SAcCHAROSES, OR CANE-SuGAR GRrouP n(C,H,;,0,).—This group
comprises saccharose, or cane-sugar, lactose or milk-sugar, maltose or
malt-sugar, and arabin, found in gum arabie:

1. Saccharose,or Cane-Sugar (C,;H,;,0,,).—This substance is found
widely distributed throughout the vegetable kingdom in the juices of
various plants, trees, and fruits. It is derived from changes occurring
in starch in the ripening of the fruits. Cane-sugar is said to be the
origin of all forms of vegetable sugar, which in the process of vegetation
is partly broken up into glucose and leevulose. Cane-sugar crystallizes
in large, colorless rhomboidal prisms, which are soluble in one-third
their weight of water, the solubility being greatly increased by heat;
thus, at 0° C., 100 grammes of a saturated sugar solution contain 65
grammes of sugar; at 14° C.; 66 grammes ; and at 40° C.,75.75 grammes.
The solutions of cane-sugar rotate the plane of polarized light to the
right (- 73.80°); with various metallic salts and oxides it forms chemical
compounds, which are termed saccharates. When carefully leated to
160° C., it melts into a clear, pale, yellowish fluid, which on cooling
forms a transparent, amorphous mass—the so-called barley-sugar. If
the temperature of 160° is prolonged, cane-sugar is transformed into
levulose and glucose. When subjected to a higher temperature with
moisture more profonnd chemical changes are produced. Carbon dioxide
is developed, and a firm, carbonaceous mass containing a trace of
brenzcatechin and caramelin may result. In the dry distillation of
sugar large quantities of carbon dioxide and small quantities of earbon
monoxide and marsh-gas are set free, while the distillate contains acetic
acid, as well as substances allied to aldehyde and acetone. Under various
circumstances, such as the action of dilute mineral acids, ferments, and
prolonged heating of a watery solution in a closed vessel, cane-sugar
becomes inverted; that is, divided into a mixture of glucose and
levulose. ‘

Cane-sugar is not directly fermentable, but when converted into
dextrose and lzevulose may then undergo fermentations similar to those
of grape-sugar. Cane-sugar is easily acted on by oxidizing agents, but
less readily than is grape-sngar. It does not reduce alkaline cupric
hydrate solutions, nor is it precipitated by acetate of lead, althongh
ammonic lead acetate precipitates it. Strong sulphuric acid chars cane-
sugar, but dissolves grape-sugar. Cane-sugar is not directly assimilable
by the animal economy. When introduced into the intestinal canal it is
first changed into invert sugar before being dissolved. When injected
into the veins it is eliminated unchanged by the kidneys.
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2. Maltose—Maltose is the form of sugar which results from the
action of a diastatic ferment, or dilute acids with heat, on starches. It
resembles cane-sugar in many respects, but has the power of reducing
alkaline solutions of cupric hydrate, although its reducing power is one-
third less than that of dextrose. It rotates the plane of polarized light
strongly to the right, even more so than dextrose (4150°). It is capable
of undergoing fermentation, and, through the action of dilute acids with
heat, may be converted into dextrose. It is this form of sugar which in
all probability invariably results from the digestion of the carbo-hydrates
in the animal body under the influence of an amylolytic férment, and will
be again alluded to in the chapters on Digestion.

3. Lactose, or Milk-Sugar (Cy,H,;,0,-+H,0).—Lactose resembles
cane-sugar closely in its properties, but is more stable, and, like dextrose,
has the power of reducing the sugar tests. It rotates the plane of polar-
ized light to the right, the degree of the rotation diminishing with the
age of the solution. It is found only in milk; it erystallizes in hard,
white, tThomboidal prisms; is soluble in six parts of cold and two and
one-half parts of hot water ; insoluble in aleohol, ether, and only slightly
sweetish. It is only fermentable with difficulty. It will again be alluded
to more at length under the subject of Milk.

4. Arabin.—Arabin is capable of being converted by means of dilute
sulphuric acid into a sugar which is termed arabinose, and is closely
analogous to dextrose. It is the main constituent of gum arabic. It
polarizes light to the right, reduces the copper sugar tests, but is in-
capable of fermentation.

II. HYDRO-CARBONS, OR FaTs.—Fats may be either of animal or vege-
table origin, and occur either deposited within the interior of cells, or in
the formn of solution or suspension in animal or vegetable juices. In the
animal body fat is especially formed in the cells of the connective-tissue
group, either through fatty degeneration of the protoplasmic cell-contents
of the connective-tissue corpuscles, or by the absorption of fat brought
to them by the cells by a vital process analogous to the feeding of the
amaeba, or the absorption of fat from the intestinal canal of animals. In
the formation of adipose tissue by either of these processes the proto-
plasmic cell-contents gradually become displaced, the nucleus lying
against the cell-membrane, while the cell-contents consist mainly of a
globule of oil. During the life of the organism the fatty contents of
cells are always of a fluid consistence, and, in the case of animals, only
solidify when cooled below a certain point, which is characteristic of
the different individual fats. In the vegetable cell the fats remain per-
manently fluaid, with but few exceptions, in the form of oils. As animal
fats solidify, a partial process of crystallization into groups of acicular
crystals often takes place. When within the interior of cells fats are
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stained black by perosmic aecid; this reagent is, therefore, a delicate
microscopic test for the detection of fats, and, since fat is a constant
constituent of nervous tissue, is used as a means of recognizing this
tissue. In vegetable cells fat is partly produced directly from CO, and
H.0, and also through the transformation of starch; the latter is its
mode of origin in oily seeds and fruits where it is stored up until required
for germination and growth.

The natural fats are, without exception, compounds of a triatomic
radical, propenyl or glyceryl, combined with three atoms of a monatomic
fatty acid, namely, either palmitic, stearic, or oleic acids. The fats
formed by the union of these acids with the radical glyceryl are termed
palmitin, stearin, and olein.

A few fats contain other glycerin ethers, such, for example, as are
found in butter. At the ordinary temperatures, fats are either solid, like
tallow ; semi-solid, like butter and lard ; or fluid, like oils. These differ-
ences depend upon the differences in their composition. The more
stearin or palmitin there is present, the more the fats tend to solidify ;
while the more olein there is, the more fluid are they. All fatty bodies
become fiuid considerably below the temperature of boiling water. In
the pure condition fats are odorless, tasteless, and of alkaline reaction.
‘When kept in contact with the air, they become rancid from the setting
free of fatty acids and the oxidation of glyceryl, with the resulting pro-
duction of volatile fatty acids and glycerin. In this process they acquire
odor and taste, and have an acid reaction. Fats have a lower specific
gravity than water. All fats are completely insoluble in water, bnt when
water contains bodies such as gum or albumen in solution, fats will then
remain mechanieally suspended in the form of an emulsion, which is
merely the breaking up of the oil into minute globules. When fluid, fats
render paper which is coated with them transparent (grease-spots).
Many of the fats are soluble in alechol, especially when hot, and all are
soluble in ether, chloroform, the volatile oils, benzol, and carbon disul-
phide. . When fats contain small quantities of free fatty acids they will
form a permanent emulsion with sodium carbonate solution. This prop-
erty has been used by Briicke as the means of detecting the presence of
free fatty acids, and, in all probability, the production of an emulsion in
the digestion of fats by pancreatic juice is due partly to this fact. When
subjected to dry distillation, acrolein is formed in conjunction with other
acrid and aromatic products. When fats are boiled with alkalies, soap
is produced by union of the alkali with the fatty acid, forming a soluble
salt, or soap, while glycerin passes into solution. The glycerin may like-
wise be displaced by inorganic bases, such as lead, and glyceryl hydrate
or glyceryl alecohol (glycerin) is produced. This replacement of glyceryl
by other bases is termed saponification. The presence of glycerin may
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be recognized by the development of acrolein when boiled with glacial
phosphoric acid. Under the influence of certain ferments fats split up
into glycerin and a fatty acid by combining with the elements of water,
thus :—
C,H,(0C, (H,,0),+ 8H,0 = C,H,(0OH),+ 3(C, ;H;,0,0H).
Tripalmitin, Water, Glycerin., Palmitic Acid.
The composition of the four principal fats is represented in the
following formulee :—
Glycerin, C,;H,(OH),.
Palmitin, C,H,(0C,,H,,0),.  Palmitic Acid, C,H,,0,0IL

Stearin, C,H;(0C,; H;;0);. Stearic Acid, C,,H,;,0,0H.
Olein, C,H,(0C, H ,0),. Oleic Acid, C,,H,,0,0H.
Butyrin, C;H,(0C,H,0),. Butyric Acid, C,H 0,.

Stearin.—Stearin is the chief constituent of the more solid fats,
Its melting point varies between 53° and 66° C. It is insoluble in cold
alcohol and in ether, but is soluble in both when boiled. It never occurs
in the vegetable fats. It crystallizes from boiling alcoholic solutions in
brilliant quadrangular plates.

Palmitin—This fat is the chief component of the animal fats, but
also is largely found in fats of vegetable origin. It is more soluble in
cold and hot ether and alcohol than is stearin. Its melting point is
45° C. It crystallizes in fine needles.

Olein.—When pure, olein is a colorless oil which is fluid at the
ordinary temperature and solidifies at 0° C. When exposed to the air
it absorbs oxygen and becomes yellow. It dissolves all other fats,
especially at 30° C. It is soluble in cold absolute alcohol and ether.
It is more abundant in vegetable than in animal fats,

Butyrin.—Butyrin is found in butter. It is a pungent liquid; and
when it decomposes, butyric acid, to which the odor and taste of rancid
butter are due, is set free.

Spmmacetz is found in the cranial sinuses of whales, and is a deriva-
tive of cetyl alcohol (CyHy)O. This is a solid body which melts at
50° C., and when saponified yields in addition stearic, myristic, and
lauric acids.

Bees-wax is also a form of animal fat, which is likewise capable of
saponification, the radical here being cetyl alcohol. Waxes possess
many points in common with the fats, but are not; acted on by the
digestive juices.

Margarin.—Formerly this name was given to a substance which was
supposed to be a special fat, but which is now known to be a mixture of
stearin and palmitin. It occurs in the form of needle-like crystals which
are often found in the interior of fat-cells, and which were supposed to
be a glycerin ether of a hypothetical acid,—margaric acid.
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The percentage composition of the animal fats varies only within
narrow limits :—

C. H. O.
Horse-fat, 7 5 5 2 . 77107 11.69 11.24
Ox - . ) 2 - . 1650 11.90 11.59
Sheep *¢ : 0 5 o S BB 12.03 11.86
Pig ‘¢ -~ . . - . 16.54 11.94 11.52
Dog « . 0 5 & . 176.63 12.05 11.62
Cat £ B o a 0 . 76.56 11.90 11.44
The Average.

76.5 12.0 11.5
Formula, C,,Hy,0,. /

Of the different domestic animals, horse-fat is yellow, and begins to
melt at 30° C. Its essential component is olein. Ox-fat contains prin-
cipally stearin and palmitin, and but little olein. It is white, melts at
43° (., and solidifies after melting at 36° or 37° C. Mutton-fat contains
principally stearin. Its melting point is 46°. If solidifies at from 35° to
40° C. Pig-fat is white, and contains large quantities of olein; melts
at 41°, and solidifies after melting at about 30° C.

Adipose tissue is made up as follows :—

Water. Membranes., Fat.
Ox, ' ¢ 0 o o 19296 1.16 88.88
Sheep, . 0 0 N . 10.48 1.64 87 88
Pig, . 3 3 o . 6.4 1.35 92.21

C. INORGANIC CELL-CONSTITUENTS.*

The inorganic constituents of cells enter them already formed, and,
as a rule, leave them without undergoing change. About the only
exceptions to this statement are found in the case of carbon dioxide,
the water formed by oxidation of the hydrogen of organic compounds,
and the sulphur of various excretory produets, which, eliminated
through the intestines and kidneys, originates in the sulphur of
albuminous compounds. The inorganic cell-constituents differ in no
way from similar compounds found elsewhere. They originate in the
earth and atmosphere, become constituents of vegetable organisms,
and then, through absorption in foods, enter into the composition
of animal bodies. The amount of inorganic matter found in cells,
including of course water, is greater in weight than the organic cell-
constituents. The inorganic constitnents may exist in the form of
water, salts, gases, and certain elements whose exact mode of combina-
tion has not yet been thoroughly determined. All the inorganic constit-
uents of the body, in some period of their existence as such, are in the
form of solutions. They enter the organism in solution, are deposited

* In the preparation of this section the author is especially indebted to Gorup-
Besanez, ¢ Lehrbuch der Physiologischen Chemie.”
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as constituents of tissues perhaps in the solid or even crystalline form,
but are again eliminated from the body in solution ; this applies not only
to the salts, but also to the gases and acids. Many of the physical prop-
erties of various tissues depend almost solely upon their inorganic
constituents. In this connection it is only necessary to mention the
bones and teeth. Wherever cell growth is taking place certain salts are
essential, since no form of protoplasm is able to carry on its existence
without a supply of salts, the nature of which may differ in the case of
different cell forms; thus, for example, calcium salts are not only
essential for the development of the bone-cells, but accompany the
albuminoids of all growing tissue; blood-corpuscles require iron and
potassium phosphate, and all forms of cell growth require sodium
chloride.

1. Warer. (H,0).—Of the inorganic constituents of cells water is by
far the most abundant, and is the most important. In fact, all organisms
may be said to live in water ; for if their entire body is not surrounded by

“water, all contain water in large amounts, and all their vital processes are
dependent on watery solutions. Water is destined, by entering by imbi-
bition into solid tissues, not only to preserve the physical condition
which is essential to the preservation and manifestations of the vital
phenomena of protoplasm, but it holds in solution many of the- salts
essential to the vital processes of the economy. It also constitutes a
large proportion of the fluids of the body, such as the blood, lymph, chyle,
and secretions. Itis in greater amount in embryonic tissue, and decreases
as adult life and old age are reached. In the higher animals it may
exist in 70 per cent. or more, while in some of the lower forms of life as
much as 90 per cent. may be reached. The amount of water in different
organisms, and in the same organism at different times, is subject to
very great variation. It not only constitutes the great-part of the secre-
tions of the animal body, but it also forms a large proportion of even
the densest tissnes of the animal or vegetable body. Thus, in the
enamel of teeth two-tenths of one per cent. of water is present, while in
dentine 10 per cent. and in bones 22 per cent. of water is found.

The following table represents the amount of water in 1000 parts of
different animal tissues :—

Organs. Water. Solids.
Enamel, . 2 : s 4 4 3 : 2 998
Ivory, 5 5 3 5 : 2 A . 100 900
Bone, . 5 A 3 " ) 3 > . 216 784
Fat, . 3 5 ¢ 3 2 3 5 . 299 701
FElastic tissue, . 4 ¥ 5 % . . 496 . 504
Cartilage, . 3 3 5 . % . . 550 450
Liver, 3 5 . 1 8 5 ” . 693 307

Bone-marrow, . S s 3 3 S g 303
‘White brain-substance, . . p § . 700 300
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Organs. Water. Solids.
Skin, . 3 8 3 s . . : . 720 280
Brain, . . . . I 5 3 . 150 250
Muscles, . P 3 3 : 3 A . T 243
Spleen, a S e 7 s . . 158 242
Thymus, . 2 5 . 5 5 5 . 70 230
Nerves, . . £ 6 P ; . 780 220
Connective tlssue, N 3 ; 5 J . 796 204
Heart, . 2 [ s . g 3 . 192 208
Kldneys 2 4 g e . Se=S 173
Gray brain- substance, 2 5 . R . 858 142
Vitreous body, . 5 - : ¢ . . 987 13

Fluids. ‘Water. Solids.
Blood, ] 5 . r g Q g - 191 209
Bile, . . . . s g 3 5 . 864 136
Milk, . . A . ) . 3 : . 891 109
Plasma, . . 3 4 . : s . 901 99
Chyle, . c 5 5 : 5 : . 928 T
Lymph, . 4 . . . i 3 . 983 i
Serous fluids, . . . . 5 s 969 41
Gastric juice, . g 2 : . : . 973 27
Intestinal juice, 5 4 T 2 r . 9% 23
Tears, ) : 1 ! i % . 982 18
Aqueous humor 5 3 $ . - . 986 14
Cerebro-spinal ﬂu]d, : 0 g p 5 . 988 12
Saliva, y . X . 1 p 3 . 99 5
Sweat, . . i 3 % s & . 995 5

The condition of semi-solidity of organic tissues, which we found to
be so essential to the carrying out of the physical processes in cell life,
is rendered possible by the amount of water and the condition in which
it is held by the different cells. A remarkable fact in connection with
the manner in which water is held by the animal organism is that there
are certain tissues and organs in which the percentage of water found is
in excess of the percentage of solids, without the organs assuming the
fluid form; indeed, again, there are certain semi-solid organs whose per-
centage of water is even greater than that of the animal fluids; thus, the
kidneys contain a larger percentage of water even than the blood. This
shows therefore that the manner in which the water is held by such
tissues must be different from that in which it exists in the animal fluids,
where it occupies more or less the role of a medium of solution. The
consistence of many fluids in the animal body is not dependent so much
on the amount of water present as on the nature of the substances which
are in ‘solution; thus, mucus has a’considerably larger percentage of
water than blood, and yet is apparently a denser fluid. As already de-
scribed in the section on Physical Processes in Cells, the water of the
semi-solid organic bodies enters their elementary intermolecular spaces,
and it is a peculiarity of organized bodies that they may absorb a
quantity of water greatly in excess of their own weight without losing
their semi-solid condition. In such cases it is not water alone that is
absorbed, but water always econtaining different inorganic salts in solution.
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A certain part of the water found in animal tissues is held in com-
bination, as in water of crystallization, both in organic and inorganic
molecules. This amount is, however, inconsiderable as contrasted with
that held in other manners. Water is also found as a vapor in the air
contained in the respiratory organs of animals.

By far the greater part of the water found in the animal and vege-
table body has entered from without; in the former case through the
food and drink, and in the latter from rain or from the absorption of
moisture from the soil. In the case of the animal body a certain amount
of water is apparently formed within the animal economy, since it has
been found that under certain circumstances the amount of watery vapor
exhaled through the lungs and skin, and that passing through the kid-
neys and intestines, is in excess of the amount of water taken internally,
the body still preserving its uniform weight. Again, as we shall find in
considering the subject of respiration, the volume of carbon dioxide
eliminated through the lungs is smaller than the amount of oxygen taken
into the blood in inspiration. Ten to twenty-five per cent. of oxygen
disappears in this manner, and must, therefore, have formed other com-
binations in the body than those whose end product is CO,. Since it is
readily conceivable that the hydrogen of hydrogen compounds is set free
quite as readily as the carbon of carbon compounds, a certain amount
of this hydrogen may evidently unite with oxygen to form water, not hy
a direct oxidation of the hydrogen, but through the gradual union of
the oxygen with a long series of oxidation products whose terminal is
H,0, just as CO, results from the final union of oxygen and carbon, and
not by a direct oxidation of carbon in the animal body. Such an origin
of water in the economy is further supported by the fact that the amount
of hydrogen contained in organic compounds in the excretions is less
than that which is contained in similar combinations in the food. Thus,
it has been estimated that a man receives daily forty grammes of hydrogen
in organic combinations with the food, while only six grammes are dis-
charged in such combinations in the excretions; hence, thirty-four
grammes, or about 85 per cent. of the hydrogen so introduced, remains
unaccounted for. Since hydrogen does not leave the body as a vapor,
nor in any notable amount in any other inorganic compound but water,
the surplus must be converted into water. The estimates are that in
man about three hundred grammes of water are formed daily in this
way,—probably from the decomposition of carbo-hydrates where hydro-
gen and oxygen are present in the proportion to form water.

Organisms not only live in water, but they may be said to live in
running water (Hoppe-Seyler) ; for they are continually taking in water,
which may contain other food-stuffs in solutions, and are continually
eliminating water which contains the products of their tissue-waste.
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Plants get rid of water through evaporation from their entire external
surface, while water is absorbed by their roots.

Water leaves the animal body through the kidneys, skin, lungs, and
intestines, that passing daily through the kidneys being about half of ‘the
total amount of water eliminated. The relative proportion between the
amounts eliminated by these organs is subject to very great variation, and
depends upon numerous external and internal conditions, which will sub-
sequently be alluded to. It may, however, be here mentioned that of the
water taken as food but a small amount leaves the body in the faeces; in
man the amount so eliminated is only 4 per cent., while the remaining 96
per cent. leaves the body through the kidneys, lungs, and skin. Water,
therefore, does not simply pass through the alimentary canal, but is ab-
sorbed by its mucous membranes, enters the blood, and thence becomes
a constituent of the different tissues.

Water is a necessary solvent for various organic and inorganic con-
stituents of the body, and it alone, by entering into the condition of im-
bibition in the tissues, enables the various physical and chemical proc-
esses which constantly occur in cells to take place, and occasions their
semi-solid state, their elasticity, flexibility, and transparency. Through
its evaporation from the external surface and through the lungs it serves
to abstract heat, and therefore is, to a certain extent, a temperature regu-
lator. As water is an essential constituent of organic bodies, its loss,
which is constantly taking place, must be continually replaced; in the
higher animals a demand for an increased supply of water is indicated
by what is known as thirst. This will subsequently demand consideration.

The removal of water from lower forms of cell life entirely suspends
all evidences of vitality ; through desiccation life in such forms is said
to be rendered latent. A renewed supply of water will again restore all
the phenomena of cell life. None of the higher plants or animals can
support loss of water beyond a very moderate amount without causing
permanent loss of vitality ; seeds and infusoria may be completely dried
and recover their vital properties when supplied with heat and moisture.
Although water is an essential constituent of all cells, it may, neverthe-
less, act as a poison if absorbed in too great amount.

Protoplasm of all kinds is killed by immersion in distilled water ;
this fact may be partly due to the diffusion currents which are thus in-
augurated, the essential salts being removed from the protoplasm, and
their place being taken by water.

Freezing of various parts of plants and then subjecting them to
rapid thawing by exposure to the rays of the sun causes their death by
first abstracting water from the solids and eausing its aggregation in a
crystalline form, and then by sudden melting causes drowning out of
neighboring parts while more remote portions still suffer from want of
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ater. If the thawing is slowly accomplished the water has time to dif-
fuse and restore the normal condition of imbibition. In this way is to
be explained the fact, which may be frequently observed in cold spring
and autumn mornings, that of the parts of plants which are frozen those
which are exposed to the direct rays of the sun are killed, while those
which are protected from the sun’s heat thaw out gradually and regain
their vitality. So, also, red blood-corpuscles may be frozen and gradu-
ally thawed without being destroyed, but if rapidly thawed are dissolved.
On this fact, undoubtedly, rests the practical point that frozen animal
parts must not be rapidly warmed, but have their circulation only gradu-
ally restored ; hence, the common practice of rubbing with snow.

2. Sopium CHLORIDE (NaCl).—Of the saline constituents of cells
sodium chloride is the most widely distributed, and is present in larger
amount than any other salt in all the tissues of the animal body, with
the exception of the bones, teeth, red blood-corpuscles and striated
muscle-cell. It is especially worthy of notice that the amount of sodium
chloride in most organs, especially in the blood, is almost constant and
is independent of the amount of this salt contained in the food. Its
distribution in the body is also remarkable. In the blood-plasma it is
abundant, while it is almost absent from the blood-corpuscles which are
suspended in the plasma. It is abundant in chyle, lymph, saliva, gastric
juice, mucus, and pus, and is present in only small quantity in muscle-
juice and many glands. Sodium chloride is present in the form of a
solution in water, and in the removal of the fluids from the semi-solid
tissues by pressure the greater part of the salt is taken away with the
water. The relative proportion of sodium and potassium chlorides in
different parts of the animal body is about as follows :—

QUANTITY OF Sop1UM AND PoTAssiuM CHLORIDES IN 1000 PARTS IN THE

NaClL KCL
Bones, . y s . 3 " 5 £ . 7.02
Blood, . 3 g : > 3 3 4 iy ) 2.05
Bile, > ; 8 ¢ ; ; ‘ . . 5.58 0.28
Gastric juice, . : ; : 4 ; i . 145 0.55
Sweat, . 2 : . A . ! x . 223 :
Saliva, . A : . A ¢ 5 : S DS
Milk, g : : a : : X : . 0.87 2.13
Lymph, . 3 . L ; ; z y 567
Sebaceous matter, . k 3 : 3 3 . 5.00
Urine, . 3 3 6 A 3 5 3 . 11.00 4.50
Pancreatic juice, . I { : 5 2 . 135 0.02

All the sodium chloride found in the animal body has entered it
from without. It leaves the body in the urine and excrement, perspira-
tion, nasal and buccal mucus. By far the greater part is eliminated
through the nrine, though the total amount eliminated falls short of that
taken in the food. A certain amount of the sodium chloride taken in as
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food undergoes chemical decomposition in the body, as will be alluded
to in the subject of Nutrition. Thus, the potassium chloride of muscles
and red blood:corpuscles apparently originates in a double decomposition
of sodium chloride and potassium phosphate into sodium phosphate and
potassium chloride. Possibly the hydrochloric acid of the gastric juice
and the sodium salts of the bile have similar origins.

Sodium chloride is absolutely essential to the manifestation of life;
in a physical sense, it is of great importance, from the influence which it
exerts over diffusion, particularly in the degree of absorption from the
alimentary canal.; The conditions which follow the . deprivation of
sodium chloride, and a more detailed account of its relations to the
nutritive processes and body will again be referred to more at length
under the subject of Nutrition.

3. Porasstum Curoripe (KCl).—Potassinm chloride is usually a
companion of sodinm chloride, although in certain tissues, such as the
red blood-corpuscles, and in muscles, it occurs in greater amount than
the sodium salt, while it is almost absent from the blood-plasma, where
a slight excess of potassium salts appears to act as a poison to the heart.
A similar toxic effect is also exerted by potassium chloride on muscles
and nerves.

In the herbivora potassium chloride is, as a rule, in excess over
sodinm chloride. The salivary glands and kidneys appear to be the
special organs for its elimination. v

4. Soprum AND Porassium CarBoNaTES (CO,Na,, CO,NaH, 3(CO,)-
NaH,, COK,, CO,KH).—These salts are found in the ash of various
organic substances, where they have probably originated from the
decomposition of various organic acid compounds of sodium and potas-
sium. In various animal juices, however, and especially in the blood
and urine of herbivorous animals, and in the blood -of the omnivora,
sodium and potassium carbonates exist already formed. When car:
nivorous animals are fed on a vegetable diet their urine contains
eonsiderable guantities of carbonates of the alkalies, resembling thus the
urine of herbivorous animals in reaction and constitution; it will be
alkaline in reaction, turbid, and deposit a caleareous sediment, instead of
being acid and clear, as is normally the case in the urine of carnivora.
It is also interesting, in this connection, to notice that the urine of the
suckling calf before being weaned is clear and acid,as among carnivora;
when the c¢alf is placed on a vegetable diet the urine becomes turbid
and alkaline. Further, if herbivorous animals are allowed to fast, their
urine becomes acid and clear, for they are then living at the expense
of their own tissues, and are practically carnivorous. Sodium carbonate
is also found in the lymph and the parotid saliva of the horse.

These salts, when found .as constituents of animal cells and fluids,

9
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come in part from without, and are in part formed within the organism
through oxidation processes occurring within the body. Thus, after the
ingestion of various vegetable matters containing vegetable acids the
urine of omnivorous animals becomes alkaline through the elimination
of carbonates of the alkalies, thus explaining the alkaline reaction of
the urine of these animals. Carbonates of the alkalies so formed in the
animal body, or when taken in foods, may be eliminated in this manner
through the urine, or they may themselves undergo decomposition, and
their carbon dioxide be eliminated through the lungs. When present in
solution they seem to assist in the various processes of oxidation
oceurring in the body; they appear to assist in the emulsification of fats,
and in the blood the neutral carbonates of the alkalies appear to serve
in part as carriers of the carbon dioxide of the blood. They further
may modify the physical processes of diffusion occurring within the
organism.

5. CanciuM CARrBONATE (CO;Ca).—Calcium carbonate is a normal

constituent of the shell of birds’ eggs, of the bones and teeth, the urine
of herbivorous animals, the parotid saliva of the horse, and is the prin-
cipal constituent of the so-called otoliths, or the small, inorganic masses
found in the internal auditory organs of man and different animals. In
the animal body it is partly in a state of solution and partly deposited
in the solid form. In the former condition it is found in the urine and
saliva of the herbivora, where its solution is rendered possible by carbon
dioxide. In the solid form it is deposited either in amorphous or'erys-
talline form, as in deposits of sediment in the parotid saliva of the dog
and in the urine of herbivora. It originates from without, either in the
water taken internally or as a carbonate in vegetable food. The latter
.explains its abundance in the urine of the herbivora, where the calcium
:salts of organic acids are decomposed into carbonates. Only a part of
“the calcium carbonate which enters the organism from without leaves it
as such. In many cases, as in man, it undergoes decomposition into
caleinm phosphate. Its importance for the animal economy is not thor-
oughly understood.

6. MaaNESIUM CARBONATE (CO;Mg).—This salt is frequently a com-
panion of calcium carbonate, particularly in the urine of herbivora. Its
presence in bony tissue is apparently doubtful. It has been found in
human urinary calculi, but only in small amounts. The herbivorous ani-
mals in their food nearly always absorb considerable amounts of mag-
nesium phospate, and since this salt is absent from their urine it would
appear that the magnesium carbonate is formed in the animal body from
the magnesium phosphate of vegetable food.

7. ALKALINE Puospuates (PO,Na,, PO,Na,H, PO, NaH,, PO/K,,
PO,K,H, PO,KH,).—Phosphates of sodium and potassium are constant
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constituents of all animal fluids and tissues. In the ash of the blood of
the herbivorous animals a smaller amount of the alkaline phosphates is
found than in the carnivora. Grain-eating animals show a larger amount
of phosphatic salts in the ash of their blood. Omnivora occupy a mean
between the two. On account of their great solubility in the organism
the phosphates must nearly always exist in the form of a solution, espe-
cially in the acid fluids,as in urine, muscle-juice, and the parenchymatous
fluids of certain glands. In muscles, together with lactic acid, they
occasion the acid reaction of the muscle -juice.

Phosphates are taken into the animal body with food, though thev
may also doubtless originate in the blood through a double decom-
position of potassium phosphate and sodium chloride into sodium phos-
phate and potassium chloride. The alkaline phosphates leave the body
through the kidneys and intestines. The former is the case especially in
the urine of the carnivora, where it forms twelve-thirteenths of the
total amount of these substances eliminated. In the urine of the
herbivora but small amounts of phosphates are found, in spite of the
fact that in their food phosphates of the alkalies and earthy phosphates
are invariably present. This is to be explained by the supposition that
the salts of the organic acids, with the alkaline earths, undergo decompo-
sition into earthy phosphates and carbonates of the alkalies, the latter
being eliminated through the urine. From their great abundance and
wide distribution in the animal economy, it follows that they must be of
great importance.

The phosphate of potassium is especially abundant in the blood-
cells, ovum, and in muscular tissue. In the latter case, combined with
lactic acid, it is the main cause of their acid reaction, while phosphate
of sodium is found in blood-plasma. These salts enter the organism as
constituents of food, either in the form in which they are found or as
the result of decomposition of the earthy phosphates and other alkaline
salts. This is especially probable on account of the great abundance of
potassium phosphates and potassium chloride in the fluids of musecle and
other tissues, while sodium chloride and sodium phosphate, being found
in abundance in the blood, it is evident, from the proportion in which
these different substances are found in the different tissues, that they
have not been derived directly from the blood. Again, it is to be
remembered, that the herbivorous animals in their food receive almost
solely potassium salts, and, since sodium phosphate is necessary for the
integrity of their blood, it is clear that this must be formed in the body
through the decomposition of potassium phosphate and sodium chloride.
In the blood the alkaline phosphates give to the plasma its alkaline
reaction, to which its great capacity for dissolving carhon dioxide is
apparently due, since it has been found that water, which holds only
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one per cent. of sodium phosphate in solution, is able to retain twice the
usual amount of carbon dioxide in solution.

The phosphates of the alkalies are eliminated from the animal body
through the kidneys, intestines, and skin. In carnivorous animals, whose
blood is rich in phosphates of the alkalies, the urine is the main path of
elimination. Through the production of acids, such as urie, hippurie,
and sulphuric, the latter originating from the sulphur of albuminoids
and their derivatives, a part of the base is withdrawn from the alkaline
phosphate, and, as a consequence, the alkaline phosphate now becomes
neutral or even acid, thus explaining the production of an acid reaction
in urine from the presence of dihydrate sodium phosphate (PO,Nal,).
Since phosphoric acid, or acid phosphates, in solution give to fluids
their power of dissolving calcium and magnesium phosphates, the urine
of the carnivora and omnivora is therefore able to hold in solution the
earthy phosphates so eliminated. In the case of the herbivora the state
of affairs is somewhat different. Here but small amounts of phosphoric
salts are found in the urine, although alkaline and earthy phosphates are
found in large amount in their food. In this case the phosphates of
the food undergo decomposition, and a great part of the basé is united
with carbonic acid, and so eliminated as alkaline carbonates in the urine,
forming thus the characteristic of the urine of herbivorous animals, the
earthy carbonates being held in solution by the free carbon dioxide. The
phosplioric acid of the phosphates taken in the food of herbivorous
animals in greater part unites with calcium and magnesium, and is
eliminated through the intestine. Wherever free acid is developed in the
tissues of the body acid phosphates are ne:irly always present and in
part contribute to the formation of this acid.reaction. This is the more
remarkable when it is remembered that these:phosphates have originated
from the blood, where they always exist in the form of basic or neutral
salts. The explanation of the mode in which this alkaline phosphate is
in the different tissues converted into an acid salt is to be explained
through the development in the tissues of organic acids, which, as
already alluded to in the explanation of elimination of the phosphates,
takes a portion of the base from the alkaline phosphate,so developing an
acid salt.

Phosphates appear to be absolutely essential to the development
of tissue. This is indicated in the first place by their great abundance
in all forming tissues, and even in organizable fluids, and in the fact that
the tissues of herbivorous mammals are quite as rich in the phosphates as
that of the carnivora, although in the former case they are nearly absent
from the blood, and in the latter case are very abundant. In special
tissues, such as the muscles, nerves, blood-corpuscles, and ovum, they
appear, from their exceptional abundance, to have some special functions



INORGANIC CELL-CONSTITUENTS. 133

to fulfill. This seems indicated by the fact that the nervous tissue in
solutions of alkaline phosphates may preserve its irritability much
longer than when in contact with any other fluid. In the tissues the
phosphates of the alkalies occur as acid salts; it therefore would seem
that tissues in their growth require the presence of free phosphoric acid.
In the case of the blood, on the other hand, an alkaline reaction is
essential for its vital phenomena, and it appears that, provided the
alkaline reaction is preserved, the salt to which this alkalinity is due is
of minor importance. Thus, in the carnivorous animals the reaction is
attributable to theé excess of alkaline phosphate, in the herbivorous
animals to the carbonates. In omnivorous animals the preponderance
of these different salts varies according to the character of their diet.

8. CarcivM PHospHATE (2(PO,)Ca;, 2(PO,)CaH,).—This salt is
present, without exeeption, in all tissues and fluids of the animal body ;
in bones and teeth nearly two thirds of their weight is due to the
calcium phosphate present. Of all the inorganic constituents of the
body, with the exception of water, it is the most abundant. In most of
the pathological ossifications and concretions calcium phosphate consti.
tutes the major portion. Thus, nearly all the urinary calculi in the ox
are formed by caleium phosphate, and it is also a constituent of the
mulberry ealculus of man. So, also, calculi which develop around some
foreign nucleus are largely calcium phosphate. Caleium phosphate also
forms the greater part of the ash of albuminous bodies, with, as far as is
yet known, the single exception of elastin. It is present in the tissues
of the human body in the following proportions :—

QUANTITY OF CALCIUM PHOSPHATE IN 1000 PARTS IN THE

Enamel of teeth, . . . . P § : . 885.
Dentine, . . . . g . ATH e . 643,
Bones, . . . . . . : 576.
Cartilage, 40.
Milk, . . . . 2 3 2.72
Blood, . . . . 8 ‘ . 0.30
Bile, . . 5 s 2 0.92
Urine, 0.75

The greater part of calcium phosphate in the organism is deposited
in the form of a solid salt in the bones and teeth, in the form of the
tricaleium orthophosphate (2(P'0,)Ca,). It is also in the same form
present in nails, hair, and hoofs, When it is found in solution, as is the
case with all of the animal fiuids, it being by itself perfectly insoluble in
water, its presence is only to be explained as chemically united with
albuminoids, although possibly it may be in minute amount in solution
in fluids which contain sodium chloride or free carbon dioxide. In the
urine of carnivora and omnivora caleium phosphate is present as an acid
salt (2(PO4)Ca”ﬁ,), which is in itself soluble in water. In the alkaline
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urine of the herbivora but little calcium phosphate is present, and this is
not dissolved, but merely suspended, and readily deposits as a sediment.
In the solid tissues the lime phosphate appears to be simply deposited in
the interstices of the organic bases, and it may be removed—as, for
example, from bone—by prolonged maceration in dilute hydrochloric
acid, without altering the form of the bone. As Dalton says: ‘“In the
bones, teeth, and cartilage the lime phosphate exists in a solid form;
not, however, deposited mechanically in the osseous or cartilaginous
substance as a granular powder, but intimately united with the animal
matter of the tissues, like coloring matter in colored glass, the union of
the two forming a homogeneous material. It is not, on the other hand,
so combined with the animal matter as to lose its identity and constitute
a new chemical substance, as where hydrogen combines with oxygen to
form water, but rather as salt unites with water in a saline solution, both
substances retaining their original character and composition, though so
intimately associated that they cannot be separated by mechanical means.
The lime phosphate, therefore, may be extracted from a bone by macer-
ation in dilute muriatic acid, leaving behiud the animal substance, which
still retains the original form of the bone or cartilage.” The bone so
treated preserves its outline perfectly, but has entirely lost all rigidity,
and may be twisted up, and the long bones may often be tied into a knot,
Calcinm phosphate, therefore, gives to bone-tissue its rigidity. Conse-
quently when, either through some faulty process in the organism or
through the deprivation of calcium salts from the food, this substance is
not deposited in normal amounts in the bones, the latter become soft,
flexible, and deformed, forming the affection known as rachitis; or, in
adult life, a similar morbid softening of bones may take place from
a defective deposit of calcarcous matter, and a progressive yielding of
the bony skeleton takes place, constituting the disease known as osteo-
malacia.

The greater part of the calcium phosphate enters the body in the
food, being contained in both animal and vegetable articles of diet. In
suckling animals the milk contains, in its normal condition, & sufficient
amount of calcium phosphate to supply the growing organism with its
requisite quantity. When taken in vegetable food, where, of course, it
is ordinarily present as a union of calcium with one or more of the
organic acids, in the animal body, as already referred to, it undergoes
decomposition into caleium phosphate and carbonates of the alkalies.

9. MaconeEstum ProspHATE (2(PO0,)Mg,, 2(P0,)MgH,).—Like cal-
cium phosphate, magnesium phosphate is found in all the tissues and
fluids of the animal body, though in far smaller amount, with the excep-
tion of muscle and the thymus gland, where the magnesium phosphate
is in excess. The bones of the herbivora contain more magnesium phos-

.
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phate than those of the carnivora. The ecombination 2(PO,)Mg’/H, is
often found in the urine of the herbivora when fed on grain, and is
occasionally met with in intestinal concretions under the same conditions.
Its origin, physiological importance, and mode of disposition in the body
is apparently identical with that of the alkaline phosphates. Occasion-
ally magnesium phosphate undergoes crystallization, as in the urine of
the rabbit and in suckling calves.

10. Sobtum AND Porassiom SuvrpHATES (SO/K,, SO,Na,).—These
salts are to be regarded as normal constituents in small amount of most
of the animal fluids and tissues. They are not, however, found in the
milk, bile, or gastric juice, their presence in the ash being without impor-
tance, since in incineration of sulphurous organic compounds the sul-
phuric acid, liberated in this process, unites with the carbonates and
alkaline bases. A certain amount of these salts is held in solution in the
blood and in the urine, though they are less abundant than either the
chlorides, phosphates, or carbonates. When present in the animal body
they are in the form of solution. Only part of the sulphates found in
the animal body is derived from without, since it is possible that
through the oxidation of sulphur of organic compounds sulphuric acid is
formed, which leaves the body united with alkaline bases. These salts
are excreted from the body through the urine, where a greater part of the
sulphuric acid is not derived from the sulphates contained in the food,
but through the internal oxidation of sulphur-holding compounds. This
is especially shown by the fact that an abundant animal diet increases
the amount of sulphates in the urine hand in hand with the increase of
urea, while a vegetable diet decreases it. The sulphates partly con-
tribute to the acid reaction of the urine of carnivora.

The entire quantity of sulphur in the body of an adult man has been
estimated at about one hundred and ten grammes, and to keep this
amount constant at least one gramme must be taken daily in the food,
where it is combined with albuminoids. A part of this sulphur passes
into the hair and nails, part is consumed in the manufacture of various
complex, sulphur-holding compounds, such as taurin, taurocholic acid,
gelatin, chondrin, mucin, etc., while part is eliminated in the form of
sulphates. ’

11. Hyprocuroric Actp (HC1).—The presence of free hydrochloric
acid has as yet only been shown to exist in the case of gastric juice of
mammals. Its origin and importance will be considered under the sub-
ject of Gastric Juice.

Oxygen, nitrogen,and carbon dioxide are also constant constituents
of animal fluids and tissues, and their importance will be discussed under
the subject of Respiration.

A few other inorganic substances have been found as more or less
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constant ingredients of animal substances, but they are present in such
small amounts, or in such variable quantities, that their importance has
not been clearly established. These are magnesium chloride, calcium
fluoride, ammonium carbonate, magnesium-amnmonium phosphate, calcium
sulphate, silicon, iron, manganese, and copper.

In vegetable tissues nearly all the constituents of the animal cell are
found deposited or in solution. They serve to give greater solidity to
the so-called skeleton of plants, and are also without doubt of importance
in the vital processes of vegetable protoplasm. Thus, it has been found
that the amount of albumen in germinating seeds stands in direct propor-
tion to the amount of phosphate which the plant receives as food ; also,
that without potassium salts plants cannot grow. Their interest to us as
constituents of vegetable organisms is simply dependent upon their ren-
dering such substances sunitable for animal foods. They will therefore
receive the necessary consideration under the subject of Foods.

II. THE CHEMICAL PROCESSES IN CELLS.*

The great mass of organized bodies, both animal and vegetable, are
what might be described as carbonic acid compounds, associated in vari- -
able amounts with hydrogen, oxygen, and nitrogen. Plants are able,
from inorganic substances, such as CO,, H,0, NO;H, NH,, H,S0,, P,0,,
to develop organic compounds, the difference between such bodies as
entering into and as leaving plants depending merely upon the difference
in their proportion of oxygen. The inorganic bodies, which serve as
food for plants, are what are known as combustion products; that is,
they already contain the maximum quantity of oxygen which is able to
enter into their composition. Organic bodies, on the other hand, contain
in all cases less oxygen than will satisfy the affinities of their constituent
elements. They therefore are capable of undergoing further oxidation,
or, in other words, may be said to be combustible. The plant-cell, there-
fore, must be able to deoxidize the inorganic compounds of its food and
set free oxygen; and this deoxidizing force must evidently be greater
than the affinity exerted by the oxygen for the elements with which it
was in composition. This deoxidizing power possessed by plants is only
capable of manifestation in the sunlight, and is a function of the green
coloring matter, the chlorophyll of plants. The animal cell, on the other
hand, in its nutritive operations exhibits the reverse process of oxida-
tion. The inorganic compounds which in the vegetable cell become
organic, that is, deoxidized, in the animal cell become again oxidized and

* For the preparation of this section special acknowledgment is due to Wurtz,
“ Chimie Biologique ;”” Wundt, *‘ Lehrbuch der Physiologie;”’ Gorup-Besanez, ¢ Physi-
ologische Chemie ;’’ Ranke, ‘ Grundziige der Physiologie ;”” Hoppe-Seyler, ¢ Physiolo-
gische Chemie; ¢ Schiitzenberger, ¢ Fermentation ; >’ Néageli, ¢ Theorie der Garung.””
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again rendered inorganic, or become combustion products. They are,
therefore, restored to the mineral world by the animal in the same form
in which they were originally absorbed by the vegetable.

Vegetables and animals are the depositories and agents of life on the
surface of the earth. The essential characteristic of the vital operations
of the former is their power of elaborating organic from inorganic ma-
terial. Animals are charged to destroy, after assimilation, the results of
the vital operations of the vegetable. The animal kingdom is thus subor-
dinate to the vegetable, and organic life represents a closed circle of
metamorphosis of matter. Plants appropriate inorganic matter out of
the surrounding inorganic nature,out of the ground and air, and convert
it into the constituents of their own tissues. They then become food for
animals, are converted into animal tissues, and are again returned to the
ground and air as inorganic compounds. Thus, the ecarbon of the carbon
dioxide of the air becomes the carbon of cellulose or starch, of sugar, of
fat, of gum, and of albumen in the plant; as food of animals it then
becomes the carbon of various animal tissues. In the vital processes of
the animal the carbon of the tissues undergoes oxidation, and is returned
to the atmospliere through the expelled air as carbon dioxide, or, in
other words, in the form in which it originally left the atmosphere. An
analogous circle might also be traced for the other constituents of the
animal tissues.

We can thus understand how the constituents of animal and vege-
table cells may in all essential points be analogous; but, while this is so,
the chemical processes in each are very different. Green plants, in their
capability of deoxidizing inorganic food elements, are dependent upon
power from without—the heat and light from the sun. They therefore
store up energy in their tissues. Animal cells, in oxidizing the materials
derived from the vegetable world, liberate a force, as in all other forms of
oxidation, which in this case represents an equivalent of mechanical
energy precisely equal to the force rendered latent in the nutritive proc-
esses in the vegetable. In the animal cell this energy may take on the
form of heat, electricity, or light, as in certain organisms, or mechanical
movement.

1. The Vegetable Cell.—The assimilative proecesses in the vegetable
cell are deperident upon the presence of protoplasm, which in its modi-
fied form as chlorophyll has the power of making use of the sunlight for
purposes‘of organic deoxidation, and constitutes the most powerful re-
ducing body known. The properties of chlorophyll are not exactly
known, as it has probably never been prepared in a perfectly pure state.
In the chlorophyll granules are often to be found, the results of its organic
activity, such as starch-granules; but their precise mode of formation, or
the precise share which chlorophyll has in producing their formation, is
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not well known. The optical properties of chlorophyll are very remark-
able. Fresh alcoholic solutions in ether, even when very dilute, give a
broad band in the red line of the spectrum, and between the red and the
orange. The most luminous portions of the spectrum are the red and
green parts. When concentrated ethereal solutions of chlorophyll are
examined in the spectroscope, only the red rays pass. Concentrated
solutions of chlorophyll give a red fluorescence with reflected light.
When subjected to the action of light solutions of chlorophyll change their
color, probably in a manner similar to that which accompanies the vital
processes of the vegetable protoplasm in which chlorophyll is contained.

In all its forms protoplasm, whether animal or vegetable, contains
albuminous bodies in a state of solution in water, and associated with
compounds of an inorganic nature. Carbo-hydrates, hydro-carbons, and
ferments are also nearly invariably present. It may be assumed that the
albumen is the highest and last produet of the chemical activity of vege-
table cells, while starch probably constitutes the first evidence of proto-
plasm activity, and is the mother-substance out of which other carbo-
hydrates, such as cellulose and sugar, as well as fats, are manufactured.

Plants develop various modifications of albuminoids, which are
apparently identical with the different forms of albuminous bodies found
as constituents of animal cells. Thus, in growing and germinating
plants a globulin-like body is found in large amount, as well as a sub-
stance similar to myosin and vitellin in combination with lecithin and
certain inorganic substances. Albumen is found in especially large
quantities, with large amounts of starch, in the seeds of plants;
hence, the undeveloped plant finds in these two substances, albumen and
starch, material ready prepared for building up its tissues until it
reaches a grade of development in which it is able to manufacture these
organic compounds from the elements. When the first leaves and roots
are formed, then the plant commences its independent existence. The
evidences of this, as we have already seen, consist in the appropriation
of CO,, H,0 and NH,, with a corresponding liberation of oxygen.

Since all vegetable matters contain carbon and water, their con-
stituents may be regarded as more or less modified CO, molecules.
Thus, sugar may be regarded as CO, in which one equivalent of oxygen
is replaced by two equivalents of hydrogen (Liebig). %

Carbonic Anhydride. Grape-Sugar.
CO C H,
0 0

or 6(CO,(H,0)) = 6(CH,0) + 60, = C,H,,0, + 60,.

Carbon dioxide, therefore, in the formation of organic matter, may
be regarded not as decomposed, but as changing the arrangements of its
molecules. We have found that plants in their nutritive purposes assimi-
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late carbon, hydrogen, nitrogen, and various inorganic substances. We
will attempt to give a general idea as to the processes by which these
substances are absorbed by plants, and the way in which in their tissues
they are combined to form organic compounds.

First, as regards carbon. The carbon of plants is without doubt
derived from the CO, of the atmosphere, or in selution in rain-water
which is absorbed by the leaves and roots, which under the influence of
the sun is broken up in the body, and whose oxygen is liberated. The
oxygen given off in the day-time by plants has been found to be some-
what less than‘that which is contained in the CO, which has been
absorbed. This wonld seem to indicate that CO, is only reduced to CO,
since it is known that part of the oxygen comes from the decomposition
of water. This hypothesis is further rendered more probable by the
readiness with which CO combines with other bodies. Thus, it unites
with Cl at the ordinary temperature, and combines directly with hydro-
gen to form formic acid. Doubled,—that is, united with itself,—the
radical oxide of carbon, or carbonyl CO, constitutes the oxalic radical
C,0,, or oxalyl. The acid which contains this radical,—that is, oxalic
acid,—can be formed by an incomplete reduction of CO, and H,0 in the
presence of mineral bases; various organic acids may thus originate in
vegetable cells. Taking the simplest cases, the important acids, formic
and oxalic, may be formed in this way, the one with one atom of earbon,
the other with two. Thus, with one molecule of water

0, + H,0 — O = CH,0, = formic acid.
2C0, + H,0 — 0 = C,H,0, = oxalic acid.

Developing this idea, Liebig has shown that the organic acids once
formed may give rise to aldehydes by a subsequent reduction. Formic
_aldehyde represents formic acid less one atom of oxygen; oxalic alde-
hyde, or glyonal, oxalic acid less two atoms of oxygen, thus :(—

CH,0, — 0= CH,0=formic aldehyde.
C,H,0, —0,=C,H,0, =glyonal.

The formation, therefore, of aldehydes in vegetables represents a
certain stage of reduction of CO, and H;0. Even more complex
substances, but less rich in oxygen, will result from further decompo-
sition.

The examples above given, especially in the case of formic aldehyde,
are particularly important, as there is scarcely any donbt that formic
aldehyde plays an important role in vegetable synthesis. Thus, six
molecules of formic aldehyde will form one molecule of glucose : —

6 CH,0=C H;,0, = glucose.

Again, on the other hand, by the dehydration of aldehydes resins may
be formed, as it is well known how readily ordinary aldehydes become
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converted into resinous bodies by losing water; while, again, ammonia
through its combination with aldehydes may give rise to nitrogenous
bodies, such as alkaloids. 'We therefore see that in the appropriation of
the carbon and the carbon dioxide of the atmosphere the carbon becomes
fixed to form these various bodies synthetically in vegetable protoplasm,
while the oxygen is liberated.

As regards the assimilation of hydrogen in the synthetical processes
occurring in vegetable cells, this evidently occurs from the decomposition
of water, as is proved by the circumstance that the oxygen liberated,
while sometimes less, is often in excess of that which is contained in the
CO, absorbed. Thus, in the vegetable cell the carbo-hydrates, such as
cellulose, starch, gum, and sugar, are made by the simultaneous reduction
of carbon dioxide and water under the influence of solar radiation.

For nitrogen, the atmosphere is the sole source, though it may
possibly to a certain extent be derived from the nitrates in the soil
When obtained from the atmosphere it is held in solution in the form of
salts, possibly in rain-water. All decomposing organic matters set free
ammonia, and therefore nitrates, particularly of potassium, are powerful
fertilizers, and increase vegetation by supplying the nitrogen which is
essential in the development of albuminous bodies and crystallized
nitrogenous vegetable constituents.

Of the minerals which are essential to vegetable life, such as
phosphates, silica, salts of lime and magnesium, and alkaline salts, they
are obtained partly from the atmosphere and partly from the soil. They
are contained in large amounts in all parts of vegetable matter, and will
deserve special consideration under the subject of the vegetable diet of
the herbivora. The mineral constituents of the soil and atmosphere
therefore play an important part in the phenomena of the development
of vegetable life. This we have seen to be essentially one of reduction.
In separating the oxygen from carbon and hydrogen a portion of their
affinity for oxygen is restored to these latter elements. For in CO, and
H,0 this affinity is completely satisfied ; that is, the energy which resides
in the atoms of carbon and hydrogen has not been destroyed by combi-
nation and transformation, and when these atoms unite with oxygen this
energy is dissipated as heat. To reduce these combinations, therefore,
the energy thus latent in the form of heat must be restored to the atoms
of carbon and hydrogen. Thus vegetables, in decomposing water and
carbon dioxide, making use of the heat of the sun, not only convert atoms
of carbon, hydrogen, and nitrogen into organic substances, but have at
the same time accumulated chemical energy. For all organic compounds
are capable of uniting with oxygen; in other words, are combustible.
The energy restored under the name of affinity to the atoms is hence
derived from a portion of the solar radiation which is absorbed by plants
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and is converted into affinity. This is the indispensable condition of"
the reduction of CO, and H,0 and the elaboration of organic compounds;
or, in other words, “ there can be no vegetation without the sun.”

. The process which we have found to take place in .vegetable cells’
only holds good in the case of green plants under the influence of the
sunlight, for there is in all cases a double chemical process going on in
plant-cells. The assimilation through deoxidation of organic com-
pounds under the influence of sunlight has already been described.
This process is, however, limited to the chlorophyll plants, and in them to
the time when they are exposed to the sun’s light and heat. Another
process, however, is continually going on in all forms of vegetable cells.
The produets of assimilation undergo within the vegetable cells various
chemical changes which are not accompanied by a liberation of oxygen,
but by a change of molecular arrangement, associated with the absorption
of a small amount of oxygen and the setting free of carbon dioxide.
These changes are independent of the sunlight, and result in a diminution
of the mass of assimilated materials. That a plant may increase in size
it is necessary that the deoxidizing activity and assimilation produced in
the sunlight should overbalance the loss through oxidation which is
continually going on, whether in darkness or light. This latter process
in plants, by which they absorb oxygen and set free carbon dioxide, is
clearly analogous to the processes of respiration in animals. This res-
piration in plants is, however, very feeble, and is far overbalanced by the
processes of assimilation; therefore, as ‘a rule, although the elaboration
of vegetable products is accompanied by accumulation of force, the’
vital processes in plants which are not connected with assimilation are,
as in animals, dependent upon oxidation processes, and may be accom-
panied by the liberation of heat and electrical movement of protoplasm,
and the formation and growth of cells. In the case of the non-chlorophyll-
bearing plants, such organisms absorb organic matter already elaborated ;
the parasitic plants may, therefore, be regarded as a connecting-link
between the animal and vegetable kingdoms, especially as some of the
lower forms of the former are also possessed of chlorophyll, by which
they are enabled to decompose CO, under the influence of tl}e sun. A
curious exception to the characteristics of the vegetable chemism is the
power which certain plants possess of attracting, seizing, and digesting
insects.. The so-called insectivorous plants of Darwin and Hooker, such
as the Drosera rotundifolia, Darlingtonia, Nepenthes, etc., are supplied
with special urn-like vessels, in which the animals are trapped and
digested. They are lined with glands that secrete both the sugary fluid
to attract the insects and a true digestive juice, containing pepsin and
acid, which is poured out wlen the plants are stimulated by contact with
digestible substances. This secretion will turn fibrin into ‘peptone, but



142 PHYSIOLOGY OF THE DOMESTIC ANIMALS

is without action on starches, It therefore closely resembles animal
gastric juice.

Still another analogy may be traced between the animal and vege-
table kingdoms. Under certain circumstances plants develop heat, as in
germinating seeds, or in flowers during fecundation. Sugar is the sub-
stance in such cases whose combustion sets free heat. It exists in
germinating seeds, and disappears during germination, from the action
of a diastatic ferment analogous fo the glycogen ferment in animals.
The analogy is, however, not perfectly complete, as the plants manu-
facture their starchy material from inorganic materials; animals must
obtain it ready-made.

In the dark the processes of assimilation of plants are entirely
suspended. Then carbon dioxide is given off, and oxygen is absorbed,
for the processes of respiration or oxidation still continue, During the
day the carbon dioxide, which is constantly absorbed by the roots and
leaves, is in the leaves broken up into oxygen, which is set free, while
the carbon remains fixed. At night CO,is also absorbed by the roots,
but is exhaled from the leaves without undergoing change: for, as we
have found, for its deoxidizing purposes chlorophyll requires the assist-
ance of sunlight and heat. It is also possible that a part of the CO,
which is set free during the night is not only derived from CO, absorbed
from the leaves and roots, but also is the result of oxidation by a part
of the oxygen which is absorbed.

2. The Animal Cell—The relationship -which we have traced
between the chemical processes of plants and the atmosphere and soil
around them is reversed in the case of animal cells; for, while green
plants absorb the inorganic constituents of the earth and atmosphere,
and from them build up complex, inorganic compounds, the oxygen of
the atmosphere in the animal permits of the reduction of its complex tis-
sues and constituents. = For the green plants the atmosphere forms one of
their chief foods; for animals it is the great agent which permits their
tissue changes, on which all liberations of energy depend. In green
plants the chief vital phenomenon is the liberation of oxygen; in ani-
mals it is the absorption of oxygen. In plants the liberation of oxygen
is an index of increase in weight; in animals the absorption of oxygen
leads to a loss of weight. That the animal cell may retain its com-
position unaltered it must be supplied with its tissue-constituents.
Unlike vegetable cells, the animal cell is incapable of manufacturing
these tissue-constituents from inorganic elements. The most that the
animal cell may do is to transform a member of one class of its con-
stituents into another member of the same group. Thus, the animal cell
may transform the albuminoid matters contained in vegetable cells into
albuminous bodies which are peculiar to animals. It may transform the
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proteids of one class into those of another. It may transform casein of
milk into the proteids of blood and other tissues. Animal cells are, how-
ever, the seat also of certain synthetical processes, such as the formation
of heemoglobin from albumen and iron, with other inorganic matters, the
possible reformation of albumen from peptone, and the building of com-
plex albuminoids, such as mucin. - All animal foods, nevertheless, orig-
inate in the vegetable kingdom. Even carnivora are dependent on the
vegetable kingdom for their sustenance; for the herbivora, feeding on
vegetable diet, become the prey of carnivorous animals, which are there-
fore dependent on the vegetable matters which serve to nourish the tissues
of the animals which serve as their food. In the vegetable cell albumen
is the end product of its chemical processes; in the animal cell it is the
starting point.  Albuminoids represent the main or essential type of
foods which must be supplied to the animal cell. When introduced into
the interior of cells, albuminoids undergo a progressive oxidation and
simplification, by which lower complex substances are formed. The
mode of decomposition of albuminoids, as well-as of all organic bodies
in general, is different in different cells, This difference is seen in the
very first modification of the albuminous matters of ‘food, which may be
converted into casein, myosin, etc., according as the resulting albuminous
body is destined to be a constituent of milk, musecle-cell, etc. Then,
again, after being deposited in cells the subsequent processes differ in
different cases, according to the nature of the cell-membrane or inter-
cellular substance, or the function of the special cells in the organism.
Finally, the development of the end products of the oxidation of the
albumen of cells differs in the cells of different tissues, though in all
cases the chemical processes in cells result in the formation of carbon
dioxide, water, and ammoniacal compounds.

The most strkad example of the products resulting from the oxi-
dation of proteids is the formation of fat from albumen. In adipose
tissue and in fatty degeneration of various organs the protoplasmic con-
tents of cells become replaced by oil, formed evidently at the expense of
the albuminoid constituents of the protoplasm. So, also, carbo-hydrates,
such as glycogen, may be produced from a splitting of the albuminoid
foods. I addition to the carbo-hydrates and fats thus formed, a large
number of nitrogenous bodies are liberated in thé oxidation of the
albuminous molecule, and might be termed ammonia compounds, such as
kreatin, uric acid, urea, etc. Such bodies are, as a ruale, richer in oxygen
than albumen.

The carbo-hydrates and fats are also snb_]ected to progressive oxida-
tion in the animal body, and result, in the former case, in the production
of organic acids, such as lactic, formic, and oxalic, and in the latter in
the formation of fatty acids. As already several times mentioned, the
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chemical processes in the animal cell result in the formation of CO,, H,0,
and NH, compounds, and hence return to the earth and air the matters
originally absorbed by the plant-cell, and in the same form.. These end
products are, however, only gradually formed as the result of a long
series of intermediary oxidation products, which are formed partly
through processes of splitting, by which complex molecules, usually
through hydration, are decomposed into two or more simpler compounds
through the action of certain ferments. Through these means the
organic cell-constituents become progressively poorer in carbon and
richer in oxygen and nitrogen, thus losing their organic characteristics
and becoming gradually more nearly allied to inorganic bodies, until
finally the inorganic end products are reached.

The following table, based on hypothetical formuls, indicates the
manner in which complex albuminous molecules may become gradually
reduced to simpler forms (Gorup-Besanez):—

Hemoglobin, ; 3 . Caoo Hieo Nasi FeS, Oiro
Albumen, . - : . Cyo 1slo B EN g S 30
Lecithin, . 5 : o0 1O, LIRS SN P 0,
Taurocholic Acid, . ) e TG NG S 0,
Glycocholic Acid, . - 1O SHES SN 0%
Hippuric Acid, . g WET H, N O,
Tyrosin, . 4 X . Cy 1RETRS 0O,
Leucin, . 5 . 5 (B4 1RGNS 0,
Asparagin, . p . G H, N, O,
Asparaginic Acid, 5 . C, H, N 0,
Glutanimic Acid, 5 5 8 H, N 0,
Guanin, 5 5 3 o -l H; N, (0}
Hypoxanthin, . : Ok 1805 N, 0
Xanthin, . g X (G H, N, 0,
Uric Acid, . b 5 . Cy 168, SN 0O,
JEQRETN o P 3 3 e Ch H, N, 0O,
Allantoin, . ; 5 . 0 H, N, O,
Urea, . v 5 3 . C H, N, o

Urea thus forms the termination of the decomposition series of the
organic nitrogenous molecules.

A similar progressive simplification may also be seen in the non-
nitrogenous organic constituents. Thus, according to Gorup-Besanez :(—

Stearin, . 3 . . ! . C Hinke.— 70

Palmitin, . 3 . i 3 3 C: H;a O:
Olein, g 5 . 3 ; 5 O3 H;o4 Og
Stearic Acid, . 7 d ; (0N Ll 0,
Oleic Acid, ¢ Z Ry : 0] Hiys 0,
Palmitic Acid, . 9 b AR o (O 1509 0,
Butyric Acid, . 3 : . Gy H, 0,
Succinic Acid, . 5 : o S0 H, 0,
Grape-sugar, . ¢ 8 2 A0 H,., O¢
Glycerin, . , : 3 : Ao, SRRTS 0O,
Lactic Acid, . b d s ity H O,
Acetic Acid, . . 3 : . ~Og H, 0,
Oxalic Acid, . " ; 5 e H, 0,

Formic Acid, . . g ; .- G H, 0,
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Just as urea is readily broken up into ammonium carbonate, or
NH, and CO,, so also formic and oxalic acids, the terminals of the non-
nitrogenous organic molecules, readily undergo decomposition into
CO,; and H,0.

It cannot be pretended that we are familiar with all the intermediary
stages of these retrogressive metamorphoses, yet we are possessed of
numerous facts, gained through the study of the decomposition of albu-
men by various chemical agents, which go far to fix the character of
these changes. Thus, in the artificial decomposition of albumen by
certain chemical réagents, asparagin, glutanimic acid, leucin, and tyrosin
are constantly met with; and since these bodies occur in the process of
germination jn seeds, and the latter two often in the animal body at the
seat of rapid break down of albuminoid matter, we may infer that a simi-
lay process normally occurs in animal cells. So,also, by various methods
of oxidation uric acid is readily converted outside of the body into urea,
allantoin, oxalic acid, and carbon dioxide; and there are many facts for
supposing that a similar conversion occurs in the animal body. Thus, the
administration of uric acid produces not an increase in the uric acid
eliminated, but in the urea and calcium oxalate ; and since uric acid is
normally present in but small amount in the urine of the carnivora, and
is absent in that of the herbivora, while we know that in certain organs
of both classes of animals it is formed in considerable amount, it must
undergo oxidation in the economy. This is further proved by the fact
that a reduction in the supply of oxygen leads to an increase in the uric
acid and a decrease of the urea in the urine. In a similar way is to be
explained the appearance of allantoin in the urine of cats and dogs when
fed on abundant animal diet.

A similar line of argument may be made to apply to the decompo-
sition of the non-nitrogenous tissue-constituents.

We are thus, to a certain extent, familiar with the starting point and
terminals of the series of decompositions which occur in the animal
body, and with a few of the intermediary links in this chain. We shall
again have to return to this subject in the study of Nutrition.

8. Fermentations.—The word fermentation is derived from fervere,
to boil, and owes its origin to the appearance presented by sugary fluids
when placed in contact with ferments ; gas is liberated, the sugar disap-
pears, and the product becomes alcoholic. While the term fermentation
was originally restricted to this process, it is now applied to many cases
in which an organic body when dissolved is modified, changed, and trans-
formed under the action of formed or soluble ferments. As regards the
action of fermentation only the results and processes of the soluble fer-
ments will here demand consideration.

The soluble ferments act on a large number of organic compounds,

10
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their mode of action being largely the same in all. Water is always essen-
tial to the processes of fermentation, and the result is acquired by & more
or less simple splitting up of the organic molecute accompanied by hy-
dration. The nature of this splitting up is governed by the nature of
the body which is subjected to fermentation, and may be explained in
most cases by chemical processes in which the intervention of a living
organism does not appear. Ferments have been classified as follows in
the character of the change which they produce (Hoppe-Seyler) :—

CHANGE OF ANHYDRIDES INTO HYDRATES.
A. Ferments that Act like Dilute Mineral Acids at a High Temperature.

a. The conversion of starch into sugar, or glycogen into dextrin
and grape-sugar, as by the action of ptyalin, the amylolytic ferment of
the pancreatic or intestinal juices, diastase, or the liver-ferment. Thus :—

- 4(C¢H,,0;5) +-3H,0= CsHloos + 8(C:H, 206).
Glycogen. Grape-Sugar.

or, in the case of starch :—

C4H 00,0 +3H,0=CH,,0; 4 3C:H,,0,.

Starch. ‘Water. Dextrin. Glucose.

b. The conversion of cane- into grape-sugar, as by the inversive
ferment :—
012H22011 als HzO=CsH1205+06H1 206'
Caune Sugar. Grape-Sugar. Fruit-Sugar.

This reaction also gradually occurs through the action of water at
100° C., while starch requires a temperature of 170°, the resulting sugar
at the same time undergoing decomposition.

B. Ferments that Act like Caustic Alkalies at a High Temperature—
i Fermentative Saponification.

a. Splitting up of fats into glycerin and fatty acids, as by the action
of the ferment of the panereatic juice.

b. Splitting up of amydo compounds by hydration through decom-
position products, as :

CON,H, +2H,0=(NH,),C0,.

Urea. Ammonic Carbonate.

The changes in albuminoids produced by the pancreatic ferment and
in decomposition probably fall under this category.
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FERMENTATION PROCESSES, WITH TRANSFER OF 'OXYGEN FROM
THE HYDROGEN TO THE CARBON ATOMS.

a. Lactic Acid Fermentation.—Under the action of various ferments
sugar is converted into lactic acid. This occurs in the milk, and also very
probably in sugary solutions within the intestine. In the first stage of
this process lactic acid is produced as follows :—

C,H,,0,=2C,H,0,. C,,H,,0,, + H,0=4C,H,0,.

In the later stages butyric acid, carbon dioxide, and hydrogen are
formed. Thus:— :

2 (C,H,0,)=C,H,0,+2C0,+2H,.

b, Alcoholic Fermentation.—Under the influence of various of the
formed ferments, such as yeast-plant, grape-sugar undergoes fermentation
and results in the formation of carbon dioxide and alcohol.

c. Putrefactive Fermentation.—Ferments which cause putrefaction
are found in the lowest organisms, micrococci, bacteria, ete. Their action
is destroyed by heating above 53° C. ‘

The most important ferments in the chemical processes occurring in
the animal body are the diastatic or sugar-forming ferments, found in
the saliva, pancreatic and intestinal juices, liver, and blood ; the peptone-
JSorming ferments, found in gastric, pancreatic, and, perhaps, intestinal
secretions ; the fai-ferment, found in pancreatic juice; the inversive fer-
ment, found in intestinal juice ; and the milk-curdling ferments, found in
the gastric and pancreatic secretions. All the above ferments, with the
exception, possibly, of the last, are so-called hydrolytic ferments; that
is, their action is accompanied by a process of hydration. Water is
essential to all forms of fermentation; hence, ferments become inert when
dried. For the action of the proteolytic ferment of the gastric secretion
a faintly acid reaction is essential, as is also the case for the pepsin-like
ferment of the insectivorous plants, such as the Drosera and Dionaa,
which have the power of digesting albuminous bodies. An excess of
acid will, however, interfere with the action of the proteolytic, as well as
of the diastatic, ferments ; the same holds good for the caustic alkalies,
although an alkaline reaction favors the action of the proteolytic ferment
of the pancreatic juice. Salts of the heavy metals, as well as ether,
chloroform, and all the so-called antiseptics, prevent fermentation.

Yurther details as to the action of ferments will be considered under
the study of the digestive juices and the putrefactive changes in the
alimentary canal.

4. The Consumption and Development of Force in Cells*.—The
development of force in cells is closely dependent on the chemical inter-

* Wundt, ‘ Lehrbuch der Physiologie.”
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changes occurring in the interior of cells. The constituents of all
chemical compounds are held together by their chemical affinities, and
compound atoms hence exhibit a lesser tendency to form new combina-
tions than do free, uncombined atoms. When, however, a combination
is broken up, as by some external force, the separated atoms again tend
to unite. There is again a difference in the stability of chemical com-
pounds. In other words, new combinations are more readily formed in
some instances than in others. Thus, the loosely-held oxygen atom in
hydrogen peroxide (H,0,) is much more readily given up to form fresh
combinations than the closely-held atom of oxygen in H,0. Thus, forces
which only exist as a tertdency to produce motion are termed potential
forces; those, on the other hand, which actually manifest themselves in
movements are actual or kinetic forces. The tendency to combine is,
therefore, a potential force, which varies according to the free or com-
bined state of the atoms, and, in the latter case, according as the atoms
are held in loose or close combination. The atom released from chemical
combination acquires an increased potential force, while an atom which
passes from the free to the combined state loses in potential. In
every chemical decomposition, or the passage from close to loose com-
pounds, the potential force is developed, while in the formation of other
chemical compounds, or the passage from loose to close compounds, the
potential is diminished. The separation and union of the elements and
formation of chemical compounds are, therefore, movements of the
elements ; consequently, in their decomposition or composition actual
forces are produced. When atoms unite, a part of the force which before
existed as a tendency to form combination (the potential force) is
converted into actual or kinetic force, and the combination has lost
potential to that extent to which the tendency to form combinations is
satisfied. In decomposition the exact opposite holds. In order to break

" up combinations an external force is required, and the amount of poten-

tial acquired by the atoms is precisely equal to the actual force employed.
It follows from this that in the act of every chemical composition actual
force is liberated, and in every chemical decomposition actual force is
rendered latent, or is converted into potential. In the first case the force
developed is equal to the potential lost in combination, and in the second
case the actual force rendered latent equals the potential force developed.
Where a loss of potential occurs, it is compensated for by a proportional
development of actual force, and vice versd.

The same rule applies to all forces in nature. Every development
of force is to be regarded as a change from actual to potential force or the
reverse, or the transformations of different forms of actual force. This
law is knewn as the conservation of energy. The forms of actual force
that we are familiar with are movements of masses, light, heat, and elec-

-
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tricity. All the actual forces have a tendency to be converted into a
single actual force, heat; thus, as the motions of bodies decrease through
friction and the resistance of the atmosphere, and as the electric current
meets with resistance, they are converted into heat. So, also, the form
of movement which appears as actual force in the formation of chemical
compounds is usually manifested by the development of heat, or occa-
sional light ; and the actual forces which disappear in chemical decompo-
sition are again usually represented by heat or light. Nearly all bodies
are chemical compounds; that is, their atoms are bound together by
their affinity for their atoms. This also applies to the isolated elements
which, in their free state, exist as molecules of like atoms. So long as
no external force is brought to bear upon chemical compounds, there is
no tendency to decomposition or formation of new compounds.

Heat is the most ordinary external force which produces chemical
change. The stability of chemical compounds may therefore be meas-
ured by the amount of heat required to break up the compound. Every
compound, even the most stable, may be broken up if the heat is suf-
ficient. While CO, requires enormous heat to decompose it, the organic
compounds of earbon are decomposed at moderate temperature. Conse-
quently, in the latter case the atoms are loosely combined ; that is,in the
formation of this combination not all the potential affinity is converted
into actual energy.but a considerable degree of potential, with a tendency
to form compounds, still remains. When to such compounds heat is
applied in a degree equal to the amount of actual energy liberated in the
formation of the compound, the atoms are liberated and again acquire
their original potential energy. If a new combination is now formed,
the potential is again converted into actual energy, and the latter, in the
form of heat, is proportional to the closeness of the new compound.
This is the process which is concerned in the burning of every organie
compound. Thus, by the artificial application of heat single atoms of the
combustible body and of the atmosphere are separated and their combi-
nation results in the liberation of heat, which is itself sufficient to
decompose other atomic combinations, and the processes of combustion
goes on by itself. The entire amount of heat liberated equals the
difference between the amount of heat required to break up the organic
compound and the amount liberated in the formation of simpler, closer
compounds. If, on the other hand, atoms, if they are separated by
considerable force, do not enter into a closer but into a looser compound,
more actual energy is lost than is liberated, and a decomposition results
in which a certain amount of heat is used up, which in the new. combi-
nation is present as potential force for future combustions. The amount
of potential energy is therefore dependent on the closeness of the chemical
combination, and not on the separation of the affinities. As a rule,
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the closeness of the combination is inversely proportional to its com-
plexity. :

The degree of potential energy of a combination may be measured
by the amount of heat liberated in its combustion; thus,a heat unit
is the amount of heat required to raise one gramme of water one
degree C. So one gramme of carbon yields 8000 heat units, or calorics ;
one gramme of hydrogen equals 34,000 heat units. These numbers are
greatly modified when the carbon and hydrogen are combined or enter
into combination with other elements. Thus, when pure carbon is
oxidized to CO,, the heat developed is less than when, with an equal
quantity of O, CO, or combinations of CH and O and H,O are burned
to form CO, The higher the atomic weight of compounds, the greater
the amount of heat given off in combustion. Thus, fats yield more heat
than sugar and alcohol; but while equal weights of such high atomic
bodies yield more heat in proportion to their weight, when compared
with equal quantities of oxygen consumed they yield less than simpler
bodies, as sugar or aleohol.

The elementary compounds which are found in animal and vegetable
cells in no way differ from those found in inorganic nature. Similar
elementary substances are found in the earth and atmosphere, and
become constituents of animal and vegetable organisms. In organisms
chemical affinity exerts the same sway as in inanimate nature. Acids
unite with bases to form salts within cells just as without; no one of
the elementary constituents of cells has lost its power of uniting with
oxygen, and the products so formed are identical with similar bodies
formed elsewhere.

We have already traced the processes occurring in animal and
vegetable cells, by which these bodies are converted in the former from
simple elementary substances to complex organic bodies, and in the
latter again reduced to their simple elementary form. It is evident that
the animal and vegetable cells differing in the chemical processes which
occur within them will also differ in the transformations of energy which
occur within them. Thus, we have seen that vegetable cells containing
chlorophyll convert stable oxygen compounds of carbon and hydrogen,
CO, and H,O, with liberation of oxygen, into the looser organic com-
pounds, such as starch, or, less frequently, glucose or fat. They therefore
return to atoms of these combinations a portion of their potential energy,
which in the original transformation into CO, and H,O they had lost in
actual energy in the form of heat. To accomplish this, plant-cells require
the assistance of an external force, namely, the heat and light of the sun,
which they convert into a chemical potential force in the resulting
organic compounds. The condition is more complicated in cells which
possess no chlorophyll. Here, also, the reduction processes require an
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external force; but in such a process as the manufacture of fat out of
carbo-hydrates, or the synthesis of albuminoids out of carbo-hydrates
and inorganic nitrogenous compounds, or the formation of starch,
cellulose, etc., out of glucose, the potential energy developed is not
derived from an external force, as the light in chlorophyll plants, but
from a force inherent in the cell itself. This force is manifested in the
oxidation processes occurring in colorless protoplasm, and which are
evidenced by the excretion of CO, and H,0 as combustion products.
Thus, in the synthesis of higher carbo-hydrates from glucose a combus-
tion results, in which H,0 is formed, and in it the two atoms H and O
are more closely united with one another; in this process potential energy
is transformed into actual force. In order to comprehend the formation
of fat or albuminoids out of oxygen compounds without a simultaneous
liberation of oxygen there must also always be an additional combustion
of loosely-combined carbon into CO,; from this it follows that pure
oxidation processes occur in such cells, such as the formation of
vegetable acids out of carbo-hydrates, volatile acids from fixed fatty
acids,—processes which yield a certain amount of actual energy in the
form of heat, of which a part is again rendered latent in the formation of
chemical potential energy. As a whole,in cells free from chlorophyll the
processes accompanied by the liberation of actual forces preponderate
over those in which actual energy is consumed. In every such cell,
therefore, there is an actual development of heat. A small part of this
actual energy, before being converted into heat, may be transformed into
the mechanical movements already described. Every independent organ-
ism which is free from chlorophyll manifests changes which result in the
same transformation of force as desecribed above ; such examples are seen
in the case of the organized ferments.

The animal cells, on the other hand, directly appropriate highly
complex substances, such as albumen, fats, and carbo-hydrates, in which
a high ‘degree of potential energy is contained. In the act of forming by
oxidation simpler compounds, such as CO,, H,0, and NHj, their potential
energy is transformed into actual force, partly manifested by heat-
production, and by protoplasmic contractile movements. In animal cells,
therefore, the main characteristic is the conversion of the potential
energy of organic compounds into the actual forces of heat and
mechanical movements ; the process being much the same as has already
been referred to as occurring in the vegetable cells free from chlorophyll,
differing mainly in intensity. A reverse process may be also present by
which actual force may be consumed and potential energy stored up, as
in the formation of complex albuminoids, such as hemoglobin, or in the
re-formation of albumen out of peptones.


















SECTION 1.
Foobs.

I~ comparing the metamorphosis of matter in animal and vegetable
organisms it has been found that in both cases there exists a certain
relationship between such changes and the surrounding media. In the two
classes of organisms, however, these processes are diametrically oppo-
site; for, while we found that the higher plants remove for nutritive pur-
poses CO, from the atmosphere and returned O to it, the animal economy
retains a portion of the oxygen of the atmosphere, not remaining fixed
as such in the body, but to be again returned to the atmosphere as
CO, and H,0. For plants, consequently, since we found that the carbon
of the CO, and a portion of the hydrogen of the H,O become fixed in
their tissues, the atmosphere is a true food; for animals it merely en-
ables tissue metabolism to take place, and permits of the maintenance
of animal heat. The development and growth of plants is dependent on
the liberation of oxygen and the appropriation of the inorganic con-
stituents of their foods. In animals life depends upon the constant
appropriation of oxygen, its union with the different constituents of the
body, and final elimination through the lungs and skin as CO, and H,O,
and through the bowels and kidneys in other simple compounds. There-
fore, through the absorption of oxygen there is produced no increase in
bullc of the animal body, but rather a decrease. To meet this waste
of the organism there must be a constant appropriation of tissue-con-
stituents. Such substances are called foods.

Nutrition may be defined as the functions which are concerned in
the preservation of the individual. Foods may, therefore, be defined as
any substances which may serve nutritive purposes. The body being in
a constant state of mutation, the constituents of the organism are little
by little eliminated as the result of this mutation, and to preserve the
necessary balance must be replaced. There must, therefore, be an exact
correlation between the constituents of an organism and the aliments
required by that organism. The demand for aliment is governed by the
waste ; if the supply is not as great as the waste, the body loses weight.
If, on the contrary, as in youth, the supply is greater than the waste,
the body increases in weight. When the losses of the economy reach
a certain degree without a sufficient reparation having taken place,
when the disassimilation exceeds the assimilation, the sense of hunger

, (157)
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reveals the wants of the organism and creates a demand for food. If
these demands are not attended to, other more serious phenomena
result. These, as well as the sensations of hunger and thirst, will be
described at a later point. :

Not only must the aliments taken to repair waste have a certain
weight, but they must also have a definite quality, since nitrogenous
and non-nitrogenous material, water and inorganic substances, all escape
through the various excretions, and their losses must be supplied by
analogous substances in quantities in proportion to the amounts lost
by excretion. Under all circumstances the foods of animals are or-
ganic, and these foods for the most part contain those inorganic sub-
stances already prepared which form the direct constituents of the
animal body ; they are therefore analogous and equivalent to what they
replace. The animal economy does not, as does thé plant, supply its
nutritive wants by synthesis and condensation of the substances con-
tained in its food; but it requires the constituents of its flesh and
blood to be already formed in its food. In the flesh of the herbivora
the carnivora consume flesh similar to their own. In plants the her-
bivora obtain ready-formed constituents of their flesh and blood. The
end products of the activity of plant life, vegetable albumen, and other.
constituents of vegetable tissue, serve directly and without further exten-
sive chemical modification to supply the waste in the animal economy ;
consequently, plants act as the food-preparing organisms in the general
circle of life. Vegetable life must, therefore, first have appeared on the
earth, for it is a necessary condition for the existence of animal life;
both herbivora and carnivora are dependent upon the vegetable kingdom
for food. In vegetable matters are repeated the most complex ingre-
dients of animal tissues. Chemists have been so struck by the similarity
of such bodies that they have designated them by the same names.
Thus, we have vegetable albumen, vegetable fibrin, vegetable casein,
representing the albuminous gronp. Among the carbo-hydrates we
have starches and sugars, and it is well known that fats are abundant
in the vegetable kingdom. Animals, thevefore, find their tissue-con-
stituents ready-made in their food, whatever be its nature.

The principles of food, whether derived from the animal or vegetable
kingdom, and whether appropriated by the herbivora or carnivora, are
not retained in the organism in the form in which they are taken as food.
They must first be subjected to certain modifications before they can
become constituents of the animal tissue or juices ; in other words, they
cannot fulfill their nutritive purposes until they have been subjected to
preparatory modifications in the digestive tube. ' These modifications are
not in general very profound, and usually consist in reducing foods to a
soluble form, if not already so, or in reducing them to a state in which
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absorption is possible. This is the sole end of digestion. The aliments
are in the digestive tract split up into their nutritive elements, which are
prepared for their absorption, while the non-nutritive portions are
expelled. Thus, the blood of animals is continually receiving additions
from the food, which it carries to different organs and tissues. Certain
of these are fixed or assimilated, replacing analogous substances rendered
unfit for carrying on the vital functions ; the others are modified and
destroyed. There is thus an incessant movement in the animal economy,
a continuous interchange of material, and a double current of entering
and expelled materials. This double current is marked by two series of
chemical phenomena,—the one terminating in the fixation of the nutri-,
tive principles in the economy, in their assimilation ; the other in their
decomposition, their retrogressive metamorphosis, or their disassimila-
tion. The ensemble of these two chemical phenomena constitutes
nutrition.

Foods of animals are destined to supply the waste of tissues. They
must, therefore, to be complete, embrace all the tissue-ingredients which
are liable to waste. The statement, therefore, of these tissue-constituents
will be also a statement of the essential food-stuffs. The chief constitu-
ents of the blood, flesh, and other tissues, as we have seen, may be classi-
fied as follow :— J

ORGANIC.
I
Nitrogenous. Non-nitrogenous.
Albuminous Bodies and Carbo-hydrates and
their Derivatives. Hydro-carbons.
INORGANIC.
Water, Sodium Chloride,
Alkaline Phosphates, / Sodium Sulphate,
Phosphatic Earths (Calcium, Magnesium), Potassium Sulphate,
Magnesium and Calcium Carbonates, Ir.o'n,
Potassium Chloride, Silicon.

It is rarely the case, however, that these simple nutritive substances
are taken separately as food. Ordinarily the alimentary substances are
formed of mixtures, in various proportions, of the simple nutritive
substances. Thus, water that we drink contains mineral salts in solution.
Meat contains water, albuminous bodies, salts, and fats, while milk
contains all the alimentary principles. We must therefore distinguish
between simple nutritive substances and foods which contain several of
these bodies.

In addition to the simple food-stuffs, there are other substances not
belonging to any of the above classes which have certain nutritive values,
such as alcohol, organic acids, tea, coffee, and essential oils. These are
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termed accessory foods, and have but little bearing on the study of
nutrition in the domestic animals.

Blood is the chief nutritive fluid of animals. What, therefore, is to
be converted into tissue must first be converted into blood ; consequently,
the substances taken in food must be converted into blood, or, at least,
pass into the blood, to be of nutritive value. Blood contains about 80
per cent. of water and 20 per cent. of solids. Of the latter, 1} per cent.
is organic, consisting of albuminous bodies, fats, and carbo-hydrates, the
latter being represented by glucose and occurring in small quantities.
Blood, therefore, contains all the constituents of the tissues and the
elements for their formation, so arranged as to require but slight chem-
ical modification to transform them into tissue. Blood consequently
contains, in suitable form, all the organic elements necessary for the
formation of all the animal tissues and fluids. The constituents of the
blood and flesh of the carnivora are absolutely identical with the constit-
uents of the blood and flesh of those animals which serve as their food.
The nutritive processes of the carnivora consist, therefore, in a simple
nutritive conversion of the blood and flesh of herbivora. Suckling
animals, whether herbivorous or carnivorous, obtain in milk what might
be regarded as the equivalent of the flesh of their mother, since milk
contains representatives of all the constituents of blood, casein and
albumen representing the albuminous group, butter the fats, and milk-
sugar the carbo-hydrates. The same inorganic salts are also found in the
milk as in the blood, and water is present in large amount.

In the herbivora the nutritive processes are not less simple, since all
parts of plants which serve as their food contain representatives of albu-
minous, carbo-hydrate, and fatty tissue-constituents which are similar, or
almost identical, to those found in the animal tissues. Consequently, the
vegetable bodies which serve as foods for animals contain, ready formed,
the constituents of animal tissues, and the nutritive value of vegetable
foods is in direct relation to the proportion of these substances present.
It may therefore be said that animals are dependent upon the inorganic
matters of the earth and air for their food-stuffs; for from these inor-
ganic constituents of the earth’s surface plants indirectly create the blood
and flesh of herbivora, and in the blood and flesh of herbivora the car-
nivora, in a strict sense, may be said only to obtain matter of vegetable
origin with which the former were nourished. Animals, therefore,through
the mediation of plants are built up out of CO,, H,0, NH;, NO,H, and a
few other inorganic compounds (Gorup-Besanez).

‘What has been said about the renewal of the organic tissue-elements
might be repeated for the inorganic tissue-constituents of animals. These
are also obtained, ready prepared and ready for assimilation, by both
carnivora and herbivora. The inorganic constituents of the blood of the
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herbivorous animals are precisely similar to the inorganic constituents
of the vegetable matters which serve as their food. The inorganic con-
stituents of the blood are the same as the inorganic constituents of
tissues. Herbivora and carnivora therefore find in their foods their
necessary inorganic tissue-constituents. The statement above made that
animals must obtain in their foods constituents of their blood and tissues
ready prepared may be modified in the case of the fats; for it has been
found that, so far from being derived from fats taken as food, the greater
part of the fats stored up in the body is derived from the breaking up
of other organic bodies, especially the albuminoids.

I. VEGETABLE FOODS.

The nutritive principles of vegetable foods are disseminated
in various proportions in different parts of all vegetables; there is
therefore no vegetable which is intrinsically incapable of serving as
animal food. But all vegetables do not contain these nutritive principles
in equal degrees, or in such a state as to permit of their isolation
and appropriation by the animal digestive apparatus; nor are they in
all the vegetables free from noxious principles. Thus, some vegetables,
as the herbaceous plants, contain nutritive principles in all their parts;
others, only in their roots, stem, bark, leaves, fruit, or juices. Some may
form suitable foods for a large number of different species of animals;
others are only capable of nourishing a single species;; and some plants
which are food for certain groups of animals are poisons to others. The
parts of plants above the ground—that is, their stem, leaves, flowers, and
fruits—are in general the most nutritious from the time when vegetation
is well commenced to the time of flowering, because then the nutritive
principles are not yet fixed in the organs of fructification, and the parts
in which they are disseminated are soft and tender. Earlier than this
the herbaceous plants are too watery and later too dry to prove very
nutritious. The stems of leguminous plants are nutritive while young,
while their leaves are suitable for food in all varieties of vegetation. The
roots of plants, when soft and succulent, serve as food for many animals,
such as the hog and bear, the tapir and hippopotamus, and when culti-
vated form valuable food for man. Soft and pulpy fruits, dried fruits,
nuts, hulls, and seeds, which are almost invariably rich in muecilaginous
matters,—with sugar, starch, oil, and nitrogenous principles,—are often
food for many animals. Under certain circumstances, parts of plants
which are usually but slightly nutritive, such as the bark, stems, and
roots, or even woody tissue, may serve as foods, especially after having
undergone partial decomposition, for many animals, particularly the
beaver and other rodents, and various insects.

11
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Vegetable foods differ from foods of animal origin in the respect
that the nutritive principles are not present in as concentrated form as
in animal foods, and the non-nitrogenous food-stuffs are present in much
greater abundance than the nitrogenous; moreover, vegetable foods are,
as a rule, very much less readily digestible than animal foods, from the
fact that the nutritive principles are inclosed within cellulose capsules,
which offer great resistance to the solvent action of the digestive juices,
and which necessitates fine comminution before being capable of being
digested and absorbed. As a consequence of this the residue from the
digestion of vegetable matter is always very much more abundant than
from an animal diet, and hence the intestinal excreta of the herbivora
are always much more bulky than of the carnivora, or even of the om-
nivora. Another point of contrast between vegetable and animal food
is found in the difference of inorganic constitnents of the ash. Vege-
table foods are especially rich in potassium and magnesium salts, and
comparatively poor in sodium salts, while chlorides are present in
extremely small amount, and phosphates in considerable quantities.
As already indicated, in vegetable tissues representatives of all
the different food-stuffs are to be found; thus, vegetable albamen is
present, and in its characteristics appears identical almost with the
albumen of animal origin. So, also, are carbo-hydrates, oils, and inor-
ganic salts. The relative proportions of these substances vary in differ-
ent plants. The usefulness, therefore, of different forms of vegetable
food for different nutritive purposes depends upon differences in the rela-
tive proportions of these constituents. The vegetable foods may be
given to our domestic animals in the fresh state, containing their natural
juices, when they are termed green fodder, or after having been dried
by.the sun, when they are called dry fodder.

(Green fodder always contains a large amount of water in proportion
to the solids present, the proportion often being 75 per cent. water to 25
per cent. solids. Of the solids the albuminous bodies may amount to 10
or 20 per cent., the non-nitrogenous extractive matters varying between
50.and 60 per cent., while cellulose is present in large amount. All edible
grasses and vegetable tops may serve as green fodder.

Dry fodder consists of the stems and leaves of various grasses and
plants after the major part of their water has been removed by evapora-
tion by the sun’s heat. The proportion of water to solids in dry
fodder is reduced to 15 per cent. of the former to 85 per.cent. of the
latter. Of the solids of dry fodder cellulose constitutes from 20 to 40
per cent., a moderate amount of albuminoids and carbo hydrates, less
fat, and a maximum of inorganic matter.

Green fodder, as a rule, is more readily digestible than dry fodder.
Thus, experiments made by feeding oxen at one time with fresh red clover,
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and another time with the same material carefully dried, have shown the
following excess of matters digested in favor of'the green fodder :—

Solids, . 5 % . 23to 5.5 per | cent more dlge%ted
Proteids, . a R0 8.2

Carbo- hydrates, 3 . 41to 5.6 ¢ “ #
Fats, ¥ . A . 247072107 “ i s
Cellulose, 5 . . 26to 6.2 £ 4 5

The attempt has been made to attribute these results to the reduc-
tion in digestibility acquired in the processes of drying. This is not,
however, the case, since there is an actual loss of digestible matter in
the processes of fermentation which occur in the act of drying. Green
fodder is especially adapted for all ruminants, and for young horses after
the completion of the first year. Scarcely any single green fodder is,
however, suited for forming the single food of horses or sheep. The
percentage of water of most green fodders in every stage of growth
amounts to from 70 to 90 per cent., and there are but few green fodders
which contain so little water that they may serve without the mixture of
any dry fodder for feeding sheep or horses. Cattle, on the other hand,
require a watery food, while hogs, on account of the arrangement of
their digestive apparatus, are only capable of digesting small amounts
of the youngest and most tender green foods. Green fodder, as a rule,
is the more nutritious the younger and more tender it is, since, in spite
of the greater amount of water contained in this period, it also contains
a larger amount of nitrogenous nutritive substances, is more stimulating
to the appetite, and is more readily digested. Thus, it has bLeen found
that in the English bay grass (Lolium perenne) the composition varies
as follows (Pott) :—

‘Water.  Cellulose. Proteids.

On the 6th of May, P o) 2] 17.7 7.9
From the 25th to the 27th of \Iay, . 835 21.4 16.0
On the 10th of June, . . 829 2.4 14.8
On the 24ih of June, . F 5 . 824 3.6 12.8
On the 10th of July, . 4 > . 822 32.5 11.9
On the 22d of July, - . . . 76.9 28.6 12.5
On the 15th of August, 3 P 0 T 0.7 7.8

Similar results have been obtained in the case of clover and prairie
hay. From the fact that green fodder in early spring is so rich in pro-
teids it is advisable in this time of the year to administer it mixed with
chopped straw that the fodder be not too rich in nitrogenous compounds.

The fbllowing represent the principal vegetable food-stuffs : the seeds
of the grains, or the cereals; the hulls and fruits of the leguminous plants ;
the vegetables, as potatoes, turnips, and beets; and hay, grasses and
straw, of the green and dry fodders :—

1. Tae Cerears.—Wheat, barley, corn, rice, and oats belong to this
group, and are valuable food-stuffs. Their chemical composition is
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subject to variations dependent upon the mode of culture, the nature of
the soil, and the climate. They all contain a small amount of water and
cellulose in proportion to a large amount of solids (over 80 per cent.) in
which non-nitrogenous extractives and inorganic matters are in excess.
The following table gives their average composition :—

In 100 pérts. Wheat. Rye. Barley. - Oats. Rice. Corn.
Water, 5 5 5 . 13.6 15.3 13.8 13.5 13.2 13.9
Albumen, . ) 5 . 124 11.4 11.2 11.9 7.8 10.1

Fat, . 5 5 8 i puid} 1.7 2.1 5.8 0.7 48
Carbo-hydrates and non-

nitrogenous  extractive

matters, . . : . 679 67.8 65.5 57.5 76.4  66.8
Cellulose, . E 3 8 2.0 4.8 8.1 08 2.8
Ash, £ % 3 s R 1.8 2.6 3.2 1.1 1.7

The cereal grains, of which wheat may be taken as a type, consist
of a number of layers arranged eccentrically. As many as seven different
layers have been recognized. Externally there is the external membrane
or epidermis; within that the epicarpium; 3d, the endocarpium; 4th, the
pigment-layer, or the testa, which in wheat is a reddish-brown membmne,.
and gives to wheat-grains their characteristic color; 5th, the tegmen, or
external nuclear membrane, below which are found a number of dice-
shaped cells (the perisperm), which were formerly spoken of as gluten-
cells, in which, however, the contents are mainly starch ; and it is within
the endosperm that the albuminous contents is contained between the
starchy granules. For, if a granule of wheat is divided and touched
with a drop of Millon’s solution, it will be seen that the contents of the
endosperm only stain purple, while the shells and the so-called gluten-.
cells remain nnchanged.

When wheat is subjected to the action of a digestive fluid the
albuminous bodies of the endosperm are dissolved and the starchy
granules become separated, while the hulls and so-called gluten-cells
remain entirely unaffected. The hulls contain a certain amount of
albuminous bodies, and are employed in bran and in black bread, and
have considerable nutritive value. In the so-called gluten-cells a ferment
seems to be present which has been called cerealin, and which seems to
interfere in some way with digestion, and as a consequence, although
bran-bread is to a certain extent nutritious, it is yet difficult to digest.
In grinding, the external hulls or capsules are bursted and the contents
reduced to a fine powder in the mill, and thus become more digestible.
Hulls which are separated from the internal contents by milling always
contain a certain amount of albuminous matter and starch clinging to
them, so that even the chaff, or the hull or bran, contains considerable
amounts of nutritive matter, and may be used as fodder. Bran from
wheat has been found to contain 13 per cent. water, 14.5 per cent.
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albumen, 2 per cent. fat, 53 per cent. carbo-hydrates, and 17.5 per.cent.
cellulose.

The preparation of bread depends upon the fermentation produced
through the action of the yeast-plant in rye- or wheat-meal mixed to a
thick paste with water, the so-called dough, and allowed to ferment at
about 30° C. Through the action of the yeast part of the starch is
converted into dextrin and sugar, of which a part again undergoes
further decomposition into carbon dioxide and alecohol. The bubbles of
the former serve to render the dough light and porous. In baking the
gas-bubbles expand through the heat and render the bread still more
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FI1G. 55.—SECTION OF A WHEAT-GRAIN, MAGNIFIED 610 DIAMETERS, AFTER
PEKAR. (Thanhoffer.)

1, epidermis ; 2, epicarpium ; 3, endocarpivm ; 4, testa; 5, tegmen ; 6, perisperm ; 7, endosperm.

porous, and therefore more permeable to the digestive juices and more
readily digestible, while in the action of the heat a certain amount of
starch is still further converted into dextrin and sugar. The nutritive
properties of bread depend upon the starch, dextrin, sugar, and
albumen which are contained within it. Bread, therefore, contains all
the nutritive principles in some amount, as a certain amount of oils and
inorganic salts are also present, although the carbo-hydrates are present
in the largest proportion. It has been estimated that a man,to obtain
the necessary amount of albumen required for his daily ration, would
have to consume three pounds of bread daily.

Oats, rye, and corn also have their various constituents arranged
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in concentric layers, in which also the so-called gluten-cells are to be
recognized, as well as numerous free starchy granules. The relative
proportions of the different constituents vary in different samples, and
hence the nutritive value of these grains depends upon the method of
cultivation, etc. Corn and rye are especially rich in starch, but are
poorer than wheat in albumen. By soaking in boiling water,—the only
way in which rice is used as a food,—the starch-granules become par-
tially eonverted into soluble starch, through the rupture of the cellulose
membrane and solution of the granulose in water. So prepared, the
starch of corn and rice is capable of being entirely absorbed, while only
20 to 30 per cent. of the albuminous matter escapes. Barley and oats
are food-constituents which are especially valuable for horses when a
large amount of nutritive principles in a concentrated form is required.
Rye is poorer in albuminous principles than wheat, but is, nevertheless,
a valuable food-stuff. From the point of view of the percentage of
albuminous matter, wheat occupies the first place in nutritive value of
the cereals. In 1000 parts 135.58 parts of albuminous matters are
present. The amount of starch of wheat is only exceeded by the carbo-
hydrates found in corn and rice. The following table, after Thanhoffer,
shows the amounts of these substances present in 1000 parts of the
principal cereals, leguminous plants, and tubers :—

In 1000 parts. Wheat. Rye. Barley. Oats. Bugcgrgxeat-

Albumen, 135.37 107.5 122.5 90.5 78.0 70.0
Starch, 558.64 555.0 482.5 503.5 457.0 637.0

Corn.

Dextrin, 46.5 84.5
Sugar, 48.5 28.75 A ; s
Cellulose, 32.5 49.5 97.5 116.5 233.0 5 -5
Fats, . < )k 5.9 N
In 1000 parts. Peas. Beans. Lentils. Potatoes.
Albumen, 223.5 225.2 265.0 13.0
Starch, s g3 154.5

From the above table it is seen that the amount of starch present
in rye is somewhat less than that of wheat, but that it contains nearly
twice as much dextrin; and yet the cellulose, which is almost entirely indi-
gestible, is in larger amount than in wheat. In barley,again, there is usu-
ally a larger amount of albuminous matters than in wheat, but also three
times as much cellulose, and a considerably smaller amount of starch.
Barley grown in Southern latitudes is said to have a higher percentage
of albuminous matter than is represented above. Oats, again, contain a
smaller amount of albumen, a larger amount of cellulose, and a larger
amount of starch than barley. It thus falls considerably below wheat
in albuminous and starchy matters, but exceeds wheat in the amount
of cellulose present. Rape-seed, again, contains twice as much cellulose
as oats, and even less albumen than starch. Corn contains the smallest
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amount of albuminous matter of all of the cereals, but a larger amount
of starch than any, and also contains a considerable quantity of oil, and
is therefore a useful food for fattening purposes. Rice contains only
5 per cent. of albuminous matter and 82 per cent. of readily-digestible
starch.

"The nutritive value of oats is very largely governed by the character
of manure, and other modes of cultivation. The composition of oat-
grains, according to Pott, is about as follows

Solids, .. . 0 . . d 2 . 86.3 per cent.
Proteids, . . s N . : p 2.0 <
Fats, . 3 . . e . 3 e OO 7
Carbo-hydrates o " . s o . b56.6 ¢
Cellulose, s . 5 J 3 S 190 o o
Ash, e

The nitrogenous matters of oats consist in part of albumen (0.46
to 2.3 per cent.), gliadin, the so-called vegetable casein, the latter appear-
ing to be almost identical with gluten-casein and legumin. In addition,
oats appear to contain a nitrogenous alkaloid, the so-called avenine,
which possesses the property of acting as a nerve stimulant. This is
more abundant in darker sorts of oats, its amount depending upon con-
ditions of climate, soil, ete. It may amount to 0.9 per cent. It also has
been found by Ellenberger and Hofmeister that oats contain at least three
ferments,—an amylolytic, a proteolytic,and a lactic acid ferment. These
ferments are destroyed by the temperature of boiling water, but in the
stomach of the domestic animals exert their activity, and are to be
regarded as important factors in the gastric digestion of these animals.
The most active of these ferments is the starch ferment. It has been
found that in a digestion of three hours’ duration with water 2 per cent.
of sugar resulted from the action of this ferment alone. The lactic acid
ferment is considerably weaker, and it is stated that in a digestion of
three hours’ duration 0.1 per cent. of lactic acid was formed, while 0.2
per cent. was formed in seven hours. The proteid ferment is stated to
dissolve from 0.5 in three hours to 1 per cent. of proteids in six hours.
These results were obtained by the simple digestion of a mixture of oats
and water, kept at the temperature of the body. They have a practical
application to the subject of digestion as oceurring in animals, and point
to the fact that in disturbances of digestion in domestic animals the
administration of vegetable food in a raw state is preferable to its use
after boiling, and will further, perhaps, explain the high degree of digesti-

*1It will be noticed, in comparing the different tables of the composition of vegetable
fodders, that there is considerable discrepaney in the percentages given of the different
nutritive principles. This is to be accounted for by different effects of éultivation, ete.,
in the various samples analyzed. ‘
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bility possessed by oats. Wolff has found the following amounts to be
digested- of the different constituents of oats : —

Proteids. Fats. Carbo-hydrates.
Ruminants, . 77.83 per cent. 82.4 per cent. 73.7 per cent.
Horses, . . 86.0 £¢ i A 0C 6.8«

The carbo-hydrate constituents of oats are represented principally
by starch, although from 3 to 6 per cent. of sugar, 1.25 to 4.51 per cent.
of gum and dextrin have been found. Oats are,above all, the best force-
developing food for horses,—a fact which is universally recognized. To
foals at first only crushed oats should be given, the transition to whole
oats being only gradually accomplished. Oatmeal is also a good addition
to the food of milk cattle, and is said to increase both the amount of
milk and the amount of butter. As a fattening food for cattle oats are
not preferable to other cereals. In the natural form oat-grains are not,
as a rule, sufficiently masticated by the ruminants, and therefore their
maximum nutritive properties are not appropriated. It is therefore the
custom to feed oats to these animals either crushed or in the form of oat-
meal. Sheep, which as a rule masticate their food better than other rumi-
nants, are for this reason capable of digesting larger amounts of oats.
Oats are also a valuable food for birds. In Pomerania geese are fattened
almost solely on this food. It has, however, the disadvantage of causing
a thin and unpleasant adipose tissue in these animals. In America oats
are roasted with suet, and it is stated that hens fed on this food are
especially prolific. Oatmeal is richer in cellulose than the other meals,
but it is also at the same time richer in proteids and fats. The average
composition of oatmeal, according to J. Konig, is about as follows :—

Water, . o o o S g . . 101 per. cent
Proteids, . 5 N . . . . . 14.3

Fats, A d . . . . 5 . b 8¢
Sugar, g d o (Eecor N &
Gum and dextrm, N s 2 el ol ¢
Starch, X 5 . . . . 3 . 60.4 &
Cellulose, . . 5 5 3 ] s
Ash, . 3 3 p . 3 3 3 o 20 0

Oatmeal is especially valuable as an accessory food in the nourish-
ment of young animals, especially young dogs, when it may be mixed
with milk.

Oat-straw has the following composition (Pott) :—

Solids, . . 4 5 g . 3 . 86.6 per cent.
Proteids, 3 3 : . 4 . 33 &
Fats, . < 1 X . . . 14
Carbo- hydrates, g 3 4 $ 4 b R
Cellulose, . 5 3 5 , 3 . 33.3 o
Ash, . E 3 5 A X : . . 6.2 &

It is the most nutritious of the cereal straws. Ruminants digest of
the proteid matters 40.7, fats 30.1, carbo-hydrates 45,5 per cent.
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In the form of chopped fodder it is a valuable addition to the food
of the ruminants and horses. Care must be taken that the straw has not
been kept in a moist place ; otherwise, when fed to milk cattle, an unpleas-
ant taste will be given to the milk.

It has been stated that.of all the cereals oats are the richest in oil
and albuminoids, according to Mr. Richardson (4Amer. Chem. Journ.,
October, 1886), the average for the former being 8.14, and for the latter
14.31 per cent. The composition may be placed as follows, in its dis-
tribution in the kernel and hull :—

v Kernel Hull. 'Whole Grain.
Water, : s : 5 . 485 1.57 6.42
Ash, . 5 H . 5 s 1850 1.68 3.18
Qilly g 5 . > . 5.70 0.24 5.94
Carbo-hydrates, ! . . 46.96- 20.41 67.87
Crude fibre, 3 y S . 0.97 5.36 6.33
Albuminoids, . 0 h . 10.02 0.74 10.76

70.00 30.00 100.00

It is thus seen that Richardson’s analysis of American oats differs
from that given by other authorities. - He places the percentage of water
lower than that of other analysists, whilst the principal increase of
solids is found in the oil and inorganic constituents, his estimation of
proteids agreeing with that of others. The constituents of oats are,
however, very greatly subject to the climate in which they are grown,
and Mr. Richardson has found the average albuminoids in the grains
distributed as follows over the different sections of the United States:—

Northern States, . b o - 3 . 10.96 per cent.
Southern States, . z 5 3 : oo TOXG6 &
Pacific Slope, . 5 5 5 5 s S =g B0 ¢
Atlantic Slope, o o : L . e (VR () e
‘Western States, . e . S 5 o 11,24 5 4

These figures are, however, dependent upon the percentage of husk,
and not on peculiarities of their kernel, and therefore the proportion of
husk to kernel and the compactness of the grain prove to be the most
important factors, and the weight per bushel the best means of judging
of the value of the grain. Oats having the husk are necessarily heavier
in weight per one hundred grains. The heaviest oats are from the Pacific
Slope, and the South ranks next, owing to the large size of the grain.
In weight per bushel, however, the fluffy husk of the Southern grain makes
it the lowest in the country, while the Pacific Slope contains the highest
weight per bushel, as also in size and weight' per hundred, showing the
grain to be plump and wellfilled. The heaviest weights per bushel
determined by Mr. Richardson were found in specimens from Colorado
and Dakota, weighing 48.8 and 48.6 pounds. The lightest were from
Alabama and Florida, 24.7 and 26.9 pounds, respectively. He found an
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average of 37.2 pounds, the common legal weight being 32 pounds to the
bushel.

Of the group of hordeum (barley) various representatives are useful
as green fodder, but more especially their grains and straw. The com- "~
position of barley-grains is greatly modified by the locality of growth
and mode of cultivation. The following represents about the average
composition :—

Solids, . g s 3 Y . 86.2 per cent.
Nitrogenous bodles, o R £ .o 112 7
Fats, 2 ¢ h % b e 4
Non- mtrorrenous bodles, 3 A d d . 065.5 £
Cellulose, A 3 3 3 A A D D £
Ash, . 5 o X ¥ z s ; o = £

The proteids of barley. comsist in a large part of gluten-casein,
gluten-fibrin, mucedin, and albumen. No gluten can be obtained from
barley-meal. The carbo-hydrates consist of starch, from 1 to 2% per cent.
sugar,and 1 to 7 per cent. dextrin. The digestibility of the barley-grain
is placed by Wolff as follows:—

Ruminants. Horses. Hogs.
Proteids, . . 71 per cent. 80 3 per | cent. 78.2 per cent.
Fats, 3 110 2.4 68.4 ¢
Carbo-hydrates, 8 87 Sl e 90.0 ¢

The barley-grains are, therefore, readily digestible, and in the form
of meal form a food of the first class in nutritive properties for cattle,
and are especially valued for the good influence which they exert on the
quality and quantity of the milk and butter. For horses also they may
be used to a certain extent as a substitute for oats, given in the entire .
form, mixed with chopped straw. To old horses or foals, on the other
hand, barley should be given as meal, or after being crushed. It has
been stated that if the barley-grains are swallowed whole they swell up
in the stomach, and may produce serious_ colic., Therefore, the animals
should receive water about half an hour before being fed with barley-.
grains. The Arabs make use of barley almost solely as food for their
horses, and administer it in the entire condition. Barley-meal has the
following composition:—

Solids, , 3 3 5 4 A : . 81.7 per cent.
Proteids, . . g 4 5 . z 2251156 ¥
Fats, x 3 4 4 A 4 REEIST6
Carbo-hydrates, iy A 3 2 3 . 520 ug
Cellulose, 5 5 X A X d . 143 ¢
Ash, . A 6.2 <

Barley-meal is frequently adulterated with various mineral sub-
stances, such as clay, chalk, or plaster, which may cause it to prove
hurtful. Such adulterations may, however, be readily recognized by
microscopic examination. Barley-straw, especially, as is often the case,
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if grown with clover, forms one of the best of the cereal straws, the
straw of winter barley being, however, the poorest in nutritive substances
of any form of straw.” The following is the composition of barley-straw:—

Solids, . s : b 5 . 85.7 per cent.
Nitrogenous matters, & . 3 NI4T e
Fats, 5 g cfadt4 £y
Non- mtro‘renous extractlve matters, 3 . 34 9
Cellulose, S . . . 5 ; . 418 48
Ash, . . . ) b : ! 5 . 44 &

The following is the composition of barley-straw when grown with
clover:—

Solids, . ’ A 2 3 . 85.7 per cent.
Nitrogenous bodles, S P e SR R
Fats, . A Lt 1R
Non- mtrovenous extractlve matters, S o L S
Cellulose, . > . y X . E MEESRION rc¢
Ash, . X d ¥ ! 1 : B o MY

Barley-straw, therefore, grown with clover, almost approaches an
average hay in nutritive value. The ruminants digest the following
amounts of the different constituents of barley-straw :—

Proteids, . . 3 3 7 5 : .~ 20 per cent.
Fats, . . 416 <
Non-nitrogenous extractxve matters, 3 e od. Ay L4

Barley-bran agrees in its general properties with the bran of the
better cereals. It contains—

Solids, . o o : 3 ; 5 . 85.8 per cent.
Proteids, s : 4 g : el o
Fats, 1.5 ¢
Carbo-hydrates, 38.5 &
Cellulose, . o : 5 s 3 . 30.3 4
Ash, . 1 . s 3 3 X ! IRy s

Barley-bran frequently contains large quantities of the barley-bristles,
and should then only be given to animals after being boiled or steamed.
Given dry, the bristles stick in the tongue, and produce inflammatory
reaction. Steamed barley also is a valuable food. By malting, the barley
undergoes mechanical and chemical alterations which lead to the
increase in its digestibility, and, although the starch is turned into sugar,
there is, nevertheless, in the process of malting a loss in nutritive con-
stituents of the total solids, especially of the nitrogenouns bodies. In
sprouting there is likewise a loss of proteids, carbo-hydrates, and fats.

Buckwheat is often used as a green fodder, and its grain is fre-
quently administered as dry food. The green buckwheat contains—

Solids, . 15.0 per cent.
Proteids, 2.4 &
Fats, : 0.6 “
Non- mtrovenous extractlvc matters, 6.4 “
Cellulose, . . g 4.2 “
A.Sh, 1.4 ‘<
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In digestibility the green buckwheat is almost comparable to clover,
but contains a much larger percentage of water, and is not, therefore,
well suited to constitute the sole food for cattlee. When given to cattle
not more than fifty kilogrammes per thousand kilogrammes body weight
can be given, the remainder of the food consisting of dry food. On feed-
ing with buckwheat the milk and the butter assume a beautiful yellow
color. The green buckwheat is entirely unsuitable for sheep and hogs,
either freshly mown or for grazing, and in them frequently causes serious
disturbances. On account of its large percentage of water it is only
suitable for horses as an accessory food. The conversion of the green
buckwheat into hay offers great difficulty on account of its large percent-
age of water. The grains of buckwheat are principally used as food.
They contain—

Solids, . A X ) a 3 ; . 86.8 per cent.

Proteids, ] J . e J 3 SEEH0RS g

Fats, . A 3 AL eel 2D £
9.5
5.0
s

- T

Non-nitr ogenous extractlve matters,
Cellulose, . . o 5 . 0
Ash,

They are thus not especially rich in nitrogenous matters and contain
large amounts of cellulose, and belong, therefore, to the more indigestible
ccreals, but form a good additional food for draught horses, sheep, milk
cattle, and fattening cattle. When, however, given in large amounts to
ruminants and hogs, they are apt to produce very serions disturbances,
especially in summer. In winter, on the other hand, the buckwheat is
less hurtful a food, though it is advisable to cease its administration at
least two weeks before grazing commences. Buckwheat-meal contains—

Solids, L 3 . . L . ¥ . 84.0 per cent.
Proteids, . A s . . s A S () R
Fats, . . s S, ] (8l
Non- mt]owenous extxactlve m‘xtters, 3 . 43.0 ¢
Cellulose, . % . . 5 y B R
Ash, . e 3 3 . : : £ <378 30 A

Buckwheat-meal is, therefore, relatively rich in proteids, and in spite of
its considerable amount of cellulose is a good fattening food for hogs. It
is frequently adulterated with the seeds of various weeds. Buckwheat-
straw belongs to the most useful of this class of fodders. It contains—

Solids, s > s 3 P : X . 89.9 per cent.
Proteids, . 3 : . X : ’ s i gt
Fats, . ! 3 ERARNI s
Non- mtrogenous extractive matters > o, ¢
Cellulose, . . . d 4 3 x RIS F S S
Ash, . . < B ’ 5 3 3 AN, e

It contains somewhat more cellulose than most of the straws of the
different cereals, and is, therefore, perhaps more indigestible, but it is
also richer in proteids.
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2. The LEGUMINOUS PLANTS stand next in nutritive value to the
cereals. They are composed of the peas, beans, and lentils. By boiling
with water their hulls become ruptured, and their contents readily sub-
jected to the action of the digestive juices. The leguminous plants are,
therefore, principally used in the form of soups or broths.

The hulled fruits contain a maximum of albuminous matters, and
the kernels of oily fruits more fats than the cereals.

Beans are seldom used as green fodder, or as the principal article of
diet, since they are too rich in nitrogen; they form, however, an admi-
rable addition to the diet of cattle, sheep, and horses.

Peas, both as a green fodder and as grain, form highly nutritive
foods. Green peas are especially good as a food for milk cattle, and give
a pleasant taste to the butter. Dried peas are also highly digestible
and nutritious. They contain— '

Solids, . b o y £ ra ’ . 86.8 per cent.

Proteids, . . . 3 - : 0 . 24 o

Fats, 3 5 . 3.0 gé

Non- mtrogenous extractive mattels, 5 . 52.6 0

Cellulose, . 3 s ) 5 s 6.4 “

Ash, . 3 ” 2.4 <8
Of these nutritive principles—

Non-nitrogenous

Proteids. Fats. Extractive Matters.
Ruminants digest 88.9 per cent. 74 ’7 per cent. 93.3 per cent.
Horses & 83.0 BYEQa <
Hogs “  85.0t090 36 0 to 67 95.0 to 99

The grains are best given chopped up with straw, when they form an
excellent food for dranght horses, of which amounts equivalent to half of
the ordinary corn ration may be given. They are also a fattening food
of the first rank for hogs, and, like barley, greatly improve the character
of their fat and flesh. When given in large amounts to milk cattle, they
are apt to make the butter too hard. The straw of peas is also readily
digestible, and of good pea-straw ruminants digest 60.5 per cent. of pro-
teids, 45.9 per cent. of fats, and (4.4 per cent. of non-nitrogenous extract-
ives. When in good condition, pea-straw may even serve as a substitute
for hay for young cattle. For milk cattle but small amounts should be
given, or else the quantity of milk will be reduced. Unfortunately, pea-
straw is apt to be contaminated with that of various wceds and fungi.

The following table gives the average composition of the principal

_representatives of this group, as contrasted with the potato:—

In 100 parts. Lentils, Peas. Beans. Potatoes.
‘Water, . . A . 125 14.3 14.8 76.0
Albumen, . . . 248 22.6 23.7 2.5
Fats, 3 3 e ) 1.7 1.6 0.2
Carbo- hydrates, . . 548 53.2 49.3 20.2
Cellulose, : . . 36 5.5 5 0.4
Ash, 3 o : . g R 3.1 0.5
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3. BuLss and roots, represented by the potato, beets, etc., constitute
another group of vegetable foods.

Potatoes are of very much less nutritive value than either of the
preceding groups of foods, from the fact that they contain but a small
amount of albuminous matters, but a very large amount of starch. Large
amounts of water are present in bulbs and roots which serve as food, with
small amounts of solids (86 to 14). Of the solids, the carbo-hydrates
constitute 80 per cent. or more, while the other nutritive substances
and inorganic salts are in proportionately small amount. Kven of the
amount of albumen present only about one-fourth appears to be capable
of digestion in the alimentary canal.

In the vegetables, such as beets, asparagus, and cabbages, there is a
large per cent. of water,—from 80 to 90 per cent.,—but only 2 per cent. of
albuminous matter, 2 to 4 per cent. of starch or gummy substances, a
small amount of sugar, and 1 to 1.5 per cent. of cellulose. Their nutritive
value is therefore slight.

Fodder-beets ( Beta vulgaris, mangold-beets), of which a large variety
is met with, form valuable articles of fodder, those with the round roots
being usually more rich in nutritive constituents. The nutritive qualities
of beets are further increased by the character of the soil and climate,
mode of culture and manuring, and are especially proportional to the
slowness with which they are grown. Fodder-beets have, as a rule, the
following constituents :—

per cent.

“

Solids, 5 i ’ 5 : : X §e12l
Proteids, . : : ; J L
Fats, . 2 . : 5 RUESTS o0l
Carbo- hydrates 3 . s ; ; R Cn
. 0.

0

0
1
1 ‘e
'1 (X3
Cellulose, . 9
Ash, 8
Sugar-beets contain—

Solids, P i . d - ; ¥ et
Proteids, L . ]
Fats, .

8.5 per cent.

1.0

5 g 3 s 1 3 el

Carbo- hvdrates, . . 3 ] 5 < Vil e
3 .S 1]

0.7

“«

€

Cellulose, .- 5
Ash, .

‘6

The principal difference, therefore, between fodder-beets and sugar-
beets, is found in the larger percentage of solids in the latter, consisting
principally in the greater amounts of sugar. The percentage of sugar
is further increased by potassium manures, and is greater in beets grown
in cold, high localities than in warm places. It also is in proportion to
the length of time, after growth is complete, that the Leets are kept in
the ground, especially when they have sprouted. Nitrogenous manures
and manures rich in phosphates increase the proteid constituents of the
beets, although all the nitrogen in the beets is not to be recorded as
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proteid. Nitrate of potassium, nitric and oxalic acids, magnesia and
other alkalies are constituents of beets, and will often explain the pur-
gative action exerted by many forms of beets. As regards digestibility,
Wolff has found that the ruminants digest of sugar-beets—proteids 62.0,
carbo-hydrates 95.2 per cent.; of fodder-beets—proteids 75.6, carbo-
hydrates 95.3 per cent. ’

These experiments would seem to show that sugar-beets are less
digestible,—a state of affairs which hardly seems probable. On account
of the large percentage of water beets contain they can only be used as a
fodder with certain restrictions. They are best given in the raw state,
chopped up into pieces, although the chopping must not be too fine ; other-
wise mastication and thorough mixing with the saliva will be, to a large
extent, prevented. They are especially suited for milk cattle, combined
with dry foods, twenty-five kilogrammes being given daily, and will serve
to improve the amount and quality of the butter and milk.

Sugar-heets cannot be given in as large an amount as fodder-beets,
on account of their higher percentage of nutritive principles. For young
cattle, as well as sheep, on account of their large percentage of water,
but small amounts may be given. Thus, one-third to one-half of the total
food for these animals may consist of chopped-up raw beets. For hogs
the beets may serve .as the principal food, especially when given boiled,
although here also they may act as a purgative, and it is better that the
food should not be more than one-half cofistituted of the beets. For
horses, beets, on account of their high percentage of water, are only
exceptionally employed. Beets are best preserved by placing under the
ground directly after harvesting, care being taken. to. select a perfectly
dry locality. DBeet-top leaves are also very frequently used as fodders.
Fresh beet-leaves contain—

Solids, . R TS

7 per cent.
Nitrogenous matters, d % : o2 ¢
Proteids, . . ] s 2 3 3 04, ¢
Carbo-hydrates, : s 4185
Cellulose, 5 5 3 3 5 o
Ash, . . g . < . 3 = L EONS

On account of the large percentage of water and oxalic acid con-
tained within them -beetstops frequently act as violent purgatives. They
are, however, rich in proteids, and are quite as digestible as the best fresh
hay, and in their fresh condition are suitable in small amounts for feeding
to milk cattle. If, however, they be given in excessive amounts, or con-
stitute the sole food of milk cattle, the percentage of fat in the milk
undergoes a rapid decrease. Not more than one-third of the total amount
of food, therefore, should be constituted of beet-tops.

4. Grasses.—In addition to the above nutritive substances, domestic
animals may be nourished on the various grasses, hays, bran, and straw.
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The following table gives the average composition of different members
of this group:—

In 100 parts. Prairie Hay. g estRye Sé:?iﬁmry Grass.
Water, L R . . s . 13.0 13.8 18.6 5.0
Albumen, . . . 3 . 9.5 3.9 1.5 3.0
Fats, . e B 1.0 1.5 0.8
Carbo- hydrates and non- mtrowenous
extractive matters, . s . 409 34.7 32.4 131
Cellulose, 5 e o . 206.7 40.1 43.0 6.0
Ash, . 2 2 d 1 . 68 6.5 3.0 2.1

Esparcet (Onobrychis sativa) is one of the most digestible and valu-
able of the different forms of clover, and may be regarded as a type of
this group. Mowed during the blossoming, it contains in the green state :

Solids, . N (R S A per CeHT ;
Nitrogenous substances 2 3 R 71 E e
Fats, . Qad §LES
Non- mtrogenous extractive matters, 2 A Rty
Cellulose, . . . 5 . 3 '{ g 5

Ash, .

“«“

According to Wolff, its digestibility in the ruminants is as follows :—

- Non-nitrogenous
Proteids. Fats. Extractive Matters.

72.5 per cent. 66.7 per cent. 78.8 per cent.

Esparcet-hay contains—

Solids, 2 . 5 c 5 . 8.1 per cent
Nitrogenous matters c g 3 . . 133 :
Fats,. < A o R K
Non- mtrogenous extractive matters, 5 . 345  «
Cellulose, . c 5 S 5 ) s MR I0L=FT ¢
Ash, . 3 B g . 3 g 5 . b8 “

All forms of fodder undergo in time considerable deterioration in
the amounts of their nutritive constituents, especially if preserved in
localities where they are accessible to the air, moisture, light, and warmth.
Fermentative processes are started up by the presence of various forms
of the lower organisms and occasion a reduction in both the non-nitrogen-
ous and proteid constituents of fodders. Thus, prairie hay, when fresh,
has a nitrogenous percentage of 1.81 per cent., while, if kept for two
years, it falls to 1.68. So long a time as this is, however, not necessary
for the evidence of considerable loss of nutritive principles. Thus, Wolff
has found the constituents of second-crop hay to vary as follows :—

In December. In April.

Proteids, . 5 o . 5 8 . 1436 14.34
Fats,. 5 2 £ J 5 s s 401 4.24
Cellulose, . " ! . R6.44 27.18
Non-nitrogenous extractive matters . 457 44.80

Inorganic constituents, . 2 3 . 948 9.44
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The more the fodders are protected from the air, the less will be the
loss. Thus, it has been found that corn kept in an open space free to the
air will form in a given time twice as much carbon dioxide as if kept in a
closed space,—of course, it being evident that the greater the formation
-of carbon dioxide, the greater will be the loss. The moister the locality,
also the greater will be the deterioration in nutritive qualities. Thus,
oats in thirty months will lose 7.2 per cent. more of their solids than oats
kept in closed vessels. Similar facts also apply to the preservation of
the moist fodders, such as potatoes, beets, and green fodder. Sprouting
of potatoes and beets is likewise accompanied by great loss of nutritive
substance, and the.presence of solanine in a sprout may even cause it to
become poisonous. Thus, Krammer has found that in potatoes with the
sprout from 1 to 2 em. long there is a loss of 3.18 per cent. of starch,
when the sprout is 2 to 3 cm. long a loss of 5.26, and when it reaches 4 cm.
in length there has been a loss of 9.88. Moulding, likewise, reduces the
amount of nutritive substances, in addition to the hurtful action of the
moulds themselves. Thus, in sound potatoes there will be an average
amount of solids of 23.8 per cent., while mouldy potatoes will average
only 20.6 per cent. Age of fodders not only occasions loss in absolute
amounts of nutritiveconstituents, but also diminishes their relative
digestibility. Thus, Hofmeister has found that sheep which will digest
of clover-hay, when half a year old, 68.4 per cent. of proteids and 73.4 per
cent. of carbo-hydrates, when one year old will digest only 65.0 per cent.
of proteids and 63.1 per cent. of carbo-hydrates, and when four years old
50.7 per cent. of proteids and 40.7 per cent. of carbo-hydrates. The same
facts apply likewise to other forms of hay.

The preservation of grain by stowing it in close chambers is a very
ancient one. The process of ensilage as at.present carried out is per-
formed simply by placing green-fodder crops, such as grass, clover,
vetches, ete., in an air-tight chamber of almost any construction, and,
after treading the mass down, covering it with boards on which pressure
is exerted, either by dead weights or mechanical means. The grass or
other substance may be chopped if thought desirable, and salt may also
be added. When preserved in this manner grass may be kept for a long
time, and will produce, when opened, a food resembling steamed hay
which is greedily consumed by cattle. The whole loss occasioned by
this process is but small, and the process of change occurring in food so
preserved has been carefully studied by Mr. A. Smetham. IHe found that
fermentation of various kinds had occurred, and he was able to detect a
small quantity of alcohol, as well as various acids, of which acetic, lactic,
and butyric were the chief. The amount of the acids was not sufficiently
great to render the silage unfit for food, and the practical results of
feeding with it were decidedly satisfactory. By allowing the temperature

12
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to- rise above 125° F. the ferments are destroyed and the production
of organic acids thus largely prevented, and a sweet silage is produced
which possesses the characteristics of old hay to a much more marked
extent than by the old or “sour” process. This process is espeecially
valuable in wet seasons as a means of preserving the crop. It is also
invaluable for preserving second crops. A succulent food is obtained in
place of a dry one with but little loss in nutritive constituents ; certainly
less than occurs during hay-making in wet weather, although there is but
little increase in the digestibility of the grass.

Vegetable matters all contain from two to eight times as much potas-
sium as sodium, and, as we shall again refer to. under the subject of
Nutrition, explains the fact that the herbivorous animals need an extra
ration of sodinm chloride. :

Straw is difficult to digest,is only but slightly nutritive,and requires
large quantities of the digestive secretions for the solution of its nutri-
tive constituents. Straw is somewhat more readily digested by the
ruminants than by the horse. Straw, of different kinds, has about the
following composition :—

Barley-  Oat- Pea- Bean-
Straw. Straw. Straw, Straw.

‘Water, g 3 5 . . 143 14.3 14.3 17.3
Albuminous bodies, . . . 3.0 2.5 6.5 10.2
Fats, . . . : A ol 4 2.0 2.0 1.0
Extractive matter and carbo-

hydrates, g : . 3L3 36.2 33.2 32.5
Cellulose, . . " . . 43.0 40.0 40.0 34.0
Inorganic matter, . : o 1 0 5.0 4.0 5.0

100.0 100.0 100.0 100.0

Very frequently various forms of vegetable food will produce dis-
turbances of digestion in the domestic animals from the mixing with
them of various forms of adulteration, or. from various defects in the
character or quality of the food. The capability of recognizing this in
a general way is, therefore, desirable. Thus, spoiled hay or hay which
has lost its inorganic constituents likewise loses its normal greenish color,
and is of a dirty-gray or brown tint; while acid fermentation or putre-
faction in all fodders may be recognized by the characteristic odor and
taste. Good oats must be clean and composed of perfectly-formed mealy
granules, and possess a certain definite specific gravity. Unripe or
frozen oats have a less specific gravity and a less nutritive value, while
spoiled oats are recognized by a musty smell and an unpleasant, burning
taste. The quality of the hay will, of course, depend upon the quality
of the ground and its botanical constituents, the time of cutting, and
the mode of preservation. In order to judge of the quality and nutri-
tive value of hay it may be divided into three different groups. In the
first group are the sweet grasses' (graminez); in the second, the acid.
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grasses; in the third, all other grasses. The richer the hay is in the
sweet grasses, in clovers, and leguminous plants, the better it is. "The
richer it is in acid, marshy grasses, and the like, the poorer it is. Hay
cut in summer is better and more nutritious than that cut in antumn, and
so with second crop or after-cut. In the latter also the aromatic hay-
odor is wanting. Hay which has been wet by the rain, so losing a large
part of its inorganic matters, and that which has been kept for several
years, has but little more nutritive worth than straw. Analysis has shown
that clover and prairie hays which have been exposed to the rain for one
or two weeks may lose as much as 12 per cent. of their nutritive matters.
Hay which contains poisonous plants, mud, dust, or worms or cater-
pillars, or when it has become spoiled by putrefaction or fermentation,
is likewise hurtful.

In the manufacture of various food-products residues are often left
which may be of considerable nutritive value for our domestic animals.
Such residues have a somewhat similar composition, usually, to that of the
original parts of plants of which they are formed ; the relative proportions
of the different constituents will, however, vary, as more or less of cer-
tain substances are removed in the process of manufacture. Of the dry
residues the various milled foods, such as meals and flours of the dif-
ferent cereals, are the most important. They contain usually 80 per
cent. of solids. They are especially rich in albuminoids (over 20 per
cent.) and fats (5.10 per cent.), and are, therefore, valuable adjuvants
to foods which are poor in these nutritive prineciples.

The residue from beer-breweries (beer-mash, brewers’ grains) is also
a valuable food. It contains 20.25 per cent. of solids, composed largely
of albuminoids, with a relatively small proportion of non-nitrogenous
matters (1:2), somewhat more cellulose, and a considerable amount of
fat and inorganic matter.

Chemical analysis of fresh brewers’ grains shows the following
average composition :—

Solids, 5 . s . . 5 3 . 22 3 per cent.
Proteids, . s . . ) 3 . PGl Bhee
Fats, . 7 3 p ; 7 SLAGE A
Non- mtmvenous e\tracmves, i h A L=GIQH e
Cellulose’, . . A 3 3 r d 0308, WF

Assuming that 73 per cent. of the proteids is digestible, fat 84 per
cent., extractives 64 per cent., and cellulose 39 per cent., the average
amounts of digestible matters may then be placed as follow :—

Proteids, . 5 s z : & . 181859 per. cent.
Carbo-hydr ates, o ] ¢ A ; L1058
Fats, o 5 . 5 o 3 EPE

The proportion of nutritive matter may thus be placed as 1:3.4.
The fresh residue from breweries contains a large percentage of
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water, and therefore readily decomposes in summer in a few hours,
and then is a very dangerous fodder. The only method of permanent
preserving is by drying, and this necessitates a complicated and trouble-
some process. In cool weather the residue may be preserved for one
or two weeks under fresh water. Fresh beer residue is an admirable
fattening food for both cattle and hogs and for milk cows, though when
sour it affects both the quantity and quality of the milk. When fresh this
food is not so well suited for sheep and horses as when dried; in the
latter condition, from the high percentage of nitrogenous constituents,
it is comparable to the cereals.

The residue from distilleries, the so-called distillery mash or swill,
forms a valuable article of fodder, but one whose composition is subject to
the greatest variations, depending upon the character and mode of treat-
ment of the substance manufactured. All such residues are, in their natu-
ral condition, very rich in water; and since in distillation only the starch
and sugar serve for the production of the spirits, all the other nutritive
substances remain, with sligcht alteration, in the residue ; so that the solids
of the latter are relatively very rich in nitrogen. Most of these residues
in their fresh condition are readily devoured by the domestic animals,
and their nutritive effect is increased by administering them warm and
mixed with less nutritive substances,; such as dry fodders rich in cellu-
lose, which are less readily taken by cattle. On the other hand, their great
richness in water is a disadvantage on account of the increased demand
for nutritive substances so occasioned. The high percentage of water,
soluble proteids, and other unstable substances in distillery residue
leads to their ready decomposition, or souring, in which condition they
are, of course, not suited for fodder, on account of the disturbances of
digestion and alterations of milk which they produce; the objection to
this class of foods is largely due to the danger of using a spoiled article.
So also residues from which the spirit has not been entirely removed are
likewise hurtful when given as food. The most common of these resi-
dues are -those obtained from the distillation of potatoes, corn, rye,
beets, and malt. ;

Potato Residue.—The residue from the distillation of potatoes will
vary greatly in the percentage of nutritive comstituents according to
the more or less complete extraction of the spirit. The following table

illustrates this :—
By Hollefreund’s

Potato Residue. Process.

Solids, . 0 5 . 8.8-8.7 average 7.7 6.05 per cent.
Proteids, . 8 3 . 0.8-1.9 € 1k il o
Fats, . 3 ¥ . 0.1-0.23 ¢ 0.2 (gl Loy
Non-nitrogenous extract-

ive matters, . . 1.1-5.6 X 4.6 ] e
Cellulose, s 3 . 0.5-14 o 0.9 0.69 <«
Ash, 3 3 g 4 % 07 0.70. ¢
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In the potato residue starch has been largely removed, while the
other constituents remain but little unchanged, with the exception that
the ferments are, of course, added to the residue, the proteids being to a
certain extent changed into peptones. Potato residue is less nutritive
than that from the cereals, and is, under all circumstances, unsuitable for
constituting the sole article of diet; sinee it is not only too watery but
too poor in inorganic materials, especially of phosphates,—an objection
which does not apply to the same extent to the residue from the distilla-
tion of the cereals. Fresh potato residue, in which condition it should
alone be used, séems to assist in the production of milk, especially
when given warm, and may constitute one- or two-thirds of the total
daily ration, the remainder being composed of dry fodder. Fattening
sheep may receive from two to ten kilogrammes per one hundred kilo-
grammes of body weight, if given in too large amounts, seriously affect-
ing the flesh of the animal. For horses potato residue is in general too
watery, and only animals while at rest, or while doing light work, can
stand it. In using this article of food care should be taken that the
potatoes have not sprouted, otherwise they will contain solanine, and in
consequence be poisonous.

Corn Residue.—The residue remaining after the distillation of corn
is richer in both proteids and fats than that from potatoes. It contains—

In a Fresh Condition. Pressed.

Solids, . . 5 3 . 9.4 per cent. 28 4 per cent.
Proteids, . g . B 8. ‘&
Fats, . . . . . 1.0 bd 3. £
Non-nitrogenous extractive

matters, . . 4.9 '%“¢ 12.7 (G
Cellulose, 1.0 2.8 L
Ash, 0.4 ¢« 1.5 “

The same statements apply for the administration of these sub-
stances as food as have already been made concerning the potato residue.
Milk cattle cannot, however, receive more than thirty kilogrammes of
this daily, since it will, in larger amounts, damage the character of the
butter-fats; while they may receive as high as fifty kilogrammes daily of
the potato residue.

Rye Residue.—The residue from the distillation of rye-whisky is, in
consequence of the higher nitrogenous and lesser oily constituents of
the rye-grains, richer in proteids and poorer in fats than the corn residue.
It contains—

Solids, 9.9 per cent,
Proteids, . 2.1 i

Fats, . s . k f L i A . 0.6
Non-nitrogenous extractive matters, 4 . 59 i
Cellulose, B 3 : . 3 0.9
Ash, 0.5
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This substance is one of the most useful of the various distillation
residues, unless, as is often the case, the grain which has undergone the
fermentation has contained the seeds of the Agrostemma githago, when
it will possess poisonous properties.

Beet Residue—The residue from beet distillation contains only 9
per cent. of solids, 0.9 per cent. proteids, 0.1 per cent. fats, 6.2 per
cent. non-nitrogenous extractive matters, 1.2 per cent. cellulose, and 0.6
per cent. of ash. It is, therefore, the poorest in nutritive substances
and the richest in water.

For preservation of the distillery residues, either they may be dried,
especially when mixed with various forms of dry fodder, or they may in
the fresh condition be preserved by the mixture of salicylic acid, one
gramme for every fifty-four pounds. A process of preservation which is
frequently employed depends upon the souring of the fresh residue in
the formation of lactic acid fermentation,—a process which is accompanied
by great loss of non-nitrogenous and proteid constituents. In spite,
however, of this loss in nutritive constituents, this method furnishes a
cheap and simple mode of preserving distillery residues.

The residue from the extraction of sugar from beets, from starch
out of wheat and potatoes, and that remaining after the alcoholic fer-
mentation of starchy and sugary substances, as in the distillation of
spirits, are all valuable food stuffs. All these substances contain but
small amounts of solids, and the proportion of nitrogenous to non-
nitrogenous matters is somewhat lower than in the raw material ; but
inorganic matters and fats are present in considerable amount and
render them important accessory foods under certain circumstances.

The diffusion residue from the extraction of sugars from beet-roots
furnishes a readily digestible form of food which is richer in water and
poorer in inorganic constituents than the sugar-beets. It contains—

Solids, : % S 3 5 . P . 10.2 per cent.
Nitrogenous matters, 0.9 g
Fats, . 4 ! . 2 £ : 0.05 <«
Non-nitrogenous extractive matters, 6 Blesn
Cellulose, . = Y 1 . K NSERO SN 3 rk
Ash, . o ? g L . ) p .- 0.6 4

For cattle and hogs as much as one hundred kilogrammes per one
thousand kilogrammes of body veight of this fresh residue may be given
as food, only larger amounts may be given to animals which are desired
to fatten rapidly. Larger quantities of this fodder alter both the char-
acter and quantity of the meat and the fat of animals and the character
of the milk. For draught cattle it is unsuitable, as is also the case for
sheep, with the exception of fattening sheep, which may stand it almost
as well as cattle. Horses can only receive small amounts,—ten to twenty
kilogrammes per thousand kilogrammes of body weight,—and then only
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when not worked. This ‘residue can only be given when in a perfectly
fresh condition, or when well preserved.

The residue after the extraction of oil from the seeds of the
various members of the cotton-plants (Gossyptum herbaceum), or so-
called cotton-seed cake, furnishes a valuable food for fattening and milk
cattle. The seeds are inclosed in a capsule, which bursts as the fruit
ripens, and which are covered by white fibres which form the so-called
cotton. After the removal of the cotton, the seeds, which have a hard
“shell, contain an oily, greenish-white nucleus, from which the oil is
removed by pressure. The residue from this process of extraction of
the oil is by no means constant in its composition, and is therefore not
always suitable for a food. For example, many of the cotton-seed
cakes contain both parts of the indigestible hull of the seed and con-
siderable cotton, and are therefore only sunitable for manures. When
such an article is given to cattle serious disturbance of digestion is pro-
duced, and may even prove fatal from obstruction and inflammation of the
alimentary canal. In England the cake produced from the Egyptian
seeds forms a favorite article of fodder. The most nutritious and most
readily digestible are the cakes from the hulled seeds. The following
table gives their composition :—

Cotton- Oil-Cake from  Oil-Cake from
Seeds. Unhulled Seeds. Hulled Seeds.
Solids, . . 3 0 . 91.1-92.3 85.8-93.4 85 7-92.3
Proteids, . o g . 22.7-22.8 18.0-28.3 19.7-49.2
Fats; i 0 o . 29.3-30.3 4.8- 9.8 5.4-19.7
Non-nitrogenous extractive
matters, . . . . 1.6-154 24.9-36.7 10.5-29.3
Cellulose, . 0 0 . 16.0-24.7 17.0-27.0 3.5-11.4
Ash; . o g 0 2 8.0 6.6 7.4

The oil-cake from the hulled seeds constitutes one of the most
nutritious of all fodders. From digestion experiments on ruminants
Wolff has found the following amounts to be digested :—

Feopeaes: Fats.  poionctive Satters
Tulled cakes, . . 5 ! < R84ANG 87.6 95.1
Unhulled cakes, . 3 ! . 134 90.8 46.2

The higher digestibility of the oil-cake from the hulled seeds is with-
out doubt to be attributed to the large amount of cellulose in the hulls.
The oil-cake from the unhulled seeds is of a dark-brown color, while that
from theé hulled seeds when fresh is greenish, but also becomes brownish
with age. Both of these forms of fodder are often contaminated by the
accidental mixture of various substances, such as particles of iron from
the presses, and when kept in moist places with various forms of moulds
whieh lead to the development of ptomaines and other poisonous alka-
loids, and so may explain their hurtful action. The American cotton-seed
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TABLE 1.
AVERAGE PERCENTAGE COMPOSITION OF THE ORDINARY FoODS.
;. 3 A ding to
According to Kuhn. cc%ol 17’}.9
s |2 g2 | &4
e S =g
g |3 | 28
FooDs. § 2 59; §§ 22
8 [ e 2
S e | g8 g PP
3 ) @ =9 2 28 | £3
§ | 4|5 | 24|58, | % 2| %8¢
2| 5| b |ZEIS5IE (5 |4 |55| 58 4
B|l&|S |8 |5 |& |8 |2 |A|A|&
I. Green Fodder.
Prairie grass, . . .| 750 250229 | 3.0 131/ 08| 6.0/ 21| 24/ 9.9 04
Red‘clover, CRSCIE O 80.2| 19.8(18.4 3.6/ 8.5| 0.7 5.6 1.4 1.7, 8.7 0.4
White clover, . . .| 80.2 19.8/18.45 4.0/ 8.0 0.85 5.6 1.4 ARy | S
II. Dry Fodder.
Prairiehay, . . .[14.3/ 85.779.2 | 9.5/ 40.3/ 2.3 | 27.1/ 6.5 | 5.4/ 41.0] 1.0
Clover-hay, . . .|16.0 84.0/78.4 | 13.4| 36.4| 3.2 | 25.4 5.6 | 7.0/ 38.1| 1.2
Oat-straw, . . . .| 14,3 85.7/81.3 4.0/ 35.6| 2.0 | 39.7| 4.4 1.4/ 40.1} 0.7
Bean-straw, . . .| 17.5 82.5/76.7 9.9 31.8/ 1.5 | 33 5! 5.8 | 5.0{ 35.2] 0.5
Wheat-straw, . . .| 14.3 85.7/81.8 3.1 37.5| 1.2 | 40.0 3.9 4 O T
Rye-straw, . . . .| 14.3 85.7/81.6 3.0| 33.3| 1.3 | 44.0| 4.1
Barley-straw, . . .| 14.3 85.7/81.3 3.4| 34.7| 1.4 | 41.8/ 4.4
III. Roots and Bulbs. )
Potatoes, . . . . 75.0‘ 25.0/124.1 2.0; 20.7| 0.3 1.1] 0.9 1.2) 21.8) 0.3
Fodder-beets, . 88.0, 12,0(11.2 | 1.1} 9.1, 0.1 | 0.9/ 0.8 | 0.5 10.6/ 0.1
IV. Grainsand Fruts.
Barley, . . . . .| 13.8] 86.2184.0 | 11.2| 65.5 2.1 5.2] 2.2 8.0] 58.9, 1.7
Oats, . . . . . .|13.7 86.3.83.6 | 12.0| 56.6, 6.0 9.0 2.7 9.0 43.31 4.0
Corn,. . . . . .| 127 87.3|85.6 | 10.6 65.7| 6.5 A58 8.4| 60.6! 4.8
“{heat, .« .« . .| 14,3 85.7/84.0 | 13.2] 66.2) 1.6 S10i =18 o e b
Rice, . . . . . .|13.7 86.386.0 | 7.8 74.5 0.2 | 3.5/ 0.3
Peas, . . . . . .| 13.2 86.8{83.4 | 22.4] 52.6 3.0 6.4/ 2.4 A
Beans, . . . . .[14.1 85.9/82.8 | 25.1| 46.7 1.6 | 9.4] 3.1 | 23.0| 50.2| 1.4
V. Food- Products.
Oat-meal, 12.0, 88.0/87.6 | 17.7} 63.9 GYON MR FE{MO G ikAl5
Corn-meal, . 9.0 91.0,89.5 | 15.2| 70.5| 3.8 5 v ol (L 2 S IR AT
Rye-meal, . . 14.2 85.8/84.2 | 11.7| 69.3| 2.0 1.2| 1.6 | 11.7] 69.3{ 2.0
Rapeseed-cake, 11.5] 88.5/81.5 ! 31.6| 29.3] 9.6 | 11.0] 7.0 | 25.3| 23.8] 77
Wheat-bran, 13.0{ 87.0,81.0 | 14.5| 53.6. 3.5 9.4{ 6.0 | 11.8] 44.4| 3.9
Malt, . 5 o 10.1] 89.9:82.7 | 24.2| 42 1| SEIISIER1N7. 24| 12.81/51.6] %17
Brewers’ grains, . 777 22.3121.1 46/ 9.9 1.6 5.0l 1.2 3.9] 11.8] 0.8
Potato-mash, . 92.3| 7.7 7.1 | 14| 46 02| 0.9 0.6 1.0 4.0 0.1
VI. Animal Foods. '
Cows' milk, . . .| 88.0| 12.0/11.3 | 3.2| 45 3.6 0.7 . 8.2(i 4558356
Skimmed cows' milk, | 90.0| 10.0{ 9.2 | 3.5 5.0 0.7 .1 0.8 | 3.5/ 5.0 0.7
Goats' milk, . . .| 78.0| 12.0/11.0 3.4/ 4.3 3.3 5 HIED) o R e
Flesh, . . .| 75.9] 24.1/22.8 | 20.0, 1.9 0.9 ShElts 5
Meat residue (from
extracts), . . .| 11.5{ 88.584.8 | 72.8 . .|12,0 of '3 | BOID N S 2
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cake is of a bright-yellow color. If dark in color it has either been
subjected to pressure while too hot, or has spoiled from being kept in too
moist a place, and hence is of poor quality. In good condition it should
have a pleasant, oily smell and a nutty taste, and should be hard and
dry. When in good condition such a fodder is readily taken by domestic
animals ;. although, especially if not perfectly fresh and of the first
quality, the cattle must be gradually accustomed to it. Under all cir-
cumstances it is advisable to administer it dry, mixed up with other
forms of fodder. In contact with hot fluids it develops an extremely
unpleasant taste. To milk cattle from three to five pounds, to draught
oxen three to four pounds, and to beeves six pounds for every thousand
pounds of body weight may be given. Sheep and cattle may receive
from one-half to one pound, and horses ome to two pounds. An
additional advantage of this substance as a fodder is its great cheap-
ness.

The table on the preceding page gives,in the first eight columns,
the percentage composition of the various forms of food-stuffs which may
be employed for the nutrition of the herbivorous domestic animals. The
last three columns give the average degree of digestibility of their
organic constituents.

TABLE II.

PERCENTAGE CONSTITUENTS OF SOLIDS IN ORDINARY FODDERS.

Nittogons Non-nitro-
¢ FooDs. ons Con- | BENOUS | Fats. | Cellulose. | Ash.
stituents. ‘\Itat.t.cers 2

Prairie grass, 12.0 524 3.9 24.0 8.4
Red clover, . 18.4 42.8 3.8 28.0 7.0
Prairie hay, 11.0 46.9 2.8 31.6 T
Clover-hay, . 15.7 43.1 3.7 30.0 7.5
Oat-straw, 4.8 415 2.5 46.0 52
Bean-straw, 128]; 384 2.0 40.5 7.0
Potatoes, 8.0 82.8 1.2 44 3.6
Fodder-beets, . 3 9.3 75.6 0.9 5 6.7
Barley, o . . . . 13.0 76.0 24 ol Gul 2.5
Oats, . L . . . d 14.0 65.6 7.0 104 3.0
Corn, . 1 X . 5 o 1241t 75.0 7.5 34 2.0
Beans . . . : 29.2 54.1 2.1 10.8 38
Rapeseed-cake, 5 o o ¢ 35.7 332 10.8 124 7.9
Rye-meal, . . . . . 13.7 80.5 ‘2.4 15 1A
Wheat-bran, S 15.8 61.8 43 11.0 7.1
Malt, . : L 27.0 46.8 23 15.9 8.0
Beer-mash (brewers grams) 5 20.7 444 e 224 5.4
Potato-mash, X o 5 18.1 59.8 2.6 11.7 7.8
Fresh milk, . X . . 5 26.6 374 30.0 e 6.0
Skimmed milk . . . A 35.0 50.0 7.0 8.0
Flesh, 3 83.0 7.8 3.8 54
Meat residue (from extracts) ! 82.2 e 13.6 4.2




186

TABLE IIL

PHYSIOLOGY OF THE DOMESTIC ANIMALS.

THE CONSTITUENTS OF F0OODS, ARRANGED ACCORDING TO THEIR PERCENTAGE
COMPOSITION IN SOLIDS AND DIFFERENT NUTRITIVE PRINCIPLES.

PERCENTAGE OF
SOLIDS IN

PERCENTAGE IN THE SOLIDS OF

Non-nitrogenous

FooD-STUFFS. Nitrogenous i
£ Const‘x%uents. Eﬁg&ce?s\.re Fats Cellulose.
Over 80 per cent. | Over 80 per cent. | Over 80 per cent. | Over 10 per cent. | Over 40 per cent.
Malt. Meat. Potatoes. Fresh milk. Oat-straw.
Meat residue. Meat residue. Rye-meal. Meat residue. Bean-straw.

Rapeseed-cake.
Corn.

Bran.

Oats.

Barley.

Beans.
Rye-meal.
Oat-straw.
Hay.
Bean-straw.

Between 20 and
30 per cent.

Grass.

Potatoes.

Flesh.

Brewers’ grains.

Under 20 percent.

Red clover.
Beets.

Milk.
Potato-mash.

Rapeseed-cake.
Skimmed milk.

Over 20 per cent.

Beans.
Malt.

Fresh milk.
Beer-mash.

Between 15 and
20 per cent.

Clover.
Potato-mash.
Bran.

Clover-hay.

.

Between 10 and
15 per cent.

Oats.
Rye-meal.
Barley.
Bean-straw.
Corn.

Grass.

Hay.

Under 10 per cent.

Beets.
Potatoes.
Straw.

Between 70 and
80 per cent.

Barley.

Beets.

Corn.

Between 60 and
70 per cent.

Oats.

Bran.

Between 50 and
60 per cent.
Beans.

Grass.
Skimmed milk.

" Between 40 and

60 per cent.
Hay.
Maﬁ:.
Beer-mash.
Clover-hay.
Red clover.
Oat-straw.

Between 30 and
40 per cent.

Bean-straw.

Milk.

Oil-cake.

Under 10 per cent.

Meat.
Meat residue.

Rapeseed-cake.

Between 5 and
10 per cent.

Corn.

Brewers’ grains.
Oats.

Skimmed milk.

Between 2 and
5 per cent.

Bran.
Meat.

Red clover.
Clover-hay.
Grass.

Hay.
Oat-straw.
Barley.
Rye-meal.
Malt.
Beans.
Bean-straw.

Under 2 per cent.

Potatoes.
Beets.

Between 20 and
40 per cent.

Prairie hay.
Clover-hay.
Red clover.
Prairie grass.
Beer-mash.

Between 10 and
20 per cent.

Malt. .
Rapeseed-cake.
‘Wheat-bran.
Beans.

Oats.

Under 10 per cent.

Beets.
Barley.
Potatoes.
Corn.
Meal.
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The percentage of starch and sugars in fodders has been recently
investigated by Mr. E. F. Ladd, and he gives the following tables as

representing his results :—
Per cent. of Nitrogen-

No. Substance. é‘&;‘;’;ﬁ Sucrose. Starch. _ free Extract as
0 Sugars and Starch.
1. Fodder-corn, . . 900 0.40 13.87 53.48
2. Corn-fodder, . 5| 2o 1.43 22.88 53.32
3. Sorghum, . 3 . 17.60 3.40 12.19 64.21
4. Alsike clover, . A 74.63 83.81
5. Red clover, average
for 21, . ? . 388 2.48 9.88 35.40
6. Timothy, av. for 21, 2.23 6.21 19.72 55.69
7. Prickly comfrey, . 6.22 0.80 8.14 33.87
8. Cactus, top, . 4 5.92 9.96 30.00
9. Cactus, stump, . 280 3.60 17.10 41.12
10. Mcadow hay, . oy B 24.32 49.32
11. Wheat-straw, . 3 R A T~ 22.42 59.52
12. Oat-straw, . ] e 1 - 23.18 51.14
18. Oats, o q : fg Pl 53.20 81.05
14. Wheat, . 164 236 57.91 76.37
15. Wheat-flour, . 3.64 8.36 61.88 86.77
16. Wheat-middlings, 3.20 6.40 41.44 75.31
17. Wheat-bian, 1.60 4.40 45.60 83.53
18.  Ship-stuff, 2.08 592 41.46 83.07

In red clover the following are the variations :—

Invert sugar, . . from 5 20 per cent. to 2.60 per cent.
Sucrose, . . ” “ 3.80 < 1.20 $
Starch, . . H “13.99 $< 5.58 LY

For timothy the following represent the highest and lowest per-
centages :—

Invert sugar, o . from 5.00 per cent. to 2.40 per cent.
Sucrose, . . . “ 760 £ .6 do
Starch,. ° . . 22 61 & 17.55 w

The percentage of sugars and starch in timothy varies according as
the estimations are made: while in full bloom or after the seeds are
formed, but before they are fully matured. This is shown in the follow-

ing table :—

Per cent. of Nitrogen-
Invert Sugar. Sucrose. Starch. free Extractas
Sugar and Starch.

Early-cut, . S o BN 5.96 18.07 52.73
Late-cut, . ' . 2.3 540 21.66 60.24

It thus would appear that as hays approach ripeness the per cent. of
sugar is diminished, while the starch is increased. Mr. Ladd was unable
to trace any relation between the per cent. of sugars and starch and the
kind of fertilizer applied to the soil, and was unable to confirm the usual
statement that a potash dressing increased the starch-contents of the
timothy.
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II. ANIMAL FOODS.

The most important of the foods of animal origin are milk and
animal flesh, or meat. j

1. Mtk will be considered more at length under the Seccretions,
details being given as to the composition and characteristics of the milk
of different animals. It is at present only necessary to refer in outline
to its composition to indicate in a general way its nutritive value. Milk
contains an average, in 100 parts, of 85.7 parts water, 5.4 parts of
albuminous bodies, 4.3 parts of fats, 4 parts of sugar, and 0.6 parts of
inorganic salts. Of the inorganic salts, potassium phosphate, calcium
phosphate, and potassium chloride are in greatest abundance, while
sodium chloride is in smaller amount; iron has also been found to
be present. Milk, therefore, contains examples of all the different
nutritive principles, proteids, carbo-hydrates, fats, and salts, and these
arranged in the proportion which is best suited for nutritive purposes.
All mammals, in the earliest period of their extra-uterine life, are
nourished solely on milk, and their rapid growth and development in
this period is without doubt largely dependent upon the manner in
which the different food-principles are combined in milk. Milk, there-
fore, may be regarded as a typical food. DButtermilk is the name
which is given to the fluid which remains after the fats have been
removed by churning. It is less nutritious than milk to the extent to
which the fats have been removed, but, all the other principles remain-
ing, it may serve useful nutritive purposes. It has an acid reaction,
from the fermentation of the milk-sugar into lactic acid. Cheese
consists of the casein and fats, the casein being coagulated, either
through the spontancous development of acidity, when it is termed
a curd, or by the addition of the milk-curdling ferment from the stomach
of the calf. It therefore consists principally of albuminous bodies and
fats, the whey, in which the salts and sugar remain dissolved, being
largely forced out by pressure. It is hence well sunited to form an
addition to foods which are poor in albuminoids and fats, as in certain
vegetables, such as potatees and rice. The whey of milk contains the
sugar and lactic acid, which is developed from the fermentation of the
sugar, salts, and a certain amount of milk-albumen. It also has con-
siderable nutritive value, and seems especially to stimulate intestinal
peristalsis, and therefore to be, to a certain extent, laxative.

2. MEeaT.—Next in value to milk as food comes the flesh of animals.
The nutritive principles of meat are contained within the muscle-fibre ;
the juice obtained by subjecting muscle to pressure contains myosin and
ordinary albumen, inosite or muscle-sugar, and glycogen, as representa-
tives of the carbo-hydrate group, while within the connective tissue

0
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around the muscular fibres fat is nearly always to be found. Meat,
therefore, also contains members of the proteid group, carbo-hydrate and
fatty food-stufls, together with a considerable amount of inorganic salts.
Hence, meat is also an excellent food. Albuminous bodies are in greatest
amount; then come the fats,then the earbo-hydrates, and finally the
different salts. Ordinarily lean meat may be said to contain an average
of 78.5 per cent. of water, 26.5 per cent. of solids (of which 21 per
cent. is albuminous and 1.5 per cent. gelatinous, 1.5 per cent. fats, 1
per cent. carbo-hydrates, and 1 per cent. inorganic salts). Of the latter,
three-fourths consist of acid phosphate of potassium,one-seventh of earthy
phosphates and iron, and about one-fifteenth of potassium chloride. The
flesh of different animals differs in composition, as is shown by the
following table :—

In 100 parts Flesh. Ox. Calf. Pig. Horse. Chicken. Fish (Pike).

‘Water,, . o . 767 7.6 726 743  70.8 79.3
Solids, . 233 244 214 257 0.2 20.7
Albuminous bodxes 20.0' - 19.4. 1920 DITTERe DT 18.3
Fats, . S 2.9 6.2 2.5 4.1 0.7
Carbo- hydrates . 06 0.8 0.6 0.6 1.3 0.9
Salts, ¢ 5 .12 1.3 1.1 1.0 il 0.8

It is thus seen that meat is especially distinguished by its high albu-
minoid constituents, which amount to four times that contained in milk.
Chicken-flesh and that of other birds is richer in albuminoids than that
of mammals, while the flesh of fish is poorer, though even here 18 per
cent. of albuminous bodies is present. Meat alone forms the food of the
carnivora only, and, as we shall find that carbo-hydrates may be developed
from the decomposition of albuminoids, carnivorous animals will, there-
fore, require an immense amount of albuminous bodies, and therefore a
very great volume of meat. If carbo-hydrates are added to the meat
diet of the carnivorous animals the volume of the latter may be very
considerably reduced and still the animal preserve its nutritive equilib-
rinm. In a diet of raw meat animals always run a risk of taking entozoa
or parasites, such as trichina, into their interior. The preparation of
meat by prolonged boiling destroys all the parasites,and therefore serves
to render even infected meat harmless. When meat is placed in cold
water the inorganic salts and a certain part of the albuminous bodies
(about 8 per cent.), together with the so-called extractives of meat,
such as kreatin, xanthin, and hippoxanthin, pass into solution along
with small amounts of lactic acid. When the water is warmed up to
45° C. a certain amount of soluble albuminoids undergo coagulation and
form coaguli, which float on the surface of the water. As the tempera-
ture of the water is increased the external surfaces of the meat first un-
dergo coagulation, and so prevent further escape of the muscle-juices.
Meat which has Leen subjected to prolonged boiling thus preserves a
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considerable nutritive value, since it contains still 16 or 18 per cent. of the
albuminous bodies and a small quantity of nutritive salts, and is readily
digestible in the alimentary canal. If meat is placed in water which is
already boiling the external surfaces arc at once coagulated and but little
of the nutritive juices escape, so that, therefore, meat so prepared has a
greater nutritive value than meat which is placed in cold water and then
gradually subjected to boiling. The more rapidly, therefore, the exter-
nal surfaces of the meat are coagulated, as, for example, by roasting, the
greater will be the proportion of nutritive substances retained. In roast-
ing the haemoglobin of the blood becomes decomposed, and the meat
then takes the characteristic brown color of roast meat, while at the same
time a number of aromatic substances, to which the peculiar odor and
taste of roast meat are due, are developed. By soaking meat in brine
putrefaction is prevented, but meat so salted loses a certain degree of
nutritive value from the fact that a considerable quantity of albuminous
bodies and extractive matters and salts pass into the pickling solution.
Smoked beef is protected from decomposition by the development of
phenol in the smoke; this substance is an energetic preventive of decom-
position. Beef so dried preserves nearly all of ‘its nutritive principles,
only having lost in water. Meat-broth obtained by boiling meat with
water has usually an acid reaction, from the lactic acid of meat, and con-
tains a greater part of salts and extractive matters of meat, together
with a certain amount of gelatinous albuminoids and a small amount of
fat. Meat-broth will contain about 1.4 per cent. of solids, but is of slight
nutritive value, since it contains scarcely any albuminoids or carbo-
hydrates, and but an extremely small amount of fats. It consists almost
solely of the extractive matters and salts, and is, therefore, simply of
value as a means of supplying the inorganic salts of meat. From the
extractive matters and the potassium salts present it is to a certain ex-
tent a stimulant, since it simply in this way produces a greater secretion
of digestive juices. Beef-tea, prepared by putting meat in cold water
and gradually raising the temperature, has a higher nutritive value than
the commercial beef extracts from the fact that the soluble albuminoids
have time to pass into solution in the water before their temperature of
coagulation has been reached. 'The composition of meat will be given
in greater extent under the subject of Muscles.

Eggs, especially those of the hen, are also valuable nutritive articles,
containing also examples of all the different food-stuffs; thus, one hun-
dred parts of egg, the shells having been removed, consist of 78.9 per
cent. water and 26.1 per cent. solids. Of the latter 14 per cent. is
albuminoid, 10.8 per cent. fat, a small amount of sugar, and 1 per cent.
of inorganic salts, especially sodium chloride, potassium phosphate, and
a small amount of oxide of iron.
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Eggs are also frequently used as food for calves and stallions when
rubbed up with the shells. To fattening calves three eggs may be admin-
istered daily, rubbed up, shells and all, with their daily supply of milk,
and serve to give an especially pleasant flavor to their flesh. For stallions,
ten to fifteen eggs may be given with their usual food.

III. INORGANIC FOODS.

By inorganic foods are meant those inorganic compounds which
are found in the different tissues, secretions, and excretions of the
organism, which, being essential to the vital processes of the organism
and being continually removed, must be constantly replaced. Inorganic
substances are indispensable to a proper nourishment of animals, but
they are not usually taken in their simple form, but as constituents of
animal or vegetable matter, or in the fluids which are drunk. Of the
inorganic foods, water, common salt, salts of lime and potassium, and
iron are indispensable, as they are the necessary constituents of the
blood, lymph, bones, and different tissues, and are continually being
removed in the nutritive processes of the economy.

1. WaTER.—Water, as an alimentary principle, is taken into the
system, either alone as a drink, or in combination with articles of food;
in both of which cases it is also associated with a certain amount of
inorganic salts, as animals, unless pressed by great thirst, will refuse to
drinl distilled water.- For certain animals, such as rabbits and kangaroos,
which seldom or never apparently drink water, enough fluid for their
needs is contained in the succulent vegetables which serve as their
food; for if rabbits, for example, are fed on dry food, such as bran, they
will then require water, and will drink it like other animals. So also
sheep, which, as a rule, require but small amounts of water because
of the succulent character of their food, if in dry localities, or if
they are fed on dry food, will also hunt for water, like other animals
susceptible of thirst. Water not only carries into the system materials
capable of solution, but it holds matters in suspension which in some
cases may be nutritious, in others poisonous. The purest water is not
necessarily the Dest for animals or man, nor is dirty water necessarily
injurious. Drinking-water must possess certain qualities. It must be
fresli, clear, without odor, and of a certain taste. It should always con-
tain gases and mineral matter in solution, but be free from organic
substances. The presence of the latter, which are always injurious, may
be recognized by the addition of a small amount of potassium perman-
ganate solution to the suspected water, when, if organic substances are
present, the bright-purple solution will become a dirty brown. Drinkable
water should contain from 20 to 30 per cent. of its volume of air in
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solution, It also should contain a considerable amount of carbon
dioxide, to which the flavor of water is due. The dispersion of these
gases by boiling gives to water a flat and disagreeable taste. The
inorganic salts held in solution in natural waters may vary within very
wide limits, both as to their nature and quantity; ordinary drinkable
water contains about twenty-five to one hundred centigrammes of solid
residue per liter. Of this, carbonates, sulphates, alkalies, chlorides,
and earthy matters are the most constant constituents, although various
other substances, such as sulphur, iron, and lime, are contained in
waters of different localities, forming the so-called mineral-spring waters,
whose composition is subject to the very greatest variation,

2. NurriTivE SALTs.—Of the salts which are essential for the nutri-
tion of animals the most important is sodium chloride. This substance
enters largely into the composition of all animal tissues and fluids, and
when not supplied in proper amount produces great disturbances of nutri-
tion, and a2 morbid craving for it has often been noticed. The effects of
the deprivation of salts, or the so-called salt hunger, will'be alluded to -
under the subject of Nutrition. Even the administration of an extra
ration of salt is sometimes of advantage; thus, the experiment has been
made of feeding two bullocks on food which in one case contained a
daily ration of five hundred grains of salt, while no salt was supplied to
the other. For five months no very evident results appeared; but.changes
then commenced which were very marked, even to the unpracticed eye.
In the bullock to which the salt had been supplied the hair was smooth
and glistening, and in the other rough’and tarnished. This distribution
of salt in the diet was continued for a year, when the animal which had
been kept without salt had a rough and tangled hide, with patches where
the skin was entirely bare, while the other, to whom five hundred grains
of salt had been supplied daily, had all the appearance of a healthy, stall-
fed animal, was much more vivacious, and would have brought a much
higher price in the market.

In addition to sodium chloride, phosphates, carbo-hydrates, and sul-
phates are also of great nutritive value, and are required for the main-
tenance of a proper nutritive condition of the animal. Carnivorous
animals receive a proper supply of phosphates in the animal foods,
especially in bones, whereas the herbivora derive them from the grasses
on which they feed. Phosphatic manures owe their value largely to the
contribution of phosphates which they make to the soil, and hence to
the grasses grown on them. The lime salts, as has been already indi-
cated, are essential for the development of the solidity of bones; and
when reduced in amount lead to various deformities of the bony
skeleton. Even suckling animals receive in the milk of their mothers
when normal a sufficiency of these inorganic matters; thus, a suckling
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calf receives daily fifty-two grammes of inorganic matter in the milk
of the mother, and a calf six months old appropriates in its fodder
an amount of phosphoric acid corresponding to thirty-six grammes of
calcium phosphate; while a horse fed on hay and oats receives daily
about one hundred and sixty-cight grammes of calcium phosphate.
Occasionally animals are seen to eat earth. This, with the exception in
the case of birds, where gravel is required to assist in the comminution
of the food in the gizzard, is to be explained by the insufficiency of inor-
ganic matter in the food. Thus, the earth-eating Indians in South
America are said to consume earthy matters from the fact that their
corn is poor in salts. I\

IV. THE DIET OF ANIMALS.

The complexity of food-stuffs is essential to the sustenance of
the organism. The food must contain albuminoids for the recon-
struction of the tissues, carbo-hydrates and fats for calorification
and the formation of adipose tissue, and the saline matters for the
different secretions and tissues. If any one of these food-constit-
uents is not represented in the diet, the food, even although in
excessive amount, will be incapable of preserving health. Experi-
mentation has proved that single alimentary principles will not sustain
life. Magendie showed long ago that dogs fed exclusively on non-
nitrogenous substances, such as sugar, gum, olive oil or butter, in a short
time died of marasmus, the appetite soon being lost, ulcerations forming
on the cornea, and death occurring with all the symptoms of starvation
after about four weeks. After death all fat was found to have disappeared
from the body; the muscles were atrophied; the urine alkaline and
deprived of uric acid and phosphates, so as to resemble the urine of her-
bivora. Similar results were obtained whether the animals were fed with
oil, with gum, or with sugar alone. Any one of these substances was
found to be incapable of sustaining life. Objection might naturally be
urged against these experiments that the dog being a carnivorous
animal, a diet of non-nitrogenous food was not adapted to his nutritive
needs ; but the repetition of Magendie’s experiments by Tiedemann and
Gmelin with the goose, by feeding on gum arabic and water, sugar and
water, and raw or uncooked starch, overcomes the force of this argument.
In all cases death occurred in from two to three weeks with all the
symptoms: of starvation, even though the examination of the excreta
proved that the substances given had been digested. In all cases the
appetite gradually failed, diarrhcecea set in, and death occurred .from
exhaustion and starvation. It thus seems eclear that, even though
digested, a non-nitrogenous diet alone will not sustain life, either in the
carnivora or in the herbivora. A similar state of affairs holds for
: 13
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nitrogenous diet. Dogs fed exclusively on gelatin soon refuse to take
it, and die of hunger. Fibrin alone will also not sustain life, death
occurring on the fortieth to the eightieth day, while albumen, whether
raw or cooked, if given alone, has been found to be incapable of sustain-
ing life even as long as fibrin. Gluten alone has been found capable of
sustaining life, probably because it is not a pure nitrogenous matter and
always contains starch, vegetable albuminoids, and salts ; so that, there-
fore, the experiments made with gluten, in which nutrition seemed to be
tolerably well preserved, will not disprove the general statement that
'single nutritive principles are not capable of sustaining life. Finally,
again, a mixture of nitrogenous matters, such as fibrin, albumen, and
gelatin, although more nutritious than when any one of these is given
alone, is always incapable of supporting life for more than about four
‘months.

These results show that a simple, easily-digestible substance,
whether nitrogenous or non-nitrogenous, alone is incapable of supporting
life. An aliment must contain the four groups of nutritive principles
given above. Blood, meat, grasses, and grains are aliments, any one of
which, when taken alone, will sustain life. Thus, milk contains casein,
an albuminoid, together with albuminous bodies allied to serum-albumen,
which supply nitrogenous elements necessary for tissue development. It
contains sugar and fats for producing heat, and it contains salts in
amounts required for the development of all the tissues. Hay, again,
and grasses always contain a mixture of several kinds of plants, their
stems, leaves, and seeds always containing vegetable albuminous matters,
sugar, starch, mineral salts and fats. Observation has, however, shown
that the association of different alimentary substances already complex is
favorable to nutrition, not only by the different degrees of stimulation
which they exert on the different portions of the digestive tract, but by
the variety of nutritive matters which they render for absorption. A
number of apparent exceptions seem to offer themselves to the truth of
this statement; thus, where we find birds feeding almost solely on a
single article of food, and always maintaining a high state of nutrition ;
and yet it only requires a little reflection to show that such foods are
invariably themselves highly complex, and contain within them examples
of all the different food-stuffs. So, also, the larger ruminants will thrive
on a prolonged diet of any one single food; and yet here, also, the only
foods on which nutrition may be so preserved must be those which con-
tain examples of all the different food-principles.

It is not only necessary that an aliment should contain all the differ-
ent food-principles, but that they should be present in considerable quan-
tities and in definite proportions; otherwise nutritive equilibrium will be
destroyed. The essential relations between the relative proportions of
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these different food-stuffs will be discussed when we consider the nutri-
tive value of foods.

We may, however, here call attention to the fact that in an animal
in whom no excessive demands for work are made a proportion of one
part of nitrogenous to eight of non-nitrogenous food-stuffs will besuflicient
to maintain the body weight. When, however, the animal is worked,
then the proportion between nitrogenous and non-nitrogenous food must
be increased from 1:5 to 1:3. The following table, after Liebig, shows
the proportion of nitrogenous to non-nitrogenous principles in some
of the most common foods :—

Cows’ miik, 3 5 i 168 iyl
Beans and peas, . )
Ox-flesh, B T
Pigs’ flesh, L8 6
Calves’ flesh, s |
Potatoes, 1:10
QOatmeal, 5 3 1: 5
‘Wheat-flour, > g 1: 46
Rye- and barley-meal, 1: 5.7

The aliment which is well adapted to nourish one species of animal
is not necessarily suitable for another. Thus, a vegetable food which
furnishes the maximum of its nutritive principles to a ruminant, which
is capable of perfectly dividing it and retaining it for a long time in its
complicated gastro-intestinal apparatus, will be of little value to such an
animal as a horse for the directly opposite reasons. Further, the food
which may be nutritive for an animal with a perfect masticatory appa-
ratus will be useless to one in whom the teeth have not appeared or have
been lost; or it may serve for a beast of burden which has need of blood
and tissue producers, and not for a fattening animal, or a cow kept
entirely for milking. The alimentary ration must correspond to the
losses of the organism, and must, therefore, be proportionate to the work
done and the animal’s size; thus, 2 man under ordinary circumstances
requires 20 grammes of nitrogen and 330 grammes of carbon daily, rep-
resented by 1000 grammes of bread and 286 grammes of meat. The
horse needs 7500 grammes of hay and 2270 grammes of oats, representing
10 kilo of hay and 2 kilo of oats for every 100 kilo of body weight. Loss
of weight oceurs if this daily ration is reduced only one-tenth. For the dog
40 grammes of meat are necessary for each kilo of body weight, and here
also the animals lose flesh if these rations are decreased only one-tenth.
If the bodily losses are increased by work or by the secretion of milk,
or if the animal is in the growing period, when the size and weight of the
body should inerease, it is also indispensable that these rations should
increase. In cases where extraordinary demands are made on the forces
of the animal, as in beasts of burden, the supplementary foods are then
to be given in small volume, and should then be of extremely nutritive
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nature in concentrated form, so as not to tax the digestive organs. Thus,
for workingmen meat should represent the accessory rations; for horses
oats is the suitable form. For if the extra food is given to the horse in
grasses it becomes impossible to work him because of the overdistension
of the alimentary canal necessitated by the greatly increased volume of
food required. Again, in fattening animals or in animals kept for milk-
ing purposes the diet must be rich, in albumen, in fats and carbo-hydrates.
Equivalent values of different amounts of different foods cannot be deter-
mined by chemical analysis alone, as will be shown when the nutritive
values of the different foods are considered. That two foods should
have the same nutritive value they should contain equal proportions of
nitrogenous matters, carbo-hydrates, salts, etec., in equal volumes. They
should possess equal stimulating properties to the digestive traet, and
should be of equal digestibility. It is a general rule that animal matters
are more nutritive than vegetable matters, bulk for bulk. They are,
further, more varied in composition, and are more readily assimilated.

The mode of diet suitable for different animals, the character of
their food and its nature, varies very widely in different classes of ani-
mals, whether carnivorous, herbivorous, or omnivorous. Each of these
classes has a special mode of alimentation, as especially emphasized by
Colin, which is governed by the characteristics of its digestive organs.
In each of these three groups of animals a number of subdivisions may
be established. Thus, among the carnivora there are animals which only
eat living prey; others, only decomposing animal matter ; others, again,
only insects.

Among the herbivora, some only eat grasses; others, only grains;
others, roots and leaves, etc. The mode of alimentation suitable to each
of these species is closely dependent upon the digestive organs of each,
and governs its habits, instinets, and characters,and is dependent largely
upon the modes which it possesses of attack and defense.

The carnivora, especially those belonging to the group of mammqls
have a strikingly characteristic organization. Their incisor teeth are cut-
ting, their canine teeth long and pointed, as are also the cusps of their
molar teeth. Their jaws are short; their masseter and temporal muscles
enormously developed, lodged in deep temporal fossse, and attached
to highly-curved zygomatic arches; their cesophagus dilatable; their
stomachs large ; their intestines short and simple, and their caeca small
or absent. Their feet are divided and furnished with more or less pointed
claws. They are admirably organized for the discovery of their prey by
acute sight or acute sense of smell or hearing; their agility or cunning
enables them to surprise and seize their prey, and their strength to tear
it to pieces; while their jaws are powerful enough to crush the bones,
and their gastric juices powerful enough to dissolve them. Such animals

.



DIET OF ANIMALS. 197

are the lion, the tiger, the jaguar, and all cats. The carnivora which
feed on living prey are always ferocious. Those which feed on dead
animal matter are usually cowardly, as the vulture, hyena, jackal, etec.
As a rule, they seek their prey alone and seldom hunt in flocks or
herds. They differ in their manner of searching for food. Some lie in
wait for their food and surprise it, others chase it; some feed almost
solely on fish, others on mammals. The general rule, however, holds
that animals seldom, if ever, feed on their own species. Carnivorous
animals invariably devour the lerbivorous. There are, however, many
exceptions to this; thus, swans have been said to eat their own kind;
ducks and ravens are said to have eaten birds of their own species; while
it seems well established that wolves and rats both destroy each other
for food; so, also, the sow has been known to eat her young; but all
these are merely exceptions to the general rule that animals, even when
pressed by the most extreme hunger, refuse to devour flesh of their own
species. These animals differ greatly in their mode of devouring their
food. Some consume their prey when freshly killed; others simply con-
sume the blood ; some wait until decomposition has commenced; while
many bury the remains, to wait until again pressed by hunger.

Among carnivorous birds we always find a mode of prehension of
food suitable to the character of their diet. Insect-eating birds have, as
a rule, long, narrow beaks, with prehensile tongues. Fish-eating birds
have beaks which enable them to seize and consume their prey.

Herbivora are of a very ditferent organism from carnivora. Their
molars are flat, or have tuberculated crowns ; their jaws are longer, more
slender, and less strong; their stomachs are always more ample from the
fact that in vegetable food the nutritive principles are in less relative
bulk than in animal food ; their intestines are larger, longer, and more
complicated, and often have special diverticulae for the retention of food ;
their senses are not as delicate as those of the earnivora. They, as a
rule, want means of aggression, while the instincts, courage, and cunning
of the carnivora are absent. While many of themn are provided with
defensive organs, as a rule they depend upon their speed for their pro-
tection.

Herbivorous animals are divided into the grass-eaters, the herbivora
proper; the granivora, or seed-eaters; the fructivora,or those which feed
on fruits. Of the large herbivora, the solipedes, of which the horse and
ass are examples, and the ruminants, are the most prominent examples.
In the savage state they live exclusively on herbs and leaves, and never
eat roots or fruits. Others, such as the hippopotamus, rhinoceros, and
the elephant, prefer roots, but eat leaves and herbs, and in the domestic
state all may live on dry forage. Others belonging to this same group,
such as the castor and beaver, and the rodents generally, will eat the bark
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of trees. All the herbivora are possessed of instinets which enable them
to select the vegetable foods which are most suitable for them, and will
reject others. Thus, it has been found, as mentioned by Colin, who has
made a close study of this subject, and to whom the author is largely
indebted, that a horse will eat 262 different kinds of plants, and has been
seen to reject 212 ; the ox will eat 275 and refuse 218 ; the sheep will eat
387 and refuse 141 ; the hare will eat 449 and refuse 125; and the pig,
which is omnivorous, and yet which can be sustained by vegetable food,
has been found to devour 172 different kinds of vegetable matter and
reject 171. Different circumstances, such as changing seasons or migra-
tion from different localities, may compel them to feed on plants which
are otherwise ordinarily refused. Their instinct leads them, further, to
avoid venomous plants when mixed with other plants, or unless greatly
pressed by hunger. Different plants are poisonous articles of food to
some animals, while other plants are poisonous to others. Here it is only
necessary to mention that the ox and rabbit may eat belladonna with
impunity, the goat hemlock, the horse aconite, while goats and sheep
avoid most of the solanacez.

The omnivora are permitted, by their organization and instinct, to
devour both kinds of food, and, as a consequence, their habits are not so
sharply characterized as either of the two above-mentioned groups. They
may live either on exclusively animal or exclusively vegetable diet, accord-
ing to circumstances. The pig, the rat, gallinaceous fowls, flat-footed
birds, the raven and crow are all omnivorous. Many animals placed
among this species from the characteristics of their organization appar-
ently belong to the carnivora, such as the bear, the fox, and dog; and
these animals are also omnivorous, although to a less-marked degree than
the preceding examples. The hog and wild boar live on roots, insects,
and reptiles. Rats and mice, strictly speaking, are. omnivorous, since
they devour everything that comes within their reach.

The duck, which ordinarily seeks aquatic regions, where it can feed
on tender vegetable shoots and small aquatic animals and insects, may
also be brought to live on a purely vegetable or even a purely animal diet.
Also, the fox will live on fruits when animal food is not accessible. Bears,
while distinctly carnivorous in their type of organization, are also omniv-
orous animals, and will often live exclusively on roots, honey, etec. So
the sea-otter may be brought to live on vegetable matter when fish cannot
be obtained. The dog, again, is strictly carnivorous in its organization,
and yet can live on purely vegetable matter, and in its state of domesti-
cation this diet seems to suit him best. A great number of animals
belonging to these species have distinet tastes for certain mineral sub-
stances, especially common salt; and this is, above all, marked in the
herbivora, which perish when deprived of salt, and, as is well known, will
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seek salt, and congregate at certain periods of the day at points where
salt is to be found, and will eat earth when sodium chloride is not to be
obtained. This, as already mentioned, is to be explained by the fact that
vegetable matters are poor in sodium salts and rich in potassium salts.
So, also, the granivorous birds will devour gravel, stones, and sand from
an instinct which leads to their taking such substances into their gizzard
to enable them to properly triturate their food; for, in the granivorous
birds, the nutritive principles of the seeds are inclosed within dense mem-
branes. They are not provided with teeth for the mastication of food,
and, were no means supplied for crushing or triturating their food,
would starve to death with their stomachs full of the most nutritious
seeds.

The diet most in harmony with the organism, teeth, alimentary
canal, etc., of animals may be modified if the force required of animals
is increased artificially. Thus, the horse in a state of nature is never
granivorous or fructivorous, but only eats herbs; when in the service of
man grains are necessary to reduce the bulk of food, for horses cannot
work if their stomach or alimentary canal is distended with forage. By
the administration of oats the duration of the feeding time and of the
period of digestion is reduced. There is economy of the digestive secre-
tions, the stomach is much less distended, and there is less time required
for digestion; hence, herbivorous animals in domestication become
largely granivorous, and oats form a large portion of their food, for oats
are always nutritious in small bulk and readily digested. They eontain
all the food-elements in snitable proportions ; the large amount of nitro-
gen which they contain render them particularly suitable for repairing
waste in the muscular system, especially when work is demanded of them.
Oats nourish, therefore, without fattening. Since the process of diges-
tion in the herbivora and carnivora, and the ultimate nature of their
food-stuffs is identical, it is natural to suppose that their nutritive habits
may be changed ; thus, the herbivora may be brought to feed on animal
matter, while the carnivora may be led to feed on matters of purely vege-
table origin. Numerous facts of this kind have been over and over
again reported. The most striking of all is seen in the results of the
domestication of the common cat. Here a typical carnivorous animal
by education and habit becomes almost herbivorous. So, also, pigeons
have been accustomed to eat meat to such a point that they will after-
ward refuse seeds. In Iceland, where vegetation is sparse, the native
horses and oxen have been seen to feed upon fish, and it is even stated
that they have been seen to enter the water and fish for themselves. The
starting point of this change from the herbivorous into the carnivorous
type is found in the fact that all animals after their birth are carnivo-
rous; for in suckling animals there is but little if any difference in their
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organism from that of the carnivora. Even in such a typical group of
herbivorous animals as the ruminants we find that in them, when new-
born, the complex stomach is rudimentary and their alimentary canal
differs but little from that of the carnivora, simply foreshadowing what
will ultimately be developed when the animals are placed upon a purely
herbivorous diet. Among the carnivora the most typical examples will
sometimes refuse vegetable nourishment, and the tiger and lion and the
eagle have been known to die of starvation rather than touch it ; never-
theless, an eagle has been educated to eat and digest bread. ™The native
repugnance to certain foods is often overcome by cooking, and it is with-
out doubt to this circumstance that man is omnivorous in character.
Thus, dogs and cats do not eat corn, but they will eat bread. This is,
however, in all probability to be explained by the fact that the uncrushed
seeds are incapable of digestion by carnivorous animals, since their
organs of mastication do not permit of the liberation of the nutritive
principles from their undigestible envelopes. Cooking, nevertheless, does
lead many animals to eat food which is unnatural to their species; thus,
the rabbit will refuse raw meat, but will often willingly accept and digest
boiled meat. Certain animals are both carnivorous and herbivorous.
This is especially illustrated among the birds, where some are fructivorous
in winter and insectivorous in summer; so the small fructivorous monkey
will eat insects and seek for eggs and little birds scarcely hatched. Even in
the same groups of animals some are carnivorous and some herbivorous;
thus, among plantigrades and the cetaceans we have examples of each,
It is worthy of notice, however, that when forcing the diet is arrested
and animals are restored to their native state, they will again return to
their natural food. "The herbivora forming the food of the carnivora,
and feeding themselves on vegetable matters for the maintenance of
their species, must consequently be in excess of the carnivora.

We thus see that the choice of food is controlled by the animal’s
habits and appetites. Herbivorous quadrupeds graze and consume
grasses, bulbs, and grains suitable to the organs of their digestive
apparatus, while the carnivora devour the flesh of the herbivora, and
show aversion to the carcasses of animals allied to themselves in their
habits. An artificial mode of existence forces on animals predilections
which in a state of nature are not observed. In nature they are essentially
moderate in their desires, but when domesticated will eat what they
would in a state of nature avoid, and never appear to be satisfied,
devouring much more than when in the field, filling themselves to
repletion. In their natural state the exercise connected with the selection
of food is of great importance to the health of the herbivora. They
cannot fast long, like the carnivora, nor can they in a single meal con-
sume enough to enable them to pass hours or days in a state of torpor



DIET OF ANIMALS. 201

with a distended alimentary canal before again ecalled upon by the
demands of hunger. The domestic animals will sometimes kill them-
selves by overeating when food is continually placed before them, but
that is only when they are from their surrounding circumstances relieved
from traveling for food and water; where their time is not, therefore,
largely occupied in exercise and in watching for disturbing causes. So,
if treated artificially, animals shounld be managed according to their
habits. The collection of food further varies in our different domestic
animals: one bolts flesh and coarsely-ground bones, to be deposited in a
capacious stomach; another rapidly swallows large volumes of food and
lodges it for awhile in a crop or paunch, to be again regurgitated and
masticated at leisure. The fowl erushes its food beyond the crop or
stomach in the gizzard. The ox swallows large volumes of food which
hiave been subjected to scarcely any mastication, to return them at leisure
to the mouth to be remasticated. The horse collects and at once
thoroughly grinds and mixes food with saliva, and rapidly passes it from
its stomach to its intestines without the functions of rumination. Habit,
therefore, materially influences the collection of food, its retention, and
appropriation to the wants of the animal, and is itself governed by the
type of the organization of the digestive tract (Gamgee).

On the basis of the above considerations we may indicate in a general
way the fundamental principles which must underlie a rational system of
feeding. In the first place, it is evident that the daily ration must be
appropriate to the normal mode of feeding and digestive peculiarities of
the species ; further, the digestive power in different animals varies not
only in different species for the same food, but it varies in different indi-
viduals of the same species of different ages. The capacity of the
stomach must be considered, that the appetite may be satisfied without
the stomach being overloaded. Experiment has proved that the solipedes
should receive daily 2 per cent. of their body weight in solids, and rumi-
nants 2% per cent. of their weight.

In the second place, the food must be adjusted with special reference
to the demands which are made upon the animal economy, whether for
work, fat, or milk production. Special directions for so adjusting the
rations will be given after the composition of the food-stuffs and the
nutritive changes occurring in different animals in various conditions
have been considered. It may be here mentioned, however, that good
hay is taken as the type of a food for the larger herbivora, and that it
shows a nutritive proportion of one part of nitrogenous matter to 4.8
parts of non-nitrogenous constituents, cellulose being disregarded. This
proportion, therefore, represents the normal relation between the nitroge-
nous and non-nitrogenous matters in the natural diet of the herbivora;
and although this proportion under certain circumstances may be widened
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to 1:8 or contracted to 1:4, the digestibility, and therefore the nutri-
tive value, of the fodder is interfered with if these limits be passed.

In the case of hay, again, the amount of fatty constituents is to the
nitrogenous matters as 1:3.7. If this proportion be contracted to 1:2.2
the horse will still be able to accomplish its normal amounts of work; but
if reduced below this for the horse, or below 1:3 for the ox, the full
nutritive value of the food will not be appropriated. These figures, of
course, refer to the digestible percentages of the fodders,and by referring
to the tables of the composition of the different food-stuffs, which will be
subsequently given, it will be found possible to construct dietary tables
according to the demands on the animal economy.

It may thus be added to the general statements which have been
made in the early parts of this section that not only must all animals
receive representatives of the different food-constituents, but that the
herbivora must not receive more than eight or less than four parts of
non-nitrogenous matter to one of proteid, and not less than two parts
of proteid to one of fat.



SECTION 1L
DIGESTION.

I. GENERAL CHARACTERISTICS OF THE DIGESTIVE APPARATUS.

DicestIoN is the preparation of food for absorption, and is usually
accomplished by the introduction of the food into a special cavity com-
municating with the exterior, where it undergoes such changes as will
enable it to pass through the walls of the blood-vessels. Foods of
animals, as already shown, are usually solids; that they may be ab-
sorbed and enter into the blood of animals they must first be reduced
to a fluid condition; this solution is the object of digestion and is
accomplished by means of the different secretions poured out by the
alimentary canal. It is evident, therefore,that the alimentary tract must
consist of a cavity to contain these digestive fluids; must communicate
with the exterior to permit of the entrance of food and removal of
indigestible residue; that it must be provided with motor organs for
determining the entrance of food, and that its walls must be capable
of elaborating digestive secretions and absorbing the results of the
digestive process. Digestion, therefore, includes a number of complex
processes: the prehension of food and in many cases its mechanical
comminution or mastication by special organs; secretion, or the mode
of production of the digestive fluids; absorption, or the means of con-
veyance of the digestive products into the blood stream; and finally
defecation, or the expulsion of the non-nutritious residue. If the
digestive tract is considered from the point of view of these different
purposes, it will be found to be very differently constituted in different
members of the animal kingdom, its state of development governing the
complexity of all accessory organs. 5

In the higher animals it consists of the mouth, the pharynx, gullet,
stomach, intestine, and anal aperture. In its development it is found
to be simply a continuation of the external surface reflected inward as
we would furn in the finger of a glove. Consequently, in the gradual
evolution of the alimentary canal from its simplest to its most com-
plex form, we find every grade of such reflection, from a mere depression
in the external surface,as in the amceba, to the long and complicated
intestinal tube of the ruminant. In all cases this is the mode of origin
of the alimentary canal; consequently, food, when within the alimentary

(203)
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canal, is still practically in contact with the external surface, and, there-
fore, still outside the body. To enable it to pass through the walls of
the digestive cavity into the circulatory system is the object of diges-
tion, and we shall find that this is accomplished by the production of
more or less profound chemical changes in the food-constituents.

The length, capacity, and complexity of the digestive canal are
governed by the complexity of the food. Vegetable feeders, therefore,
of all classes of animals, have a more highly developed alimentary canal
than animals of the same class which feed on animal food. With this
modification, the statement may be made that there is a gradual ‘in-
crease in complexity of the digestive organs as the animal scale is
ascended. - ‘

In the amceeba we find the simplest possible representative of a
digestive function. When alimentary substances come in contact with
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% F1G. 56.—PARAM@ECIUM BURSARIA, AFTER STEIN. (Huxley.)

1. The animal viewed from the dorsal side. A, cortical layer of the body ; B, nucleus; C, coutractile
chamber: D D/, matters taken in as food ; E, chlorophyll granules.

2. The animal viewed from the veutral sido. A, depression leading to B, mouth: C, gullet: D,
nucleus: D/, nucleolus; E. central sarcode. In both these figures the arrows indicate the direction of
the circulation of the sarcode.

. 3. Paramcecium dividing transversely. A A/, contractile spaces; B B/, nucleus dividing;
C C!, nucleolus. =

the soft external surface of the amceba a temporary depression or
pocket forms around them, and by the gradual deepening of this de-
pression and closing of a wall around it a cavity is formed and the
alimentary substances gradually brought to the interior of the mass.
Within this temporary chamber the alimentary substances are removed
and appropriated, while the undigestible residue is removed by a process
the reverse of that concerned in its introduction. The amceba there-
fore has, strictly speaking, no digestive organs, but it temporarily de-
velops a cavity at the point of contact with the food.

In certain of the infusoria, such as the paramecium, we have a
single portion of the external body surface specialized as the orifice of
entrance for the food-stuffs. An oral aperture (which in this illustration
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is bordered by cilia) is, therefore, the first point of specialization of
the digestive tract. No digestive tube is, however, yet present, but the
orifice in the walls of such an animalcule communicates directly with a
central body-cavity, and the orifice of entrance and exit of the food is
the same (Fig. 56).

In the hydra there is a definite oral aperture, or mouth, leading to
a permanent body cavity, and this opening serves also for the inlet of
food and the outlet of the undigestible residue. The hydra has, how-
ever, advanced a step in specialization, since it is provided with definite
prehensile organs (tentacles) for the seizure of food (Fig. 57).

There are apparently, however, no true digestive secreting organs in
the hydra, since the internal body cavity appears to be strictly the same
as the external surface. Hydra have even been everted, so as to make

F1G6. 58.—FLUSTRA. DIAGRAMMATIC
SECTION OF A SINGLE CELL OF
FLUSTRA, OR “SEA-MAT” (GREATLY
MAGNIFIED). (Wilson.)

ST o f}; Ar ii]iaté:d tentacles; I}} mouth ; -G C, gullet;

od stomac! mwstme, anns ; nervous

F16. 57.—HYDROZOA. (Jeffrey-Bell.) ganglion: H H, general body cavity ; I, festis: K,

A, hydra viridis attached to duck-weed; B, a single specimen ovary; L, ectocyst, or outer membrane of body ;

magnified; C, hydra in diagrammatic seectlon M, endocyst or inner membrane of body; N, re-

EC, ectoderm EN, endoderm; M, mouth; BC enteric  tractor muscle, by the actiop of which the animal
cavity; T, tentacles. can withdraw the ciliated tentacles.

T

the original outside surface the lining surface of the digestive cavity,and
digestion was still quite as efficiently performed. Similar types of digest-
ive organs are seen in sponges and in the jelly-fish. In the latter,
however, a step still further has been made in the development of chan-
nels for the distribution of the nutritive substances.

A true alimentary canal should have two openings, one for the
ingress of food, the other for the egress of excreta. The simplest form
of such an organ is seen in the flustra, or sea-mat, and in the sea-urchins
(Fig.58.) In these organisms both the mouth and the vent develop con-
stricting muscles. In the animals of which the worm is the type (Figs.
59 and 60), the digestive tract is either a straight tube running from one
end of the body to the other, or it may be divided into little pouches or
saccules, as in the leech (Fig. 61).
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In the myriapods and larvee the same general plan is continued, the
alimentary canal still being a simple tube passing from one extremity
of the body to the other, with an oral orifice and vent, but in these
animals showing a division into gullet, stomach, and intestines (Fig. 62).
A difference is also met with according as the animals are carnivorous or
vegetable-feeders: In the former the canal is narrow and nearly straight,
with a slight dilatation representing the stomach,
while in the herbivorous species it is complicated
by saccular pouches to delay the onward progress
of the food. In the tunicata the division of the
alimentary canal into gullet, stomach, and intestines
is more marked, since we have in them a distinct
asophagus, stomach, small and large intestines. In
the crustaceans there exists a definite digestive
apparatus, with the first appearance of distinct
glands having for their function the secretion of
digestive juices, crustaceans especially having a
voluminous liver which secretes a yellowish-green
fluid of the nature of bile. In the crustaceans

Ll T e
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F1G. 59.— DIAGRAM OF =
THE ALIMENTARY CA-
‘NL;\L OF AN EA}I?H-
ORM, AFTER AY
LANKESTER. Fi1@. 60,.—TRANSVERSE SECTION OF EARTH-WORM TO SHOW
o e i ‘Iz’osn'mx:2 ANDJRELATIONS OF THE INTESTINES, AFTER
, mouth; . _pharynx; LAPAREDE, ey 5
OES, m,sophag\;s: CG, cn.lcm_'e: DES(I e evzBall)

sus glands; CP, erop; G, giz- A, cuticle; B, hypodermis; C, layer of circular muscles: D. layer of longitudinal
zard ; I, intestine. mauscles; I, enteric cavity; M, ‘“green layer;' N, dorsal vessel; O, liver.

the liver has become a symmetrical, lobulated organ, instead of the
numerous small folliculi which are found in earlier forms around the
alimentary canal, and which pours its secretion into the upper part of
the intestine. In the higher crustaceans, such as the crabs and lobsters,
there is a short, wide sac, provided with internal hard, calcareous dent-
icles, which serves the purpose of a gullet, stomach, and gizzard. The
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intestine is short, nearly straight, and simple; sometimes it is also pro-
vided with cseca. In insects there is a great variation in the form and
length of the canal, depending on the stage of metamorphosis; nearly

F1G6. 61.—DIGESTIVE
CANAL OF THE
LEECH (Sanguisuga
medicinalis), AFTER

UHN-h FIG. 62.—VISCERA OF A CATERPILLAR. (Rymer Jones.)
o¢, esophagus; v, stom- GH, csophagus; HI, stomach; IM, intestine: K, biliary vessels; QR, saliva
ach; o/, cacal appendages; lands; P, sali K H 4 % ; E E, ai ; b iplo 5
r, rectum ; a, anus. e gn-mu’s; V;(l;",reyeg:m' Rttt s R eplplean, or




208 PHYSIOLOGY OF THE DOMESTIC ANIMALS.

always, however, a gullet, craw, gizzard, large and small intestines, and
numerous glandular appendages may be recognized (Fig. 63).

In the vermiform larvae the alimentary canal is a straight tube passing
from one end of the body to the other, the dilatations which represent
the stomach and erop appearing later. Cteca are also then present, and
there is hence a division into small and large intestines. Inmandibulate
insects, as in the wasps and beetles,
the crop and stomach are glandular,
and the gizzard, unlike that of birds,
is placed above the stomach, and
has muscular walls and a chitinous
lining-membrane. In insects the
form of the liver has again returned
to that of long, slender tubes, pouring
their secretion into the intestine,
and which are believed to represent
biliary canals (Fig. 63). In carniv-
orous insects the crop and gizzard
and large intestine are less developed
than in those which feed on vege-

st
FIG, 63.—~DIGESTIVE APPARATUS OF HONEY-
BEE (Apis mellifica), AFTER LEON DU-

FOUR. FIG. 64.—ANATOMY OF THE OYSTER.
g1, salivary gland; glv, poison-gland; s¢, sting; oe, (Perrier),

esophazus; wvm, vasa malpighii; ¢, colon; r, rectum; F, mouth: E. stomach: I. intestine; A. anus;

tngl, erop. G G/, nervous ganglia; MT, mantle; B, branchiz.

table food, thus indicating in them the first appearance of the distinction
between the herbivorous and carnivorous animals, showing that the com-
plexity of the alimentary canal is in direct proportion to the complexity
of the food. The intestine is narrow, convoluted, and but seldom has a
mesentery; distinctions between small and large intestines are but imper-
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fectly indicated. The intestine terminates in an expansion, the cloaca,
into which the reproductive organs open.

In bivalved mollusks like the oyster (Fig. 64) the gullet and
pharynx are absent and the mouth communicates directly with the
stomach, which is imbedded in a large glandular organ, the liver, and the
intestine after making a few turns passes directly through the heart. In
univalved mollusks like the snail the a
gullet is long, the crop is frequently 5N
present, and the stomach is some- ) i
times double, the anterior portion
provided with teeth and serving as F ; 1A
an organ of mastication or as a giz-
zard (Fig. 65). A lobulated liver is
also here present; the intestine is
convoluted, passes through the liver,
and usually terminates in the an-
terior part of the body. The highest H
mollusks, such as the cuttle-fish
(Fig. 66), show a marked advance P
in complexity, the highest stage of |
development of the alimentary canal 1

2_1

F1G. 66.—DIAGRAMMATIC SECTION OF A
FEMALE CEPHALOPOD (Sepia offici-
nalis). (Huzxley.)

A, buccal mass surrounded by the lips, and showing

the horny jaws and tongue; B, cesophagus; C, salivary

- gland; D, stomach; E, pyloric ccum; F, the funnel;

G, the intestine; H, the anus; I, the ink-bag; K, the

FIG. 65.—DIAGRAMMATIC SECTION OF SNAIL, Place of the systemic heart; L, theliver; N, the hepatic
( Witson,)

duct of the left side; O, the ovary; P, the oviduct; Q,

one of the apertures by which the atrial system, or water

A, foot; B. operculum: C, tentacles: D. mouth; E, sali- chambers, are p]ncec.{ in communication with the ex-

vary glands; F, st.omach: G G, intestines: H. anus: I, liver; terior; R, one of the branchiz; S, the principal ganglia

L, aperture of gill-chamber: M. oviduct; N, gill-chamber; around the esophagus: M, the mantle; Sll,tge internal

O, floor of gill-chamber; P, gill of breathing organ; ST, heart; shell, or cuttle-bone; 1,2, 3, 4, 5, the margins of the foot,
‘W, cephalic, X, pedal, and Y, branchial ganglia. constituting the so-called arms of the sepia.

being accompanied by the appearance of definite organs of circulation

and of the nervous system.

In vertebrates the complexity and perfection of the alimentary canal
has advanced still further, and we find in them that the buccal cavity,
which in fish and amphibians is single, in the reptiles is divided into two

divisions,—a nasal or respiratory portion and a buccal or digestive
14
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portion. The teeth here also commence to be especially developed.
Fishes have a short, simple, wide alimentary canal and stomach, separated
by a marked constriction from the small intestine, but the separation of
the stomach from the guilet is less marked, being indicated often only by
the difference in structure of the mucous membrane; hence, in these
animals regurgitation of food is easy, and is the method which is often
employed for the removal of indigestible residue. A form of rumination
is also said to occur in certain fishes, the food being regurgitated to the
mouth and remasticated by the teeth or pharyngeal
bones, as in the carp. In fishes (Figs. 67 and 68)
the stomach is usually bent like a siphon, the
intestine is straight and short, with but in rare
cases any distinction between large and small
intestines. There is no distinet ileo-caecal valve,
but sometimes a caecum is present. The intestine
is rarely supported on a mesentery.

In the amphibious reptile the type of the
alimentary canal is somewhat similar to that of
the fish, though the distinction between the large
and small intestines is better marked. The esoph-

"agus is short, dilatable, and muscular, and the
stomach is tubular and may be bent upon itself.
A distinction between large and small intestines

F1G.67.—INTESTINAL CANAL
OF THE STURGEON.
(Carus.)

B B, pharynx and cul-de-sac of
the stomach ; ‘A, pylorus; C, pancre-

atic appendices of the pylorus; below "
R e e oo hs ala bl ot SR FIG. 68.—STOMACH OF THE SALMON-TROUT (Carus),

intestine terminating in the spiral SHOWING THE PANCREATIC APPENDICES OF THE
large intestine. PYLORUS AT A.

is readily made. The influence of the food on the development of the
alimentary canal is seen in the long, coiléd intestine of the vegetable-
feeding tadpole, as contrasted with the short intestine of the insectivo-
rous frog and toad. The crocodile (Fig. 69) has a more complex stomach
-than any animal lower in the scale. It is a sort of blending of the
digestive organ of the cuttle-fish and the bird, having powerful muscular
walls, with muscular fibres radiating from a central tendon in a manner
very closely similar to that seen in the gizzard of the bird. The
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crocodile, therefore, forms the connective link in the development of the
digestive tube between reptiles and birds. In this animal the duodenum
is also first seen, the liver and pancreas emptying into it, and the mesen-
tery first makes its appearance as a constant organ. The alimentary
canal of reptiles is simpler than that of birds, but resembles the bird
more than the fish. The csophagus varies with the length of the neck,and
is wide and dilatable in the ophidia. It joins the stomach without any
constriction, its mucous membrane becom-
ing glandular. In the serpents the cardiac
portion of the stomach is long, saccular,
and dilatable, while the pylorus is narrow
and muscular. The intestines are short
and wide in the carnivorous species, but
long and furnished with caca in vegetable
feeders.

F1G. 70.—DIGESTIVE APPARATUS OF

BIRDS.
A, cesophagus; B, crop; C, infundibulum;
FIG. 60.—STOMACH OF CROCODILE. (Rymer Jones.) y, o S0PIaEses B eroh: o G pan-
C. esophagus: A, lar fibres of h rad from B, creas; H, duodenum; I, small intestine; K,
the central tendon, as in the gizzard of the hird; D, commencement of Czeca;: L, large intestine; M M, ureters; N,
dnodenum, oviduet; O, cloaca.

In birds there is a most marked difference in the length and develop-
ment of their alimentary canal, dependent upon the nature of their food,
the granivorous and fructivorous birds having intestinal tubes of greater
length and complexity than those which live on animal diet (Fig. 70).
In all cases the stomach is well separated from the sophagus, the
length of the latter being, of course, dependent upon the length of the
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neck of the bird, while its width and dilatability depend upon the nature
of the food. In granivorous birds we meet with the first indication of
the development of the cesophageal pouches for the retention and macer-
ation of food,—organs which are identical in function with the first three
pouches of the mammalian ruminant stomach. The locality and character
of these pouches vary in different birds.

In the granivorons birds this organ, which is termed the erop, is
located at the lower part of the gullet. It may be double, as in the case
of the pigeon, and distinctly arrests the food and retains it in contact
with fluids to enable it to become macerated before being passed down
to the digestive organs proper. In tlesh-eating birds,such as the pelican,

F1G6. 71.—HORIZONTAL SECTION OF GIZZARD OF GOOSE, AFTER GARROD.
A, in contraction; B, in relaxation.

the pouch is located higher up in the digestive canal, ordinarily below
the lower jaw, and here seems to be more of a reservoir for storing food
than as a distinct commencement of the digestive apparatus. Fruit- and
insect-eating birds are not supplied with any such reservoirs, while the
turkey, ostrich, goose, swan, and most of the waders, have a highly-
. developed crop; the pigeon, as before stated, having two, one on each
side of the cesophagus. The stomach in birds differs according as their
diet is vegetable or animal. Granivorous birds have a small, straight,
dilatable stomach, called the proventriculus, communicating above with
the gullet and below with a highly muscular organ, the gizzard (Fig.
71), lined with horn‘y epithelium, usually containing gravel or sand,
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and which has for its function the crushing and mastication of food. The
proventriculus, ventriculus succenturiafus, or true glandular stomach,
varies in form and size in different birds, being sometimes wide and
straight and sometimes round. In the rasorial birds it is wider than the
gullet and smaller than the gizzard. Its mucous membrane is thicker
than that of the cesophagus, and furnished with tubular glands which
secrete an acid digestive secretion. In the grain-eaters these glands are
sacculated, or expanded into compound follicles, the disposition of the
glands varying in different species. The gizzard, ventriculus bulbosus, the
third or muscular stomach, is a more or less flattened, ovoid organ, hav-
ing two apertures at its upper part, one communicating with the proven-
triculus, the other with the small intestine. The gizzard is feebly devel-
oped, or may be even absent in carnivorous birds, such as the crow and
the raven, and is there simply a membranous expansion of the stomach,
free from secreting membrane, and bearing close analogy and function
with the membranous cardiac extremity of the stomach of the horse.
The intestines of birds are, as a rule, relatively to the size of the body,
shorter than those of mammalia, but longer than those of reptiles. In
birds of prey, as a rule, they: are not more than twice as long as the body,
including the bill, but in the osprey they are eight times as long. In
fructivorous and granivorous birds they are much longer. The duodenum
forms a loop, embracing the pancreas. The division between small and
large intestines is not clearly marked, as villi are found in both. The
point of entrance of the cseca, which are most developed in birds feed-
ing on vegetable food, marks the union of small and large intestines.

In all the groups of animals already referred to the stomach occupies
a position in the long axis of the body. It is only in mammals that its
position becomes transverse (Fig. 72), and we notice that even in these
animals this transverse position becomes more accentuated during its
state of functional activity. Thus, when fasting the pyloric orifice of
the stomach sinks and the organ tends to assume a longitudinal position;
when filled with food it undergoes a partial rotation on its own axis, the
pyloric orifice ascends, and it now becomes transverse.

In mammals the cesophagus is only destined to convey food to the
stomach ; it has contractile walls, but few or no glands, and the pouches
which we have recognized in the birds are represented in but a single
group of mammals,—the ruminants,—and here they are situated so low
down in the cesophagus as to be ordinarily described as divisions of the
stomach. Their function and structure prove that they may be regarded,
nevertheless, as esophageal pouches. The diameter of the cesophagus
varies according to the food which serves as the normal diet for these
animals. It is large and readily dilatable in carnivora, which bolt their
food entire; it is narrow in the herbivora; and in those animals which
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thoroughly masticate their food, as in solipedes, it is narrow and less
distensible than in ruminants, where the preliminary mastication is less
complete.

F1G. 72—DIGESTIVE TRACT OF THE D0G, AFTER BERNARD.

P, parotid gland; G, submaxillary gland: G/f, sublingnal gland; OE, wsophagus, or gullet;
C!, right carotid ; C, jugular vein; P P, lings, that on the left opened to show the brouchial tubes, arteries,
and veins; VC!, superior vena cava; K, aorta; I, right anricle of the heart; H/, left auricle: F/, right
ventricle; O, loft ventricle; P!, pulmonary artery: T T, thoracic duet; F, liver; B, gall-bladder, enter-
ing the intestine by the duet, B/; E, stomach; R, spleen; S, Pecquet’s reservoir; J, lymphatics; M,
mesenteric %n lia; VP,trunk of portal vein; V V, origins of portal vein; W, pancreas; VC, inferior
vena cava; D, duodenum; VL, lacteals; I, small intestine; Q, czecum; R, colon, or large intestine.
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The stomach is charged to contain the food until it has undergone
the chemical modifications which are essential to its absorption. It forms
a reservoir which is in mammals clearly separated from the esophagus
and the intestine, and which, as already stated, occupies a transverse
position in mammals, longitudinal in reptiles and the oviparous verte-
Drates, while its transverse position commences to be indieated in birds.
The stomach may be either simple or complex. In carnivora, whose
1ood is easy of solution, it is a single cavity lined with a uniform mucous
membrane abundantly supplied with glands which secrete an acid fluid,
the gastric juice, which has for its function the conversion of albuminous

FIG. 73.—STOMACH OF DIFFERENT MAMMALS AND OF A TURTLE. (Thanhoffer.)
1, stomach of seal; 2, stomach of hyena; 3, stomach of cricetus; 4, stomach of manate; 5, stomach
of camel ; 6, stomach of sheep; 7, stomach of lion ; 8, stomach of horse. Pce
¢, cardia; p, pylorus; 1,2, 3,4, Ist, 2d, 3d, and 4th stomachs; v, ventriculus; f, fundus ventriculi.

foods into peptones. The complication of the stomach in mammals
progresses in insensible degrees, and in a general way is in proportion to
the indigestibility of the food (Fig. 73). At first the division of the
stomach into pouches is only indicated by a difference in structure and
properties of the mucous membrane of the cardiac and pyloric portions
of this viscus. This difference is, to a certain extent, present in all
animals, even in the carnivora, where it is confined simply to a histologi-
cal difference in the nature of the glands of these two portions of the
stomach. No difference is, however, evident to the naked eye in these
animals. In the horse the separation into a cardiac and pylorie pouch is
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indicated by a groove seen on the external surface of this organ and in-
ternally by a sharp demarcation between the glandular mucous membrane

FIG. 74.—POSTERIOR SURFACE OF STOMACH OF HORSE. (Strangeways.)

A, left cul-de-sac; B, right cul-de-sac; C, greater curvature; D, lesser curvature; E, cesophagus; F, duodenum.

of the pyloric portion and the membranous portion of the cardiac end.
In the solipedes (Fig. 74), therefore, the general appearance and char-
acters of the stomach correspond with those of the carnivorous birds,

F1G. 75.—STOMACH OF HoG, INFLATED. (Strangeways.)

A, cardiac portion; B, its accessory cul-de-sac: C, pyloric portion; D, lesser curvature; E, greater curvature;
F, eesophagus; G, pyloric orifice.
where we have a separation into a.glandular and membranous portion;
the difference between these animals consisting in the fact that in such
birds it is the cardiac extremity which is glandular, and the pyloric
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extremity, or the rudiment of the gizzard, membranous, while in the horse
the reverse holds. In the hog (Fig. 75) the division into pouches is
more marked by the appearance of a distinet, curved, conical diverticulum
at the cardiac extremity of the stomach. In the porcupine three or four
contractions are marked, and in the kangaroo, porpoise and other ceta-
ceans, and many rodents a large number of dilatations, separated by
marked constrictions, are to be noticed (Fig. 76). In other animals this
complication is not only in external form, but also in internal structure,
the highest degree of complexity being found in the ruminant, where
the stomach, so called, is divided into four distinct gastric sacs, com-
municating with each other only by small orifices, whose function and
structure will occupy us later (Fig. 77). This complication is found not

FIG. 76.—STOMACH OF THE DUGONG, AFTER SIR EVERARD HOME.

A, cardiac portion of stomach ; B, pyloric portion; C, constriction between the two; D D, tnbular prolongations
of the stomach; F, esophagus; G, intestine.

only in mammals, but also in birds; but, whatever may be the external
form of the organ, the function is always the same,—to supply an acid
secretion for the solution and digestion of certain constituents of the
food,—and where reservoirs are present their function is simply to
retain food until, as in the case of the ruminant, it may be again masti-
cated ; or in all cases to enable the food to undergo preparatory changes
before being subjected to the action of the gastric secretion.

The intestine is the prolongation of the stomach, and its shape as a
canal is again regained. In its simplest form in the lowest animals it is
a short tube of uniform size, with the same structure and properties from
one end to the other, as seen in invertebrates, in most reptiles and fishes,
and, among the mammals, in the hedgehog and the bat. In the higher
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classes it is divided into two forms, the small and large intestines. The
small intestine is destined for the absorption of food-products, and for
the elaboration of the digestive secretions for the solution of food-stuffs
which have escaped the action of the gastric juice. We find its walls,
therefore, supplied with tubular glands secreting the so-called intestinal
fluid; and emptying into the small intestine we find in all cases two large
glandular organs, the liver and pancreas, secreting alkaline fluids which
have a greater or less importance in digestion. In the small intestine of
mammals are also to be found special organs for assisting the absorption

F1G. 77.—STOMACH OF ADULT SHEEP, DRIED AND INFLATED ; ONE-FIFTH
. THE NATURAL SIZE. (Thanhoffer.) 3
B, rumen; R, reticulum; 8, omasum; O, abomasum: ¢, cardia; p, pylorus; br, eesophagus: cb,
cardiac valve; bo, esophageal gutter; r, pillars of the rumen; rn, opening of the reticulum; on, open-
ing of the abomasum, or fn\;rth stomach; b, valve between reticulum and omasum; e, duodenum.

of food, the so-called villi, which are simply conieal expansions covered
by mucous membrane, whose function, together with that of the folds of
the mucous membrane, is simply to give increased surface for absorption.
In the higher animals the small intestine is divided arbitrarily into three
divisions, the duodenum, or the portion of bowel directly in communica-
tion with the stomach, which is always curved and usually free from
mesentery. Following this we have the jejunum, so-called because ordi-
narily found empty, and following that the ileum.

The intestinal canal is supplied with muscular fibres, arranged
longitudinally and in concentric rings, being red-striped muscular fibres
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in the mouth, pharynx, and anus, and pale, unstriped, involuntary fibres
clsewhere. The contractions of these muscular fibres in the small and
large intestines serve to cause the onward progression of the food or the
so-called peristaltic movement of the intestines. The mucous membrane
of the alimentary canal is epithelial in nature in the mouth, pharynx,
and gullet, and in the first three pouches of the ruminant stomach, and
in the cardiac half of the stomach of the horse. It is free from glands,
and is simply protective in nature. Inthe entire stomach of carnivorous
animals, the fourth stomach of ruminants, and the pyloric half of the
stomach of solipedes, as well as through the entire extent of the in-
testines of all mammals, it is glandular, and furnishes a more or less
active digestive secretion.

Sensory nerves are supplied to the two e‘:tlemltles of the digestive
tube, while the intermediary portions are supplied with nerves whose
stimulation seems to lead to secretion, and not, as a rule, to individual
sensations.

The extent of mucous membrane varies naturally with the length,
diameter, and complexity of the alimentary canal. It is, therefore, less
in carnivora, greater in omnivora, and immense in herbivora. The extent
of surface, therefore, depends upon the complexity of the food. The
more concentrated the food, as in carnivora, the less surface is required
for producing secretion, and the less for its absorption. In animals
living on a vegetable diet, where the nutritive principles of the food are
mixed with a larger amount of non-nutritious residue, a greater surface is
required for secretion, greater time is required for digestion, and ‘a
greater surface must be supplied for the absorption of digestive matters;
we find, therefore, that in herbivorous animals the intestinal tube is
always longer, more complicated, and supplied with a larger extent
of mucous membrane than in the carnivora. Even in the herbivora
we find a difference in the distribution of the mucous surfaces; thus,
the horse and ox are both herbivorous animals: the former is a
monogastric animal, the latter a polygastric, or ruminant. The former
digests little by its stomach, and much by its intestinal tube; the
latter readily digests more by its vast and complex stomach than by its
narrow and small intestinal tube. Both, however, from the fact that
they are herbivorous animals, have a great extent of mucous mem-
brane, which may be twice or three times as extensive as their ex-
ternal body surface. Thus, the cutaneous surface of the horse is about
five or six square meters, while its mucous gastro-intestinal surface
may be as much as twelve square meters, of which one-thirtieth is
represented by the stomach and the rest by the intestines. An ox, on
the other hand, of about the same size, has a mucous membrane of about
seventeen square meters, of which nine square meters represent the
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membrane of the stomach. Consequently, the solipede has a mucous
membrane about twice,and the ruminant about three times, as extensive
as its cutaneous surface, while the mucous membrane of the stomach
alone of the ox is one and one-half times as extensive as the skin sur-
face. In the carnivora—the dog or the cat, for example—the mucous
membrane, from the simple character of their food, is very much less
extensive in proportion to their external body surface, being only about
two-thirds as large as their skin surface. The omnivora, again, occupy a
mean between the carnivora and the herbivora.

The length of the alimentary canal, in a less strict degree, however,
is also subordinate to the character of the alimentation. In the herbiv-
ora the intestinal tube may be as much as twenty-eight times the length
of the body, while the intestinal canal of the carnivora is only three or
four times as long as the body. There are, however, many exceptions
to this rule. Thus, the dromedary has an intestinal tube only five times
as long as its body; the ram twenty-eight times as long ; the deer twelve
times; the rabbit nine; elephant seven; the hyena eight, and the seal
twenty-eight times as long as its body length. In these apparent excep-
tions, as, for example, in the case of the seal, a carnivorous animal,
though there is an intestinal tube twenty-eight times as long as its body,
we have the proportion of mucous membrane still preserved ; for, where
in herbivorous animals we have a comparatively short tube, its diameter
is always proportionately great, while in the case of carnivorous ani-
mals, where the tube is long, its diameter is accordingly small. Thus,
the alimentary canal of the horse is shorter than that of the ox, the
former being about ninety feet; but it is very much more capacious.

Change in the normal diet of animals leads to changes in the rela-
tive dimensions of their intestinal canals. Thus, the alimentary tube of
the wild boar is shorter than that of the domestic hog, since its habit ina
state of nature is more carnivorous than in domestication. The domes-
ticated cat, living on a mixed diet, has an intestinal tube which is longer
than the cat in a state of nature, and the same difference also applies to
the domestic ox as contrasted with the buffalo.

The relative capacity of the alimentary canal is even more strictly
definable in different species according to their alimentation. The herbiv-
ora always have a greater capacity of intestinal tube than the carnivora.
Inall cases the volume of the stomach is in inverse proportion to that of
the capacity of the intestine. Thus, in the horse the stomach is capable
of containing from about sixteen to eighteen litres, while the capacity of
the horse’s intestine varies from one hundred and twenty-five to three
hundred litres. In the ox the stomach contains two hundred litres, the
intestine one hundred litres. The value of these differences will be
stndied later. They serve simply to indicate the immense expanse in
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the alimentary canal of the herbivora. The extent of surface for absorp-
tion in the intestinal tube is still further increased by the formation of
plicze, or folds of mucous membrane, and from what has been said above
we would naturally expect that these are more extensive and more highly
developed in the herbivora than in the carnivora. This is well exem-
plified in the case of the ox, whose stomach, which is capable of contain-
ing two hundred litres, has only two square meters of external surface,
and yet whose internal mucous surface amounts to nine square meters.
Such an immense increase of internal over external surface could only
be accomplished by the throwing up of the mucous membrane into folds.
In the intestine, again, which is capable of holding about seventy-five
litres, the square surface externally amounts to fifteen or sixteen meters,
showing, therefore, that in the ox the mucous coating of the intestine
is more simple.

The carnivora are distinguished by a large, voluminous stomach,
coated throughout with a secreting mucous membrane, and the intestine

F1G. 78.—CECUM OF A D0oG, INFLATED. (Strangeways.)
A, ileam; B, czzcum; C, colon.

is simple and deprived of folds. With the exception of the cetacea and
a few edentata, the subdivision into a small and large intestine prevails
throughout the entire group of mammals. The greater the length of
the small intestine, the more is it convoluted. Villi are always absent
from the large intestine. A well-marked ileo-ceecal valve, with but few
exceptions, is situated at the junction of the small and large intestines.

At this point, also, is almost invariably found a diverticulum,
called the ceecum, which varies very greatly in size and functional impor-
tance in different animals, these differences also being dependent upon
differences in regimen. In the carnivora the czcum is only a spiral
appendix, as seen in the dog (Fig. 78), and the large intestine is divided
into the ascending, transverse, and descending portions,as in man; there
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is no floating colon, and, while the mucous membrane is sacculated to a
certain extent, the folds are by no means as extensive as in the herbivora.
In the omnivora the cazcum resembles that of the horse in having three
longitudinal bands and transverse constrictions, and has increased in
complexity from that of the carnivorous animal. It is absent in the
bear and weasel. The cecum reaches its highest degree of complexity in
the monogastric herbivora. In these animals, as in the horse (Fig. 79), it
becomes greatly enlarged, convoluted, condensed into folds, has special

FI1G. 79.—CECUM AND GREAT COLON OF HORSE. (Strangeways.)
A, cecum; B C, its muscular bands; D, termination of ilenm: E, first, E/, second, F, third, and
F!, fourth divisions of colon: G, pelvic flexure; H, origin of floating colon. The arrows indicate the
course of the food through the colon. d

valves and glands, and in the horse may contain six gallons of fluid,
being three times as large as the stomach. In the solipede and rodent
the ceecum therefore reaches its highest stage of development, and has
special digestive functions to fulfill. In the ox, whose small intestine
differs but little from that of the horse, although it is smaller in calibre
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and twice as long, from the fact that the increased complexity of the
stomach furnishes the necessary differences for the digesting of the
food the ceecum is smooth and devoid of longitudinal and transverse
bands (Fig. 80). Its free extremity is blunt, rounded, and directed back-
ward, and floats free in the abdomen, while its other extremity, having
received the insertion of the ileum, is continuous with the colon, which
also is free from bands,and soon becomes constricted, and then, preserv-
ing about the same diameter throughout, is arranged in an elliptical
coil between the folds of the mesentery. In the ox there is no distinction
between the great and floating colon, as in the horse. The total length of
the large intestine /in the ox, from the cacum to the rectum, is about
thirty-six feet, but its capacity is much less than in the horse.

Further details as to the functions and structure of the different
parts of the alimentary canal in the various domestic ‘animals will be

FIG. 80. CECUM AND ORIGIN OF COLON OF AN OX, INFLATED. (Strangeways.)
A, terminal portion of the ileum ; B, cacurh; C, origin of colon.

given during the consideration of the subject of digestion. So far the
aim has been merely to indicate, in a general way, the adaptability of
the digestive organs to the character of the food.

The following tables, compiled by Colin, represent the different
comparative dimensions and capacities of different parts of the ali-
nmentary canal in the domestic animals. They offer confirmation of the
statement already made that the functional activity of the stomach and
digestive tube being in inverse ratio, in those herbivora with capacious,
complex stomachs the intestinal tube will always be less developed than
in the monogastric herbivora, where the 7dle of the stomach in digestion
is secondary to that of the intestine.
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LENGTH OF DIFFERENT PORTIONS OF THE INTESTINE COMPARED WITH THAT

oF THE Boby.

é S
£ = K] §§:° L
' z ¢ | gg | £3E¢
ANIMAL. Parts of Intestine. £ =2 23 | 28 'i“ 2
g g | B2 | £2 |oFed
g2 | & | & |
Small intestine, 0.75 | 2244 | 16.00 | 31.60
Cecum, 0.04 1.00 0.81 1.28 1:12
Horse, . Fixed colon, 0.11 3.39 2.91 4.00 p
Floating colon, . 0.10 3.08 2.35 3.44
Total length, . 1.00 | 29.91 22,07 | 40.32
Small intestine, 0.67 | 12.00
Cecum, 3 0.06 1.02 1:11
Ass, Fixed colon, 0.17 3.00 :
Floating colon, 0.10 .85
Total length, . 1.00 | 17.87
Small intestine, 0.70 | 18.56
Cecum, : 0.05 1.21 1:11
Mule, Fixed colon, 0.13 3.50 X
Floating colon, 012 3.23
Total length, . i 26.50
Small intestine, 0.81 | 46.00 | 41.00 | 51.00
Ox Czcum, . 0.02 0.88 0.78 1.00 | 1:20
: Colon, . S 0.17 10.18 9.25 11.00
Total length, . 1.00 | 57.06 | 51.03 | 63.00
Small intestine, 0.63 | 31.20
Ceecum, . 0.01 0.40 1:15
Dromedary, . | Colon, . . . 036 | 17.72
Total length, . 1.00 | 49.32
%ma,ll intestine, 0.80 | 26.20 | 1532 | 33.00
@cum, . 0.01 0.36 0.21 045 | 1:27
Peoopaed Bonb | oplon t . 019 | 617 | 410 | ‘849
Total length, . 1.00 | 32.73 19.63 41.94
Small intestine, 0.78 18.29 14.79 | 20.14
Ho Cecum, . 0.01 0.23 0.20 0.25 1:14
& Colon, . . 021 | 499 | 432 | 555
Total length, . 1.00 | 23.51 19.31 25.94
Small intestine, 0.85 4.14 2.00 6.10
Do Cecum, . 0.02 0.08 0.03 0.16 1506
& Colon, . ] 013 | 060 | 023 | 105
Tota) length, . 1.00 4.82 2.26 3
; Small intestine, 0.83 1.72 1.27 1.94
Cat, Large intestine, 0.17 0.35 0.30 040 | 1: 4
Total length, . 100 | 207 | 157 | 234
(Sjmall intestine, 0.61 3.56 3.30 3.90
. . @cum, . 0.11 0.61 0.50 0.76 1:10
PP, )0 Gl . 028 | 165 | 141 | 185
Total length, . 100 | 582 | 521 | i 651
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ABSOLUTE AND RELATIVE CAPACITY OF THE STOMACH AND INTESTINE OF
THE DOMESTIC ANIMALS.

ANTIMAL. Parts of Intestine. Ratio, 1\{?:";;? %“Eltmr'é's“ lglaiiiﬁ_‘e}?
Stomach, 0.085 17.96 10.00 37.50
Small mtestme 0.302 63.82 38.30 105.00
g Ceecum, 0.159 33.54 16.20 68.00
g Fixed colon, 0.384 81.25 55.00 128.00
Floating colon and rectum, | 0.070 14.77 10.00 19.00
Total capacity, . 1.000 | 211.34 129.50 | 357.50
Stomach, - 0.097 10.00
Small intestine, 0.229 24.00
Cxcum, 0.201 21.00
Ass,. Fixed colon, 0.397 41.50
Floating colon and rectum 0.076 8.00
Total capacity, . 1.000 104.50
Stomach, . 3 0.708 252.50 215.00 290.00
Small intestine, 0.185 66.00 56.00 76.00
Ox Cacum, 0.028 9.90 8.80 11.00
i Colon and rectum 0.079 28.00 26.00 30.00
Total capacity, . 1.000 356.40 305.80 407.00
Stomach, 0.810 245.00
Small mtestlne, 0.131 39.50
D A Cmcum, 0.011 3.40
bt Colon, £ 0.048 | 1460
Total capacity, . 1.000 | 302.50
Rumen, 0.529 23.40
Reticulum, 0.045 2.00
Manyplies, 0.020 0.90
Abomasum, 0.075 3.30
Sheep and Goat, |Small intestine, 0.204 9.00
Caxcum, 0.023 1.00
Colon and rectum 0.104 4.60
Total capacity, . 1.000 44.20
Stomach, 0.292 8.00 7.50 8.50
Small mteﬂtme 0.335 9.20 8.60 9.80
Hog, Czcum, 0.056 1.50 1.50 1.60
Colon and rectum 0.317 .70 6.10 11.30
Total capacity, . 1.000 27.45 23.70 31.20
Stomach, 0695 | 0341 | 0287 | 0.378
Small mte%tme 0.146 0.114 0.095 0.127
Cat, . Large intestine, 0.159 0.124 0.118 0.130-
Total capacity, . 1.000 0.579 0.500 0.635
Stomach, 5 0.623 4.33 0.65 8.00
Small intestine, 0.233 1.62 0.25 3.00
Dog, Czcum, 0.013 0.09 0.01 0.20
Colon and rectum 0.131 0.91 0.07 2.20
Total capacity, . 1.000 6.95 0.98 13.40

15
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COMPARISON OF THE (IASTRO-INTESTINAL MucCoUs SURFACES WITH THAT OF

THE SKIN.
' : Ratio .
Ratio
5 Total : between
Partial Ski bet
5 . Mucous | 30088 surtace| YCOUS | icn and
NID . T s x 5
B3 S P gl R =
Meters. | pIU87e | Meters. e Mucous
e s Intestine,| Surfaces.
Stomach, . : . : 0.40
Small intestine, ? ; 4.39
Horse, . | Cecum, . . . 3 1.50 1495 ( 550 |1:2987| 1:218
Fixed colon, . 3 . 4.29
Floating colon, . : . 1.37
Rumen, . N ; . 2.00
Reticulum, . 0 . 0.43
Manyplies, : 3 . 5.56
Ox, . . | Abomasum, . . 5 1.18 17.23 | 580 {1:761 1:297
Small intestine, : o 5.60
Cecum, . 3 . . 0.46
Colon, r . . . 2.00
Stomach, . ; . . 0.19
Small intestine, 3 . 1.66 .
Hog, . B e ) ¥ : 011 2.81 1:13.22
Colon, . ) o . 0.83
Stomach, . . L= 8.12 !
Small intestine, . . 132 ) i
Dog, . SRl e — ) i : 0.005 052 | 0.88 |1:3.36| 1:059
Colon, . : . o 0.06
Stomach, . . 0.02
Cat, . . | Small intestine, 0.07 012 021 |1:415| 1:058
Large intestine, 0.02

II. PREHENSION OF FOOD.

1. PREHENSION OF SoLIDS.—By the term prehension of food is meant
the different methods employed by animals in seizing their food and
conveying it to the oral aperture of their alimentary canal. Many aquatic
animals, whose food consists of small particles diffused through water,
are supplied with an apparatus for producing currents so.as to bring
such substances within their reach. This is especially true in the ecase
of fixed forms of life which are unable to go in search of their food.
Thus, the sponge and sea-mat, and various other of the lower forms of
life, obtain their nourishment by the production of currents in the water
through the vibration of cilia lining or surrounding the opening of their
alimentary canal. In infusoria, also, we find similar arrangements,
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either in the form of cilia or even in tentacles. In the lowly-organized
rhizopods and amcebz, their soft, jelly-like body is simply applied to
the food, which then and there enters their body substance. The most
marked illustration of the mode of seizing food by means of prehensile
tentacles is found in the case of the hydra or polyp,—small organisms
whose bodies are not usually longer than one centimeter, and which, as
already described, are supplied with a single body cavity, around the
single opening of which are long, slender, retractile tentacles, themselves
often provided with cilia, and which are capable of grasping small sub-
stances which may serve as their food and conveying them to their
digestive sac; the adhesive power of these tentacles is increased by a
number of minute spiral filaments, the so-called “urticating cysts,”
which by some observers are supposed to be offensive weapons, and are
used to paralyze the small organisms that serve as their food. The jelly-
fish farnishes another example of a similar method of seizing food.
These prehensile tentacles may be few and simple, as in the hydra; very
numerous, as in the sea-anemone; and often of gr eat length and irregular
form, as in the medusz.

Bn alve mollusks, like the oyster and the clam,employ the vibration
of cilia for creating currents to bring the nutritive matters suspended in
water within their reach. When the food is solid permanent prehensile
organs are usually present, though they may be extemporized, as in the
case of the amwba, where any portion of the body surface which is
accidentally in contact with food may serve as a prehensile organ to
draw matter into the interior of its body. In a higher stage of develop-
ment we find that tentacles are absent, but that their function is assumed
by flexible portions of their body, commonly called arms, which are
provided with a number of minute adhesive organs, which serve to seize
their food, and whose flexibility enables them to convey it to their oral
aperture. This form of prehension of food is seen in the star-fish. In
the sea-urchin a considerable advance is seen in the method of prehension
of food. The mouth itself is there the prehensive organ, and is provided
with five sharp teeth, each standing in a single jaw, and capable of being
projected so as to seize as well as masticate the prey. Univalve mollusks,
such as the snail, have again another organ, the tongue serving as an
organ of prehension. In this case the tongue is long and covered with
minute recurved teeth or spines, by which the food is seized and drawn
into the mouth, the upper part of which is armed with a sharp, horny
plate. In the cuttle fish, again, the organs of prehension of food have
advanced still further in thelr development. The tongue is still present
as a prehensile organ ; the jaws, represented by a pair of hard mandibles
like the beak of the parrot, and working vertically; and in addition to
these several powerful prehensile tentacles, provided with powerful
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suckers, or adhesive organs, which serve to grasp its food and to bring
it within the mouth.

In the articulates, in addition to the suctorial contrivance already
mentioned, innumerable modifications of the mouth are seen, that being
the organ which in this group constitutes the main prehensile organ, its
modifications corresponding to the character of the food; thus, the earth-
worm has a muscular upper lip, by which it secures the earth which con-
tains its food, and which serves.to bring it within the mouth. In other
worms, again, the gullet is so constructed that it can be turned inside
out to form a proboscis for seizing prey. In such instances it is nearly
invariably supplied with horny teeth. Millipedes and caterpillars have
powerful horny jaws, working horizontally, while the centipedes have a
second pair, which are really modified feet, terminating in curved fangs
containing a poison-duct. In the crab, the legs and feet serve not only
for progression, but also for the mastication of food, as is also the case
in the lobster, where the seventh pair of feet are enormously developed
and furnished with powerful, crushing pinchers, those on one side of the
body being smooth, the other knobbed. Scorpions have, again, a small
pair of claws for prehension of food, and a smaller pair of forceps for
holding the food in contact with the mouth. In the spider the claws are
wanting, and the forceps ends in a fang or hook, which is perforated to
convey venom. Biting insects, such as the beetle, have distinct buceal
appendages, consisting of two pairs of horny jaws, which open one above,
the other below, the oral aperture; the upper are called mandibles or
pinchers, the lower the maxillee, which support the palpi. The former
are armed with sharp teeth. The maxillze are similar, but smaller, and in
some insects have appendages which are called palpi or feelers, which not
only select but hold the food steady while it is crushed by the mandibles
and maxillze. Such appendages represent a free pair of jaws. All
invertebrates move their jaws horizontally.

In all vertebrates the jaws ‘move vertically, and are in many instances
the main or sole organ for the prehension of food. In fishes the jaws are
always prehensile and often provided with teeth, which, being sharp and
curved inward, are prehensile organs; where teeth are absent, as in the
sturgeon, the food is drawn in by suction. The lLog-fish has a single
tooth, which it plunges into its prey and then bores a hole with its saw-
like tongue. The fins or tongues of fish are not prehensile.

In reptiles the jaws, teeth, or tongues may serve as prehensile organs,
while in reptiles prehensile lips are never present. Thus, the turtle has
a mouth provided with horny jaws, the crocodile sharp, curved teeth,and
the frog, toad, and chameleon, glutinous tongues for seizing their food.
In chelonians the jaws are horny, and are supplied with small teeth in
ophidians ; in the larger saurians the teeth are powerful, while they are
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delicate and complex in' the insectivorous species. Serpents crush their
prey in their coils before swallowing it.

All birds use their toothless beaks in procuring food. Birds of prey
also seize with their claws, while certain birds, such as parrots and wood-
peckers, also employ their beaks as prehensile organs. The bealk in birds
varies in shape according to their food. Thus, it is short and strong in
graniverous birds; long and slender in insectivorous birds. In birds
which eatch their prey on the wing, as the swallows, it is short and
gaping ; strong and curved in birds of prey which tear their food ; long,
coniecal, and of great strength in borers, as in the woodpecker ; short and
curved in the parrot tribe to enable them to crush nuts; delicate and
tapering in humming-birds to allow them to penetrate the corollas of
flowers ; long, strong, and pointed in most fish-eaters, as the heron, storl,
and king-fisher ; shovel-shaped in many aquatic birds, such as the duck
and goose; or it may be fashioned to hold fish, as in the pelican, albatross,
penguins, ete. In the cross-bills the mandibles when closed overlap,—
a conformation which enables them to extract the seeds from fir-cones.
Finally,in the young pigeon, which feeds by placing its bill in the mouth
of the mother-bird, the lower mandible is elongated and boat-shaped, and
of greater size than the upper. Hence, it acts as a spoon, and becomes
relatively smaller as the pigeon grows. In parrots and woodpeckers the
tongue is also prehensile.

The tongue in birds and reptiles, besides being the seat of the sense
of taste and an organ of deglutition, is often the sole organ for the pre-
hension of food, the mechanisms concerned in this operation, that is, the
extension and retraction of the tongue, differing in birds, reptiles, and
mammals. In birds the forward and backward movements of the tongue
depend upon the muscles which move the hyoid bone. The horns of this
bone in birds are arched and extend up behind the occiput, and give
attachment to a muscle which is wrapped around them, and is then in-
serted in the inferior and posterior surfaces of the rami of the lower jaw.
This muscle, which is termed the conic muscle of the hyoid bone (Vicq
d’Azyr), by its contraction advances the tongue by bending the arches
of the hyoid bone, at the same time drawing them forward. Retraction
of the tongue is accomplished by the recoil of the elasticity of the
hyoid arches, when these muscles relax, aided by the serpo-hyoid muscles
(Duvernoy). These arches are much larger in the woodpeckers than in
other birds. ;

The mechanism of movement of the tongue in reptiles is much more -
complicated, and differs somewhat in the four orders of this class., In
general it may be said the movements of the tongue in reptiles depend
on the two principal means employed separately in birds and mammals;
that is, the intrinsic muscles of the tongue and the hyoid muscles.
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In the chelonians the hyoid cartilage is of variable shape, but in the
main resembles somewhat the hyoid bone of the bird,and is moved by a
somewhat similar mechanism, excepting that the conic-hyoid muscles are
not wrapped around the hyoid arches. The tongue in this species is
muscular and glandular, but not extensible.

In the saurians (especially in the crocodiles) the tongue resembles
that of the chelonians in its slight degree of mobility, and the hyoid
bone has a somewhat similar shape. In some saurians the tongue is
glandular, in others very muscular and quite extensible.

Most of the ophidians have the tongue hidden in a sac, non-glandu-
lar, and composed of the union of two muscular cylinders which become
separate at the tip, forming the well-known fdrked tongue of serpents.
The tongue is proportionately long and extends some distance down
beneath the trachea. The posterior extremity of the sac terminates in
two cartilaginous plates, which unite anteriorly and constitute the hyoid
arch. By means of muscles which originate from the lower jaw and first
ribs, and which are inserted in the hyoid arch, the tongue is extruded
from the mouth. '

The tongue of the batrachians, with the exception of the salamanders,
differs greatly from that of other reptiles. Its anterior extremity is
convex and is fixed to the arch of the chin, while its posterior extremity
is free. To be extended from the mouth it must be reversed, and it is
the posterior tip which is extruded, while it is withdrawn by a reversal
of this motion. These movements are accomplished by the contraction
of the genio-glossus and hyo-glossus muscles,—the only ones which have
any connection with the tongue.

In quadrupeds, although in some cases we find a special contrivance
for the seizing of food, as in the trunk of the elephant, the snout of the
tapir, the long tongue of the giraffe, and the extensible, viscid tongue
of the ant-eater, the teeth are the chief organs of prehension, aided by
the lips and, in some cases, the tongue. Such animals as may stand
erect on their hind legs, as the squirrel, bear, and kangaroo, use their
fore legs for holding food and bringing it to the mouth, but never use
one of them alone. Clawed animals make use of their feet in securing
prey, but the food is conveyed to the mouth by movements of the head
and jaws. In the rhinoceros the upper lip is prolonged into a finger-like
point, which in these animals, as well as in the dromedary, is the prin-
cipal organ of prehension of food.

In man and monkeys the distinguishing prehensile organs are
found in the hand,and we find that the first office that the hand instinect-
ively performs in both species is to carry food to the mouth. ’

Therefore, according to the mode of life for which an animal has
been formed, we observe a variety in the arrangement of parts destined to
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gather food. In the higher animals we find prehensile organs represented
in lower animals by special organs which in different species form a
single type of prehensile organ. Thus: in lower forms of life we have
tentacles, or the lip may serve as the chief organ of prehension, or the
tongue or the jaws; while in the higher mammals we find all these
organs together serving the purpose of conveying food to the mouth.

In the latter, which are of the same prehensile type as man, the
radius and ulna are isolated and movable, one on the other, and there
are distinct fingers, nails, or claws, as in monkeys, carnivora, and most
rodents. In all animals which use the fore limbs as prehensile organs,
this ceparation of/the radius and ulna is invariably to be found. In
the large mammals the anterior limbs are only for support, and such
animals are ysually herbivorous. In them the radius constitutes the
principal bone of the forearm,while the ulna is very small and almost
always fused with the radius ; so no motion between the two is possible.
There are, however, numerous exceptions to this, and in animals where
it would be least expected. For instance: in the elephant the volume of
the ulna is superior fo that of the radius, and its carpal extremity is
greater than that of the radius, and both are distinct. This also is the
case in the rhinoceros; but in both these animals the motions of pro-
nation and supination are impossible. Most of the herbivora have a
forearm terminating in one or two single fingers or phalanges surrounded
by a hoof, and in these the radius constitutes the main or sole bone of
the fore extremity. The development of the ulna and the fingers are in
direct ratio.

In the domestic animals the prehension of food is accomplished by
different organs, which have different degrees of usefulness and develop-
ment in different types. In the dog and cat the fore limbs have inde-
pendent radii and ulne, a certain amount of pronation and supination is
possible, and they indicate, to a certain extent, the prehensile power of
the hand as seen in man and monkeys. Where, as in the herbivorous
quadrupeds, the fore limbs are destined solely for support and progression,
a long neck and peculiarly shaped head favor the use of the tongue, lips,
and teeth, which in these animals are the sole prehensile organs. The
tongue and lips are supplied with muscular tissue : hence the power of
motion.

In the horse the upper lip is the principal organ of prehension.
This organ is supplied with circular muscular fibres, as well as ele-
vator and depressor muscles, the elevator being especially efficient in
curling and elevating the upper lip so as to grasp food. The elevator
of the upper lip terminates in a broad Y-shaped tendon, which is inserted
in the free part of the upper lip (Fig. 81). The tongue has extrinsic
and intrinsic muscles, which favor its protrusion and enable it to grasp
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the food and draw it within the mouth. The extrinsic muscles are
connected with the hyoid bone and chin, and render possible the pro-
trusion and retraction of the tongue; the intrinsic muscles permit of

F1G6. 81.—AFTER GAMGEE AND CHAUVEAU,

1 and 2, zuricular muscles; 3, scutiform cartilage; 4, external scuto-asuricular muscle; A A, aurie-
alar branches of first pair of cervical nerves; B B, anterior auricular nerves; C, terminal fibres of the
supraorbital nerve; D, superficial branch of the lachrymal nerve; Y, tendon of muscle to elevate upper
lip; Z, naso-transversalis muscle.
the change of shape of the tongue required in mastication and deglu-
tition. The tongue is, further, covered with a mucous membrane, on

the dorsal surface of which are numerous more or less horny papille,
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which in the cat tribe acquire especial hardness. The arrangement
of these papille is characteristic of the different animals. Four kinds
. of papille have been recognized,—the filiform, or thread-like; the
mushroom-shape, or fungiform; the conieal; and the so-called circum-
vallate papillee, which are in shape similar to the fungiform papillse,

F1G. 82—ToNGUE oF HORSE. (Gamgee.) F1a. 83.—TONGUE oF OX. (Gamgee.)

but which are surrounded by a circular groove. By the distribution
of these papille the tongue of the horse can readily be distinguished
from that of the ox,—a point of some consequence, since horses’ tongues
are sometimes sold in the market as beef-tongues. The tongue of the
horse is long, with a well-marked middle depression, or raphé, with a
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broad, flattened spatula-shaped tip. At either side of the middle line
toward the root of the tongue is a very large compound circumvallate
papilla (Figs. 82 and 83). In the ox the tongue is pointed, thicker, and

F1G, 84—THE  PARROT-MOUTH "' MALFORMATION OF THE HORSE'S MOUTH. (Gamgee.)

deeper, and with two diverging rows of papille, each containing from
eleven to thirteen papillze, at the base of the tongue.

In the horse the sensitive and mobile upper lip is the main organ in
the collection of food. The nose, aided by the sense of touch, serves to
indicate the substances suitable for food; the upper lip serves to carry the
food between the incisor teeth, so that it may be firmly held, while by an

' active jerk an‘d twisting motion of the
head the grass is cut, hay pulled from
the rick, or branches severed. In stall-
fed animals loose food is taken from
the manger by the lips, aided by the
tongue. If the incisor teeth are badly
formed, as in the projection of the upper
incisor teeth over the lower, as in the
malformation termed * parrot-mouth,”
grazing will be prevented (Fig. 84). So
also swelling of the gums or of the
palate, as in dentition, may act as a
mechanical impediment to the action of
the incisor teeth and prevent grazing

F16. 85.~PREHENSILE EXTREMITY OF X
THE JAWS OF THE HORSE. (Colm.) (Fig. 85). The position assumed by

the grazing horse is characteristic. The fore legs are separated, one
fore leg usually being advanced, or may be flexed, since the neck is not
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long enough to reach the ground: the lips then carry the grass between
the teeth. A horse cannot live on very bare pasture, since the grass must
be long enough to be grasped by his prehensile upper lip; and he there-
fore cannot enter into competition with close-biting animals, such as
sheep, since they will deprive a field of the best and youngest plants as
fast as they come through the ground.

In the ox the tongue is the main organ of prehension of food, since
the upper lip is short, has but slight power of motion, and is blended
with the cartilaginous, solid muzzle, which is covered by a thick, secret-
ing membrane. The tongue of the ox is, however, provided with great
mobile power; it may project far from the mouth, and, curving like a
sickle, the animal may seize and draw food into the mouth. It is rough;
pointed, covered with recurved,sharply-pointed papille so as to strengthen
its grasp on’bodies with which it comes in contact. In grazing, the
tongue is protruded, curved around the grass, which is thus drawn into
the mouth and then cut by the pressure of the lower chisel-like incisors
against the elastic pad which occupies the position of the upper incisors.
The ox also is unable to feed on very short grass.

In the sheep and goat the upper lip has a certain degree of mobile
power, more than that possessed by the ox, but not as great as that of
the horse. It, however, is unable to grasp food, and merely aids the
incisors and tongue in grazing. The tongue is also more freely mova-
ble than in the horse, and the combination of the mobile lip and prehen-
sile tongue enables it to feed close to the ground. Here also the upper
incisors are absent, and grass is cut by the pressure of the lower incisors
against the cartilaginous elastic pad of the upper jaw.

The pig in its native state feeds by rooting out plants, roots, and
nuts from the ground, and is provided with a strong and mobile snout,
having a bony and eartilaginous basis, and moved by powerful muscles.
It acts like a spade in digging up the ground, while the lower lip is short
and pointed, and is enabled to gather food loosened by the digging action
of the snout. The passing of a ring through the snout of'a hog entirely
destroys its natural methods of collecting food, and animals so treated
are dependent upon artificial feeding, and if left to their own efforts
would starve. Pigs are omnivorous, but yet their incisor teeth are so
shaped as to prevent them from grazing.

Carnivorous animals, such as the dog and cat, feeding principally on
meat and animal matters, fix their food with the forelegs, grasp it between
their powerful jaws, using here mainly the canine teeth, and lacerate it
by a backward jerk of the head. They are biting animals, and as a con-
sequence their cheeks are loose and ample, their mouths open widely,
and their teeth are pointed and curved back. The lower jaw only is used,
and it is said that when the lower jaw is fixed carnivorous animals,
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with the single doubtful exception of the dog, are unable to close
the mouth.

2. PreuexsioNn oF Liquips.—In the lower forms. of animal life pre-
hension of liquid is accomplished by absorption through the general
external body surface, and in many cases, as, for instance, in the tape-
worm, where neither mouth nor stomach are present, the fluids so
absorbed carry also the nutritive matters in solution into its interior.
Many other animals which live on liquid food are provided with special
organs for absorption; thus, in the leech there is a mouth or sucker,
provided with minute teeth for piercing the skin of other animals, while
in the mosquito there is a sharp, bristle-like tube for piercing the skin,
and in the louse there is a sharp sucker, armed with barbs to fix it
securely during the act of sucking. In certain insects which live on
viscid or fluid food, as the butterflies and moths, the mandibular append-
ages are modified from their usual form described in' the preceding
section, and take on the form of along, spiral tube, the proboscis, which
can be unfolded and protruded into flowers. A sucking proboscis also
is found in many flies and gnats. In fleas and bugs the mandibles are
penetrating and suctorial. In the higher animals no special prehensile
organs for the absorption of liquids are present, it being accomplished
by means of the apparatus already described for the prehension of
solids. Four methods for the preliension of liquids have, however, been
described by Colin:— .

a. Suction, as in the drawing of milk by young animals.

b. Pumping, by the immersion of the lips and the piston-like action
of the tongue within the mouth, on the principle of the common pump.

c. Aspiration, where the vacuum is produced by an inspiratory
movement, as well as by the motion of the tongue.

d. By lapping or ladling the fluid by the tongue inta the mouth.

a. Suction.—In suckling, the teat is grasped by the lips, or, it may
be, even by the teeth, and the mouth closed around it. The tongue is
then pressed against the teat and withdrawn into the mouth, producing a
vacuum, and from the atmospheric pressure on the exterior of the breast
the milk then enters the mouth. There is, therefore, no danger of milk
entering the windpipe, since inspiration is not at all concerned in the
process of suckling; hence, aquatic animals, like the cetaceans, may
suckle under water. In solipedes and ruminants, during suckling, the
tip of the tongue is often fixed between the teeth and the nipple; the
vacuum is then made by the reduction in volume of the anterior part of
the tongue, while the base becomes applied to the roof of the mouth.

During the act of suckling, the sterno-thyroid and the sterno-, omo-,
and thyro-hyoid muscles contract together, and so depress the larynx
and hyoid bone, while at the same time the hyoid bone is advanced by
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the contraction of the genio-hyoid muscle, the root of the tongue being,
therefore, likewise depressed and drawn forward. At the same time
the genio-glossi muscles, contracting with their antagonists, the hyo-
glossi, have the effect of drawing the body of the tongue directly back-
ward, while the organ itself becomes flattened. The cheek-muscles are
entirely inactive in the act of suckling.

b. Pumping.—The process of drinking by means of pumping with
the tongue is employed by the horse and ruminants and most herbivora.
The lips are immersed below the surface of the water, which seldom or
never rises above the level of the nose; a small space is opened between
the lips, and the ‘tongue is withdrawn in the mouth by a mechanism
similar to that employed in suckling ; the tongue thus acting as a piston,
the pressure of the atmosphere on the water without serves to force it
into the mouth, and it is then carried by a motion of deglutition to the
pharynx and gullet.

That drinking in the horse is not due to the production of a vacuum
in the mouth by inspiration has been proved by performing tracheotomy
on a horse, when, of course, the production of a vacuum by inspiration
would be impossible, and yet it was found that this operation did not in-
terfere with suction and drinking. - So also a case has been reported of a
horse who was unable to drink, in whom, on examination, it was found
that a second molar tooth of the upper jaw had been lost, and a fistulous
tract led through to the nasal cavity. The tongue, therefore, was unable
to produce a vacuum, even when the nose was immersed below the surface
of the water, from the large nasal chambers and pharynx being in direct
communication through the fistula with the fore part of the mouth. Here
evidently was sufficient proof of the fact that drinking in these animals
was not due to any inspiratory effort. In the case reported, plugging the
fistula served to restore the power of drinking. Even without this proof,
however, the anatomical relation between the mouth and pharynx in the
horse is suflicient to show that in these animals breathing cannot occur
through the mouth in drinking, or in any other natural action of the or-
gans situated in the oral chamber; for. the soft palate forms a complete
partition between the mouth and the throat, and can only be elevated to
allow the passage of fluid or solids backward by compression, such as
that which occurs in swallowing.

c. Aspiration.—In this method of drinking the vacuum is produced
by the respiratory apparatus; the mouth, then,is not entirely closed, and
air is also drawn in, the water and air together causing a rushing sound,
the palate is raised, and both the air and water enter the pharynx,
the water being swallowed with a part of the air. This method of
drinking is jerky, since ¥t must be interrupted for respiration, as the
nose may be immersed in water; and although it has been said to occur
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in the pig, and often has been noticed in the horse, there is considerable
reason for doubting that this is ever a normal method for the prehension’
of liquids.

d. Lapping.—This method of the prehension of liquids is seen in
the carnivora, as in the dog and cat; since their mouths are relatively
much larger than the herbivora, they cannot be immersed in water up to’
the commissure of the lips without also immersing the nose. Such ani-
mals, therefore, spoon up water with the tongue, like taking water to the
mouth with the hand. The tongue is protruded, its tip rendered cup-
shaped by the action of its intrinsic muscles, and a small amount of
water lifted up and carried by the repeated protrusion and retraction of
the tongue to the mouth. The process is a very slow one, and is seen’
only in carnivora.

Various other animals have different modes for the prehension
of liquids. Thus, in the elephant the trunk is a combined force-pump
and suction-pump. The trunk being immersed in water, by inspiratory
efforts it is filled with fluid; the tip is then directed toward the mouth
and the water is forced through it into the mounth. Birds drink by
filling their lower beak with water, elevating their heads and allowing the
water to flow back into their pharynx without the production of any
motion of deglutition. The single exception to this manner of drinking
seen in the birds is in the case of doves and pigeons.

ITI. MASTICATION.

The term mastication is given to the purely mechanical operations by
which the alimentary matters, through the action of jaws furnished with
teeth, are comminuted in the mouth, and is, in most animals, a necessary
preparation for the submission of food to the action of the gastric juice.
Its importance and completeness differ in different animals, depending
upon the nature of their food. Animals, such as the carnivora, which
féed on readily digestible matters, do not need this preliminary prepara-
tion, and as a consequence the food of carnivora is swallowed in bulk
without having been subjected to any, or, at best, to but slight division
in the mouth. This applies also to all animals which feed on liquid or
soft foods, where a masticatory apparatus is not needed. All animals
which feed on grain and other vegetable matters require the process of
mastication to render the food susceptible to the action of the digestive
juices ; for, as we have found in these animals, the food-constituents are
inclosed in unyielding envelopes which resist the action of the digestive
juices. To enable the nutritive matter to be released from these sub-
stances, such foods require mechanical subdivision before they can prove
of nutritive value. N '
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In the bird, which /is not supplied with a masticatory apparatus as
ordinarily understood,—that is, in whom mastication does not occur in
the mouth,—we have a supplementary organ, the gizzard, which serves the
same purpose in comminuting the food. In these animals, therefore, the
operation of mastication is performed in the abdominal organs and is
involuntary. Voluntary mastication performed in the mouth only occurs
in mammals, and is seen in its typical form in the herbivora,in a less per-
fect degree in the carnivora, while the omnivora occupy a mean between
the two. .

Mastication is a complex act, and requires the action of active and
passive organs; that is, the muscles of mastication, the jaws and teeth,
while it is aided by the tongue, lips, and cheek. In all vertebrates the
jaws move vertically, the nature and degree of the movement varying
with the nature of the food. In the carnivora the lower jaw is alone
usually movable, and its extent of motion is very much greater than in
the herbivora. The lower jaw is moved by five muscles on each side, the
temporal, the masseters, the two pterygoids, and digastric muscleés, while
in the solipedes the stylo-maxillary muscle constitutes an auxiliary
musecle of mastication. The action which a muscle exerts is dependent
not only on the bulk of the muscle, but on the angle of insertion of the
muscle in the bone. The more acute the angle, and the nearer the point
of insertion to the articulation, the more extensive will be the excursion
of the movable part in the contraction of the muscle, and the greater
will be its velocity of movement. The more perpendicular the insertion
of the muscle, and the greater the distance between the point of insertion
and the articulation, the greater will be the power developed in the con-
traction of the muscle. The latter is the arrangement which generally
characterizes the muscles of mastication; they are inserted perpendicu-
larly in the lower jaw, and at a considerable distance from the maxillary
articulation. The arrangement of the parts and the motions in mastica-
tion differ in different animals. 7

In the carnivora the articulation of the lower with the upper jaw is
by a transverse condyle fitting into a canal-like groove in the temporal
bone, the canine teeth and molars overlap, and, the lower jaw being nar-
rower than the upper, the only motion therefore possible is a simple up
and down movement (Figs. 86 and 87). &

In herbivora the articulation of the lower with the upper jaw is above
the level of the molar teeth, and permits of a forward, backward, and
lateral, as well as an up and down, motion. Three distinct types of her-
bivora, with reference to their mode of mastication, may be recognized.

First, the rodents, which have only two kinds of teeth, two highly
developed incisors in each jaw ; the canine teeth are absent, while the
molars, which are compound teeth, have a flat crown and transverse rows of
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enamel. The temporal foss® are small, their zygomatic arches are slight,
and the maxillary condyle, instead of being transverse, as in the carnivora,
is antero-posterior, and articulates with the glenoid cavity in the same
direction, the articulating surface in these animals being a sort of
eanal or gutter running from before backward (Figs. 88 and 89). The
arrangement of the articulation
of the upper and lower jaw, as
well as the mode of insertion
of the muscles, favor a backward

Fic. 87.—INFERIOR MAXILLARY 'BONE OF
CARNIVORA—POLAR BEAR. (Béelard.)
F16. 86.—HEAD OF CARNIVORA—DoG. ¢, profile view of articular condyle of lower jaw (condyle of

(Béclurd.) right side) ; ¢/, front view of same condyle.
and forward motion of the lower jaw, which is, therefore, the character-
istic motion of rodents.

Second.—In the ruminants the jaws are long and feeble, the canine
and upper incisor teeth are absent, while the molars are compound teeth
with a flat crown, with the enamel arranged in antero-posterior layers.
The condyle of the lower jaw articulates with a plane or almost convex
glenoid surface of the temporal bone, and this mode of articulation,

F16. 89.—INFERIOR MAXILLARY BONE OF
F1Ga. 88.—HEAD OF RODENT—MARMOT. RODENT—CAPYBARA., (Béclard.)

(Béclard.) b, right articular condyle of lower jaw.

together again with the arrangement of muscles, permits of a rotatory
motion of the lower jaw, which is therefore a characteristic trait in the
mastication of the ruminants (Figs. 90 and 91).

Third.—In the solipedes and pachydermata three kinds of teeth are
present, and both of the above kinds of movement; that is, rotation and
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forward and backward motions are possible, but are not present in as
great a degree in this case as in the two preceding types of herbivora.
These animals, therefore, occupy a mean between the rodents and
ruminants (Fig. 92).

1. Tne MoveEMENTS oF THE JAws,—The mouth is opened by depres-
sion of the lower jaw, which is
effected in all animals by the
digastric muscles, aided, in the
horse, by the stylo-maxillary
muscle, which is in . reality a
short branch of the/former. The
lower jaw is depressed very
largely by gravity; hence, in all
animals we find such a slight
muscular power acting as de-
pressor of the lower jaw as con-
trasted with the large number
of powerful muscles which pro-
duce its elevation. When the
mouth is opened the maxillary
condyle turns on its axis and ., ‘ L
its posterior part, which, when t oy
the jaws are closed, is in con- Fie. 90.~HEAD oF HORNED RUMINANT—OX.
tact, as in the horse, with the S e ]
subcondyloid apophysis, leaves this surface and moves anteriorly.
In carnivorous animals the condyle being fixed in a gutterlike glenoid
cavity, rotation on its axis is the only motion which is noticed.

7
FI1G. 9.—HEAD OF HORNLESS RUMINANT—CAMEL. (Béclard.)

In all animals the finger placed below the zygomatic fossa will

distinguish the forward and backward motion of the coronary process

as the mouth is opened and closed. In carnivora the extent to which
16
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the lower jaw may be depressed is very much greater than in the
herbivora; in the latter, as in the horse, eight to ten centimeters being
the extent of separation of the lower from the upper incisors. The
digastric muscle is comparatively feeble, and would appear to pull the
jaw back, but really it tends to advance it, since it is a lever of the
third class. In the hare, rabbit, and ox the digastric muscle has only one
belly, and in the ox is joined to the same muscle of the opposite side
by transverse muscular fibres; in the dog there is no intermediary
tendon in the digastric muscle. The development of the digastric de-
pends upon the character of the food of animals. In the horse, sheep,
and ox, where it is small, it is a double muscle, and is inserted more
anteriorly in the lower jaw than in carnivorous animals, where it is
large. The conditions, therefore, are most favorable for its action in
herbivora on account of its different insertion. This muscle antagonizes
the temporals, masseters, and pterygoid muscles.

Fi1G. 2.—HEAD oF SOLIPEDE—HORSE. (Béclard.)

The representative of the digastric in the lower vertebrates, as in
reptilia, according to Mr. G. E. Dobson, is a bundle of muscular fibres
arising from the occiput and inserted into the posterior extremity of
the mandibular ramus, its functions being simply those of drawing the
angle of the mandible backward and upward, and sb separating the
jaws in front. This is also its form and function in birds and most
mammals, though in man, monkeys, and rodents the muscle is made up
of two Dbellies with an intermediate tendon, which is often connected
by ligament with the hyoid bone. Mr. Dobson has traced an interesting,
connection between the mode of feeding and the type of the digastric
muscle. In the group of animals in which this muscle is connected
with the hyoid bone, the species swallow their food while in the erect po-
sition, with the head bent forward on the chest and the long axis of the
cavity of the mouth at right angles with the cesophagus; in the other
this muscle is free, and all the species feed while resting on their
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anterior extremities, having the long axis of the mouth in a line with
the wsophagus. Thus, among certain rodents and arboreal insectivora,
which habitually sit erect while feeding, holding their food between their
fore feet, the anterior bellies of the digastrics are large and united, and
the intermediate tendons well developed and connected by fascial bands
with the hyoid “bone, and by their deep surfaces with the mylo-hyeoid
muscles, as in the rat and the common dormouse. In the water-vole
(Arvicola amphibius), however, the digastrics are connected together in
front by fascia alone, and the upper margin only of their middle part
is tendinous, and not connected with the hyoid bone. These animals
live on vegetable substances obtained while swimming, and habitually
hold the head stretched out in a line with the body.

The mouth is -closed by elevation of the lower jaw, and is the
reversal of the previous motion. Here powerful muscular action is re-
quired, since in the closure of the jaws,in many cases, great force is
needed. It is accomplished by the temporals, the masseter, and ptery-
goid muscles. In carnivora the temporal is the principal elevator of the
lower jaw. Its volume is proportionately enormous, the temporal fosss
occupying the entire surface of the parietal bones back to the oceipital .
spine. In herbivora and rodents the masseter muscles are the most
highly developed; their origin being from the zygomatic arch and a
portion of the superior maxillary bone, and being inserted in the lower
jaw, in the solipedes on both faces of the coronoid processes, as far
back as the last molars. DBoth of these museles act as levers of the
third class, as is very evident in the rabbit, where the coronoid processes
are much lower than the articulation of the lower and upper jaw. In
the carnivora, the coronoid processes being separated by a considerable
space from the condyle, the conditions are most favorable for the action
of the temporal muscle. From the oblique direction of its fibres it tends
to produce drawing back of the lower jaw, where, as in the herbivora,
this is possible.

The masseter muscle is developed in inverse proportion to the tem-
poral. It is, therefore, the principal elevator of the jaw in the herbivora
and in the rodents. It rises from the zygomatic spine in solipedes, the
maxillary tubercle in ruminants, to be inserted in the lower jaw. It is
also a lever of the third class; its fibres are directed backward and
downward in the herbivora, and it may serve, therefore, as in the rodents,
to assist in the forward motion of the lower jaw ; its greatest power is de-
veloped when the resistance to the elevation of the lower jaw is between
the molar teeth, while its origin, being on a plane external to its insertion
in the lower jaw,as in the horse and rabbit, it may aid in lateral motion
of the jaw in animals where this motion is not rendered impossible by
the mode of articulation of the jaws, or by the overlapping of the teeth.
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The pterygoid muscles, especially the internal, which is usually the
largest, are also elevators of the lower jaw, and are most developed in
herbivorous animals; they are also levers of the third class, and are, to
a certain extent, concerned in the production of lateral and antero-
posterior motion of the lower jaw in animals where these motions are
possible.  Propulsion of the lower jaw, or antero-posterior motion, is
most marked in the rodents, although it is also present to a less degree
in solipedes and ruminants, but is impossible in carnivora on account of
the shape of the articulation of the jaws. In this motion the maxillary
condyles slide forward on the glenoid fosse of the temporal bone in ani-
mals where there may be a subcondyloid apophysis posteriorly and no
restricting surface anteriorly. This motion is quite marked in the pig,
which has a triangular condyle, but attains its maximum development in
the rodent. This motion is accomplished by means of the masseter
muscle, aided by the external pterygoids; for in the rodents, and in a less
degree in ruminants, the origin of the most posterior fibres of the mas-
seter muscle are in advance of their insertion in the lower jaw. This
obliquity in direction of the masseter fibres, in contraction of this muscle,
therefore serves to move the jaw forward.

The retraction of the lower jaw, which of course occurs only in ani-
mals in which forward motion is possible, is accomplished by means of
the temporal muscle, the digastric being not concerned in the process,
since backward motion of the jaws only occurs in closing the mouth,
while the digastric in its contraction opens the mouth and even tends to
advance the lower jaw somewhat.

Lateral movement of the lower jaws is more or less pronounced in
all herbivora, but is most marked in the ruminants ; it never occurs in
the carnivora, as already explained, on account of the shape of the con-
dyles and overlapping molars, and the crossing of the canine teeth. The '
lateral motion of the lower jaw is not a simple. lateral displacement
parallel to the axis of the lower jaw; that is, it is not equal at both ex-
tremities of the jaw, but is an angular deviation very marked at the in-
cisor teeth, and is a rotation of the lower jaw around one condyle of tle
inferior maxillary bone, the incisor teeth describing an arc of a circle,
whose centre is one condyle, which thus moves very little, while the oppo-
site condyle advances and partly leaves the articular surface, as may be
determined by placing the finger in the temporal fossa, when the coronoid
process on the side opposite to that toward which rotation is taking place
may be felt to move forward. In this lateral motion of the lower jaw
the axes of the molar teeth cease to be parallel, the incisor arch passing
one-third to one-half its extent to one side of the upper arch or pad
which represents it in the ruminants ; the molar teeth of the upper and
lower jaw are in contact on the side toward which rotation is occurring,
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while they cease to correspond on the opposite side. It is, therefore, to
a certain extent, a circular motion, in which the axis of the lower jaw
crosses that of the upper. A further peculiarity of this lateral motion
of the lower jaw is that it is alternative; that is, there is not a deviation
first to the right and then to the left, but if the motion is first a deviation
to the right in the process of mastication it returns again to its central
position and again rotates to the right. This may occur for half an hour
or more in solipedes, and in ruminants in both first mastication and in rumi-
nation ; then the motion may be reversed, and may occur as a left lateral
deviation for a similar length of time. The camel is the only animal
which furnishes an exception to this method of mastication. In it the
lateral motion is alternative; the deviation oceurring first to the right
and then to the left of the central position. In solipedes this motion is
apparently not as marked as in the ruminants, but this difference is
merely apparent, it being to a certain extent concealed by the long lips
of these animals. It is, therefore, more evident but not actually greater
in the ruminants than in solipedes. Lateral motion of the lower jaw is
produced by alternate contractions of the pterygoids, especially the in-
ternal, the external being very small in ruminants, and by the masseters ;
when the deviation oceurs to the right the motion is produced by con-
traction of the right masseter and left internal pterygoid muscles. When
the deviation occurs to the left it is produced by contractions of the left
masseter and right internal pterygoids, the action of the pterygoids being
more marked in ruminants than in solipedes from the fact that in the
former animals the palatine ridges are nearer together; therefore, the
lateral power of the pterygoid muscles is more marked.

2. Tue AcrionN oF THE TEETH 1IN MAsTicaTION.—The teeth are passive
organs of mastication, which are imbedded in the alveoli of the jaws.
Teeth may be divided into three different parts: the erown, or the part
which projects into the mouth above the gum; the neck of the tooth, where
it passes through the gum ; and the root, which is imbedded in the alveolus.
Teeth may be of two different kinds,—either simple, where the entire
external surface of the tooth is covered by enamel; or compound, where
two different substances, enamel and dentine, compose the free surface.
When a tooth is divided longitudinally it is found to consist of three
different substances ; the hardest, and that which in simple teeth covers
the crown, is termed the enamel, and passes over the neck of the tooth,
becoming gradually thinner, and only partially covering the fang. The
enamel (Fig. 93) is composed of pentagonal or hexagonal prisms, or
enamel fibres, of about one five-thousandth of an inch in diameter,
closely packed together and arranged in a radiating manner from the
surface of dentine below. The enamel contains no nutrient vessels, and
when destroyed is not renewed. The bulk of both crown and fang of
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a tooth is constituted of what is known as dentine, a section of which
reveals it to be formed of a densely packed mass of curving tubes with
distinet walls, imbedded in a dense, bone-like matrix, which run from the
pulp-cavity to the outer surface of the dentine near which they ramify.
The material between the tubules or the matrix of the dentine is a per-
fectly homogeneous substance, containing nearly the whole of the earthy
matter contained in the tooth, arranged in all animals in superimposed
layers. The tubules are the one four-thousandth of an inch in diameter,
and when fresh contain nerve and vascular processes from the pulp.
The third substance found in teeth is known as the cement, or crusta
petrosa, and in the simple tooth merely covers the fang, whereas it dips
in between the layers of enamel in com-
pound teeth on the crown, and when the
tooth is wholly inclosed within its cavity
also covers the crown (Fig. 94). In
carnivora the teeth, as already remarked,
are simple; in other words, their crowns
are permanently covered with enamel, and
when in extremely old subjects the incisor
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FI6. 94, —SECTION THROUGH A
CANINE TOOTH OF MAN, AFTER
WALDEYER. (Klein.)

A, crusta petrosa, with large bone-cor-

F1G. 93.—ENAMEL PRISMS, AFTER KULLIKER.

K I (Ktleln.) puscles; B, interglobular substance; C, den-
A, in longitudinal view; B, in cross-section. tinal tubules.

teeth and canine teeth wear down,—then only does the dentine of the
teeth become exposed. In herbivora compound teeth are invariably met
with. In other words, on the free surface of the teeth of herbivora
different substances of varying degrees of density and hardness are
always met with, the function of which is to insure a constantly rough
surface for the purposes of grinding; for a good mill-stone is composed of
materials which wear with different degrees of rapidity, and thus, always
remaining rough, most effectually grinds the substances over which it
passes. In the compound tooth, as found in the herbivora, the cement has
originally covered the entire crown, but as the tooth is erupted simply
remains on the biting or grinding surface of the tooth. Thus, in the
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incisors of a horse, the free surface, with the exception of the crown, is
covered with enamel alone (Figs. 95 and 96). On the biting surface of
the incisor tooth, when freshly erupted, is always found a central spot
composed of cement, the enamel dipping in to form a cavity or depres-
sion on the free biting surface of these teeth. By the change in shape

F1G6.95.—DIAGRAM OF FRESHLY-ERUPTED

INCISOR OF LOWER JAw OF HORSE. F16. 96.—LOWER INCISOR TOOTH OF
(Nuhn.) HORSE. (Nuhn.)
¢, depression in table of tooth ; #, cement, which mpi(i]dv ¢, worn-down surface of table of tooth, showing the
disappears except from infundibulum; z, enamel; ed, alternate layers of enamel, s; z, dentine; and x, dis-
dentine. colored cement filling infundibulum.

of this central depression in the incisor teeth of the horse, through the
gradual wearing down of the surface, an index is furnished of the age
of the horse,—a matter which will subsequently be alluded to.

The molar teeth of herbivorons animals are chiefly compound teeth,—
that is, the enamel dips down below the surface of the crown, and in
some animals, as in the elephant, the com- 2
pound teeth may be regarded as a series
of flattened teeth arranged side by side in
the jaw, and connected only by the
cement, or crusta petrosa (Figs. 97 and
98). This substance is like that invari-
ably found covering the fangs of teeth,
but which only in compound teeth appears
upon the crown. The pointed fang or
fangs of ‘teeth are pierced by an opening
which communicates with a cavity in the
centre of the body of the tooth, ecalled
the pulp-cavity, which contains blood- o - o o o o MoLAR OF
vessels and nerves which enter through  HORSE, sHowiNG WEAR OF

TABLE. (Nuhn.)

the opening in the fang, and in the pulp- i depression on table: pi, depression on

3 H g side; s, enamel; z, dentine; Cae, cement; «, ex-

cavlty I‘amlfy over a dellcate ﬁb[‘().cellu]ar ten:_al or buceal surface; 4, internal or oral
. surface.

structure constituting the pulp (Fig. 99).

The pulp is continuous over its surface with an infinite number of small
projections which extend into the tubes of dentine in the inner structure
of the tooth.

These three different substances, which constitute the substances of
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the teeth, vary in their chemical composition, and, as a consequence, in
their different degrees of hardness, dependent upon the varying amount
of inorganic matter found within them, thus:—

Dentine. Enamel. Cement,
Organic matter, . - : . 28:01 3.59 32.24
Inorganic matter, . ; . 11,99 96.41 67.76

The sharp angles and prominences on the crown of the compound
tooth are formed of enamel, as is the entire free surface of the simple
tooth., The deeper hollows in the crown of compound teeth are formed
by the wearing of the cement, while the substances varying in hardness
between these two are formed by the dentine. The fang of the tooth,
where inserted in the alveolus, is further covered by a membranous
lining, the periosteum, which is soft and contains vessels and nerves, and
which is reflected into the pulp-cavity through the opening in the fang
of the tooth. When ossified, this membrane forms osteo-dentine,
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F16. 98.—HALF oF A FoSSIL TOOTH OF ELEPHANT (Dens lamellosus). (Nuhn.) -
I, the single segments, or secondary teeth ; s, enamel ; 2, dentine; cae, cement.

Teeth are entirely absent in birds, but are : generally present in
fishes, amphibia, reptiles, and mammalia. In the latter class alone are
two sets of teeth met with: the first, the deciduous or milk-teeth, which
are only temporary, fall out and give place to the permanent teeth. With
the exception of a few fishes,such as the sheep’s-head, and certain her-
bivorous reptiles, the teeth in fishes, amphibia, and reptiles as a class, are
solely prehensile; they serve simply for seizing and dividing their prey
into portions small enough to be swallowed. It is only in the mammals
that the teeth serve actnally as organs of mastication.

The teeth of fishes present greater varieties than those found in any
other class. They may be almost innumerable or they may be reduced to
a single tooth, as in the lepidosiren, which has only a single dental plate
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