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PREFACE

Within twenty years a new science of dietetics has been de-
veloped. As the result of the pdtient labors of many men, numer-
ous mysteries have been cleared up, many hoary-headed theories
have been exploded, and a gredt flood of light has been thrown
upon one of the most imporfant questions related to human
existence.

It is now possible to say with a considerable degree of cer-
tainty how much food is needed daily by a man, woman or child
at rest or at work, and to indidate what particular foodstuffs are
best suited to meet any dietetid need which may be indicated in
any condition of health or dispase. It is also possible to state
with reference to every commoh foodstuff what is its value as a
source of energy and what arg its special dietary properties and
characteristics.

In other words, there now exists a real science of dietetics
based on scientific facts worked out in laboratory researches, veri-
fied by animal feeding experinjents and confirmed by clinical ex-
perience. Dietetics is no longgr the jumbled mass of empirical
notions of which it largely codsisted even so late as two decades
ago.

Thanks to the painstaking researches of Mavlov, Rubner, At-
water, Benedict, Chittenden, | Mendel, Osborne, McCollum and
other investigators perhaps efiually worthy of mention, we now
possess knowledge instead of gssumptions, facts instead of fancies,
scientific standards in place {of empirical though time-honored
notions and sanctions.

There is perhaps no pla

in the world where the successive
steps of scientific progress the knowledge of nutrition and
dietetics have been watched Wwith greater care and interest than
at the Battle Creek Sanitarium. For more than forty years this
institution has been a great cligical laboratory in which an intensive
study of foodstuffs and of their effects upon the human body has
been continuously carried od by the writer and his associates,
As new discoveries have beenimade in the nutrition laboratories of
this country and Europe, the] results have been carefully scrutin-
ized and tested in actual clinical practice. It is not claimed that
complete knowledge has vet Been attained. There is still much to
be learned about human nutrition, and the rapid progress which is
being made in these days affords good foundation for the hope
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that the advances within the ne
to those made in the past.

In the preparation of this W
all available, well attested facts
works on human nutrition, and
nearly a half century’s careful s
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ACE

xt few vears will be fully equal

rork the author has made use of
to be found in the authoritative
has added thereto the results of
udy of the subject, theoretically,

clinically and experimentally. Al

s editor of “Good Health” since

1873 and Medical Director of the Battle Creek Sanitarium since

1876, the writer has been in cons
enquiring the way to health, an

nt contact with men and women
has devoted his life in a large

measure to finding the correct apswers to the questions, What is

the biologic way in eating? H

; may each particular foodstuff

be best utilized as a means of prémoting the cure of disease? and

similar queries.

So far as the writer knows, this is the first work in which full

recognition has been accorded
Bouchard, Metchnikoff, Tissier,
fluence of diet upon the intestinal
food residues which form the
organisms, benign and pernicio
their way into the human alime

the important discoveries of
and others in relation to the in-
flora through the effect upon the
nutrient media for the various
, which by various means find

$a ry canal.

In this work a conscientiods attempt has been made to set
forth only such recc:mmenda‘rioii as have a solid basis of phy-
siologic fact verified by actual practical experience.

The constant aim of the author has been to present the
known facts relating to human x§utritiun in such a way as to be of
greatest service to the physician, the trained nurse, the intelligent
housewife, and to every studeft of nutrition, as well as to the
professional dietitian. 1o thii end numerous tables have been
prepared by the use of which the dietary may be balanced not
only for protein, fats and carbohydrates, but also for cellulose,
lime and iron, and even acids angd bases. These tables are based upon
the data supplied by the tables bf Atwater, Bunge, Gautier, Konig,
and Sherman. They have been in constant use at the Battle Creek
Sanitarium and elsewhere fm; several years.

The writer especially desired to acknowledge his indebtedness
to a large number of colleagues and assistants who during the last
forty-five years have m-opc"‘ated in his efforts to solve dietetic
problems of various sorts, the solution of some of which have re-
sulted in the production of sdme of the most popular of the present
day breakfast foods. First of all T am indebted to my dear wife,
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Mrs. E. . Kellogg, recently decefised, for most faithful co-opera-
tion during many years in the experimental work which resulted
in the establishment of the dietary system of the Battle Creek
Sanitarinm.
To Miss Lenna Cooper, Dedn of the Battle Creek Sanitarium
School of Home Economics, T am indebted for great assistance in
perfecting and systematizing thé dietary methods and improving
the cuisine upon which the pragtical suggestions of this book are
based.
To Professor Irving Fisher is due credit for first proposing
the plan of “food portions” onsisting of quantities of food
representing 100 calories of energy or a simple fraction of this
amount.
To my sister, Mrs. Clara K. Butler, and to Miss Gertrude
Estill, T am very greatly indebted for most efficient and indis-
pensable assistance extending pver many months in compiling a
great mass of notes and menjoranda accumulated during many
years, and painstaking supervision of copy and proof sheets while
going through the press.
I desire, also, to express my appreciation of the courtesy of
Robert Smith, Ph. D,, of the Sheffield Scientific School of Yale
University, in giving the praof sheets of the work a careful
reading.
Finally, in presenting thisfwork to the public as the result of
a life time study of dietetics from the standpoint of a physician
and a believer in Nature as the wisest of all teachers, the writer
desires to ask the reader’s consideration of the fact that however
widely the ideas and methods herein presented may differ from
those current in popular and|professional usage, they cannot be
justly looked upon as simply theoretical or experimental, since
they are in daily and successful practical use in a large institution,
in the development of which @uring the last forty-five years they
are believed to have been the most important factor. However
novel the methods presented may seem to some readers, they are
by no means new; they are Based upon biologic principles which
are as old as the human race and only need a fair trial to demon-
strate their value. That the tandid reader will accord the views
presented the test of actual practical experience with open minded-
ness and in the spirit of sciestific inquiry, is the earnest hope of
the writer,
January, 1922, r Joun Harvey KELLoGG.



THE SECOND EDITION

That a second edition of this work is called for within 15
months of the publication of a gobd sized first edition is gratifying
evidence to the author that the work is appreciated and that it is
meeting a recognized need.

It is encouraging to note that the prominence given to the
antitoxic diet and changing the Intestinal flora in the first edition
has been so fully justified by the developments of the last two
vears that the stress laid upon these most important of all dietetic
measures need be in no degrge lessened. The importance of
changing the intestinal flora is gow almost universally recognized
by leading clinicians, and the mgthods pointed out in this book for
changing the flora and maintaiming a normal intestinal flora have
become so thoroughly establishied by scientific research and ex-
tended clinical observation thaf their value is not questioned by
any reputable authority.

The writer desires to express his appreciation of the many
friendly criticisms and valuable suggestions which have been of-
fered by various friends, and especially for suggestions by Helen
S. Mitchell, Ph. D. (Yale), Director of the Nutrition Laboratory
of the Battle Creek Sanitaridm and Professor of Nutrition in
Battle Creek College. The author desires also to make amends for
an oversight in the first edition by acknowledging his obligations
to Dr. E. S. Risley for conducting several laborious chemical in-
quiries which furnished the data for tables VIII and IX, to Dr.
Paul Roth for original data pertaining to metabolism, and to Dr,
Welcome Lewis for original data used in tables showing the lime
and iron content of several fdodstuffs:

September, 1923,

THE THIRD EDITION

In preparing this edition foy the press several hundred addi-
tions have been made to the textfand many minor changes and cor-

J.H.K.

rections have been made, all of fvhich, it is hoped, will add to the
value of the work as a manual find texthook of diet and nutrition
based upon the recognized facfs and principles of human physi-
ology and the latest findings of the nutrition laboratory research.

April, 1927, JHK.
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The New Dietetics

rOODS

Any substance to be properly regarded as human food must
be capable of supplying the body with the material needed for
the repair of its tissues and for maintaining its various functions,
while at the same time working no injury to the body and in no
way interfering with its activities. There are many substances
which possess somie of the properties of foods and might be use-
ful nutrients except for the fact that they contain special sub-
stances which are inimical to the interests of the body, and hence
are injurious, There are, in fact, numerous organic compotnds,
products of the vegetable kingdom, which are not only incapable
of sustaining the life of human bemgs but prove rapidly de-
structive. Such substances are not foods but poisons.  Aleohol,
for example, though oxidized or burned in the body as is starch
and sugar, is not to be regarded as a food, for the reason that it
possesses toxic properties which render its use unsafe.

A pronounced difference between a food and a poison is the
fact that food is harmful only when taken in excess of the body
needs, whereas a poison is injurious in all doses, small as well as
Jarge, Ouantities of poison so small that apparently no effect at
all is produced by single doses, when given daily for long periods,
produce cumulative effects which generally appear as degenera-
tions of heart, blood vessels, nerves, liver, kidneys or other glands.

Food as Fuel.

Life has been likened to a consuming fire—a flame. One of
the chief functions of food 15 to serve as fuel by the burning of
which the animal heat is maintained, and the energy required
for every sort of bodily activity is supplied.

The wastes dismissed from the body through the bowels and
the kidneys represent the smoke and the ashes which result from

a5
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vital combustion, which is not simply a burning in the body, but
actual destruction or burning of the body.

The vital combustion which constitutes life differs from the
fire which burns in a stove or a furnace, not only in the fact that
it burns without a luminous flame and in the presence of water,
which is fatal to an ordinary fire, but in the fact that while in the
case of the stove or furnace the container itself does not burn,
having such properties as enable it to resist the action of fire,
in the case of the combustion within the bodies of human beings
and animals, the body itself, the container, as well as the fuel, is
slowly consumed, as would be the case with a stove or a furnace
constructed of wood. Indeed, it is even possible that the iron
walls of a stove itself may be in time destroyed. Iron will rust
if long exposed to air and moisture, and this rusting is a sort
of burning akin to the combustions which occur within the body
through the agency of the oxygen of the air.

Burning is oxidation. When the oxidation takes place
rapidly, the burning is accompanied by a flame and intense heat.
If the process is sufficiently slowed down, there is no flame and
the heat is moderate in intensity, although the total amount of
heat produced by the burning or oxidation of any substance is
exactly the same whether the burning is rapid and accompanied
by a flame or so slow that no rise of temperature is perceptible
to the senses.

That the body is not destroyed by vital combustion is due to
the fact that the tissues are continually reproduced or recreated
from new material furnished in the form of food.

Food thus supplies material for repair of the living ma-
chinery of the body, as well as fuel to keep the body warm and
energy for muscular work and other forms of wvital activity.
Food is also a stimulant to the body cells. Many so-called stimu-
lant drugs, such as alcohol, are, in fact, not stimulants but nar-
cotics. They paralyze the living cells and lower their working
efficiency. They waste and do not replenish the energy of the
body. Wholesome food is a normal and useful cell stimulant.
Drug stimulants are unnatural and harmful.

The Chemical Composition of the Body.

By an examination of the smoke and ashes resulting from the
burning of a house or an animal, it may be possible to determine
the nature of the elements which entered into its structure. That
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is, an examination of the ashes of a burned house will show how
much iron, lime, and other minerals existed in the house before
it burned. Investigations made in relation to the chemical com-
position of the body have shown it to be as follows:

TABLE L
Showing the Chemical Composition of the Adult Human Bedy.
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2 Minute quantities

Oxygen is obtained chiefly from the air, but also from the
food.

Hydrogen is one of the constituents of water and is found
in nearly all foods.

Nitrogen is obtainable only from the proteins of the food.
The air is four-fifths nitrogen, but atmospheric nitrogen can be
used by the body only after it has first been assimilated by plants
under the influence of the sunlight.

Carbon is obtained chiefly from starch and sugar, but it is
also obtained from fats, in which it is found in combination with
much hydrogen and a little oxygen, and in small amount from
protein.,

Iron and lime and other salts are chiefly found associated
with protein. They are most abundant in the bran or outer
coats of seeds and in the green parts of plants,—the leaves and
tender shoots—and in milk and the yolk of eggs.
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The amount of iodine found in the body is very small, yet
this minute quantity appears to be essential for the function of the
thyroid gland, in the secretion of which it is found.

Recent researches have shown that the metal zinc is a con-
stant constituent of the tissues and of foodstuffs and in about the
same proportion as iron. The total amount of zinc in the body
of a man weighing 150 pounds is about 30 grains.

The most important mineral constituents of the body from
a dietetic standpoint are potash, soda, lime and iron. The mag-
nesia and other mineral substances which enter into the compo-
sition of the body are so closely associated with the lime and iron
that if care is taken to see that the food contains a sufficient
amount of these elements there is scarcely a probability that any
of the essential food salts will be found lacking.

Differences in the Composition of the
Body in Infants and Adults.

According to the Chemiker-Zeitung, the following marked
differences have been found in the composition of the bodies of
children and adults :

The water-content of a new-born infant is about 75 per cent.
of its body weight; that of an adult, 58 per cent. The muscles
of an adult are 77 per cent. water. Growing infants need con-
siderable quantities of water., An infant needs to take daily in
some form, about one-seventh its weight of water. Most of this
is absorbed from its food. An adult requires daily about one-
thirtieth his body weight of water in food and drink.

The amount of water is determined somewhat by the kind
of food eaten. When considerable protein is taken, much water
is required to carry off through the kidneys the urea and other
waste products resulting from its metabolism. Carbohydrates,
that is, starch and sugar, require the retention in the body of
three times their weight of water, while retained salt requires
more than one hundred times its own weight of water,

The cartilages of an infant contain 2.24 per cent. of lime;
the bones of a person nineteen years of age contain more than
three times as much.

The blood of an infant contains a much larger number of
white blood cells than does that of an adult.

Between infancy and the attainment of adult size there is a
notable change in the relative size of various organs. The brain
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of an adult is four times as large as the infant brain. The adult
liver is eleven times as large, the heart twelve to thirteen, and the
lungs twenty times as great as that of the infant.

‘The Soutce of Food.

For all the thousands of various substances which are cap-
able of sustaining animal life we are indebted to the sun. The
energy of the sunlight, captured by the mysterious alchemy of
the chlorophyl grains found in green leaves, is the source of all
human energy as well as of the energy displayed in the manifold
activities of animal life in its varied forms. Indeed, almost every
form of energy with which we are acquainted is derived from the

csun. It is sunlight in modified form which turns all the wind-
mills and water wheels and the machinery which they drive. It
is the energy derived from coal and petroleum (fossil sunlight)
which propels our steam and gas engines, our locomotives and
automobiles. The chlorophyl grains of the green leaf capture the
rays of light as they flit by at the rate of 186,000 miles a second,
and with this magic force bind together the atoms which form
the so-called organic molecules and endow with the mysterious
properties of living matter the lifeless particles of hydrogen, oxy-
gen, iron, lime and other chemical elements which enter into the
composition of animal and vegetable structures.

Food is simply sunlight in cold storage. The function of
the plant is to store the energy borrowed from the sun, preparing
it for the service of man and animals that, like the steam en-
gine, the furnace or the lamip, must be regarded as mechanisms
for using or expending energy. The hcat which glows in the fire
on the hearth, the light which shines out from the incandescent
lamp or the brilliant electric arc are nothing more than re-
suscitated sunlight ; so likewise the heat of our bodies and the
energy of mind and muscle which we are able to display are
transmuted sunshine,



Food Principles

The many thousands of different substances which may
serve as food for human beings and for animals, notwithstanding
the enormous differences in appearance, flavor and other quali-
ties, are made up essentially of six simple kinds of materials.
These are:

1. Proteins.

2. Carbohydrates.

3. Fats.

4. Salts or food minerals.
5. Vitamins,

6. Cellulose.

It is necessary to)understand the chief facts relating to
these several food pringjples in order to have any proper under-
standing of scientific digtetics.

Proteins.

The proteins, or albuminous substances, contain, in addition
to the carbon, hydrogen and oxygen of the carbohydrates, nitro-
gen and sometimes also sulphur or phosphorus and iron. The
protein molecule is very large, having a molecular weight from
five hundred to a thousand times that of water.

As known to the chemist, proteins are the dead remains of
the protoplasm or living substance of plants and animals. Pro-
teins are produced by plants. They cannot be produced by the
chemist, and the tissues of animals are able only to slightly
modify the proteins which plants produce.

Protein supplies the body with the nitrogen, sulphur and
phosphorus which, with hydrogen, oxygen and carbon, are the
chief chemical elements which enter into the composition of the
living structures of the body, the nerves, muscles, glands and
other parts which constitute the vital machine. Associated with
the protein in all animal structures are to be found iron, lime and
other mineral elements, some of which are known to form part of
the protein molecule. The white of egg, the lean of meat, the
curd of milk and the gluten of wheat are examples of protein.

30
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Proteins generally contain sulphur, but some do not contain
phosphorus. The offensive odors arising from the burning of
protein is due to the poisonous compounds which are formed
from nitrogen and sulphur. Compounds of these substances
formed either in the chemical laboratory or in the mysterious
laboratory of the plant are among the most poisonous known to
man. Nitrogen is an essential constituent of the high explosives
used in warfare. It enters into the venoms of snakes and the
virulent poisons produced by bacteria.

Proteins are not so simple in their composition as are other
food principles. The protein molecule is, indeed, very complex.
It is made up of a considerable number of substances loosely held
together by the energy derived from the sun. These simpler
bodies or “building stones” which, in a pure state, appear in a
crystalline form, are known to the chemist as amino acids. There
are known more than forty of these amino acids. Of these, only
eighteen enter into the composition of the human body.

Vegetable proteins differ very greatly in their composition.
There are found in the vegetable proteins a considerable number
of amino acids which do not enter into the composition of the
human body and hence cannot be utilized for tissue building.
The number of these “building stones” which enter into the
various vegetable proteins differs widely, as well as the propor-
tions in which the different ones are found.

Complete Proteins.

Every plant produces its own variety of protein, and hence
there are almost as many kinds of proteins as there are different
sorts of plants. Some proteins are lacking in certain elements
(tryptophan, lysin) which are needed for building animal tissues.
These are known as “incomplete” proteins. The proteins of meat,
eggs and milk are of course “complete.”

Most plant proteins are lacking in some one or more of the
“building stones” which are absolutely essential to support
growth or repair of the living tissues. It is interesting to note
that those foodstuffs which have become staple articles of diet
throughout the world are the ones which contain the highest
quality of protein. Rice, millet, and the potato owe their popu-
larity, in large part at least, to the fact that they furnish an
excellent quality of protein. Among the few vegetable products
which furnish proteins which are complete may be mentioned
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nuts of various sorts. The soy bean is also notable in this respect.
It is particularly interesting to note that while the soy bean fur-
nishes a complete protein, that is, a protein 100 per cent. of which
may be utilized in tissue building, the proteins of ordinary peas
and beans are worth for tissue building much less than their face
value.

The researches of Osborne, Mendel and others indicate that
proteins to be able to support growth must contain lysin, an
amino-acid which the body is unable to produce. This essential
element was found in different proteins in the following propor-
tions :

Casein (cow's milk).......... 7.6]1 per cent.
Halibut muscle............>745 «“ “
Ox masele. X Lol T s\ o
Vitellin (egg yolk) ... BB B =
Albumin (hen’s egg)......._.. SN
Legumin (pea)ciaie.. 498\
Phaseolin (kidney bean)... 468 “
Ghutelin | (maize) . ooar 250203 5\ A
Glutenin| (wheat) o L0 B2 | (2
Edestin (hemp seed).. .. .. . 15
Gliadin (wheat).......ccoe. s D16 B A3
Amandin (almond) ............ P2 ¢, *
Hordein (barley).......... 0.00 * %
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It is interesting to note that those proteins which are biolog-
ically intended to promote the growth of very young animals,
such as milk and egg proteins, are rich in lysin, which is essential
for the formation of animal proteins.

A person who undertakes to live upon a low protein or non-
flesh diet must take care to make such a selection of foodstuffs as
will furnish a full supply of complete protein ; otherwise the body
will languish. Lack of energy, and low resistance to disease are
the natural result of a deficient supply of complete protein.
Ignorance of this fact or neglect to consider it in arranging bills
of fare has been the cause of numberless failures in attempts to
dispense with the use of flesh foods, Lean meat furnishes com-
plete proteins, which fact is probably one of the chief reasons for
its use as a foodstuff. It is important to remember, however, that
the proteins of milk and eggs are equally as complete as meat
proteins.
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A Poisonous Nucleus in Proteins—Anaphylaxis.

It is now known that every protein molecule contains a
group of atoms which under some circumstances may act as a
poison. When protein is digested in the normal way and broken
up into its “building stones,” this poison nucleus is destroyed;
but when the proteins are introduced directly into the blood, the
breaking up of the molecule is incomplete and the poison nucleus
is set free, and highly toxic effects are produced. These effects
are known as anaphylaxis. They are seen in persons who have
been sensitized to certain forms of protein, as in strawberry
poisoning, buckwheat poisoning, poisoning from the use of oysters,
eggs, shellfish, and various other foodstuffs. Hay fever, or
pollinosis, is due to the absorption of pollen protein through the
mucous membrane of the nose. More will be said further on
with reference to sensitization to various foodstuffs.

Carbohydrates.

Carbohydrates are food principles composed wholly of car-
bon, hydrogen and oxygen. The hydrogen and oxygen are pres-
ent in the proportions to form water. There are many different
carbohydrates. Those which the body can make use of as food
are starch, dextrin, sugar and fruit acids. The utilizable sugars
are cane sugar, malt sugar, milk sugar, dextrose and levulose.

Starch is the most abundant of all the carbohydrates, being
found in all cereals, in unripe fruits and a few ripened fruits, in
certain nuts and in most vegetables,

Dextrin is derived from starch and is practically identical
with it in chemical composition. Sugars are also derived from
starch.

There are many different kinds of starches. Each plant
produces its own variety, the form of which is so characteristic
that it may be used as a means of identification.

Of the various vegetable acids, the only ones which are
atilized by the body are citric acid, malic acid and tartaric acid.
The last named is less fully utilized than the others. Oxalic acid,
benzoic acid and some other acids of vegetable origin are not to
any extent oxidized or broken up in the body. As found in
vegetable foods organic acids are in combination with soda or
potash in the form of acid salts. When the acids are burned or
utilized in the body, the alkaline soda or potash is left behind;
so that the ultimate effect of the utilizable organic acids when
eaten is to increase the alkalinity of the vital fluids and not to
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acidify the body fluids, as was formerly supposed to be the case.

Carbohydrates are almost exclusively derived from vege-
table sources.

Glycogen is an animal starch produced by the liver of ani-
mals from sugar brought to the liver in the portal vein after
absorption from the stomach and intestines. The body of a full-
sized man contains about two pounds of glycogen, which is stored
m the liver and the muscles. It is converted into sugar as
needed for use as fuel, which is its sole function in the body.

Milk sugar is another carbohydrate peculiar to animals, be-
ing exceedingly rare in the vegetable kingdom.

The carbohydrates are used in the body to maintain animal
heat and to supply energy for work. Every muscular contrac-
tion, every heart beat, every bodily movement of any sort involves
the burning or destruction of carbohydrate.

If more carbohydrate is eaten than is required for immediate
use, it may be stored in the form of fat, a residual tissue which is
intended to be drawn upon when the food supply is cut off or
reduced.

Every protein molecule contains a carbohydrate group; and
when protein is broken up in the body about half its weight be-
comes carbohydrate and is thus utilized by the body like sugar or
starch, the remainder being for the most part excreted as urea.

The human constitution seems to be adapted to a dietary
very rich in carbohydrates. A well-balanced bill of fare will
contain more than half, at least three-fifths, of its energy value in
the form of carbohydrates. Energy in this form is apparently
more readily and easily utilized than in any other form. Sugar,
in other words, is the natural fuel of the body.

The natives of the Arctic regions, who are compelled to live
on a diet consisting almost exclusively of flesh foods, have an
intense craving for sweets. In the short summer season these
unfortunate people gather as large a store as possible of berries,
leaves, and every edible thing of a vegetable character which the
soil of that region produces. Shackleton mentions the intense
craving experienced by his men for puddings and other dishes
prepared from flour during their first long winter night in the
Antarctic.

These facts agree with the observations of modern physiolo-
gists that carbohydrates, to the amount of two or three ounces
daily, are absolutely essential to the maintenance of good health,
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for the reason that the utilization of fats requires the presence of
carbohydrates. As Naunyn says, “Fats burn in a fire of carbo
hydrates.” A deficiency of carbohydrate soon causes acidosis.

Fats.

Fats are derived from both animal and vegetable sources
They consist chiefly of carbon and hydrogen, with a small amount
of oxygen. Every animal produces a fat peculiar to itself. Such
fat is formed by the conversion of starch and other carbohydrates
into fat by the action of the body cells.

When a surplus of food is eaten, fat is deposited in the tissues
in the same form as that in which it is swallowed: that is, if
lard is eaten by man it may not be transformed into the same
sort of fat which the body forms from starch and sugar, but may
remain lard, and be deposited in the tissues as lard. The same
is true of beef or mutton tallow and of other fats. A dog fed
upon mutton fat becomes round and hard like a sheep and is
known in the laboratory as “a mutton dog.” It is an interesting
fact that vegetable fats are more nearly like the natural fat which
the body produces from starch and sugar than are the fats found
in the ox, the sheep and the hog.

It is generally helieved that a certain amount of fat in the
diet is essential for the maintenance of health; but Hindhede,
the eminent Danish physiologist, has shown in recent years that
a man may live in perfect health and sustain his strength for
many months on a diet from which fat is excluded.

Hindhede’s research seems to show conclusively that fat is
not so essential as an article of food as it has heretofore been
supposed to be. This is the natural result of the fact that the body
is able to make its own fat from starch and other carbohydrates.
Another fact of great interest has an important bearing upon this
point. A subtle element, the growth-promoting vitamin, essential
for health as well as development, is often, though not always,
associated with fats. When the fat 1s lacking or deficient in
quantity, this element is likely also to be lacking ; and because of
this association, which has only recently come to be understood,
injuries resulting from the withholding of fats have very naturally
been attributed to lack of the fat itself rather than to the absence
or deficiency of the growth-promoting vitamin with which the
older physiologists were not acquainted. This element is abun-
dant in butter but is deficient in lard, in some vegetable oils and
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many other fats. It is also plentiful in greens, which Hindhede
used as an essential part of his bread and potato diet.

Fats, if not absolutely essential, are a wholesome and useful
constituent of the dietary. More than any other food, they pro-
duce the sense of satiety or satisfaction after eating. They are
the most concentrated of all forms of foodstuffs, having an energy
value more than double that of either carbohydrates or proteins.
[f eaten in excess, fats usually produce a rapid gain in flesh,
encourage intestinal putrefaction, with rancid stools, and are
apt to give rise to a troublesome and even dangerous condition
known as acidosis. It is strictly physiologic that fats be eaten
with cereals or breadstuffs, for the starch which is found abun-
dantly in cereals, as has already been shown, is necessary for the
proper utilization of fats by the body cells.

Hindhede of Copenhagen informed the writer that one of his
subjects, an athlete, lived for twenty-two months on a diet from
which fats of all sorts were rigidly excluded. The food consisted
of bread prepared from the whole wheat, with potatoes and greens.
It was remarked that the consumption of large quantities of
greens were found necessary to keep the patient in good condition,

When on a visit to Hindhede's laboratory in Copenhagen
recently, the writer had the pleasure of meeting the subject of this
experiment, Mr, Madsen, and found him to be an exceedingly
robust and athletic man, apparently enjoying perfect health, and
in no way endangered by his long abstention from fats and the
numerous other dietary experiments of which he has been the
subject during the last twenty years.

Food Salts.

Eight mineral elements, viz., calcium, sodium, potassium,
magnesium, iron, phosphorus, sulphur and chlorin, constitute
about 4 per cent. of the weight of the body, or about five or six
pounds in a person of ordinary weight. These so-called minerals
or mineral salts are not for the most part found to any extent
sither in the body or in foodstuffs in a strictly inorganic-state.
It is true that chlorin and sodium in the form of sodium chlorid
or common salt and phosphorus in the form of phosphate of lime
are found in small amounts in foods in an inorganic state; but
iron, sulphur, phosphorus and calcium, in general, exist in the
body only in organic form. The presence of iron in its ordinary
metallic state may be easily recognized by the application of sev-
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aral chemical tests. But organic iron, that is, food iron and the
iron of the tissues, cannot be detected by any of these tests,
showing that in the chemistry of the plant some subtle change is
sffected which gives to the so-called mineral elements of the food
properties which in their inorganic state they do not possess—in
other words, prepares them for use by animals as food.

The body loses daily in the excretions from two-thirds of an
ounce to an ounce of salts—chlorids, sulphates, phosphates and
other salts of calcium, magnesium, sodium and potassium, To
make good this loss, the daily food must contain at least an equal
amount of organic or food salts.

Vitamins, ) oe fu. 194

Vitamins are subtle substances other than carbohydrates,
fats, proteins or salts which are essential for growth, develop-
ment and good nutrition. Their purpose seems to be to activate
or stimulate the various functional activities of the body. The
term vitamin was given by Funk to a substance which he isolated
from foodstuffs and which in minute quantities was found to be
capable of curing and preventing beri-beri, a fatal disease very
common among rice eating people. This substance is found abun-
dantly in the bran and germ of seeds, grains and yeast and in
greenstuffs, fruits and to some extent in most foods. It is defici-
ent or absent in polished rice, superfine flour, new process or
degerminated corn meal, sugars, many other denatured foods and
in fats. This vitamin was given the name water-soluble B by
McCollum. When the word wvitamin is used alone, it is generally
anderstood that reference is made to vitamin B.

Several other vitamins have since been discovered, the most
important of which are fat-soluble A, found in butter, cod liver
oil and other fats and in green leaves and young sprouts, and
water-soluble C, the so-called antiscorbutic vitamin, the absence
of which gives rise to scurvy. This vitamin is found most abun-
dant in green sprouts, fresh vegetables and the juice of the
orange and the tomato.

Vitamin D is a fat soluble substance the presence of which
prevents rickets. Recent studies have shown that rickets may
result from a deficiency of lime or phosphorus, or the absence of
vitamin D. The discovery that animals or human beings could
be cured by sunlight, or by exposure to the ultra-violet rays, led
to investigations which have shown that vitamin D is produced by
the action of the sunlight upon cholesterol.
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In the absence of vitamin D, reproduction fails. There is
also diminished vital resistance and an increased susceptibility to
infectious diseases. This is especially true with reference to dis-
eases of the lungs and air passages.

Vitamin D is generally found associated with vitamin A, from
which it has only recently been distinguished. It is most abundant
in butter, yolks of eggs, green vegetables, whole milk and cod liver
oil,

Exposure of the skin to the sunlight will cause the disappear-
ance of rickets without a change of diet, doubtless for the reason
that vitamin D is produced by the action of the sun upon choles-
terol, which is always found in the skin.

The importance of vitamin D will be recognized when it is
recollected that in some sections of the country, such as the Great
Lake region, there is wide prevalence of rickets. Surveys have
shown that in certain sections nearly nine-tenths of the population
gave evidence of injury from rickets.

Vitamin E is a fat-soluble substance which is essential to
reproduction. When this factor is lacking, gestation occurs but is
not completed, the developing embryo being absorbed,

This vitamin is found in milk and butter and is abundant in
seeds and green leaves. \Wheat embryo is very rich in it, and it
is found to be present in corn oil and cottonseed oil. It is not
present in any quantity in liver or cod liver oil.

No evidence has been offered that a deficiency of vitamin E is
responsible for sterility in human beings, and it is so abundant in
most natural foodstuffs that it is not of great importance from a
practical standpoint.

Vitamins are produced only by plants. They are found to a
limited extent in some animal tissues, particularly in the liver.

Cellulose.

Cellulose is an insoluble substance which forms the frame-
work of plants and plant products. It is not acted upon by the
fluids of the human digestive apparatus, although it is digested to
some degree by herbivorous animals and even constitutes the prin-
cipal food of certain low forms of animal life. Cellulose is a
highly important constituent of the diet of human beings serving
to give to the food mass the necessary bulk to enable it to move
along the alimentary canal at the proper rate.
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A complete account of the chemical changes which take
place in foodstuffs in passing through the alimentary canal would
require the space of a large volume. The essentials of the whole
subject may, however, be condensed into a brief space. Here is
the subject in a nutshell :

There are practically four digestible foodstuffs—starch,
albumin or protein, fats and sugar.

There are five food laboratories—the mouth, the stomach,
the small intestine, the colon and the liver.

There are five digestive fluids—the saliva, the gastric juice,
the bile, the pancreatic juice and the intestinal juice.

The saliva digests starch.

The gastric juice digests protein.

The bile aids in the digestion of fats.

The pancreatic juice digests starch, protein and fats.

The intestinal juice digests all foodstuffs.

Starch is digested by the saliva, the pancreatic juice and the
intestinal juice.

Protein is digested by the gastric juice, the pancreatic juice
and the intestinal juice.

Fats are digested by the bile, the pancreatic juice and the
intestinal juice,

Sugars are digested by the intestinal juice.

The “salts™ are dissolved by the several digestive fluids.
Mowbh-Dicesti

The-mouth-is-a-mill—Tt grihds the food by a gradual reduc-
tion process, while it is at the sajne time being macerated or soft-
ened and mixed with the salival But the reduction of the food
to the consistency of a soft pdste is but a small part of what
happens in the mouth laboratory. The chewing of the food sets
in operation the whaole series food laboratories. When the
movements of the jaw begin, thefsalivary glands start to pour out

the saliva, the gastric glands secréte gastric juice, and all the other
laboratories prepare for the work that they are expected to do;
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and beside this, the movementy which carry the food into the
stomach, while depositing the| foodstuffs in this chamber for
further attention, send on beydnd the stomach peristaltic waves
which reach the colon, and w§th such vigor that its contents
move forward four times as fas§ during the eating of a meal as in
the intervals between meals.

The Saliva.

The three pairs of salivary glands together produce daily
three or four pints of saliva, about the same amount of secretion
produced by the skin and also by the kidneys. The saliva differs
from the sweat and the urine in the fact that it is reabsorbed.

The salivary secretion is absent in fishes. The saliva of
dogs contains no ferment or digestive principle, probably because
meat contains no carbohydrate for the saliva to act upon. The
same is true of the saliva of infants.

Human saliva, like that of the big apes and other frugivorous
animals, is very rich in ferments. In man, the character of the
saliva is influenced by the nature of the substances in the mouth
during mastication,

Nearly thirty years ago, the writer showed, experimentally,
that the quality of dryness in the food is one of the most power-
ful stimulants of salivary activity., In the mastication of an
ounce of dry toast without other flavoring than a small amount
of salt twice its weight of saliva was secreted in five minutes.
An ounce of water held in the mouth for the same length of
time was scarcely at all increased in weight. The movements of
mastication increase the activity of the salivary glands, perhaps
by increasing their blood supply. Acid and alkaline substances
powerfully stimulate the flow of saliva, as do, also, savory sub-
stances and foods which appeal to the appetite. Pepper, as well
as other irritating and distasteful substances, causes an abundant
flow of saliva, as also do substances which give rise to nausea,

The chewing of hard, insoluble and hence tasteless sub-
stances does not increase the flow of saliva to any considerable
extent. The saliva produced by the chewing of food is much
more active than that produced between meals. The saliva pro-
duced by the chewing of paraffin will in four hours digest twice
its volume of a one per cent. solution of boiled starch.

The saliva contains two digestive ferments. One of these
simply liquifies the starch. Another, amylase, converts the starch
first into dextrin and then into malt sugar or maltose.
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The saliva acts very slowly upon raw starch, and on the
whole is much less active than is the pancreatic juice in the di-
gestion of starch.

When first secreted, the amylase of the saliva is inactive. It
is made active by very minute quantities of acids and alkalies,
but is rendered inactive by strong acids and alkalies, also by
bacteria.

The action of the saliva is not completed in the mouth, but
continues for an hour or two after the food passes into the
stomach, or until the gastric contents become sufficiently acid to
arrest the activity of the salivary ferments. Recent experiments
indicate that the activity of the saliva is resumed in the small
intestine after it comes in contact with the alkaline intestinal
secretions.

Conditions Which Hinder Salivary Activity.

Careful determination of the activity of the saliva, made
in the laboratories of the Battle Creek Sanitarium under the
writer's supervision, show enormous differences in the digestive
activity of different persons. In some cases the activity was
found to be sufficiently great to digest all the starch ordinarily
eaten, while in others the degree of activity was scarcely one-
tenth or even one-twentieth as great.

The average of a thousand cases taken at random from a
series of more than forty thousand in which the activity of the
saliva was carefully determined by the method devised by Sir
William Roberts showed the complete digestion of about half of
all the starch liquified in the mouth and stemach.

Bacterial infections of the mouth and stomach interfere with
the function of the saliva by rendering its ferment inactive. The
saliva is also deteriorated by the excessive secretion produced by
gum chewing and the chewing of tobacco. The saliva in such
persons has very little ferment. The prolonged stimulation ex-
hausts the secreting cells so that the saliva becomes inactive.

Taylor very aptly says of gum chewing and tobacco chew-
ing:

“Vicious habits, like the vulgar chewing of tobacco or gum, keep the

salivary glands constantly at work, and the results are as bad physiologically
as the practices are reprehensible to good taste.”

Recently reported observations indicate that imperfect in-
salivation of the food and incomplete salivary digestion inter-
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fere w'th gastric digestion not only by introducing the food into
the stomach in an imperfectly comminuted form, but through
the absorption of the pepsin by the undigested starch. It is thus
evident that thorough chewing of the food is necessary both to
insure the complete digestion of starch and also to promote gas-
tric digestion. It is probable that in the majority of persons not
more than a fourth of the starch eaten is digested by the saliva,
and in many cases the proportion must be very much smaller than
this.

Sir William Roberts, many years ago, showed that acetic
and oxalic acids interfere with digestion by preventing the action
of the saliva upon starch. The amount of acetic acid found in a
teaspoonful or two of vinegar was shown to be sufficient entirely
to stop the action of the saliva. Oxalic acid diluted to one part in
10,000 was found to arrest the action of the saliva completely.
The injurious action ot the fruit acids, citric, malic and tartaric,
is comparatively slight.

Citric acid powerfully stimulates the flow of saliva, and the
saliva produced is very active in digesting starch.

Tannic acid interferes with the action of the saliva. Hence
tea and coffee interfere with the digestion of starch, and for this
reason alone should be discarded, since they cause indigestion as
well as other disorders of various sorts.

Protective Properties of the Saliva.

It is known that wounds in the mouth generally heal quite
readily. Clairmont, of Vienna, has shown that the saliva pos-
sesses valuable properties as a cleansing agent. Although it has
no direct bactericidal action upon such pathogenic organisms as
the bacilli of typhoid fever and tetanus, the colon bacillus or pus-
producing organisms, some bacteria are destroyed by contact with
human saliva. The saliva of goats and other ruminants, espe-
cially parotid saliva, was found, moreover, to have quite marked
bactericidal properties. Clairmont’s observations led him to be-
lieve that the saliva maintains in the mouth conditions unfavorable
for the growth of micro-organisms which might otherwise fix
themselves upon the teeth and gums and set up processes of decay
or ulceration.

Pickerill and Gies urge the use of acids and sweets to stim-
ulate the secretions of the mouth as the most efficient means of
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preserving the teeth. The teeth of the Maoris are immune to
caries (Pickerill).

The Saliva in Disease.

Fleckseder (Zentralblatt fiir Innere Medicin) calls attention
to the fact that the saliva is acid in diabetes and also in cancer of
the stomach, in leukemia, in pernicious anemia, jaundice, and
sometimes in chlorosis. The chlorids may be increased or dimin-
ished according to the disease. When the chlorids of the urine
are diminished, there is usually also a diminution of chlorids in
the saliva. Sugar is sometimes present in severe cases of diabetes.

Diminished saliva (oligosialia) is present in many severe
maladies, especially in cases of profuse sweating, insistent vomit-
ing, dropsy, diabetes, anemia, cachexia accompanying carcinoma
of the stomach, pernicious anemia, fever, uremia and cirrhosis of
the liver. When scanty, the saliva is cloudy and acid, and some-
times has a peculiar sweetish odor. In ptyalism the saliva is thin,
alkaline and clear, A profuse flow of saliva occurs in pregnancy,
in stomatitis, in most of the painful gastric affections, in nausea
and ulcer of the stomach. An intermittent flow is frequently ob-
served in cases of facial neuralgia, in the gastric crises of loco-
motor ataxia and in neurasthenia.

Regulating Influences of the Sense of Taste.

While food is in the mouth it is not only chewed but tasted.
The recognition of the gustatory properties of the food by the
nerves of taste, through reflex centers in the brain, prepares the
stomach, pancreas, liver and other digestive organs for the work
which they are to do. Tasting the food also in some mysterious
way regulates the process of nutrition by cutting off the appetite
for one food principle after another as the body has received a
sufficiency of each particular item.

At the back of the mouth is found a remarkable structure,
the soft palate, which is peculiarly sensitive to contact with solid
objects. If the food is imperfectly chewed, the contact of coarse
particles with the uvula and other portions of the soft palate
give rise to a reverse movement by which the food is carried
back between the teeth to be more thoroughly masticated. This
action of the soft palate is a sort of inspection intended to secure
not only thorough mastication of the food but rejection of sub-
stances which are not food and which might do injury if swal-
lowed.
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The longer the food is retained in the mouth and the more
thoroughly it is chewed, the larger the amount of gastric juice
which will be found in the stomach ready to act upon the food
after it reaches the gastric laboratory. It is part of the function
of the mouth laboratory, then, not only to digest the food and
prepare it for the action of the other digestive organs but to
regulate the nourishing of the body. In order that this regulat-
ing process shall be successful, it is necessary that the food should
be so thoroughly chewed that its sapient properties may be fully
developed and thoroughly appreciated. When this instinctive
regulator of nutrition has been trained to normal action, it is a
very dependable guide in determining not only the quality of the
various foodstuffs which are needed to meet the requirements of
the body, but also the amount of food which should be taken.

The importance of thorough mastication of the food will be
discussed elsewhere. It may be mentioned here, however, that it
is essential to good digestion, not only because by thorough chew-
ing the food is comminuted, but for still another reason. Recent
observations have shown that when large quantities of starch
enter the stomach without having been changed by the action of
the saliva, the pepsin may be absorbed by the undigested starch
and thus gastric digestion may be interfered with and the acid of
the gastric juice left free (Maxwell). The excess of free acid
gives rise to gastric spasm, pain and various other inconveniences.

GASTRIC DIGESTION

The chief function of the stomach is to prepare the food
for digestion in the intestine and to serve as a reservoir to hold
the food while it is being doled out to the intestine in small quan-
tities by the action of the pylorus. While the food is in the
stomach about half the starch is liquefied, one-fourth the starch is
converted into sugar, and three-fourths of the protein is liquefied,
but none of it is completely digested.

In the mucous membrane of the stomach are glands, some of
which produce pepsin, others the gastric acid which is known to
the chemist as hydrochloric acid. These two remarkable products
co-operate in the digestion of the proteins of the food. Rennin,
a milk-curdling ferment, is also produced in the stomach. The
digestive work done in the stomach is not complete. It is rather
of a preliminary character intended to complete the breaking-up
of the food so as to render each particle easily accessible to the
other more powerful digestive juices which are brought in con-
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tact with the food after it leaves the stomach. It very naturally
follows that very little absorption takes place in the stomach.
The stomach, indeed, may be considered as an antechamber to
the real food laboratory, the small intestine, where the chief work
of digestion and absorption are done. According to the com-
parative anatomists, the stomach of man does only about one-fifth
of the digestive work, while in the goat and the ox the stomach
does seventy per cent, of the work of transforming the food.

The Gastric Juice.

The quantity of gastric juice produced by the stomach in 24
hours is about three pints. The amount required for the digestion
of a hearty meal, such as a dinner, the principal meal of the day,
has been estimated as a little less than one and one-half pints,

The gastric juice is the product of six different sets of
glands. Three of these secrete ferments, pepsin, rennin and
lipase, a fat-digesting ferment. Other glands secrete mucus, still
others acid, and by another set of glands there is secreted a serous
fluid termed diluting juice, which serves to regulate the acidity
and digestive activity of the gastric juice.

It was formerly supposed that gastric juice is produced only
during digestion. This belief was largely based upon the observa-
tions of Beaumont, But it may be noted that this shrewd observer
remarked that he wswally found the stomach empty, or at least
that it contained only a small quantity of gastric juice, which he
states sometimes amounted to one or two ounces. This quite
agrees with the later observations of Carlson on a man having
a gastric fistula similar to that of St. Martin, upon whom Beau-
mont’s experiments were made. Carlson holds that the secretion
is continuous, usually not exceeding one to two ounces per hour,
but sometimes three to five ounces per hour. This continuous
secretion possesses the properties of ordinary gastric juice, though
usually less acid than the juice produced during digestion. The
continuous secretion is absent in fevers and also when the stomach
is the seat of inflammation or gastritis.

The rate of secretion and doubtless the volume also varies
greatly in different persons. It is known that several pints of
gastric juice are required for the digestion of each meal. Recent
experiments show that the rate of secretion of the gastric juice
varies from one-third of an ounce to two and one-third ounces
in ten minutes, or a maximum of nearly one pint an hour. The
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activity of the stomach is greatly influenced by the character and
volume of the food.

After the appearance in 1834 of Beaumont’s interesting
account of his experiments upon St. Martin, the knowledge of
digestion was advanced very little until the publication in 1897
of Pavlov's remarkable treatise. “The Work of the Digestive
Glands.,” This work provided, for the first time, a basis for
rational medical dietetics. Previously so little was actually known
respecting the physiology of gastric and intestinal digestion that
medical dietetics, at least in relation to gastric and intestinal
digestion, was almost wholly empirical or based upon vague and
unproven theories.

The facts set forth by Pavlov were so extraordinary and so
revolutionary that the writer thought it worth while, in 1907, to
visit Petrograd for the purpose of getting a first-hand acquaint-
ance with the work and views of this distinguished investigator,
whom he found the most approachable, courteous, and communi-
cative of men. The experiments which the professor and his
able assistants performed for the writer's benefit not only con-
firmed the facts made known in his published works but made us
acquainted with additional facts which at that time had not yet
been published to the world.

Some of the most important facts in relation to gastric
digestion were discovered by Pavlov through experiments made
possible by an ingenious operation devised by him whereby the
stomach of a dog was divided into two compartments, one of
which was made use of by the dog for the digestion of his food.
while the experimenter employed the other for his scientific obser-

vations.
Appetite Juice.

Pavlov found that within a few moments after a dog began
chewing the food offered it, a stream of freshly secreted gastric
juice started to pour from the little stomach into the receptacle
provided to receive it. In fact, the secretion of gastric juice by
the little stomach often began even before food had been taken
into the mouth of the dog, provided it was allowed to see and
smell appetizing food.

By another experiment Pavlov proved that if food was
simply chewed and never allowed to enter the stomach, the
stomach produced an abundant secretion of highly active gastric
juice, which continued as long as the chewing continued. In one
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of the accompanying cuts is shown a group of dogs as seen by the
writer at ten o'clock in the morning in Pavlov’s laboratory, after
they had been actively chewing food since six o’clock in the morn-
ing. Each dog had produced nearly a quart of gastric juice,
although not a particle of food had entered the stomach, it being
prevented from so doing by an eperation upon his esophagus,
whereby the food, when swallowed, was made to drop back into
the pan from which he ate, instead of going into his stomach.
The gastric juice produced under these conditions, by the simple
chewing of food in the mouth, Pavlov designated by the term
“appetite juice.”

Miller and others have shown that the sight of food is a more
powerful stimulus to gastric secretion than odor. Unpalatable
food produces little or no appetite juice, though it may be ulti-
mately well digested. Worry and mental strain cause delay in
the development of appetite juice and hinder digestion. This
effect is not produced by entertaining mental activity, such as
reading a newspaper during meals.

The gastric juice secretion thus evoked by the tasting and
chewing of food 1s strongly acid and possessed of a very high
degree of digestive activity. At the time of the writer’s visit the
laboratory was doing quite an extensive business in the collection
of gastric juice from the stomachs of dogs and shipping it to
specialists in various parts of Europe for use by patients. Very
remarkable results were attributed to its use, far greater than
have ever been found to result from the use of the pepsin obtained
from the stomach of the hog.

Appetite juice is produced at the average rate of about one-
eighth of an ounce per minute, though it may be generated at a
rate four times as great as this. Its secretion ceases as soon as
the taste of food disappears from the mouth.

Appetite juice, like the continuous gastric secretion, is either
greatly diminished or entirely absent in gastritis or any inflam-
matory disorder of the gastric mucous membrane, as well as in
fevers. It is also stopped by pain and by strong emotions, as by
anger and fear. FPavlov believed the function of the appetite
juice to be to start the digestive process. He regarded it, in fact,
as the most important part of the gastric secretion. The correct-
ness of this view has been called in question in view of the fact
that normal infants have no appetite juice, and that the digestion
is apparently carried on in a normal way in dogs in which the
nerves of the stomach have been divided so'as to prevent the
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development of appetite juice, and also in persons having a
gastric fistula through which food may be passed into the stomach
without having been placed in the mouth. The fact is also
recalled that in many cases of achylia, a condition in which no
gastric juice is formed, a digestion is apparently carried on by
the small intestine in a perfectly normal way. The same is also
true in cases in which the stomach has been removed. However,
it cannot be denied that appetite juice is a highly useful factor in
digestion, and it seems probable that its absence must sooner or
later give rise to impairment of digestion and nutrition.

When the tongue is coated, the food flavors cannot be
appreciated by the nerves of taste, and as a result the gustatory
reflexes are destroyed, appetite juice is not formed, and digestion
may be suspended. (Roger).

Fats mixed with the food delay the development of appetite
juice and diminish its quantity. Meat introduced into the stomach
of a dog without passing through the mouth digests after a very
long time, but when taken through the mouth, five times as much
will be digested in the same time, through the aid of the appetite
juice which is produced. This experiment affords a most fore-
ible demonstration of the importance of appetite and of mastica-
tion as aids to digestion. Bread placed in the stomach produced
no secretion whatever, but when chewed in the mouth and swal-
lowed, appetite juice was produced and the bread was readily
digested. When a portion of the digesting bread was introduced
directly into the stomach of another dog, gastric juice was
promptly secreted.

Fats not only hinder the formation of appetite juice, but
their presence in the stomach leads to a diminution in the pro-
duction of chemical juice as well.

Pavlov showed that fats remain longer in the stomach than
any other food principle, but after leaving the stomach they pass
rapidly through the intestine.

The Chemical Juice.

The gastric secretion which appears in the stomach as the
result of contact of the food with the gastric mucous membrane
is called by Pavlov “chemical juice.” The chemical juice appears
to be called forth by various stimulating substances found in
foodstuffs, particularly by the extractives of meat. Recent ex-
periments, however, have shown that the most powerful stimulant
of the gastric glands is gastrin, a hormone which is formed when
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protein food is brought in contact with normal gastric juice in
the stomach.

The chemical secretion, as well as the appetite juice and the
sontinuous secretion, is arrested by fever, especially when the
body temperature rises considerably. In health, active secretion
of gastric juice is produced when gastrin is injected under the
skin or introduced into a vein. When fever is present, this does
not occur.

Fasting Juice.

Gastric juice is usually found in the stomach in the intervals
between meals, as in the morning before breakfast. The amount
varies from a fraction of an ounce to several ounces. The acidity
varies according to the amount of bile or mucus present. Bile
is found in nearly half the cases.

The Gastric Acid.

One of the most remarkable physical properties of the gas-
tric juice is its acidity. The contents of the healthy stomach
during digestion are always found to be highly acid. This is
rarely ever due to fermentation but rather to the presence of
hydrochloric acid. According to Debove, an eminent French
physiologist, the hydrochloric acid formed by the gastric glands
differs from the ordinary hydrochloric acid of the laboratory in
being much more active, As secreted by the gastric glands, the
acid has the same degree of acidity as that possessed by one-half
of one per cent. solution of hydrochloric acid, about 1.25 per cent.
of the ordinary C. P. hydrochloric acid of the laboratory.

A solution containing hydrochloric acid in this proportion,
if applied to the skin, would produce powerful corrosive effects.
As soon as secreted, however, the strong acid solution is diluted
by the gastric mucus so that the normal acidity of the gastric con-
tents corresponds to a solution containing about two parts of
hydrochloric acid in a thousand parts of water, or two-tenths of
one per cent,

It is evident, then, that when matters vomited or regurgitated
from the stomach have a strong acid taste, it is no certain indi-
cation that the food has fermented in the stomach, but may be
proof that the stomach is making at least a normal amount of
gastric acid. When there is fermentation of the gastric contents,
a rather rare occurrence, vomited matters have not only a sour
taste but a sour smell as well, due to the presence of acetic acid,
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which is volatile at the temperature of the body, whereas hy-
drochloric acid is not volatile,

The normal stomach produces each day from one dram to
two-thirds of an ounce of pure hydrochloric acid. Just how the
stomach is able to produce this strong acid is not known, nor
how the gastric mucous membrane alone, of all other body tissues,
is protected from the destructive action of this highly corrosive
liquid.

The amount of acid formed by the stomach in the digestion
of a meal depends primarily upon the character of the food. Reh-
fuss and Hawk confirm the observation of Pavlov that animal
foodstuffs produce a higher degree of acidity than do vegetable
foods, the average acidity of beef being 120, eggs 80, and
vegetables 70. Milk produces greater acidity than do eggs. Bread
and cereals produce the lowest degree of acidity. The degree of
acidity produced by animal foodstuffs is equal to that which is
universally regarded as pathological and indicative of disease.
From this fact the inference may be clearly drawn that the habit-
ual use of meats must tend to produce a diseased condition of
the stomach.

The acidity of the gastric contents during digestion is not
usually found so high as one-half of one per cent., being normally
about one-fifth of one per cent. This is also the acidity of the
continuous secretion found in the empty stomach when mixed with
saliva which has been swallowed and liquids which have entered
the stomach from the intestine.

Regulation of Acidity and Control of the Pylorus.

Boldyreff demonstrated that the acidity of the gastric con-
tents is chiefly regulated by reflux or regurgitation of the alkaline
contents of the duodenum, and that hyperacidity is most frequently
the result of the failure of this regulating function. This
important observation has apparently been generally over-
looked by clinicians, but the mechanism discovered by Boldyreff
is now recognized as the efficient means by which hyperacidity is
normally prevented.

As shown by Hunter, hyperacidity is nearly always present
in cases of obstruction of the common duct by gallstones, the
hyperacidity apparently being due to absence of bile and pan-
creatic juice. The alkaline secretion of the pyloric portion of the
stomach is also an important factor in neutralization.

Hyperacidity is due (Ryle) to (I) excessive secretion; (2)
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hypertonus of the pylorus, preventing duodenal reflux; (3) ex-
cessive intragastric tension (Apperly); (4) failure of the duo-
denum, which normally acts as a positive factor in preventing
hyperacidity by forcing its contents back into the stomach (Boldy-
reff ).

The pylorus is probably the main factor in controlling duo-
denal reflux (Goodhart and Campbell). The intragastric pressure
mwst be below that of the duodenum for reflux to occur even when
the pylorus is open.

In the “steerhorn” or hypertonic stomach, the prepyloric
portion of the stomach is higher than the duodenum, so reflux does
not easily occur. In the hypotonic or “J"-shaped stomach, the
prepyloric portion of the stomach is below the pylorus, which
facilitates reflux.

Hyperchlorhydria is probably due t¢ a hypertonic condition
of the whole pyloric portion of the stomach rather than of the
pylorus alone, while a hypotonic condition of the pyloric portion of
the stomach predisposes to hypochlorhydria, because it facilitates
reflux and neutralization of the gastric acid.

The “steerhorn” or hypertonic stomach is most common in
cases of duodenal ulcer, a condition in which hyperchlorhydria oc-
curs more often than in any other condition.

That some other factor besides the pyloric sphincter influences
hyperchlorhydria, however, is shown by the fact that hyperchlor-
hydria may persist after gastro-jejunostomy in cases of duodenal
ulcer.

The acid control of the stomach is probably due to a tidal
movement of fluids between the duodenum and the stomach, regu-
lated by reciprocal changes in tension between the stomach and
duodenum. The pyloric sphincter resists solid particles but prob-
ably allows more or less interchange of liquids most of the time.

The relief of pain afforded by the use of alkalies is probably
due to the production of gas, which causes a reflex relaxation of
tension the same as does the taking of food. The taking of thirty
minims of dilute hydrochloric acid three times a day promptly
relieves the gastrogenous diarrhea sometimes observed in achylia,
probably in increasing the tonus of the pyloric portion of the
stomach.

Pepsin.

This ferment is the most important of the several ferments

found in the gastric juice. As secreted, it is not active, but only
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becomes an active digestive agent when activated by combining -
with hydrochloric acid. :

The amount of pepsin contained in the pint and a half of
gastric juice produced in twenty-four hours is about seven and
one-half grains. The twenty or more ounces of gastric juice re-
quired for the digestion of a hearty dinner contain four grains
of pepsin, sufficient to digest one and two-thirds pounds of egg
white or three and one-third ounces of dried albumin, nearly
double the amount required for a full day’s ration. It is thus
apparent that the daily production of pepsin is sufficient to digest
four times the amount of protein which the body requires.

Except when the gastric glands are destroyed by degenera-
tion, pepsin is usually secreted in abundance. It is for this reason
that the feeding of pepsin as a remedy is useless as an aid to
gastric digestion. Some years ago an experiment upon a dog
was made by a French physiologist which still more clearly dem-
onstrated this fact. By means of tubes passed into the dog’s
stomach, a stream of water was allowed to flow into the stomach
through one tube and out of the other, until more than 2,000
quarts of water had been passed through the stomach. The
digestive activity of this water was tested by the addition of
hydrochloric acid and was found to be such that the amount of
pepsin present was sufficient to digest an amount of flesh more
than equal to the weight of the dog.

When the gastric acidity is excessive, the digestive power of
the gastric juice may be greatly lessened by the destructive action
of the acid upon the pepsin,

The presence of bile in the stomach prevents the action of
pepsin, even though the gastric contents may still remain acid.
The bile precipitates the pepsin. Pepsin is readily digested by
trypsin, a ferment produced by the pancreas, and hence its action
does not continue after the food leaves the stomach.

Lipase.

Roger, of Paris, and others have in recent years called at-
tention to the interesting fact that the stomach secretes a lipase,
or fat-digesting ferment, which is very active in the digestion of
emulsified fats such as cream and egg yolk.

In this connection it is interesting to note the fact that while
the principal digestive work of the stomach is to digest proteins,
provision is made also for the digestion of starch and fat. Thus,
by the co-operation of these several digestive agents in the stom-
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ach, the food may be completely broken down and so prepared
for the more vigorous digestive action of the pancreatic juice
and the finishing work of the intestinal juice to which the food is
subjected in the intestine. When large quantities of fat are eaten,
the intestinal fluid, consisting chiefly of a mixture of bile and
pancreatic juice, is often regurgitated, the evident purpose being
to aid in the digestion of the fat when the quantity is greater
than the gastric lipase is able to deal with. This regurgitation
of bile from the intestine is most likely to occur in cases of high
acidity, a condition which interferes with the action of the lipase
of the stomach and may even destroy it. The alkaline intesti-
nal fluids, by neutralizing the acid gastric juice, aid the digestion
of the fat and so hasten its departure from the stomach.

Functions of the Hydrochloric Acid
of the Gastric Juice.

The hydrochloric acid of the gastric juice plays a remark-
ably versatile réle, as will be seen by the following enumeration
of its uses:

1. Activates pepsin. As secreted, pepsin has no digestive
activity, but in the presence of hydrochloric acid it acquires an
astonishing digestive potency by which it is able to transform
the various proteins of the food into peptone, although it does not
actually complete the digestive process. Pepsin-hydrochloric acid
is the only agent by which raw connective tissue can be digested
in the body. It is evident, then, that in achylia, when pepsin and
hydrochloric acid are no longer produced in the stomach, flesh
foods should be entirely discarded.

It may be mentioned in this connection that in the absence
of hydrochloric acid pepsin may be to some degree activated by
food acids—citric, malic and tartaric acids. It should also be
noted that when both hydrochloric acid and pepsin are absent
from the gastric juice the ferments sometimes may be made to re-
appear by the introduction of hydrochloric acid or acid protein
into the stomach (Taylor). If after the use of hydrochloric
acid in this way the ferments do not appear, it is evident that the
gastric glands have undergone degeneration, It is desirable that
this test be made in all cases of achylia,

2. Activates chymosin and lipase. The chymosin, or ren-
net, of the gastric juice coagulates milk and the lipase digests fat.

3. Regulates reflux of alkaline liquids from the duodenum.
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It is known that this is the normal means of regulating gastric
acidity. It is known, however, that in achylia, in which there is
no acid in the stomach, the pylorus often remains open and the
food passes out more quickly than normal.

4. Closes the pylorus. When the acid contents of the
stomach enter the duodenum, the pylorus is closed by a reflex
action. Failure of the pylorus to close is probably the cause of
the rapid emptying of the stomach in achylia.

5. Stimulates the secretion of pancreatic juice.

6. Causes contraction and emptying of the gall bladder.

7. Disinfects the food, destroying bacteria and other or-
ganisms. The gastric juice does not destroy all bacteria, but it
has been demonstrated that most pathogenic or disease-pro-
ducing bacteria do not survive prolonged contact with normal
gastric juice.

8. Stimulates the production of pepsin by the gastric
glands,

9. Stimulates the movements of the stomach. Cannon
proved that the tonus of the stomach walls, as shown by the
pressure within the stomach, was four times as great with acid
contents as with neutral contests.

10. Closes the cardiac orifice after the swallowing of food.

11. The hydrochloric acid of the gastric juice protects the
body against the poisons eliminated through the bile by precipitating
them and thus preventing their reabsorption. It is possible that
injury may be done by the use of soda in large doses through the
prevention of the precipitation of the bile salts. These salts are
irritant poisons. When they are absorbed, they are again ex-
creted. The bile thus becomes more and more concentrated.

The acidity of the gastric juice is increased by the following:

Hunger

Water

Gastric juice

Lean meats

Meat extracts, bouillon and animal broths
Yeast extract

Milk, especially buttermilk and skimmed milk
Cane sugar

Undigested cooked starch

Dextrin

Sodium chlorid (common salt)
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Carbonated water

Agreeable foods

Strongly flavored foods

Condiments

Cold baths

Sleeping after meals

Imperfect mastication of food (chemical juice)
Prolonged chewing of food (appetite juice)
Acids (especially butyric, oxalic and tannic)
Tea and coffee, alcohol and tobacco

Worry

Disease of the gall bladder

Gastric or duodenal ulcer

Putrefaction in the intestine (Ivy).

According to Taylor, “There are experiments with animals
indicating that increased bacterial action in the intestine, aiding
the formation of a large amount of fatty acid (also other toxic
substances, such as bacterial peptone, etc.), provokes in some way
an increased secretion of hydrochloric acid in the stomach.” The
writer has noted a very constant association between intestinal
toxemia and gastric hyperacidity or hyperhydrochloria.

Hypersecretion, or hyperacidity, may be intermittent or con-
tinuous. It is a common symptom in connection with hysteria,
chlorosis and neurasthenia, so-called nervous dyspepsia, a condi-
tion which is probably due to chronic intestinal toxemia.

The acidity of gastric juice is lessened :

1. By fats, cream and oils, especially olive oil when per-
fectly fresh and free from rancidity.

2. Sugar.

3. By the use of soft foods and purées, when eaten with
very little mastication.

4. By bland foods.

5. By a saltless diet.

6. By sweating baths or by profuse perspiration induced
by exercise, which causes the elimination of salt.

7. By fatigue.

8. By disease—fever, cancer, degeneration of gastric glands
(achylia), cachexia, pernicious anemia, Hydrochloric acid is
often absent or diminished in Bright's disease, chlorosis and pro-
nounced secondary anemia.

9. About one-fourth of the hydrochloric acid secreted by
the stomach is absorbed or neutralized by mucus.
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10. The gastric juice may be neutralized by a reflux of
fluids, bile and pancreatic juice, from the duodenum.

According to Pavlov, egg albumin has no effect upon gastric
secretion. He found the same true of undigested starch, solid
fats and hydrochloric acid. -

Bitters Do Not Increase the Secretion
of Gastric Juice.

The observations of Carlson and others have clearly demon-
strated that, contrary to popular belief, bitters do not increase
the production of gastric juice. Reichmann and Scheeffer have
shown, in fact, that the presence of bitters in the stomach has
the effect of lessening the secretion of gastric juice. From these
experiments, it is evident that the age-long faith in bitters as a
means of promoting digestion has no scientific basis. Bitters
hinder instead of aiding gastric digestion.

It has long been known that zlcohol increases the activity of
the gastric glands; but Chittenden, in his classical research made
many years ago for the Committee of Fifty, showed that while
alcohol increases the secretion, it at the same time destroys the
activity of the gastric juice by precipitating the pepsin, Wines,
as well as strong liquors were found to be decidedly detrimental
to digestion.

In general, it may be regarded as clearly established by scienti-
fic reasearch that the only safe and proper stimulants for the
stomach are those normal gastric activators, the flavors, hormones
and vitamins which are found in natural foodstuffs, and which
are often deficient or lacking altogether in artificial and denatured
foods. The best stomach tonics or peptic stimulants are to be found
in the unsophisticated products of the orchard, garden and field.

RECENT STUDIES OF THE INFLUENCE OF FOODS
UPON THE GASTRIC SECRETION

The study by Pavlov of the gastric juice by the aid of the
isolated stomach, begun in 1894, furnished the foundation for a
clear conception of the relation between food and the several di-
gestive processes, especially the influence of food upon gastric
secretion. But the work of Pavlov was practically confined to
animal foodstuffs. It has long seemed to the writer most desirable
to possess similar data respecting the influence of the various
vegetable products among our common foodstuffs, especially as
these so greatly exceed foodstuffs of animal origin both in num-
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ber and in diversity of composition. By request of the writer, u
study of this question has recently been made by Professor Boldy-
reff, for many years associated with Professor Pavlov of Lenin-
grad, now director of the Pavlov Institute of the Battle Creek
Sanitarium. Professor Boldyreff's familiarity with the Pavlov
technic, from his long service with the great physiologist as his
chief assistant, gives to his observations special value as a contribu-
tion to the growing body of exact knowledge respecting the reac-
tion of the stomach to various foodstuffs.

The main facts developed by Professor Boldyreff’s research
are the following:

The research was conducted with dogs, with isolated stomachs
prepared by the method of Heidenhain, in which the vagus nerves
of the stomach are cut, so that the small or experimental stomach
is influenced only by the sympathetic nerves. Under these condi-
tions, only chemical juice is produced; that is, the gastric secre-
tion which is produced by the sight, taste and smell of food, does
not appear. The secretion produced is known as chemical juice,
Its production is the results of the stimulating influence of the
food upon the gastric glands through the absorption of the soluble
elements of the food.

The following table shows the degree of digestive activity
evoked by different common foods:

Digestive
Duration  Quantity Acidity Pepsin  Activity
Suastance (Extract) Hours [ o od % HCI Mett'sTest QxP
T LT T S e T 2.50 20.1 .29 5.1 102
Mushrooms ........... 275 185 40 5.1 94
R i e 3.00 278 44 33 92
27013 TT- D E 2,00 16.2 40 46 76
Savita (yeast extract).. 2,00 17.6 40 4.1 72
CRETOLE . orvieatiesmas 225 19.2 A4 36 69
Beef bouillon ......... 2.00 159 39 3.0 48
INPRICOES oy Sl el 275 16.0 41 3.0 48
I 225 16.0 A2 3.0 48
Rutabagas ............ 2.00 14.8 38 3.0 4
DR s e ek 3.00 20.0 42 20 40
RIS ruonnrmniis comis 1.50 9.6 .29 3.3 32
i+ 5 G e T 2.00 6.2 38 4.1 25
Grape. juice ..q.ooevaies 2.00 71 34 28 20
Tomato juice ......... 1.50 48 35 3.0 14
BRI v ieei i aien 1.75 47 27 25 12
97 TR o I Sl S 225 9.8 41 1.0 10
Bice ) oinrisessaimms 1.50 1.3 00 0.0 0
Cane Sugar (10% Sol.) 0.00 0.0 .00 0.0 0
Bextrose: v e semises - 4 trace 0 0
Levitlase: - ... coviienn - + o 0 0
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In reviewing the above table, it will be noted that several
vegetable extracts or bouillons are more active in awakening gas-
tric activity than is meat extract or beef bouillon. Savita, a yeast
extract, resembling meat extract in appearance and flavor, evoked
a degree of digestive activity more than fifty per cent greater than
beef bouillon. Tt is quite possible that the superiority of Savita
may be due to the fact that it is very rich in vitamin B, which is a
vital stimulant and has been shown by McCarrison, Boldyreff and
others to have a powerful and energizing influence upon the di-
gestive organs.

The Influence of Paraffin Qil

upon Gastric Secretion.

Pavlov, Sokoloff and others have shown experimentally that
oils inhibit gastric secretion. These investigations also showed
that the inhibition originated from the small intestine. It was
further demonstrated that the actual cause of the lessened secre-
tion is the presence in the oils of fatty acids. These acids not
only lessen the activity of the gastric glands but also lessen the
acidity of the gastric juice and the amount of pepsin present. Oils
which are perfectly neutral are less active than those which have
become slightly rancid by the development of fatty acids; al-
though neutral oils also lessen gastric secretion because of the
rapid development of fatty acids after they enter the stomach or
the intestine.

These facts, experimentally proven by observations upon lab-
oratory dogs, have been abundantly verified in clinical experience.

Some medical writers have strongly denounced the use of
mineral oil as a remedy for constipation, claiming that, like other
oils, it lessens the activity of the gastric glands, and thus inter-
feres with digestion.

The fact that mineral oil is not acted upon by the digestive
juices, and that it is not decomposed by bacteria, that, in fact, it
undergoes no chemical change in its passage through the alimen-
tary canal; and the further fact that it is not taken up by the ab-
sorbents which drink up with so great avidity the products of
digestion and many other substances from the intestinal canal,
have furnished an apparently sound basis for the belief in the
innocuousness of this valuable remedy for delayed bowel action.
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The question has been definitely and finally settled by research
recently undertaken by Professor Boldyreff.

The experiment consisted of administering a dose of paraffin
oil to a dog with a Pavlov pouch, thirty minutes before feeding
seven ounces of raw meat, the rate of gastric juice production
after a meal of this sort having been previously determined. The
immediate effect of the administration of mineral oil was found
to be a slight increase (about seven per cent) of the amount of
gastric juice produced, with no change in the acidity or the pepsin
content of the juice. Later, a slight diminution of the gastric
secretion was observed, but this was soon followed by a gradual
return to normal. It thus appears that the use of paraffin or
mineral oil has no detrimental effect upon gastric secretion.

The Influence upon Gastric Secretion of the Introduction into
the Rectum of Different Kinds of Oil.

The writer observed many years ago (1905), that the in-
troduction of linseed oil into the rectum as a means of encourag-
ing bowel action, a method then much in vogue, apparently
interfered with gastric digestion, lessening the appetite the fol-
lowing day, causing coating of the tongue and other symptoms of
gastric disturbance.

Since Pavlov had shown that animal and vegetable oils have
the effect to lessen gastric secretion, the conclusion was drawn that
the introduction of oil into the rectum probably produced a similar
effect. This led the writer to discontinue the use of the oil enema,
Recently, at the writer's request, Professor Boldyreff conducted a
series of experiments the results of which fully confirmed the
conclusions reached by the writer from clinical observations.

The following is a summary of the conclusions drawn from
the results of this research :*

“l. The mineral oils (liguid paraffin oil) do not diminish the appetite,
and do not have any harmful effect upon gastric digestion.

“2. Of the animal oils, butter has no inhibiting action on digestion
because it is not liquid at body temperature, and therefore cannot move into
the small intestine. Cod liver oil inhibits digestion but in a relatively small
degree.

“3. The vegetable oils (olive oil and linseed oil) inhibit very strongly
the psychical phase of digestion.

* “The Influence of Different Kinds of 0il Introduced into the Rectum ypon

Gastric Secretion,” by W. N. Boldyreff, M.D., and J. H. Kellogg., M.D., Bulletin
of the Battle Creek Sanitarium and Hospital Clinic, Vol. XX, No. 2, 1925,



60 THE NEW DIETETICS

‘4. The fatty acids are the active substance in the oils.

“5. Commercial oils have a stronger inhibitory action, as they contain
free fatty acids, but neutral oil also possesses this action, though in a less
degree. Morecover, the action of nentral oil is slower,

“6. The inhihiting action of woils introduced into the rectum consists
only in decreasing the quantity of gastric juice: its acidity and pepsin
content remain nearly constant.”

It is clearly evident from the above that animal and vegetable
oils when introduced into the rectum have a very pronounced in-
jurious effect upon gastric digestion by decreasing the production
of appetite juice. The effect of these oils is doubtless the result of
the entrance of a portion of the oil into the small intestine through
reversed peristalsis. Iven in cases in which the ileocecal valve is
intact, it 18 quite possible that some portion of the oil should enter
the small intestine, and it is, of course, quite possible that the
inhibitory effect may be the result of the absorption of fatty acids
produced in the cecum, where absorption is known to be rapid.

The worst effects would naturally occur in cases of pro-
nounced incompetency of the ileocecal valve, a condition which
exists in a very large proportion of cases of chronic constipation.
It is, in fact, the rule rather than the exception in such cases.

In view of thése findings, it is clear that the practice of intro-
ducing vegetable oils into the rectum for the relief of constipation,
should be discarded, If it is desired to use oil for this purpose,
mineral oil should be employed, since this does not disturb the ap-
petite nor produce any other harmful effect on gastric digestion.

The effect of cod liver oil was found less marked than other
oils in experiments with the dogs, for the reason that dogs are
very fond of fish, and the odor probably stimulates the flow of
juice.

DIGESTION IN THE SMALL INTESTINE

The small intestine performs the greater part of the diges-
tive work and is the only part of the alimentary canal in which
the work of digestion is carried to completion, It is also the
chief organ of absorption, practically no absorption of digested
foods taking place from either the stomach or the colon. Both
the stomach and the colon may be removed without serious inter-
ference with digestion or nutrition; but removal of any con-
siderable portion of the small intestine is dangerous to life.

Using a domestic analogy, the stomach may be considered
the kitchen of the body and the small intestine the dining-room.
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In this part of the alimentary canal, which is about twenty-two
feet in length, the food is disposed of so rapidly that at the end
of eight hours from the time the food enters the stomach all of its
usable elements have been digested and absorbed.

The small intestine absorbs something more than six quarts
every twenty-four hours. This amount includes not only the
liquids taken in the form of food and drink, but the pancreatic
juice, the gastric juice and other digestive fluids which are poured
into it. The rapid absorption which takes place in the small
intestine is made possible by the five million villi which hang out
into the interior of the gut and which in some respects resemble
the minute rootlets of a plant. Indeed, the villi may be regarded
as the roots of the body, while the foodstuffs which pass over
them along the intestinal canal correspond accurately to the soil
which surrounds the rootlets of a plant. TFach of the five million
villi of the small intestine absorbs about one ounce of liquid in a
lifetime of sixty years. So minute are the villi and so delicate is
this part of the digestive machinery that a single villus working
steadily for eight weeks is able to absorb barely one drop of
liquid,

In the small intestine the digestive process is fully completed,
the useful products of digestion are absorbed, and the unusable
residues, together with the bile, mucus and various body wastes
which are eliminated by the intestine, are pushed on through the
ileacecal valve into the colon, their return to the small intestine
being prevented by the check-valve action of this remarkable
anatomical structure.

The Pancreatic Juice.

In the intestine the food comes in contact with three diges-
tive juices: the pancreatic juice, the bile and the intestinal juice.
The pancreatic juice contains four ferments, besides activating
substances. These are as follows: #rypsin, which digests protein;
lipase, which digests fat by converting it into soap; amylase,
which converts starch and dextrin into malt sugar, chymosin, or
rennet, which coagulates milk.

Acids stimulate the secretion of pancreatic juice. This is
true of food acids as well as of the hydrochloric acid of the gas-
tric juice. Hence, when the normal gastric juice is absent, acid
fruits should be freely used to encourage pancreatic secretion
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and _intestinal digestion. Water drinking also increases pan-
creatic secretion, as do fats and alkalies ; but alkalies diminish the
activity of the pancreatic juice while increasing its volume. An
excessive quantity of hydrochloric acid lessens the activity of the
pancreatic juice, although increasing the amount.

There is an appetite pancreatic juice as well as an appetite
gastric juice. The secretion of appetite pancreatic juice begins,
in fact, before the appetite gastric juice secretion begins. Pan-
creatic secretion is greatly increased by gastric hyperacidity.

The trypsin of the pancreatic juice, like pepsin of the gas-
tric juice, is not active when first formed by the glands. It
only becomes a potent agent for digestion when it has been
activated by the bile or by bacterial products. Sometimes bile
as well as bacteria reach the pancreas through the pancreatic
duct and activate the pancreatic ferments, giving rise to auto-
ligestion of the pancreas and pancreatitis. This occurs as the
vesult of disease of the gall bladder and bile ducts, and is prob-
ibly a common cause of diabetes.

The amylase of the pancreatic juice differs from that of the
saliva in the fact that it is much more active and is able to digest
raw starch. It is for this reason that the starch of the food is
usually all digested, little or no starch being found in the feces.
I'his is, unfortunately, a disadvantage, since starch or sugar is
needed in the colon to promote the growth of lactic acid-forming
germs which are necessary to maintain the activity of the colon
and to hinder the growth of putrefactive organisms.

Amylase, or the starch-digesting ferment of the pancreatic
juice, is not often found in the colon. It is likely to be found,
however, when starch is present, as starch seems in some way to
protect the ferment. On this account it is desirable to take regu-
larly with the food a sufficient amount of raw starch to insure the
presence of a certain amount of starch in the feces. This may
be accomplished by eating freely of uncooked vegetables contain-
ing starch, or by avoiding overcooking of oatmeal and other
cereals. The Scotch eat their oatmeal scalded rather than cooked.
[his practice has been in vogue in Scotland for centuries and
doubtless with great advantage to the Scotch people. For some
years the writer has followed a similar plan, requiring oatmeal to
be cooked only 8 or 10 minutes instead of 30 minutes or more, the
customary time. The use of cereals prepared in this way renders
great service in regimens for changing the intestinal flora.
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Hyperacidity impairs the activity both of the amylase and
of the trypsin of the pancreatic juice and hence may interfere
with the digestion of starch and protein in the intestine as well
as in the stomach. In cases of diabetes the pancreatic secretion
may be so much depreciated that the protein of the food is not
properly digested. This matter should be investigated in such
:ases. It is possible to obtain a sample of the pancreatic juice
for examination by means of a duodenal tube.

The Intestinal Juice.

The intestinal juice is in some respects the most remarkable
of all the digestive fluids. It contains several ferments as follows:
Erepsin, which completes the digestion of protein and is in this
respect the most efficient of all the protein digesting ferments;
chymosin, which coagulates milk ; maltase, which converts maltose
into dextrose ; lactose, which digests milk sugar, converting it into
glucose and galactose; sucrose, which digests cane sugar, chang-
ing it into dextrose and levulose; and entero-kinase, which
activates trypsin.

The Bile.

The bile, produced by the liver, is secreted continuously, even
during starvation, although it is increased after meals. The
amount of bile produced depends somewhat upon the diet. It
varies from a pint to a quart daily, averaging about twenty ounces.

The importance of the bile is shown by the fact that the liver
of the horse secretes thirteen pints of bile in twenty-four hours.
The liver of an ox secretes nearly one-half as much; that of a
sheep three-quarters of a pint.

A portion of the bile is absorbed and again secreted, so that
it becomes in this way concentrated. There is in this fact some
justification for the idea that the bile becomes vitiated so that
one is benefited by getting rid of a portion of it. Lauder Brunton
noted many years ago that the bile from a biliary fistula lacks the
bitter taste of bile, doubtless for the reason that it has not been
concentrated by reabsorption,

Brugsch and Rother have recently (1922) found that the
liver eliminates urine acid in the bile.
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The amount of bile produced is greatly increased by a hearty
meat diet. The free use of fats also increases the secretion of
bile. Bile contains no digestive agent, but aids in the digestion
of fats and also encourages the absorption of digested fats. It
also contains substances which activate the ferments of the pan-
creas. The presence of bile hinders the growth of bacteria, and
it is also believed that it neutralizes to some extent the poisonous
products produced by bacteria.

It is evident that in the absence of bile the amount of pro-
tein and fat should be reduced, so as to lessen the liability to
injury from putrefactive processes in the colon. The digestion
of fats is interfered with by the absence of bile; hence the intake
of fat should be reduced when the entrance of bile into the intes-
tine is interfered with, as in jaundice and during drainage of the
gall bladder.

The loss of bile through drainage of the gall bladder does
not apparently produce any serious impairment of health, as the
body seems to be able to readily compensate the loss of the bile.
It is necessary, however, that great care be taken to regulate the
diet so as to lessen to the greatest degree possible the tendency to
intestinal putrefactions.

Intestinal Absorption and Excretion.

The great activity of the small intestine as compared with
the colon is seen in the fact that the latter organ, capacious as it
is, ordinarily absorbs only about ten ounces of liquid in twenty-
four hours, or one-twentieth as much as the small intestine. This
great activity of the small intestine as an absorbing organ is an
indication of the great importance of the function of the ileocecal
valve in preventing the reflux of refuse, perhaps in a putre-
fying condition, from the colon into the small intestine. Com-
paratively little harm results so long as these refuse matters
remain in the colon, even though there is some putrefaction,
although normally no putrefaction occurs in any part of the
alimentary canal. But when putrefying materials back up into
the small intestine, they are rapidly absorbed, and serious mis-
chief results, as shown by atracks of so-called biliousness, head-
ache, sleeplessness, skin disorders, and the highly varied symp-
toms of intestinal toxemia.

The large intestine is the channel through which the waste
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iron, lime and other metals are eliminated. Practically all of
the iron, amounting to about one-sixth of a grain daily, finds its
way out of the body through this channel.

TRANSPORTATION OF THE FOOD

The statements made in this section are based upon the care-
ful observations of Cannon, Hertz, Carlson, Case and others who
have made extensive observations upon the movements of the
stomach and intestines by the aid of the X-rays.

The alimentary canal is a transportation system as well as
a series of laboratories, the tube being divided into sections sepa-
rated by gates through which the food is moved from one part
to the next by contraction of its muscular walls. This movement
is termed peristalsis.

There are ten gates. Of these, one is placed at each end of
the canal—the mouth to guard the entrance and the anus to pro-
tect the exit.

Next to the mouth we find the soft palate, by which the food
is inspected as to its consistency and fitness for swallowing.

The third gate is located at the upper end of the esopha-
gus, or gullet, and is kept constantly closed except when food or
water is being swallowed.

The entrance of the stomach is guarded by a circular muscle,
the cardiac orifice, which keeps the food in the stomach while it
is being subjected to churning and kneading processes during
gastric digestion.

The outlet of the stomach, the pylorus, constitutes the fifth
gate. Its function is to hold back the food in the stomach until
it is prepared to enter the small intestine, then to pass it out
from the stomach into the intestine in spoonful doses as the
intestine is prepared to receive it.

At the lower opening of the small intestine is found a sixth
gate, the ileocecal sphincter, which might be properly regarded
as a second pylorus. It holds back the food in the small intestine
until digestion and absorption have been practically completed,
then relaxes and permits the unused residues to pass on through
the ileocecal valve into the colon. This structure, constituting the
seventh gate, acts as a check valve to prevent the reflux of fecal
matters from the colon into the small intestine,
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In the center of the transverse colon is found what may be
called an eighth gate, where contraction waves are started in
opposite directions, forward and backward, simultaneously. The
backward traveling waves, so-called antiperistaltic waves, have
for their purpose the retaining in the cecum of the dilute material
received from the small intestine until two-thirds of its water
content have been absorbed. By this means the consistency of
the colon contents is increased to such a degree as to secure
periodical rather than constant evacuations.

A free loop of the colon, known as the pelvic colon, which
joins the rectum, constitutes the ninth gate. After an evacua-
tion of the bowels the pelvic colon collapses and lies low in the
left side of the abdomen. As the loop of intestine is gradually
filled with fecal matters, it rises again, and when fully distended,
contracts and discharges its contents; hence this might be prop-
erly called the discharging gate. In many cases of chronic con-
stipation, the pelvic colon, on account of being the seat of colitis,
has become adherent while fallen down and collapsed, and being
unable to rise as filled, a serious obstacle to bowel movement
develops. This condition may fortunately be relieved by an oper-
ation, )

The anus is the tenth or exit gate.

Swallowing.

After the food has been chewed it is gathered upon the sur-
face of the tongue, the tip and edges of which are pressed against .
the teeth and the roof of the mouth, the soft palate is drawn up so
1s to close the posterior opening into the nasal cavity, and by a
backward movement the tongue is made to act like a piston, forc-
ing the food against the soft palate and the back of the pharynx.
At the same time the larynx rises and is pulled forward, opening
the upper end of the esophagus, and the epiglottis moves down-
ward with a quick jerk which tosses the food into the open gullet.
As the act of swallowing terminates, the solid substances are
grasped by the circular muscles at the upper end of the gullet and
by peristaltic movements are slowly moved toward the stomach,
into which they enter at intervals as the cardiac sphincter relaxes.
Liquid foods move down more rapidly than solids, being squirted
some distance down the esophagus. A partial vacuum exists in
the lower part of the esophagus which by suction greatly facili-
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tates the movement of food in the right direction, a device which
is certainly marvelously well adapted to the purpose for which
it is designed.

In the mouth the food is acted upon by voluntary muscies.
When the work of these muscles is done, the food is tossed or
squirted down the throat to come within grasp of the involun-
tary muscles which from this point automatically control the
movement of the food along the digestive canal. The act of
swallowing is reflex. One cannot swallow except when some ob-
ject is brought in contact with certain sensitive spots located at
the base of the tongue, the upper surface of the soft palate and
zspecially the back wall of the throat. These sensitive spots
differ from other reflex areas in the body in that they do not
become fatigued but are always ready to respond when stimu-
lated. This makes it possible to swallow many times in succession
without difficulty. When a morsel of food starts on its journey
Jown the esophagus, the cardiac orifice is notified and opens at
the right time to receive the morsel when it arrives. If cocaine
1s applied to the throat, the sensitive areas are benumbed and
ihe swallowing reflex is lost. The opening of the cardiac orifice
to permit the entrance of the food into the stomach is in harmony
with a general law governing the entire digestive tube, by which
a wave of relaxation always precedes a wave of contraction.

Certain drugs, as adrenalin, cause relaxation of the cardiac
orifice. The cardiac orifice contracts more strongly after cold
drinks and carbonated water than with warm water. It is for
this reason that warm water is taken to encourage vomiting.
The cardiac orifice contracts with sufficient vigor to resist a pres-
sure equivalent to ten inches of water or about six ounces to the
square inch.

The gastric walls contract when the stomach is empty, grad-
ually relaxing to accommodate themselves to the accumulating
contents during the taking of food or liquids. This adjustment
of the stomach to the volume of its contents is shown in the dis-
appearance of fullness, sometimes felt during a meal, after ceasing
to eat for a few minutes. The contraction of the cardiac sphincter
is due to stimulation by the acid of the gastric juice as the pylorus
is closed by a reflex produced by contact of the gastric juice with
the intestinal mucous membrane, When the gastric acid is
deficient, both the pylorus and the cardiac orifice may be relaxed,
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a condition which encourages intestinal infection and autointoxi-
cation.

When gas escapes from the stomach it is due to the fact
that gases accumulated in the upper part of the stomach prevent
contact of the acid gastric juice with the mucous membrane near
the cardiac orifice. In consequence its closure is prevented. As
the gas escapes, the fluid rises and comes in contact with the
mucous membrane about the cardiac sphincter, which is then
closed.

Movements of the Stomach.

The movements of the stomach have been very carefully
studied by many observers. It was formerly supposed that,
when empty, the stomach remained quiet. The observations of
Carlson have demonstrated that this is an error and that the
empty stomach is always active. A high degree of activity gives
rise to so-called hunger pains, Hunger is always associated with
contractions of the stomach, When food is received the move-
ments become slower and one is no longer conscious of them.

During digestion contraction waves pass over the stomach
at the rate of three per minute. When the contents of the stom-
ach are highly acid the rate may be increased to five or even six
waves per minute. There are also other influences which control
the rate of gastric peristalsis. When considerable fat is present
in the food the waves are less frequent and less vigorous, Pro-
teins produce more frequent waves than fats. The most frequent
waves are caused by the presence in the stomach of starch or
sugar, These gastric contractions continue until the stomach is
emptied, which sometimes requires several thousand waves, al-
though if the pylorus opened at each wave, the entire contents
of the stomach would be passed into the intestine in two minutes,

When the gastric juice is diluted by the swallowing of
liquids, the waves are slowed, increasing again when the gastric
contents become strongly acid. In vomiting, the cardiac end of
the stomach is wholly relaxed, although strong waves may occur
in the pyloric end of the stomach.

When vomiting is induced the cardiac end of the stomach
is relaxed. The diaphragm and the abdominal muscles contract
in such a way as to press the stomach between them, squeezing
out its contents. The act of vomiting is almost wholly passive.
When contracted, the stomach is reduced in circumference to
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about one-fifth that in its relaxed condition. In adjustment to
accommodate the gastric contents when the stomach is distended,
the muscular fibres of its walls slip by, and the same thing hap-
pens with the abdominal museles in relaxing to adjust themselves
to distending contents. Consequently the pressure within the
abdominal cavity may not be increased although the volume of
the abdominal contents, as in the case of a dog after a large meal,
may be doubled.

In the taking of food the successive morsels are arranged in
strata in the cardiac end of the stomach, the last food swallowed
being found in the center.

The two parts of the stomach really have two distinct func-
tions, the left or cardiac end is a reservoir in which the food is
dissolved and disinfected, This end of the stomach also secretes
hydrochloric acid which disinfects the food. The right half of
the stomach kneads, churns, and manipulates the food, reducing
it to the consistency of soup and finally spurting it into the
duodenum.

The pylorus has a curious selective action which was noted
by the ancients; hence its name, which literally means gate
keeper.

Passage of Foods from the Stomach.

In passing from the stomach into the duodenum, the gastric
contents are spurted some distance along the intestinal canal.

Carbohydrates pass out of the stomach most rapidly. Next
in order are the proteins and lastly, the fats. Bread begins to
snter the small intestine within ten minutes after eating, Potato
leaves the stomach rapidly, perhaps because it is acted upon by
the gastric juice only to a very small extent. At the end of half
an hour eight times as much carbohydrates have left the stomach
as of protein. Fats retard the passage of both carbohydrates and
protein from the stomach when present in considerable amount.
When the gastric contents of the stomach remain alkaline their
passage from the stomach is delayed.

It has been shown by Vogeler and others that hypersecretion
and acidity are accompanied by low motility and the reverse.
Where there is an excess of acid in the gastric fluids, the entrance
of this strongly acid material into the duodenum causes a pro-
longed closure of the pylorus.
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Acids delay the passage of food from the stomach by increas-
ing the secretion of gastric acid.

Acid protein, that is, protein to which acid has been added,
passes through the pylorus much more rapidly than does ordi-
nary protein.

Protein is discharged more slowly than starch because it
zombines with the free hydrochloric acid and so delays the open-
ing of the pylorus.

Fat remains long in the stomach for the reason that when
fat enters the duodenum it closes the pylorus just as does the
gastric acid. The purpose of this is to prevent the entrance of
fats into the intestine except at such a rate as will permit them
to be absorbed.

Another reason for the slow passage of fats from the stomach
is that they lessen the activity of the acid-forming glands.

Fat stimulates the flow of pancreatic juice. This is neces-
sary because in the presence of fats the secretion of hydrochloric
acid, which is also a stimulant for the pancreatic secretion, is
lessened.

When fats are taken in large quantities the pancreatic juice
and bile flow back into the stomach.

Water begins to pass into the intestine almost as soon as it is
swallowed. A pint of water may pass out of the stomach in
thirty minutes.

Water excites the acid-forming glands. This is an important
provision whereby the normal stomach is kept supplied with
gastric juice even when containing no food, which is necessary to
prevent the growth of molds and bacteria in the stomach.

When fats and carbohydrates are fed together the carbo-
hydrates are discharged slowly. Fats and protein fed together
are discharged still more slowly. Fats hinder the secretion of
gastric acid and the protein absorbs a considerable portion of
what little acid is secreted, thus causing great delay in the open-
ing of the pylorus.

Hyperacidity causes delay in the emptying of the stomach
by keeping the pylorus closed. A solution of hydrochloric acid
of a strength of seven-tenths to eight-tenths of one per cent.
causes continued spasm of the pylorus,

Since it has been shown that the gastric acid is never secreted
at greater concentration than one-half of one per cent., it seems
clear that pyloric spasm is really the result of a hypersensitive
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state of the gastric mucous membrane or a reflex disturbance
from a diseased gall bladder or some other source.

Gas in the stomach hinders peristalsis by preventing contact
of the food with the gastric walls. This is especially true when
the position is horizontal.

The Effects of Heat and Cold.

There are clinical facts which indicate that extreme heat
and cold applied to the surface of the body influence the action
of the intestinal muscles. For example, it is well known that the
cold bath and exposure to cold air have a decided influence in
producing hunger and appetite. The prolonged cold sitz bath
increases constipation by producing a spastic or contracted con-
dition of the colon.

For many years the writer has regularly prescribed as a
means of encouraging appetite an ice bag placed over the region
of the stomach for half an hour before meals. Hot applications
over the stomach lessen appetite. Hot applications over the
abdomen and the hot enema cause relaxation of the spastic colon.
Levin has shown that warm water leaves the stomach much faster
than cold water.

The Movements of the Small Intestine.

Peristalsis is the process by which the food is moved along
the alimentary canal from one section to another. There are
three forms of peristalsis:

First, a slowly advancing contraction which moves through
a short distance in an intestinal loop. This is the ordinary method
by which the food is moved along the digestive tube. The rate
of advancement is half an inch to an inch a minute.

A second form of peristalsis is a wave movement that sweeps
rapidly over a large part of the intestine, sometimes from one
end to the other, without pause. This form of peristalsis is
known as peristaltic rush.

Another movement which occurs in the small intestine is
the so-called segmentation, which consists of a churning move-
ment and simple manipulation of the food with little or no ad-
vancement. Peristaltic movements are in general in one direction,
from above downward, but under some circumstances the direc-
tion of the movement may be reversed. The peristaltic rush oc-
curs after the administration of a purge and is sometimes ob-
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served after a stimulating enema, as of soap suds, or diluted
molasses or lemon juice.

The time required for food to pass from the stomach to the
colon differs with different foods, being four hours for carbo-
hydrates, five hours for fats, and six hours for proteins. Cannon
observed that bran not only stimulates gastric peristalsis but also
moves through the small intestine with unuswal rapidity. Vege-
table foods in general pass through the intestine more rapidly
than animal foods because of the presence of cellulose and the
larger amount of protein and fat in flesh foods.

According to Cannon, when a horse eats oats, although its
intestine is more than twice as long as the human, the material
passes through the small intestine in a shorter time than in man.

Irritation of the colon slows the passage of food from the
stomach and also its movement through the small intestine.

(Carlson.)

The Movements of the Colon.

The contents of the small intestine, when discharged into the
cecum, are nine-tenths water. In the cecum two-thirds of this
water is absorbed. According to Roith, the contents of the
transverse colon have as great a consistency as those of the
rectum, which shows that little absorption occurs in the lower
half of the colon.

When the colon becomes filled with fecal matters, peristalsis
ceases or is greatly slowed.

The peristaltic waves of the colon begin in the middle of
the transverse colon. The duration of the wave movements is
four to five minutes. Antiperistaltic waves, starting at this point,
pass backward to the cecum at intervals of ten to twenty minutes.
These waves occur in groups at the same rate as the peristaltic
waves of the stomach, about five per minute.

Enemas excite antiperistalsis in the colon and stimulate the
movements of the small intestine. The antiperistaltic waves set
up by the enema are often very vigorous and may often continue
for an hour or more. This is doubtless one cause of the fre-
quent retention of the enema, the water injected being held in
the cecum by antiperistalsis.

Activity of the colon is stimulated by the entrance of food
from the small intestine through the ileocecal valve. Both peris-
taltic and antiperistaltic waves occur. Although strong antiperis-
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taltic waves force the contents of the cecum back against the
ileocecal valve, this structure is so efficient a check valve it pre-
vents the passage of material from the colon into the small
intestine. At least this is true when the valve is intact. Cannon
reports that although he has watched this movement hundreds of
times, he has never but twice seen material pass from the colon
into the small intestine. In one of these cases the colon of the
animal had been greatly distended by the introduction of water,

The ileocecal sphincter, which is located just behind the ileo-
cecal valve, is provided with a special nervous control distinct
from that of any other part of the intestinal canal, showing that
this is an important and essential structure. Its evident purpose is
to hold back in the small intestine the digesting foodstuffs until
the processes of digestion and absorption are complete and the
wastes ready to be passed on into the colon for dismissal from
the body.

The function of the ileocecal valve is to maintain the normal
forward movement of the food residues and wastes pushed into
the colon from the small intestine. Without the ileocecal valve
antiperistalsis would continually drive back into the small intestine
the contents of the colon and thus prevent its forward movement.

Says Cannon: “Antiperistalsis in the colon gives new meaning
and value to the location of a sphincter or valve at the opening
of the ileum. For, inasmuch as the valve is normally competent,
the constrictions repeatedly coursing toward it force the food
before them into a blind sac. The effect on the contents must
be the same as the effect seen in the stomach when the pylorus
remains closed before the advancing waves. The confined ma-
terial is pressed upon by the approach of each constriction; but
since it cannot go onward in the blind sac, and is, moreover, sub-
jected to increasing pressure as the constriction comes nearer, it is
forced into the only way of escape—i. e., away from the cecum
through the advancing constricted ring. About twenty-five waves
in the cat affect thus every particle of food in the colon during
each normal period of antiperistalsis. The result must be a thor-
ough mixing of the contents, and a bringing of these contents
into close contact with the absorbing wall—a process which has
already been variously repeated many times in the stomach and
in the small intestine, The last remnants of value in the food,
with some of the water, are here removed; and the waste is
passed onward into the distal colon to be ejected from the body.”
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Case established by extensive studies conducted in the X-ray
laboratories of the Battle Creek Sanitarium the same antiperistaltic
function for the human colon that Cannon first observed in
animals.

According to Hurst, the time required for the food to pass
through each of the three parts of the colon is two hours.

The movements of the colon are about 50 per cent. less active
during sleep than during the waking hours.

The taking of food greatly accelerates the movements of the
colon. Hurst observed more progress of the residues in the colon
during a meal hour than during four previous hours. It appears,
in fact, that most of the progress of the food residues in the colon
occurs during the taking of food and shortly after. Hence the im-
portance of taking ample time to masticate,

Under normal conditions, when the colon is kept free from
accumulating residue, the new materials brought into it “are
moved onward into an empty distal section by a sudden push
lasting a few seconds.” (Holzknecht.) Three or four such
pushes of three seconds each are sufficient to transmit the food
residues from one end of the colon to the other.

According to Hurst, the entire colon is emptied by a single
contraction in normal defecation. In constipation, and in those
whose bowels move but once a day, only the lower part of the
colon is emptied.

The highly detrimental effect of constipation is clearly shown
by the fact observed by Cannon that “When the colon is full it
is usually quiet.”

The intra-abdominal pressure in the rectum during defeca-
tion is four to eight times the ordinary pressure. It may amount
to two to four pounds to the square inch. When the abdominal
muscles are weak, as the result of bad posture, improper dress or
neglect of exercise the intra-abdominal pressure may be insuffi-
cient to secure thorough emptying of the colon. This is undoubt-
edly one of the most common causes of constipation.

As regards the time required for the complete transit of the
alimentary tract. Cannon says: “If approximately nine hours
are required for material to reach the descending colon in man,
the waste from food taken at eight o'clock in the morning might
be discharged at five o'clock in the afternoon,”

Evidently the normal rhythm would secure three bowel
movements daily, or a bowel movement after each meal. Unfor-
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tunately the normal condition is rarely found among civilized
people, who almost universally suffer from chronic constipation
through neglect. Cannon says: “If the signal is not soon obeyed,
it ceases to be given ; the feces may then remain long in the rectum
without calling forth sensations, and the defecation reflex be to
that extent impaired.”

The effects of certain drugs upon peristalsis is very pro-
nounced. Nicotine at once abolishes peristalsis in the small
intestine. Adrenalin stops peristalsis of the stomach immediately
and causes intra-gastric pressure to fall to zero.

The Nerves of the Alimentary Canal.

The activities of the alimentary canal are controlled by
three sets of nerves. First, the motor nerves, consisting of the
two pneumogastric nerves which control the food tube from the
esophagus to the lower end of the ileum ; and the sacral or pelvic
nerves which control the colon and the ileocecal valve. Second,
the sympathetic nerves, the action of which is to inhibit or con-
trol the action of the motor nerves. Third, nerve ganglia located
in the walls of the gut.

The tonus or tonic contraction of the stomach, when empty,
is due to the local nerves in the walls of the stomach. The
peristaltic waves may continue even after the stomach has been
removed from the body of an animal provided it is kept in a
warm salt solution. Peristaltic and antiperistaltic waves of the
colon and the segmenting or churning movements of the small
intestine are likewise due to local nerves.

The pneumogastric nerves control the pylorus and cardiac
orifice. 'When these nerves are stimulated, the pylorus contracts
and the cardiac orifice relaxes, an admirable arrangement which
makes vomiting possible as a means of emptying the stomach.
This arrangement also provides for the entrance and rejection
of food in the stomach.

When food is swallowed, the branches of the pneumogastric
nerves in the throat are stimulated; as a result the pylorus con-
tracts, the cardiac orifice opens in eight or ten seconds from the
time food starts from the mouth, the pressure in the stomach falls
to zero, and the stomach increases in size to enable it to accom-
modate the incoming food. The closure of the pylorus during
swallowing is necessary to prevent the reflux of bile and other
matters from the small intestine,
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The appetite juice, or psychic secretion, is produced through
the action of the pneumogastric nerves, which are reflexly stim-
ulated through the nerves of taste. There is likewise a psychic
gastric tonus which causes the stomach to contract when food is
taken into the mouth,

The stomach, intestines, and other viscera do not possess the
ordinary sensation of pain or touch. Hurst and others have
shown that gastric pain and most other gastric symptoms are due
to exaggeration of gastric tonus which may arise from various
causes,

Pain referred to the abdomen is believed to be really due
to the extreme sensitiveness of the peritoneum or lining mem-
brane of the abdominal wall, which is very highly endowed with
the pain sense, and when in the state of inflammation is exquis-
itely sensitive.

The muscular sense is highly developed in the walls of the
stomach and intestine. Violent contractions of the muscular
walls of the intestine, or cramp, give rise to pain much the same
as does muscular cramp in any other part of the body.

Because of the close connection of the duodenum and the
colon with the abdominal wall, inflammation and violent con-
tractions of these parts are more likely to give rise to pain than
when they occur in other parts.

Stretching is the most efficient means of stimulating the
intestinal wall to contraction. This is the cause of the pain of
colic.

The introduction of fluid into the colon gives rise to both
antiperistaltic and peristaltic waves by distending the colon. If
the quantity of liquid introduced is so large as to overstretch the
gut, severe colic pains may be induced.

When the sympathetic nerves are stimulated the result is
complete relaxation of the entire alimentary tract except the
pylorus, ileocecal sphincter and the anal sphincters. Nicotine irri-
tates the sympathetic nerve and thus has the effect of paralyzing
the pneumogastric nerves, abolishing their action upon the stom-
ach and intestine,

The pain of gastric ulcer is due to inflammation of the
lymphatic vessels and glands in the vicinity of the ulcer. In this
condition a very weak acid solution may give rise to pain, whereas
in a healthy stomach no sensation whatever is produced by a
strong solution of hydrochloric acid (one-half of one per cent.),

Great weakness or depression may cause complete suspension
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of the peristaltic waves of the stomach and intestine so that the
food remains stationary. Anger, anxiety, mental or physical dis-
tress may cause the movements of the stomach to cease at once.
Cannon observed this in the cat, rabbit, dog and guinea pig.

The antiperistaltic waves of the colon are abolished by ex-
citement, which may be a cause for the occasional occurrence of
sudden diarrhea under this condition.

The excitation of the sympathetic nervous system by emo-
tional excitement may cause cessation of both secretion and
motion in the entire alimentary canal.

The tonus of the stomach, which starts digestion, depends
upon appetite. Appetite gives rise to hunger, and Cannon has
shown that hunger is due to contraction (tonus) of the gastric
muscles.

The Normal Intestinal Rhythm.

When at the end of eight hours the unusable residue is
pushed through into the colon it is ready to be dismissed from the
body and should be dismissed without any considerable delay.
The colon possesses no digestive function. It is a waste disposal
organ, and when properly trained hastens along the refuse re-
ceived from the small intestine, together with the various body
wastes which are excreted into it, and pushes them out of the
body before they have had time to undergo putrefactive changes.

Recent X-ray studies of the colon show that it possesses a
controlling mechanism somewhat similar to that which controls
the heart. When undamaged by mistreatment it handles the
food residues in a wonderfully intelligent and efficient manner.
A check valve placed between the small intestine and the colon
prevents the reflux of the waste matters from the colon, which
is highly important. The rapid transit of the foodstuffs through
the small intestine affords no opportunity for putrefactive
changes. The small intestine never rests until its undigested
residues have all been pushed on into the colon, a task which is
practically always completed at the end of eight hours from the
beginning of a meal. Fortunately, the movements of the small
intestine are wholly independent of the will, and its expeditious
action is rarely interfered with by any cause whatever. With the
colon, however, the case is different. Whether or not the colon
is emptied of its contents depends more or less upon individual
whim and convenience.
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If evacuation of the bowels at the proper time is neglected,
the waste products which are continually being pushed forward
from the small intestine accumulate and the colon becomes filled
from end to end and even distended by its undue accumulation.
On the other hand, if the colon is permitted to function in a
perfectly normal manner, the waste products which reach the
center of the colon eight hours after the taking of a meal are by
the impetus received by the next meal pushed forward nearly
to the point of exit and by the impetus received from the follow-
ing meal are pushed out of the body.

A moment’s thought will show that when this order of things
exists, the food residues and body wastes are never retained long
enough to permit putrefactive changes to occur. For example, if
breakfast is taken at 8 o’clock the residue may be dismissed by 10
o’clock P. M. or at the end of 14 hours; the dinner residue will
be dismissed soon after rising the next morning or at the end of
17 to 19 hours; and the supper residue will be dismissed after
breakfast or, at the latest, after dinner the next day or at the end
of 15 to 20 hours. So long as this happy order is maintained,
there is no putrefaction in the colon, no absorption of putrefac-
tion products, and in consequence freedom from biliousness, head-
aches, lack of appetite, and the long list of miseries which are the
natural result of the absorption from the colon of the poisons of
various sorts which are always present when constipation exists;
that is, when the bowels move but once a day or at less frequent
intervals.

The universal use of pills, mineral waters and other means
of stimulating the activity of the bowels is the natural result of
the abuses to which the colon is subjected by wrong diet, neglect
to attend to the call of nature and various other disturbing
influences which are almost universally active among civilized
people.

Our dogs, cats and other household pets are “house-broken"
and in consequence become constipated like their masters who
are also house-broken. The poor colon has suffered to an extra-
ordinary degree from the conditions imposed by house dwelling
and civilized life. An Arab, when offered a good situation in a
neighboring city, declined for the reason that in the city it was
often inconvenient to evacuate the bowels promptly when nature
demanded.
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THE LIVER

The liver is one of the most remarkable and versatile organs
in the body. The weight of the liver, the largest gland in the
body, is three and one-half pounds. It contains more than twenty
million bile-making cells which together produce every twenty-
four hours twenty ounces of bile. It has been estimated tlmat
each cell makes in a lifetime of sixty years, ten drops of bile!

These facts place before the mind at once a vivid picture of
the wonderfully delicate structure of this marvelous organ. The
liver performs more different kinds of work than any other organ
of the body. Here is a brief summary of the chief kinds of work
performed by the liver:

1. The Liver Aids Digestion. When food leaves the intes-
tine and enters the portal vein the digestive work is not yet quite
completed. It requires certain delicate touches which only the
liver can give; hence the portal vein carries to the liver the pro-
ducts of gastric and intestinal digestion and there the digestive
work is completed. Levulose or fruit sugar is by the liver con-
verted into glucese or dextrose, the only form in which the body
cells can make use of sugar. Galactose, derived from milk sugar,
is also converted into dextrose by the liver. The liver converts
wastes and surplus protein into ammonia and further converts
ammonia into urea. Finally, the liver aids digestion by secreting
and pouring into the intestine 20 ounces of bile every 24 hours.

2. The Liver Stores Food Supplies. The sugars of various
sorts absorbed from the intestine are by the liver converted into
glycogen or animal starch and stored up in its cells, a source of
energy to be drawn upon until the supply is replenished by an-
other meal. From moment to moment, as needed, the liver
changes the insoluble glycogen back to sugar and pours it into
the blood to be sent to the heart and other muscles for use.

The liver also stores up iron. This is particularly true in
infancy. The liver of the new born infant contains nearly all
the iron that will be required to produce the hemoglobin of the
blood until the infant has attained the age of nine months. This
is necessary for the reason that the mother’s milk contains but
a very small percentage of iron. The livers of guinea pigs store
no iron. No storage is required because the guinea pig begins
the very day it is born to eat grass which is rich in iron. But
milk contains little iron and as the human infant receives little
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iron-containing food until after it is weaned, its liver is stocked
with iron before its birth to furnish the material needed for
blood making during the nursing period.

3. The Liver Stores Metallic Poisons. Metals, such as lead,
which may be found in water which has passed through lead pipes,
mercury used as medicine or absorbed by other means, and various
other metallic substances found in hard waters and mineral waters
are captured, in large part, by the liver. The storing of these
foreign substances in the liver more or less cripples it and impairs
its functions; hence the liver should be protected against damage
from this source.

4. The Liver Detoxicates Organic Poisons. It is the liver
which stands between the smoker and death. The liver destroys
or detoxicates nicotine and prepares it for elimination by the
kidneys. This is true of the numerous poisons absorbed from the
colon and the various poisons produced by the body as well as of
poisons received through food and drink, such as alcohol, tea,
coffee, etc. 'When the liver has more of this work than it can well
perform the blood becomes saturated with poisons and a state of
autointoxication is produced. In this condition a person suffers
from the symptoms which are commonly known as “biliousness.”
The indication is not that the liver is inactive but that more work
is imposed upon it than it is possible for it to perform.

Detoxication of the normal body wastes and preparation of
these substances for elimination by the kidneys is the normal
work of the liver. To require of this heavily loaded organ to do
unnecessary work in dealing with such poisons as alcohol, nico-
tine, caffein, and the poisons of pepper, mustard and similar con-
diments, is unnatural and must result in the premature wearing
out and failure of the liver. Boix showed that pepper is six
times as active in causing gin liver or cirrhosis as is gin, and
acetic acid, the acid of vinegar, twice as active.

5. The Liver Probably Makes Ferments and Hormones.
These subtle substances are essential for the working of the
wonderfully intricate mechanism of the body. Nearly all of the
vital changes which take place in the body are the result of the
action of activating substances, that is, substances which set in
motion vital or chemical changes by their mere presence. Many
of these hormones and ferments are known, but it is believed
that the unknown activating agents greatly outnumber those
which are as yet known,
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6. The Liver Makes Bile. In the bile are found highly
poisonous alkaline wastes. Bouchard showed that the bile is
six times as poisonous as the urine. The alkaline substances
which the bile contains serve a useful purpose in neutralizing
the acidity of the gastric contents, which must be neutralized
quickly after they enter the small intestine to prevent injury to
the delicate mucous membrane of these parts, which is not able
to withstand the action of acids as is the mucous membrane of
the stomach. Bile activates the pancreatic juice which, when it
leaves the pancreas, possesses no digestive activity. DBile also
emulsifies fats, aids the absorption of fats and other digestive
foodstuffs and inhibits or hinders the growth of germs and the
production of germ poisons, possibly also serving in some degree
to neutralize the poisons produced by certain bacteria in the
intestine.

Recent observations indicate that the bile contains uric acid
which the liver excretes with other poisons.

Bouchard showed that the bile is six times as poisonous as is
the urine. It should be promptly eliminated by the discharge of
the bile with other wastes by evacuation of the bowels. When
constipation exists, the bile is reabsorbed and again excreted by
the liver, thus becoming concentrated. This concentration of the
bile is probably a common cause of what is generally known as
“biliousness.”

7. "Attention has recently been called to the fact that the
liver destroys foreign proteins which find their way into the blood
stream without having undergone complete digestive transforma-
tion. This function is a protection against anaphylaxis. When
inefficiency of the liver exists, this function fails and the con-
dition may be detected by Widal’s test (See Index).
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MASTICATION

Grinding, mixing, spreading, transporting and discharging
are the several mechanical factors involved in the process of
digestion, In chewing, the cheeks and the tongue co-operate in
keeping the food between the teeth, which by a gradual reduction
process grind hard substances to the proper fineness for swallow-
ing. The consistency of the food is tested by the cheeks, the
gums, the tongue and the soft palate. When found imperfectly
chewed the food is automatically returned to the grinding sur-
faces for further chewing. The soft palate, the membranous veil
which hangs in the back of the throat, is endowed with a delicate
tactile sense which especially equips it for the inspection of the
foodstuffs which come in contact with it in the act of swallowing.
When properly chewed, much of the food becomes liquid, being
dissolved by the saliva and to some extent liquefied by the diges-
tive action of the salivary ferment. The undissolved portion is
reduced by thorough mastication to particles not more than one-
twelfth of an inch in diameter. It is not uncommon, however,
to find in vomited miatters masses half an inch or more in diam-
eter, because of insufficient mastication and the consequent
failure of the stomach to reduce the food to the liquid state
necessary for intestinal digestion.

The amount of pressure exerted in chewing, when tested
with the dynamometer, is found to be surprisingly great, amount-
ing in a person with well developed jaws to as much as 270
pounds when the teeth are brought together with as much force
as possible. In the chewing of delicate or friable substances a
pressure of not more than 1 or 2 pounds is sufficient. Tough
meat requires a pressure of 40 pounds to divide its fibers. In the
chewing of bread crust the pressure rises to 60 pounds, though
when well softened with water or saliva it is easily crushed with
a pressure of 3 pounds.

The act of chewing does more than merely to mechanically
divide the food. It promotes the flow of saliva and prepares the
stomach for the reception of the food. Chewing of palatable
food causes the stomach to contract and causes the gastric glands
to pour out the appetite juice which is necessary to start the
process of gastric digestion after the food is received into the
stomach. If the food is tasteless, or indifferent, mastication has
no effect upon the stomach. When food is hurried through the
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mouth instead of being properly chewed, overeating is likely to
occur as the gustatory reflexes through which the body instinct-
ively makes a selection of foodstuffs suited to its needs have no
opportunity to operate.

Spallanzani's Discoveries About Mastication.

Probably many people imagine that Horace Fletcher was
the first apostle of thorough mastication; but the fine art of
mastication really had a much more ancient origin. To Spallan-
zani, a man of science who flourished in the eighteenth century
(1729-1799) belongs the credit of having been the first to dem-
onstrate the importance of thorough chewing of the food. In his
great work on “Digestion,” Spallanzani gives an account of
experiments which demonstrate the importance of thoroughly
chewing the food. Spallanzani was the first to study experi-
mentally the properties of the gastric juice. He made small
hollow spheres with perforated sides, Into these he introduced
foodstuffs of various sorts, then swallowed the spheres and after
they had passed through the body, examined the contents, noting
the changes which had been wrought by digestion. By this
ingenious method, he also studied the effects of mastication.

We quote his own account of his experiments and his con-
clusions therefrom from an old work, “The Art of Invigorating
Life,” by Wm. Kitchiner:

1 took two pieces of Mutton, each weighing 45 grains, and having
chewed one as much as I used to chew my food—enclosed them in
two separate spheres—and swallowed them at the same time—these
tubes were voided at the same time—of the masticated meat there
remained only 4 grains—of the other there were 18 left.

The necessity of Mastication is sufficiently known—there is per-
haps no person who has not, some time or other, suffered from Indi-
gestion, for want of having chewed his food properly. The reason is
obvious. Not to mention the saliva which moistens the food, and
predisposes it to be dissolved, it cannot be doubted, that when it is
reduced to pieces by the action of the Teeth, the gastric fluid pene-
trates, and attacking it at more points, dissolves it more speedily than
when it was whole. This is true of menstrua in general, which always
dissolve bodies sooner when they have been previously broken to
pieces. This is also the reason why, in other experiments, masticated
bread and dressed flesh were more readily dissolved than unchewed
bread and raw flesh. The boiling had made it tenderer, and conse-
quently disposed it to allow ingress to the gastric fluid.
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Three-quarters of a century later, the famous Dr. Arbuthnot
tells us that “Mastication is a very necessary Preparation of
solid Aliment, without which there can be no good Digestion”;
and that

To Chew long, and leisurely, is the only way to extract the
essence of our food—to enjoy the taste of it, and to render it easily
convertible into laudable Chyle, by the facility it gives to the gastric
juices to dissolve it without trouble.

The pleasure of the Palate, and the health of the Stomach, are
equally promoted by this salutary habit, which all should be taught to
acquire in their infancy, * * =

From 30 to 40 (according to the tenderness of the meat) has been
calculated as the mean number of Munches, that solid meat requires,
to prepare it for its journey down the Red Lane; less will be sufficient
for tender, delicate, and easily digestible white meats.

Finke, in his “Medical Geography,” published more than
a hundred years ago, remarks,—

Slave dealers are well acquainted with the characteristic signs of
perfect Health—any defect of which much diminishes the value of a
Slave. The want of a Tooth makes a Slave worth two Dollars less.

Mastieation is the source of all good Digestion;—uwith its assist-
ance, almost any thing may be put into any stomach with impunity:—
without it, Digestion is always difficult, and often impossible: and be
it always remembered, it is not merely what we eat, but what we
digest well, that nourishes us.

Brillat-Savarin, a French advocate and judge who at the
time of the French revolution sought refuge in this country, in
an interesting work entitled “Physiologie du Gout,” calls atten-
tion to the importance of mastication, telling us that the food-
stuffs “must be comminuted by the teeth, impregnated with the
saliva and other gustatory juices, and pressed against the palate
by the tongue till the juice so yielded makes a favorable impres-
sion upon the gustatory papillze, and the triturated body receives
from them the passport necessary to enter the stomach,

In performing this function, the tongue unites the food in a pulpy
mass in the middle of the mouth; and then, supporting itself against
the lower jaw, it lifts up its central portion, so that it forms at its
root a declivity through which the food slips into the back part of the
mouth, where it is received by the pharynx, which, contracting in its
turn, propels it into the esophagus, of which the peristaltic motion
conducts it into the stomach.

Beaumont a few years later in the epoch making work in
which he recorded the results of his “experiments and observa-
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tions on the gastric juice and the physiology of digest’ion“ made
on St. Martin, tells us that “Mastication is absolutely necessary
to healthy digestion.” He adds, “If food is swallowed rapidly,
more will generally be taken into the stomach before the sensa-
tion of hunger is allayed than can be digested with ease.”

The noted Count Rumford, and Sinclair, the famous author
of “The Code of Health,” likewise advocated thoroughgoing
mastication.

The late Dujardin-Beaumetz, of Paris, called special atten-
tion to the importance of mastication many years before tlie
advent of Fletcherism. Said this eminent medical teacher:

It is not sufficient simply to prescribe a vegetarian regimen,
abstinence from alcoholic drinks, and the use of alkaline waters; it is
necessary to require of the patient that he give to his meals sufficient
time to secure complete mastication of his food. Miahle maintained
many years ago that all dyspepsia is the result of insufficient mastica-
tion. Without going so far as this, one may say, however, that the
presence of badly masticated foods is one of the most frequent causes
of gastro-duodenitis. Such foods really act as foreign bodies, which
irritate the pyloric region of the stomach and the mucous membrance
of the duodenum. The same is true of an excessive quantity of foods.
Great eaters are very subject to gastritis. It is necessary, then, to
eat rationally and to masticate slowly.

Sir Andrew Clark, physician to Queen Victoria, used to say
that since the mouth contains thirty-two teeth every mouthful of
food should receive thirty-two bites.

It is thus very evident that the importance of thorough
mastication of the food is by no means a new or a modern dis-
covery, but is simply the recovery of a much neglected truth, the
value of which was fully appreciated by our remote ancestors as
well as other members of the animal kingdom.

Since 1875 the writer has frequently demonstrated experi-
mentally in public lectures the necessity for thorough chewing
of the food to secure the digestion of starch. During the entire
period it has been his practice to recommend to his patients the
thorough mastication of dry food for the purpose of promoting
the health of the teeth and good digestion. This practice, in fact,
was begun by the writer himself more than fifty years ago as a
result of an elementary study of human physiology. Mr. Fletcher
certainly did not discover the necessity for thorough mastication.
His Fletcherizing movement was a renaissance,
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Special Indications for Thorough Mastication.

Special pains should be taken to masticate the food to the
extent of reduction to a soft pulp in the following cases:

1. Achylia, a condition in which the stomach has ceased
to make hydrochloric acid so that the action of the gastric juice
is suspended. It is true that in these cases salivary digestion
continues so that the starch may be more completely digested
than in the normal stomach. Nevertheless, the food is no longer
subjected to the solvent action of the gastric juice, and hence if
the food enters the stomach in large lumps, these masses will be
pushed on into the small intestine and disturbances of intestinal
digestion will be likely to result. It must be remembered, also,
that in cases of achylia the duration of gastric digestion is
greatly reduced, the food leaving the stomach often in two or
three hours instead of being retained for four or four and a half
hours. It is evident, then, that very thorough mastication is
required in cases in which the normal gastric acid is not present.

2. In cases in which the operation of gastro-enterostomy
or the polya or any other reconstructive operation has been per-
formed upon the stomach, thorough mastication of the food is
highly important, for such a stomach is more or less crippled at
the best, and mouth digestion should be advanced as far as pos-
sible so as to lighten the work of the stomach.

3. In cases of obesity, thorough mastication is important
as a means of limiting the amount of food eaten. In diabetes,
in which the food is necessarily limited, thorough mastication
should be enjoined upon the patient as a means of securing satis-
faction of the appetite without a large intake of food. In bulimia
(excessive appetite), epilepsy and in persons subject to hiccough
and aerophagia, thoroughness of mastication is necessary.

4. Prolonged mastication is also a useful aid to peristalsis
and should be practiced by persons subject to constipation.
Hurst, Case and others have shown that the food residues move
along in the colon four times as rapidly during the taking of a
meal as during the intervals between meals. In other words,
mastication of food seems to set the whole alimentary canal in
motion. In a recent paper Hurst asserts that the movement of
residues in the colon occurs almost exclusively during the taking
of food. This fact emphasizes the necessity for regular and de-
liberate eating and suggests the taking of fruit between meals and
especially at night as an aid to efficient colon activity.



MASTICATION 87

5. Efficient and prolonged mastication of the food is also
highly important in cases in which the gall bladder has been
removed. The reason for this is that by prolonged mastication
the food will enter the stomach more slowly and hence will pass
out into the small intestine more slowly. This is important for
the reason that when the gall bladder is removed the liver is not
able to store up any considerable quantity of alkaline bile with
which to neutralize a large quantity of highly acid material com-
ing from the stomach within a short time.

6. Very thorough mastication of the food is required when-
2ver it is necessary to prescribe a diet of dry or solid food.

Professor Striimpell made an experiment for the purpose of
determining the influence of imperfect mastication upon the
digestion and absorption of protein. He swallowed, half chewed,
a plate of boiled lentils, He found that only 40 per cent. of the
aitrogen was absorbed, or less than half the amount that should
have been taken up.

According to Gautier, the same is found to be true of other
vegetables and also with bread when eaten in too soft a state,
and when care is not taken to secure a thorough and abundant
mixture of saliva.

When the Food Should Be Chewed Less.

While the thorough mastication of food is usually essential
to good digestion and good health, there are conditions in which
much mastication is to be avoided, the food being taken in liquid
or purée form and so needing no mastication to prepare it for
swallowing.

1. It is well known that the chewing of food stimulates
the formation of gastric acid. It is evident that in cases in which
an excess of acid is formed much chewing will tend to aggravate
the difficulty and hence hard and dry foods which need thorough
chewing to prepare them for swallowing should be avoided.

2. In cases of gastric and duodenal ulcer, also in cases of
gall bladder disease accompanied by pyloric spasm or “hunger
pains,” chewing should be avoided.

3. Chewing is also to be restricted in cases of gastric hyper-
sensitiveness in which pain follows eating of solid foods although

the gastric juice contains no excess of acid as shown by tests
after a test meal. Soft foods should be eaten.
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GASTRIC SENSATIONS

In health there are but four distinet sensations associated
with the stomach; namely, hunger, appetite, satisfaction or satiety,
and repletion.

The nausea which sometimes occurs in persons who are ap-
parently in good health, though in such cases transient, may be
properly regarded as a morbid symptom indicating some derange-
ment of the normal gastric functions.

Hunger appears to be a very universal sensation. Minute
vegetable organisms, such as the swarm cells of spore-producing
plants, according to Lister, may behave very much like hungry
animals, swallowing microbes and digesting them with avidity
while resting, then swimming off to find more food.

People who eat several times a day often never experience
the sensation of real hunger. Hibernating animals have no
hunger. Insects are not hungry during the winter, The myriads
of salmon which ascend the Columbia River are said never to
zat, notwithstanding the great exertion in swimming hundreds of
miles up stream. On the other hand, birds appear to be hungry
all the time; at least they eat continually, though food is always
found in their crops. The caterpillar does nothing but eat and
defecate; but in certain species, after the caterpillar becomes a
butterfly it never eats at all. In some insects, according to Faber,
there is no provision for hunger, the digestive organs being lack-
ing in the fullest developed insect.

Hunger may become so intense as to cause great lassitude,
weakness, nervous irritability and even headache and nausea.
[n extreme cases fainting may occur.

The seat and cause of hunger have been the cause of much
research and discussion by physiologists for centuries. Haller
thought the sensation of hunger to be caused by the grinding or
rubbing together of the folds of the mucous lining of the stomach,
due to contraction of its walls, observing that in a hungry man
“the stomach is always contracted” (pinched). In this opinion
the sagacious scientist came very near the truth as we shall see
later. Darwin, on the other hand, thought hunger to be due to
the absence of contractions in the stomach. Beaumont regarded
hunger as the result of “a distension of the gastric vessels” or
glands with gastric juice. Ewald considers hunger as purely a
psychic sensation due to stimulation of the hunger center by an
impoverished state of the blood. Boldyreff discovered, in 1905,
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by placing inflated balloons in the stomachs of starving dogs, that
strong contractions of the stomach occurred at quite regular
intervals. In 1912, by similar experiments upon human beings,
Cannon proved that these contractions are the cause of hunger.
Each contraction of the stomach gives rise to a hunger pang
lasting about half a minute. The contractions may be repeated
rhythmically during 15 minutes to an hour or even longer in ex-
treme hunger, and in very intense hunger the contraction may
become continuous.

There are two elements in hunger, one relating to the stomach
itself, the other relating to the body as a whole.

A very strong sensation of hunger is accompanied by a feel-
ing of emptiness which may affect the whole abdomen. This
may be relieved or temporarily abolished by pressure upon the
abdominal wall. The starving Indian tightens his belt to relieve
his discomfort.

Appetite.

There is a definite distinction between hunger and appetite.
One may have hunger without appetite, a not uncommon
experience, but appetite without hunger is the daily experience
of those who eat desserts at the end of a full meal. Hunger is
referred to the stomach, whereas appetite is nearly always re-
ferred to the mouth and throat. One’s mouth may water in the
presence of savory viands although the sensation of hunger is
not felt. Hunger, as Cannon has shown, is due to actual con-
tractions of the gastric walls and is not felt in the absence of
these contractions; but appetite is a product of the memory of
pleasant sensations of taste and smell associated with eating.

The researches of Carlson have extended the discoveries of
Cannon and have thrown much additional light upon the nature of
hunger and appetite and the relations of one to the other.

Ryle thus summarizes the modern views of the characteristics
which distinguish the sensations of appetite and hunger (“Gastric
Function of Health and Disease”) :

The first i5 a pleasant sensation; the second unpleasant, The first
may occur in an inadequately fed subject, may be present even when the
stomach contains food in plenty, is stimulated rather than diminished by
pleasant foods and beverages, and is only abolished by repletion. The sec-
ond results only from undue abstention from food or excessively rapid
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utilization of food, is absent when the stomach is filled, and is relieved
by eating. The first is a daily experience in health; the second is only an
occasional experience under the usual conditions of civilized life, The first
has a sustained quality; the second is felt as a recurring or intermittent
sensation,

Other senses besides taste may stimulate appetite, and in man sights,
smells, sounds, and the general sensory comforts of pleasant environment
may all react in its favor. To some extent it is undoubtedly a “‘conditioned
reflex.” The localization of the appetite sensation is not so accurate as
that of the hunger sensation, but this is partly because appetite is a less
clamant spokesman. Some refer it to the pharynx or esophagus, some to
the epigastrium or to all three. Personally 1 experience the sensation
mainly in the gastric zone. In any case this ability to localize it suggests
that, as with hunger, there may be a local visceral process concerned, and
there are various clinical, radiographic, and pathological observations which
lend support to the view that appetite, while differing from hunger in
many respects, has also a local origin in the upper alimentary tract. These
observations point to the tonic activity of the gastric and, perhaps, the
esophageal plain muscle as the probable factor, while for the appreciation
of hunger peristaltic activity is—as Carlson's experiments suggest—a nec-
essary addition. Peristaltic activity (in the same manner as the activity
of skeletal muscles) requires for its initiation a certain degree of passive
tension or postural tonus; appetite may occur without hunger, but hunger
seldom, if ever, occurs without appetite. It may be urged, too, that just
as general well-being and preparedness for physical effort are associated
in idea and fact with a favorable state of tonus and adaptability of the
skeletal muscles, so, too, digestive well-being and preparedness for diges-
tive effort are associated with a favorable state of what may be termed
“anticipatory” tonus in the plain muscle of the stomach or upper alimen-
tary tract generally. Certainly there is a close inter-relationship between
the two states, for general well-being and good appetite are associated
phenomena, and it will be agreed that appetite is stronger in the vigorous
athletic type of individual, and that it wvaries directly with constitution
and habit. Gastric tonus from the radiographic point of view in healthy
individuals shows a similar variation with physical type.

In the light of existing knowledge it becomes fair to conclude that
we have in the “symptoms of health"—hunger, appetite, satisfaction, and
repletion, and the readiness with which they appear and disappear—a meas-
ure not only of the muscular sensibility, but also of the muscular and
motor efficiency of the stomach. These symptoms, however, afford no
index of its secretory behavior.

Satiety.

Satiety is the state of satisfaction resulting from taking
sufficient palatable food to satisfy hunger and slightly distend
the stomach. An Irish laborer, accustomed to a diet of potatoes
and buttermilk, is not satisfied with a meal consisting of con-
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centrated food less in bulk, even though the actual amount of
nourishment taken may be much greater. Fats more than any
other foodstuff contribute to the sense of satiety. A very small
amount of fat often satisfies the appetite. Many persons find it
difficult to eat fat in any but very small quantity on this account,

Repletion.

When the stomach is over-filled and more or less uncomfort-
able, or even a painful sense of distention is experienced. This
sense of repletion may also be experienced as the result of a too
rapid filling of the stomach with either solids or liquids.

The sensation of repletion is due to the fact that the stomach
is not sufficiently relaxed to accommodate its contents, so the
intragastric tension is excessive. Such a condition may exist even
when the quantity of salts or liquids swallowed may not be ab-
normally great. Failure of the stomach to relax sufficiently to
receive a proper amount of food is a condition very frequently
encountered in case of chronic disease, and is one of the obstacles
to be overcome in cases in which the habitual intake of food is
insufficient.

Nausea.

Nausea is in some respects closely akin to hunger; in fact,
hunger and nausea are sometimes felt simultaneously. In nausea,
however, there is absence of true hunger pangs. Violent con-
tractions occur in the pyloric region, accompanied by a dilatation
of the cardiac orifice—a pressure pain sensation and sinking
feeling, headache, perspiration, usually giddiness and often great
prostration.

Hunger in Infants.

In adults, hunger usually occurs four to six hours after a full
meal. In an infant, hunger occurs in two or three hours. The
hunger contractions of the stomach are much stronger in young
persons than' in those advanced in years.

The Hunger of Starvation.

Hunger contractions appear to be increased in vigor by
starvation. Carlson states that in himself this change was very
marked and lasted for some time after a five days’ fast. He also



92 THE NEW DIETETICS

suggests that this effect may be analogous to the general rejuven-
ating effect of starvation in certain animals, and even intimates
that an occasional period of starvation may exercise a beneficial
influence in the prolongation of life and in renewing vigor and
capacity for work.

Hunger During Sleep.

It is a curious fact that while the “tone” of the general
muscular system, the blood vessels, the bladder, and other mus-
cular parts decreases during sleep, this is not true of the hunger
contractions of the stomach, which not only continue in
full vigor but even may become so strong as to cause
awakening from sleep in adults as well as in children and dogs.

Mental and Nervous Influence on Hunger.

Ordinary mental processes do not influence hunger, but the
sensation is temporarily abolished by fear, anger, joy and perhaps
other emotions,

When a starving person sees or smells appetizing food the
nunger pangs are more intensely felt, although the hunger con-
tractions are not increased.

Hunger contractions have been proven to be due to the local
nervous mechanism rather than to the pneumogastric or sympa-
thetic nerves. IEven when completely isolated from the central
nervous system, the stomach makes hunger contractions.

Chewing or tasting palatable foods diminishes hunger con-
tractions. Movement of the jaws, when the mouth is empty, has
no influence upon the hunger contractions; but chewing gum,
paraffin, even straw or wood, may lessen hunger. Hunger is
temporarily relieved by very small quantities of food.

Absence of Hunger.

Hunger contractions differ from the movements of the
stomach during digestion in the fact that the movements of the
stomach during digestion are almost wholly confined to the
pyloric region, while hunger contractions involve the left portion
of the stomach.

Hunger, when present, may be diminished by taking water
into the stomach, particularly hot water. Small pieces of ice,
when swallowed, have a decided effect in lessening hunger.
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Hunger may also be temporarily abolished by passing a tube
into the stomach. Rectal feeding decreases hunger.

Strong acid solutions have the effect of diminishing the
hunger contractions, as do also strong alkaline solutions.

The introduction of air into the stomach produces no effect.

Smoking lessens hunger by stimulating the nerves of the
mouth. Any stimulus applied to the mouth has a similar effect.

In nausea the cardiac orifice and the fundus of the stomach
are completely relaxed ; hence hunger is necessarily absent.

Pressure over the stomach by means of a belt lessens the
hunger sensation but does not abolish it, A smaller amount of
food is required to appease hunger when a belt is applied before
the meal. This fact suggests a method of aiding control of the
appetite in cases in which it is necessary to restrict the amount of
food necessary to appease hunger by preventing the expansion
of the abdominal wall which takes place simultaneously with the
receptive relaxation of the stomach,

Absence of Hunger in Disease.

The partial or complete absence of hunger and appetite is
common in cases of neurasthenia and hysteria. Absence of appe-
tite is also a frequent result of constipation, especially when the
tongue is coated. In such cases there might be hunger without
appetite. The absence of hunger in fever has been shown to be
associated with the absence of hunger contractions.

Appetite is less in advanced age than in youth, for the
reason that the hunger contractions are less vigorous.

Increase of Hunger in Disease.

In bulimia, hunger is not appeased by eating, or reappears
very shortly after a full meal; if food is not taken, headache,
weakness, and prostration develop just as in a normal person
suffering from extreme hunger. This symptom, which frequently
occurs in Addison’s disease, may also appear in connection with
various nervous disorders. The hunger of bulimia usually
appears very suddenly and it may be satisfied or even changed
to nausea by a few mouthfuls of food. In these cases there is
doubtless an abnormally irritable condition of the stomach. The
application of the moist abdominal bandage, accompanied by a
hot pack over the stomach, is a valuable means of relief in these
cases.
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“Hunger pains” are simply the severe gastric pains which
appear when the stomach is empty or within three to six hours
after a meal in persons suffering from ulcer of the stomach or
duodenum or disease of the gall bladder. These pains are due to
contractions identical with normal hunger pangs, but painful
because of the inflammation or other diseased condition present
or because of their intensity. In marked hypersecretion, or
hypersensitiveness, the pain may be almost continuous. The pain
usually disappears promptly on the taking of food.

The pain of gall bladder disease may be due to hunger con-
tractions or to contractions of the gall bladder, which may give
rise to pain closely resembling the hunger pains of ulcer. Con-
tractions of the gall bladder are greatly increased during normal
digestion and naturally must be exaggerated in cases of hyper-
acidity of the gastric juice, as are the contractions of the
stomach.

Hunger contractions have been shown to be absent in gas-
tritis, tonsilitis, influenza and colds. Food taken under such
conditions sometimes gives rise to nausea. Hunger contractions
are shown to be absent in dogs suffering from infection and
pneumonia.

Modifications of Hunger.

Exposure of the skin to cold, as in cold bathing, produces
shortly afterwards an increase of hunger contractions. This
accounts for the beneficial effects of the cold morning bath in
producing a readiness for breakfast. This effect is analogous
to the well-known influence of cold water applied to the skin in
producing contractions of the bladder. A cold bath, followed
by a brisk walk, is the best appetite stimulant with which the
writer is acquainted. The injection of the blood of a starving
dog into the veins of a normal dog increases hunger contractions
in the latter. A similar effect was produced by injecting into
healthy dogs blood from an animal suffering from experimental
diabetes. Profuse hemorrhage may give rise to hunger contrac-
tions. Certain drugs, as pilocarpin and pituitrin, increase hunger
contractions, while morphin and adrenalin produce the opposite
effect.

Hunger is increased by external cold and decreased by ex-
ternal heat, a characteristic in which it resembles pain sensations.
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Physiologic experiments show that cold increases nerve sensi-
bility, while heat diminishes the same.

Bitters.

Bitters taken into the mouth diminish the hunger contrac-
tions, as do other stimulants applied to the oral membrane. It is
thus evident that bitters do not increase the demand for food. It
is equally well known that they do not increase but actually
diminish the secretion of gastric juice. The only means known
which can be relied upon for increasing hunger, appetite and diges-
tive power are a moderate diet, out-of-door life, exposure to sun-
light and cold air, cold bath and muscular exercise.

THIRST

The sensation of thirst is referred to the mouth and throat.
Like hunger, thirst is primarily due to changes in the blood. The
blood normally contains 78 per cent. of water. This percentage
is decreased by the addition of solids, such as chlorid of sodium,
sugar or the products of digestion. Water is demanded to restore
the blood to its normal state. This nice balance between water
solvents and solids in solution is maintained by an automatic
mechanism, and thirst is the signal of the necessity for adjust-
ment.

When water is absorbed into the blood, the excess is at once
removed by the kidneys or skin. The volume of the blood, as
well as its composition, is nicely regulated by an automatic
mechanism. An intake of water prompted by the sensation of
thirst is almost immediately followed by an output of water
through the kidneys or skin.

It is well known that thirst is induced by profuse perspira-
tion resulting from exercise or exposure to heat, by the use of
food containing considerable quantities of salt and by the use of
alcohol and various other drugs. Fever also creates a demand
for water, which is now recognized to be essential as a means of
aiding Nature in her efforts to bring about recovery, although
less than a century ago the use of water was forbidden to fever
patients. At the present time, water externally and internally is
recognized as, next to rest, the most important of all means of
combating fever.

Cannon has shown that thirst is due to a relavive dryness of
the mucous membrane of the mouth and pharynx due to a sup-
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pression or a diminution of the secretion of saliva. This may be
the result of excessive perspiration or urination, or of diarrhea,
as well as of deprivation of water or the excessive use of salt.
Pack has shown that salivation produced by giving pilocarpine
destroys thirst in rabbits that have been deprived of water for
seven days.

Persons who suffer from autointoxication and whose tongues
are usually thickly coated, are particularly likely to neglect
water-drinking, greatly to their detriment. Such persons often
do not experience the sensation of thirst except when a great loss
of water occurs through vigorous perspiration.

The lack of appetite for food, very common in such cases, is
very frequently accompanied by lack of thirst, even when the
need of water is as great or even greater than the need of food.
The absence of the thirst sensation may be due to a sort of par-
alysis of the thirst center, just as the lack of hunger may possibly
result from a like failure of the hunger center. In such cases,
the patient must be required to eat, even though he feels no desire
for food; and in like manner he should be required to drink
freely, even though the sensation of thirst is not experienced.
Since it is sometimes very difficult to induce the patient to drink
any considerable amount of water at any one time, he should be
asked to drink small quantities, from an ounce to three or four
ounces, very frequently, An ounce every twelve or fifteen min-
utes, or four or five ounces every hour when not asleep, will not
exceed the needs of the body. '

Air Hunger.

While oxygen is not usually included among foodstuffs, it is
really as much a food as is water, and without its active agency,
all vital activity would cease. Oxygen supports the vital com-
bustions of the body just as it supports the combustion of wood,
oil, and other fuel in our stoves and furnaces. The ordinary air
contains a little more than one-fifth (21 per cent.) its volume of
oxygen. This amount is more than is needed in ordinary respira-
tion, which requires only about 14 per cent. of oxygen; but dur-
ing violent exercise a considerably increased consumption of
oxygen occurs, and at elevated altitudes where the air is much
rarefied the amount of oxygen is diminished. The extra 6 per
cent. of oxygen which the air contains is evidently a factor of
safety to provide for these emergencies.
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The body may suffer air hunger through receiving too little
oxygen in several ways:

1. By an insufficient amount of oxygen in the air, as when
the air contains a large amount of carbon dioxid, displacing a
part of the oxygen, which occasionally happens in connection
with certain industries, as in the burning of lime.

2. A deficient intake of air, as when the chest is confined
or the air passages obstructed.

3. Slowing of the circulation of the blood so that the carbon
dioxid of the blood is not thrown off and the oxygen taken in
with sufficient rapidity.

4. A deficient amount of hemoglobin in the blood, as when
the red cells are diminished in number, as in anemia.

5. When the hemoglobin of the blood, which carries oxygen,
is damaged, as in carbonous oxid poisoning, so that it does not
give up its oxygen readily.

While oxygen is carried by the red cells, it is afforded to the
tissues by the plasma or watery portion of the blood. The plasma
absorbs the oxygen from the red cells and passes it on to the
tissues. The amount of oxygen contained in the plasma is usually
small, only about one-fortieth that found in the red cells, but by
breathing pure oxygen it may be increased to as much as seven
times the normal amount. In this way the plasma may in emer-
gency be made to take the place of the blood cells. For example,
a frog from which all the blood is removed, being substituted by
a saline solution, lives and breathes in a perfectly normal way in
an atmosphere of pure oxygen.

When the supply of oxygen is greatly diminished, giving rise
to cyanosis, relief should be obtained as quickly as possible by
supplying oxygen. A delay may result in so great an injury to
the nervous system that later efforts may fail when more prompt
action would have been successful.

Tt should be remembered that rapid breathing does not neces-
sarily mean an increased supply of air to the lungs. Very rapid
breathing is likely to be shallow breathing. The deeper parts of
the lungs are not emptied. If the patient is not able to breathe
deeply he should be assisted by artificial respiration or by rhyth-
mic compression of the lower part of the chest or pressing up
against the diaphragm from below. A peculiar form of respira-
tion, known as Cheyne-Stokes’ breathing, indicates failure of the
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respiratory center and the necessity for giving inhalations of
axygen.

The inhalation of oxygen is always indicated when there is
cyanosis or rapid breathing. This condition may exist as the
result of extreme anemia. Rapid respiration is sometimes noted
in cases of diabetes. In all such cases oxygen may be inhaled by
means of a stream of oxygen passed into one nostril through a
soft rubber tube by means of a mask placed over the nose and
the mouth of the patient, or better, by means of a respiratory
chamber.

In the British Medical Jouwrnal of March 6, 1920, Meakins
shows that in normal individuals the blood contains about nine-
teen-twentieths as much oxygen as it is capable of holding; in
other words, lacks 5 per cent. of being completely saturated. In
pneumonia and conditions of cyanosis the under-saturation may
amount to as much as 18 per cent. Dy causing the patient to
breathe pure oxygen, the under-saturation, even in pneumonia,
may be reduced to 3 per cent.; in other words, the blood of
such a patient may be made to hold and carry even more oxygen
than it usually carries in health, This fact shows the importance
of oxygen inhalation in pneumonia. This measure should not be
left for use as a last resort when the patient is cyanotic and
nearly ready to die, but should be used as the best known means
of preventing the development of dangerous conditions.



METABOLISM

1

The Energy of Food — The Cal'arie

Life involves constant change of substance and expenditure
or loss of energy. The function of food is to supply energy and
to keep the resources of the body from becoming exhausted.
All energy is convertible into heat. For this reason, the amount
of heat into which any form of energy may be converted is taken
as a measure of energy. There are two kinds of heat units in
use: ~The British thermal unit (B. T. U.) is the amount of heat
required to raise one pound of water one degree Fahrenheit in
temperature. The more modern unit, devised by the French, is
the amount of heat required to raise one kilogram (2.2 pounds) of
water one degree Centigrade (1.8° F.) in temperature. This
unit is known as the calorie.

One calorie is equal to four B. T. U.’s (2.2 X 1.8=3.96):
that is, the amount of heat required to raise the temperature
of four pounds of water 1° F.

The equivalent of one calorie in mechanical work is approx-
imately one and one-half foot tons (3,088 foot pounds). Eleven
calories are approximately equivalent to one horse power minute.

The Energy Output of the Body and the
Work Equivalent of Food.

The body, like a locomotive, is a machine. It is a mechan-
ism which is capable of transforming the potential energy of
food into the dynamic energy of work. Considered from an
economic standpoint, the animal body is superior to all other
mechanisms, since it transforms fuel into work with less loss than
any machine which human ingenuity has ever constructed. For
example, in the case of the steam engine not so much as one-
fifth of the energy of the fuel can be utilized under the best
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conditions, and ordinarily the proportion of energy utilized is
much less than this. In the case of the human machine the
energy value of food-fuel in relation to work done is three to one
or even as low as two and one-half to one.

It is to be remembered, however, that a considerable amount
of energy is required to carry on the internal work of the body
For example, in a resting man the heart utilizes about 10 per
cent. of the total energy intake in forcing the blood through the
circulation; the chest muscles in maintaining the movement of
air through the lungs consume 20 per cent. of the total energy:
10 per cent. is utilized in the work of digestion and in gland
action ; 30 to 50 per cent. of the total energy intake is required
to maintain the muscle tonus or tension, a rapid rhythmical con
traction (16 to 20 per second) whereby bodily heat is maintained
20 to 30 per cent. is consumed in other vital work.

It is highly important to note that even when a person is in
a state of complete rest, as much as one-half of the total energy
expenditure of the body may be consumed by tension under the
influence of worry, fear, nervousness or excitement of any sort.
This form of energy expenditure may be increased to many times
the normal amount, which explains why a person becomes tired,
even to exhaustion, while simply waiting, and why a worried
person or a harried animal cannot be made to gain in flesh, and
emphasizes the importance of complete rest as a condition favor
able for increasing the body weight.

The amount of energy expended in a state of complete rest
is termed the base ration. This for the average person amounts
to about 25 calories per kilogram of body weight, or a little less
than 12 calories per pound of body weight. This estimate sup
poses that the body weight is approximately the normal weight
for a person of a given height, which may be determined by
reference to Table II.

Vital Work—Metabolism.

The various forms of vital activity carried on in the body.
especially the intimate cell activities on which all bodily functions
depend, are collectively known as metabolism. The vital work, o1
metabolism, which has for its purpose the building up of the body
or storing up energy, is known as constructive metabolism, while
the vital work which involves the breaking down of tissues and
the consumption of energy is known as destructive metabolism.
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[n childhood and youth, constructive metabolism is highly active,
resulting in growth or increase in both height and weight.

In adult life, after development is completed, constructive
metabolism has for its purpose the keeping of the body cells and
tissues in repair, and the maintenance of the body weight by the
making good of the losses which result from work.

Plants work as well as animals. DBonnier has shown that
peas in germinating produce about five calories of heat a day for
2ach gram of weight.

Experiments made by Langworthy and Milner show that
luring the ripening process bananas produce heat at the rate of
about one-half calorie per hour per pound. The heat is produced
by the destruction of carbohydrates.

Destructive metabolism is continually going on in the body,
but is most active during muscular work and least during sleep.

All animals, even plants, require periods of rest, during
vhich destructive metabolism is diminished to such a degree that
sonstructive metabolism is in the ascendency so that losses of
snergy may be made good. When a person is deprived of sleep,
even for a few days, the rapid loss of strength and weight are
zlear indications of the loss and injury which the body sustains
from continuous destructive metabolism and of the beneficent
functions of sleep. Plants grow most rapidly during the night.

Basal Metabolism or Metabolism During Rest.

During complete rest, even sound sleep, the body cells are
at work, The heart continues to beat, the lungs empty and fill,
the bodily heat is maintained ; digestion, liver action, bile forma-
tion, the secretions of the kidneys, skin and other excretory
glands continue—all the general life functions are carried on as
during the waking hours, though less actively. The heart uses
in twenty-four hours about one-tenth of the total energy output
of the body, consuming one calorie of energy for each 400 beats,
equal to the lifting of 720,000 foot pounds in twenty-four hours.
The heart is able to do this enormous amount of work because
each period of intense work is followed by a longer period of
rest.

Metabolism during sleep is greater after severe effort because
of increased muscular tension. The sleep metabolism must also
be greater in a person sleeping amidst noises, even though the
sleeper is unconscious of the noise.
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The basal metabolism is modified by various factors, such as
age, sex, climate, habits, race, diet and mental state. It is highest
in infants, nearly double that of adults, and lowest in advanced
age. The rate of energy output is five per cent lower in women
than in men, lower in Orientals, (Japanese and Chinese), and
higher in athletes than in sedentary men. A man increased his
basal metabolism nearly fifty per cent by systematic exercise
within a year. Americans living in Brazil showed a metabolism
rate one-fourth lower than the average in this country.

Basal metabolism rises during the day, being one-seventh
more than during sleep in the morning and nearly a quarter more
than during sleep in the late afternoon.

Metabolism must be increased during restless sleep and ex-
citing dreams, accompanied by perspiration and followed by
exhaustion.

The Source of Animal Heat.

One of the most remarkable phenomenon connected with
the life of a warm-blooded animal is the maintenance of its tem-
perature at a definite point, with little variation irrespective of
external temperatures, which may be either considerably above
or considerably below that of the body. The normal temperature
of the interior of the human body is constantly maintained at
about 100° F., though the temperature if taken in the mouth is
found to be a little less than 98.4° F.

The body is constantly losing heat through contact with the
air, through the breath and the skin. The body loses heat even
when the temperature of the surrounding air is above that of
the body, through the evaporation of perspiration from the sur-
face. The amount of heat lost by the body depends upon the
amount of skin surface, and is regulated by the blood supply to
the skin and the excretion of sweat. The amount of heat lost by
the body in twenty-four hours is about 2500 calories, which is
equivalent to the amount of heat which would be produced by
the burning of three-quarters of a pound of coal or a cube of
hard wood four and a half inches square or ten ounces of oil.

In the air at a temperature of 8° F., the loss of heat from
the body occurs at practically the same rate as that by which it
is produced, so that no clothing is required for warmth. It is
for this reason that the natives of certain tropical climates wear
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little or no clothing; or, if clothing is worn, its purpose' is to
protect the body from the heat of the sun rather than for warmth.
This neutral air temperature of 86° F. is the usual temperature of
the air surrounding the body underneath the clothing.

The amount of food required by an individual daily, when at
rest, depends largely upon the amount of heat lost, and since this
depends upon the body surface, it is important to know the body
surface for persons of different heights and weights. Various
formulae have been developed by which this may be determined
in individual cases, but the most convenient method is to refer to
a table which has been prepared by Dubois. The accompanying
table II, based upon that of Dubois (Lusk’s “Science of Nutri-
tion”) shows the number of calories required by persons of dif-
ferent heights, from four feet to six feet eight inches, and from
a weight of fifty-five pounds to two hundred and thirty-one
pounds.

The heat of the body may be regarded as a waste product
of metabolism, or cell work. It is for the most part a by-product
of muscular work. When a person is at rest, the temperature
is maintained by the muscle tension. When the temperature
lowers, muscle tension is increased. It is also naturally increased
by work as well as by various nervous influences. Fear, worry,
anxiety, expectancy, so-called “nervousness,” are conditions in
which muscular tension is greatly increased. Tension may, in
fact, by these means be doubled or even more than trebled. It
also explains the fatigue and even exhaustion which is felt after
an anxious hour, or a period of great mental and nervous excite-
ment, even without any considerable degree of muscular activity.

Cold increases muscular tension to a very marked degree.
This accounts for the phenomenon of shivering, which is simply
greatly exaggerated muscular tension. Nature increases muscular
tension even to the extent of producing tremor or visible muscu-
lar movements for the purpose of increasing the heat production
necessary to maintain the body temperature. The strong shiver-
ing, with chattering of the teeth, which occurs when the body is
exposed to great cold, is a remedial effort by which the lowering
of the temperature of the blood is prevented. If the muscles are
made to contract by electricity or by voluntary exercise, the
shivering quickly ceases.

In the management of feeble invalids, it is highly necessary
to take great care to prevent the loss of energy through unneces-
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sary nerve tension. The “rest cure” is often necessary in such
cases to prevent the waste of energy through tension and thus
afford an opportunity for a gain in weight.

Persons between twenty and fifty years of age require, on
the average, about three and two-thirds calories per hour per
square foot of body surface, or eighty-eight calories per square
foot of surface for each twenty-four hours.

Metabolism and Mental Work.

There can be no doubt that mental work requires the expen-
diture of a certain amount of energy. This is clearly indicated
by the amount of blood supplied to the brain, nearly one-fifth the
total blood supply of the body ; but careful experiments by Bene-
dict and Carpenter and other investigators have shown that the
amount of energy expended during severe brain work is so small
that it cannot be accurately measured. This is not surprising,
however, when it is considered that the weight of the brain and
nerve substance is only about one-fiftieth of the total weight of
the body. It scems probable that the chief reason for the large
blood supply of the brain is to carry away the fatigue poisons
which are produced by brain activity. It seems to the writer
that the effect of mental work upon energy expenditure must
depend to some degree at least upon the effect of the work upon
“tension.” If the work is of such a character as to greatly
increase muscle tension, energy expenditure must certainly be
increased as it is in worry or mental “strain.”

The thyroid gland has a marked influence upon metabolic
activity. When the gland is excessively active, as in exopthalmic
goiter or Graves' disease, the rate of metabolism may be doubled.
This fact explains the emaciation and exhaustion which accom-
pany this disorder. On the other hand, when the thyroid gland
is under-developed or inactive, as in myxedema or creatinism, the
rate of metabolism may be very greatly diminished.

Metabolism is increased in various conditions of disease,
particularly in fever, in lymphatic leukemia, in severe diabetes,
in certain cases of heart disease, and sometimes in cancer. In
fever and in pernicious anemia there may be disturbances of
metabolism, also in disease of the pituitary and other ductless
glands. Some observers have noticed a marked increase of meta-
bolism in acidosis, which may result from either disease or a
deficiency of carbohydrates in the diet,
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Metabolism is decreased in advanced age, by prolonged fast-
ing and by sleep. It is greatly increased by a diet rich in protein,
as after a hearty meal of meat.

Metabolism and Muscular Work.

Muscular exercise is by all odds the most powerful means of
increasing metabolism. In an average man whose metabolism is
at the rate of about 80 calories per hour when in a state of com-
plete rest, the expenditure will become 84 calories per hour when
sitting up. Active work will increase the expenditure to 300
calories per hour, and a higher rate of expenditure may be
developed by very vigorous work. That is, by muscular effort,
the rate of metabolism may be increased to four or even eight
times what it is in a state of complete rest.

Exercise also increases the expenditure through muscular
tension during sleep as well as during the waking hours. After
vigorous work, for example, the expenditure of energy during
sleep after severe work may be increased from 10 to 25 per cent,
above the rate of sleep after rest.

It is evident, then, that in determining the amount of food
required in an individual case, it is necessary to take careful note
of the number of hours spent in sedentary work and in active
exercise.

Energy Expenditure in Work of Various Sorts,

When lying at rest, the energy expenditure is at a minimum,
or approximately 12 calories per pound of body weight. Ior a
person weighing 154 pounds (70 kilos), the expenditure would
be 1,848 calories for the twenty-four hours. On rising to a sit-
ting position, the output of energy is increased 5 per cent.; stand-
ing with the muscles relaxed, produced an increase of 10 per cent.
in the energy expenditure; and standing with the muscles rigid,
as in the position of “attention,” increases the energy output 14
per cent.

In walking an hour at the rate of 3 miles an hour, the
maximal velocity for economy, the body expends 1.1 calories for
each pound transported ; that is, for each pound of body weight
plus any weight which may be carried. Walking at the rate of
5.3 miles per hour raises the energy output to 3.6 calories per
pound of body weight per hour.

To the energy represented by the work done in walking
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must be added, of course, the basal metabolism or the energy
output of rest increased by 10 per cent. for the standing position.

A somewhat different method of calculating the work done
in walking, which gives closely similar results, is based upon the
observations made by Zuntz, who found that walking 13 feet on
a level at the rate of 3 miles an hour requires an energy expendi-
ture about equivalent to that required to lift the body vertically
one foot. Consequently, the amount of work done in walking a
mile at the rate of 3 miles an hour is found by multiplying the
weight transported by 400 (5,280-13=406).

The work done by the muscles in transporting the body is
about three times that represented in the mechanical work done.
The energy value of the work done in walking at a moderate gait
may be obtained by multiplying the distance traveled in miles at
the rate of 3 miles an hour first by 400, then by 3, then dividing
the product by 3,000. To determine the actual energy expenditure
in the work done, it is necessary to multiply the amount of me-
chanical work expressed in foot pounds by the factor 3, since only
one-third of the energy of the food is convertible into useful
work.

These figures hold good only when a person is walking on
a level road. If a hill is climbed. the work done in lifting the
body through the vertical height ascended must be added. This
is readily obtained in foot pounds by multiplying the weight
transported by the number of feet through which it is lifted.

In walking down an incline of 5 per cent., the energy out-
put in walking has been shown by Zuntz to be about one-half that
in walking on a level. Descending an incline of 10 per cent., the
energy expenditure is the same as that in walking over a level
surface. In going down an incline of 25 per cent., the energy
expenditure is doubled. The energy expenditure in bicycle riding
is about one-half that required in walking the same distance.

Example. A man weighing 160 pounds with a resting meta-
bolism of 1,800 calories walks for one hour at the rate of 3 miles
an hour, carrying a weight of 50 pounds and climbing a hill 1,500
feet in height. The weight of the body, plus the weight carried,
equals 210 pounds. This multiplied by 1.1 equals 231, the num-
ber of calories required for transporting the weight on a level.
The base metabolism during the hour spent in climbing would be
75 calories. Lifting a weight of 210 pounds to a height of 1500
feet will require an expenditure of 315 calories (210 multiplied
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by 1,500 divided by 1,000 equals 315). The total expenditure
will be 621 calories (231 plus 75 plus 315 equals 621 calories for
the hour) ; certainly a large output, but not more than frequently
sccurs in such violent exertion as mountain climbing.

Carrying the example further, let us suppose that the indi-
vidual who has spent an hour at the task above described rests for
the remainder of the 24 hours, 8 hours in bed and 15 hours sit-
cng. The basal metabolism during the 8 hours in bed would be
73 calories per hour or a total of 600 calories, In sitting, the
energy output would be approximately 80 calories per hour. In
L5 hours this would amount to 1,230 calories, making a total of
2428 calories, which would represent the energy output and the
food intake required to supply the energy expended for the 24
hours.

Energy Output and Food Requirements of Persons
Engaged in Different Occupations.

The energy expenditure required by different occupations
varies very greatly. Careful observations made by various inves-
tigators have shown the actual energy requirement of different
occupations for a person weighing 154 pounds to be about as

follows :
Calories of

Oeceupation metabolism per day
Bookbiithder) . 088 00 3 e Ll 2440
Shoemigltef:) \ . e ANl 25510
Carpentet. L2 L. P a\V ~ 0 D/ . 3100
Metal -workerl A e s N2 . 2900
PAMEE" o i oo et T il 2300
DIOHEMIASON. s e Gt S i, 20K
Man Sawing Wood i.c.sawmmn i 5800

I'he Energy Expended in Housework.

Benedict and Johns have made (1919) a valuable series of
observations for the purpose of determining the energy expendi-
ture required by ordinary light household activities. The obser-
vation was made by a study of the energy output of fifteen or
twenty young women before and after entering a large airtight
chamber in which they were engaged in performing some house-
hold operation, all doing exactly the same thing in the same way.

The conclusions reached may be briefly stated as follows:

1. When sitting quietly in the experimental chamber, two
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lours after a meal, the energy expenditure was one-half calory
per pound of body weight per hour.

2. Reading aloud increased the energy expenditure 3 per
cent,

3. The energy expenditure when singing was increased 22
per cent.

4. The exercise of plain sewing occasioned a smaller expen-
diture of energy than singing, being less than two-thirds as much,
or 13 per cent.

5. The energy expenditure in standing was 9 per cent.
greater than in sitting.

6. Sweeping caused an increase of 150 per cent.

7. Moderate walking increased the energy loss 250 per
cent.

8. Dusting increased the loss by 134 per cent.

9. The energy loss occasioned by the act of rising up and
sitting down once a minute during three minutes, showed an
increased energy loss of 60 per cent. of the energy lost in the sit-
ting posture.

The Relation of Wotk to Total Food Requirement.

The amount of external mechanical work done by the body
represents but a very small part of the total energy expenditure.
It is to be remembered that in the case of the body, as in that
of the steam engine, much more energy is lost in heat as a by-
product than is utilized in mechanical work, besides the large
amount of energy required for carrying on the various vital pro-
cesses of the body. In general, it is held by physiologists that the
energy of the food intake should be five or six times that repre-
sented by the external work done.

In increasing the intake of food to support an increase of
work beyond the rest ration requirement it is not necessary to
increase the protein, and the fats need be increased but very
little. The chief increase should be in carbohydrates, for carbo-
hydrates furnish the sugar which constitutes the fuel of the
muscles.

The Rate of Growth.

The food intake is closely related to age and rate of growth.
The younger the animal the more rapidly it grows. The body
of an infant increases in weight seven times as fast between the
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ages of one month to three months as between the sixth and ninth
month, the average increase being, for the first 3 months, about
3.6 pounds; for the second 3 months, 3.6 pounds; from 6 to 9
months, 3.4 pounds; and from 9 to 12 months, 3 pounds; an
average of one and one-tenth pounds per month, or about two-
thirds of an ounce a day. During the first month the rate of
increase is more than an ounce daily.

The crying of a baby may double its metabolism rate. On
this account babies that cry much do not gain in weight. How-
ever, a certain amount of crying is good exercise for an infant
and promotes good digestion and healthy growth.

The growth of the body is notably more rapid during tle
first five years of life than later. The weight of a healthy infant
is three times as great at the end of the first year as at its birth.
The weight doubles during the second year.

During the second period of five years, that is, 5 to 10 years,
boys grow more rapidly than girls, and at 10 years of age average
two or three pounds more in weight. Between the ages of 10 and
15 years, girls grow more rapidly than boys. For the two years,
1214 to 1414, girls are taller than boys of the same age, and from
1274 to 15% years exceed boys of the same age in weight by
three or four pounds. After 15, boys grow more rapidly than
girls, increasing in weight at the rate of nearly seven pounds a
year, while girls increase only two and three-quarters pounds
yearly. Girls reach their full height and weight at 20 years,
while boys continue to grow until 23 and increase considerably
in breadth and weight after this age. Girls remain nearly station-
ary between the ages of 20 and 30 years.

After the age of 35 years, adults increase in weight at the
rate of about three-quarters of a pound annually. It is a curious
fact that while below the height of 60 inches men are usually
heavier than women of the same age, above this height women are
heavier than men of the same height and age.

The accompanying tables, copied from an admirable paper
by Emerson and Manny of the Boston Nutrition Clinic embody
the results obtained by Bowditch, Peckham, Boas, Burk, Holt,
Greenwood and others in the measurement of more than 400,000
children and afford the best information available respecting the
normal rate of growth and development.

A point of much importance which is usually overlooked in
the routine use of tables of this sort is the fact that a very con-



THE ENERGY OF FOOD -THE CALORIE i

siderable variation from the average may occur within normal
limits and must be taken into account. This variation often
amounts to as much as 10 to 20 per cent in either direction and
sometimes more than this. The natural “build” of the subject,
and especially his race must be taken into consideration. Italian
and Jewish children are notably shorter than native Americans.
It is not wise to assume that a weight 7 per cent below the
average is an indication of under-nutrition without other con-
firmatory evidence. The table is of value, however, in calling
attention to such cases and thus suggesting an inquiry which may
show the need of better feeding or other aid to better nutrition,

TABLE III
Showing Annual Increase in Weight of Boys and Girls.
BOYS
Year—52 Weeks Quarter—135 Weeks | Week
.-10_1; Pounds Ounces | Pounds Ounces | Pounds Ournces
Birth to 1 yeur 13 .45 215.2 3.3625 53.8 L 259 4.14
1to 2 years i ] 1008 1.575 25.2 121 1.94
2to 3 years 5.2 83.2 1.3 20.8 00 1.460
dto 4 years 4.3 68,8 1.075 17.2 L0583 1.32
4 to 5 years 4.0 64.0 1.0 16.0 077 1.23
5to 6 years 4.0 G4 .0 1.0 16.0 07T 1.23
6 to 7 years 4.3 G8.8 1.075 17.2 083 1.32
7to 8 ycars 5.0 80.0 1.25 20,0 006 1.54
Sto 9 years 5.1 81.6 1.275 20.4 08 1.57
9 to 10 years 5.8 92.8 1.45 23.2 112 1.70
10 to 11 years 5.3 B84.8 1.325 21,2 102 1.63
11 to 12 years 6.2 09.2 1.55 24 .8 119 1.91
12 to 13 years 7.9 126.4 1.975 31.6 152 2.43
13 to 14 yvears 10.4 1664 2.6 41.6 +200 3.20
14 to 15 years 12.2 195.2 3.06 48 .8 55 1] 3.7a
I5to 1Avenrs | 1%.8 217.6 3.40 044 262 4. 18
GIRLS
Year—32 Weeks Quarter—13 Weeks Week
Age Pownds Cunees | Pounds Qunees | Paunds Ounees
sirth to I year 14.34 213.44 | 3.335 53.30 2ad 4.
1to Eg:unm 6.0 960 1.50 24.0 115 1.5
2to 3 years 5.0 80,0 1.25 20.0 (96 1.1
4 to 4 years 3.8 60.8 95 15.2 73 )
4 to 5 vears 3.6 57 .6 M) 14 .4 | 069 1.
O to 6 years 3.6 57.6 0 4.4 | 069 1.
Gt 7 vears 4.3 68.8 1.076 17.2 .083 1.3
7 to 8 years 48 76.8 1.2 10.2 | 002 1.
Sto 9 vears 49 78 .4 1.225 10.6 | 004 1.5
0 to 10 years 5.5 88,0 1.375 22.0 106 1. |
10 to 11 years 6.6 105.6 1.63 26.4 127 g
11 to 12 years 9.2 147.2 2.8 36.8 | 177 2
12 to 13 years 10,0 160.0 | 2.5 40.0 | 192 3
14 to 14 years 0.6 153.6 2.4 8.4 | 185 -
14 to 15 years 8.4 134 4 | 2:1 33.6 175 .l
15 to 10 vears 5 G 8.6 1.4 | 22 .4 | LIS e

The effects of the earlier occurrence of puberty in girls than
in boys is clearly shown in the above table. Between the ages of
10 to 13 years inclusive, girls increase in weight an average of
25.8 pounds, while boys increase only 19.4 pounds in weight; but
in the years 13 to 16, boys increase in weight by 36.2 pounds, while
girls make a gain during these years of only 23.6 pounds.
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TABLE IV

Showing Normal Rate of Development in Boys,

BOYS
Apge Height in | Weight in Age | Heght in | Weaght in

Yeara Months | Inches Pounds Years Montha Inches Pounds

Birth 0 #20.6 *7.55 9 0 50.0

2 #22.5 #10.4 9 2 3

4 *24.5 *13.2 9 1 6

6 *26.5 *16.0 9 6 0
8 275 *17.7 9 s i 3.3
10 #2865 “10.3 9 10 G 64.4
1 0 *29.5 *#21.0 10 0 .5 G3.4
1 2 *30.3 #22.1 10 2 .2 663
1 4 *31.1 *23.3 10 4 5 07,2
1 6 #32.0 *24.5 10 G i 35.0
1 8 +32.7 *25.5 10 5.0 (5.9
1 10 *33.4 *26.4 10 10 3.3 9.8
2 0 *34.0 #27.3 11 0 3.6 70.7
2 2 #34.7 #2382 11 2 3.9 71.7
2 4 *35.4 29,1 11 1 2 T
2 i *36.0 *30.0 11 B i 73.8
2 8 #36.5 *30.8 11 8 8 748
% 10 7.0 *31.6 11 10 4 75.0
3 0 *37.5 *32.5 12 0 A 6.0
3 /)2 *38.0 33,2 12 2 8 78.2
3 4 #38.5 340 12 1 1 7005
3 i 9.0 #34.7 12 B 5 508
3 s 39,5 35.4 12 i8 82,1
3 10 *10.0 #4581 12 10 7] 83.5
4: || =0 *40.5 36.8 13 0 3 84.8
= g iz 6.5
T e Be 3| B | i [oE|
: 2 i 5805 13 6 7 0.0
1 G 405 392 = b 15
: 8 20 398 13 10 T 035
4 10 41.4 40,5 14 g A 3.2

3 0 41.7 41 2 14 2 D 87.
i 2 42.1 41.8 i 3 o g
3 i 2.4 4204 iz g 3 20314
5 fi 428 4301 1 8 9 lo3.3
: 4 133 438 14 10 2.4 105.3
5 10 435 415 15 . & e asturk
G " 430 452 15 2 2 1094
i 2 44.3 15.9 15 4 3.8 111.9
i 1 447 46.6 4 g a2
G ] 45.1 7.3 15 = = 116.5
6 8 45.4 481 15 10 4.6 118.8
6 10 45.7 488 16 o M 1210
7 0 46.0 49.5 18 2 s 224
e 2 46.5 50 3 A6 4 3 0 124 .0
7 i 46.9 51.2 16 g i3, 7 123.5
7 i 47.4 52.0 16 3 el 137:0
7 8 47.9 52.8 10 10 0.1 1283
7 10 483 36 || 11 3 L 130,
8 n 48.8 54.5 17 3 7 130.9
8 2 490 554 17 4 3.8 141.7
8 1 402 562 17 [ i 1320
8 6 1494 57.1 17 i i 133:4
8 8 9.6 57.9 17 1 303 it
3 . N

% 10 498 53 8 18 L) 4 135.1

sWithout Clothing.
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TABLE V

Showing Normal Rate of Development in Girls

GIRLS
Age Height in Weight in Age Height in Weight in
‘ears  Months Inches Pounds Years Months Inches Pounds
tirth 0 *20.5 *7.16 9 0 4.7 57.4
2 *22.3 *9.9 9 2 50.0 58.3
+ *24.2 *12.7 9 4 50.4 59.2
[ *26.0 *15.5 9 6 50.7 GO .2
8 *27.0 *17.2 9 8 51.0 61.1
10 *28.0 *18.8 9 10 51.4 62.0
1 0 *20.0 *20.5 10 (1] 81.7 G2.9
1 2 *20.8 *21.7 10 2 H2.1 G4.0
1 4 *30.06 2.8 10 4 52.4 65.1
1 N *31.4 *#24.0 10 G 52.8 6.2
1 5 *32.0 *24 8§ 10 5 53.2 6G7.3
1 10 £32.7 *35.0 10 10 53.5 68 4
2 1] *33.4 *26.5 11 0 53.8 69.5
2 2 *34.0 7.3 11 2 54.1 71.0
2 4 *34.6 *28.1 11 4 &5 72.0
¥ 6 #35.3 *20.0 11 [} 54.9 74.1
B 8 *35.9 *#20.8 11 -] 55.3 *75.7
2 10 *30.5 *30.6 11 10 55.7 7.2
3 0 *37.0 *#31.5 12 0 56.1 78.7
3 2 *37.5 *32.1 12 H 56.5 B0.4
3 4 *35.0 *32.7 12 4 56.9 82.0
3 6 *38.5 *33.3 12 G &57.3 83.7
3 8 *39.0 *34.0 12 8 57.7 85.4
4 10 *30.5 *34.6 12 10 55.1 57.0
4 0 *H0.0 *35.3 }g 0 08.5 gs;
i ; 2 58.9 0.
- 5 A s 13 1 50.2 91.9
4 4 400 37 4 13 G 50.5 93.5
& G 40 4 380 13 8 50.8 85.1
1 8 207 356 13 10 601 96.7
4 10 41.0 30.2 14 g 60" 4 98.3
5 0 41.3 39.8 14 2 60,6 99.7
5 a 41 6 40 4 14 4 G0, 8 101.1
5 4 419 41.0 14 G 61.0 102.5
5 6 423 41.6 14 8 Gl1.2 103.9
3 8 428 42 9 14 10 61.4 105.3
5 10 420 12 8 15 0 G1.6G 106.7
[ 0 41.3 43 4 15 2 1.7 107.6
8 2 417 41 15 1 61.8 108.6
H i a1 s 15 6 61.9 109.5
6 [ 41.5 AG:E 15 8 62.0 110.4
6 8 44 0 iB.2 15 10 62.1 111.3
B 10 45.3 46.9 16 0 2.2 12.3
7 0 457 477 1G 2 062.3 112.8
) 2 4.0 48 5 16 4 G2 4 113.3
7 4 46 .4 49.3 16 6 G2.5 113.8
Fi 6 46.7 50.1 16 8 62.5 114.4
i 8 47.0 0.9 16 10 62.6 114.9
7 10 47.4 51.7 17 0 62.7 115.4
8 0 47.7 52.5
8 2 45.0 53.3
8 4 45 .4 3.1
b G 418.7 43,0
5 8 40.0 55 8
8 10 49.4 5066

Without clothing.
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TABLE VI

Showing Normal and Deficient Weight for Different
Heights in Boys and Gitls,

BOYS GIRLS
Average 7% 10% Arverage 7% 10%,
Weight Under- Under- Weight Unider= Under=-
Height  for Height weight weight JSor Height| weight weight Height
Inches Pounds Pounds Pounds Pounds Pounds Pounds Tnchen
5.2 7.8 7.4 7.9 .3 7.1 21*
9.7 9.0 8.7 9.4 | 8.5 20
15 &b | 1.3 10.0 11.0 2 9.9 23*
12.5 11.6 11.3 2.5 G 11.3 24*
13.9 12.9 12.5 14.0 .0 12.6 25*
15.3 14.2 13.8 15.86 4 4.0 26+
6.9 15.7 15.2 17.2 0 15.5 a7%
15.5 16.2 16.7 18.8 . 16.9 =B8*
20.2 18.8 18.2 2.5 9.1 18.5 20%
21.7 20.2 19.6 22.0 b 19.8 du*
23.2 21.6 20.9 23.4 8 21.1 31*
245 22.8 221 24.8 3.1 223 o
25.9 4.1 23.3 26.0 -2 23.4 33
7.3 25.4 21.6 27.3 4 24.6 34
28.7 26.7 25.8 28.0 ] 25,7 B3a%
30.0 27.9 27.0 30,0 B 27.0 36
J1.6 20.4 28.4 31.5 .3 25.4 37
3.2 30.9 29.9 43,7 304 20.4 8=
96 .4 33.8 32.T 35.7 o, 2 32.1 ]
38,1 35.4 34.3 a7.4 B8 33,7 40
S0.8 37.0 35.8 39.2 ali, o JG0.3 41
41.7 38.8 37.5 41.2 5 37.1 42
43.5 40.5 39.2 43.1 10,1 38.8 43
45 4 42.2 40.9 44 38 41.7 403 H
47.1 43.8 42 .4 Aia $3.1 41.7 45
49.5 446.0 44 .G 48.5 43,1 43.7 44
51.4 47.8 46.3 a50.9 47.3 45 .8 47
53.0 49.3 47.7 G3.3 49.6 45,0 45
a5, 4 51.5 49.9 §5.8 al. o a0.2 49
39.6 83,4 53.6 a8.3 o2 52.5 )
62.5 58.1 96.3 61.1 a8 550 91
65.8 61.1 59.2 63.8 39.3 67 .4 a2
68.9 641 62.0 06,8 $H2.1 G0, 1 23
72.0 67.0 64 .8 0.3 hh.4 63.3 5%
0.4 70.1 67.9 74.56 60_3 67.1 A3
79.2 73.7 71.3 754 2.0 70.6 Al
82.8 77.0 T4.5 B2.56 6.7 74.3 A7
87.0 80.9 78.3 S6. 6 80.5 77.9 A5
91.1 84.7 82.0 01.1 84.7 82.0 &0
05.2 88.5 85.7 96.7 89.9 S87.0 wil
99.3 892.3 89 .4 102.5 5.3 92.2 Al
103.8 96.5 03.4 110 .4 102.7 99 .4 62
108.0 100, 4 97.2 118.0 100 7 1062 %]
114.7 106.7 103.2 123.0 114 .4 110.7 4
121.8 113.3 109 .6 130.0 120.9 117.0 (i4)
127.8 118.9 115.0 137.0 127.4 123.3 fith
132.6 123.3 119.3 143.0 133.0 1298 .7 N7
138.9 129.2 125.0 1469 1366 142 2 s

*Without Clothing.
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Food Requitements by Men, Women and Children.

The amount of food needed differs according to the age, the
size, and the amount of muscular activity.

Small animals require more food in proportion to their size
than do large. Some insects eat all the time. Small birds con-
sume each day an extraordinary amount of food. Infants and
children need more food than adults in proportion to their size.

For persons of average weight, the food requirement may be
determined by multiplying the body weight in pounds by the
number of calories which careful laboratory research has shown
to be requisite, as follows:

Calories Calories
Ape per Pound Age per Pound
Birth to 1 month 30 6 years 34-35
2 months 40 A g 32-34
3 7 41 8= 9 0% 30-35
4-6 b 43 10-12 ¢ 28-32
79 < 40 24030 25-30
1-2 years 40 14-17 * 20-25
34 ~5 37-40 Adults 16-20
o s 35-37

The following table, based upon the work of Atwater and
Benedict, shows the amount of food required hy persons of dif-
ferent sex and age, taking the ration of an adult man as the unit:

Miam o S e L PROS L e D
Woman .......... AT ST Alh T e Bk i A 0.8
BOYS (BE-17) ..o e e e D
(73 L€ U 2 &) R S )
Ehildrant (OB e e e 0B
i N () e e I e e 0.5
Children (2-4) ..o e sy pesasscsssosnssnt i

ChildreniiGomder 2). oo o0 o e S

Changes Which Take Place in the Body in Old Age.

The general tendency throughout the body in advancing age
is for the development of cells of a comparatively low type, such
as the connective tissue cells. These cells, tending to increase in
the liver, kidneys and various other organs, crowd out and destroy
the higher cells and hence produce impairment of function in
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important excretory and other organs. The same changes take
place in the brain and nerves and are especially active in the
arteries, causing arteriosclerosis. Certain of the white blood
corpuscles also take part in this degenerative process, as shown
in the whitening of the hair, which is due to the robbing of the
hair of pigments by white blood cells (macrophags), and destruc-

tion of the supporting structures of the bones, causing porosity
and weakening of these structures.

The Quantity of Food Required in Old Age.

The food should be steadily reduced in quantity with ad-
vancing age. No doubt many elderly persons eat more than is
wholesome for them. As weight and bodily activity diminish, the
food intake should be proportionately diminished. According to
Maurel and Quatelet, the food requirement of persons in ad-
vanced years is as shown in the following table.

Age MEN WOMEN

Years Welght, Lbs. Calories Weight, Lbs, Calories
Mozl ... L R4 1963 125 1700
1} N R I 1890 118 1600
B0 L D 1530 113 1300
2, 3 PR 1k 1450 108 1230

Physique and Diet.

Zimmer has shown that vigorous muscles, even when at rest,
destroy more sugar than do feeble ones, a fact which is easily
understood when we remember that the muscles are the furnace
of the body, and are the chief seat of the vital combustion by
which glycogen, or sugar, is consumed. Large and vascular
muscles will naturally consume more sugar than feeble and anemic
muscles, just as a large furnace with a good draft will consume
more fuel than a small furnace with a poor draft. Under the
influence of either massage or exercise, the blood is made to go
through the muscles; while in a state of rest it goes around
rather than through them.

It thus appears that a robust, well developed person with
a good muscle tone needs more food than a weak person whose
muscles are soft and relaxed. This fact is usually indicated by
a keen appetite in the case of the robust person and its absence
in the case of the weak one.
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Diet and Metabolism.

The taking of food increases metabolism. Fasting reduces
metabolism about 10 per cent. Food stimulates the activity of
the body cells. In the case of fats and carbohydrates, the stim-
ulating effect is small—6 per cent. for carbohydrates and 14.5 per
cent. for fats; but in the case of protein the effect is great,
amounting to 40 per cent. (Rubner). This is a fact of great
importance and should never be lost sight of in the arrangement
of bills of fare. Meat has long been regarded as a stimulating
or “heating” food, and on that account has been condemned in
fevers and as a hot weather diet by most authorities; but it is
important to remember that there are numerous conditions of
disease in which marked increase of metabolism is present and in
which it is most desirable to suppress influences likely to produce
a further increase of metabolic activity.

It is worth while to note, also, that in conditions of disease,
when the normal balance of metabolic activities is already upset,
further disturbance in the same direction may be easily produced,
so that a protein ration which might be tolerated in health, may
become highly injurious.

In toxic goiter (Graves’ disease), lymphatic leukemia, severe
diabetes, certain cases of cancer, fever, and advanced cases of
heart disease, there may be a marked increase of metabolism.
It is now known, in fact, that hyperthyroidism, with consequent
exaggerated metabolism, aceurs much more frequently than was
formerly supposed. In all these conditions, which include a very
large number of clinical cases, comprising all febrile cases, it is
very evident that a very low protein diet is indicated. This
naturally requires the exclusion of meat and meat extracts and
broths of all sorts from the diet, in such cases. Every experi-
enced physician can recall cases in which the temperature of a
fever patient has risen sharply after the taking of meat. For
many years, the writer has excluded meats and meat products
of all sorts from the surgical wards under his supervision, and
with marked benefit in the avoidance of postoperative fever as
well as acidosis and other complications.

Diet and Development.

The remarkable influence of food upon bodily growth and
development is not only a matter of common observation but is
most forcibly illustrated by the results of laboratory experiments
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and certain remarkable natural history facts. Gudernatsch, in
experiments upon tadpoles, found that if fed on thymus giand
they grew to be very large but never changed to frogs; whereas,
if they were fed on thyroid gland they quickly changed to frogs
but remained extremely small, scarcely larger than flies. The
larvae of bees fed on “bee bread” become ordinary workers or
infertile females; but if fed “royal jelly,” they become queens
or fertile females. Canary birds fed on sweet red peppers be-
come red in color.

The High Protein Ration.

Voit was the first to establish a standard ration. He required
for a man weighing 154 pounds approximately 4 ounces of pro-
tein, 2 ounces of fat, and 18 ounces of carbohydrates; more ex-
actly, in calories, protein, 484 ; fat, 521; carbohydrates, 2050;
total, 3055. The research suggested by Horace Fletcher and con-
ducted by Chittenden and Mendel demonstrated that the protein
might be reduced to one-third of Voit's standard with an actual
gain in health and vigor. Drs. Murlin and Miller of the United
States Army, after a nutritional survey of the United States
Army camps, pointed out in their report that “it is the general
consensus of opinion among experts in nutrition that an excess
of protein is undesirable in the dietary of a hard working man,
since muscular work does not involve destruction of muscular
tissue beyond the amount sustained in muscular rest.”

Food Requirement of Infants and Young Children.

Height Weight
Age Inches Pounds Calories

| (O RUUTI SPCCOI Y ocont g 20.6 /] 225
25 OONEHE . Lo fis bR s e 225 10.4 375
4 i e g ST T 24.5 3.2 500
6 P B o L O s = 26.5 16.0 700
8 B i e ineeas s el 27.5 17.7 750
10 e = o R S o e 28.5 19.3 775
T SVEAE caesesmesmesansoumarinm, 20.5 21.0 850
B T R e e 320 245 1000
2 e e s = I e D 34.0 270 + 1075
b e e rs 36.0 30.0 1200
e 2 it e 37.5 32,5 1300

:;I/g R o 2 O G S 39.0 34.7 1350
4 B wam it S B A e 40.5 37.0 1400
5 e sl el S i el 41.7 41.0 1475
6 A A e o S i 43.0 45.0 1525
‘i = 46.0 490 1600

........................
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Focd Requirement of Children and Youth.

119

Age Height  Weight Age Height  Weight

Yrs, Mos. Inches Pounds Calories | Yrs. Mos, Inches Pounds Calories
BOYS GIRLS
80 48.8 54.5 1700 80 47.7 52.5 1575
86 494 57.1 1750 8—6 48.7 55.0 1600
9—0 50.0 59.6 1800 9—0 49.7 57.4 1650
0—6 51.0 62.5 1850 9—6 50.7 60.2 1700
10—0 519 65.4 1900 | 10—0 517 62,9 1750
10—6 52.7 68.0 1950 | 10—6 528 66.2 1800
11—0 53.6 70.7 2000 |11—0 538 69.5 1850
11—6 54.5 738 2050 | 11—6 549 74.1 - 1900
12—0 554 76.0 2100 | 120 56.1 78.7 1950
12—6 56.5 80.8 2150 | 12—6 57.3 83.7 2000
13—0 57.5 34.8 2200 | 13—0 58.5 887 2050
13—6 58.7 90.0 2250 | 13—6 59.5 93.5 2100
14—0 60.0 95.2 2300 | 14—0 60.4 08.3 2150
14—6 61.5 101.3 2350 14—6 61.0 102.5 2200
15—0 62.9 107.4 2400 | 15—0 61.6 106.7 2250
156 63.9 1142 2450 15—6 61.9 109, 2275
16—0 64.9 121.0 2500 16—0 622 112.3 2300
16—6 63.7 125.5 2550 | 166 62.5 113.8 2325
17—0 66.5 130.0 2600 | 17—0 62.7 1154 2350
17—6 67.0 1326 2650 |
Food Requirement of Adults.
Height Weight | Height Weight
Inches Pounds Calories | Inches Pounds Calories
MEN WOMEN

60 120-130 1900-2000 59 111-126 1775-2000

61 122-132 1950-2100 60 113-129 1800-2050

62 124-135 2000-2150 61 115-132 1850-2100

63 127-140 2050-2200 62 117-136 1875-2175

64 131-143 2100-2250 63 120-140 1900-2250

65 134-147 2150-2350 64 123-144 1950-2300

66 138-151 2200-2400 65 125-148 2000-2350

67 142-156 2250-2500 66 128-152 2050-2400

68 146-162 2300-2550 67 132-155 2100-2450

69 150-168 2400-2650 68 136-160 2150-2500

70 154-174 2450-2750 69 140-165 2200-2600

71 159-180 2500-2850 70 144-169 2300-2700

72 165-185 2600-2900

73 170-189 2700-3000

74 176-102 2300-3050

75 181-19% 2900-3100
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Table of Heights and Weights of Men as Prepared by the
Association of Life Insurance Medical Directors*

Ages 15-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69

5 & O0in. 120 125 128 131 133 134 134 134 131 130
lin. 122 126 129 131 134 136 136 136 134 132

inn. 124 128 131 133 136 138 138 138 137 135
in. 127 131 134 136 139 141 141 141 140 140
in. 131 135 138 140 143 144 145 145 144 143
in. 134 138 141 143 146 147 149 149 148 147
in. 138 142 145 147 150 151 133 153 153 151
in. 142 147 150 152 155 156 158 158 158 156
. 146 151 154 157 160 161 163 163 163 162
m. 150 155 159 162 165 166 167 168 168 168
in. 154 159 164 167 170 171 172 173 174 174
in. 159 164 169 173 175 177 177 178 180 180
in. 165 170 175 179 180 183 182 183 185 185
in. 170 177 181 185 186 189 18 189 189 189
in. 176 184 188 192 194 196 194 194 192 192
m. 181 190 195 200 203 204 201 198 196 19%

bt
WN=-O=ODWO NI Lt
g

Table of Heights and Weights of Women as Prepared by the
Moutual Life Insurance Compaay of New York*

Ages 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64
4 ft. 11in. 111 113 115 117 119 122 125 128 128 126
5 f. Oin. 113 (114 117 > 119 122 125 128 130 131 129
lin. 115 116 118 121 124 128 131 133 134 132
2in. 170118 /120 1230127 1327 134 137 137 136
Jin. 120 122 124 127 131 135 138 141 141 140
4in. 123 125 127 130 134 138 142 145 145 14
5in. 125 128 131 135 139 143 147 149 149 148
6in, 128 132 135 139 143 146 151 153 153 152
7in. 132 135 139 143 147 150 154 157 156 155
8in. 136 140 143 147 151 155 158 161 161 160
9in. 140 144 147 151 155 159 163 166 166 165
10in. 144 147 151 155 159 163 167 170 170 169

* The figures given include the ordinary house clothing. For net weight
subtract 4 per cent.



THE PHYSIOLOGY OF
EATING

Physiologic or biologic feeding requires careful adjustment
of the food supply in quality and quantity to the nutritive needs
of the body. A hundred years ago, even twenty years ago, it was
difficult to do this. Many of the most important questions per-
taining to nutrition were then only vaguely answerable. The
clearly defined straight road in human feeding had not yet been
scientifically marked out, but today this is no longer true. Care-
ful laboratory experiment and scientific observation and research
have solved so many of the problems and settled so many mooted
questions it is now possible to feed human beings in as thor-
oughly scientific a manner as horses, cows, pigs and chickens are
fed, and the results in human beings are equally as striking as
those in domestic animals.

Physiologic feeding is as necessary for a man as for a race
horse or for a competitor for a prize in a poultry show. The
average man knows how to feed his horse so as to keep him in the
best possible condition for service, but in feeding himself gives
no thought to physiologic requirements but swallows whatever his
fancy craves or his wife or hired cook sets before him. The
farmer’s wife knows how to feed cows or chickens so as to secure
the largest returns in milk or eggs, but in feeding herself and her
family gives little thought to physiologic needs.

The application of physiologic and biologic principles to the
feeding of domestic animals, combined with scientific breeding,
has accomplished such wonderful results that we now have cows
which give more milk, hens that lay more eggs, fatter pigs and
stronger, better and more enduring horses than the world ever
knew before. From the results of the thousands of feeding ex-
periments conducted in the Agricultural Experiment Stations and
in nutrition laboratories, practical information of the greatest
importance may be drawn in relation to human feeding. In
recent years, much has been done in this direction, thanks to the
labors of Hopkins, Mendel, McCollum and numerous experts
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who have given their attention to this line of research. However,
the average man is not yet, to any considerable degree, acquainted
with the facts which modern research have developed and placed
at our disposal and the application of which ought to accom-
plish as much for human beings as has been accomplished for
domestic animals through the regulation of their nutrition by
proper feeding.

Unphysiologic eating is the active or predisposing cause of
many chronic maladies. Biologic habits of eating should be
formed in childhood and carefully adhered to during adult life.
The so-called pleasures of the table are usually illicit enjoyments
resulting from the indulgence of artificial tastes and depraved
appetites from which a brief temporary felicity is derived at the
expense of subsequent long drawn-out misery and disease.

It is of the highest importance to begin the training of chil-
dren in biclogic habits of eating at an early age. Among the
things of fundamental importance which should enter into the
training of infants and young children are the following:

1. Simplicity of taste. Sweets and the strongly flavored
foods are extremely injurious to children. Through lessening
or destroying their appetite for simple, mildly flavored natural
foodstuffs, sweets and other highly flavored foods pervert the
sense of taste, over-stimulate the appetite and lessen or destroy
the appetite of the child for the mildly flavored, natural foods
to which their digestive organs are adapted.

2. Thorough mastication of the food. Young children may
be easily taught to chew their food in a proper manner. In fact,
thorough mastication is as natural for a child as for a monkey.
The habit of hasty chewing is acquired. A monkey will seize one
by one, and place in his mouth a whole handful of cherries, as
rapidly as they may be offered to him, but later it will be dis-
covered that he has not swallowed a single one of the luscious
fruit, but carefully stored them away in his capacious cheek
pouches. Later, at his leisure, he masticates each cherry in the
most thorough-going manner, carefully rejecting the seed and the
skin. If a child is thoroughly trained in the proper mastication of
food when it first begins to chew, the habit will become fixed.

To encourage the habit of thorough mastication, the diet of
children should include, from a very early age, or as soon as
weaned, a considerable proportion of foods requiring the use of
the teeth, Graham or whole-wheat bread toasted until dry and
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crisp, should be made a part of every meal. This will give the
muscles of mastication the exercise necessary to develop them, and
will at the same time insure an adequate supply of blood to feed
the growing teeth with the lime necessary to give them a firm,
enduring structure.

Children should be taught to chew even soft food, and to sip
milk and other liquid foods slowly so as to insure a proper admix-
ture of saliva. Eating physiologically is a fine art which must be
acquired and perfected by careful training by mothers, nurses and
teachers. Ilvery domestic board where young children gather
should be a training table. Each child should be taught the proper
method of eating, the special properties and relative values of
foods, and how to select a suitable bill of fare. Farly childhood is
the time for correcting abnormal appetites, or rather, nipping them
in the bud. The liking for hot condiments, or highly spiced rag-
outs, and rich sauces, are acquired tastes and may easily be diverted
in normal channels by checking the earliest tendencies toward
these perversions. The writer is fully persuaded that by such
careful direction of the appetites in the early years, much may
be done toward the prevention of the development of the alcohol
and tobacco habits and other physical and normal obliquities in
later life.

3. Prompt and regular evacuation of the bowels at least
three times a day is another biologic habit the training in which
is of the highest importance. It is of far more consequence for a
teacher to know whether a child’s colon is evacuated regularly and
frequently, than to know that he is acquiring proficiency in mathe-
matics, geography or any other of his ordinary school studies.
As Herbert Spencer has well said, “The first essential for success
is to be a good animal.”

Eating requires that the selection and use of food should be
in harmony with the facts which modern research has brought
forth in relation to human digestion and nutrition. These have
been set forth in preceding chapters, the perusal of which should
enable the intelligent reader to regulate his feeding in a satis-
factory manner. In this chapter the constituents of foodstuffs
will be discussed in fuller detail.



Protein

Protein is that element of the food which is used for the
construction and repair of the highly vitalized or living tissues
of the body; that is, the essential vital machinery, the muscles,
glands, nerves and other parts concerned in the various activities
or functions of the body, consist of protein. Between the periods
of infancy and maturity, protein is required both for growth and
repair. Recent experiments made in animal feeding indicate that
in growing animals more than one-half (55 per cent.) of the pro-
tein intake is utilized in the formation of new tissue. After ma-
turity, the sole use of protein is for repair. The practical
question, then, in the adult individual is, how much protein is
required to make good the daily wear and tear of the body, or
the necessary loss from the breaking down of the living structures
as the result of work.

This question is one of the very greatest practical interest, for
Folin and other physiologists have shown that all surplus protein
above what is required for repair is not only uscless, not being
necessary to satisfy any bodily need, but is a positive damage to
the body, because it imposes upon the eliminative organs, espe-
cially the liver and kidneys, a heavy burden of unnecessary work,
the inevitable effect of which must be to wear out these organs
prematurely and to interfere with their normal functions of
destroying and eliminating the natural body wastes and thus
keeping the blood and tissue fluids free from obstructing poisons.

Probably the majority of persons who have given some
thought to the question of the protein ration are laboring under
the supposition that this question is a very new one, and that it
is still a matter of experiment whether or not human life and
vigor may be well maintained on a dietary which furnishes not
more than one-third or one-half the amount of protein generally
consumed. This is, however, quite an error. More than twenty
years ago, when the question of the deficiency of protein in the
Japanese dietary was raised by Mori, a special investigation was
undertaken by a Japanese physiologist, Kumagawa, for the pur-
pose of settling this question. He found that with his ordinary
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diet of Japanese foods only 54 grams of protein were eaten, less
than half the amount required by Voit, and still smaller than
Atwater’s standard. He also found that this diet furnished the
body more protein than it actually required and reached the con-
clusion that a larger amount of protein than this is quite unneces-
sary, and that only a very small amount of protein is really
needed, the important point being that the body shall be fur-
nished with a sufficient amount of fat and carbohydrates to main-
tain the supply of energy required by the tissues. He found also
that an increase in the protein intake did not increase the amount
of protein in the body but only increased the amount of urea
found in the excretions.

Numerous physiologists have contributed experimental ob-
servations toward the settlement of the question, What should
be the daily intake of protein?

Klemperer, experimenting upon two young men who weighed
respectively 141 and 144 pounds, found the protein consumption
to be in one 27.4 grams, a trifle less than one ounce, and in the
other 22.4 grams or three-fourths of an ounce.

Sivén, in experiments upon himself, found 28 grams, or one
ounce of protein, sufficient to meet his bodily needs.

Many years ago (1887) Hirschfeld had demonstrated the
sufficiency of 37.5 grams (one and one-fourth ounces) of protein
to supply the needs of the body; and this notwithstanding the
fact that his ordinary diet previous to the experiment had con-
tained 130 grams, or more than three times the necessary amount,

Voit, the eminent German physiologist, had previously estab-
lished a dietetic standard of 118 grams of protein (more than four
ounces) as the necessary requirement, and Atwater had con-
siderably raised this standard as the result of observations upon
some 15,000 people in whom he found the consumption of pro-
tein to vary from 100 to 175 grams (three and one-half to six
ounces.) The great difference in the conclusions reached by
these different investigators rendered necessary a critical exami-
nation of the question. A thoroughgoing and decisive experi-
mental research was finally undertaken, the conclusions of which
have not only remained to the present time unshaken but have
been so abundantly reinforced by the findings of other investi-
gators that they may now be said to be established for all time.
The genesis of this investigation, known as the Chittenden re-
search, is of such unusual interest that it will be worth while to
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devote a little space to its presentation, especially as the facts
have never before been made public.

The Chittenden Protein Standard.

According to Chittenden, one-third gram per pound of body
weight of protein, or one and one-third calories per pound of
body weight, is quite sufficient to fully meet the requirements of
the body. Sherman has recently placed the protein requirements
of the body at the still lower level of one calory per pound of
body weight. From Folin's experiments this would seem to be
ample, since this most reliable investigator has shown that the
greater part of the protein taken in the food is excreted by the
kidneys in the form of urea without ever having been assimilated
or utilized by the tissues. Folin holds that utilized protein is
represented in the urine by creatinin, which agrees with the obser-
vation of Liebig that in hunted foxes the amount of creatinin
found in the muscles is ten times the normal quantity. Tibbles
holds that the physiologic minimum of protein is one-half gram
per kilogram of body weight, or a little less than one calory per
pound of body weight, an observation which agrees with the
recent very extensive research of Sherman. The experiments
conducted by Sivén led to the same conclusion. :

Professor Chittenden says, “With these facts before us, it
is difficult to accept the assumption that dietetic customs afford
any indication of the food requirements of the body. To the
physiologist such a view does not appeal, since there is a lack of
any scientific evidence that carries conviction.”

For some years after Professor Chittenden announced the
results of his notable research, Dr. Benedict and others of the
Atwater school vigorously opposed the low protein standard advo-
cated by Chittenden and his associates, pronouncing it unsafe
and questioning its scientific basis.

In defending his position, Professor Chittenden quotes Pro-
fessor Benedict as saying:

Food should be ingested in just the proper amount to repair the
waste of the body; to furnish it with the energy it needs for work and
warmth;: to maintain it in vigor; and, in the case of immature animals,
to provide the proper excess for normal growth, in order to be of the
most advantage to the body.

Professor Chittenden also remarks that ,“Voit, among others,
has clearly emphasized the general principle that the smallest
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amount of proteid, with non-nitrogenous food added, that will
suffice to keep the body in a state of continual vigor is the ideal
diet.”

No physiologist will question the accuracy of the statement
that the ideal diet is the smallest amount of food which is
“sufficient to keep up that strength of body and mind that is
essential to good health, to maintain the highest degree of physical
and mental activity with the smallest amount of friction and the
least expenditure of energy, and to preserve and heighten, if
possible, the ordinary resistance of the body to disease germs.”

All surplus of food is a wasteful burden to the body and a
handicap to its energies. This is true even of fats and carbo-
hydrates, an excess of which is readily disposed of by being de-
posited beneath the skin in the form of fat, a reserve source of
energy which may be drawn upon in time of need; but it is
especially true of protein, a substance which cannot be stored in
the body, which can be utilized only in the small amount required
to replace the losses due to natural wear and tear. This amount
the above considerations clearly show to be approximately one
ounce to an ounce and a quarter for the average male adult, or,
expressed in units of energy, 110 to 125 calories, the equivalent
of about four ounces of lean meat or six and a half ounces of
roast beef.

Another simple, and at the same time most convincing method
of determining the necessary protein intake has recently been
made known. A few years ago, Rubner made a study of the pro-
tein intake of the nursing infant and found it to be one-half gram
of protein to the kilogram of body weight, or nine-tenths of a
calory per pound of body weight. Careful investigation has
shown that an infant uses 50 per cent. of its protein intake for
growth, that is, for building up its muscles and glands, blood and
other structures. This leaves not more than one-half of one
calory per pound of body weight as the amount necessary for tis-
sue repair. It could hardly be claimed that the amount of protein
needed for tissue repair per pound of body weight could be
greater in an adult than in an infant; hence it is evident that if
the intake of protein is fixed at one calory per pound of body
weight, much more than Nature provides to the infant to meet
its requirement for growth as well as repair, the provision for
meeting the demands of the body for repair of its vital machinery
will be ample. It is interesting to know that the conclusion
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reached by this short and direct method is practically identical
with the results at which Professor Chittenden arrived through
his laborious research. Professor Chittenden weighs 125 pounds.
His protein intake is 31 grams or 125 calories, or one calory per
pound of body weight.

The subject of one of Professor Rubner’s experiments pei-
formed in one day work equal to nearly one million foot pounds,
of which enormous output of energy it was found that protein
supplied only one six-hundredth part. This shows again the
fallacy of the popular notion that meat and other highly nitro-
genous foods are necessary for the maintenance of strength, es-
pecially in persons who are engaged in hard labor.

Other observations by Rubner show that the body may be
maintained in health and strength on one-half an ounce of dried
protein daily. These facts are of the greatest importance and
serve still further to fortify the position of Professor Chitten-
den in regard to the low protein ration, as well as the practice of
non-flesh eaters.

The Japanese have for generations “lived and thrived on a
~ daily ration noticeably low in its content of protein,” and “gen-

erations of low protein feeding, with the temperance and sim-
plicity in dietary methods thereby implied, have certainly not
stood in the way of phenomenal development” (Chittenden).

The experience of the war so overwhelmingly proved the
sufficiency of the low protein ration, the opposers of the Chitten-
den standard were compelled to recognize their error. The report
brought back by Professor A. E. Taylor of the general adoption
in Germany of the low protein ration and the account given by
him of the physical accomplishments of the thousands of workers
in the great ammunition factories in Germany, presented facts
which could not be ignored, and which led Dr. Benedict of the
Carnegie Nutrition Laboratory, of Boston, to plan the “Spring-
field experiment,” which demonstrated in the most conclusive
manner the sufficiency of the low protein standard established by
the classic research of Chittenden.

Sherman, of Columbia University, published recently the re-
sults of a new research in the protein requirement which fully
confirm the observations made by Chittenden and indicate that
the proteins found in corn, wheat and oats, the three principal
cereal grains have a higher value than other observers have given

them.
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Sherman proved that nine-tenths of the protein of the diet
may be derived from the cereals mentioned, provided that the
other one-tenth consists of milk or apple proteins. He also notes
that the total protein intake need not exceed one-half gram per
kilogram, which is equivalent to a little less than one calorie per
pound of body weight ; that is, a person weighing 150 pounds may
maintain his total protein requirement upon 13 ounces of corn
meal, 9 ounces of graham flour, or 7 ounces of oatmeal, provided
that in each case the cereal protein is supplemented by the pro-
tein found in 4 ounces of milk. The equivalent of the milk pro-
tein will be found in an ounce of cottage cheese.

Professor Sherman's observations agree with the results of
large human experience. Cornmeal mush and milk was a staple
food in the pioneer families of the Middle West half a century
ago, and produced the sturdy men and women who have made
this great section the very heart of American civic and industrial
life. Oatmeal with milk is the staple food of the sturdy Scotch;
and buttermilk with oatmeal and potatoes has for generations
been the chief nutrient of the hardy Irish peasant.

The protein of the ordinary ration appears to be disposed of
in two ways :

1. A portion, after conversion into amino acids or “build-
ing" stones, is carried by the blood to the tissues, where it is
utilized for repairing the waste due to wear and tear of the vital
machinery.

2. The remainder, probably the greater part of all the pro-
tein eaten, never reaches the tissues at all but is converted into
urea in the liver and excreted by the kidneys.

Van Slyke has shown that the major part of the food pro-
tein is eliminated within 24 hours in the form of urea. This
conversion of the excess of protein takes place chiefly in the liver
and begins within a few minutes after meat is eaten.

On a high protein diet the amount of urea excreted by the
kidneys is 33 to 37 grams, or an ounce and a quarter. On a free
meat diet the amount may rise to 100 grams, or three and one-
third ounces. On a protein-free diet the protein output falls to
9 grams, less than one-third of an ounce, and on a diet based
upon the Chittenden standard, the amount excreted is from half
an ounce to two-thirds of an ounce. From these facts it is evi-
dent that the kidneys of the hearty meat eater are compelled to
do from two to five times as much work in the elimination of



130 THE NEW DIETETICS

urea as is required of the kidneys of a low protein feeder. Since
Folin has shown that much of the urea excreted by the kidneys
represents surplus protein, that is, food protein which has never
been assimilated and hence has not been utilized for tissue build-
ing, it will readily appear that a high protein diet is one of the
most efficient methods by which the kidneys may be prematurely
worn out and life thus abbreviated,

The protein of the food contains a certain proportion of
sulphur. This is separated in the process of digestion and com
bines with hydrogen, forming hydrogen sulphide, a highly poison-
ous gas which causes cyanosis when present in sufficient quantity.
This fact is of itself sufficient reason for avoidance of an excess
of protein. A pronounced odor of sulphureted hydrogen, usually
accompanied by a black or dark brown coloration of the feces, is
evidence that protein is being eaten in excess.

Luxus Consumption of Protein.

Tibbles, the eminent English authority on dietetics, in dis
cussing the question of the protein ration, remarks without com-
ment ; “Kellogg subscribes to the doctrine that no protein is stored
in the system, and considers that all protein above 60 or 70 grams
daily is broken down in the alimentary canal by bacteria into
toxins such as indol, skatol, phenol, leucin, tyrosin, etc., and cause
autointoxication.”

The professor is wholly correct in asserting that the writer
considers that 60 or 70 grams of protein is amply sufficient to
meet the needs of the average man. This amount is, in fact, more
than can be utilized to advantage, But the doctor is wrong in
thinking that we have at any time entertained the notion that all
surplus protein undergoes putrefaction in the intestine. Folin as
well as Van Slyke has shown that the surplus protein is elim
inated by the kidneys as urea without ever entering into any
useful process in the body. Nenchi, MacFayden and others have
shown that about one-seventh of the protein undergoes putre-
faction in the colon.

The doctrine of “luxus” protein feeding is justly repudiated
by Taylor and other modern physiologists. There is not a particle
of evidence that protein is needed in the body for any other pur-
pose than the repair of tissues. Any surplus is treated as waste
material and is a burden to the organs of elimination, especially
the liver and the kidneys.

It cannot be doubted, of course, that reduction of the pro-
tein below the actual needs of the body causes a depreciation of
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vital resistance, through disturbance of the nutritive balance. The
same is true with reference to any other food principle; but the
question under dizcussion is not the effect of an actual deficiency
of protein, but the effect of an excess,

Effects of Protein Intake Upon the Urine.

A few years ago (1908) the writer had made in the labora-
tory of the Battle Creek Sanitarium a careful study of the urine
in 24 men and 22 women, all young healthy subjects living upon
a moderately low protein diet (Chittenden standard). The ac-
companying table shows the marked contrast between the urine
of persons living on such a diet and on the ordinary mixed diet.
An examination of this table shows that a mixed diet requires
the kidneys to do an enormous amount of excess and unnecessary
work in the elimination of waste products derived from the food
directly and not resulting from necessary or productive vital
work.

TABLE VII

Ordinary or Low protein Excess

high protein diet with-
diet (Folin) out meat per
gms, gms. cent.
PDiiantity ‘et o S SRR s o 1430 1.000 43
Total nitrogen...........oce..  16.000 6.440 148
Wrea: . \\CZ.\... . W SN 29.800 11.650 155
Wiic acid N\ AN e 0.370 0.323 14
Ammonia, in terms of NH3.. “ 0.850 0.247 244
Ehlordl £0f LSSl A s, Y 10.050 6.455 56
GEEABnM e oS o S 1.550 0.815 90
PIUEDIALER i s 3.870 1.455 166
Tiotalisulphates - oniss & 3.140 1.071 192
)35k (47 ¢ e e i g 77.000 5.600 1275

A study of the table will show at once the enormous amount
of extra work imposed upon the kidneys by a high protein diet.
It is to be noticed, for example, that the total quantity of urine
eliminated by persons taking an ordinary mixed or high protein
diet is 43 per cent. greater than the amount required by the low
protein diet. The acidity is more than double. The total nitro-
gen, representing the total amount of nitrogenous wastes elimi-
nated, 1s increased nearly 150 per cent. The urea is increased
an equal amount. The ammonia, which is the result of putre-
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faction in the colon, is increased to nearly three and a half times
the normal. Creatinin, which is in large part derived from the
meat eaten, is practically doubled. All the products resulting
from putrefaction are increased to two or three times that of
the low protein urine, and the indican, a direct product of the
putrefaction of protein in the colon, is increased more than 1300
per cent.

These facts show beyond any room for doubt that a high
protein diet, or even the ordinary mixed diet which, by including
meat, comprises an excess of protein, compels the kidneys to do
an enormous amount of extra and harmful work in order to
remove from the blood the excessive amount of poisonous wastes
thrown into it. The total work done is considerably more than
double the total work normally required of the kidneys. Is it
not a fair conclusion that kidneys required to do double duty
cannot be expected to retain their integrity as long as those re-
quired to do only the normal and necessary amount of work?
The great prevalence of degeneration of the kidneys among flesh-
eating people and flesh-eating animals, bears eloquent testimony
upon this point,

The liver and the kidneys co-operate in protecting the bedy
against the destructive influence of the waste and poisonous sub-
stances derived respectively from the activities of the body cells
and the unutilized protein of the food. It has been clearly shown
by extended clinical observation that over-loading these essential
vital organs with work by eating an excess of protein is one of
the most potent causes of disease. The experiments of Chitten-
den, by which this was clearly demonstrated, have been fully and
repeatedly confirmed by more recent investigations.

It is evident, then, that a diet which is sufficient to main-
tain the body in a state of health and to fully support its activities
while at the same time taxing the liver and the kidneys to a
minimum extent, must be in the highest degree suited to pro-
motion of endurance and longevity.

A research conducted by Campbell at Singapore and re-
ported in the Biochemical Journal (1919) clearly demonstrates
the advantage of a low protein diet. The work included the study
of the urine in a Brahmin, a Chinese, a Tamil, a Malay, a Hindoo,
a Eurasian, a Bengali, a Sikh and a European. The Brahmin and
the Hindoo were vegetarians; the others lived on a mixed diet.
It was found that the Brahmin and the Hindoo eliminated much
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smaller quantities of urea and other waste substances than any
of the other subjects and very much less (scarcely half) than the
average European (0.11 grams N per kilogram for the Brahmin
and 0.127 for the Hindoo).

Modern researches confirm the conception of Liebig that
protein is essentially a tissue-building substance, and not pri-
marily intended for body fuel. A dog fed upon lean meat free
from fat requires a ration having a much higher caloric value
than when fed upon a diet consisting largely of fats and carbo-
hydrates, thus showing that, as a source of energy, protein is much
inferior to fats and carbohydrates. The relation of the two
classes of food principles appears to be essentially the same as
that of metal repairs and coal to the locomotive,

A High Protein Diet Increases Intestinal Putrefaction.

The careful study of the bacterial flora of the intestine which
has been made within recent years by Escherich, Tissier, Metch-
nikoff, Herter, Levin, Roger, Adami, Cohendy, Gilbert, Dominici,
Strassberger and others has shown the immense influence ex-
erted upon the functions and tissues of the body by bacterial
toxins formed within the alimentary canal. Absorbed into the
portal blood, these poisons are circulated through the liver, where
they are in part oxidized and rendered innocuous, and find their
way out through the lungs, skin, and especially the kidneys. These
investigators and others have shown that there is a close relation
between the protein ration and intestinal putrefactions.

Pasteur supposed that bacteria are a necessary aid to intes-
tinal digestion and essential to both animal and plant life. His
pupil, Roux, showed that beans may grow in a sterile soil. Nuttal
and Thierfelder kept guinea-pigs alive in a sterile medium. Levin
examined 480 animals at Spitzbergen—Dbears, seals, reindeer and
other animals—53 species, and established the fact that in the
Arctic regions the intestines of mammals are usually sterile.

It seems to be finally settled that bacteria are not necessary
for the maintenance of animal life, and certainly that putrefactive
bacteria are not only unnecessary, but harmful. Nevertheless,
these bacteria are present in the intestines in enormous quantities.
Gilbert calculates the number of bacteria daily discharged from
the body at twelve trillions. Strassberger makes the number one
hundred and twenty trillions. Roger enumerates 240 species of
bacteria which have been found in the human intestine. Many of
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these produce substances which are in the highest degree toxic.
On a high-protein diet, the poison-forming bacteria rapidly in-
crease, giving rise to intestinal autointoxication. German medical
authorities have been rather slow to recognize this condition, but
Senator, Backmann, Mester, Brieger, Hoppe-Seyler, Krauss,
Ewald, Jaffe, Albu, Hirschler, Munch, Rovighi, Grawitz and
others have recognized the validity of the teaching of Bouchard,
and have expressed views in harmony therewith.

The writer has for some years pursued studies in relation
to this question, and lately by the aid of the improved methods
of Herter, Folin and other recent investigators, has made several
observations which seem to have a practical bearing. Five healthy
voung men were fed upon various diets, as indicated in the tables
presented herewith, and a careful study was made of the stools
and the urine. In making these studies the stools were examined
both chemically and bacteriologically.

The amount of the daily ration was from 1,800 to 2,400
calories. The principal carbohydrates were bread and potatoes.
Fat in the proportion of about 30 per cent. of the total ration was
taken in the form of butter. The protein ration was varied from
125 to 450 calories. Each special dietary was closely followed
for five to eight days, and was employed with two or more per-
sons, and in several instances repeated a number of times. The
figures given in the accompanying table are the averages obtained
from all the observations made, the number of which is indicated
in each case.

TABLE VIII

Showing the Amount of Intestinal Putrefaction as Indi-
cated by the Amount of Indol Found in the
Feces and of Indican in the Urine With
the Several Diets Indicated.

AVE.
Gms. of Avg. amt. Indican
Dally protein No. of indol in urine
ration in per kilo of obger- in feces (Folin
calories body weight wvations mgms. scale)
Group I—Moderately high
protein diet, 1.00 gram or
more per kilo. of body
welght .. 2,187 1.00—1.80 39 1.2270 6.00
Grou 1I—Low- roteln dm
{vel)geta.blej .? SRR 1 0.49—0.96 74 0.3611 0.00
Group III—Low- proteln atet
below Chittenden stand-
ard (vegetable)... s D040 0.49—0.80 51 0.1227 0.00
Group IV—Fruilt and cereal
diet ... 2,075 0.49—0.70 a8 0.0667 0.00

Group V— High. prutcln dlat
—meat and vegetables.... 2,200 1.60—1.80 10 1.3508 9.50



PROTEIN 135

It is most clearly shown by the above tables, giving the re-
sults of 212 observations, that the amount of intestinal putrefac-
tion is directly proportional to the amount of protein in the
dietary.

Beckmann showed the same to be true of white of eggs, but
much less so than with meat.

Mester compared fresh meats and “prime” meat with the
following result :

Conjugnte
sulphates
18 Ordinaey dood cro s a s o me e 0.058
2 Ordinary diet plus meat . 2 et e S 0.113
3 Ordinary diet plus prime “meat.. = 0.328
4 Ordinary diet plus meat in advanced decay (high) ... 0.694

In a second series of observations, to each of various food
mixtures of equal weight (25 grams) was added a definite quan-
tity (10 grams) of feces which had been previously examined
for indol and bacteria. The whole was then placed in an incu-
bator at body temperature for three days. The quantity of indol
produced, was determined by distillation and testing by Herter’s
method,

TABLE IX
Showing the Amount of Indol Produced in Equal Quantities of

Various Foodstuffs (25 Grams) Mixed With 10 Grams
of Human Feces and Incubated for Three Days.

Indol
Mgms.
MEATS
Beef (fresh) ... A s dncall 12.42
Pork (fresh) 13.72
Mutton (lean) Deatied® e G BN R I
T o - e P LS e A 14.39
MILK PRODUCTS

Unboiled mille ... 0.626
Boiled milkoooericeeeeee 5,200
Yogurt cheese 0.126
T S - e R L e 426

VEGETABLE FOODS

Certals (Averape Of 20). i iminiem st 055

Raw wvegetables ... i i e
Cooked vegetables ... ... ... 4 e IR
Cooked fruits....... 222
A O e e e 404

Average. . ... sl e Bode LBl i e = i, 81
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The table shows that the flesh foods on an average produced
nearly eight times as much indol as the average produced by
vegetable foods. Milk products produced only 3 per cent. as
much indol as meats, while yogurt cheese, made with the Bacillus
bulgaricus, made less than 1 per cent, as much indol as meat.

These results are entirely in harmony with the results ob-
tained in feeding experiments, and taken with them show very
clearly that foodstuffs which undergo putrefaction outside the
body when brought in contact with colon bacteria produce when
eaten a very marked increase of the intestinal putrefactions.

Complete Proteins.

Until recently it had been taken for granted that all pro-
teins are essentially alike and capable of replacing one another.
It has been learned, however, in recent times, that the protein
molecule is very complex, and so variable in composition that the
number of proteins possessed of characteristic differences is
almost infinite. Every plant produces proteins peculiar to itself,
and there are marked differences among animal prt}teil'ls.

These differences are due to the fact that the protein mole-
cule is made up of simpler bodies known as amino acids which
have been called “building stones" because by different combina-
tions of these foundation elements, the various living tissues of
the body are built up. Many different amino acids have been
discovered, some forty or fifty. Less than half of these enter into
the proteins of the human body. A protein which furnishes all
the amino acids necessary for building human protein, is known
as a complete protein. Such animal proteins as lean meat, eggs,
and milk, all contain complete proteins, being of animal origin,
and milk and eggs, the yolk at least, being especially prepared for
food for young animals. But the proteins of plants differ very
widely. Some are complete, but most plant proteins are incom-
plete. Those foods which the experience of the race has chosen
to serve as staples for the feeding of large populations are found
by chemical examination to possess the best proteins, that is,
those which contain in the best proportions the “building stones”
needed for the repair or construction of body protein.

It is interesting to note in this connection that of the several
classes of plant foods nuts contain the best protein. Researches
by Osborne, Mendel, Clapp, Harris, Nollan, Johns, Jansen, Dan-
iels, Loughlin and Cajori and others have demonstrated that the
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proteins of nuts are complete proteins. This has been shown
to be true of all nuts thus far studied, which include the almond,
coconut, Brazil nut, black walnut, English walnut, butternut, fil-
bert and hickory.

The great cereal staples, wheat, rice, corn, and oats, contain
proteins of fair quality. The same is true of rye, and millet
possesses a protein of exceptional value. The protein of the
potato, another staple, has been shown to be of a superior order.
The proteins of ordinary beans, peas, and lentils are of inferior
quality ; but those of the soy bean and the peanut are equal to
those of milk. The protein of the apple is also of excellent
quality.

But the incomplete proteins of miost vegetable foods are by
no means useless. When eaten with foods containing complete
proteins, such as milk, eggs, nuts, soy beans or peanuts, their
incomplete proteins are supplemented in such a way as to make
them satisfactory nutrients, This is one of the most important
facts in food physiology, and supplies an important foundation
stone for the rational combination of foodstuffs in the construc-
tion of bills of fare. It is manifestly essential that care should
be taken to insure the necessary intake of complete proteins, and
this is especially important when the protein intake is reduced
to a minimuim,

Sherman has shown that with a cereal diet the addition of
milk sufficient to supply ten per cent. of the protein is sufficient
for normal growth and maintenance. This would require a daily
intake of about four ounces of milk or an equivalent amount of
cheese, say half an ounce to an ounce. Certainly two or three
glassfuls of milk daily will supply an ample amount of complete
proteins to fully supplement any otherwise sufficient bill of fare.

In the absence of milk, nuts, soy beans or peanuts may be
ased as complementary foods.

A study of the relative protein content of nuts, milk, and
meat shows that, pound for pound, the almond, beechnut, and
walnut contain on an average as much protein as does meat and
five times as much as is found in milk, and protein which animal
feeding experiments recently made prove to be of equal value.
The chestnut, the chinquapin, the filbert, the hickory, pecan and
pine nut contain on an average as much protein as is found in
fish; while the butternut, the peanut and pignolia contain twice
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as much, and 50 per cent. more than is found in the best cuts of
meat.

The following table shows the number of ounces of nuts
required to furnish the same amount of protein as 4 ounces of
milk, the amount required to balance for complete proteins a
day’s ration of cereals and no milk, eggs or meat :

TABLE X
Amount equal to protein of
4 ozs. of mlilk (336 cals).
Ouneces Calorles

Ao e e ER A 134
Betchaub . cc o e — o e 6 116
Brazil k... o s e e st 8 165
Buatternot L X N LUAAF NTr SN 5 100
Chestiint £ QN v A 120
Bilback /n o o —  SCAS) 187
Hickobyinit 4 toe s aisma et 9 190
Malted Nits Do 0. G SSE e WO 6 o1
PecduChi i L)) . B e o A 305
Peanu¥d (L ..... L @000, = WAl S 7 85
Peanil mesl... .. e e et terekr | | A0 33
Pine fft ... 0 . - a5 122
Walmit (black ). . VIR ~ell /L /D 9
Walnut(Enplish) 28 . 5 ) [ /-8 165

Eggs may also serve as supplementary foods, one egg fur-
nishing about the same amount of supplementary protein as a
half pint of milk.

It is evident, then, that meat can no longer be regarded as
a necessary source of human food, other foodstuffs capable of
supplying any real nutritive need which meat can serve being both
diversified and abundant.

The Normal Protein Requirement.

As already shown, the amount of protein needed daily is
small, probably about one calorie per pound of body weight, that
is, normal body weight. A fat person needs no more protein
than a person of normal weight for the same height. For the
average person this will require 120 to 150 calories of protein.

An examination of the table will show that less than an ounce
of peanuts, black walnuts or butternuts will supply as much com-



PROTEIN 139

plete protein as 4 ounces of milk, the full amount actually needed
to supplement a bill of fare otherwise sufficient; while an ounce
cf almonds, beech nuts, filberts, hickory nuts, pine nuts or English
walnuts, and less than an ounce and a half of chestnuts or pecans
may take the place of milk as a supplementary food. One-third
of an ounce of nut meal or twice as much Malted Nuts serve
the same purpose.

As a matter of fact, if the daily bill of fare includes with
a sufficiency of other foods one or two ounces of nuts or soy
beans, an egg, or half a pint of milk, he need give no thought to
the amount of protein he ecats provided he does not eat meat,
since he will be sure to get enough and not likely to get too
much.

In a magazine article, Osborne presented the argument that
prutein is needed not only for food, but for stimulation, it having
been shown by Rubner and Lusk that protein differs from other
food principles in the fact that it excites the cells to do an amount
of work in excess of the energy which it supplies to them. The
fact is also mentioned that caffein does the same thing, only in
the case of caffein the effect is of course wholly that of excita-
tion, this drug having no food value whatever. Since this effect is
purely that of stimulation, no equivalent energy being supplied
to support the expenditure induced, it must be regarded as harm-
ful rather than desirable. Rubner has shown that the extra
energy thus produced cannot be utilized in useful work, but is a
total loss.

Many of the greatest of the ancient philosophers were flesh
abstainers, of whom special mention may be made of Herodotus,
the father of history; of Pythagoras, the father of Greek philos-
ophy, and of his famous pupil, Socrates, whose scarcely less
famous pupil, Plato, was likewise a flesh abstainer, as was also
Plutarch, the author of the “Lives.” Seneca, one of the most
noted of the Roman philosophers, was likewise an exponent of
the fleshless diet. Guatama Buddha was a strict vegetarian and
required his disciples to discard flesh of all sorts as millions of
them at the present time do in India and other Eastern countries.

Advantages of a Low Protein Ration.

The advantages of a lowered protein ration were very clearly
shown by experiments conducted with a section of the French
army in 1906. Major P. Joly reports the result of an experi-
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ment with two companies numbering respectively 149 and 142
men. It was found that when the four ounces of fresh meat
furnished the men was replaced by the same quantity of carbo-
hydrates (cane sugar), there was a decided improvement in their
physical condition. They were better able to endure the fatigue
of marching, the number of heart beats was diminished, as well
as the respiratory movements, and there was less sickness. It
was especially noticeable that the men showed less fatigue and
were less subject to the depressing effects of heat. During the
last three days of manceuvres, the entire ration of five of the
men was replaced by eleven ounces of carbohydrates (sugar)
without any ill consequences, the men doing the same work as
the others without showing any evidence of fatigue.

The advantage of a low protein diet in maintaining high
resistance to disease is shown by the observations of Dr. Reid
Hunt, who found that animals fed on a low protein diet were
able to resist “two or three times the ordinary fatal dose of
acetonitrile” (Chittenden).

Numerous further evidences of the advantages of a low pro-
tein ration will be presented in other sections of this work, where-
in it is clearly shown that a low but sufficient protein ration is
conducive to longevity, to physical and mental endurance, to
resistance to disease, and freedom from certain maladies, and
that the rigorous restriction of the protein intake to the actual
needs of the body is one of the most useful means of combating
many obstinate bodily disorders and prolonging the life in cases
of incurable organic disease.

The limitation of the protein intake, especially the elimina-
tion of flesh proteins [rom the dietary, is of particular service in
the correction of morbid conditions of the intestinal flora. The
putrefactive changes which occur in the undigested residues of
flesh foods when retained in the colon are now recognized as one
of the most active causes of chronic disease. The greatest evils
due to errors in diet are those which result from the putrefaction
of the unused residues of meats while lying in the colon.



Fats

Fats, like the starches and the sugars, are fuel foods. Their
chief function in the body is to furnish fuel to maintain heat and
to serve as a source for the energy expended in muscular work,
heart and lung work, gland work, and other forms of vital activ-
ity. In recent years it has been found, however, that fats are an
essential constituent of protoplasm and hence enter into the com-
position of the living cells of the body. Of this function of fat
little is known.

As fuels, fats differ from starches and sugars in that while
the latter substances may be termed quick-burning fuels, fats
instead of being burned at once are stored for future use in the
form of adipose tissue, sometimes known as residual or reserve
tissue.

In chemical composition fats differ from starches and sugars
in the much smaller proportion of oxygen which they contain,
For this reason they require a much larger amount of oxygen for
their consumption and produce a proportionately larger amount
of energy when burned. For example, an ounce of starch fur-
nishes 114 calories of energy, whereas an ounce of pure fat
supplies 255 calories, more than twice as much.

There are many different kinds of fats, both animal and
vegetable. In the process of ripening of certain fruits and nuts
the starch of the green fruit is converted into fat. There is
abundant evidence that a similar transfiormation of starch into
fat occurs in the human body.

When starch is taken in larger quantity than is required to
furnish the amount of sugar needed to produce animal heat and
support the muscles in their work, the surplus is converted into
fat which is deposited in the cellular tissue beneath the skin and
in other parts of the body.

In the process of digestion, starches of all sorts are con-
verted into a common product, dextrose or grape sugar, which is
identically the same in character no matter what the source of
starch from which it is formed. In the digestion of fats, however,
the case is different, since the products of digestion of fats differ

141
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as widely as do the fats themselves. The changes which take
place in fats during digestion are essentially the same as those
which occur in soap making. The fats are first emulsified, then
broken up into fatty acids and glycerine. The fats combine with
the potash and soda furnished by the bile and the pancreatic
juice to form soaps. After absorption, the glycerine recombines
with the fatty acids. The nature of the fat of an animal may be
modified by the fat fed to it.

The fats of herbivorous animals are much harder than those
of carnivorous animals. The fats of fishes and cold-blooded
animals naturally have a still lower melting point. The true
human fat, that is, that made by the body, is formed by the tissues
from starch, sugar and other carbohydrates. :

Of the several animal fats, beef tallow, mutton tallow, lard.
butter and cream, the latter is the most easily digestible. Next
in order is butter. Those fats which have the highest melting
point are most difficult of digestion.

The vegetable oils are all digested easily and possess about
the same value. At least this is true of olive oil, corn, peanut,
coconut and cottonseed oil. Crisco and oleomargarine are chiefly
or wholly of vegetable origin. Nut margarine is prepared from
vegetable oils.

While not differing greatly in their digestibility, fats differ
much in food value because of their varying vitamin content.
The fat soluble vitamin, necessary for growth and health main
tenance, also to prevent sore eyes and rickets in infants and night
blindness in adults, is deficient in most oils, in lard, and in oleo
margarine and nut margarine. On this account butter and cream
should be preferred as sources of fat when available. It is to be
said, however, that a deficiency of the fat soluble vitamin may
be made up by the free use of greens which are rich in this food
essential.

Fat is not altogether an encumbrance, even when present ip
slight excess. It is a residual tissue, which may be drawn upon
in case of food scarcity. The camel’s hump serves as a store
house from which supplies are drawn when other food is not
available in its long desert journeys.

Great excess of fat is highly detrimental to health and preju
dicial to longevity. Life insurance examiners penalize applicants
for insurance when 10 per cent. or more overweight, because the
life expectancy of such persons is known to be below the average
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Ghee, a fat much used in India, Turkey and other Oriental
countries, is prepared from butter made from the milk of cows,
sheep or goats. The butter is boiled and granulated, and though
unsalted, will keep for many years, even a century or two, accord-
ing to an authentic record of a find in an old castle in Turkey.

Vegetable Fats.

The principal sources of edible vegetable fats are the fol-
lowing :

PEBAOIIR e v i ssssiinsssiissinnis L i nss 0 T ET  CEIAL,
Ayoeador ookl e o s s 2D pertcet
Bl M s et S e S 61 per cent.
Butterfittt oo o101 pericent:
Caco seed 2~ . X 100 I\ r 44 percent.
Cocoanut meats . st ee- 9O " PET CENL,
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Kernel Oils.

A most excellent vegetable fat is prepared from the nuts of
an African palm, the melting point of which is near that of butter,
for which it is much used as a substitute. Palm kernel oil is also
prepared from the nuts of the cohune palm. It is grown in Cen-
tral America, where immense forests of this tree are found. In
Spanish Honduras and Guatamala the cohune palm forms 20 to
30 per cent. of the vegetation. The nuts grow in enormous clus-
ters nearly as large as a bunch of bananas. The nut is two or
three inches in length and an inch and a half in diameter. The
meat, which is about the size of a large nutmeg, contains 40 to 60
per cent. of oil. A tree yields about 1,000 nuts annually, from
which may be obtained 10 quarts of oil. It is estimated that the
trees growing wild in British Honduras produce annually not
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less than 275,000 tons of oil. Other Central American countries
are capable of producing a much larger amount. Cohune oil
closely resembles the kernel oil of the African palm, though it has
a slightly lower melting point.

While these oils are as digestible as butter fat, it is not as yet
certainly known whether they contain the essential vitamins,
although it is most probable that they are quite deficient in this
respect, and hence when used as butter substitutes must be sup-
plemented by liberal quantities of greens which supply the lacking
element in rich abundance.

Among other rather unusual oils which recent experiments
have shown to be equally as digestible as olive, peanut and other
well known oils, may be mentioned oil obtained from apricot
kernels, cherry stones, cantaloup seed, peach kernels, pumpkin
seed and tomato seed. All these oils were found to be edible and
wholesome.

The oils of tomato seed, mustard seed, apricot kernels and
of the seeds of the black and white poppy are also used in Italy
and in some Oriental countries.



Carbohydrates— Starches
and Sugars

The carbohydrate element of foodstuffs consists chiefly of
starches and sugars. Many fruits and vegetables contain fruit
acids, which are also potential carbohydrates. Lactans and pen-
tosans are found in certain fruits and legumes. These carbohy-
drates are not utilizable by human beings, although they are
apparently readily assimilable by herbivorous animals. Hence,
we derive practically all of our carbohydrate nourishment from
starches and sugars.

The normal human diet contains about 60 per cent. of carbo-
hydrates, the most of which is starch. The starches are for the
most part derived from cereals, but a few roots and vegetables
are also rich in starch, particularly the Irish potato, the sweet
potato, the manioc root and arrowroot. The taro of the Sandwich
Islands and the dasheen, a near relative of the dahlia of our
flower gardens, are other valuable sources of edible starch,

Starch appears in plants in the form of granules which differ
in size and appearance in different species of plants.

The accompanying illustrations will give something of an
idea of the characteristic appearance of some of the more common
forms of starch.

The chemical compaosition of starch (saccharid) is CoHioOs,
Cane sugar, malt sugar and milk sugar have a similar composi-
tion, a single molecule of water being added to two molecules
of starch—CizH2:011. Glucose and levulose have the composi-
tion CeH120s.

Certain vegetables contain peculiar carbohydrates which have
the composition CsHioOs, called pentosans. By digestion, these
bodies are converted into pentoses, a kind of sugar which the
human tissues are unable to utilize. Pentoses are found in the
urine after the eating of prunes, cherries and grapes. The soy
bean contains a considerable amount of pentosans and pentoses,
but only a trace of starch.

Starch and dextrine seem to be the carbohydrates best
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adapted to the use of human beings. As supplied by the plant,
starch is insoluble in water and non-absorbable, and must be
transformed by the processes of digestion before it can be utilized.
Very liberal provision is made for the utilization of starch. Its
digestion begins in the mouth, before that of any other food sub-
stances. The work of transforming the starch into sugar is con-
tinued in the stomach. In the intestine, the starch digestion is
carried on by the pancreatic and intestinal juices.

By this arrangement, the sugar formed from the starch is
produced and absorbed slowly, so that the blood at no time be-
comes overcharged with sugar. The normal sugar content of the
blood is about one part in one thousand. When this is much
exceeded, the kidneys remove the sugar to prevent injury to the
blood-vessels and other structures, which would result if the
sugar were allowed to accumulate. This explains the appearance
of sugar in the urine when large quantities of sugar are taken.
If, for example, a half pound of candy or sugar in some other
form is eaten at once, within a short time sugar will appear in the
urine ; but the same amount of sugar taken in the form of starch
will never cause the appearance of sugar in the urine of a
healthy person. This is the difference between a person in
health and a person suffering from diabetes. A diabetic may
show sugar in the urine, even though no sugar but only starch
has been eaten. But this never occurs in a normal person, no
matter how large a quantity of starch may be taken at one time.

As an additional precaution against a too rapid intake of
sugar and its undue accumulation in the blood, the liver is en-
dowed with the special function of capturing the sugar and
retaining it within itself by changing it into a form of carbo-
hydrate known as glycogen, a sort of animal starch.

The muscles, also, have the ability to convert sugar into
glycogen, and thus a certain amount of carbohydrate is stored up
to be utilized in maintaining the sugar content of the blood at
its normal percentage during the intervals between meals or
longer periods of fasting,

During a complete fast, the store of glycogen is practically
used up after two or three days.

Starch has the further advantage over sugar as a carbo-
hydrate food in the fact that it has a neutral flavor, and is bland
and absolutely unirritating.

Another advantage possessed by farinaceous foodstuffs over
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cane sugar consists in the fact that in this form the carbohydrates
are not isolated, but are associated with the lime, iron and other
salts as well as the precious vitamins, all of which form an es-
sential part of the day’s ration.

Some years ago, Grierson made the interesting discovery that
there is a marked difference in the digestibility of starch from
different sources. Grierson found, for example, that the starch
of wheat, corn and rice requires two full hours for digestion,
whereas the same quantity of oatmeal starch digests in eighty
minutes, and the time required for the digestion of a like quan-
tity of arrowroot starch is but thirty minutes and of potato
starch only ten minutes. From which it appears that the root
starches are much more easily digestible than are the cereal
starches, the starch of wheat, corn and rice requiring twelve
times as long for digestion as does the starch of potatoes, and
the starch of oatmeal eight times as long.

The prejudice against farinaceous foods which still seems
to exist in the minds of many persons, even some physicians,
is wholly without sound foundation. Of all the elements of our
food, starch is the least likely to give rise to inconvenience or to
produce harmful effects, even when taken in excess; and the
notion that the free use of starch gives rise to rheumatism, to
intestinal indigestion, to gastric or intestinal fermentation, or
“sour stomach,” is wholly baseless. It is of course possible that
the dietary may contain a disproportionate amount of starch, so
that an individual may suffer for the lack of other neeessary
elements; but in such cases the bad effects observed are not to
be attributed to the starch itself, but rather to lack of other
essential elements.

For example, in the feeding of babies, it has long been ob-
served that infants do not thrive on farinaceous infant foods, a
long list of which have been offered as safe substitutes for
mother’s milk and cow’s milk ; and this has been found to be true
even when these farinaceous food products were combined with
a considerable proportion of cow’s milk, sufficient to supply the
protein and fat required. It is now known that the chief injury
sustained by the child under these circumstances is the result of
the lack of vitamins, which are supplied by mother's milk. The
child gets all the protein, fat and carbohydrate it needs, but lacks
the vitamins which are essential to promote growth. This defect
may be remedied by the use of orange or tomato juice.
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Daniels and others have recently shown that the growth of
babies may be increased by adding to the milk a soup prepared
from wheat germs. The notable results obtained are doubtless
due to the vitamins contained in the germ of wheat.

The dietaries of adults, when largely made up of farinaceous
foodstuffs in their ordinary commercial forms, are equally liable
to be lacking in vitamins. For example, fine flour bread, pol-
ished rice, the new process corn meal, corn flakes, rice flakes,
macaroni, and, in fact, most of the cereals found upon the aver-
age breakfast table, are deficient in vitamins.

The hardy Chinese laborer, the gigantic Japanese wrestlers,
the sturdy Smyrna porters, the long distance runners of India,
the hardy Alpine peasant, all thrive on diets in which natural
farinaceous foodstuffs are the staple, but which are supplemented
by liberal quantities of greens and other foodstuffs which are rich
in vitamins.

Hindhede has clearly demonstrated the safety of a highly
farinaceous diet by long continued researches which have brought
him into great prominence as an author in human nutrition in
his own country, Denmark. although they have received little
attention in this country. In a letter received by the writer from
Professor Hindhede of Copenhagen, a couple of years ago (1919)
he said that he then had under observation a man who had sub-
sisted for twenty-three months on a diet consisting exclusively of
bread, potatoes and greens. No fat of any sort was added to the
foods named, and not a particle of other food had been eaten, yet
the subject was in perfect health, vigorous and athletic, and able
to engage in the hardest work. Professor Hindhede remarked
that he had noted that large quantities of greens were very essen-
tial. McCollum, Mendel and others have shown that both cereals
and potatoes are deficient in the fat-soluble, growth-promoting
vitamin which is supplied abundantly by greens of all sorts.

When much gas is formed in the intestine as the result of
eating freely of starchy foods, the cause is not “dyspepsia” but a
“bad flora,” that is, the presence in the colon of that most mis-
chievous of micro-organisms, Welch’s bacillus or an excessive
number of colon bacilli. Without lessening the intake of carbo-
hydrate, even increasing it, the gas, though at first increased, dis-
appears as soon as the flora is “changed.” This the writer has
witnessed in hundreds of cases.
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The Digestibility of Raw Starch.

Observations by Langworthy and Deuel (Jour. Biol. Chent.,
May, 1920) seem to demonstrate that the uncooked starch of corn
and of wheat is quite easily digestible, and when eaten by human
beings in quantities of ten to twelve ounces are completely
digest-d and assimilated, no trace being found in the feces. In
the case of raw potato starch, 20 per cent. remained undigested.

It was noted, also, that the raw starch did not interfere with
the digestion of other food principles taken with it, although, in
the case of the potato, unpleasant symptoms, particularly a con-
siderable formation of gas and “frequent intestinal cramps,”
were noted.

An interesting observation was that with the potato diet
the feces, when heated, gave off 1.0 fecal odor but rather an odor
of scorched bread, which we take to be evidence of the value of
raw starch as a means of suppressing intestinal putrefaction, a
matter to which the writer has frequently called attention and
on which is based the recommendation to cook oatmeal six to ten
minutes rather than longer,

Langworthy's results are in accord with laboratory observa-
tions made many years ago (1905) by the writer in experiments
with raw starch in which it was observed that raw starch was
digestible in quantities of four to six ounces. It was noted, how-
ever, that different persons differed in this regard. In the case
of one person, most of the starch was discharged undigested, and
there was diarrhea with much griping and malaise.

SUGARS

The world's production of cane sugar in 1914 was 42,000,
000,000 pounds. Americans use more than any other people.

At the close of the Revolutionary War, the per capita annual
consumption of sugar in this country was 7.5 pounds. It is now
about 103 pounds. The consumption of sugar has increased in
this country since 900 at the rate of 1 per cent. a year. Diabetes
has doubled its death rate in the same period.

Cane sugar was made from bamboo before the sugar cane
was used for this purpose. Sorghum has been grown for sugar
making in China for centuries. The Indians made sugar from
the maple, hickory, birch and watermelon, and the natives of
Mexico prepared sugar from the juice of the century plant in
pre-Columbian times.
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Of the many sorts of sugar known to the chemist only five
enter to any considerable extent into our ordinary dietary, These
are sucrose or cane sugar, maltose or malt sugar, lactose or milk
sugar, dextrose or grape sugar, and levulose or fruit sugar.

Of these several sugars we are most familiar with cane sugar,
which is derived commercially from the sugar cane, sorghum,
beet root and maple tree. Cane sugar is the sugar of trees, roots
and grasses. It is also found in a few fruits, especially certain
varieties of the date.

In the ripening of fruits, cane sugar is converted into glucose
and levulose. These sugars are formed from cane sugar by a
digestive change identical with that which takes place in the
human body. When cane sugar is eaten, it is slowly converted
into levulose and dextrose, for cane sugar in its native form
cannot be utilized by the body. It must first undergo a digestive
process, as does starch., But unlike starch, the digestion of cane
sugar does not begin in the mouth, but is delayed until the sugar
reaches the intestine.

The enormous consumption of cane sugar in this country,
four times that of many other civilized countries, and the growing
prevalence of the candy habit as the result of the diligent foster-
ing of the practice by energetic manufacturers, justifies the in-
quiry whether or not the present extravagant use of the sugar of
commerce is wholesome or safe.

Atchison Robertson, in carrying out a series of experiments,
injected a half pint of a 20 per cent. solution of sugar
into the stomach of a patient who was suffering from chronic
gastric catarrh. “Shortly afterwards the patient became sick, and
vomited a very acid fluid which put his teeth on edge. He also
complained of heartburn and flatulence, and of a severe pain in
the region of the stomach.” Another experiment was the injec-
tion of a solution of fruit sugar (levulose) of the same strength,
which produced no discomfort. The experiment was repeated
with similar results in other cases of dyspepsia, and in every case
the invert sugar produced no unpleasant symptoms. Schule found
that from two to six lumps of cane sugar, when taken in an ordi-
nary test breakfast, produced no appreciable effect on the diges-
tion, but when the quantity was increased from ten to twenty
lumps, considerable delay of digestion ensued, by reason of “the
great outpouring of mucus in the stomach.”

Brandi, an eminent German chemist, observed, in experi-
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ments upon a dog, that a solution of cane sugar having a strength
of less than 6 per cent. caused irritation, with reddening of the
mucous membrane. A 10 per cent. solution produced a dark red
color with great irritation ; and a 20 per cent. solution gave rise to
still greater irritation, and produced such distress that the experi-
ment was terminated. The author has met many cases of grave
stomach disorder in which evidently the chief cause was the free
use of sugar either in the form of candy or in connection with the
use of coffee, oatmeal mush, or other “breakfast foods.”

Ogata, in experimenting upon dogs for the purpose of deter-
mining the effects of cane sugar upon digestion, observed that the
addition of one-third of an ounce of cane sugar to a meal of meat
reduced digestion one-fourth.

The Germans made years ago extensive experiments with
sugar as a means of supporting muscular work, extending their
experiments to horses and other animals as well as soldiers. They
found that while the sugar showed remarkable sustaining qual-
ities, it was impossible to use more than a comparatively small
amount on account of the irritating effects upon the stomach.

Sugar is freely used by rowing clubs in Holland, and it is
reported that it seems “to counteract the bad effects of a meat
diet so that the dreaded symptoms of overtraining did not ap-
pear.” This fact is very interesting as an indication that the
effect of overtraining is due to the large quantity of meat con-
sumed. Sugar is antitoxic. When freely used it not only lessens
the amount of meat consumed, because of the limitation of the
calorie intake, but also through its antitoxic influence combats
intestinal putrefactions encouraged by a heavy meat diet.

Molasses is much used in sugar-producing regions as food for
horses and dairy cattle. The so-called black strap molasses is
commonly fed in quantities of eight to twelve pounds per head.
As a food a good quality of molasses is preferable to sugar for the
reason that it is rich in iron and lime.

Dextrin is a product intermediate between starch and dex-
trose. The chemical composition of the three substances is essen-
tially identical, except that in the change from starch to sugar,
water is added to the molecule. Dextrin is found in plant juices
and fruits, It is present in commercial glucose and in malt sugars
to the extent of about 30 per cent. Dextrin may be produced not
only by the digestion of starch but by the action of mineral acids
and by heating at proper temperatures. The crust of bread and
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the browned portion of toasted bread contain dextrin. Dextrin has
been recently shown to have special value as a means of changing
the intestinal flora. When it is taken in doses of three ounces
three times a day for several days in succession (7 to 10 days),
the putrefactive flora disappears and acid-forming bacteria be-
come dominant. The stools cease to have a putrid odor.

Dextrose or grape sugar is the sugar of grapes. It is found
in most fruits with levulose in about equal quantities, Dextrose
is formed from starch and from other sugars by the process of
digestion and may be produced from various carbohydrates by
chemical processes. All the sugars of foods are converted into
dextrose before they are utilized by the body. Dextrose is the
chief source of bodily energy. It is the body fuel par exvcellence.

Glitcose is a saccharine product prepared by boiling corn-
starch with a dilute mineral acid until the starch is partially con-
verted into dextrose. It contains both dextrose and dextrin. So-
called brewers’ sugar is a form of glucose containing about 70 per
cent. of dextrose. What is known as “80 sugar,” or “acme sugar,”
contains 80 per cent. of dextrose. Practically all the cheaper
grades of candy, and probably some of the higher grades, consist
very largely of glucose. This is a cheap form of sugar about
half as sweet as cane sugar.

Malt sugar. There is found in grains ferments or diastases
similar to the ferments of the saliva, which are capable of first
liquefying starch and then converting it into sugar. These fer-
ments become active in the process of germination, and by the
conversion of the starch in the seed furnish food for the young
plant. Sprouted or malted barley has long been used in civilized
countries for the conversion of starch into sugar in the manu-
facture of beer. The same process of sugar making has been
employed in Japan for at least two thousand years. The Jap-
anese make from rice, corn, millet, and sweet potatoes a prep-
aration which they call ame, a sweet substance which appears in
the form of a thick amber colored liquid and also in hard, white
masses resembling candy. Ame is much used in Japan, and was
in common use there hundreds of years before cane sugar was
known in Europe.

It has been experimentally determined (Hammond), in the
feeding of infants, that an infant is able to oxidize half a dram
of lactose per kilogram of body weight, or practically one-fourth
dram per pound. If the quantity is increased 50 per cent. beyond
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this, sugar appears in the urine, The same is true when cane
sugar is fed ; but in the case of malt sugar, more than three times
as much sugar may be given before sugar appears in the urine.
In other words, malt sugar is utilized by the infant more than
three times as well as is milk sugar or cane sugar. From this it
clearly appears that malt sugar is greatly preferable to any other
form of sugar as a foodstuff. Cane sugar, the sugar of grasses,
is adapted to the digestive organs of herbivorous animals. One
of the four stomachs of ruminants supplies a ferment which
quickly converts cane sugar into dextrose and levulose, the sugars
found in fruits,

Malt sugar has many advantages over cane sugar. It is non-
irritating, being native to the body, since it is constantly formed
in the digestion of starch. Malt sugar also contains lime, iron
and vitamins, all of which are lacking in cane sugar.

The manufacture of malt sugar for food was initiated by
the writer more than thirty vears ago. The difficulty was to elim-
inate the bitter flavor which made the sirupy extracts of malt
too unpalatable to employ as foods. Malt sugar is now made by
several concerns and is sold both in syrup and powder form.

Reid has shown that maltose enjoys an additional advantage
over ordinary sugar in that it is absorbed much more rapidly.
This is especially true when the mucous membrane is diseased,
as in intestinal catarrh. In such conditions malt sugar is much
better utilized than any other forms of sugar. This fact explains
the observation often made by physicians that patients who
are easily able to eat farinaceous foods freely without difficulty
and can even take malt preparations in very considerable quantity
without experiencing any inconvenience, may be unable to eat the
smallest amount of cane sugar without suffering seriously in cun-
sequence from formation of gas in the intestines.

Malt sugar is especially valuable as a food for invalids and
children. It may be given to voung infants advantageously and i3
far preferable to cane sugar. It is most useful in cases of consti-
pation in infants because of its mild laxative properties, It may
well replace cane sugar for table use. [Its characteristic flavor
combines well with the flavors of fruits and grains.

Persons suffering from gastric hyperacidity, or peptic ulcer,
are usually able to eat malt sugar in the form of Meltose, or Malt
Honey, without suffering any inconvenience.
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Levulose is the sugar of fruits, and is often called fruit sugar,
although dextrose is as truly a fruit sugar as is levulose. In most
fruits these two sugars are found in about equal amount. Levu-
lose is formed from cane sugar by the process of digestion. It is
converted in the body into dextrose before it can be utilized.
Honey consists of about equal parts of levulose and dextrose.

Levulose has been shown to be better tolerated by some
diabetics than is dextrose and other sugars and on that account is
sometimes very useful in the treatment of cases of diabetes.

Manna, a sweet substance which from the most ancient times
has been gathered from certain shrubs growing in the Sinai
desert, owes its sweetness to mannite, a sweet substance but not a
true sugar. Manna is still gathered from the same locality where
the ancient Hebrews found it in their wanderings and may be
obtained from any drug store. It is slightly laxative and on this
account is used medicinally. Quite recently a sweet substance
said to be manna has been occasionally found in considerable
quantity on the foliage of the Douglas fir tree in British Columbia.
It forms on the leaves in drops the size of peas, and sometimes
in larger masses.

Mannite differs from cane sugar in that it is not fermented
by yeast. It is somewhat laxative and may be used without in-
jury by diabetics, since it does not increase the sugar of the urine.
It is found in the beet root and in the sweet juice of the ash tree.

A sugar known as inosite or American manna is obtained
from the sugar pine. It exudes from the heart of the tree and
collects on wounds which have been produced by fire, the axe or
otherwise, forming irregular masses of a brittle, white substance
having much the appearance of candy. It is sweet to the taste
and is as well relished by many people as is maple sugar, but
one'’s appetite for it is quickly satisfied. Chemical examination
of this material, however, shows it to be quite different from the
sugar of the cane and the maple tree. It does not ferment with
yeast as does sugar, and though sweet in flavor is not really a
sugar. Neither is it the true mannite which is found on the
Douglas fir and on the shrubs of the Sinai desert. It is used as a
medicine by the California Indians,

Lactose or milk sugar is a form of sugar peculiar to animals.
It is in this respect unique, being found only very rarely in the
vegetable kingdom. It is of all sugars the most difficult of diges-
tion and assimilation. It has the least tendency to ferment of
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any of the sugars, although it is readily fermentable by the milk-
souring bacteria which are always found present in the intestines
of a healthy infant within a few hours after birth.

Experiments have shown (von Noorden) that lactose is util-
ized only one-fourth as readily as is maltose, the sugar formed
by the digestion of starch.

The value of lactose as a means of encouraging the growth
of protective organisms in the intestine is due to the slowness
with which it is utilized, permitting it to find its way into the
large intestine where its presence is necessary to promote the
growth of acid-forming bacteria.

The lactose of milk clings to the casein of the milk, from
which it can be separated only by repeated washings. This fact
contributes greatly to the success of the milk regimen—which
floods the intestine with curds which carry milk sugar into the
intestine and there feed the friendly bacteria. Advantage is
taken of this fact in reference to changing the intestinal flora.
It is found that if a person takes nine or ten ounces of milk
sugar in three portions, during the day, for a few days in suc-
cession, the stools quickly lose their putrid character and the
protective organism known as the bacillus acidophilus makes its
appearance, while putrefactive organisms disappear. Similar re-
sults follow the use of three pints of acidophilus buttermilk daily,

Dates vs. Cane Sugar.

There is no doubt that the American people are suffering
greatly from the excessive use of cane sugar. Cane sugar differs
from the natural sugar found in dates in several important par-
ticulars. In the date the sugar is associated with other essential
food constituents, especially protein, which is necessary for tissue
building, iron, which is essential for the blood, lime, which is
essential for the bones, and vitamins, another highly important
food constituent necessary for the maintenance of nutrition and
to stimulate growth and development in the young; all these food
essentials are found in the date but none are present in cane
sugar. Consequently, when a person uses cane sugar freely he is
certain to suffer from a deficiency of lime, iron and vitamins, as
the result of which he is likely to be anemic and to suffer from
muscular weakness and lack of tone, as well as from an un-
healthy state of the bones and decay of the teeth.

Another disadvantage of cane sugar arises from the fact
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that it is not that form of sugar to which the tissues of the human
body are best adapted. Sugar (dextrose) is the fuel of the body,
but not cane sugar, which is sucrose. The body uses invert or
digested sugar. It cannot make use of cane sugar until after it
has been digested. The process of digestion is always slow and
often difficult in the human body, although in herbivorous ani-
mals the digestion of cane sugar is liberally provided for by a
stomach especially adapted to the purpose. The sugar of dates,
with the exception of a few varieties, is invert sugar; that is,
sugar which is already digested and ready for immediate absorp-
tion and utilization. The cane sugar of the green date is during
the process of ripening changed to invert sugar. The more
mature the fruit, the more complete is this transformation. A
similar transformation takes place in other sweet fruits.

Cane sugar has the great disadvantage that it is irritating
as well as difficult of digestion. If taken otherwise than in very
dilute form it is likely to produce severe irritation and may give
rise to ulceration. The use of cane sugar is a common cause of
gastric catarrh and hyperacidity. It is believed by many authori-
ties that the free use of cane sugar is a cause of diabetes. It is
most desirable that the consumption of cane sugar, which is car-
ried to great excess in this country, should be greatly lessened.
The substitution of dates, especially of the invert sugar varieties,
should be encouraged. The date is more than a wholesome sub-
stitute for sugar, it is a whole food. It may be used as freely as
may be desired and without injury. Observations made by
Metchnikoff show that by the free use of dates the intestinal
flora may be changed; that is, the poison-forming putrefactive
bacteria may be suppressed and the harmless protective acid-
forming bacteria made to grow in their place. An ounce of dates
contains more food iron than an ounce of beefsteak,

Substitutes for Sugar.

The only substitutes for sugar thus far found have been
certain coal tar products, chief of which is saccharine, which is
280 times as sweet as cane sugar. This substance has been much
used until recently as a substitute for sugar by certain manu-
facturers and by persons suffering from diabetes. It has been
constantly under suspicion, however, and recently (1920) Pro-
fessor Heitler, a well known authority on heart diseases, has pub-
lished the results of a research which shows that, while sugar
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stimulates the activity of the heart, saccharine depresses it. The
heart is gradually weakened by its use.

Saccharine belongs to the great family of coal tar products,
many of which are active heart poisons, hence it is not surprising
that careful observation has shown it to be a highly injurious
drug. An experiment made some years ago in this country
showed that it might be used in minute quantities for some time
without producing disturbance of digestion, but apparently the
effects of the drug upon the heart were not studied. Certain
manufacturers relying upon the report of the government com-
mittee, have conducted a widespread campaign intended to pro-
mote the use of saccharine, and these efforts have been greatly
aided by the recent extraordinarily high price of sugar. Now
that the facts are known, it is highly important that the infor-
mation should be spread abroad as rapidly as possible.

When saccharine is used in larger quantity than one or two
grains three times a day it causes disturbance of the stomach.

Cane sugar, when freely used, is often productive of great
injury, but to substitute for cane sugar a coal tar product such
as saccharine, is to jump from the frying pan into the fire. The
proper thing to do is to restrain the appetite for sugar. Sugar,
as such, was unknown to our remote ancestors, and was doubtless
disliked by many of them as by many persons at the present time.
The sugar-eating habit may be acquired like the tobacco or the
alcohol habit or the habit of chewing gum. It is a habit which
should be combated.

A fortunate discovery by the United States Bureau of Plant
Industry may lead to a solution of the sugar substitute problem.
When in Washington, some months ago, the writer was shown a
specimen of dried leaves from a plant which grows wild in Para-
guay, and contains a substance 180 times as sweet as sugar. This
curious plant is known as kaa hee by the natives of Paraguay.
Another strange plant obtained from Nigeria bears a fruit which,
although but slightly sweet itself, possesses the remarkable prop-
erty of imparting to such sour substances as limes, lemons, or
even vinegar, an intense sweet flavor which is retained for several
hours.

The best solution of the problem is to be found in the edu-
cation of the appetite away from sweets. The American sugar
tooth has acquired enormously overgrown proportions and should
be rigorously restricted in its indulgence in sweets,
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The Nation’s Candy Bill.

The United States consumed in 1919 an average of 13.1
pounds of candy per capita (Financial World) at a cost (retail)
of $1,219,000,000.00, an increase of more than 1,000 per cent. in
forty years.

Most candies contain a large percentage of glucose. Some
years ago Roger reported the results of a series of experiments
conducted by him for the purpose of determining the influence of
various substances upon the protective power of the liver against
infection. He found that “large doses of glucose, given by mouth,
weaken the protective power of the liver.” This fact unques-
tionably explains the observation made by many persons that the
free use of candy makes them “bilious.”

The use of candy and of cane sugar in other forms should
be forbidden in all deficiency diseases such as scurvy, beri-beri
and pellagra, as well as in cases in which lime and iron are
deficient.

Bergeim, Rehfuss and their associates found that both cane
sugar and glucose when freely used, diminished the secretion of
gastric juice and delayed the emptying of the stomach. Tt is
evident that cane sugar must be avoided in all forms of gastric
disease and especially in gastric catarrh, gastric and duodenal
ulcer, hyperacidity and gall bladder disease. The excessive use
of cane sugar is believed by many able clinicians to be the cause
of diabetes. There are many cases of persons who are on the
border line of diabetes, potential diabetics. Examination of the
urine in such cases shows no sugar, but Bergell's reaction is
positive. A chemical examination of the blood shows a high
sugar content. Such cases should wholly avoid cane sugar and
should greatly lessen the intake of carbohydrates in any form.

Honey.

It is quite possible that good results would follow the ex-
change of at least a considerable part of the cane sugar we con-
sume for honey. This natural sweet is prepared from the nectar
of flowers. It is said that the nectar from 62,000 clover blossoms
is required to produce one pound of honey, and that 3,700,000
visits of bees are required to gather it into the hive.

The sugars of honey are levulose and glucose in about equal
parts. Honey possesses the advantage over cane sugar that it
requires no digestion. It is prepared for immediate absorption
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and use by the tissues. Formerly, much of the honey sold was
adulterated. But since the passage of the pure food laws, this
is no longer the case. Comb honey is necessarily pure.

Some Odd Sugars.

There are numerous sorts of sugars, some of which would
hardly be recognized as real sugars. The people of various coun-
tries produce sugars in great variety. The Greeks prepare sugar
from currants; the Arabs make sugar from the palm, the date,
the karob bean and the raisin. In Mexico and South America
brown sugar is put up in loaves of various sizes, large and small,
and is often of better flavor than the brown sugar of this country.

The Consumption of Sugar Should Be Reduced.

The excessive fondness for sweets so common in this coun-
try is without doubt a cultivated taste, and should be restrained.
A no-sugar movement would doubtless do us good, and the pres-
ent disposition to boycott the sugar trust on account of the high
price of sugar will render better service than mere economic ben-
efit. The per capita consumption of sugar should certainly be
reduced one-half at least. Children should be encouraged to eat
dates and raisins instead of candies, In general, sweet fruits
should be substituted for sugar. When one person in every hun-
dred in the United States is a diabetic, it is certainly time that
this grave dietetic error should receive serious consideration.
That sugar may be wholly dispensed with is well shown by the
observations of Stefansson among the Eskimos. He says in “The
Friendly Arctic,”

“Sugar we found in Victoria Island to be peculiarly distaste-
ful to the natives, and even children of no more than four or five
objected violently to the taste of candy, sugar, sweet preserves,
canned fruit and the like.”



Food Salts

In addition to starch or sugar (carbohydrates), fats and pro-
tein, complete foods contain certain organic salts which are essen-
tial to life and health. Kellner fed animals food from which the
salts had been extracted and they all died, and sooner than
animals that had no food at all.

The principal salts, which should be always abundant in the
daily bill of fare, are potash, soda, lime, magnesia and iron.
Phosphorus and chlorin are found in combination with the alka-
line elements. Recent researches indicate that iodine is also a
necessary constituent of the food and that zinc, which is present
in foodstuffs in nearly the same proportion as is iron, may pos-
sibly be a valuable factor in nutrition. The iodine content of foods
is a matter of importance especially in diseases of the thyroid
gland.

An eminent French chemist, M. Guerithault, recently (July
19, 1920) communicated to the Academy of Sciences a report of
an investigation of the copper constituent in plants. He finds
copper present in varying amounts in “‘the leaves of lettuce,
spinach, leeks, and celery ; the roots of the carrot, turnips, radish,
salsify, leeks, beets, and cress and the stalks of the latter; bulbs
of onions and the tubercles of potatoes; in green beans; in the
fruits of the pumpkin, cucumber, tomato, apple, pear, cherry,
urape, orange, olive, banana, date and chestnut; and in the seeds
of peas, beans, soy beans, lentils, wheat, barley, rye, oats, maize,
cress, radish; as also in decorticated rice and in various nuts,
including sweet and bitter almonds, walnuts and hazelnuts.”

The lime and iron of the food, with other salts, are closely
associated with protein in vegetable tissues. In animal tissues the
lime is found almost exclusively in the bones and the iron in the
blood. The practically universal neglect in this country to provide
a constant and abundant supply of food salts in the dietary ren-
ders this subject sufficiently important to justify a somewhat
detailed discussion of it in the interest of food reform and race
betterment. For many years the importance of food salts has
been recognized in the writer’s work at the Battle Creek Sani-
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tarium; and a few years ago he worked out a plan by which the
lime and iron constituents of the diet, and incidentally other
food salts, may be as easily balanced as are the carbohydrates,
proteins and fats, the balancing of which for each. patient has
long been a part of the Battle Creek Sanitarium diet system.

In general it is sufficient to make sure that the food contains
a sufficiency of lime and iron. When these elements are present
in sufficient amounts the other essential salts are practically cer-
tain to be present also.

THE IRON RATION

By the term “iron ration” is meant the necessary daily intake
of food iron, or so-called organic iron found in ordinary food-
stuffs in varying proportions.

Iron is one of the essential constituents of the body. It is
found in all living organisms, both animal and vegetable. Its
importance to the growing plant has long been recognized by
scientists, and is evidenced by the fact that iron abounds in the
germ of cereals and other seeds. It is for the same reason, doubt-
less, that iron is found in relatively large amount in the embryos
of animals, as in eggs, particularly the yolk of the egg. Iron is
essential to life from the very outset.

In the animal body, the chief function of iron is to aid in the
formation of the hemoglobin of the blood, which is an organic
iron compound peculiar to animals, and possesses a special chem-
ical property by means of which it is able to absorb and condense
oxygen (1.3 times its volume),

This iron-containing hemoglobin is the chief constituent of
the red blood corpuscles. Without iron, the body cannot make
hemoglobin and hence cannot make blood cells, one of the most
highly essential of all the bodily tissues.

The essential character of the blood seems to have been
known from the most ancient times, even when the arteries were
supposed to be carriers of air. Said the old prophet, “The blood
is the life," a dictum which John Hunter's famous experiment
proved to be the expression of a profound scientific truth.

The 25,000,000,000,000 red cells floating in the blood stream
of a man of average size have a combined area of about 22,000
square feet, or one-half an acre.

The life of a red blood cell is only about six weeks; hence,
of the 25,000,000,000,000 oxygen carriers, 7,000,000 die every
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second of our lives, and to keep the number intact 7,000,000 new
red corpuscles must be created by the living forces of the body
every second, one of the most striking illustrations of creative
power at work with which science has made us acquainted.

It has been observed that plants often suffer from anemia,
their leaves are pale green and the flowers lack brilliance of color.
This condition may in many cases be remedied by the administra-
tion of iron. Water containing iron rust poured about the roots
of the plant, or even iron filings mixed with the soil about the
plant, will often produce a rapid change for the better; the
foliage becomes deep green in color and the tints of the flowers
become more pronounced. In some instances pink hydrangeas
have been made to produce blue blossoms.

When the iron supply is deficient and the blood is depre-
ciated, the face, lips, gums and finger nails become pale because
the red blood cells are reduced in number. In normal blood ,a
minute cube, half a line in diameter, contains not less than
5,000,000 red corpuscles with half a square inch of absorbing sur-
face. This number is greatly reduced in anemia, the blood count
becoming 3,000,000 or 1,000,000 or in very pronounced cases
falling as low as 500,000 or even lower. This means that the
oxygen-absorbing and carrying element of the blood, that is, the
hemoglobin, has been reduced in proportion. Instead of 22,000
square feet of oxygen-carrying surface, there are only 15,000 or
4,000 or even 2,000 square feet, a reduction to one-tenth the
normal amount.

This explains why an anemic person is short of breath, even
when there is no trouble with the heart or lungs. He pants when
he goes up stairs. He cannot run or even walk fast for a short
distance without getting out of breath. There is nothing wrong
with his breathing apparatus. The air is taken into the lungs
properly and it comes in contact with the blood, but the blood
does not take up enough oxygen because it is deficient in hemo-
globin and so cannot absorb the oxygen brought to it, the effect
being just the same as though the air supply were in part shut
off by disease or by injury to the lungs.

The anemic person lacks appetite because food is fuel and
the oxygen which the iron-containing hemoglobin brings is neces-
sary to burn up the incoming supplies of fuel and to prevent the
accumulation of unused and clogging material in the tissues.

The anemic person becomes sallow and the skin is often pig-
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mented as well as pale, because the oxygen supply is insufficient
to burn up the wastes of the body and they accumulate in the
tissues. It is also probable that in some cases, at least, the pig-
mentation is due to the production of poisonous pigments produced
in such quantity that the adrenals, liver and kidneys are not able
to destroy or eliminate them.

A person whose blood count is low feels languid and weak,
because oxygen is needed to release the energy supplied by the
food and stored up in the muscles and other organs.

In anemia all the life processes are depreciated, every vital
function is crippled and the whole body is depleted. Long con-
tinued anemia of a severe type may give rise to paralysis as the
result of damage to the spinal cord.

In view of the great importance of iron in the life activities
of the body, it would naturally be expected that it would figure
large among the constituents of the body. But the very opposite
is true. It is the very smallest in amount of the twelve principal
elements which enter into the composition of the tissues.

As will be seen by reference to Table I, the entire body
contains only one-tenth of an ounce or one part of iron in
24,000 parts of body weight. This proportion is about the same
as that of a teaspoonful of flour compared with a barrelful.
There are hidden away in the bones five hundred times as much
lime as there is iron in the whole body; and yet, this minute
amount of iron, 44 grains, is just as essential as the oxygen which
forms two-thirds the total weight of the body, or as the carbon
and other elements which make up the balance.

Iron is found in the body almost exclusively in the form of
hemoglobin, the red coloring matter of the blood. The blood
constitutes about 7 per cent. of the body weight and contains
about 95 per cent. of the iron. The red color of a piece of raw
beefsteak is due to the blood in it. By thorough washing in salt
water the blood may be removed and the muscle tissue left will be
found nearly white in color.

Iron is found, practically, only in the blood because it is
through the circulation of the blood that the iron is made to do
its peculiar and wonderful work in entrapping the life-giving
oxygen and circulating it throughout the body to every minute
cell and tissue, bringing it in immediate contact with the smallest
waste particles, and carrying back to the lungs the used-up ma-
terials, the products of combustion in the form of carbon dioxid



164 THE NEW DIETETICS

(COz2), by far the most bulky and the most important of all var
excretions, amounting to more than half a pound daily, or more
than forty times the weight of the urea eliminated and four hun-
dred times the weight of uric acid excreted.

And the elimination of this enormous mass of poisonous
debris all depends upon a few grains of iron in the blood. When
a person is submerged in water he drowns in three or four min-
utes because of inability to get the carbon dioxid out of his blood.
The blood and tissues become saturated with the poison and the
body cells are asphyxiated. A man who has an insufficient amount
of iron in his blood is like a half drowned man. The COz2 accu-
mulates in his blood and tissues and the living cells become crip-
pled and incompetent.

The Daily Requirement of Iron.

The solid as well as the liquid materials which enter into
the composition of the body are in a state of perpetual change.
An eminent scientist defines an animal as, “a stream of matter
flowing through a certain form.” The fluids of the body change
very rapidly; the soft parts quickly, though less rapidly, and
the solid parts more slowly. For example, the daily loss of lime
is only 10 or 12 grains, at which rate nine years would be
required to exhaust the body’s store of 4.6 pounds of lime (CaQ).
The blood, as already noted, loses all its red cells and replaces
them by new ones about once in six weeks according to the esti-
mate of physiologists. This would involve a loss and renewal of
practically the entire iron store of the body every six weeks.
But nature is less extravagant in her expenditure of iron than in
the disposal of her store of lime. She hoards the precious metal
with the greatest care. The worn out bodies of the 7,000,000
red cells which perish every second are carefully worked over
and the iron contained in their hemoglobin is recovered and stored
in the liver and spleen and used in the making of new cells to
take the place of those which are lost. Of course there is some
loss of iron, but instead of losing a grain a day the actual loss of
iron from the body is only about one-seventh of one grain.

We need food iron to make good this loss. Small though it
is, it must be made good or the direst consequences will follow.
Animals fed on a diet which contains no food iron die in a month
or less.

To make certain that the supply of iron is adequate, the



FOOD SALTS 165

physiologists tell us that we require not less than 0.231 grains,
practically one-quarter of a grain, per diem. The iron ration
for the maintenance of health may be said, then, to be one-
quarter of a grain of food iron daily.

Women require a larger intake of iron in proportion to their
weight than do men, and infants and children need much more
than adults. The functions associated with childbearing and
nursing make a special demand which requires an iron ration for
the average woman fully equal to that needed by the average
man of greater weight.

The expectant mother must supply iron for the blood of her
infant, as well as for storage in its liver, from her own blood.
In other words, the mother must furnish from her own store of
blood iron, enough iron for blood-making purposes to meet the
needs of her infant not only before birth but for a whole year
afterwards, at the end of which time its blood volume and its
weight are three times as great as at birth.

The monthly function of women involves a loss of iron which
must be made good through a diet especially rich in organic iron.
Even before puberty, girls require food richer in iron in propor-
tion to their size than do boys, for two reasons:

(1) Because they grow faster than boys, becoming taller
and heavier between the ages of twelve and fifteen years than
boys of the same age.

(2) Because they usually eat less than do boys of equal age

It is perhaps for this reason that women, guided by instinct.
are notably more fond of greenstuffs and salads and fresh vege-
tables than are men. This natural tendency should be encour-
aged, Women and girls should eat more freely of greens of
varions sorts and of all foods rich in iron than do men and boys.
Lentils, dates and malt sugar are rich in iron, See Table XII.

The popular notion that cow’s milk contains everything need-
ful for nutrition is an unfortunate and dangerous error, though
one into which a person very naturally falls. Milk is a patural
food intended for animal sustenance and is primarily meant tc
be used as an exclusive diet, but it must be remembered that it
is only sufficient as a complete nutrient when fed to very young
animals which have been provided by nature with an extra sup-
ply of iron stored up in their livers before birth.

A guinea pig becomes anemic and starves on an exclusive
diet of cow’s milk. The same thing happens to a human adult if
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the diet is too long continued. Neither the guinea pig nor the
human adult has a reserve of iron suitable for blood-making
sufficient to last more than a few weeks.

This question becomes one of very great importance in the
artificial feeding of infants. According to the best authorities on
the chemistry of foods, human milk contains twice as much iron
as does cow’s milk. This fact insures the nursing infant an ade-
quate supply of iron during the nursing period. A very striking
illustration of the marvelously wise adaptations of means to ends
in the economy of Nature is afforded by the difference in the
composition of human milk and cow’s milk. Cow's milk contains
nearly four times as much lime to the ounce as does human milk,
but only half as much iron. The reason for this striking pecu-
liarity is found in the fact that the calf needs four times as much
lime for the formation of bone because it reaches maturity in less
than one-fourth the time of the human infant, while, on the other
hand, it needs less iron in its maternal food supply because it
begins, like its mother, to nibble grass, a food very rich in iron,
within a short time after its birth; whereas, the human infant
normally is nourished exclusively by its mother’s milk until six
months of age or older,

When infants are fed other food than mother's milk the
management of their diet becomes a matter of exceeding delicacy.
It is more than probable that few if any artificially fed infants
escape injury more or less serious through an inadequate supply
of iron or lime or vitamins or of all these elements, or from lack
of balance in the bill of fare in some other particular.

In the feeding of infants experience has shown the necessity
for the dilution of cow’s milk and the best results are secured by
diluting whole milk with water, sweetened with milk sugar or
malt sugar. In feeding young infants, equal parts of milk and
water are generally employed. An infant fed on such a mixture
receives only one-fourth the amount of iron normally found in
human milk. On such a diet, the child becomes anemic. Resist-
ance is lowered and the infant becomes subject to a great variety
of disorders, the effects of which may remain through life. The
free use of orange juice, the use of malt sugar instead of milk
sugar and the use of barley meal, malt soup, lentil soup, and
soups prepared from spinach and other green vegetables and foods
rich in iron, in connection with milk feeding, are measures the
value of which has heen little appreciated until recent years. It is
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probable that the deficiency of iron in some infant dietaries is to
a certain extent compensated by an excess of lime; at least some
recent observations would indicate that this may be the case.

Where to Find the Necessary Food Iron.

Experiments made upon animals (Hall) show that when the
food contains no iron at all, 40 per cent. of the entire iron con-
tent of the animal’s body may be lost in three weeks.

How may the daily requirement of iron be best secured?
This would seem to be an extremely simple problem, for no one
of all the metals is so abundantly scattered over the face of the
earth and in the earth and all about us, facing us at every turn,
as is iron; and formerly it was supposed to be a matter of entire
indifference in what form the iron was received so long as it was
gotten into the body.

More than a third of a century ago Bunge of Bale, Switzer-
land, one of the most eminent of those of the world’s chemists
who devote their lives to the study of the chemical problems
relating to the human bedy, undertook, with the aid of his stu-
dents, an extended series of experiments for the purpose of
settling the question whether the ordinary iron with which we
are familiar, the so-called inorganic iron, or any of its compounds
could be utilized by the body in keeping good its stock of iron
for use in blood making.

First of all, Bunge showed that natural foodstuffs contain
iron in a peculiar state so different from that in which it is found
in various chemical compounds and minerals that it cannot be
recognized by the usual chemical tests for iron. This is known
as organic iron. Bunge found in the yolks of eggs considerable
quantities of this organic iron (hematogen) which was so similar
to hemoglobin as to be easily converted by the body into the col-
oring matter of the blood, one of the most remarkable of all
organic substances. Similar compounds were found in milk,
legumes and cereals.

Bandisch® has recently shown that ultra-violet light, acting
upon the green parts of plants, produces compounds of iron in
which the “metallic character of the iron is masked by the organic
character of the compound.” This organic iron is so different
fiom ordinary metallic iron that it cannot be detected by the
usual laboratory tests for iron. According to Dr. Bandisch these
compounds are produced by a substance formed by the action of
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ultra-violet light to which he gives the name of formaldoxine.

In experiments upon a large number of rats, rabbits and
dogs conducted in Bunge's laboratory it was found that the ani-
mals supplied with foods rich in organic iron made twice as much
hemoglobin as those which were supplied with inorganic iron.
It was also noticed that foodstuffs contain iron only in the organic
form, “built up by the life processes of plants.” This organic
iron, according to Bunge, is the source of the iron used by the
body in the formation of hemoglobin. The observations of Bunge
have since been confirmed by many other investigators.

One observer has shown that rabbits made anemic by bleed-
ing recovered when given chlorophyl much more rapidly than
when given inorganic iron.

It is doubtless true, as suggested by Von Noorden and others,
that inorganic iron may temporarily stimulate the blood-making
process, but apparently it cannot be used, at least to any extent,
in the construction of red blood cells. This stimulating effect of
chemical iron preparations may be of some possible advantage
in certain cases of disease, but the stimulation produced is of
very short duration, and on this account such iron preparations
should be employed only for very brief periods, if at all. As a
matter of fact, they are rarely useful and very seldom needed.
The long continued use of inorganic iron in the form of medicine
or mineral waters is detrimental, causing constipation and other
disorders. To prevent injury to the tissues, the liver, exercising
one of its most important protective functions, captures the in-
organic iron and holds it in its own tissues until it can be dis-
posed of. This unnecessary work demanded of the liver may
seriously interfere with the performance of some of its highly
important functions. Thus the long continued use of inorganic
iron in mineral waters or otherwise is to be condemned.

The iron ration must be drawn from organic sources; that
is, it must be obtained from natural foodstuffs. Chemical, or
inorganic iron, even though possibly of some limited service in
certain cases of disease, is no proper substitute for food iron. As
Sherman well says, in summing up the world’s most eminent au-
thorities, “Inorganic iron when absorbed is not utilized * * * to
any appreciable extent, but remains unused in the tissues. Evi-
dently, then, we should look to food rather than to medicines or
mineral waters for the supply of iron needed in normal nutrition.”

Egers has shown that the regeneration of the blood after a
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severe hemorrhage goes on much faster with a diet rich in food
iron than when dependence is placed upon inorganic iron.

The Iron Content of Foodstuffs.

Most foods in common use are so poor in ordinary iron that
the ordinary bill of fare contains scarcely half the amount of
iron needed to supply the daily requirement. As a result, the
average American is anemic. Grave forms of anemia are becom-
ing more frequent. School children are almost universally more
or less anemic. This fact affords an explanation of the great
prevalence of diseased tonsils, teeth and other disorders due to
low resistance.

Among the foods richest in iron are found some which we
had not even suspected of being so rich in this essential metal
food principle until this digest of technical data was made. Here
are a few of the most important, the relative richness in iron
being in the order as named:

Wheat bran, egg yolk, lentils, beans, peas, wheat, mustard
greens, hazelnuts, barley, rye, beef, almonds, graham bread, spin
ach, turnip tops, and olives.

Each of the above named foodstuffs contains in one ounce
more than 6 per cent. of the iron ration for one day, so that one
pound of any of these foods, if eaten, would supply the necessary
iron requirement.

In the case of several foods, the percentage of iron is so high
that 6 to 10 ounces are sufficient for a full day’s ration. It is
interesting to note that one vegetable product, the lentil, contains
exactly the same percentage of iron as the volk of egg, and beans
are not far behind, 6 ounces of lentils or 7.5 ounces of beans
supplying iron for one day. DPeas, mustard greens and whole
wheat supply iron for a day with less than three-quarters of a
pound of their substance.

Of the foods which are poor in iron, 33, or one-fourth of
the total number, contain less than 1 per cent. of a day’s ration.
A large number (36 per cent.) contain between 2 and 3 per cent
of iron per ounce, making a total of 69 foodstuffs (51 per cent.)
which may be classed as very low in iron. Such foods as cane
sugar, confectionery, olive oil, lard and suet contain no iron at all.

It is evident that when these foods with low iron content
are made use of they should be supplemented by suitable foods
rich in iron, which are named in Table XII.

A study of the average iron content of the several classes of
foodstuffs affords useful information.



170 THE NEW DIETETICS

When considered with reference to the amount of iron or
the percentage of the day’s iron ration contained in one ounce of
material, we find the legumes, on the average, far ahead of all
others (11.35). Greens come next (6.14), then eggs (5.67),
meats (4.29), cereals (3.9), nuts (3.49), fruits (1.74), vegetables
(1.46), milk products (1.05), and milk (0.47) with less than half
of 1 per cent. of the daily requirement.

When examined with reference to the percentage of the iron
ration contained in 100 calories, the order of precedence is
changed. First in the list 1s greens (46.4), then meats (15.6),
legumes (13.7), vegetables (10.4), fruits (5.6), cereals (4.3),
nuts (2.67), and lastly eggs (1.36).

Table XTI shows all the essential facts in relation to the iron
content of more than 100 common foods. The several columns,
numbered 1 to 7, present the following particulars :

1. The amount of food iron calculated as grains of metallic
iron, in one ounce of foodstuff.

2. The percentage of one day’s iron ration (0.231 grains) in
one ounce.

3. The amount (ounces) of foodstuff required for one day’s
iron ration.

4. The percentage of the iron ration found in 100 calories.

5. The weight in ounces of 100 calories.

6. The weight in ounces of an ordinary serving.

7. The number of calories in an ordinary serving.

By the use of this table it is possible very easily to determine
the iron content of the food intake for a meal, a day, or any
definite length of time.
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TABLE XI.
The Iron Content of Foodstuffs.*

The following table shows in column (1) the amount of
food iron calculated as grains of metallic iron in one ounce of
foodstuff. (2) The percentage of one day’s iron ration (0.231
grains) in one ounce. (3) The amount (ounces) of foodstuff
required for one day's iron ration. (4) The percentage of the
iron ration found in 100 calories. (5) The weight in ounces of
100 calories. (6) The weight in ounces of an ordinary serving.
(7) The number of calories in an ordinary serving. (8) Amount
of iron in an ordinary serving.
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Apricots, X Poracicaadn Y 056 1777 035 61 | 300 46 004
Apricots, dried . eaeroosZ64 380 35 1.1 | 20 157 012
ASPATAZUS oo nrene 1l : 5 152 30 [ 119 015
Batiznas .. L\ el \\ . W4 35 35 100 .009
Barley, entire ...cccon. 1.7 1.0 9 .018
Barley, pearled 1.0 1.0 100 .009
Beans, dry ... i 75 1.0 1.0 97 .031
Beanss gl dry oS ediiaine: 2 L 75 133 100 1.0 99 .031
Beans, lima, fresh ... ... .0088  3.80 26.0 107 29 40 62 .035
Beans, SOy R ) 0248 1073 93 92 09 1.0 112 025
Beans, string, fresh ... 0048 208 480 177 170 40 44 005
Beef, all lean .....coee 0170 7,36 136 300 4.0 4.0 100 068
Bcefsnak med. fat ... .0097 420 240 105 25 40 160 {038
LT eI S L X B RE N ¢ 1 76 22 29 .006
PREkDErtIes: v anmeutimamasiio 5 59 30 50 .008
Bload SR i P R
Blueberries ; 47 25 53 .010
Braw: oaes SRR g 1.5 05 35 0170
Bread, Boston brown ... 0131 5.6(} 175 90 1.2 12 77 .016
Bread, entire wheat ... 00700 303 330 43 14 20 139 014
Bread, graham ... 0109 470 210 64 1.3 20 158 .12
Bread, eyl - 0070 303 330 26 14 20 144 .014
Bread, entire rye
Felaly o e e ; 381 262 65 17 20 111 .018
Bread, white ... 1.70 580 23 13 20 159 .008
Brose .. 860 115 86 10 1.0 100 .020
Brussels Sprouts 208 430234113 40 24 019

*Based upon the tables of Sherman In “Chemistry of Food and Nutritlen,"
Macmillan Company,

({The letters A. P. stand for “‘as purchased.”)
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Biiter - o R
Buttermilk
Cabbage _........._
Cabbage greens .
Cantaloupe
Carrots .
Cauliflower .
Celery

Chard
Cheese .

Cherries ...
Cherry juice ... ..
Chestnuts ..
Chicken ... :
Coconut, fresh ..
Corn; whole ...
Cornmeal ...
Corn, sweet, fresh .
Corn, sweet, dried
Cracksrs ... £
Cranberries ...
Creamy - £ /-
Cucumbers/ la ol Lo
Currants; fresh ——
Currants, dried, Zante .
Dandelion greens ...
Dates, dried;/A. P. ...
Dock, narrow leaved ...

Eapplagt! =il Ll ey |

Egos ...
Egg, one (I.‘a uzl
Fgg whited S aml
Egg white, one (1.2 oz) ...
Egg yolk (In one yolk 0226

SEEY . LN AN 0376
Egg volk, one [(} [ S )

Endive .
Farina ...
Figs, dried ..

Figs, fresh ... o

Fish, (haddock ]

Flour, hu::'}w\hc.u = T T YR 3
Flour, entire wheat ... 4

Flour, graham ..........

Flour,mihte) 5.l Sl sea 0044

Flour, rve ...

Flaur,: tye, -entire —oiaiia. o
Glntenrpure s sl doiieis A8

Gluten, 40 per cent ...

Gluten, 20 per cent ...oooooee..

Gooseberries ...
Grapefriit i
Grapes, A. P. ..
Grape juice ...

Fidvelnite oo o2 B0 o

Hominy ...
T O i e s sz o
Hucklehcrrlu

Kohl-rabi e

Cheese, CultaL{ R

(2)

2.08
3.40
(.56
112
112

1.12

—
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48.

coumooooooot

455
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90.0
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472
S
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0.95
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10.54
0.17 580.0 13 4.

0.20

9.80
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110.0
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(D 1 B i(3) () (5)
Lemon juice . ..0026 112 %0.0 9.0 80
Lentils, dried ...... aea 377 16320 6 180 LA
Lettuce (leaf) . e 0031 134 745 52.3 184
Maple syrup .o 0121 057 17,5 7.0 1.3
Malt sugar ... e 0214930 108 93 1.0
Malted suts v 0192 830 120 55 07
Macaroni ... v 0O ST 436 22 1D
Melleowihalal s 0011r 047 2100 23 51
Mille, buttermlle .. 0011 0,50 210.0 4.7 10.0
Milk, skimmed ... ... 0011 047 2100 45 96
Milk, condensed, sweetened ... 0026 1.12 888 13 1.1
Milk, human .........ccoovveeeerecorenes IO T e W
Molasses ............ ememeenes 0320 138 73 170 12
Muskmelon ... sty DOES 0561750 T .3 B8
Mustard grcem ___________ 0255 922 100 . ..
0t 31 23] oy LT P e S S 0171 740 135 148 20
Oatmeal . . 0166719 140 64 09
Olives, r:pe WD e 0127 549 180 65 1.2
IS e et A e 0026 112 900 7.0 72
Oranges ... e 0000 0,42 2366 26 68
Orange JUICE w...iiomestosionsecibnsass 0009 042 2366 3.0 80D
Parsnips ... . 0026 112 90.0 6.0 54
Peaches, A. P 0013 056 1800 5.0 8.0
Peaches, dried .. 20052 229 450 5.0 40
Pears, A. P .. 0013 056.180.0- 31 5.5
Pegs, idry g 4 0249 10788 92 1140° 1.0
Peas, green .. - 00740, 316 310113 3.5
Peanuts ............ .- 0088 381 262 24 06
Pecan nuts ... e 0114 4093 203 23 05
Pineapple ........ . 0022 095 105.0 8.0 81
G sy s s B st i 0022 095 1050 40 4.1
Polatoes ........i-.x .. 0057 247 405 104 42
Potatoes, sweet .. .« 0022 0951050 26 28
Brotose ey wi ANl = 0249 1080 92215 20
Prunes, dried, A. P. .. 0131 567 175 70 12
Purslane .....ccooeees ~ 0080 390 250, ... <4
Pumpkin ... - 0035 1510660 87 136
Radishes ... ... £ 0026 1.12 90.0 13.7°119
Raisins (seedless) .. 0092 400 250 92 1.0
Raspberries ..o 0026 112 900 6.0 53
Red root ... o 024200 — 78 o
Rice, poltshed = 0039 168 580 1.7 1.0
Rice, brown _. L0088 381 260 40 1.0
Ramaine .. 0525 275 44 ... ...
Rye flour ... .. 0057 247 405 25 1.0
Rye, entire ... . 0171 740 134 96 1.3
BT o v s aresina o 1186 51343 02 .. ..
Somach: 5o e 0158 6.834 1451004 15.0
Spinach, mountain ... 0080 3800 256 i oan
Spinach, New Zealand o w90 4100 244 .
Squash . vt e 0026 112 300 09 76
Strawberries .. -« D035 5l 660 137 9.4
Tambes o it 0070 3.03 330 3.0 10
Tomatoes ... - 0018 078 1280 117 13.3
PTG e 0022 095 1050 85 90
Turnip tops ....... D182 658 140 ..
WVRIOHES o s sisirri e 0092 400 250 20 05
Watercress sizac Q0B L ER0C 2RO
Watermelon ... e 0013 056 1777 66116
Wheat, entire v 0219950 106 90 1.0
Wheat bran ... 0341 1476 67 221 15
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To Determine the Iron Content of a Ration or a
Dietary by the Use of the Table.

1. See that the weight of the servings of the several
articles which compose the bills of fare for the day are the same
as indicated in Table XI.

2. Add together the figures for the several items found in
Column (7). The total for the three meals together should
equal not less than .231. Anemic persons require twice this
amount or about .500 or one-half grain of iron daily.

It is important to note that in the case of foodstuffs of
which a very large quantity must be taken to supply a day’s iron
ration the nature of the food is usually such that a large quantity
may be taken without inconvenience, so that, while the amount of
iron per ounce may be small, it may be possible to take without
inconvenience a sufficiently large quantity to more than balance
the deficiency. This is particularly true in the case of fruit juices
and greens.

To facilitate the work of balancing the bill of fare for the
iron content the writer has prepared the accompanying tables

(Tables XI and XII).

Foods Rich in Iron.

The accompanying table of foods rich in iron (Table XII)
comprises less than one-third of the foods included in Table XI.
Each foodstuff in this list supplies in one ounce at least 4 per
cent. of one day's iron ration.

Some of these foods, particularly those which are found in
the first half of the list, should enter liberally into each day’s bill
of fare. Without the free use of such foods, it is impossible to
maintain the iron content of the body intact; the blood will deter-
iorate and all the bodily forces will languish. This is a matter to
which every housewife, every individual, should give earnest
attention. At a recent (1920) race betterment exhibit in con-
nection with a great health and sanitation exhibition in Chicago,
the writer had blood examinations for hemoglobin made in the
cases of several thousand persons. The average was found to
be 80, or 20 per cent. below the normal. There can be no doubt
that practically the whole American population is anemic because
of the lack of iron-containing foodstuffs in the national bill of
fare. The average American bill of fare offers almost no iron-
rich food except meat. The consumption of meat is steadily de-



FOOD SALTS 175

creasing because of high prices and the spreading of information
respecting the advantages of non-flesh dietary. The effect of dis-
carding meats must be to increase the national anemia unless
other more natural sources of iron are added to the bill of fare.
Fortunately, the place of meat as a source of food iron may be
easily filled, as reference to Table XII will show. Instead of
standing at the head of the list of iron-rich foods, steak is forty-
ninth in the list. More than a dozen vegetable foods contain
double the amount of food iron supplied by meat; half a dozen,
three times as much; four, more than four times as much; and
two, more than ten times as much. Even such common garden
weeds as red root and dock contain twice as much iron as does
an equal weight of meat and better iron; while bran, molasses,
lentils and egg yolk contain about three times as much.

Evidently the old notion that one must eat red meat to en-
rich the blood is an error; it is in the green things that the richest
stores of food iron are to be found.

TABLE XII
Foods Rich in Iron.
Grains Grains
Per of iron Per of iron
cent per oz. cent  per oz
Savita (yeast extract) .2710 1.185 Brose (oatmeal, corn-
Gluten, pure ........c.... 0340 149 meal, bran) ... 0932 014
Gluten, 40 per cent 0136 060 Boston brown bread.... .0030 013
Romaine .......o.. 052 Corn, whole .. vl 00300 013
Egg yolk ... 038 Corn, sweet, dried........ 0030 013
Lentils, dried . MR —Dates XA Y 2 .. 013
Wheat bran ..... e 034 Eggs . ey NN 013
Molasses ............. 4 032 Figs, dried . 3 013
Beans, lima, dried....... .0070 .031 Meat, tenderloin._......... 0030 013
Dock greens ... 0065 028 Olives ... . 0030 .13
Red root green ... 0065 .028 Prunes .. ...0030 013
Beans, soy ... . 0057 025 Dandelion g'reens . .0027 012
Peas, dry ... .. 0057 025 Maple syrup ..o..oeeees . .012
Protose ........ ceeraDF RN TPEMANE i i 0026 .011
Ege (one) ... .. 0054 024 Endive .......... 011
Egg volk (one) .. 0052 023 Graham bread 011
Wheat entire ...... . 0050 022 Zante currants ... 0.11
Mustard greens .. .. .0M8 021 Whole wheat ﬂClLlr ... 0026 011
2 Fo T (N S 0025 010
Malted nuts ... ... 0043 .019
Beef, medium fat ... 0025 .010
Hazelnuts ..... .. .0041 018
Flour, entire rye ~.. 0023 .010
T [o e A A AT 0039 017 rm.r"p tops . . .0023 010
Beef, lean .. - 0039 017  Rajsins 0021 009
Nuttolene ... - 0039 017 Walnuts ....cverevererecec 009
Datmeal ... .. 0039 017 Brown rice ... . 009
Flour, g‘raham .. 0036 016 Malt sugar—

Spimach’ . o 0036 016 (Maltose dextrine) . 0015 007
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THE LIME RATION

Taken by itself, in its mineral form, lime possesses no food
value, or at least only under exceptional circumstances, as when
the body is deprived wholly of lime from other sources. Even
then, mineral lime can be utilized only in very small quantities. It
was, indeed, long a mooted question among physiologists whether
or not inorganic lime ever could be utilized by the animal organ-
ism. In recent years carefully conducted experiments by Mendel
and Osborne, as well as other investigators, have shown that when
an animal is fed with food from which lime has been excluded
the deficiency may be made up by feeding inorganic lime ; but it is
evident that this use of mineral lime is exceptional and the bio-
logic law that vegetables feed upon mineral substances and ani-
mals upon organic matters built up by vegetable organisms work-
ing under the influence of the sun's rays still holds good.

Recent experimental studies on the feeding of animals have
placed in a wvery clear light the importance of lime as a con-
stituent of the food. The facts lately emphasized, while not alto-
gether new, have caused the importance of giving constant and
special attention to the lime content of foodstuffs to be more fully
appreciated than ever before.

The great importance of calcium (Ca) is suggested by the
fact that this one element constitutes fully one-half of the total
mineral content of the human body. The body of a man weighing
154 pounds contains about 4.5 pounds of lime (CaO), or 3 per
cent. of the body weight.

Nearly all the lime of the body (99 per cent.) is found in the
bones, the soft parts containing less than 1 per cent. of the total
lime content of the tissues. Hence the deficiency of lime in meats.

The Daily Loss of Lime.

An adult of average weight loses two-thirds of a gram or
about 10 grains of lime, daily, the waste lime being excreted
chiefly through the intestine, but also to some extent through the
kidneys. This loss of lime is constant, even during fasting. It is
evident, then, that in order that the store of lime in the body
should be kept intact, the daily food supply must contain not less
than 10 grains of lime. In fact, to provide for emergencies and
the failure of the absorbents to take up all the lime contained in
the food it is found to be necessary to supply in the food about 50
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per cent. more than the actual requirements, or 15 grains of lime
daily. Some authorities demand more than this,

Unfortunately, the food commonly eaten by no means always
contains this amount. Indeed, Dr. Sherman, of Columbia Uni- -
versity, calculates that at least half the people of the United
States are suffering from lime starvation. Probably lime is more
often deficient in the dietary of the average American than any
other element with the exception of iron and cellulose.

The fact that lime is found in every bodily tissue, bones,
soft tissues, blood and other fluids, indicates its universal import-
ance in the body.

1. To the bones it gives solidity. The bones of the adult
are more than half lime. The amount of lime in the bones is so
great that a burned bone retains its form even though the animal
part has been wholly destroyed by fire. A deficiency of food lime
causes in young children bowlegs and is no doubt one of the
causes of decay of the teeth.

2. The ability of the muscles to contract and to do work
depends not alone upon their development and to the presence of
fuel sugar in the blood and glycogen in the muscles, but also upon
just the right proportion of lime in the blood. When lime is
deficient, the muscles lose their tone and become flabby and weak.

3. The blood contains a very small proportion of lime, only
about 0.8 grains to the pint (cow’s milk contains fifteen times as
much), but this small amount is absolutely essential to maintain
the normal beating of the heart through its influence upon the
heart muscle. The mammal heart has been kept beating for hours
after removal from the body by passing through it a solution of
lime and other salts.

4. Again, it is known that the presence of this minute
amount of lime in the blood is essential to enable the blood to
coagulate or clot to stop the flow of blood from a wounded vessel.
A careful surgeon always examines the patient’s blood and deter-
mines the coagulation time before undertaking a serious opera-
tion. When coagulation is delayed, a transfusion of a pint or
more of healthy blood may be given before the operation is per-
formed.

The relation of lime to the development of the bones is well
shown by an experiment upon puppies. Those fed on lean meat
and fat only had soft and flexible bones. Puppies to which bones

were given gnawed at the bones and thus obtained the necessary
lime and developed normally.
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Voit, an eminent physiologist who devoted his life to the
study of food problems, fed pigeons for a year on foodstuffs
which were greatly deficient in lime. There seemed to be no
change in the birds, which appeared to be in perfect health, but
after they were killed careful examination showed that, while
the leg and wing bones contained the normal amount of lime, the
bones of the head were almost wholly deprived of lime, being
greatly thinned and at some points actually perforated. Evi-
dently the body had sought to maintain the normal blood content
of lime by robbing those parts of the skeleton from which it could
best be spared.

Sherman, of Columbia, repeated Voit's experiment, employ-
ing monkeys instead of pigeons. The results were the same. The
leg and arm bones did not suffer much, but the skull bones lost
their lime almost altogether, becoming so thin that they could be
crushed between the thumb and fingers as easily as an eggshell.

Some years ago the authorities in charge of the London zoo
observed that the lion cubs were deformed, bowlegged, clubfooted,
dwarfed and always died young. Treves, an eminent London
surgeon, was consulted. He asked about the food. He was in-
formed that they were given the very best of meats. He suggested
the feeding of bones and bone meal. His advice being followed,
the deformities soon disappeared and the cubs ceased to die pre-
maturely.

The cave dwellers, who in prehistoric times were compelled
by the rigors of the ice age to subsist on a flesh diet, rounded
out their diet by splitting bones and eating portions of them,
especially the marrow.

According to Cobez de Baca, one of the Spanish explorers
of the Texas coast in the sixteenth century, the natives of that
region carefully saved the bones of fishes and other small animals
and ate them after reducing them to powder in stone mortars.

The lack of lime in the food is no doubt one cause of the
increasing prevalence of bone disease in civilized countries, and
may be responsible for the early decay of the teeth which is
becoming so nearly universal that the development of a tooth-
less race is threatened. Evidently the teeth suffer loss of lime
along with the other bony structures of the head.

Hart and Steenback showed that milch cows require food
containing a large amount of lime. If such food is not supplied
their bones are robbed of lime. Nature takes care to see that
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milk, the sole food of the very young animal, contains an ade-
quate amount of lime, even at the expense of the mother.

This interesting observation explains the negative results of
a very plausible theory advanced many years ago as the basis of a
plan for securing painless childbirth. Expectant mothers were
told to avoid milk, grains, and lime-containing vegetables, and to
make their diet consist chiefly of fruits and nuts which are very
poor in lime. The idea was that in so doing the bones of the
infant would contain less lime and the infant head, the chief
cause of suffering, would thus be less rigid and would easily mold
itself to the outlet of the pelvis. Hundreds tried the food formula
for “painless” childbirth, but the results were most disappointing.
Experiments upon animals showed that no matter how much the
lime in the mother's food was reduced, the bones of the ofi-
spring always contained the normal amount. The mother’s bones
were robbed to make good the deficiency of lime in the food.

Here also is found, perhaps, an explanation of the remark-
able tendency to decay of the teeth which often appears in the last
months of pregnancy, a fact long known but not explained. Re-
cent studies conducted by members of the faculty of the dental
department of the University of Michigan show that the saliva
becomes very deficient in lime during the last months of gestation.

Infants and young children require two or three times as
much lime in proportion to their weight as do adults, since they
need lime for building up and solidifying the skeleton as well
as for making good the daily waste. A young nursing infant
gets daily in its mother's milk more than three grains of lime, or
one-fifth as much as the daily requirement for an adult weighing
ten to fifteen times as much.

The wonderful care which Nature takes to supply the young
animal with an abundance of lime for building its skeleton is
well illustrated in the interesting case of the egg. According to
the Annals of the Pasteur Institute, before incubating the con-
tents of an egg include one-half grain of lime. During incuba-
tion, the amount steadily increases until when hatched the body
of the chick contains three grains, or six times as much lime as
the embryo contained. The growing chick has in some mysterious
way, not yet determined, managed to steal from the shell the needed
lime for stiffening its slender leg bones so as to enable them to
support its body as soon as it emerges from its calcareous cell. Tt
thus appears that the egg shell is not simply a container but also
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serves as a storehouse of lime to be drawn upon by the developing
chick,

Herbst has shown that between the age of six to fourteen
boys require three or four times as much lime in proportion to
their weight as do adults, since they must store up in their growing
bones, 3 to 6 grains of lime daily, or about one-third of the adult
maintenance lime ration.

Food Lime is Necessary for Plants as Well as Animals.

Professor True of the University of Pennsylvania, in a recent
address in Toronto before a scientific body, called attention to
important biological experiments which demonstrate the high im-
portance of calcium or lime in plant growth. It seems that this
remarkable element acts as a regulator of the intricate processes
of cell growth. Under its magic influence, the cell walls are able
to take up from the plant juices the particular elements which
they require. Without lime, the nutrition of the cell fails; its
growth stops, Experiment has shown that this regulating in-
fluence of calcium prevails throughout the entire plant, from its
most minute rootlets to its unfolding buds. A soil which is de-
ficient in lime, though abounding in all the other elements requisite
for the maintenance of plant life, remains sterile, as though all
plant foods were absent. Without calcium, the growing plant
cannot absorb the various other elements which it needs.

These facts account for the universal and abundant presence
of calcium in the growing parts of plants; that is, in green leaves,
buds, twigs and tender shoots. What is true of plants, is equally
true of human beings. Calcium is a regulator of the nutritive
processes, It is essential for heart action and muscle action and
constitutes an essential element of the blood and tissue fluids, as
well as of the brain, nerve, glands and other living structures.

The Influence of Lime on Egg Production.

Buckner and Martin (Jouwrnal Biologic Chemistry) have
shown that when fowls are abundantly supplied with food con-
taining lime the egg production may be increased as much as
70 per cent. This experiment clearly shows the influence of diet
upon nutrition. Children whose diet does not comprise a suf-
ficient amount of food lime grow slowly because of the lack of
lime for bone building and the bones are likely to be poorly devel-
oped. On this account housewives should take great care to see



FOOD SALTS 181

that the family diet contains an abundance of greens, such as spin-
ach, dandelion, dock, lamb’s quarter, chard and other green vege-
tables. i

The Lime Content of Foods.

The proportion of lime found in different foodstuffs varies
greatly. This fact is of much importance in view of the recent
observations of Osborne and Mendel as well as of other investi-
gators who have undertaken exhaustive experiments in animal
feeding, and have shown that rats do not grow, develop and re-
produce normally unless supplied with a full quota of lime.

If the assertion of Professor Sherman that “half the Ameri-
can people are suffering from lime starvation” is true, and there is
no reason to doubt it, the study of foods with reference to their
lime content is highly essential to our understanding of rational
dietetics. This study has heretofore been greatly neglected.

First of all it is interesting to note that in general roots and
the green parts of plants (greens) are richest in lime. The
legumes (beans, peas and lentils) and certain nuts (almonds,
hazelnuts and walnuts) are also rich in lime. Of the grains, oat-
meal is the only one which presents a fair proportion of lime.
Wheat and corn are both very deficient in lime, and rice contains
almost no lime at all.

Of all natural food products, the richest in lime are the
hazelnut, the almond, and linseed meal. The last named product,
though not commonly used as a food, may be resorted to in
emergency and is doubtless entirely wholesome.

Milk is so rich in lime that a pint and a quarter contains
sufficient of this necessary element for a full day’s supply. But
an equal amount of lime would be furnished by half the weight
of almonds, and eight or nine ounces of hazelnuts will supply the
same quantity, or six ounces of linseed meal.

The foods which contain the largest proportion of lime and
in the order named are:—cheese, cottage cheese, hazelnuts, al-
monds, molasses, beans, chard and other greens, egg yolk, wheat
bran, skimmed milk, whole milk, olives. In milk the lime is closely
associated with the casein which forms the curd. Milk contains
more lime than is found in lime water.

In cheese the lime is of course concentrated, the proportion
being about six times as great as in milk,

Since skimmed milk contains practically as much lime as
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does whole milk, it is a highly useful article of food. Not a drop
should be wasted. By combining with other foodstuffs as in
bread and other cereal preparations, with the addition of fat, it
may be very advantageously made a regular part of the daily
bill of fare.

The feeding of skimmed milk to pigs is a foolish waste. Our
growing boys and girls need every drop of milk which the country
produces,

We are losing our teeth and shrinking in stature because we
need more lime and milk is one of our most important sources of
food lime.

The amount of lime required by the average adult is three-
fourths of a grain for each 100 calories of food or about 15 grains
a day for a person taking a ration of 2,000 calories. This amounts
to four-fifths of a pound per annum for each man, woman and
child in the United States, aggregating a total lime requirement
for the country of 40,000 tons per annum.

That the nation fails to get its full lime ration is due in part
to the wasting of milk in our dairy industry and in part to the
fact that we unwisely deprive ourselves of an essential food
element by feeding the bran of our wheat and other foodstuffs
rich in lime to hogs and cattle instead of making use of them
ourselves. As a natural result, our domestic animals are steadily
improving in physical development while as a nation we are
declining in vigor and showing distinct indications of physical
degeneracy.

It is interesting to note that our wide-awake agricultural
department at Washington is advising the people to buy milk in-
stead of meat, pointing out that its nutritive value is far greater.
Even whey contains a notable amount of lime, more than a third
as much as whole milk, but less than a twentieth as much as
cheese. However, the amount is so large that it should be util-
ized when possible. When fresh, or only slightly acid, whey is a
wholesome food.

Wheat bran contains as much lime as does milk, but of
course it cannot be taken in so great quantities as milk, hence is
less available as a source of lime.

It is interesting to note that molasses contains a good pro-
portion of lime, more than three times as much as is found in
oatmeal, and nearly twice as much as in milk. In this respect
molasses is superior to sugar, which contains no lime at all. In
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molasses, the lime found in the natural juices of the cane is con-
centrated ; it is probable that the lime used in the manufacture
of sugar may be the source of part of the lime in molasses. Maple
syrup contains half as much lime as does molasses.

A careful study of Tables XIII and XIV will develop a
considerable fund of most useful information. The method of
using Table XTII in balancing the bill of fare for lime is the same
as that used in balancing for iron, as already explained.

Foods Deficient in Lime.

It is very instructive to note the great number of common
foods which in the form in which they appear upon our tables
are almost wholly lacking in lime. The table shows, in fact,
more than fifty common foods which are so poor in lime that one
would need to eat not less than six pounds to obtain an adequate
amount of lime for a single day. In some instances the lime
content is so small that the amount of foodstuff necessary to
furnish a day’s ration rises to ten, twenty, and even forty pounds.

Among the foods most deficient in lime may be mentioned
the following: cane sugar, which contains no lime ; honey, which
supplies in one pound of wax-free material, only one-fortieth of
the lime needed for one day. Apples, bananas, beef and other
meats, butter, also lard and oils of all sorts, most of the cereals
and nearly all fruits are deficient in lime.

An examination of the average bill of fare will show it to be
woefully deficient in food lime as well as in iron, and, naturally,
in other salts as well. To assist in remedying this deficiency, we
have prepared the accompanying list of foods which are rich in
food lime. Foods selected from this list, especially the first third
of it, should be made a part of every day’s bill of fare, and in
liberal quantities. The number of foods rich in lime is so great,
it is easy to provide for abundant variety while insuring an
abundance of food lime. Three tumblerfuls of milk (20 ounces),
four ounces of cottage cheese, five of mustard or red root greens,
or half a pound of hazelnuts or filberts will supply a full day's
lime ration. Half a pound of soy beans, lamb’s quarters or turnip
greens will do the same, It is better, however, to secure the needed
lime with a greater variety of foods, which may easily be chosen
from Table XIV.
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TABLE XIII
The Lime Content of Foodstuffs

The following table shows in column (1) the amount of
lime (grains) contained in one ounce. Column (2) shows the
percentage of one day’s ration in one ounce. Column (3) shows
the amount of foodstuff required to supply 154 grains of lime
(Ca0O), the amount needed for one day. Column (4) shows the
percentage of one day’s requirement of lime found in 100 calories.
Column (5) shows the weight of 100 calories. Column (6) shows
the weight of an ordinary serving. Column (7) gives the number
of calories in an ordinary serving. Column (8) gives the amount
of lime in an ordinary serving.
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P fBenuio B0l ‘éE BS& g® =&
52 sER’EE SES T5 “3p mp i
B3 Fagle fes §7 5°2:E 7
5¢ E3FS83 33 85 Bt 3% &=
(1) (2) (3 1) (5 (6) (7)) (8
Almonds |02l id a2 1463 BN WISE 52 05T, 105 920 73
Apples, A. P. 043 033580 16 56 50 67 21
Apples, dried 196 1.3 785 16 10 12 100 23
Apple juice ... 9 053143 16 60 60 100 .29
Apricots, A, P. . 086 061800 33 61 3.0 46 .26
Apricots, dried ___. 404 26 380 132 11 20 157 81
ASPAragus | e mttlod 1LOVI006) 171 161/ /30 19 46
Bananas ... n 055 04 20107 12 O\35/ 35 100 .19
Barley, entire ... . e DY L 080 30N LY 200 9 26
Barley, pearled . .. ..o s . 122 081262 1.1 10 10 100 a2
Beans, dried ... =980 64 157 65 10 10 97 98
Beans, lima, dru:d ....... a3y 2835428 10 10 9 43
Beans, Iima, fresh (ool COHE ) 1400~k 230 40 92 68
Beans, soy - 2000 130 77 112 09 09 112 180
Beans, string fresh .. . 282 18 546 154 B84 40 44 113
Beef, tenderloin ... .. 057 042700 05 13 25 200 .14
BEets ' .o e 12 @65 &9 9l 22 ¥ J9
Blaekberiies: v e Jo4 071500 42 80 30 50 .31
Blueberries ....... winl2e 081262 38 48 25 52 30
Bran, wheat ea82y, 35 Uh25l 02 15 05 35 37
Bread, Boston brown _...... 790 51 195 79 12 12 100 .95
Bread, entire wheat ... Jd33 091160 28 14 20 139 27
Bread, graham ... J76 12 90.0 28 13 20 158 .35
BEEd Ve o ot e Jd47 0 101050 13 14 20 14 29
Bread, entire rye ( pumper—
mckcl} ........ : 29 17 600 28 EZ 200 111 51
Bread white oSl 091 061700 15 13 20 159 .18
Bread, fruit .. . o T 2 U ) X [ T 200 S 1.03
Brose {oatmeal “and bran) ... 485 31 320 30 10 10 100 .49
Brussels sprouts ..o 65 1.1 933 121 113 40 24 66
Buckwheat four ... comommees 239 16 644 15 10 1.0 100 24

(The letters A. P. stand for “as purchased.”)
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Buttermillkk ... ... 643
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Garrots: o P
T F) e e e e e 753
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Chcrrws A P L et L.
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Chestnuts ... e 208
Chicken, broiler w000
Coconut, dry ... _ 361
Coconut, fresh. ..oooicemene.ce, 147
Corn, whole ... J22
Cornmeal ! L. >0/ 110
Corn, sweet, fresh . 037
Corn, sweet, dry 129
Cow peas ... 612
Cotton seed meal . _1.623
Crackers, soda ... .. 135
Cranberries ... Wigs o 1))
Cream ... . S527
Cucumbers ... SR
Currants, fresh\ =2 . )
Cutrants, dry, Zante 3o 502
Dandelion greens ... . .643
Dates, dried, A. P. 4398
Dock, narrow leaved .. ..1.000
Eggplant .................... - 067
27 s . 450
Ege, one (1.8 o0z.) .. A
Egg white ... L
Egeg white, one (l 2 oz) ........ 116
| T Ly L e e e e 239
Egg yolk, one (l") oz ) . 503
ERdvre T s .. 0637
Farina ... RS 1)
Figs, dried . L = )
Figs, fresh ........ e ALY
Fish, (haddock) ... R, |-
Flour, buckwheat ... 061
Flour, entire wheat ... i B
Flour» gTalam wuansonsnn: 239
Flour, rye ... o o L
Flour, rye, enti w293
Flour, white ... = n¥2e
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Grains of lime
{Ca0) per oz.

Gluten, 40 per cent .

Glaten, 20 per cent ... .200
Gooseherries ... . .214
Grapefruit ... 5129
Grapes, A. P. . L E U
Grape juice ... . 067
Guava ... . .086
Hazelnuts 1758
Hominy ... e 1
Honey ... 024
Kohl-rabi ... 472
Lambs quarters 1.900

Lemon juice ... L 2349
Lentils, dry ...

Lettuce ... (203
Lusesd meal’ S/ 2.530
Malt sugar (meltose) =067
Maple syrupe. /Lo sica 4099
Malted nuts .. : 433
Macaron:/ &ty . .135
Mangn fialelio o £ 129
Meltose . e
Milk, camel .oeermviisiaiassenes B0
Milk, condensed, sweetened .. 1.837
Mill, S0t oo\t L T OB
WMl - himaEn o T VA 208

Milk, sheap .. 1266
Milk, skimmed i AT
Milk, whole .. O
1% 61 7 S NN N A - 086
MoOlSEeS . o Dot s b 1.202
Mushrooms .. —
Muskmelon ........... .. 104
Mustard greens ety 3
Nuttolene ... S i
Oatmeal ... y ey
L1 5 SO & 1.
Olives, ripe, A. P. . NNBEr /. 7
Onions e 208

- Oranges ... 276
Orange juice o 5178
Papraka oo o anna 1.401

Paysmips Facscrr et 361
Peaches, A. P. . =

FPeaches, dried .
Pears, A. P. ........

Pear juice ..... 055
Peas, dry ... 514
Peas, green . oo b |
Peanuts .o e 435
Pecan nuts .. e 045
Persimmons .... 135

Pineapple .creeiercrrrennes 110

DIETETICS

per oz,
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26 380
13 760
14 720
0.8 1194
0.7 133.0
0.4 230.0
0.6 180.0
114 88
04 230.0
0.2 268.6
03 326
125 80
1.0 105.0
43 235
1.7 583
164 6.1
1.7 60,0
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235857
0.9 114.0
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Plums, A. P, ... d22 08 1262 33 41 40
Potatoes. ... 0% 051800 23 42 30
Potatoes, sweet .. A6 07 1330 23 28 30
Protose ... st 6 27 370 54 20 20
Prunes, drzed A. P. e ah 22 465 250 11 20
131 € s R SRR et U AT d41 091092 125 136 35
Purslane ... - 880 58 172 .. ey 40
Quinoa ........ L0900 47 . ... ... 40
Radishes ... 129 08 1194 102 119 10
Raisins, seedless ... 392 25 393 26 10 10
RATOBEITIES . coosniiiieniisi s 300 20 523 104 53 40
Raspherry juice o e R 120 081194 30 34 50
Red root v J240 216 46 ... - 4.0
Rice, polished’ Ll ne 055 032800 03 10 15
Rice Brown e odad e 073 05 211.0 04 o\ 1.0
Romain& raw 276 IR 570 ..\ Ke 1.0
Rutabagas ...... . 453 29 240 259 88 40
Rye, entire - (337 ZRCASTRY 1 2L\
Savita .. L1225 008 123 245 31 0.2
Spmach ol Scllda .. 410 27 370 393 150 40
Spinach, mountain ... 1270 EHIPTLSEE. .. (40
Spinach, New Zealand ... 480 32 310 ... .. 40
Sauagh .t g 07 1330 55 7.6 40
Strawberries .. 16 613 146 94 40
Tapioca ...cooen-.. 091092 06 10 10
Tomatoes 04 2300 7.0 153 40
Tomato juice .. 02 4160 .... ... 40
Turnips .............. 25 393 226 90 45
Turnip tops .. W38 (2 e D 3.0
Walnuts ... 35 283 18 05 05
Watercress 7.5 134 1350 180 15
Watermelon 04 2300 53 116 &80
Wheat, bran ... 35285 ~53 15 05
Wheat, entire .. 18 560 18 10 15
Wheat, germ ... 28 354 28 10 10
Whey e, 19 572 238 130 7.0

dinary serving.
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TABLE XIV
Foods Rich in Lime.
Grains Gralns
Per of lime Per of lime
Cent. per oz. Cent, per oz.
Cheese oo, L300 570 Milk, camel’s ... 020 088
Yoourt Cheese ..cuuvsnn 093 428 Purslane ... . 020 088
Cottage cheese ... 030 418 FEgg volk .. e 019 084
Rofl .20t cainataniesims 024 324 Boston bro\.ﬁ.n bread ... 018 079
Mustard greens ... 0.69 301 Milk, goat’s ....cciseis 018 078
Linsced meal ... - 058 253 Sour mik ... .. 017 075
Turnip tops ... - 049 213 Cauliffower ... 017 075
Soy beans ... 046 200 Milk, skimmed . 017 0.75
Lamb's quarters . 043 190 Olives .. D17 075
Condensed milk .......... 042 184 Bran, wheat ... 017 074
Hazelnuts i 040 1,76 Milk, whole ... e O 7 D74
Cottonseed meal ........2 037 7162 ( Bep, one e, 016 071
Almonds : 146  Lentils, dry ... san 015 0066
Molasses ... 350 1.30  Maple syrup ... i 008 060
Milk, sheep's ... 0. 127  Cabbage greens ... ... 015 066
Mountain spinach ......... 020 127 Buttermilk ..o, 015  0.66
Watercress ... . 026 115 Dandelion greens . . 015 066
Pure gluten ... - 023 1.03 Endive . .. 015 066
Dock greens ... 025 TOIERERea ey’ .\ b 012 0.53
Wigs, dry Lize e s 022 099 Cow peas ... . 011 048
Heans” . L] 022 098 New Zealand ﬂilﬂdch . 011 048
Chard o = 021 092 ‘Wheat ‘germ ... 0.10 0.4
Savita ctoSrlila o IR L O RSO T 00 O]
TABLE XV

Foods Rich in Both Lime and Iron.

The following foods rich in both lime and iron should be
made conspicuous features of the daily bills of fare; by their
liberal use, any serious deficiency in food lime or iron may be
very certainly avoided:

Almonds Endive Molasses
Boston brown bread Figs, dry Mustard greens
Bran Gluten, pure Olives

Chard Hazelnuts Red root
Dandelion greens Lentils Savita

Dock greens Maple syrup Spinach

Egz volk Turnip tops
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Foods Poor in Iron Foods Poor in Lime Foods Poor in Both
Lime and Iron

Bread, white Beef Bread, white
Candy Bread, white Candy
Carrots Candy Corn flakes
Cheese Chicken Corn meal
Corn flakes Corn flakes Corn syrup
Corn meal Corn meal Crackers, white
Corn syrup Crackers, white Fats and oils
Corn starch Fats and oils Fish
Crackers, white Fish Hominy
Cream Fruit Rice

Egg white Hominy Rice flakes
Fats and oils Macaroni Sugar

Fish Mutton

Hominy Rice

Macaroni Rice flakes

Milk Sugar, white

Potatoes

Rice

Rice flakes

Sugar

Tomatoes

Turnips

Acids and Bases of Foods—The Acid Alkaline Balance

As pointed out by Bunge many years ago, and as further
shown by an extensive research conducted by Sherman, of
Columbia University, foodstuffs differ in relation to their acid
and basic contents. In certain foods, bases or alkalies predomi-
nate, while in others the mineral acids predominate.

The waste products of the body are predominantly acid ; con-
sequently it is desirable that the foodstuffs should be predomi-
nantly basic. If acids predominate in the ration, and this con-
dition continues for a considerable period of time, the effect will
be to disturb the nice balance between acids and bases which is
normally maintained in the body fluids and which is essential
for life. A deficiency of alkalies constitutes acidosis.

The Chemical Balance

It is necessary that the alkalinity of the blood should be
constan