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PART I

THE BALANCED DIET
CHAPTER I
WHAT IS A BALANCED DIET?

IN the present state of our knowledge we can say
with the greatest assurance that a complete and balanced diet is one that shall satisfy the following
specifications:
1. It must furnish enough energy to keep the body
going.
2. It must furnish material for growth and for replacement of tissue waste.
3. It must furnish enough water.
4. It must furnish enough inorganic mineral salts.
5. It must furnish vitamins.
6. It should furnish enough bulk.
7. It must help to maintain the neutrality of the body.

The purpose of this book is to amplify these specifications and to attempt to persuade you of their
validity. In order to do so we shall recount the findings and particularly the methods of that wonderful
new science of nutrition, examine the observational
and experimental data upon which it bases its conclusions so that we may realize how important those
conclusions are for the welfare, health and happiness
of mankind.
Our knowledge of diet and the chemistry of food
and nutrition has enlarged so much in the last few
3

4

The Balanced Diet

years that it may be said to be among the most exact
branches of biologic science. And this mass of
exact information is so practical, touches so closely
the interests of every one of us, that it is a duty for
every one to acquaint himself with this body of
knowledge.
I emphasize the practical side of nutritional science. There are other branches of biologic science
that have become quite exact. One is heredity and
genetics. But interesting and fascinating as this field
is, we must acknowledge that the facts acquired have
little, or at least difficult application to man. So far as
man is concerned, eugenics is a beautiful dream, but
it is most unlikely that human nature will practise it.
And so far as animal and plant breeding is concerned, the practical botanists and farriers taught the
geneticists far more than they learned.
Nearly all the rich finds of nutritional science, on
the contrary, have been turned to immediate good
account, and have changed the entire aspect of man's
major preoccupation—true, despite the Freudian
viewpoint—eating.
This knowledge which has made it easy and, indeed, almost inevitable for a modern man to obtain a
balanced diet is, as has been indicated, of comparatively recent development. The advice which other
generations received on the subject of food was based
partly on commonplace observation, partly on superstition and prejudice and partly on instinct and
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hunger. Instinct and hunger held first place and
saved the day, and our ancestors managed to maintain good nutrition largely because Nature can turn
anything in the line of food to good account if only
there is enough of it.
Some of the old dietetic advice is very quaint.
The old treatises on diet were nearly all combined
with cookery recipes. Henry Buttes was a physician
and student of Corpus Christi College, Oxford. In
1599 he published Dyet's Dry Dinner. Some of the
advice solemnly set down is that spinach "doth cure
the cough, make the belly soluble, and the weasand
smooth." The radish "causeth leannesse, belchings,
headache and lice." Carrots are "of small nourishment, slowly digested." Pork causes "the Gowte
and Sciatica," but hare "procureth beautie, fresh
colour, and cheerfull countenance." Crab meat is
"good for the consumption, and biting of a mad
dog." 1
Of similar sort is the famous advice of John Locke
to the Earl of Shaftesbury: "But if my young master
must needs have flesh, let it be but once a day, and of
one sort at a meal. Great care should be used that he
eat bread plentifully, both alone, and with everything
else. If it would not be thought too severe, I should
1
Dyet's Dry Dinner is a rare book. I do not own a copy. The
excerpts that I have made are from a description in the very interesting catalogue of James F. Drake, the bookseller, of New York.
Mr. Drake offers his copy for sale at the price of $1,500 so it can
easily be understood why my library does not contain an example of
this item.
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judge it most convenient that my young master should
have nothing but bread for breakfast.
"And if betwixt meals he will eat, let him have, as
often as he calls for it, good dry bread."
And in George Cheyne's Rules for the Preservation
of Health (1725) he has sound but equally empirical
advice: "Milk and sweet sound blood differ in nothing but in color: Milk is Blood."
George Cheyne's idea of an abstemious diet was
to limit one's self to a pound of meat a day and not
more than two bottles of port.
Such samples of the dietetic advice offered to our
ancestors plainly indicate that they are based upon
opinion, not science. They resulted neither from controlled observation nor experiment. When those
methods began to be applied to food and nutrition,
modern eating habits changed rapidly.
Indeed, one needs only to compare our own table
with the tables of our forefathers to realize how radical this change has been. In my boyhood, I remember distinctly that my father regarded tomatoes as
poisonous. The staple of our family dinner table
was meat and potatoes, and bread and butter. Fresh
fruit, especially in the winter, was more or less of a
rarity.
My grandfather's table was even more restricted.
The only sugar he used was hrown sugar or Ohio
maple sugar. The bread, I imagine, was coarse and
probably soggy—the people of my generation must
be able to remember "baking day," when running
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through the house was forbidden because the shaking
threatened the rising of the bread. And frequently,
in spite of these prohibitions, it didn't rise and we
ate it "unriz." The preponderance of meat and farinaceous foods on my grandfather's table over fresh
vegetables and fruits would be most unwelcome to
modern palates. I doubt if he ever ate an orange.
I know he never ate grapefruit, or broccoli or cantaloup or asparagus. Spinach, carrots, lettuce, tomatoes, celery, endive, mushrooms, lima beans, corn,
green beans and peas—were entirely unknown, or
rarities. About cauliflower, beets, lemons, limes,
watermelons, pineapples and okra—I am not so sure.
He may or may not have used these. The staple vegetables were potatoes, cabbage, onions, radishes and
the fruits—apples, pears, peaches, plums and grapes
and some of the berries—in season. Apples were
esteemed because they kept. You put a barrel in the
cellar in the fall. Or, in grandfather's case, two
barrels because it was the day of large families.
Cheese he ate more than I do. He lived inland—
on the borders of Ohio and Pennsylvania, and seafood
was seldom obtainable. The grandfathers of those
who lived on or near the ocean were more fortunate.
My grandfather probably never ate an oyster, or a
lobster, except on the few occasions when he visited
the seashore. He had no icebox. The railway cars
of his day had no refrigeration. All the perishable
food he ate came from his own district. What can-
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ning or preserving was done, my grandmother did
in her own kitchen—and badly.
In Latin and Oriental countries farinaceous foods
predominated, as they still do—spaghetti and rice.
And, of course, our Nordic grandfathers had plenty
of oatmeal.
And if a modern were to be thrust into the diningroom of an Elizabethan household, he would simply
gag—it is unlikely that he could eat a mouthful until
on the verge of starvation.
I am not here intending to emphasize the absence
of delicacies from my grandfather's table, but only
to point out the monotony of his diet. The foodmarketing customs in his day presented him with a
badly unbalanced diet and it was only by eating a
great deal that he obtained all the necessary nutritional elements. Even so, his generation suffered
considerably from such nutritional diseases as scurvy,
anemia and rickets.
A contemporary record of my grandfather's table
is in Dickens's description of a meal on the canal boat
on his western journey:
Everybody sat down to tea, coffee, bread, butter, salmon,
liver, steak, potatoes, pickles, ham, chops, black puddings
and sausages.
"Will you try," said my opposite neighbor, handing me
a dish of potatoes broken up in milk and butter, "will you
try some of the fixing?"

One of the best gauges of the change in average
dietaries can be found in the figures for the consump-
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tion of milk. Milk is such a staple of our modern
diet, is properly considered the most nearly perfect
and complete food, that it is surprising to find how
little was consumed and how careless were the regulations for the purity of the supply a little over a
hundred years ago.
We have the record written by a Judge Colquhoun
in London in the early part of the nineteenth century.
He was gathering a detailed report of the life of the
metropolis and he included an account of the milk
supply. The population of London was already over
one million and the consumption of milk was onetenth of a pint per person per day. To-day a pint is
the regular ratio.
Furthermore, the report says that there was a pump
in every cowshed and the milk was heavily watered.
The sheds were intolerably filthy. The milk had less
than half the food value that it has to-day and it was
loaded with bacteria. Moreover, supposing that the
better class of people consumed nearer to a pint a day
than one-tenth, it can be seen that the average citizen
of London had no milk at all a century ago.
The factors which have brought about the improvements we enjoy have been several. Perhaps the major
credit should be given to those anonymous heroes who
risked a tomato, ate one in spite of advice that it was
poisonous, and advertised its merits. Who shall sufficiently praise the man who first was bold enough to
swallow caviar? Almost as much praise, however,
must be given industrial enterprise which made trans-
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portation of tropical delicacies cheap and easy, refrigeration and preservation of summer foods practicable,
and the processing and canning of various foods
healthy and economical. Following in the van of
these developments, the chemists and physiologists of
the world found out how the foods acted, what was
their composition and how they should be combined
for the best results.
It is this last factor that we intend to study in this
little book. The facts which are gathered together
into the science of nutrition came from various
sources, and in respect to other scientific developments are very modern.
The first contribution came from chemistry. And
chemistry as a science began only a little more than a
century and a half ago, some years before the United
States became a nation. It began with the discovery
and isolation of oxygen, that keystone element—
Joseph Priestley isolated it in 1772. The great
French chemist, Lavoisier, demonstrated how essential
is oxygen to all the processes of life—indeed, to
most chemical changes in Nature, whether organic or
inorganic. His book was published in 1775. The
central fact that this memoir proved was the nature
of heat. Heat and fire have been ever present phenomena of Nature which demanded explanation but
they had greatly puzzled the scientists of old time.
The theory finally accepted towards the end of the
eighteenth century was the "phlogiston" formula of
Stahl. Heat, he thought, was a substance: he called
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it phlogiston. When wood burned it lost weight, because "phlogiston" escaped from it. Lavoisier proved
that fire is simply the union of whatever is burning
with oxygen. He showed further that the heat of the
body and the chemical processes of life are a slow fire
—a combustion—but that the essential nature of the
process is not changed. It consists of a union with
oxygen.
The chemistry of living matter was a difficult thing
to unravel. The pioneer work in this field was by
Liebig (1803-1873), whose name was known to the
generation of my youth principally as the label on
an extract of beef. He was able to gain only the most
shadowy idea of Animal Chemistry,2 as his great work
was called, but he showed at least that the chemical
elements that enter into the structure of the external
inorganic world are also present in living tissue.
Perhaps "living" is the wrong word because the tissue
is dead when the chemist analyzes it, but if we say
"animal" and "vegetable" instead of "living," it will
cover the case. And "animal and vegetable," you
see, means most of our food.
Liebig's work was extended by the great chemists
Wohler (1800-1882), Hoppe-Seyler (1825-1895)
and Emil Fischer (1852-1919). Wohler synthesized
urea artificially. That is, he actually produced in
the laboratory test-tubes a compound formed only in
2
Thus the first English translation was entitled. The literal translation of Liebig's book is Organic Chemistry in its Relation to
Physiology and Pathology (1842).
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Nature by living matter. Hoppe-Seyler did so many
things it makes one reel to think of them: he ascertained the formulas for many of the elements of the
blood—hemin, hematin and hematoporphyrin. He
showed that the hemoglobin of the blood combines
loosely with oxygen. He introduced the term proteid, synonymous with the word we use in this book,
protein. He analyzed milk, bile and urine. Emil
Fischer synthesized the purin compounds, and artificially made or synthesized most of the sugar groups.
He showed that the enzymes, including the ones
which are active in digestion, are specific in action,
affecting only the chemical substances they are meant
to break down, to which they are related as a key to
a lock or a glove to a hand.
To-day we have a very clear, even if not complete,
knowledge of the chemical structure of our bodies as
well as of the bodies of plants. We can, indeed, synthesize many chemical compounds of living tissue.
While this work was going on, science was advancing in another field to make our knowledge of diet
exact—the physiology of digestion. William Beaumont, an American physician, published a little book
in 1833 that is one of the great medical classics. The
story behind the book is well known—how a Canadian
voyager was accidentally shot in the abdomen at the
trading post at Mackinac, how miraculously he lived,
but when the wound healed, the inside of the stomach
could be seen through a hole or fistula in the abdominal wall, how Dr. Beaumont used this unique

JUSTUS VON LIEBIG
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(1803-1873)
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opportunity to extract and analyze gastric juice, and
study the changes that take place in food when it
enters the stomach, and thus founded our knowledge
of the processes of digestion.
This knowledge was widened largely by the fundamental work of the great French physiologist, Claude
Bernard (1813-1878). Bernard demonstrated the
function of the liver, at least its most important function of preparing sugar to be the fuel of the body.
He also showed the nature and action of the most
powerful of the digestive juices—that of the pancreas.
From these manifold studies and many others,
physiologic science found itself in possession of a
knowledge of the chemical composition of foodstuffs,
a knowledge of the chemical composition of the body,
a knowledge of the physical and chemical changes
which take place while food is prepared for absorption into the body tissues—digestion. It only remained to study the central problem—nutrition or
metabolism. For metabolism is the series of acts the
body performs in utilizing food for energy or for
incorporating food into its own substance.
The unraveling of these processes will forever be
associated with the names of Carl von Yoit (18311908) and Max von Pettenkofer (1818-1901). They
conceived of an apparatus, the calorimeter (it is described in the next chapter), which would measure the
energy released in the body by the different fundamental food elements—protein, fat and carbohy-
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drate. King Maximilian of Bavaria gave them funds
to construct such a machine, and in 1861 they began
to observe this wonderful contraption revealing the
innermost secrets of the processes of life. They calculated the amounts of these food elements that were
necessary for life, how much energy each of them
released by weight, how in the body carbohydrate is
turned into fat under certain circumstances and conditions. They made, as you see, an exact science of
dietetics.
Voit's own words, published in 1902, which represent the conclusions to be drawn from his experiments,
are worth the student's pondering to-day:
The causes of the changes which take place during metabolism are found in the cells of the organism. The mass of
these cells and their power to decompose materials determine the metabolism.
It is absolutely proved that protein fed to the cells is the
easiest of all the foodstuffs to be destroyed, next carbohydrates, and lastly fat.
All kinds of influences may act upon the cells to modify
their ability to metabolize, some increasing it or others
decreasing it. To the former category belong muscular
work, cold of the environment (in warm-blooded animals),
abundant food, and warming the cells. To the latter, cooling the cells, certain poisons, etc.
The metabolism of the different foodstuffs varies with
the quality and quantity of the food. Protein alone may
burn, or little protein and much carbohydrate and fat. I
have determined the amount of the metabolism of the
various foodstuffs under the most varied conditions. All
the phases of metabolism originate from processes in the
cells. In a given condition of the cells available protein
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may be used exclusively if enough be furnished them. If
the power of the cells to metabolize is not exhausted by
the protein furnished, then carbohydrates and fats are destroyed up to the limit of the ability of the cells to do so.
From this use of materials arise physical results, such
as work, heat, and electricity, which we can express in heat
units. This is the power derived from metabolism.
I am convinced that the clearest and most unifying development will be possible as one investigates what substances are destroyed under different circumstances, such
as the performance of work, and loss of heat, and how
much of the different materials must be fed to maintain the
body in condition.

One final contribution to the subject was made during the present century. The work of Voit and Pettenkofer left physiologists believing that a complete
and balanced diet consisted in the proper proportions
of the three basic food principles—protein, carbohydrate and fat, provided water and certain mineral
salts were also included. It was a period during
which the typical kind of dietetic experiment centered
around an attempt to create a concentrated food which
would satisfy all bodily needs. If one could only get
an essential orange, taking up a tenth of the room and
weighing a tenth of an actual orange.
From such dreams the dietetic world was rudely
awakened in 1911. Frederick Gowland Hopkins, of
Cambridge, began some experiments in 1906, but he
did not report them in print until 1911, when he published a paper, "Feeding Experiments Illustrating the
Importance of Accessory Factors in Normal Diet-

16
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aries." 3 In an address in 1906 he said: "But, further,
no animal can live upon a mixture of pure protein,
fat and carbohydrate, and even when the necessary
inorganic material is carefully supplied the animal
cannot flourish."3
The old observations of Lind and Capt. James Cook
were recalled, observations that resulted in the order
still standing in the British Navy and merchant marine that every sailor on voyage should have the juice
of a lemon or orange once a day to prevent scurvy.
The "essential" or concentrated orange did not, it was
finally acknowledged, represent all that was in an
orange. Somewhere in foods, perhaps linked to the
protein or carbohydrate or fat, were substances that
were necessary for healthy nutrition. "Accessory
food factors" Gowland Hopkins called them. Casimir
Funk, in 1911, gave them the name that has stuck—
vitamins.
There may be some new developments in dietary
research to be unfolded in the future, but it is difficult to believe that there will be any disclosures which
will upset the knowledge we now have of the function of foods. As was stated at the beginning of
this chapter, dietetics is as nearly an exact science
as you are likely to get in the field of practical biology.
A balanced diet is, of course, that diet which furnishes all the elements necessary to healthy nutrition
in proper amounts and relative proportions.
s Journal of Physiology, Vol. 44 (1911), pp. 425460.

What Is a Balanced Diet?

17

"But," I hear some skeptical reader saying, "it
seems quite unnecessary to learn all these burdensome
things, to plan a tedious diet which takes all the fun
out of eating. I know nothing about your science of
nutrition and I have eaten ignorantly all my life and
I am perfectly healthy, just as healthy as you are
with all your dietetic planning."
I would be the last to challenge such a very sensible
viewpoint. I admit gladly and freely that if an average person will eat the average supply of foods that is
offered him in market, at the family table or in restaurants, following the ordinary daily routine of
breakfast with its customary fruit, egg, toast, milk
or cereal, and midday and evening meals with some
combination of soup, main course with meat and
vegetables, salad and dessert, choosing his food for
variety as his fancy dictates, that he will most probably eat a perfectly balanced diet. He need not necessarily learn the elements of the science of nutrition
to do so.
In fact, experience teaches us that people who
study the subject without proper guidance all too frequently become impressed with the phenomena disclosed in one part of the field of nutrition and using
that as a cornerstone for a crusade, and ignoring the
rest, insist upon the necessity for some kind of a diet
which is far from being balanced in a scientific sense.
And this conception they attempt to impose on the
rest of the world. They are the great army of food
faddists and food quacks. And they have done great

18
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harm to this science of nutrition and to those easily
persuaded people who have followed their ill-balanced
advice.
No, it is not my purpose to insist that health can
only be attained by a laborious acquisition of the
facts of nutritional science and a slavish devotion to
rigid dietary formulas. Any justification for presenting the subject must follow other arguments.
It seems to me that when the world of science has
placed so valuable a body of facts at one's disposal
there is an intellectual obligation on the part of those
who are the beneficiaries to acquaint themselves with
those facts. That is one argument.
In the hands of some few people must repose this
precious wisdom so that by guiding the channels of
food habit and supply they may make the world safe
for the rest. That is another argument.
But even granting that most people are safe in
choosing their diet in the modern world indiscriminately, there are personal reasons why we would all
be better off if we became sound food chemists. In
the first place, the diets of infants and children cannot be left entirely to chance, and parents, teachers
and nurses must learn something of modern nutritional science to safeguard their charges. Even adults
may fall into strange dietetic practices and food deficiency diseases are not unknown in the midst of our
modern civilization. Lastly, if we gain a real and
wide knowledge of this field, it will set us free from
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all those ridiculous fads which hamper so many of
our friends and neighbors.
The purpose of this book is not to lay down any
dogmatic dietetic formula but to explain to any one
who desires to know, as simply as possible, the principles upon which our present extensive and scientific
knowledge of dietetics rests.

CHAPTER II
FUNDAMENTAL

PRINCIPLES

A QUESTION that frequently arises goes something
like this:
"You talk very glibly about calories and vitamins.
A piece of bread contains so many calories and does
thus and so in the body. But how do you know all
this?"
It is a fair question. And it can be answered. In
fact, it must be understood by any one who wishes to
have a fundamental knowledge of the subject.
At the root of any science there are certain facts
capable of experimental proof. These facts are often
mathematical, always technical and, therefore, to
many somewhat repulsive. But let us try to master
them. It is not easy to do so by reading, laboratory
experiment is the way of mastering any science. If
I could take you to a physiologic laboratory I could
teach you these things much more effectively. So I
will have to attempt to describe a physiologic laboratory.
The processes of nutrition or metabolism are the
final acts prepared for by a number of other closely
interrelated physiologic functions. Digestion prepares the food that we eat. In the mouth the saliva,
20
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through its ferment, ptyalin, splits starch into the
simpler sugars, dextrin and maltose: you can realize
the actuality as well as the rapidity of this change by
noticing how a cracker chewed in the mouth becames
sweet. In the stomach the gastric juice contains pepsin which breaks down protein, forming soluble peptones, rennin which curdles milk, and lipase which
splits up fat into glycerin and fatty acid. The hydrochloric acid of the gastric juice changes cane sugar
into dextrose and levulose. In the small intestine the
pancreas attacks food with three powerful enzymes,
trypsin which splits proteins and peptones into aminoacids, amylase which acts on starchy foods in a way
similar to the salivary enzyme, ptyalin, and lipase
which splits fats. Respiration at the same time introduces oxygen into the blood. Oxygen and the endproducts of digestion are absorbed through the walls
of the lung alveoli and the digestive wall into the blood
and lymph. The circulation of the blood and lymph
carries these essential elements to each ultimate cell of
the body where they are used for energy, for growth
and replacement of worn-out tissue and to furnish
fuel for those higher functions of the body—thought
and other nervous activities, and reproduction.
The ultimate cell is composed of a colloid (gumlike) substance called protoplasm. Chemically it
consists mainly of carbon, hydrogen, oxygen, nitrogen,
phosphorus and water.
In the body of a woman of average size there are nine
gallons of water; enough oxygen to fill eight hundred nine-
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gallon barrels; enough carbon to make nine thousand
graphite pencils; enough phosphorus to make eight thousand boxes of matches; enough hydrogen to inflate a balloon
capable of raising the whole body to the top of Snowden;
enough iron to make five tacks; enough salt to fill six ordinary salt-cellars; and four or five pounds of nitrogen. "A
few gallons of water," writes Oliver Wendell Holmes, "a
few pounds of carbon and lime, some cubic feet of air, an
ounce or two of phosphorus, a few drams of iron, a dash
of common salt, a pinch or two of sulphur, a grain or more
of each of several hardly essential ingredients, and we
have man according to Berzelius and Liebig." 1

Foods must maintain this mass of chemicals by
supplying their ingredients, and besides furnish energy to the active organism. No matter how varied
the activities of different cells (plainly a liver cell
does different things than a brain cell), they all consume energy.
It is upon this energy exchange that we concentrate
in understanding the action of foods. The mechanism
of growth and tissue replacement carries on simultaneously with the energy exchange, and except as
we make mention of it in the chapters on protein and
the minerals, we may disregard it in our calculations.
We can calculate the energy exchange of the body
quite exactly.
The unit of measurement of this energy exchange
is the calorie. In physical science, the calorie is a
measurement of heat.
1

R . C. Macfie, The Body (Benn & Co., London).
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The most familiar effect of heat is the way it raises the
temperature of bodies. Moreover, we may take it as axiomatic that it will always under the same conditions need
the same quantity of heat to raise the temperature of 1
gram of pure water by 1° C. We already know exactly what
we mean by 1 gram of water and by 1° C., and therefore
the heat necessary to do this amount of warming is quite
clear and definite; it is called one "calorie." For certain
reasons it is convenient to be even more precise and say
that one calorie is the amount of heat required to raise one
gram of water from 15° to 16° C.2 2*

In dietetics for the sake of convenience, we use the
large calorie—the amount of heat required to raise
the temperature of 1 kilogram of water 1 degree
centigrade.
No science is exact until it acquires a standard of
measurement. In order to understand the science of
dietetics we must learn to think in terms of the standard, the calorie. It will be expressed here, in the convention used in the literature, by the capital letter C.
The different food elements when burned (by union
with oxygen) in the body yield each its own number
of calories.
2
D. R. Pye, Heat and Energy (The Clarendon Press, Oxford,
1923).
2
* "It is important to realize that the body is not a heat engine. In
a heat engine, heat is the source of the work; in the body the heat
is rather the result of the internal and external work which the body
does. With this clearly in mind there need be no real misconception
in using heat units to express the energy values of foods and the
energy requirements of the body." From H. C. Sherman, The Chemistry of Food and Nutrition, 4th Ed., pp. 134-135. By permission of
The Macmillan Company, publishers.
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Proteins
Carbohydrates
Fats

yield 5.65 C per gram
yield 4.1 C per gram
yield 9.45 C per gram

Those are the amounts they yield when burned in
the bomb calorimeter. When metabolized in the body,
there is some loss (from various factors—some in
digestion, some, in the case of the protein, in incomplete combustion) so that for practical purposes we
calculate:
Protein
Carbohydrate
Fat

yields 4.0 C per gram
yields 4.0 C per gram
yields 9.0 C per gram

The requirements of the body for calories vary
under varying circumstances. Naturally, activity is
the main one—a man running uses up more energy
than the same man sitting still, just as an automobile
uses more gasoline when going 60 miles per hour than
at 10 miles per hour. Age makes a difference—the
young vigorous organism uses more energy than the
old one.
Weight naturally makes a difference—every gram
or pound one weighs has its own energy requirement.
Age, weight and activity, then, are the determining
factors in the amount of energy, which means number
of calories needed. Just how many calories, as determined by these numerous experiments, this consists of is shown in the accompanying tables:
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Caloric Requirements
per Day

Calories
per Kilo*

Calories
per Pound

Man of
Average
Weight
70 Kilo
or 150
Pounds

In bed sleeping or resting
Sitting, at rest
Moderate work or exercise....
Heavy work (lumberman,
football player)

24
34
43

11
15
20

1,680
2,400
3,000

85

38

6,000

* Kilogram — 2.2 pounds.

CALORIC REQUIREMENTS AT R E S T AT
DIFFERENT AGES

Age
1
5
10
20
30
40
80

Per Kilo

Per Pound

100
82
70
46
40
36
27

44
37
31
21
18
16
11

Practical Food Calculations.—In planning diets
for exact food experiments, it is easy to determine the
caloric value of any food if its chemical composition
is known. Thus milk of ordinary composition contains approximately 4 per cent of each of the elements
—protein, carbohydrate and fat; 100 grams of milk
therefore will contain 4 grams of each.
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4 grams of protein will yield 4-C per gram
16 calories
4 grams of carbohydrate will yield 4 C per gram 16 calories
4 grams of fat will yield 9 C per gram
36 calories
Total for 100 grams milk

68 calories

In the United States and England these calculations,
under ordinary conditions of living, are made somewhat confusing by the circumstance that the metric
system of measurement is not used in domestic calculations. Not grams but ounces, pounds and pints are
our units. For convenience it is best to convert them
to grams and kilograms.
There is further confusion since we employ both
apothecaries' and avoirdupois weight systems. But
remember that for calculation of body weight one
kilogram is equivalent to two and one-fifth pounds
(avoirdupois), and 100 grams are equivalent to 3.5
ounces (avoirdupois), and in fluid measure 29.5 cc.
equal one ounce, 473 cc. equal one pint. (It does no
harm in practical dietetics to convert roughly, i.e.,
70 kilos equal 150 pounds.)
EXPERIMENTAL PROOF OF CALORIC VALUES

So here is our fundamental exact science of nutrition and diet. Nutrition is energy exchange. The energy is furnished by the oxidation of the food. The
unit of measurement of the energy value of food is the
calorie. The three basic food substances are protein,
which yields 4 calories per gram; carbohydrate,

Fundamental Principles

27

which yields 4 calories per gram; and fat, which
yields 9 calories per gram.
The energy requirement of the human body of average weight, adult age (150 pounds or about 70
kilograms) at moderate (sedentary) activity is 2,000
calories.
But it is only natural to ask—can this be demonstrated? How were these figures arrived at?
The scientist should always be glad to hear such
questions and in this case he is very glad to be able
to answer them with great confidence. The complete
explanation, however, involves considerable technical
discussion; those who care to enter into it are referred
to Professor Henry C. Sherman's book, Chemistry of
Food and Nutrition,3 or to the late Dr. Graham Lusk's
book, Nutrition.4 Here we shall attempt a simplified
explanation.
We want to find how much heat is given off
when a definite amount of a definite food substance is
completely burned. The way to do it is very simple.
The food particle is burned and the heat measured
with a thermometer.
If we put the food in a tin can and burn it, the
temperature of the can will rise. But plainly to regard this rise as the total heat produced in the combustion is full of errors. The tin becomes heated,
but part of this heat is immediately dissipated in the
atmosphere. To compare the difference in the tem3
4

Sherman, op. cit., pp. 134-164.
W . B. Saunders Company, Philadelphia.
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perature of the can before and after the burning does
not give us the total amount of heat generated, because
it misses the heat dissipated. To obtain the total heat
we must enclose the can in something like a thermos
bottle.
This consideration led physicists to devise the apparatus known as the calorimeter (calor=heat;
meter=measurement).
The calorimeter usually used for food experiments
is the so-called bomb calorimeter of Berthelot as
modified by Atwater and Blakeslee. It is described
by Sherman as follows: 5
In outline it consists of a heavy steel bomb with a platinum or gold-plated copper lining and a cover held tightly
in place by means of a strong screw collar. A weighed
amount of sample is placed in a capsule within the bomb,
which is then charged with oxygen to a pressure of at least
20 atmospheres (300 pounds or more to the square inch),
closed, and immersed in a weighed amount of water. The
water is constantly stirred and its temperature taken at
intervals of one minute by means of a differential thermometer capable of being read to one thousandth of a degree.
After the rate at which the temperature of the water rises or
falls has been determined, the sample is ignited by means
of an electric fuse, and, on account of the large amount of
oxygen present, undergoes rapid and complete combustion.
The heat liberated is communicated to the water in which
the bomb is immersed, and the resulting rise in temperature
is accurately determined. The thermometer readings are also
continued through an "after period," in order that the
"radiation correction" may be calculated and the observed
5
From H. C. Sherman, The Chemistry of Food and Nutrition,
4th Ed. By permission of The Macmillan Company, publishers.
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rise of temperature corrected accordingly. This corrected
rise, multiplied by the total heat capacity of the apparatus
and the water in which it is immersed, shows the total heat

F I G . 1 . — D I A G R A M OF A B O M B CALORIMETER

(Simplified)
It is practically a thermos bottle, so arranged that a substance at "A" can be fired by electrical discharge, the heat
generated being measured by the thermometer "B."

liberated in the bomb. From this must be deducted the heat
arising from accessory combustions (the oxidation of the
iron wire used as a fuse, etc.) to obtain the number of
calories arising from the combustion of the sample.
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So much for the determination of the caloric values
of different foods.
How do we determine the food requirements of
man, measure the number of calories he uses under
different conditions of activity and the number of
calories different foods furnish him?
One way is to put the man in a calorimeter just as
we did the food. We do not have to "fire" him, because he is burning slowly already. All we have to
do is measure the amount of heat he gives off and
measure the amount of food he takes in.
The calorimeter mostly used is the respiration calorimeter of Atwater-Rosa-Benedict. This is an airtight copper chamber surrounded by zinc and wooden
walls with air spaces in between, with an opening to
admit food and drink and another for light. A ventilation system admits oxygen in measured amounts
and carries off the stale air which is analyzed for
water and carbon dioxide. The heat given off by the
subject can leave only by means especially provided
for it: partly the latent heat in the water vapor in the
outgoing air; partly in a current of cold water circulating in a copper pipe coiled near the ceiling of
the chamber. Every precaution is taken to check any
leaks and the apparatus is a marvel of accuracy.
The calorimeter can be arranged to contain a bed,
a chair or a stationary bicycle, so that energy exchange under varying conditions of rest and activity
can be determined.
There are, however, other methods by which the
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caloric needs and the energy value of foods can be
calculated.
One is by dietary studies on the amount of food
consumed. If you think about it a moment you will

FIG. 2 . — R E S P I R A T I O N CALORIMETER (Simplified D i a g r a m )

For measuring the total heat given off by a human body.

see that if a man eats a measured diet for a definite
period of time and there is no change in his weight,
the number of calories in his diet is just what he requires—he is in "energy balance." Such experiments are frequently recorded. Neumann put him-
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self on a diet which just satisfied his appetite and
avoided fatigue, recorded all his food and drink during a period of ten months. His weight remained
constant at 147 pounds (66 to 67 kilograms). His
work was sedentary.
His daily food intake averaged:
Protein
66.1 grams = 264.4 calories
Fat
83.5 grams = 751.5 calories
Carbohydrate 306.5 grams = 1 , 2 2 6 . 0 calories
2,242

calories

This calculation is, as you see, extremely close to
the figures obtained by the calorimeter.
Still another method is by measuring all the food
eaten, and all the end-products of excretion—the
feces, the urine, the gases expired by the lungs and
even the excretions of the skin. The difference between "income" and "output" represents the amount
of food utilized and its caloric value can be calculated.
Lastly, the rate of nutrition can be determined by
measuring the amount of oxygen consumed by the
body. The foods yield their energy by being oxidized
and they unite with oxygen in a definite ratio. Therefore the amount of oxygen used by the body shows the
amount of energy released.
This is the method used for determining the basal
metabolism or rate of energy exchange of the body
in the clinical practice of medicine. The patient in
a state of nutritional equilibrium, at rest and without
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food, breathes in and out of a closed chamber which
is filled with oxygen. The deleterious products of
the expired air are absorbed by a tank of soda lime
inside the chamber. There is no discomfort connected
with the test. The amount of oxygen consumed in a
given time can be measured and this, compared with
the patient's weight, gives an estimate of the rate at
which metabolism is going forward.
The figures as to total caloric requirement obtained
from these four divergent methods are the same, confirming our proof that an adult of average weight at
slight activity will use about two thousand calories a
day.
The activity of most adults is great enough that the
figure 3,000 more nearly represents their caloric requirement. Of this, on the average, the carbohydrates
make up 1,600 (400 grams), the fats 900 (100
grams) and the proteins 400 (100 grams).
You may wish to visualize what calories are in a
more practical way than can be gained from mere
figures. To that end, let me quote from Dr. "Elliott
Joslin's excellent Diabetic Manual:
As an illustration of the amount of work which can be
performed by 1 Calorie of energy, I learn from my friend,
Professor Benedict, that the expenditure of 1 Calorie of
heat is required to rise from a sitting position in front of a
door, turn the key in the door, and sit down. A single 16candle-power carbon lamp gives off in heat the equivalent
of about 45 Calories per hour, which represents a little less
than the heat, basal metabolism of an adult weighing 50
kilograms.
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It is desirable for us all to visualize calories and to that
end various concrete examples of what calories derived
from food will enable an individual to do are given. To
walk one hour on a level road at the rate of 2.7 miles an
hour requires 160 Calories above that of keeping quiet
(Lusk). I suspect one will not err greatly if for each mile
of walking one allows 1 Calorie per 1 kilogram body
weight
A man of 60 kilograms walking up 10 flights of stairs,
each flight 3 meters (10 feet) high, in three minutes would
expend the heat equivalent of 26 Calories or about 3
Calories per flight. This would be equivalent to nearly nine
times his basal metabolism for the same period.
The metabolism of a group of men standing was 12 per
cent more than when in the horizontal position, according
to H. M. Smith. He also found that walking at 2 miles an
hour nearly doubled the standing requirement and at 4
miles an hour increased it three fold. Farmers in various
parts of the United States have been shown to consume on
an average 3500 Calories.
Sewing and knitting require about 9 Calories per hour
more than for the same subject sitting quietly in a chair,
while washing, sweeping and scrubbing floors require 50
Calories additional (Langworthy and Barott).
One is apt to conclude that an individual doing heavy
work requires additional calories for the entire twenty-four
hours. This is by no means true. With the cessation of work
the metabolism falls abruptly. Furthermore, the actual
period of heavy work is short and represented by minutes
rather than hours. If of a pessimistic nature one has only
to watch street laborers to be convinced, though a far more
enjoyable and as scientific a proof is furnished by the
minutes spent in actual play by the teams of football. In an
entire game the minutes in which the ball was in play numbered eleven, according to the stop-watch observations of
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the late Prof. Harold C. Ernst, and Mr. Robert Fisher tells
me that in the Boston College-Holy Cross game of 1922
the ball was in play eleven minutes and twenty-three seconds. Carpenter found 30 Calories per hour additional were
required by a typist working at the rate of 50 words a
minute compared with sitting still and reading. As age
advances the metabolic requirements are lessened, thus if
1677 Calories are required for basal metabolic needs at
thirty years, 1542 are required at fifty and 1407 at seventy
years of age.*

Such are our standards of measurement in dietetics
and such is the way we prove their validity. I hope
I have demonstrated satisfactorily the thesis I announced at the beginning—that nutrition has been
made to-day as near an exact science as any branch
of biology.
* Quoted by permission of Dr. Joslin and Lea & Febiger, Philadelphia.

CHAPTER

III

T H E ELEMENTS OF A BALANCED D I E T :
CARBOHYDRATE, FAT AND PROTEIN
DIFFICULT as it may be to compare the body as a
whole to a machine, the nutritional or metabolic part
of it is very like a machine. It is a machine for converting food into energy. To do this it uses oxygen
breathed in from the air.
Huxley scornfully refuted those who say that when
you hold or lift a weight from the ground you are
"defying the law of gravitation." Nature's laws are
not defied. What happens is that the muscles of the
forearm are converting the latent energy of the food
circulating through them to active energy sufficient to
overcome the pull of the earth on the weight.
The food substances which enter into this energy
exchange are classified by their chemical composition
into three groups—the carbohydrates, the fats and the
proteins. We will study them in that order.

1.

CARBOHYDRATES

The carbohydrates are the starches and the sugars.
They form the largest bulk of our food because they
are the most economical source of energy. In the
average diet, as selected according to the taste of the
36
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majority of individuals, carbohydrates comprise twice
as much by bulk as all other foods together and four
times as much as either the fats or the proteins. In
this average diet there are about 400 grams of carbohydrate a day as compared to 100 grams of fat and
100 grams of protein. These 400 grams furnish
1,600 calories or more than two-thirds of the energy
that is needed.
The foods in which they are found are mostly vegetables and fruit. Ordinary table sugar, cane sugar,
is the purest form of carbohydrate that we ordinarily
use. Carbohydrate is present in milk in the form of
lactose and in bread, cereals, and in a few animal
foods, especially liver, in the form of glycogen.
Chemically, they are made of carbon, hydrogen and
oxygen only. They are classified as (1) monosaccharides, simple sugars—dextrose, glucose and fructose; (2) disaccharides, double sugars—such as
maltose and lactose; and (3) polysaccharides, complex sugars and starches. Before being absorbed into
the body the complicated saccharides are changed into
monosaccharides and usually are absorbed from the
intestines in the form of glucose.1
Glucose is the fuel of the body. It is burned
rapidly when necessary and practically it is what
makes the engine run. It is, however, not used in the
body exactly as glucose. After absorption from the
intestines practically all the glucose goes to the liver.
1
There are some debatable exceptions to this, but technical discussion of the matter need not detain us here.
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FIG. 3 . — H o w T H E BODY TURNS CARBOHYDRATE FOOD INTO
ENERGY

Carbohydrate, during the process of digestion, is turned into glucose
in the intestines. The glucose is absorbed and carried to the liver,
where it is converted into glycogen (animal starch). In this form it
is stored. When the muscles need glucose, glycogen is sent out from
the liver and reconverted into glucose, where it joins with oxygen
from the blood and insulin from the pancreas. The combination of
these chemicals results in oxidation and energy formation. Glucose
is also stored in the muscles in the form of glycogen but converted
before use.

The liver converts glucose into a substance known as
glycogen or animal starch. When any of the body
tissues, such as the muscles, need energy, the liver
sends out the glycogen which it has stored and in the
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muscles the glycogen is reconverted into glucose and
burned, forming water, carbon dioxide and lactic acid
in the process. Glycogen is also stored in the muscles.
The mechanism of this process of energy formation
should be thoroughly understood. It can be compared
to a gasoline engine. The liver takes the glucose, just
as the carburetor takes the gasoline, and just as in
the carburetor the gasoline is transformed into vapor,
so the liver transforms the glucose into the glycogen.
In the automobile gas engine, the gas vapor is mixed
with oxygen, just as glucose is mixed with oxygen in
the muscles. The spark which sets this mixture off
in the gas engine is paralleled by the internal secretion of the Islet of Langerhans cells in the pancreas,
which we know as "insulin." The process can be
better understood by referring to the accompanying
diagram.
Carbohydrates are also represented by other substances in the diet such as cellulose. It is in the fiber
of vegetables and fruits. It is not used in nutrition
but it is valuable to the body because it furnishes the
bulk which aids in the elimination of waste material
from the bowels.
2.

FATS

Fats are found in nearly all food substances.
Familiar examples of isolated fats are milk fat, and
butter and the fatty parts of meats. Chemically they
contain the same elements—carbon, hydrogen and
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oxygen—as the carbohydrates, but the molecular arrangement is entirely different. Having the same elements, fat can be built from carbohydrate in the food.
The body fat is chiefly derived from this source
although body fat can be formed from fats in the
food.
By bulk, fat in an average diet selected according
to appetite and taste, forms about one-sixth of the
entire amount, but since it has a caloric yield of 9, it
is capable of furnishing over twice as much energy
as an equal amount of carbohydrate.
During digestion fat is split up into the fatty acids
and glycerol. It is usually absorbed into the lymph
vessels, avoiding the liver and entering the large
lymph vessel which empties directly into the blood
stream. Thus, after a meal rich in fat, the blood may
be filled with tiny particles of fat which are discernible to the naked eye.
In nutrition fat may be burned to form energy although it is not as economic a form of energy as carbohydrate.
Fat is also deposited in the body as tissue. It forms
a reserve of potential energy which is drawn on by
the body in conditions of starvation. It is, however,
quite an inert structure and not readily converted.
From the culinary standpoint, the fats are extremely
palatable and much of the pleasant taste of our foods
comes from the sauces and gravies which are basically
fats.
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PROTEINS

Protein is the material of which our bodies are
made. Obviously we must take in a certain amount
of it.
The purest form of protein in ordinary food is the
white of an egg. Naturally all animal flesh is made
up largely of protein (but with a good deal of fat also
so meat is not as good an example of pure protein as
egg white). Vegetables contain protein, some very
little, some—such as wheat, beans, peas and corn—a
good deal. Fruits have negligible amounts.
Chemically, proteins differ from the carbohydrates
and fats in that they have a molecule of nitrogen as
well as carbon, hydrogen and oxygen. Most of them
also have sulphur and phosphorus. Protein, therefore, cannot be formed from carbohydrate or fat.
Chemically the protein molecule is very complex
and appears to consist of a series of anhydrides of
structures known as amino-acids. To show how complicated they are the structure of one amino-acid,
tryptophan, is as below:
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There are a great many different amino-acids and
they are combined together in different ways so as to
form a great many different kinds of protein. The
total number of different proteins occurring in Nature must be very great. The animal proteins have
some amino-acids which are not present in vegetable
proteins. The discussion is important because certain amino-acids are absolutely necessary for health
and growth. The amino-acids which have been shown
to be nutritionally essential are cystine, histidine,
lysine and tryptophan. Recently Rose has shown that
two others are essential.
Experiments to show the essential nature of these
amino-acids in nutrition have been carried out as
follows:
Young rats were given a single protein. Other rats
from the same litter were given another single protein.
Diets otherwise were similar and adequate. When
the protein given was casein (milk protein), the rats
grew in weight and size; when the protein was gliadin
(wheat protein), the rats maintained their weight but
did not grow; when the protein was zein (corn protein) they did not even maintain their weight. If,
now, to zein, which contains no tryptophan or lysine,
these amino-acids were added, the weight was maintained and weight and growth increased.
In selecting proteins for the diet it is essential,
then, to include those that have these nutritionally
essential amino-acids. In any average diet these are
present, so no special thought need be given the
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matter, except when the diet is too largely vegetable.
The proteins are absolutely necessary for health.
We could get along on an exclusively protein diet
(this does not apply to infants and children) if necessary, but we could not live on an exclusively fat diet
or a diet consisting of carbohydrates and fat alone.
In nature, fortunately for us, it is very difficult to
obtain food which does not have some protein in it.
Protein food is used in the body both for energy
and for tissue replacement. About half the protein
in our food is broken down to form carbohydrate and
used as such. The rest is used to maintain the nitrogenous balance of the body. Inasmuch as our tissues
are largely made up of proteins (except for the fat
and glycogen in the liver) and these tissues are constantly breaking down, it is evident that protein is an
essential part of the diet.
We estimate protein metabolism in terms of the
nitrogenous balance or equilibrium of the body.
Since proteins are the only foods which furnish us
nitrogen it is obvious that the amount of nitrogen
excreted in the body (it is largely thrown off by the
kidneys in the urine) represents the amount of protein intake plus the breakdown of the body tissues.
Under fasting conditions the nitrogen excretion represents only the latter and gives us a clue as to the
amount of protein needed daily in the diet.
How much protein is necessary per day? This is a
question which has agitated the dietetic world for a
long time. The famous experiments of Professor
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Chittenden at Yale are perhaps the best known. He
chose a group of laboratory workers, going about
their ordinary work, then a squad of soldiers, at light
gymnastic work and light duty, and lastly a group of
university athletes, at hard physical exercise. Over a
long period of time he fed these different groups. The
plan was to lower the protein content of the diet very
gradually, watching the weight and nitrogenous balance, until the lowest point of nitrogenous balance was
reached. The nitrogenous balance is the relation between the intake of nitrogenous food (proteins) and the
output of nitrogen in the urine, feces, and perspiration.
As a result of his experiments Chittenden concluded that for a man of 150 pounds, 44 to 53 grams
of protein or a little less than 2 ounces a day is sufficient. This is true provided a sufficient amount of
non-nitrogenous food is taken to meet the energy requirements of the body. Chittenden emphasized the
fact that during the experiments the subjects felt no
discomfort, in fact, expressed themselves as feeling
better than on a high protein diet: one subject won an
all-round gymnastic championship while on the diet.
These figures are much lower than the amount of
protein the average individual instinctively eats according to taste. They are lower than figures arrived
at by other investigators. Voit, for instance, believed
that 118 grams of protein was the minimum requirement, Rubner gave 127 grams and Atwater 125 grams.
It is certain, however, that Chittenden's figures are
possibilities.
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A number of factors enter into the need for protein. A rapidly growing body of an infant or child
necessarily needs more than an adult. It is questionable whether muscular exercise influences the
need very much. The body will adjust to high or
low levels of protein depending upon how much is in
the diet. The most important factor is the amount of
other food elements—carbohydrates and fats—in the
diet. Under conditions of fasting, protein still continues to be eliminated.
Tallquist performed some interesting experiments
on the question of the influence of carbohydrates and
fats on the protein metabolism. Using himself as the
subject, he planned an experiment in which for eight
days he received exactly the same amount of protein
food, and the total amount of his food computed the
same number of calories. During the first four days
he had a large amount of carbohydrate in the diet
and a small amount of fat. During the second fourday period he switched this around and had a large
amount of fat and a small amount of carbohydrate.
The result of the experiment showed that during the
period of high carbohydrate diet there was always a
storage of protein, but as soon as the amount of
carbohydrates fell and the fats increased, the nitrogen fell so that more nitrogen was excreted than was
ingested. We may conclude that carbohydrates are
the sparers and protectors of the body protein.
Dietary experiments based on fasting do not always
furnish reliable data concerning protein need. Lusk
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says, "The protein reserves of the body are relatively
enormous" and he has estimated that with carbohydrate to supply the needed calories, a man starting
from an ordinary condition of nutrition could probably live for more than a year without any protein
whatever in his food.
If, however, the minimum requirement is somewhere in the neighborhood of 50 grams, does it necessarily follow that the excessive protein intake which
most of us practice, is harmful?
Opinions on this subject differ. There are some
physicians who believe any high protein diet, especially a high meat diet, causes degeneration of the kidneys and production of high blood pressure. Others
deny this and bring forth experimental evidence to
prove their claims. Thus the well-known Arctic explorer, Vilhjalmur Stefansson, pointed out that during
his residence in the Arctic, he lived for a total of
nine years on an exclusively meat diet and yet developed no evidences of kidney derangement or high
blood pressure. When these observations were criticized on the basis that he lived in a climate adapted
to a meat diet, he repeated the experiment in a temperate climate, subsisting for over a year on an exclusive meat diet, with no ill effects.
The question is, therefore, still open to debate.
Is there any fixed ratio that should be maintained
between the amounts of these three fundamental foodstuffs? The question cannot be answered dogmatically. We know as a matter of personal experience
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that we vary the relative amounts of vegetables, meats
and fat in our diets without apparently doing any
harm. The average that most of us reach without
taking much thought to it, is that mentioned before—
about 400 grams of carbohydrate, 100 grams of fat
and 100 grams of protein.
Protein is the only one of these elements that must
have a fixed intake. Put as low as 50 grams per day
for an adult of 150 pounds, few of us take in so little, and 100 to 150 grams is much nearer the usual
intake.
Protein food alone will furnish energy and it is
certain that the energy requirements of the body can
be met no matter in what proportions the carbohydrates, fats and proteins are furnished.
The energy requirement, yes, but will the neutrality of the body be maintained in this way? The
neutrality of the body is very delicately maintaned
and any deviation towards the side of acidity or alkalinity will result in serious disturbances.
This (technically so-called) acid-base balance is
maintained by several factors. Acid is formed in the
body from foods as a by-product of the processes of
digestion and metabolism. Acids are also thrown off
during the chemical processes which accompany certain functions of the body—for instance, the contraction of muscles. If these acids were to remain in
the body unneutralized, the condition of acidosis
would be fatal. They are neutralized, however, in
two ways. First, food breaks down not only to acid
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but also to alkaline end-products: fruits and vegetables, and the mineral salts in our diet particularly
furnish these latter. Second, the gaseous exchange
in the lungs also plays a part in maintaining acidalkaline equilibrium.
The blood, in health, always contains a large
amount of buffer substance which neutralizes acids as
soon as they are formed. The buffers of the blood
are salts (electrolytes), which can carry the acid
radical in the form of alkali to the kidneys and lungs
for excretion.
The buffer substances are derived partly from the
inorganic minerals in the food and partly from vegetables and fruits.
Fruits are often proclaimed to be acid and acidforming. They do, indeed, contain a large amount of
organic acid salts. Lemons contain citric acid,
grapes, potassium tartrate. But as soon as absorbed
these are burned in the body with the formation of
carbonic acid and potassium bicarbonate. The carbonic acid is eliminated mostly by the lungs, leaving
the alkaline potassium bicarbonate. So these acid
fruits are actually alkali or base-forming foods.
The clinical condition of acidosis most frequently
seen in actual life is that acidosis which is due to the
accumulation of certain compounds which are formed
when fat is burned while too little carbohydrate is
being simultaneously metabolized. It is found in diabetes of so severe a grade that the organism is unable
to burn carbohydrate in large enough amounts. "The
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fats burn in the fire of the carbohydrates" and when
this fire is removed the fats do not burn completely
and the ketone bodies, derivatives of the fatty bodies,
appear in the blood. The condition also occurs in
fasting and there is even a ketogenic diet high in fats
which is used for the treatment of certain conditions
—notably epilepsy.
Thus we see that there are several influences at work
in maintaining the acid-base balance of the body, and
except under very unusual conditions this delicate
chemical mechanism takes care of itself without planning from us.
But there is another idea which has been advanced
concerning the maintenance of a balance between
the foods which form an acid ash when burned in the
body and those which form a basic ash. It is claimed
that with a "protective diet'" in which these basic elements predominate, many degenerative diseases of
the arteries and kidneys in middle age will be avoided.
Certainly we must agree that as age goes on wellbeing is more likely to be attained with a preponderance of vegetables and fruits in the diet. And it
will be seen in the table on page 139 that vegetables
and fruits burn to the basic salts in the body.
It should be remembered that there are quite accurate chemical tests to determine the reaction—neutrality, acidity, alkalinity—of the blood. Most people
who talk about this or that creating an acidity or an
acidosis do not check up their assertions with such
chemical tests.

CHAPTER IV
WATER

THE amount of water in the tissues of the body
remains very constant, and any change in this total
amount, even within very narrow limits, is fraught
with extremely serious consequences, resulting in
death if the condition is maintained for even a short
length of time.
If the body loses water very rapidly without replenishment, the state of body agony is well known.
Such are the stories of travelers in a desert country
after the water supply has given out. Exhaustion and
death under those circumstances are due very largely
to the lowered water content of the tissues. "Man
cannot live for more than 72 hours, if so long, without water, although it is reported that an Italian political prisoner lived for 18 days without either food or
water." 1
To increase the actual amount of water in the tissues is almost impossible. Animal experiments, in
which a steady supply of water is supplied to the
animal, have been conducted. The water is constantly
thrown off by the bowel, through the kidneys and
1
B . Y. Glassberg, "A Clinical Appraisal of Water Metabolism,"
Journal of the Missouri Medical Association, Vol. 31, No. 8 (August, 1934).
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through the skin. When death results there has probably been deposited a very slight extra amount of
water in the tissues but this infinitesimal amount has
been sufficient to overthrow the balance of the scales
of life.
Notice that I am always emphasizing water in the
tissues. Of course, the total amount of water that
gets into the body has nothing to do with the actual
tissue water. It is either immediately cast off in the
kidneys, remaining in the bladder, or cast off by the
skin or respiration. Tissue water has nothing to do
with this residual water in the blood or in the depots
of excretion.
Our need for water depends upon a number of
circumstances—activity, external temperature, the
amount of perspiration, and sometimes the depletion
of tissue water by salty foods.
In practical dietetics little attention need be paid
to the water metabolism because it is so delicately
regulated by the sensation of thirst. Thirst is the
most delicate indicator that Nature has given us of
the water content of our tissues. It is far more reliable than hunger as an indicator for food.
We get water from all foods (cucumbers contain 95
per cent water, meat about 50 per cent), from the
oxidation of foodstuffs (about 12 grams per 100
calories of ingested diet), and from all beverages including water itself. The hibernating animal that
takes no fluid during its sleep period of several
months, constantly gives off water derived from the

52

The Balanced Diet

oxidation of fat (107 grams of water per 100 grams
of fat).
The amount of water the body of an average adult
takes in per day in a temperate climate is between
one and one-half and three quarts daily. In the
tropics this may go up to thirteen quarts.
The influence of water on digestion is by no means
settled. Some people drink a great deal of water
with their meals; others very little. The Europeans
practically never use water at the table, getting
what they need from their foods and the wine or beer
which they use as a beverage. Gertrude Stein on her
return to Europe in 1935 was quoted as being responsible for the observation that Americans do not use
wine because they have moist cooking and the European use of wine is due to the dry cooking employed
in Continental countries. I do not believe that this is
a very sound observation because Americans drink
water as a regular part of their meals and, therefore,
do not need the moistening effect of wine.
Water leaves the stomach almost immediately on
being drunk. It goes in the cardia and out the pylorus almost as if sluicing down a trough. This is
true whether the stomach is empty or in the midst of
a meal. In the latter case, the other foods do not
leave the stomach: the water has no influence on their
removal.
According to the extensive researches of Rehfuss
and Hawke on digestion, water drinking does not influence the rate or thoroughness of digestion at all.
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Water helps the absorption of food. It also keeps
the bowels toned so that evacuation is aided. Mildly
constipated people find that they are regulated simply
by drinking one or two glasses of water on arising.
"Drinking a large amount of water in health results in washing out of the body into the urine 3
grams of nitrogen" (Glassberg).
Fat people on a reduction diet may fail to respond
to dietetic management because the fat of the body
as it is used up is replaced by water. Rowntree reported two patients who had retained 30 pounds of
water.

CHAPTER V
INORGANIC MINERALS
ASIDE from oxygen, carbon, hydrogen and nitrogen, the body is composed of the following inorganic
mineral elements, united in various proportions:
Element

Approximate Per Cent in Body

Calcium
Phosphorus
Potassium
Sulphur
Sodium
Chlorine
Magnesium
Iron
Iodine
Copper
Manganese
Zinc
Fluorine
Silicon

about
"
"
"
"
"
"
"
"

1.5
1.0
0.35
0.25
0.15
0.15
0.05
0.004
0.00004
fvery
\ minute
[amounts

The bones are composed of calcium and phosphorus. The brain has considerable phosphorus content. The blood contains iron and copper. The
thyroid gland contains iodine. The blood and all the
tissues contain sodium chloride (common salt).
These chemical elements are constantly being
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broken down and excreted and have to be replaced.
Therefore our food must contain appreciable amounts
of them. Besides that, soluble salts of these constituents are held in solution in the blood and other
fluids of the body. They furnish electrolytes which
influence the irritability of the muscles and the acidity
or alkalinity of the digestive juices and their secretions. They also maintain the neutrality of the body
tissues—the acid-base balance.
Under ordinary circumstances our diet contains
sufficient of these elements for all the purposes mentioned above. Sometimes, as in the case of iodine in
regions where the iodine is scarce in the soil and
water, they are insufficient and cause definite derangements. In the case of iodine this results in the production of simple goiter. When these deficiencies
occur the indicated salt should be supplied deliberately, and separately from the food.
1.

SODIUM CHLORIDE (COMMON SALT)

Common table salt added to food constitutes the
greater portion consumed under ordinary circumstances. Compared to it the quantity present in food
is negligible. Salt is required in all tissues, particularly blood serum, and is also necessary to maintain normal osmotic pressure and retention of water
m
the tissues.
The amount of salt required daily in the body is
not easy to determine. Benedict's observations upon
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the fasting man showed that he lost the equivalent of
about 14 grams of salt during the first ten days and
about 20 altogether during the thirty days of the f a s t
The body contains about 100 grams of sodium chloride so the loss did not exceed one-fifth of the total
amount. From this and other experiments we conclude that the body may lose salt rapidly at first if
none is supplied in the diet but after a certain point
tends to retain its salt content. It is probable that to
keep the body in equilibrium we need about 5 grams
of salt a day.
From the earliest times salt has been highly
esteemed. The Roman soldier's pay was called his
solarium because it consisted of so many pounds of
salt and from this comes our word for payment—
salary. The salt mines of primitive people have always been defended by the warriors and have determined the location of cities and of civilizations.
Herbivorous animals in a wild state, as is well
known, will trek many hundreds of miles to get to
salt licks and salt is always added to the food of
herbivorous animals in a state of domestication.
Carnivorous animals get salt in the blood of their
victims.
Salt has an economic significance. J. B. S. Haldane points out that Gandhi's protest against a salt
tax in India has a good physiologic basis. Salt is a
necessity, not a luxury, in a climate where so much
is lost in perspiration.
Perhaps the cause of heat prostration is the deple-
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tion of salt from the body through excessive perspiration. Miners in England may lose in eight hours a
gallon of perspiration containing a quarter of a pound
of salt. They long ago found out empirically that
they should eat raw salt as well as drink water copiously if they wanted to be comfortable. A curious
form of cramps exists in those who work in fiery hot
places—stokers, for instance. It has been definitely
proved that this results from salt depletion in the
body.
Unquestionably, as Bunge says, "The use of salt
enables us to employ a greater variety of the earth's
products than we could do without it."
The question is—do we ordinarily use too much
salt? Many dietitians are inclined to think we do.
No definite harm, however, can be shown to result
from it and the excess is excreted by our kidneys and
skin. That salt causes Bright's disease, hardening of
the arteries, or high blood pressure, has not been
proved.
2.

CALCIUM

"A man of ten-stone weight contains enough lime
to whitewash a chicken coop" (T. E. Lawson).
The calcium requirement of the body varies at different periods of time, being largest in stages of
growth and bone formation. The calcium requirement rises in woman during pregnancy and lactation.
During pregnancy she must furnish the growing baby
with bone-building material and while she is nursing
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it her milk must supply the high calcium content necessary for bone growth. Insufficient calcium in the
diet during these periods may result in the body attacking the storage places of calcium and weakening
the teeth and bones.
Under any conditions, however, the body requires
some calcium. The famous experiment of Voit indicates this. He kept a pigeon for a year on calciumpoor food. The bird showed no symptoms attributable to the diet until it was killed when it was found
that the breast-bone and skull were perforated in several places due to the absorption of calcium salts.
The output of calcium in a body of ordinary
weight, per day, is about one-half of a gram. This
may be considered the average general requirement
in the food. Foods vary extremely in their calcium
content. The common food which has the most calcium is milk. Most vegetables contain calcium.
The table gives the approximate amounts of calcium in common food materials.
According to Sherman the ordinary mixed diet of
Americans and Europeans, at least among dwellers
in cities and towns, is probably more often deficient
in calcium than any other chemical element.
3.

PHOSPHORUS

Phosphorus is widely distributed in the normal
body. It is part of cell nuclei and is present in
the bones, milk and nervous system. Besides this, it

APPROXIMATE AMOUNTS

OF CALCIUM

IN COMMON FOOD

* From H. C. Sherman, The Chemistry of Food and Nutrition, 4th Ed.
Company, publishers.

MATERIALS *

By permission of The Macmilla
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is important in the control of enzyme actions, the
maintenance of neutrality, the conduction of nerve
stimuli, and so on.
Phosphorus occurs in food and in the animal body
in the form, first, of inorganic phosphates. In the
skeleton calcium phosphate is the chief inorganic
constituent of the bone. Potassium phosphate is the
most abundant salt in food. It occurs in the blood
serum and soft tissues in considerable quantities.
Second, phosphorus-containing proteins, as in milk
and eggs. Third, phosphatides or' phosphorus-containing foods, contained in egg yolk, brain, and
nervous tissue.
The amount of phosphorus that the body needs per
day can be estimated by considering carefully experiments upon men and women which have shown that
on the average about 0.96 grams of phosphorus in a
man weighing 150 pounds will just about balance the
output. This, however, is a minimum and we may
say that the safe average requirement for a man is
11/2 grams a day.
The foods which contain phosphorus and the approximate amounts are shown in the table.
4.

IRON

It is estimated that there is 0.004 per cent of iron
in the body or about 3 grams in the average adult.
The largest part of it is in the hemoglobin of the blood
and it is of the highest importance.
Small as the amount of iron is it must be main-

APPROXIMATE AMOUNTS OF PHOSPHORUS IN COMMON FOOD

* From H. C. Sherman, The Chemistry of Food and Nutrition, 4th Ed.
Company, publishers.
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