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iMKg<d?
LlitTKR OF TRANSMITTAL

UNITED STATES DEPARTMENT OF AGRICULTURE,
OFFICE OF EXPERIMENT STATIONS,

Washington, D. G\, October 20, 1894.

SIR: I have the honor to transmit herewith for publication Bulletin

No. 21 of this Office, on
" Methods and Eesults of Investigations on the

Chemistry and Economy of Food," by W. O. Atwater, Ph. D. The
circumstances which have led to the publication of the present bulle-

tin need, perhaps, some words of explanation. Investigations of the

hygienic and pecuniary economy of food are of comparatively recent

date. It is scarcely fifty years since the classical researches of Liebig

began to pave the way for finding practically all we know to-day of the

ingredients of our food materials, the ways in which they are used in

the body, and the kinds and combinations which are best adapted to

health and purse. Nearly all of the best experimental inquiry in these

lines has been carried on in Europe. There have, indeed, been pioneers
in the United States, but their work belongs mostly to the last two,
and all of it to the last three, decades. The first analyses by modern
methods of materials used for the food of man or domestic animals in

this country were made in 1869 by the author of this bulletin, then a

student in the Sheffield Scientific School of Yale University. With
the rise of the experiment stations, inquiries into the composition of

feeding stuffs and their appropriate use in the nutrition of domestic

animals have been undertaken and during the past few years have
been carried on quite actively. The first at all extensive series of

investigations of materials used as the food of man undertaken in the

United States were studies of the chemistry of fish, prosecuted under
the auspices of the United States Fish Commission in the chemical

laboratory of Wesleyan University by Professor Atwater in the years
1878-1881. In connection with this work, analyses of meats and other

food materials were made under the auspices of the Smithsonian Insti-

tution.

The first accurate investigation of the chemical and economical sta-

tistics of food consumption in the United States were undertaken in

the year 1886 by Col. Carroll D. Wright, then chief of the Massachu-
setts Bureau of Statistics of Labor and now United States Commis-
sioner of Labor, in cooperation with Professor Atwater at Middletown,
Conn. Thus far but extremely little has been done in the United

States by way of exact experimental inquiry regarding the laws of

human nutrition. But the growth of the preliminary forms of investi-

gation points to a speedy development of research of a high character
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in this direction also. It is a very gratifying fact that already a consid-

erable amount of investigation regarding the composition of our food

materials and the economy of their use has accumulated, and, what is

more to the point, earnest and capable investigators are addressing
themselves to the still more extended and thorough study of the

subject.

A large part of the work thus far done in the United States has been

at private expense. But, as often happens, the inquiries thus benevo-

lently begun have proven so useful that public funds are becoming
available for their prosecution. On the recommendation of the Secre-

tary of Agriculture the sum of $10,000 was included in the appropria-
tions for the Department of Agriculture for the present fiscal year, the

purpose of which is to enable him to investigate and report upon the

food economy of the people of the United States. The supervision of

the investigations thus provided for has been assigned to the Office of

Experiment Stations, and Professor Atwater has been appointed special

agent in charge.

The agricultural experiment stations established by authority of

Congress are authorized to make inquiries in this same direction, and

are called upon to report their results to the Secretary of Agriculture.
In order to facilitate such investigations, not only by investigators in

experiment stations, but by those associated with the colleges and

other institutions for research and instruction, it has seemed desirable

to prepare a statement of the results of inquiries already reached,

questions which now demand attention, and the best methods for their

study. It was, however, found impracticable to make a complete pres-

entation of the subject without greatly delaying the publication of such

information as seemed almost essential to the further prosecution of

researches in this line in this country. An effort has therefore been made
to outline in a general way the field to be traversed, to show with detail

sufficient for present purposes what portions need first to be cultivated;
and to indicate how the work should be carried on. It is hoped that

the remaining material may in due time be collated and published.

Respectfully,
A. C. TRUE, Director.

Hon. CHAS. W. DABNEY, Jr.,

Acting Secretary of Agriculture.



THE CHEMISTRY AND ECONOMY OF FOOD.

CHAPTER I.

INTRODUCTION.

PUBLIC NEED OF INFORMATION ABOUT FOOD ECONOMY.

Food constitutes the chief item of the living- expenses of the people,
of our agricultural production, and of our exports. Half the earnings
of wage workers in this country and in Europe is spent for food. The
health and strength of all are intimately dependent upon their diet.

Yet most people understand very little about what their food contains,
how it nourishes them, whether they are economical or wasteful in buy-

ing and preparing it for use, and whether or not the food they eat is

rightly titled to the demands of their bodies. The result of this igno-

rance is great waste in the purchase and use of food, loss of money, and

injury to health.

Underneath all this is still another evil. Our food products as a

wnole are not such as are best fitted for healthful and economic nutri-

tion or for the most profitable export. Our agricultural production is

out of balance. Here, again, the facts are not clearly understood, as

they must be to make the needed reform possible.

The reason for this ignorance is simple enough. Fifty years ago no

man knew what our bodies and our foods were composed of; how the

different nutritive ingredients of the food served their purposes in nutri-

tion: how much of each of the ingredients was needed to supply the

demands of people of different age, sex, and occupation; and how best

to adjust the diet to the wants of the user. We do not to-day know as

much about these things as we ought. For that matter, we never shall

be able to lay down hard and last rules to apply to all cases, because

of the differences between individuals in respect to their demands for

nutriment and the ways in which their bodies can make use of different

kinds of foods. But the research of the past twenty-live years has

brought a great deal of definite information. Nearly all of the exact

inquiry in this direction has been done.in Europe, and the greater part

of it in Germany. We are beginning it in the United States.

To remove this ignorance two things are needed. The first is a more

definite knowledge of the actual facts. The second is that the

mation be brought to the people. The knowledge can be

research. To secure its diffusion the results of inquiry must be pub-

lished in detail. They can then be popularized and made usfa! toth

people at large.

e v
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PURPOSE AND PLAN OF THIS BULLETIN.

This bulletin lias a twofold purpose: to summarize some of the results

of late inquiry as to tlie physiological and pecuniary economy of food,
and to indicate questions now demanding study and desirable methods
of investigation.

Among the results of inquiry dwelt upon are the chemical composi-
tion of materials used for the food of man

;
the proportions of nutritive

ingredients; their digestibility,' their fuel values
;

the ratios between

their values for nutriment and their cost; the kinds of food and pro-

portions of nutrients best adapted to the demands of people of different

classes and occupations; the errors in our food economy; and the

sociological and agricultural bearings of the subject.

The questions proposed for study are such as the above-named topics

suggest. They center around the general problem of food economy.
Some are abstrusely scientific and reach into the higher realms of

chemistry and physiology, but these are as necessary for the practical

inquiry as the foundation is for the house. All bear directly or indi-

rectly upon health, home life, and household, agricultural, and national

economy. The methods of inquiry recommended are mainly such as

have been elaborated more or less completely by experience and
described succinctly by specialists. Some, however, are new and still

in the process of development.

COLLABORATORS.

In the preparation of this bulletin the author has enjoyed the valu-

able assistance of Messrs. C. D. Woods, H. B. Gibson, and C. F. Lang-

worthy. Mr. Woods has performed a large part of the labor of com-

piling the analyses of foods, and the results of his experience in the

study of methods and the actual work of analysis in the laboratory

during the last fifteen years or more are embodied in the description of

methods of analysis recommended. He has also assisted in the studies

of dietaries and compilation of results. Dr. Gibson, who has likewise

shared in the studies of foods and dietaries for several years, has done

a large part of the work of compiling the results of such studies. Dr.

Langworthy has shared in the collating of studies of dietaries and has

been especially helpful in the collating of the results of investiga-

tions of the digestibility of foods.



CHAPTER II.

FOOD AND ITS USES FOR NUTRIMENT.

A pound of lean beet' and a quart of whole milk contain about the

same amounts of actually nutritive material. But the pound of beef

costs more than the quart of milk, and its nutrients differ not only in

number and kind, but are, for ordinary use, more valuable than those

of the milk. This illustrates a fundamental fact in the economy of

foods, namely, that the differences in the values of different foods depend

upon both the kinds and the amounts of the nutritive materials which

they contain. Add to this that it is essential for health that the food

shall supply the nutrients in the kinds and the proportions required by
the body, and that it is likewise important, from a pecuniary stand-

point, that the materials be obtained at the minimum cost, and we have
the fundamental principles of food economy.

COMPOSITION OF FOOD MATERIALS NUTRIENTS AND THEIR FUNC-
TIONS IN NUTRITION.

Ordinary food materials such as meat, fish, eggs, potatoes, wheat,
etc. may be regarded as consisting of refuse and edible portion.

Refuse. This includes the bones of meat and fish, shells of shellfish,

skin of potatoes, bran of wheat, etc.

.Edible portion. This includes the flesh of meat and fish, the white

and yolk of eggs, wheat flour, etc. The edible portion consists of water

and nutritive ingredients, or nutrients.

Current usage recognizes the followingas the principal kinds of nutri-

ents: Protein, fats, carbohydrates, and mineral matters.

The water, refuse, and salt of salted meat and fish are here desig-

nated as "non-nutrients." The wjitet- is, of course, indispensable for

nourishment, but is not a nutrient in the sense in which the word is

here used. In comparing the values of different food materials for

nourishment the refuse and water are left out of account.

CLASSES OF NUTRIENTS.

The following familiar examples of compounds commonly grouped
with each of the four principal classes of nutrients will serve to define

the terms as here used, and may perhaps help to avoid the confusion

11
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which unfortunately results from the variations in usage by different
writers :

Albuminoids: e.g., albumen of eggs; myosin, the
basis of muscle (lean meat); the albuminoids

Proteids } which make up the gluten of wheat, etc.

Gelatinoids: Constituents of connective tissue

which yield gelatin and allied substances, e.g.,

collagen of tendon; osse-in of bone.
1

Nitrogenous extractives" of llesh, i. e., of meats and fish.

Protein These include kreatin and allied compounds, and are thg chief

ingredients of beef tea and most meat extracts.

Am ids: This term is frequently applied to the nitrogenous
non-albuminoid compounds of vegetable foods and feeding

stuffs, among which are amido acids, such as aspartic acid and

asparagin. Some of them are more or less allied in chemical

constitution to the nitrogenous extractives of ilesh.

rFat of meat; fat of milk; oil of corn, wheat, etc. The ingre-
dients of the "ether extract" of animal and vegetable foods

Fats
<(

and feeding stuffs, which it is customary to group together

roughly as fats, include, with the true fats, various other sub-

[ stances, as lecithins and chlorophylls.

Carbohydrates Sugars, starches, celluloses, gums, woody fiber, etc.

Mineral matters..
Potassium, sodium, calcium and magnesium chlorids, sul-

phates and phosphates.

An illustration of the prevalent confusion in the use of terms is found
in those for the nitrogenous compounds. The words "albuminoids"

and "proteids" are employed by different authors with very different

significations. Some, for instance, apply the former of these terms to

what are here called "gelatinoids." Others make a somewhat similar

use of the term "proteids." Still others use one or the other of these

terms for the whole nitrogenous material, which is here designated as

"protein."

USES OF FOOD FUNCTIONS OF NUTRIENTS.

The two chief uses of food of animals are: First, to form the mate-

rials of the body and repair its wastes; and, second, to yield energy in

the forms of (1) heat to keep the body warm and (2) muscular and
other power for the work it has to do. In forming the tissues and
fluids of the body the food serves for building and repair. In yielding

energy it serves as fuel for yielding heat and power.
The different nutrients of food act in different ways in fulfilling these

purposes. The principal tissue formers are the albuminoids. These
form the framework of the body. They build and repair the nitroge-

nous materials, as those of muscle, tendon, and bone, and supply the

albuminoids of blood, milk, and other fluids. The chief fuel ingredi-

ents of the food are the carbohydrates and fats. Those are either

consumed in the body or arc stored as fat to be used as occasion

demands.
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BUILDING AND KKPAIR FUNCTIONS OF THE PKOTEIN COMPOUNDS.

The albuminoids are tUa.building material of the body. The bodily
machine is made from them, but iu the making- of the machine the

albuminoids remain partly albuminoids and are partly changed to gela-

tinoids, so that the machine, as built, consists of both albuminoids and

gelatin oids. The gelatinoids r;an not, according to the best evidence

now at hand, be transformed into albuminoids, but they do serve to

protect the albuminoids from being consumed. Both albuminoids and

gelatinoids, after they have served as building material, can be broken

up and oxidi/ed within the body. In this cleavage and oxidation they
serve as fuel.

Still another fumrt iojjL.ot' ,the protein is the formation of fat&and car-

bohydrates. These latter are produced by the cleavage of the mole-

cules of the proteid compounds. It is reasonably certain that the

albuminoids, and probable, or at any rate possible, that the gelatiuoids

also, are thus transformed in the animal organism. Similar processes

appear to take place in non-living protein compounds (e. g., cheese)

under the influence of ferments.

The nitrogenous extractives can neither build tissue nor serve as

-uel, but they are useful otherwise. Just how they are useful is not

yet fully explained, but they appear to exert some influence upon the

nervous system, to act as stimulants, and thus to help the body to make

use of other materials in its nourishment.

The ainids do not appear to serve any purpose as building material

in the animal body. Like the nitrogenous extractives, they are prod-

ucts of the cleavage of the more highly organized proteids. But while

they do not appear to be used for either building or repair, they, or

some of them at least, serve as fuel, and it is possible that they may,
like the gelatinoids, help to protect the albuminoids of the food and of

the body tissues from being consumed.

The albuminoids are the most important of the protein compounds,
both because they are the only ones that are actually used for building

material and because they make up the bulk of the protein of the food

and of the body. Gelatinoids and nitrogenous extractives occur only

in such animal tissues as muscle, tendon, etc., and their quantity in

these, is small. The amids are found in considerable quantities in

tubers, as potatoes; in roots, as turnips and beets, and in fruits; they

are not found to any extent in other food materials. Since the quanti-

ties of gelatinoids, nitrogenous extractives, and amids in our food

materials are so small, we do not go far astray in following the ordinary

practice of using the term protein to denote the building material of

the food. 1

FUF.I. ITN( TloNS OF FATS AND CAKBOHYDBATES.

The machine needs fuel. Starch and sugar are burned in the body
and yieldjiatjin.d43-a5s:er, just as truly as does the coal which is burned

^ee also pp. 44-49.
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in a stove to heat the house or under a boiler to drive an engine. The
fats serve the same purpose, only they are more concentrated fuel than
the carbohydrates. The body transforms the carbohydrates into fat,

which it keeps as a reserve of fuel in the most concentrated form.

While the fat of the food is consumed more or less directly, part of it

is stored as fat in the body. At the same time the previously stored

body fat is being drawn upon for use as fuel. The carbohydrates of the

food are consumed more or less directly in the body. Small quantities
are transformed into fat, as above stated, and other quantities, probably
in most cases still smaller, appear to be transformed into the carbohy-
drates of the body. The quantity of carbohydrates in the body is at

most quite small. The principal one is glycogen. Inosit, which was

formerly reckoned with the carbohydrates, is found to have a different

constitution, and to contain a benzene nucleus.

The fats and carbohydrates are not the only materials that can be

used us fuel. The protein compounds can perform the same service.

A dog can live on lean moat, which thus serves as both building mate-

rial and fuel. We can likewise use the protein of our bodies to supply
us with both heat and muscular strength. This last statement may
be expressed in another form so as to emphasize an important differ-

ence between the protein and the other ingredients of food and between
the animal machine and other machines. The protein compounds can

do the work of the carbohydrates and fats in being consumed for fuel,

but the carbohydrates and fats can not do the work of protein in

building and repairing the tissues of the body.
The bodily machine is made of protein. That is to say, blood, mus-

cle, tendon, bone, and brain, all consist of, or at least contain, protein

compounds. These are formed from the myosiri of meat and fish, the

casein of milk, the albumen of eggs, the gluten of wheat, and other

albuminoids of the food. As the muscles and other tissues arc used up
in bodily activity, the same materials of the food are used for their

repair. Of course, the mineral matters have a good deal to do with

the building up of the tissues. Thus, phosphate of lime is an essential

ingredient of the bones.

The chief fuel materials of the bodily machine are carbohydrates

and fats, but the protein of the food and the tissues also serves as fuel.

The animal machine differs from others in that it can use its own
substance for fuel.

THE POTENTIAL ENERGY OF FOOD FUEL VALUE.

Heat and muscular power, like mechanical power, light, and elec-

tricity, are forms of energy. The energy is latent in the food, and is

developed as the food is consumed in the body. We call it potential

energy, and measure its quantity as we measure quantities of heat or

of mechanical power. In other words, the value of food for fuel is

expressed in terms of potential energy. The quantities of potential
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energy in food materials are determined by the^calojimeter. The unit

commonly used is the calorie,
1 the amount of heat which would raise

the temperature of a kilogram of water 1 C. (or 1 pound of water 4 F.).
Instead of this unit of heat we may use a unit of mechanical energy,
for instance, the foot-ton, which is the force that would lift 1 ton I foot.

One calorie corresponds very nearly to to 1.53 foot-tons.

Taking ordinary food materials as they come, the following general
estimate has been made for the average fuel value of one gram of each
of the classes of nutrients:

Fuel values of nutrients of food.
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The figures for fuel value in the tables of composition of food mate-

rials beyond are calculated for each material by multiplying the

number of grams of protein and of carbohydrates in 1 pound (L pound
equals 453.6 grams) by 4.1 and the number of grains of fat by 9.3, and

taking the sum of these three products as representing the number of

calories in a pound of the material. The figures for fuel value in the

dietaries beyond are computed in like manner.

The methods and results of experimental inquiry regarding this

general subject will be referred to again.

The functions of food and its nutrients may be briefly summarized

as follows :

WAYS IN WHICH FOOD IS USED IN THE BODY.

Food supplies the wants of the body in several ways. It either

(1) is used to form the tissues and fluids of the body 5 (2) is 'used to

repair the wastes of tissues; (3) is stored in the body for future con-

sumption; (4) is consumed as fuel, its potential energy being trans-

formed intqjieat or muscular energy or other forms of energy required

by the body; or, (5) in being consumed protects tissues or other food

from consumption.

USES OF THE DIFFERENT CLASSES OF NUTRIENTS.

Protein forms tissue (muscle, tendon, etc.,

and fat) and serves as fuel.

Fats form fatty tissue (not muscle, etc.)
A11 viel(i ener^ m form

and serve as fuel.
of h

^

at and "uwcuUir

Carbohydrates are transformed into fat
|

and serve as fuel. J

In being themselves burned to yield energy, the nutrients protect

each oher from being consumed. The protein and fats of body tissue

are used like those of food. An important use of the carbohydrates
and fats is to protect protein (muscle, etc.) from consumption.

DEFINITION OF FOOD.

In this view food may be defined as material which, when taken into

the body, serves to either form tissue or yield energy, or both. This

definition includes all the ordinary food materials, since they both

build tissue and yield energy. It includes sugar and starch, because

they yield energy and form fatty tissue. It includes alcohol, because

the latter is burned to yield energy, though it does not build tissue. It

excludes creatin, creatinin, and other so-called nitrogenous extractives

of meat, and likewise thein or caffein of tea and coffee, because they
neither build tissue nor yield energy, although they may, at times, be

useful aids to nutrition.,



CHAPTER III.

COMPOSITION OF FOOD MATERIALS.

Nearly all of our definite knowledge of the chemical composition of

food materials and their nutritive values has accumulated within com-

paratively few years. Yet so active has been the inquiry, especially in

the last one or two decades, that the data are to-day quite extensive.

HISTORICAL DEVELOPMENT OF FOOD ANALYSIS.

The first effect ive impulse to the systematic investigation of the chem-

istry of food was given by Liebig. It was he who distinguished clearly
between the different constituents and indicated their several uses in

nutrition. He attributed relatively more importance to the nitroge-

nous ingredients than later research has justified. He taught that they
are the chief sources of muscular force, a doctrine which few would

accept to-day. But in the main his classification of the nutrients and

their functions has stood the severe test of forty years of experiment and
criticism. In the hands of his followers the methods of analysis have

been developed and more accurate distinctions have been made between
different classes of ingredients. The individual compounds and the

changes they undergo in the plant and in the animal have been studied

ami. with the rapid spread of research in organic, physiological, and

agricultural chemistry, in physiology, and in bacteriology, new fields

of inquiry have been opened up and research is being pushed forward

with great activity.

An adequate historical view of the subject would hardly be in place
here. The progress may be clearly seen by referring to the works on

food and nutrition which have been the standards at various epochs,

beginning with the early editions of Liebig's works on physiological
and agricultural chemistry which appeared in IS-Jii and succeeding

years, and including Dietrich and Konig's magnificent compilations of

the results of invest igatioiis upon composition and digestibility of feed-

ing stuffs for domestic animals 1 and Ivonig's equally valuable compila-
tion regarding the foods and food adjuncts used by man.2

The compilations.just referred to illustrate most strikingly the accu-

mulation of data in Europe during comparatively few years. The first

edition of Dietrich and Konig's compilation of analyses of feeding stuffs

'Dietrich and Koiiig. Zusannnenset/iing und Verdun! ichkeit der Futtermittel.

Zweite A ullage: IJde. I and II; Merlin, 1891.
2
J.K<"mig. CheniiedermeiisrlilidieuXaUruugs-uudGennssiiiittel. DritteAuflage;

Bde. land II; Berlin, 1889-1893.
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was published in 1874. It is a thin volume of between 90 and 100

pages, consisting mostly of tabular statements of results of analyses
with references to the original publications, and very brief comments.

The second edition, seventeen years after, likewise in quarto form, is in

two volumes. These contain 1,433 pages. Nearly the whole is devoted

to statements, mostly in figures, of results of analyses and of experi-

ments upon digestibility of feeding stuff's.

Konig's compilation regarding the cheiuiatry w^jpiaterials used as

the food of man has lately reached its
third^

edition. The tirst volume

contains 1,189 pages. Introductory statements till 184
;pages of this

volume; the rest is devoted to tabular stateirrfSits of
results

of analyses
and brief comments. The second volume includes i^lOl pages, and is

devoted mainly to detailed descriptions of the different kinds of food

materials. y y
While it is hardly possible to exaggerate the y!fiueji> these monu-

ments of German painstaking scholarship, they ar-Xvwy far from meet-

ing the needs of English-speaking people, especially in the United

States, not only because they are in the German langnage^and written

for German readers, but also because much that people in this country
who are interested in such matters want to know is not contained in

them. Our food materials, our habits of food consumption, and our food

production all differ to a greater or less extent from those in Germany,
and we need information fitted to our special circumstances.

It would be hardly proper to omit from even so brief an account of

the development of food analysis as this a reference to what has been

done since the introduction of the so-called Weeude method, of which
the late Professor Henneberg was the author. This dates practically
from the year 1804, at which time a plan for methods for analysis of

feeding stuffs was presented at the second Convention of German

Agricultural Chemists. 1

As long ago as 1830 Boussingault reported analyses
2 of a number of

feeding stuffs, laying especial stress upon the quantities of nitrogen.
In 1831 Boussingault and Le Bel reported analyses of milk. 3 The

methods, however, were quite imperfect. For a number of years the

chief stress was laid upon the quantities of carbon and nitrogen. Even
in the works of Payen, as late as 1805, the simpler methods which took

into account little else than the water, nitrogen, and carbon were fol-

lowed, although more or less effort was made to determine the quanti-

'Landw. Vers. Stat., 6, 496.

* Recherchea sur la Qnantite" cVAzote contenue dans les Fourrages, et sur leurs

Equivalena; pap M. Boussiugault. Ann. Cliim. et Phys., vol. 63, p. 225, 1836.

Rrrlicrches sur la Quantite d'Azote contenno dans les Fourrages, et sur leurs fiqttiva-

Icns; par M. Boussingault. Ann. Cliim. et Phys., vol. 67, p. 408, 1838. Ibid., 68,

p. 408.

aRecherches sur 1'Innuence de la Nourriture des Vaclics, sur la Quautitc et la

Constitution cliimique du Lait; par MM. Boussingault et Le Bel. Ann. Ckiui et

Phys,, vol. 71, p. 65, 1839.
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ties of fats and to distinguish between the different nitrogenous

compounds, as well as the carbohydrates.
1

A distinct advance is found in some of the publications between 1840

and 1864, but it was not until the Weeude method came into use and

compilations of results of analyses made in accordance with it had

become current that chemists generally adopted the forms which are

now in general use.

ANALYSES OF AMERICAN FOOD PRODUCTS.

The first analyses made by these modern methods in the United

States were a scries of analyses of Indian corn by the writer under the

direction of Prof. S. W. Johnson in New Haven in 1869.2

With the exception of the excellent work by Professor Storer at the

Bussey Institution, comparatively little was done in this direction until

the establishment of the experiment stations. The station at Middle-

town, Conn., ma'de a number of analyses in the years 1877-1879. Others

followed in rapid succession, though nearly all of the attention was

given to feeding stntfs. The compilation of analyses of American feed-

ing stull's by Jenkins and Winton, 3 which "was designed to include all

analyses published before September 1, 1890," and does include very

nearly all. contains results of examinations of 3,2G7 specimens. The
condensed tabular compilation of these rills 138 pages.
The compilation just referred to contains very few analyses of mate-

rials used as the food of man, and it is not until within a short time

past that much attention has been given to this particular branch of

investigation. A large number of analyses, indeed, have been made
of milk, butter, and cheese, but the purpose of these has been mainly

agricultural. A considerable number of analyses of fruits and vege-
tables have also been made by the Bussey Institnt ion, the Division of

Chemistry of the I'nited States Department of Agriculture, and the

Maine. Massachusetts. Connect ient. Xew York, Tennessee, California,

and other experiment stations. The first at all extended series of

examinations of materials used as food from the standpoint of their

nutritive value for man in the Tinted States was a study of American
iishes and the invertebrates. This was undertaken at the instance and

partly at the expense of the Smithsonian Institution and the United
States Fish Commission through the influence of the late Prof. S. F.

l>aird. The work was performed in the chemical laboratory of Wesleyan

Cniversity under the direction of the writer. In connection with this,

at the instance of the United States National .Museum, a series of

analyses of American meats was undertaken. These investigations
were carried out during the years 1S7S-1891, and included analyses of

'See, for instance, Substances Aliinuntaires. Payen, 18G5.
2 Am. Jour. Sci., vol. IN, i,si;:, ]( . ;rL>.

3 A Compilation of Analyst's of American Feeding Stuffs, by E. H. Jenkins, Ph. D.,

ami E. L. Win ton, Ph. B. U. S. Dept. Agr., Office of Experiment Stations, Bui. No,
11. Washington, 1892.
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the flesh of some 200 specimens of sea aud fresh- water fishes, oysters,

clams, etc., and of nearly 100 specimens of meats. A few analyses of

milk, butter, cheese, flour, bread, etc., were also included. The results

of the analyses of fishes and the invertebrates have been published by
the United States Commission of Fish and Fisheries,

1 those of meats

and vegetable foods were published by the Storrs (Conn.) Experiment
Station.2

The number of analyses of dairy products in the United States has

grown to be very large so large indeed that complete compilation
would be extremely difficult and perhaps of doubtful value.

A considerable number of specimens of materials used for the food of

man, especially of canned vegetables, have been made in the Division of

Chemistry of the Department of Agriculture under the direction of

Prof. H. W. Wiley.
3

Quite a number of analyses have also been made
in connection with the studies of adulteration of foods in the same

laboratory. Some years previous a considerable number of analyses
of specimens of American flour and the bread made from them were

made in the same laboratory by Mr. Clifford Kichardson.4

A series of analyses of milling products of wheat was made by Pro-

fessor Kedzie in Michigan some years ago.
5

In his report on cereals, Avhich was published in the volume on agri-

culture of the Report of the United States Census for 1880, Prof. W. II.

Brewer has given analyses of a number of cereal products. During the

years 1890-1894, in connection with studies of dietaries by the Storrs

(Conn.) Experiment Station, a number of analyses of food materials

feave been made. These, however, have been published only in part.

The collection of food materials at the World's Fair at Chicago, in

1893, offered an unusually favorable opportunity lor obtaining speci-

mens for chemical examination. This fact was appreciated by the

World's Columbian Commission, and Prof. H. W. Wiley, of the United

States Department of Agriculture, was called upon by the Bureau of

Awards of that Commission to execute analyses of a large number of

specimens of grains and milling products from them. These investiga-

tions are being continued in the chemical laboratory of that Depart-

ment, and are not fully completed at the time of this writing.

At the same time the writer was invited by the Bureau of Awards to

make examinations of such other food materials as seemed advisable.

The remarkably favorable occasion for securing specimens of meats and

meat products as prepared at the great slaughtering establishments in

Chicago was also utilized. Some 500 such specimens of food materials

irrhe Chemical Composition and Nutritive Values of Food-Fishes and Aquatic

Invertebrates, by W. O. Atwater, Ph. D. Report U. S. Commissioner of Fish and

Fisheries, 1888. Washington, 1891.
2 W. O. Atwater aud C. D. Woods. Reports Storrs (Conn.) Experiment Station,

1891, 1892, and 1893, passim.
3 Bull. 13, Div. Chem., U. S. Dept. Agr., pp. 1015-1107.
4 Bull. 4, Div. Chem., U. S. Dept. Agr.

'Rept. Mich. Bd. Agr., 1877, p. 350.
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from the exhibits by the various nations at the fair in Chicago and from

the slaughtering establishments in the city were collected and ana-

lyzed. Part of the work was done in Chicago during the fair, and the

rest was completed later in the chemical laboratory of Wesleyan Uni-

versity, in connection with the work of the Storrs Station, which is con-

ducted there. The results of ihese analyses still await publication.

TABLES OF COMPOSITION OF AMERICAN FOOD MATERIALS.

The compilation of the results of analyses of American food materials

up to the present time is greatly to be desired. An effort in this direc-

tion is already begun, but the results are not yet ready for publication.

Tables 1 and 2, which follow, give a summary of the results thus far

published. It is essentially the same as that published in the report

of the Storrs (Conn.) Experiment Station for 1891. 1 To the figures there

given have been added the results of examinations of specimens of

canned vegetables by Professor Wiley and his assistants which were

previously mentioned.

It will be observed that the table gives in the first column the num-
ber of analyses of specimens of each kind of material. In a large num-
ber of cases only a single analysis had been made at the time, or at

any rate had been found by ns at the time when the table was prepared.
In other cases, several analyses are available. Where more than one

analysis has been made, the maximum, minimum, and averages are

given. It should be explained, however, that the figures for maximum
and minimum indicate the largest or smallest percentage of each

ingredient found in any case. s<> that the figures for maximum or

minimum of a given material do not all refer to the same specimen.
The figures for fuel value give the estimated calories in the protein,

fats, and carbohydrates in 1 pound of the material. These figures

are not the result of direct determinations, but are found by multi-

plying the number of grams of protein, fats, and carbohydrates by
the factors 1.1. !>..". and 4.1, respectively, and adding the products
as explained above. (See p. 1 ."">.) Table 1 gives the composition of the

food materials as they are ordinarily purchased in the markets, includ-

ing both the refuse and the edible portion, while Table 2 gives the com-

position of the edible portion after the removal of the refuse. In some
animal foods, as milk, cheese, and oysters (shell contents

1

),
and most of

the vegetable foods (such as tlour and bread) there is no refuse, and con-

sequently the analyses of such materials appear, for the most part, in

Table 2 alone. The relative composition of a small number of common
foods is graphically shown in Chart 1.

ANALYSES OF SIDES OF BEEF AND MUTTON.

People in general have very little idea how wide may be the differ-

ences in composition of different specimens of meat of the same kind,

as, for instance, beef from different animals and different cuts of beef

; Tlie Composition of Food Mat. rials. By W. O. Atwater and Chas. D. Woods.
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CHART 1. COMPOSITION OF FOOD MATERIALS.

Nutritive ingredients, refuse, and fuel value.

Protein.

Nutrients.

Fats.

Non -nutrients.

Carbo- Mineral

hydrates. matters.
Flesh forming
substances. Fuel ingredients.

Water. Refuse.

atrients, etc., perot
Fuel value, calorics

f
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j
Pork, very fat

Codlish, dressed

Wheat flour

Corn meal
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from the same animal. These differences are illustrated in the analyses
in Tables 1 and 2 below, and still more forcibly in Tables 3 to 10 1 and
in fig. 1.

COMPOSITION OF SIDE OF BEEF.

Tables 3 to give results of analyses of a side of beef which was
butchered in Chicago and sold in Middletown, Conn. The side was
called by the dealer in Middletown an average one as regards weight
and fatness, etc. Its total weight at tbe car in the station at Middle-

town, where it was received, was W> pounds, the fore quarter weight
170 pounds, and the hind quarter 150 pounds. It will be noticed ill

Table that the sums of the weights of the individual cuts make the

side weigh .>L7.<> pounds, and that the falling off in weight was almost

wholly in the hind quarter, which weighed 150 pounds at the car and

I i .. 1. Diagram of cuts of beef.

by individual cuts only 142 pounds. Tbe side, when received, was

partly fro/en, and the fore quarter was analyzed first. These two facts

may account for the shrinkage in the weight of the hind quarter, which
was kept for a longer time before the analyses were made. The cuts

wnv made in accordance with the usage in New York markets, and are

shown in the diagram herewith.

The fore quarter was thus divided into 15 and the hind quarter into

!> cuts. Each cut was weighed and a portion taken for analysis. The
edible portion (flesh) and the refuse (bone, gristle, etc.) were separated
and each weighed by itself. Table 3 shows the composition of the

water-free substance of the edible portion; Table 4 the composition of

the 1lesh (edible portion), and Table 5 the composition of the several

cuts and of the whole side, including both refuse and edible portion.

1 Takeii from Report Storrs (Conn.) Expn inu-nt Station above referred to, pp. 59-65.
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In Table 6 the results of the analyses of the whole side and the several

cuts, which in Table 5 are represented in percentages, are calculated

into pounds, so as to give the actual weights of the several ingredients
in the different cuts and in the whole.

COMPOSITION OF SIDE OF MUTTON AND SIDE OF LAMB.

The side of mutton was from a Connecticut-grown sheep, 2 years

old, of about medium fatness. One whole side was taken for analysis,
the different cuts being made in the usual manner as specified in the

tables.

The side of laifib was from a Connecticut grown lamb months old.

The dressed weight was about 39 pounds. It was above rather than

below medium fatness. The plan of the tables is the same as those for

the side of beef.

TABLE 1. Composition of food materials as found in the markets, including both edible

portion and refuse.

Food materials
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T.M5LK 1. Composition offood materials as found in the markets, etc. Continued.

Fond materials.
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TABLE 1. Composition offood materials as found in the markets, etc. Continued.

Food materials.



COMPOSITION OP FOOD MATERIALS. 27

TABLE 1. Composition of food materials as found in the markets, etc. Continued.

Food materials.
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TAIH,K 2. C on offood material*, edible portion Continued.

Food materials.
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TABLK 2. Composition offood materials, edible portion Continued.

Food materials.
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TABLE 2. Composition of food materials, edible portion Continued.

Food materials.
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TABLE 2. Composition of food material*, edible portion Continued.

Food materials.
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TAHLK 2. Composition of food iimlcnalx, edible portion Continued.

Food materials.
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TAULE 2. Composition of food ntalo-ials, edible portion Continued.

Food materials.
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TABLE 4. Composition of flesh (edible portion} of side of beef of medium fatness.

Portion taken fur analysis.



COMPOSITION OF FOOD MATERIALS. 35

TABLE 5. Composition of side of beef of medium fatness as received, including both edible

portion and refuse.

Portion taken for analysis.
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TADLK 6. Composition of side of beef of medium f(it ness (weights of ingredients in meat

as received).

Portion taken lor analysis.
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TABLE 8. Composition of flesh (edible portion') of side of mutton and of side of lamb.

Portion taken for analysis.
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TABLE 10. Composition of side of mutton and side of lamb (weights of ingredient* in

materials as received}.

Portion tal<rn for analysis.
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what are the things we have to analyze and exactly why we analyze

them. We have to distinguish here between the materials which are

used as the food of man and those which are fed to domestic animals.

The former may be conveniently designated as food materials or foods

and the latter as fodder materials or feeding stuffs.

The methods of analysis used for foods are similar to those for feed-

ing stuffs, and the two classes of materials need to be studied together.

Chi*i*(tir(itioit of hit/mllcHf*. We make analyses of foods and feeding

stuffs to learn their value for nutriment and the proper ways to use

them. In doing so we classify the ingredients in different groups, as

stated on pages 11 and 112, and assign to each group a specific nutritive

value.

Present usage makes the groups practically the same for all vegetable

substances, thus ignoring the wide differences of kindred compounds
in different plants and parts of plants. We even go so far as to make

nearly the same grouping for animal as tor vegetable compounds. Not

only do we thus place compounds of widely different chemical and phys-

iological characters in the same group, but we frequently put into a

group compounds which <lo not belong there at all.

In our analyses we attempt to separate the ingredients and determine

their respective amounts. \Ve base our methods of analysis mainly

upon two classes of properties, the elementary composition of the com-

pounds, and their solubilities; and yet our knowledge of these proper-

ties is imperfect at best, ami in some cases scarcely suffices for more

than to assure us of the incorrectness of our methods of estimation. In

many instances, especially with vegetable materials, the solubility of

the compounds in laboratory reagents, their digestibility in laboratory
tests by the so called method of artificial digest ion, their actual diges-

tibility iu the body of the animal, and their nutritive effect are depend-
ent upon the ways in which they are held in the vegetable tissues, e. g.,

the nature of the cell walls or incrusting substances. Of these things

ordinary chemical analysis tells little or nothing, and we must look to

the vegetable histologist for information about them. Meanwhile, in

ignorance of them we commit more or less serious error.

In vegetable materials by our present method we determine, or assume
that we determine, one group, which we call protein, by multiplying
the total nitrogen by 6.25. In many cases we know this factor is wrong,
in many others we have no proof at all that it is right. We assume to

determine a second group, which we call fats or crude fats, by extract-

ing with ether. We know that, especially in vegetable feeding stuffs,

the ether extracts a good deal of material which can not be properly
classed with the fats and that it may leave more or less of the true

fats ui (extracted. We estimate what we call fiber or crude fiber by
extracting with dilute acid and alkali, and do not know the constitution

of the residue, although we are certain that it varies with the conditions

of extraction, and that it may contain more or less of other materials

than cellulose and lignin. We determine what we call ash by inciner-
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ation, and take the residue as representing the mineral matters,

although the method does not tell us their forms of combination and

the result does not even represent their exact amount. Even the cur-

rent methods of determining water are extremely faulty. We keep
the substance for a certain time at a temperature near that of boiling

water, either in air or in a current of hydrogen, and reckon the loss of

weight as water. We do not know how much water remains in what

we call the water-free residue, but it is certain that in many cases

more or less of the organic matter is volatilized and sometimes the

quantity which thus escapes is very considerable. And when we have

made these rough estimates of water, protein, fat, crude fiber, and ash,

we add them together,, subtract their sum from the whole weight, and

call the difference "non-nitrogenous extract" or "carbohydrates."
When this is done we make more or less rough estimates of the digesti-

bility of the several classes of nutrients by use of digestion coefficients

of doubtful accuracy. And finally, having thus estimated the total

and digestible nutrients, we apply certain figures for estimated heats

of combustion of protein, fats, and carbohydrates, and thus calculate

the fuel values of our foods and feeding stuffs. Notwithstanding all

these difficulties and sources of error it is probable that the results for

animal foods are not very far from the truth. With many vegetable
foods the case is no worse. Perhaps it is safe to say that the present
methods of analyses of animal and vegetable foods are accurate enough
to give tolerably fair estimates of their nutritive values, but they are

very far fro.m what they should be. The demand for investigation
which shall lead to improvement is immediate and pressing.

With vegetable feeding stuffs the case is much worse, so bad indeed

that some of the leading experimenters in the United States are inclined

to make but little use of chemical analyses in feeding experiments. In

my judgment this is going too far, decidedly so. But nevertheless the

fact obtains tha.t in estimates of the nutritive values of feeding stuffs,

the results of our feeding trials and the teachings of experience are

often at variance, and it is not easy to see why. We shall not make
them harmonize until we learn how to make our analyses more correct.

If the need of improvement of the methods of analysis of food is great
the need of improving the methods for feeding stuffs is still greater.

At the same time there is much to encourage us. If we are still

using the so-called " Weende methods" of thirty years ago with com-

paratively little modification we have found out how to get results that

are pretty nearly uniform. To this latter consummation the work of

such organizations as the Association of Official Agricultural Chemists
in the United States and the Association of Experiment Stations in

Germany have materially contributed; and it is no disparagement of

the great value of that work to say that it is not of exactly the kind

that is needed to bring the best results.

The general plan of the cooperative experiments made by these associa-

tions is that of testing certain prescribed methods of analysis. The
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method of analysis to be followed may be either one in common use or

a new one which is to be tested. The details of the operation are

minutely described and the substance or substances in which the deter-

minations are to be made are definitely agreed upon. A single sample
of a substance of a given class is selected by one analyst and dis-

tributed to the others, or each analyst selects the substance for himself.

The analyses are made, reported, and compared. Generally little or

no effort is made to determine the actual constituents of the compounds
that are being dealt with or the conditions of combination and separa.

tion which so materially affect the accuracy of the analysis. The work

is apt to be mainly a comparison of methods of manipulation in the

hands of different men. This is valuable, indeed indispensable, but it

does not go to the root of the matter. It is empirical and not truly

scientific. It does not reveal the real sources of error and the ways
of avoiding them. It is working systemat ically but not philosophically.

It is an attempt to find a path by groping in the dark, where light is

needed to show the obstacles, the pitfalls, and the safest and nearest

route.

Sources of error ami tin- //nv.s-//V/<///o^.v needed to develop correct meth-

od*. The time has come when systematic effort ought to be made to

improve our current methods of analysis. To decide what are the first

steps we shall do well to consider the especial difficulties. To do this

satisfactorily would require a treatise of considerable length. The

present purpose will be served by very brief recapitulation of some of

the main points.

\\'titrr. It is becoming evident to experienced a nalysts that the accu-

rate determination of water is one of the most difficult in this branch

of analysis. Just what are the sources of error we do not fully know.
We are not certain, for instance with respect to any ordinary material,

just how long heating, either at a temperature of 95, which is common
in an ordinary drying oven, or at the exact temperature of boiling

water which we sometimes attempt to maintain, or at the higher tem-

perature of 105 or 110 which is occasionally recommended, is neces-

sary for complete expulsion of the water. But we do know that at

either of these temperatures there is more or less danger of volatiliza-

tion of organic substances. Pure filter paper is gradually decomposed
and finally charred at temperatures much below 100. The volatile

fatty matters may escape at even lower temperatures. Nitrogenous

compounds are likewise driven off under the same circumstances.

Some fatty matters absorb oxygen and increase in weight when dried

in air; hence the necessity of drying in hydrogen. Not knowing what
better to do, we have recourse to the entirely empirical method of dry-

ing a given weight of a given substance for a given time at a given

temperature, and assuming that if the water is not entirely expelled

enough organic matter will be driven off to compensate for the error.

But it is clear that in so doing we are not getting accurate results.
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Nitrogenom Kulwtdnces.ThQ method of multiplying the total nitro

gen by 6.25 and taking the product as a, measure of the nitrogenous

substances is a most unsatisfactory makeshift. It does not tell the

total quantity of nitrogenous substances, still less does it tell the

amount in any given form of combination. Conventionally we call the

product protein. We. assume it to include in animal foods:

(1) The albuminoids; namely, native albumins, derived albumins,

including casein, globulins, coagulated proteids, albnmoses, and pop-

tones.

(2) The so-called "
gelatinoids," namely, those which make the basis

of connective tissue, and derivatives from them. The most important

of these are the ones which yield gelatin and chondrin, though the

substances which yield elastiu and nmcin are generally classed with

them.

(3) Cleavage products of albuminoids and gelatinoids other than

proteoses and peptones. The most important of these for our present

purpose are the so-called non-nitrogenous extractives, the group to

which kreatin and kreatinin belong.

In the flesh of vertebrates, at least of those most commonly used

for food, the total nitrogen multiplied by 6.25 is found to very nearly

equal the total nitrogenous substances
j
in other words, the nitrogen

factor 6.25 is a fairly accurate one. But the albuminoids, gelatinoids,

and extractives have different functions in nutrition. It is especially

important to devise means for accurately separating the extractives.

Considerable work on the methods of analysis of muscular tissue has

been performed in the writer's laboratory, the larger part by J)r. II. B.

Gibson. We have thus far found no easy and accurate way for sepa-

rating the nitrogenous extractives, nor have we been able to make an

at all satisfactory separation of the albuminoids and gelatinoids by the

use of either hot water or dilute (one- fifth per cent) hydrochloric acid.

The method which is commonly recommended for separating the gelatin

by boiling water proves to be unreliable. In the muscular tissue of

beef, from which the fat had been removed as completely as was con-

venient, and in the flesh of codfish nitrogenous material was dissolved

as long as the treatment with hot water was continued, and it was evi-

dent that under the treatment some kind of decomposition was con-

stantly going on. This was not surprising in view of the decomposi-
tions which take place in the treating of pure albuminous matter, such

as blood fibrin, by very dilute acids or alkalis with heat. It accords

with the observations that various albuminoids maybe changed to sub-

stances allied to if not identical with peptones by such treatment. The

experience with the dilute hydrochloric acid, which is supposed to dis-

solve the albuminoids and leave the gelatin-like compounds undis-

solved, was equally unsatisfactory.
A further result of the investigation just referred to, which still

awaits publication, is worth noting here. Muscular tissue of beef and
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of codfish was partially dried by heat in air in the way commonly fol-

lowed in preparing substances for further analysis. This heating in

air was continued until the substance was dry and hard enough to be

pulveri/ed. The total quantity of nitrogen in the fresh substance and
that in the same substance after drying were determined by the Kjel-

dahl method. It was found that from 1 to 3 per cent of the nitrogen
was lost in the process of partial drying. The operation was repeated
in a current of hydrogen, which, after passing over the substance,
was conducted through hot sulphuric acid. In this way the nitrogen
of the volatilized material was approximately determined. In some
of the cases with meat it readied - per cent, and in some .white

fleshed tish "2.\ per cent of the total nitrogeiv in the substance. The

nitrogen thus volatilized, added to the quantity in partially dried

material from which it had escaped, was found in some cases to be

almost exactly equal to that in the original substance. Whether the

volatilized nitrogenous compounds were nitrogenous extractives or

other and more volatile cleavage products was not determined. We
suspect that they might have belonged to the latter class, one reason

being that the fish was hardly as fresh as the meat and that the flesh

of tish is known to yield volatile amins as decomposition products.
This experience has an important hearing upon the determination of

nitrogen iu animal substances. It is evident that if we partially dry
the substance before making the determination of nitrogen we run the

risk of loss of nitrogenous material; and yet this is exactly what is

done in the ordinary method of analysis. It also has an important

bearing upon the determination of water. Ordinarily we estimate the

loss of water in the partial drying and then take a smaller portion of

the partially dry substance, heat it further until it ceases to lose weight,
and call the total loss water, if the water is all expelled and as much
volatile organic matter escapes with it. as the observation just men-
tioned would imply, the water determinations must be wrong.
The studies jus; referred to imply that there may be a loss of nitro-

gen in the complete drying which follows the partial drying in the

ordinary routine of analysis of animal tissue's. This would affect the

linal result in the same ways as the loss in partial drying.
The nitrogenous substances in vegetable foods include: (1) Albu-*

minoids of various kinds; (2) so called amids, i. e., synthesis and

cleavage products of various kinds.

The vegetable albuminoids appear to be more variable in composition
than the animal albuminoids, and the nitrogen factor for them needs to

be fitted to the compounds as they actually occur in different classes

of food materials. Such investigations as those of Osborne and Chit-

tenden 1

upon this subject are valuable; indeed inquiry of this kind is of

fundamental importance.

'Connecticut State Experiment Station Reports, passim; Am. Chem. Jour., vols.

13, U, 15, passim; Jour. Am. Chem. Soc., XVI, 703.
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So-called "amids" occur to only a small extent in most of our vege-

table foods. In potatoes, however, the quantity is very large and their

further study is more to be desired. In feeding stuffs, especially the

grasses and forage plants, which are ordinarily harvested during the

period of growth and marked cellular activity, the proportions are often

large.

The method of Stutzer for the. separating of so-called "albuminoids"

and " non-albuminoids" of vegetable substances is frequently used and

is regarded by some as measurably satisfactory. In the writer's lab-

oratory the experience has not been as favorable as is to be desired, and

there is little risk in saying that further investigation of the subject is

much needed.

The practice of determining nitrogenous substances by multiplying
the total nitrogen by 6.25 is at best a temporary makeshift. In meats,

fish, milk, and the cereal grains it is probably not far out of the way,
but in all of these, and especially in the meats and fish, it is of the

greatest importance to distinguish between the albuminoid nitrogen and

that which exists in other forms. The same is true to equal if not greater

degree in potatoes and other roots, in ordinary vegetables, and in many
feeding stuffs.

Terminology. One matter that demands attention is the terminology
of the nitrogenous substances. This is in almost hopeless confusion.

American, English, French, German, and other chemists disagree

widely and most- curiously in their usage. By a large number the

term albuminoid is used in the sense in which it is used here. But it

is employed by others not only for other allied compounds, but even for

such substances as hemoglobin. The word "proteids" also meets pro-

miscuous handling by different authorities. Some make it synonymous
with albuminoids; with others it includes what are here called "albu-

minoids" and "gelatinoids;" by others it is applied to a different and

greater variety of nitrogenous materials. And while the term is

applied by most physiological chemists, so far as I know, to specific

compounds, it is occasionally used by writers on the subject for the

total nitrogenous substances in food materials without regard to their

composition.
It is, of course, desirable that a nomenclature for the nitrogenous

compounds be agreed upon. Provisionally it seems to the writer wise

to conform to what is coming to be a very common usage with respect

to one term, "protein;" namely, to apply this to the total nitrogenous
substance (exclusive of nitrogenous fats) whether obtained by multi-

plying the nitrogen by 6.25, which is now commonly accepted as the

measure of the nitrogenous substance, or by difference as is done with

the animal tissues which contain very little carbohydrates.
Fats Ether extract. The case with the so-called "crude fat" is no

better than with the nitrogenous compounds. In such animal sub-

stances as muscular or connective tissue, and milk and its products,
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when they are fresh, i. e., when the cleavage of proteids which conies

with exposure and the action of bacteria has not proceeded too far, the

ether extract, if obtained by proper manipulation, contains probably
all the so-called "neutral" fats or "triglycerids" (i. e., the normal pro-

penyl compounds with the fatty and oleic acids), and little else.

The amounts of lecithins in these tissues are very small and very

probably their extraction by ether may be complete enough for practi-

cal purposes.
In eggs the extraction of lecithin with ether alone is hardly feasible

by the ordinary method, indeed, the experience in the writer's laboratory

has shown it to be extremely slow and difficult with ether or alcohol, or

even with a mixture of ether and alcohol, although I do not feel competent
to say that it can not be done easily and quickly by proper manipula-
tion. This is one of the minor details of method that need further

Investigation.

The compounds commonly extracted from vegetable products and

denominated "crude fat," "ether extractor simply
"
fats," are very

diverse; nor are we at all sure what proportion of them we extract by
our ordinary methods. We have to deal not only with the true fats,

i. e., gl vcerids of the fatty acids and the fatty acids themselves, which

may be properly classed with the fats in estimating nutritive values,

but also with a great variety of other compounds of widely differing

constitution, and of whose functions and value in nutrition but little is

known. Among them are substituted glycerids, including lecithins,

waxes, alkaloids, cholesterin, hydrocarbons, and chlorophylls. Of these,

the lecithins appear to have a special value in nutrition, while some of

the alkaloids are poisons. An especial and serious difficulty is found

with the fats which become insoluble in ether when heated in air. These

seem to be abundant in some seeds and grasses. We assume that they
a ic of the nature of the drying oils, like linolein, and take up oxygen on

exposure to air. We therefore dry the substance in a current of hydro-

gen before extracting with ether. This is very essential. The writer

has found the quantity of material dissolved by ether from seeds, e. g.,

of maize, to be reduced three-fourths by drying in air. We have not

found this difficulty to occur in animal tissues, and probably the general

experience is to the same effect. Unfortunately there is still much
doubt as to just what are the bodies which become insoluble in ether by
drying in air or the list of materials in which they occur. It is doubtless

wise to use hydrogen, especially in the analyses of vegetable materials

and to make sure that the hydrogen is free from oxygen. The use of

illuminating gas instead of hydrogen for this purpose, which has

been found satisfactory in some laboratories,
1
is worthy of more con-

sideration.

iSee Foerster, Landw. Vers. Stat., 37, 1890, 57 and Experiment Station Record, 5,

p. 383; aud Miircker, Bieler and Scnneidewind, Pie

station Halle- a/S. ; p, 11,
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If the substance to be analyzed is finely ground, free from water,
and in otherwise normal condition, and the cell structure allows easy
extraction we may in general expect that ether, applied in accordance

with the official method, which is commonly followed by our stations,

will take out the whole of the true fats and fatty acids, and more or

less of the lecithins, wax, chlorophyll, cholesterin, alkaloids, and

hydrocarbons, and that more or less of the compounds other than true

fats and fatty acids will remain undissolved. If the ether contains

alcohol the extract may be expected to contain more of the other com-

pounds. If water is present the extract may be larger, as has actually

been found to be the case in numerous observations. In other words,
the extract, as obtained by the ordinary method, contains either part
or all of the fats and fatty acids, as the case may be, and with them
more or less of other substances.

With animal foods, except eggs and such materials as the edible

portion of oysters in which different organs are included, it is doubt-

less safe to say that the ordinary method of ether extraction is reason-

ably satisfactory.

With vegetable foods the case is complicated by the presence of

other compounds than the true fats (normal propenyl compounds) and

by the fats that become insoluble in drying. But with the cereal pro-

ducts and potatoes, which make up the bulk of our vegetable foods,

the ordinary method appears to do very well.

The worst difficulty is with feeding stuffs. In these we have a great

variety of other substances than the true fats, and considerable amounts

of the fat which oxidize in air, and furthermore we have to do A\ ith the

incrusting substances which materially hinder extraction. The ether

extract is apt to be mixed with materials that do not belong with the

fats and to contain only part of the true fat.

There is only one way to remedy this difficulty. It is to find what
the substances are which vary so greatly in solubility, in what mate-

rials, and under what conditions they occur, and how to classify, sep-

arate, and determine them.

The nutritive values of the materials which are more properly grouped
as fats, i. e., the glycerids of the fatty acids, and the fatty acids them-

selves, are pretty well understood, though further investigation of

the molecular constitution' of some, and of the fuel value of all, is

needed. According to the present outlook it seems probable that,

although the waxes and perhaps the lecithins may be classed with the

fats in estimations of the nutritive values, a separate classification of

some or all of the others will be necessary ;
and it is clear that a more

definite knowledge of the chemical constitution of all the materials,

other than the neutral fats and fatty acids, is indispensable to any cor-

rect estimate of their values for nutriment.

Crude fiber Cellulose. The term " crude fiber," like protein, is prac-

tically a conventional expression for bridging over the present igno-
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ranee of the actual substances to which it applies, and the conventional

method for its determination is another of the provisional makeshifts

of the analytical laboratory.

In the analysis of food this is of minor consequence; the vegetable
foods have but little cellulose and less of the incrusting substances

which are associated with it, while animal foods have none. In many
feeding stuffs the cellulose and ligneous substances which we lump
together as crude fiber are a disturbing factor, and a very serious one,
in the analysis and in the determination of the digestibility and the

nutri! ive value.

Cellulose is a comparatively well defined chemical compound, or to

speak more accurately, the celluloses found in different plants consist

of more or less clearly defined chemical compounds. The celluloses

are more or less digestible even by man; they can be converted into

sugar, and though their oxidation in the body in such way as to make
their potential energy largely available has been called in question,
later ex peri mental inquiry ascribes to them, in so far as they are digested,

practically the same nutritive value as other carbohydrates.

Intimately associated with cellulose are the ligneous substances.

These are as yet but little understood. Such terms as "lignin," "zylo-

gcn," "cuticle." and woody fiber" have been applied to them and to

the hardened cell walls or other parts of plant tissue in which they
occur. They abound in the more or less completely matured stems of

the grasses and cereals and in the outer coatings of seeds. Hence we
meet them in hay, straw, cornstalks, bran, and oil cake. They seem to

be especially characteristic of what are called coarse fodders. It is

these substances, indeed, with others more or less closely allied, which
make such fodders indigestible and coarse." 1 There is extremely lit-

tle of them in Hour and meal of cereal grains, in the seeds of the legu-

mes, tubers, roots, or ordinary fruits. Hence they are not responsible
for any large part of the difficulty in the analysis of food materials, but
do make a great deal of the trouble we have with feeding stuffs, both
in their analysis and in the estimates of feeding value.

Practically what we do in the so-called determination of crude fiber

is to treat vegetable substances in an entirely empirical way with
dilute acid and alkali, assuming that these remove the nitrogenous
substances, and call the undissolved residue crude fiber. How much
of cellulose or ligneous compounds may be dissolved we do not know,
but we do know very well that more or less nitrogenous and other

compounds are often left in the residue thus crudely separated and

crudely designated.

'See articles on this general subject by Dr. J. B. Lindsey, entitled "The Composition
of Wood," in Agricultural Science, 1893, Nos. 1-4. These include accounts

tigations by the author and a summary of the late researches uon
lignin, and the carbohydrates, and, other references to the

subject.
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These incrusting substances affect the whole work of analysis of

vegetable foods and feeding shift's.

As regards the bodies which we are wont to classify as "amids,"

"ether extract," "nitrogen free extract,'
7 and "crude fiber," and which

we attempt to estimate by treatment with water, ether, dilute acid and

alkali, or other solvents, we are coining to appreciate that their solu-

bility is influenced not only by the fineness of grinding of the sample,
the time and temperature of the extraction, the quantity of the water,

the purity of the ether, the strength of the acid or alkali, the time and

temperature of extraction, and by chemical changes induced in the

compounds by fermentation, or by long standing, or by drying in the

air, but also by the ways in which they are held within the cells or

occur as constituents of the plants.

The observations of the greater digestibility of cellulose in young
than in older plants and in plants grown on rich as compared with

those grown on poor soil, illustrate this point.

We are beginning to realize that the permeability of the cell walls

and other mechanical conditions affect the ease or difficulty of extrac-

tion; that the histological structure of the plant is a most important

factor; in other words, that here is one of the places where the chemist

must have the help of the vegetable physiologist if he will learn to do
his work as it ought to be done.

Nonnitrogenous extractives Carbohydrates. The use of the term < < non-

nitrogenous extractives" is another makeshift for covering our igno-

rance of the compounds we are dealing with and the imperfections of

our methods of analysis. The carbohydrates as chemical compounds
are coming to be well understood, thanks to the labors of such inves-

tigators as Fischer and Kiliani, which are revealing their molecular con-

stitution, and of Tollens and F. Schulze and their associates, who are

finding what they are and where they occur. These remarks apply not

only to the amyloses, glucoses, and sucroses, but also to the pentoses
and the gummy substances from which they are derived, although the

nature of the latter is only beginning to be understood. The late prog-
ress of research in this direction is most gratifying, not only in the

results achieved and promised, but also in the examples it gives of the

usefulness of such abstract inquiry. It is a matter of especial congratu-
lation that a number of gentlemen connected with colleges and experi-

ment stations and other institutions in the United States, including
Messrs. Allen, De Chalniot, Flint, Lindsey, Stone, and Wheeler, have
been engaged in this field of inquiry, and it is much to be hoped that

their work may be continued.

The current practice of lumping the known and unknown materials

together indiscriminately and simply estimating their total amount, as

is done with the nonnitrogenous extractives, is most unsatisfactory. It

leaves us in the dark as to the character and nutritive values of the

compounds, and is only a rough approximation to their quantity,
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With the cereal grains and the flour and meals prepared from them,
and with the leguminous seeds commonly used for food, the present

state of affairs is not very serious. The error in water determination

in drying in hydrogen is probably quite small; the nitrogenous com-

pounds are mostly albuminoids with a nitrogen factor not very far

from 6.25, though this -factor- evidently needs to be fitted to each kind

of seed in both the cereals and the legumes; the ether extract may be

expected to contain all the true fats, the fatty acids, the bulk of the

lecithin, and very little else; the quantity of crude fiber is very small

and consists mostly of cellulose; the content of mineral matters is so

slight that the error in their determination may be disregarded ;
the

estimate of carbohydrates by difference is thus not very far out of the

way; and finally the carbohydrates theihselves are reasonably well

understood and their heats of combustion are readily determined.

In potatoes the nonnitrogcnous extractives consist chiefly of starch,

and their estimation by dilVerenee may not be very far from correct,

provided a way is found for correct determination of the nitrogenous

compounds.
Hoots, as beets and turnips, ami fruits contain large proportions of

the bodies to which such names as pectose and pectin are given. Very
little is known of the constitution of these compounds. Very likely

they may approach the carbohydrates in nutritive value.

It is in the feeding stnifs that the nonnitrogenous extractives are

most pn//ling. Indeed in the coarse fodders we know extremely lit-

tle of their nature, and the erro'rs in determining the other ingredients
make the estimating of their amounts by dillerence little better than

guesswork.
We have been accustomed to think of the carbohydrates as offering

no difficulty in the analyses of animal foods, and are only lately coming
to see our mistake. In muscular 1 issue, e.g., meats and the flesh offish,

they have been entirely ignored: but the late work of Kulz, Pfliiger,

and others shows that the glyco^vn content of these substances is

much too large to be ignored in accurate investigations of either their

composition or their uses in nutrition.

The only carbohydrate supposed occur to any extent in milk is

lactose. Considering that the accurate determination of the water in

milk is by no means one of the easy operations of the laboratory, and
that any error in this, unless compensated by the slight but very prob-
able errors in determination of protein and fats, will affect the estimate

of sugar by difference, it must be allowed that even here the present
method is not perfect.

Mineral matters. That the residue left on incineration and commonly
called ash does not exactly represent the mineral matters in the sub-

stance analyzed goes without saying. But so long as we are not con-

cerned with the functions of the mineral matters this slight analytical
error need not be taken into account.

8518 No. 21 4
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Summary. When we summarize the sources of error in our present

methods of analysis it is clear that the worst difficulties are those with

the feeding stuffs. Nevertheless there is serious need of reform in the

methods for analysis of foods.

With animal foods the subjects of which investigation is most press-

ingly needed include

(1) Determination of water.

(2) Separation of nitrogenous extractives from proteids of muscular

tissue and determination of both.

(3) Study of the constitution of the proteids of animal tissues.

(4) Separation and determination of glycogen in muscular tissue.

In vegetable foods it is especially desirable to investigate

(1) The albuminoids.
'

(2) The nonalbuminoid nitrogenous compounds, especially in tubers

(potatoes).

(3) The lecithins and other compounds containing nitrogen and phos-

phorus.
With respect to all these substances the heats of combustion consti-

tute a most important branch of the needed inquiry.

The need of an understanding of the molecular constitution of com-

pounds in order to devise correct methods for learning their digestibil-

ity and nutritive values is illustrated by the albuminoids. WT
hat is

the residue left undissolved by pepsin and trypsin to which the term
" nuclein" has been applied? Is there reason for a separate classifica-

tion of nucleo-albumens? Is there in these or other albuminoids a

molecular group containing phosphorus which resists the digestive fer-

ments and is the basis of the undigested portion of the compounds in

which it occurs ? If so, what is its relation to the nucleus or the nucle-

olus of the cell
1

? Shall we not have to look to a union of organic chem-

istry and vegetable physiology for the facts we must have in order to

devise plans for correct analyses and determinations of digestibility,

potential energy, and nutritive -value of the compounds?
The results of future research will doubtless lead not only to changes

in the general groupings and methods of analysis, but also to special

groupings and methods of analysis for different classes of vegetable
and animal foods and feeding stuffs. It is hardly to be expected, for

instance, that we shall always hold to the same grouping of compounds
for grasses, cereal grains, leguminous plants and their seeds, root

crops, milk, and meats. It is more probable that groupings for differ-

ent classes of materials which shall correspond with methods of analy-
sis and of estimating the nutritive values will prove both necessary
and feasible.

It is safe to say that all of the work which has been done in the past
and is being done to-day in the analysis of feeding stuffs and the feed-

ing trials based upon them will have to be revised and much of it dis-

carded. A large amount of experimental inquiry is being done which
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is not bringing the needed results and can not in the nature of the case

be of the highest and most enduring value, and much of it may have
to be done over again when correct methods shall have been devised.

The first step toward reform must be research in analytical, organic,

physical, and physiological chemistry. The needed improvement of

our methods will evidently come only as fast as does the chemical and

physiological knowledge which must serve as a basis for changes. This

means that the most abstract and profound ,study is necessary. For-

tunately such study is more and more engaging the attention of chem-

ists and vegetable physiologists.

From the chemical standpoint we need: First, such studies as will

bring definite knowledge of the kinds and amounts of proximate com-

pounds contained in each substance to be analyzed that is to say, (1)

in different species of plants, as grasses, grains, cereals, legumes,

tubers, roots, etc.
; (2) in plants of the same species grown under different

conditions; (3) in different parts of the same plant, as the stalk and

seed of mai/e and wheat, and the different parts of the wheat grain;

(4) in the same plant at different periods of growth; (5) in animal tissues

and fluids. For some of the information needed the aid of the histo-

logist must be sought. Second, studies of each compound regarding
its behavior with reagents i. e., solubility, etc.; its elementary compo-

sition; its cleavage products; its molecular constitution; the changes
it undergoes by the action of ferments; its digestibility, and its poten-
tial energy. Third, classifications. of the compounds based upon the

properties named. Fourth, improved methods for separation and esti-

mation based upon the same properties. Fifth, as the outcome of all

this, more correct methods of estimating the nutritive values.

Investigations in these lines have already been undertaken by the

Division of Chemistry of the United States Department of Agriculture,

by several of the experiment stations, and by other institutions of

research. The work of the Association of Official Agricultural Chem-
ists in developing and improving the methods of analysis has been of

decided value. It has, however, confined its attention too closely to

empirical comparisons of methods of manipulation.
For the collating of the results of previous inquiries, and for the pros-

ecution of the necessary investigations, cooperation of a large number
of specialists will, of course, be requisite. We may confidently expect
that experiment stations will be able to devote more and more labor to

these higher inquiries. The increased resources of our agricultural

colleges will enable them. to encourage such researches. The scientific

value of this work is such that chemists in other colleges and univer-

sities ought to be led to join in it. And is it too much to suggest
that international cooperation might be secured? The expense of this

research may be best met by the wise expenditure of relatively small

sums of money judiciously expended, so as to stimulate investigations
and bring them to completion. In what the Smithsonian Institution
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has done in times past in promoting research by small amounts of money
we have an illustration of what might lx> accomplished here. The result

would be useful in several ways. It would enconrage research, develop

talent, and improve the intellectual tone of the institutions where such

work was being done. Its influence upon the development of science

in this country would be excellent and the practical value of the out-

come would many times exceed the cost.



CHAPTER IV.

THE DIGESTIBILITY OF FOOD.

The value of food for nutriment depends not only upon how much of

nutrients it contains, but also upon how much of these the body can

digest and use tor its support.

The question of the digestibility of foods is very complex, and it is

noticeable that the men who know most about the subject are generally
the least ready to make definite and sweeping statements concerning
it. One of the most celebrated physiologists of the time, an investi-

gator in whose laboratory this particular subject has been studied

more than in almost any other, says in his lectures that, aside from

the chemistry of the process, and the quantities of nutrients that may
be digested from dilVerent foods, he is unable to aftirm much about it.

The contrast between this and the positiveness with which many per-

sons discourse about the digestibility of this or that kind of food, is

marked, and has its moral.

One source of confusion is the fact that, what people commonly call

the digestibility of food includes several very different things; some of

which, as the case with which a given food material is digested, the

time required for the process, the influence of different substances and

conditions upon digestion, and the effects upon comfort and health, are

so dependent upon individual peculiarities of different persons, and so

difficult of measurement, as to make the laying down of hard and fast

rules impossible. Why it is, for instance, that some persons are made

seriously ill by so wholesome a material as milk, and others hud that

certain kinds of meat, of vegetables, or of sweetmeats, "do not agree
with them,'' neither chemists nor physiologists can exactly tell. Late

investigations, however, suggest the possibility that the ferments in

thedigestive canal may. with some people, cause partiriilarcompoundsto
be changed into injurious and even poisonous forms, so that it may some-

times be literally true that "one man's meat is another man's poison."
1

But digestion proper, by which we understand the changes which

the food undergoes in the digestive canal in order to fit the digestible

portion to be taken into the blood and lymph and do its work as

nutriment, is essentially a chemical process. About this a great deal has

been learned within a comparatively few years, so that here again we
have many important facts that have not yet got into current literature.2

interesting statements upon this subject in Dr. Burden-Sanderson's "Dis-
orders of Digestion." See also article on "

Digestibility of Food " in Century Maga-
zine, September, 1887.

2 An excellent treatment of the general subject of the chemistry of digestion may
be found in Gamgee's Physiological Chemistry, Vol. II.

53
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Professor M;ily very aptly compares food to ore, and tlie nutriment

digested from it to the metal extracted from ore. In the chemical lab-

oratory a metal is sometimes separated from the earthy matters with

which it is mingled by pulverizing the ore, putting it in a flask, pour-

ing acids upon it, and stirring the whole together. The acids dissolve

the metal, leaving a residue of earthy matters undissolved. To sepa-

rate the dissolved materials from the residue, the whole is put upon a

filter, through which the solution runs, leaving the undissolved residue,

in the filter. Something analogous to this takes place in the digestion of

food. Instead of the metal and earthy matters of the ore, we have the

digestible and the undigestible constituents of meat, or bread, or other

material. The grinding is done, not by pestle and mortar, but by the

teeth; the digestive juices are the solvents; instead of the flask the dis-

solving is done in the stomach and intestine. Finally, the digested
material has to pass, not through a filter, but through the porous walls

of these last organs. The changes which the digestive juices cause are

manifold, and not yet fully understood. But the main fact for consid-

eration here is that the undigested residue gives a more or less accurate

measuring of the digestibility of the food.

To judge accurately of the nutritive value of food, then, we must
know how much of each nutrient will be digested. This is a matter

that can be determined more or less accurately by experiment; but a

great deal of labor is needed to make the experiments accurate. The
line of research is new, the methods are not yet perfectly matured,
and the results thus far obtained, though interesting and valuable

when taken together, are still very far from complete. The side ques-

tions, such as differences in the digestive apparatus of different per-

sons, the effects of exercise and rest, or the mode of preparation of the

food, and of the flavoring materials and beverages taken with it, tend

to complicate the problem and make satisfactory results still harder to

obtain. Yet even here experimental research has brought some definite

information.

THE QUANTITIES OF DIGESTIBLE NUTRIENTS IN FOOD.

The question here is, What proportion of each of the nutrients in

different food materials is actually digestible ? In a piece of meat, for

instance, what percentages of the total protein and fats will be digested

by a healthy person, and what proportion of each will escape digestion?
The proportions of food constituents digested by domestic animals

has been a matter of active investigation in the European agricultural

experiment stations during the past thirty years. During the past
fifteen years not a little has been done in some stations in the United

States. Briefly expressed, the method consists in weighing and analyz-

ing both the food consumed and the intestinal excretion. Since the

latter represents nearly the amount of food undigested, if we subtract

it from the whole amount taken into the body the difference will be

nearly the amount digested.
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Such experiments upon human subjects, however, are rendered much
more difficult by the fact that in order that the digestibility of each par-

ticular food material may be determined with certainty, it must not be
mixed with other materials. Hence the diet during the experiments
must be so plain and simple as to make it extremely unpalatable. An
ox will live contentedly on a diet of hay for an indefinite time, but for

an ordinary man to subsist a week on meat or potatoes or eggs is a very
different matter. No matter how palatable such a simple food may be,

at first, to a man used to the ordinary diet of a well-to-do community,
it will almost certainly become repugnant to him in a few days. In

consequence, the digestive functions are disturbed, and the accuracy of

the trial is impaired, a fact, by the way, which strikingly illustrates the

importance of varied diet in civilized life.

For instance, in one of a series of experiments conducted in the

physiological laboratory at M nnieh by Dr. Eubner, the subject, a strong,

healthy JJuvarian laborer, lived for three days upon bread and water, a

diet the monotony of which was much more endurable than one of

meat or fish, or almost any other single-food material would have been.

He was able to eat 1,185 grams of bread per day. This contained 670

grains of carbohydrates, mainly starch, of which only about 5 grams, or

a little less than 1 per cent, escaped digestion. In this case, therefore,

about 09 per cent of the carbohydrates of the bread was digested. The
bread contained 81 grams of protein, of which 13 per cent was undi-

gested and 87 per cent digested. The quantity of fatty matters in the

bread was too small to permit an accurate test of their digestibility.

I n another series, conducted by the writer in the same laboratory, the

digestibility of meat in the form of beefsteak, and of fish (haddock),
was tested. The subject, a medical student, consumed less than 2

pounds of meat per day, and though it was cooked with butter, pepper,

salt, and onions, so as to make it to his taste,
"
extraordinarily well

flavored," it was very difficult for him to swallow it the second day, and

required still greater effort the third. The digestion, however, seemed

to be normal, and all but about 1 per cent of the protein was digested.
Other trials with meat have brought similar results, and it is reason-

ably safe to say that when a healthy person, with sound digestive

organs, eats ordinary meat or fish in proper quantity, all or nearly
all of the protein is digested. Some of the fats of meat, however,
seem to fail of digestion.

The number of actual experiments of this kind is very small. Nearly
all have been published within the past fifteen years. The majority
have been made in the i)hysiological laboratory of the University of

Munich, of which Yoit is the director. Most of the subjects have been

men with healthy digestive organs, two or three laboratory servants,
a soldier, several medical students, and a few others. Several have
been made, however, with children of a few families. All but a very
small number have been conducted in Germany.
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HISTORICAL SUMMARY.

Observations upon the quantities of nutrients digested from a mixed

diet were made by Boneke in 1854; the earliest publication of the results

that has come to our notice appeared in 1878. 1

Ranke,
2

ill 1862, pub-
lished accounts of quantitative tests of the digestibility pf meat, but

the duration of his experiments was in each case only one day, and the

methods of separating the undigested residue from that of the food

taken before and after the experiment had not been well elaborated at

that time. In 1870 Weiske 3
published a careful study of the digesti-

bility of crude fiber by a man with a diet consisting of cabbage,
tuberous-rooted celery and carrots. Very little has since been done

upon the digestibility of crude fiber by man.

A large amount of valuable work upon the digestibility of different

food materials by men was carried out by Rubner 4 in the Munich

physiological laboratory and published between 1879 and 1882. The

subjects were a laboratory servant, who was a strong, hearty, rather

stolid man of the laboring class, a soldier, and several students and

assistants in the laboratory. All^ or nearly all, were Bavarians.

Bread, meat, milk, eggs, and numerous other articles "of food were

studied and full details were published. During the past ten years

inquiry in this direction has been somewhat active. Such staples as

bread, meat, and milk have naturally received a large share of atten-

tion from many investigators. Besides Rubuer, who has worked with

all three, Prausuitz and Meyer have done much with bread; Ranke,

Atwater, and Malfatti have reported results with meat; Atwater with

fish; Oamerer and Ufflemann with milk; and A. Mayer with butter and

oleomargarine. Brief results of some Japanese work haAre been pub-
lished but with no details as to method. Among the latest and best

investigations in this line are those by Prausnitz in Voit's laboratory,
in Munich.

We have found accounts of some 150 digestion experiments which

seem accurate enough to be used for statistical inferences. They have

been collated in tabular form and from them the selections in Table 11

have been made. Of the total number, 114 have been made Avithmen,
5 with women, and 13 with children from G weeks to 14 years of age.

Fourteen of the tests were made in Italy, 12 in Holland, and 3 in

Japan ;
the rest were made in Germany. A number were made in connec-

tion with studies of dietaries; such were those in Table 11, numbered .'>!>,

40, 41 and 42.

EXPERIMENTAL METHODS.

The real question to-be considered in such a study is, What pro-

portions of the several classes of nutrients are actually digested from

1 Zur Ern;iliruniL>-slehre des gesumleii Menschen, 1878, 299.
8
Konig, Chein, d. inenscli. Nahr. uud Genuss., I, 1889, 37.

3 Ztscbr. Biol., 1870, 156.
4
Ibid., 1879, 115; 1880, 119.
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different food materials by persons under normal conditions as to food

consumed, habits, and health? Two methods are commonly used for

the study of this question, those of artificial digestion and of actual

digestion experiments. The experiments on artificial digestion are

made by treating the materials with solutions containing digestive fer-

ments, as pepsin and tryp sin. The most valuable work in this line has

been done by Stut/er 1 and others. The experiments on actual diges-

tion- are made by letting the subject, man or animal, consume a certain

amount of food of known composition and comparing the quantities of

water free substance, protein, "ether extract," ash, etc., of the food and

of the undigested residue, the difference being taken as the measure of

the amount of the several ingredients digested.

The experiments with artificial digestion are at best only a more or

less close imitation of a natural process. The value of this kind of

inquiry is beyond question, but much further elaboration of details of

reagents and manipulation is needed to make the method satisfactory

for accurate measurement of the actual digestibility of food materials

by either men or domestic animals.

The only reliable method now available for determining the digesti-

bility of food by man is direct experiment with persons under different

and well -defined conditions. 1C yen by the use of this method we are

not sure of absolutely accurate results. The chief dillicnlt ies are three,

(1) the inaccuracy of the present methods of analysis of food and excreta;

(!') the dilliculty of distinguishing between the metabolic products and

the residues of undigested food in the lec.es, and
(.'$)

in case of mixed

diet, the impossibility of distinguishing between the undigested residues

from the different materials and the effect of one food material upon
the digestion of another.

The digestion of different food materials in a mixed diet has received

some considerable attention recently from Prausnit/.3 As he points

out, there are three possibilities: either (1) each food digests as if it

were used alone, or one is (2) hindered or
(.">) helped in digestion by

the presence of the others. The question is a very important one.

Another question, and one which demands more attention than it has

received, is the effect of the methods of co:)king upon the digestibility

of food. 4
Very little accurate experimenting has been done in this

especial field.

METHOD OF QUANTITATIVE TEST OF PROPORTIONS OF NUTRIENTS
DIGESTED FROM FOOD BY MAN.

The method ordinarily used for testing the quantities of nutrients

actually digested is, in substance, the following: The subject and the

diet having been determined upon, samples of the food actually eaten

1 Lan.lw. Vers. Statv 1889, 331; Zstchr. pliysiol. CJiein., IX, 211; XI, 207, 529.
2 Zts<-lir. Biol., 1879. 115, etc.
3 Arch. Ily-;-., IS!)'!, (L'li.

4
Ktinig, Chc-m. <1. meuscb. Xahr. mid Geiinss., I, 1889, 46.
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are analyzed, i. e., the nitrogen, fat, ash, etc., are determined by the

usual methods of food analysis. If at the start it is not possible to

provide enough of a certain food to last through the experiment, each

fresh portion is analyzed.

It is desirable, though not absolutely necessary, that the length of

4he trial be not less than three days. This has been the length of most

of the experiments in the Munich laboratory. The longer the period

of the experiment the less will be the error due to imperfect separation

of the undigested residue, and the more fully may the effect of the

previous food be assumed to be eliminated. On the other hand, if the

experiment is continued too long, the monotony of the diet may interfere

with the abundant secretion of the digestive juices or otherwise tend

to render the results abnormal. The accuracy of tests by this method

depends in large part upon the accuracy of the separation of the

feces which pertain to the food under investigation from that due to

food which precedes and follows it. Two methods of separation are

in general use. In one, the subject takes no food but milk during the

twenty-four hours, or thereabouts, immediately preceding the actual

test. The feces due to milk are whitish in color and of characteristic

texture. It is not difficult to mechanically separate this portion from

that due to the food which is taken during the test period. This is

followed by another day of milk diet, and thus the digested residue of

the food of the experimental period is separated from that of the suc-

ceeding food. The second plan consists in giving a teaspoonful, or

less, of lampblack or powdered charcoal, preferably in gelatin capsules,
with the last meal eaten before and the first meal after the period
of the experiment. This imparts to the solid excrement a very dark

color, and the mechanical separation is comparatively simple. A still

more effective way to facilitate accurate separation is to take lampblack
with milk before and after the test period. Full details of mechanical

manipulations, as improved by later experiments, have been given by
Prausnitz. 1

The solid excrement is best collected in weighed dishes of porcelain
or metal with smooth surface. It is dried, weighed, and determina-

tions of water, nitrogen, ether extract, and ash are made by the usual

methods.

The errors due to the imperfections of the methods of analysis and
the presence of other materials than undigested residue will be better

appreciated by considering what are the substances to be dealt with.

The feces contain (1) the undigested residue of the food and (2) meta-

bolic products.
The undigested residue consists of fragments of muscular fiber, ten-

don, ligament, elastic fiber, blood vessels, so-called "nucleins"
(i. e.,

undigested proteid material), chlorophylloid matter, vegetable fiber,

granules of starch, masses of fat, calcium and magnesium salts of fatty

iZtschr. Bid., 1894, 335.



THE DIGESTIBILITY OF FOOD. 59

acids, magnesium ammonium phosphate, and cleavage products of pro-

teids, including skatol and indol.

The metabolic products include epithelium mechanically separated
from and mucus secreted by the walls of the alimentary canal, and

residues of the digestive secretions. The chief of these latter are those

coming
1 from the salivary, pectic and pancreatic glands, and the bile.

Pepsin and trypsin furnish considerable nitrogenous matter. The bile

furnishes the bile acids and probably coloring matters. Whether cho-

lesterin, which is normally present, comes from undigested residue or

metabolic products or from both is not definitely known.

The quantity of the undigested residue is of course quite considera-

ble, and varies with the conditions, including the quantity of food eaten,

and very likely with the time the given diet is followed. For instance,

it was found by Berthe 1 that when he consumed 60 grams of cod-liver

oil per day the feces of the first day contained 8 grams ether extract,

that of the seventh day contained 12 grains, and the quantity increased

until on the thirteenth day it was 49 grams. It would seem that in this

case the digestive organs gradually lost the power of assimilating large

quantities of the materials soluble in ether. Eubner 2 found that in

experiments of three days each, when 233 grams of butter and 145.8

grams of bacon, containing 95.6 per cent of fat, were eaten per day the

frees contained 44.6 grams ether extract. When 240 grams of butter

were eaten without the bacon only 15.2 grams ether extract was found in

flic frees, i. e., for large quantities of fat the quantity of ether extract

in 1 he solid excrement wt;s proportionally larger than when small quanti-

ties were consumed.

The inorganic matter in the ash belongs to both the undigested resi-

due and tin* metabolic products.
It is evident that where the methods of analysis of feces are the

same as those commonly used for food the actual error must be even

greater than the results imply. Only a portion of the nitrogen of either

undigested residue or metabolic products is in the form of proteids.

Much of the rest occurs in cleavage products of the proteids, the nature

and amount of which is uncertain. Multiplying the nitrogen by 6.25 is

far from giving the actual amount of either proteids or of total nitrog-

enous substance. The ether extract may contain all the neutral fats

and probably more or less of cleavage products, materials from the bile

and coloring matter. Ether will not remove these perfectly nor will it

alone remove the fatty acids which are in combination with calcium

and magnesium. The determinations of crude fiber are very likely as

nrar the truth as in food analysis, but the quantities are small in both

in experiments with men except when large amounts of coarse bread or

similar food is eaten. Carbohydrates are estimated by difference.

Such an estimate must include the combined errors of all the others

except in so far as the latter compensate each other.

1 Hermann's Hamlbnch der Pbysiologie, Vol. V, II, p. 243.

*Ztschr. Biol., 1879, 170-180.
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The error due to the metabolic products outside of that from imper-
fect methods of analysis may be very considerable. It falls chiefly upon
the protein and fat. The measure of digested nitrogen is the remainder

after subtracting the nitrogen in the feces from the total nitrogen in

the food. But the subtrahend includes both undigested residue and

metabolic products. The latter products represent food material which

has been previously digested and metabolized. All the metabolized

nitrogen is, therefore, digested nitrogen, and it should be subtracted

from the total nitrogen of the feces. The remainder would represent

the nitrogen of the undigested residue. This last subtracted from the

total in the food would leave the real quantity of nitrogen digested.

The figures for the digestibility of nitrogen as ordinarily computed from

experiments are really too small by the amount of the metabolic nitro-

gen in the feces. 1 In Table 12, beyond, the so-called a
undigested nitro-

gen
" in the meat, fish, and eggs .made from 1.6 to 11.2 per cent of whole.

It is customary to assume that this nitrogen belongs to the metabolic

products and that the protein is completely digestible. The quantity
of ether extract in the feces may be quite considerable because of the

presence of bile acids and like products. When the quantity of fat in

the foods is very large, as is apt to be the case with meats, the error in

results due to the ether extract of the metabolic productsmay perhaps
be neglected; but with vegetable foods in which the total fat is very
small the error due to ether extract of metabolic products may seriously

impair or entirely vitiate the results. The figures given for undigested
fat of vegetable food in the tables beyond can not be taken as reliable.

It is often desirable to know whether the body is gaining or losing-

nitrogen with the diet used in a digestion experiment. For this purpose
the urine is collected and the nitrogen in it is determined.

RESULTS OF EXPERIMENTS UPON QUANTITIES OF NUTRIENTS
DIGESTED FROM DIFFERENT FOODS.

With the preceding statements the figures of Tables 11 and 12 will

be clear.

Table 11 shows the general character and results of the experi-

ments thus far reported upon the digestibility of food materials by man.

It includes the final details of some 35 separate trials and the averages
of some of these and other similar ones. The data are selected as fairly

representative of the work of this kind reported up to the present
time. Table 12 recapitulates experiments upon the digestibility of

crude fiber (cellulose) of bread and vegetables by man.

l See investigations on this subject by Rieder, Ztschr. Biol., 1884, 378.
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TABLK 12. Crude fiber (oellttloac) digested in -iih men.
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The subject was a medical student, some 22 years of age aud weighing 70 kilo-

grams. The nitrogen, fat, dry matter, and ash were determined in each case by
the usual methods. The meat was purchased in a market in Munich, and the separa-
tions of fat and connective tissue were made by the same laboratory servant and
in the same way as in other experiments in this laboratory. The fish was haddock

brought from the Baltic aud sold in Munich. The experiments were made in win-

ter, and the iish was well preserved. The fish was freed from skin, bone, etc., by
tin- method followed by Atwater and assistants in the chemical investigation of

fishes. 1 The composition of the flesh agreed very nearly with that of haddock taken
off the New England coast. The beef was leaner in appearance and contained con-

siderable less fat than has been found in any one of a number of specimens pur-
chased in Middletown, Conn., and treated in the same way. There is, however, no

reason to assume that this difference materially affects the digestion.

No. 7. This experiment was made in 1876 by Rubner, also in Munich. The subject

was a student of medic -inr, '2\ years of age, weighing 46 kilograms. The time was 2

days. The only food was eggs, which were boiled hard in the shells and eaten with

a little salt. Water was the only beverage used. The dry matter in the eggs was
determined, but the nitrogen, fat. and ash were calculated from previous analyses by
Voit. Determinations were made of the dry matter, nitrogen, fat, aud ash in the

feces. Milk was not used to separate the feces, as they were characteristic. It

will be seen that prart ieally the same amount. of dry substance and nitrogen were

digested in the experiment with eggs as in those with meat, while the percentage
of digested fat in the eggs was larger. Rubner remarks:

"It is \vell known that the protein of eggs is coagulated by heating to 100, while the

s\ ntonin and myosin. the chief protein in meat, is not coagulated by heat. It requires

howrv.-r, an acid, or the art-ion of digestive juices, to dissolve it. From the fact

that egus are as completely digested as meat it does not follow that they are digested
in the same time or that the hard-boiled eggs do not produce more disturbance in

the digestive organs. It is highly probable that soft-boiled eggs are as thoroughly

digested as hard boiled."

No. 8. This experiment was also madr by K'nbner in Munich in 1876. The subject
was a professional man L'7 years of age, weighing 71 kilograms. The time was 3

days. The only food used was milk. The dry matter, nitrogen, fat, sugar, and ash

in the milk wen- estimated from previous analyses by Voit. The feces were ana

ly/.ed, the dry matter, nitrogen, ether extract, aud ash being determined. "No carbo-

hydrates or protein were found.'* The milk feces could, of course, be easily

separated.
Rubner remarks that the solid matter of milk is not as completely digested by

adults as that of meat or eggs. This is largely due to the fact that the percentage
of ash in the solid matter is larger in milk than in the other two. According to Rub-
ner the undigested organic matter from meat amounted to 4.1 to 4.7 per cent, from

eggs 4.7 per cent, aud from milk 5.4 per cent of the whole not a very considerable

difference. Young children digest milk more completely than adults. Forster 2 found
that only 6.4 per cent of the solid matter of milk was undigested by a nursing
infant. This may, perhaps, be explained by the fact that a considerable part of the

ash of milk is composed of calcium salts, and these would be more needed by the

young organism for the formation of bones than would be the case with an adult,
and not so much would be left in the undigested residue to form insoluble salts of

the fatty acids.

No. 9 was made by Camerer, in 1880, in Reidliugen. The subject was his daughter,
12 years of age. and weighing I'd.;) kilograms. The time was 4 days. It was the

investigator's intention to make the time 6 days, but the milk became so distaste-

1 The Chemical Composition and Nutritive Value of Food Fishes and Iuver

by W. O. Atwater. Report U S. Commissioner of Fish and Fisherij^Jj^rjg"
679-868. Washington, 1891. 2 Ztschr. Biol., 1879, 135, JE'

8518 No. 21-5
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ful that it was discontinued. A little coffee was used with the milk, but is not taken

into account, as the quantity of solid matter would have been very small. In the

original account nothing is said of the separation of the feces. Analyses of dry

matter, casein, fat, and ash of the milk, and of the dry matter, nitrogen, fat, and ash

of feces, were made in the laboratory of Hiifner, in Tubingen.
No. If was made by I'rausnitz in the laboratory of the Physiological Institute in

Munich, in IS.xi). The subject was the laboratory servant who had been so often

used iii Rubner's experiments. His weight was 74 kilograms. The time was 3 days.

The only food was milk. This was purchased in quantity, thoroughly mixed, put
into little llasks, and sterili/ed by heating for 2 hours in a Koch steam sterilizer.

The milk was kept in the llasks on ice, and slightly warmed before it was used. The

separation of the feces was made by eating meat before and after the experiment.

Determinations of dry matter, casein, total protein, nitrogen, fat, sugar, and ash in

the milk were made; and of dry matter, nitrogen, ether extract, and ash in the

feces.

Prausnitz's work bears out Rubner's statement that the amount of matter undi-

gested by adults is larger in milk than in any other animal food. AsPrausiiitzsays,
"The presence of larger quantities of nitrogen in the milk feces does not of neces-

sity mean that the protein of milk is not all digested. The nitrogen might be

derived from digestive juices excreted with the undigested residue. This considera-

tion does not affect the value of milk as a food. It is one of the most convenient,

useful, and at the same time inexpensive sources of protein." He urges its use by
the poorer classes.

No. 12 was made by Rubner in Munich, in 1877. The subject was a soldier, 23 years

old, weighing 72 kilograms. The time was only 1 day. Rubner wished to make the

experiment with cheese alone, but could find no one willing to live upon cheese

without other food; therefore milk and cheese were used together. The cheese used

was Allgiiuer (similar to what is called "Swiss" cheese in the United States), and

the dry matter, nitrogen, fat, and ash in it were estimated from analyses of cheese by
Forster. The feces were analyzed. The separation Avas of course easily made. It

is very noticeable that, though the quantity of solid matter, nitrogen, fat, and ash in

the food was much larger than in the experiment of Rubuer with milk alone, the

quantity of solid matter, nitrogen, ether extract, and ash in the feces was not large.

Rubner considers that this may be due to the fact that when milk is the sole article

of diet its casein forms large masses in the stomach. The mechanical effect of the

small pieces of cheese is to make these lumps of casein smaller, and hence more easily

acted upon by the digestive juices.

No. 14 was made by Rubner in Munich, in 1878. The subject was the laboratory
servant above mentioned. He was then 43 years of age, and weighed 74 kilograms.
The time was 2 days. The food was bread made from fine wheat flour. The dry

matter, nitrogen, and ash in the flour and yeast were determined by analysis, and

the results were used in computing the composition of the bread, which was made
in the physiological institute where the experiments were carried on. The feces

were analyzed. The method of separation of the feces was not stated, but presum-

ably milk was used before and after the experiment. The quantity of the solid

excrement was not large, but contained more nitrogen than that from animal foods.

The nitrogen balance showed that the subject lost nitrogen at the rate of 3.4 grams

per day.
No. 16 was made by Meyer in the same laboratory, in 1869. The subject was a

healthy young man. The age and weight were not stated. The time was 4 days. The

food was rye bread, made in Munich. Some coarse wheat flour was mixed with the

rye, and the bread was leavened. To make the bread more palatable, 50 grams of

butter were eaten with it, and 2 liters of beer per day were used as a beverage. The

separation of the feces was made by a diet of meat before and after the experiment.

Dry matter, nitrogen, and ash were determined in the bread and feces. The subject

had a feeling of hunger during the experiment, though the quantity of bread eaten

was rather large.
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Nos. 18 and 19 were made by Menicianti and Prausuitz in the same laboratory, in

1892. The time of each was 3 days. The subject was a physician, 25 years old,

weighing 85 kilograms. In No. 18 the food was entirely bread made of wheat and

rye flour with yeast. In No. 19 the bread was made of part of the same flour, but was
leavened. Full analyses of the bread and feces were made. The separation of the

feres was made with milk.

The flour was ground especially for the investigators, and the bread made under

their supervision. The utmost care was taken in all details.

The object of the two investigations last named was to observe the effect of the

different processes of bread making upon digestibility. The process of leavening is

still much used in Europe. Dough is kept from one baking until the next, and this
; - leaven ''

is used instead of yeast. An opinion prevails in England that leavened bread

is not as palatable as Id-end made by other processes.
1 The leavened bread in thi8

experiment gave a larger undigested residue than that made with yeast. In Praus-

nit/'s opinion this may be due to the fact that the presence of larger quantities of

bacterial cleavage products in the leavened bread caused a greater excretion of

int. linal juices and this effected the increase in weight of the metabolic products
in the fece^.

No. 20 was made by Rubner in Munich in 1877. The subject was a Bavarian

soldier who was accustomed to a diet consisting largely of potatoes. The time was 2

days. The food consisted of potatoes, which were boiled and eaten with salt or

butter, or with oil and vinegar as salad. It is not stated whether analyses were

made of the potatoes or whether 1 he composition was estimated from other analyses.

Analyses of dry matter, nitrogen, ether extract, and ash in the feces were made.

The .separation of the feces was by means of a milk and cheese diet. The nitrogen
was poorly digested and the body hist nitrogen at the rate of 1 gram per day.

Nos. 21 and 22 were made by I'.reiier in the Munich laboratory in 1878, and reported

by Knbner. Ureiier was himself the subject; his age and weight are not stated.

The time in No. 21 was 2 days; in No. 22 it was 3 days. The vegetables, carrots in

No. 21, Savoy cabbage in No. 22. were in each case the only food. The same method
\\a-> followed in the preparation of both; the fresh vegetable was cooked in water

\\ ith salt and fat for one-half hour in a covered vessel. The separation of the feces

was by means of a milk diet. Analy.M-s of the vegetables and of the feces were

made. It was the intention of the investigator to continue the carrot diet for 3

days, but it became so distasteful that this could not be done. In the case of the

carrots the fat was well digested and the carbohydrates very poorly. In each case

the body lo.st nitrogen ;
with carrots S.5 grams per day, and with Savoy cabbage 6.9

grams per day.
No. 23 was made by Knbner in Munich in 1S76. The subject was a medical student

22 \ears old. The time was 2 days. The food was fresh green beans, (presumably
"si ring beans ") which Avere cooked in water with some butter. Whether analyses
of the beans were made or not is not stated, but it seems probable that they
were. The feces were analy/ed. Rubiier remarks that too much value should

not be placed on this experiment, since the (juantity of solid matter in the diet was
too small to serve in any adequate manner as food.

Xo. 25 was made by Ruhner in Munich in 1879. The subject was the laboratory
servant above mentioned. The time was 2 days. The food consisted of peas which
were purchased dry, carefully cleaned, and cooked in water 2 or 3 hours. They
were then soft and were pressed through a fine sieve. Salt was eaten Avith the peas
and 1 liter of beer per day was used as a beverage. Full analyses of the peas and
of the feces were made. The chief point of interest in this investigation is the digest-

ibility of the nitrogen. In common with other vegetable foods peas contain a large

percentage of undigested nitrogen, but they rank among the best of vegetables as a

furnisher of nitrogen.

1

Jago. Chemistry of Wheat Flour and Bread and Technology of Breadmaking,
p. 328.
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No. 27 was made by Striimpell, who was himself the subject, and is quoted from

Kiiuig.
l The food consisted of lentils, a very common food material in Europe. They

were soaked in water and then boiled. The nitrogen was much less thoroughly

digested than in dry peas or beans, but it seems probable that if more experiments
were made the nitrogen would be found to be more digestible.

No. 28 was made by Prausnitz in the Munich laboratory (in 1889?). The subject
was the laboratory servant mentioned above. The time was 3 days; the food white

beans. These were soaked in water overnight and then cooked in salted water until

soft. Some flour was browned in fat and this mixed with the beans, with addition

of a little vinegar and some of the water in which the beans were cooked. Analyses
were made of the beans and of the feces. The chief interest in this experiment
attaches to the digestion of the nitrogen. The amount undigested, 30.3 per cent, is

much larger than in the experiment with peas; but it must be remembered that the

peas were eaten in the form of a mush, while the beans were, for the most part, whole.

This might have a considerable influence oil the digestibility.

Nos. 29, 30, and 31 were made by Malfatti 2 and are quoted from Kouig. The sub-

ject was a man 20 years old weighing 75 kilograms. The food in No. 29 Avas maize

ineal cooked into a mush with water. In No. 30 butter and in No. 31 cheese was added
to the meal. Maize meal cooked in this way either with or without butter or cheese

is much used in northern Italy under the name of polenta. It forms almost the sole

food of a large class of the poor people. The quantity of nitrogen in the maize

meal is not large but it is very well digested.

No. 32 was made by Rubner in Munich in 1876. The subject was a medical student

22 years old, weighing 72 kilograms. The time was 2 days. The food was maize

meal cooked to a mush with water and butter, with addition of grated Parmesan

cheese. The subject of the experiment did not relish the food thus prepared and

after the first meal made of it, meat extract was added
; 1,250 centimeters of beer daily

were used as a beverage. The composition of the food was estimated from Kouig's

compilation of analyses. The feces were analyzed. The digestibility of the nitro-

gen, fat, and ash agree quite closely with No. 29. The body lost 2.2 grams of nitro-

gen per day. .

No. 34 was made by Rubner in Munich in 1877. The subject was the same as in

No. 32. The time was 3 days. The food was rice which was cooked in water, or

water and meat extract; a little fat and salt were added. Analyses of the food wore

not made, but the composition was estimated from the figures of Kouig and others.

The feces were analyzed. The separation of the feces was by means of a meat diet

at the beginning and milk at the end of the experiment. The body lost 3.2 grams
of nitrogen per day.

Nos. 35 and 36 were made by Mayer at Wageningen, in Holland, in 1882. The sub-

ject was a man 39 years old, weighing 70 kilograms. The time in each case was 1

day, but three of these trials of a day each were made with each material. The

object of the experiments was to test the comparative digestibility of butter and

oleomargarine. Each was eaten in a diet which was otherwise practically the same

in all three trials. It consisted of bread, peas, potatoes, condensed milk, egg albu-

men, sugar, cheese, and beer, and contained little fat aside from the butter or oleo-

margarine. In No. 35, 72 grams of butter, containing 60.5 grams fat, and in No. 36,

70 grams oleomargarine, containing 63 grams fat, were eaten. The fat in the butter

was determined. The nitrogen, fat, ash, and carbohydrates of the food were calcu-

lated from analyses. Ether extract of the feces was made. The butter came from

a farm in Holland and the oleomargarine from a manufactory in The Hague. The
natural butter was slightly better digested than the artificial. The same difference

is seen in Nos. 37 and 38, which are averages each of three practically identical

experiments. The little fat in the diet, aside from the two sorts of butter, comes

1 Kouig quotes from Centbl. med. Wiss., 1876, p. 47.

"Sitzungsber. Wien. Akad. Wissensch., 1884, vol. 110, III part.
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largely from the condensed milk, and so is really the same as butter fat, and should

not affect the results materially. It is very probable that the ether extract in the

case of butter was entirely composed of metabolic products, coloring matter, etc.

The coefficient of digestibility of butter fat would then be 100 per cent. If the

same amount of coloring matter were excreted in the experiment with oleomargarine
its digestibility would be 98 per cent. For all practical purposes oleomargarine
would thus be as digestible as butter.

No. 39 was made by Rubner, in Munich, in 1877. The subject was the laboratory
servant mentioned above. The time was 2 days. The object of the experiment was
to observe the quantity of fat which could be digested. The fat was given in a

practically constant mixed diet consisting of bread and meat. Whether analyses
of the food were made or whether its composition was calculated from known

figures is not stated. The feces were analyzed. The separation was made by means

of a milk diet. In No. 39, 100 grams of bacon (with 95.6 per cent fat) were eaten.

The excreted fat was 17.2 grams, or 17.4 per cent of the amount consumed. Three

other experiments, with larger quantities of fat, were made. These are tabulated

with No. 39 for convenience.

Comparative digestion of fat when taken in different quantities.

No.
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No. 42 was made by Manfredi, in the laboratory of'the Hygienic Institute of the

University of Naples, in 1892. The time was from 3 to 7 days in the different

trials. The subjects were poor people in Naples. Eight studies were made. Full

details of the food are given in the chapter on dietaries, page 195. The food and
excreta were analyzed. The separation was made by means of grapes. The skins

and seeds are excreted undigested and afford a means of identifying the food with
which they were eaten, although the demarcation is less sharp than with lampblack
or milk. Determinations of crude, liber in food and feces were also made.

Nos. 46 and 47 wre made by Voit, in the Munich laboratory, in 18X(>. The subject
of No. 46 was an upholsterer, 28 years old, weighing 57 kilograms. The time was 14

days, and divided into periods of 5, 5, and 4 days. The subject of No. 47 was a labora-

tory servant, weighing 74 kilograms. The time here was only 3 days, and the experi-
ment can not be taken as of much value, as the food was so distasteful that it could

only be eaten with difficulty. Details of No. 46 will be found under dietary No. 44,

on page 192.

Nos. 48 and 49 were made by Mori, in Tokio, in 1888. Details of the diet will be

found on pages 197 and 198.

No. 43 is included in the description of No. 40.

Nos. 50 to 58 were made by Prausnitz, in Munich, in 1892. They form a series with
Nos. 18 and 19. The subject in Nos. 18, 19, 52, 54, 55, and 57 was aphysician 25 years

old, weighing 82 kilograms. The subject in Nos. 50, 51, 53, 56, and 58 was a laboring
man 34 years old, weighing 85 kilograms. The time was in each case 3 days. As was
stated under Nos. 18 and 19, the object of these experiments was to test the digesti-

bility of various kinds of bread made with yeast and leavened. Full analyses of

food and feces were made, including crude fiber. The quantity of crude fiber in

the bread was small, 3.9 to 8.9 grams per day, and it was in general about half

digested.

The attempt is made in Table 13, herewith, to epitomize the results

of the experimental inquiry above detailed. The coefficients of digesti-

bility of the nutrients, especially in the cases of protein and fat, are

somewhat higher than the corresponding figures in Table 11, the reason

being that allowance is made in Table 13 for the metabolic products.
Of course such figures as these are only estimates. Probably more
reliance can be placed upon the coefficients of animal than upon those

of vegetable foods. The figures for the digestibility of the protein
of vegetable foods are doubtless nearly accurate, those of the carbo-

hydrates reasonably so, and those of the fats least reliable and in some
cases of very little value.

TAULE 13. Digestibility of nutrients of food materials.

Animal foods.
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Table 14 exhibits, for a number of food materials, the proportions of

nutrients which are estimated to be digestible. It was computed by
applying the figures in Table 13 to the figures for composition of food

materials in Table 2, above. Thus, in beef the whole of the protein

(100 per cent in Table 13) is assumed to be digestible. The average of

the analyses of shoulder of beef, epitomized, in Table 2, gives 19.5 per
cent of protein. This is, accordingly, the percentage assumed to be

digestible. In wheat Hour Sf> percent of the total protein is estimated

to be digestible, the remainder, 15 per cent, being undigestible. The
wheat flour of Table 2 contains 11 per cent of protein. Accordingly
9.4 per cent will be digestible and 1.6 per cent undigestible.

TABLE 14. Estimates of proportions of diyi'stiblc and undiycstible nutrients in food
materials.

Food materials (edible

portion).
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As to the reasons for the differences of digestibility, but compara-

tively little is definitely known. There are, however, certain a priori

considerations which help toward explaining them. For example, the

digestibility of the proteids is discussed by Prof. K. H. Ohittenden, as

follows :
1

If of two foods possessing a like composition one be more easily digestible, that

one, though containing no more available nutriment than the other, is in virtue of

its easier digestibility more valuable as a food stuff, and in one sense more nutritious,

as well as more economical for the system. The ease with which a proteid food can

be utilized to supply the needs of the body depends, therefore, not only upon its

intrinsic qualities, viz, whether it lias been derived from the animal or vegetable

kingdom, and upon its chemical and other peculiarities, but also, to a great extent,

upon the way in which it has been prepared for digestion.

Proteid foods are rendered available for the needs of the body mainly through the

action of the digestive juices. These convert the insoluble food stuffs into soluble

and diffusible products, capable of being directly absorbed by the circulating blood.

The two juices having this functional power are the gastric and pancreatic fluids,

the former performing its work in the stomach and the latter in the small intestine.

Both accomplish essentially the same object in a somewhat different manner, viz,

the conversion of the insoluble proteids into soluble albumoses or proteoses and

peptone, which are taken up from the alimentary tract by the blood and distributed

to all parts of the body, where they may be utilized according to their several func-

tions in nutrition. It is thus easily conceivable that while one class of proteid food

stuffs may be somewhat resistant to the digestive action of the acid gastric juice, it

may be more readily attacked by the alkaline pancreatic juice, or the reverse may
be true. In any event, the full utilization of the ingested food stuff by the system

depends in great part upon the completeness of its digestion by these two digestive

fluids.

As a general rule the proteids of animal origin, as of beef, mutton, eggs, etc., are

more easily digestible than those derived from the vegetable kingdom. This in

partially due to the nature of the animal proteids ;
but another factor of even greater

moment is the large admixture of extraneous matters ordinarily associated with

vegetable proteids. Thus, oatmeal, wheat flour, potatoes, etc., contain a compara-

tively small amount of proteid matter, admixed with a large bulk of starchy mate-

rial and some cellulose. Hence, in a purely vegetarian diet, a large bulk must be

consumed in order to obtain even the minimum amount of proteid food required.

In other words, the nitrogenous or proteid matter is so diluted by large masses of

cellulose and starch that an excess of work is thrown upon the alimentary organs,
which not only causes discomfort, but is a physiological loss, entailing the working
over by the system of large quantities of material in order that the required amount
of proteid matter may be obtained. By this it must not be understood that vege-
table food is undesirable, for such is certainly not the case. Starchy foods are par-

ticularly valuable and a necessary part of a normal diet, the cereals especially, when

properly prepared, being very completely digested and absorbed; but it is physiolog-

ically injudicious to depend entirely upon vegetable food for the necessary proteid

matter. The latter is far more economically (from a physiological standpoint)
obtained from animal foods, where it exists not only in a much more concentrated

form, and as a consequence is more readily digestible, but the proteid matter itself

is more quickly and completely assimilated than the vegetable proteid, even under

equally favorable circumstances.

It is a well- understood fact, however, that the digestibility and best utilization of

food depends greatly upon a reasonable variation in the character of the dietary.

x The Rumford Kitchen Leaflets, No. 3.
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Too great sameness, especially if long continued in, may even lead to an actual

impairment of the digestive organs. Hence the instinctive desire common to man-
kind in general for variety in the daily diet rests upon physiological grounds well

worthy of recognition.

One of the most important conditions modifying the digestibility of animal proteid

foods is the manner in which the muscle fibers are bound together, determining, as

it does, the extent of their mechanical subdivision on reaching the stomach. Thus,
in the various kinds of meat the short and delicately fibered muscles are obviously
more readily digestible than the longer and tougher libers, which plainly oit'er

greater resistance to disintegration. It is on this account that the breast of a young
ehiekrii. for example, is so easily digestible, the short, tender fibers easily breaking

apart and thus exposing more surface to the action of the digestive fluids. For a

similar reason the short, flaky muscles of the more digestible varieties of fish are

easily assimilated. Further, the presence or absence of fat exercises a marked mod-

ify ing influence upon digestibility ;
as a general rule it may be said that lean meat is

more readily digested, in the stomach, at least, than fat meat, although the nature of

the fat present and the manner of its distribution are important factors. Thus, the

presence of a hard or difficultly fusible fat, as in mutton, tends to retard the diges-

tion of the proteid constituents of the meat more than the presence of a softer or

more readily fusible fat, such as is found in beef. Again, the intimate mingling of

fat with the individual muscle libers, as in the tissues of the eel .and lobster, tends

to check the rate of digestibility. The same effect is seen in certain kinds of fish

flesh; thus, in the shad the white meat, with its greater freedom from incorporated

fat, is nearly 10 per cent more digestible than the dark and fatter meat of the same

Bab.

EFFECTS OF PREPARATION OF FOOD UPON DIGESTIBILITY COOKING.

The effect of the preparation of food, and especially its cooking, upon
its digestibility is a subject about which much is written and little defi-

nitely known. Here again, as in the case of the differences in digest-

ibility of different substances, our present knowledge comes mainly
from a priori considerations. The experimental data are unfortunately

very meager.
The chief underlying principle is the same as that involved in the

dissolving of the ore in the illustration given above. If the particles

of ore are large the acid will act on them slowly. Stirring hastens the

solution of the soluble materials. Time is needed for those that are

slow to dissolve. If the particles of ore are incased in siliceous or other

insoluble matter thorough disintegration is necessary, so that the acid

may come in direct contact with the material to be dissolved. So in

the digestion of food meat is cut into small pieces and chewed into still

finer ones; grains of wheat which can not be well chewed are first

ground. Milk requires neither cooking nor chewing. Its nutrients are

either already in solution or suspension in very finely divided portions.

It has no starch to be changed into sugar by ptyalin. Its only carbo-

hydrate, milk sugar, is already dissolved; we accordingly drink it raw.

Many kinds of meat are found by experiment to be digested as readily
or even more readily when taken raw than when cooked, provided they
are properly masticated, i. e., finely chewed; but we like their taste

better, and are more inclined to masticate them properly when well
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cooked. The flavor induced by cooking excites the secretion of digest-

ive juices which corresponds to the addition of acid to the dissolving

ore. Furthermore, by cooking the connective tissue of some of the

tougher meats is disintegrated. The collagen which serves as the bind-

ing material is ('.hanged to more or less soluble gelatin, the meat is made
tender and can be chewed more finely, the further disintegration in the

alimentary canal is facilitated, and the proteids and fats are more per-

fectly exposed to the solvent action of the digestive juices.

The following remarks of Professor Chittenden bear directly upon
this subject:

1

More important from a dietetic standpoint is the effect of cooking or preparation
of proteid foods on their digestibility, and in this connection it must he remembered

that digestion in the broad sense of the word is a complex process, dependent upon
the harmonious working of several closely allied processes. By way of illustration

it may be mentioned that a given food stuff may owe its lack of digestibility either

to an inherent resistance to the solvent action of the digestive juices or more directly

to the fact that its ingestion fails to cause the requisite How of the necessary digest-

ive secretion. Now, one of the effects of cooking is to improve, or rather develop,
an agreeable flavor in the food, thus increasing its palatability and causing a

pleasurable stimulation of the sense of taste. This at the same time leads to a

greater outpouring of the needed digestive juices, thus furnishing the means for

more rapid and complete digestion. Further, the very increase in palatability
incidental to proper and intelligent cooking leads to a more thorough mastication of

the proteid food, while at the same time the cooking tends to facilitate its separation
and mechanical subdivision. This latter, as already stated, greatly aids the digest-

ive process by enabling the different digestive secretions to come into more intimate

contact with the individual particles. This tendency toward disintegration and

general softening incidental to cooking is due mainly to the complete or partial

hydratiou of the connective tissue fibers by Avhich the muscle Tissue is held together
into gelatin, which is far more readily digestible and assimilable than the collagen

itself!

In all methods of cooking meats, as indeed all forms of proteid food, whether by
boiling, roasting, or broiling, the proteid or albuminous matter undergoes more or less

complete coagulation. This, however, is essential in any process of cooking by which

a rich and appetizing flavor is to be developed, and if not accomplished at too high a

temperature offers no obstacle to easy digestibility ; indeed, it has already been stated,

owing to the conversion of the collagen of the surrounding connective tissue, digest-

ibility maybe even increased. At the same time, it is well to remember that raw

beef, for example, if very finely divided by chopping, is somewhat more easily dis-

solved by the gastric juice than when coagulated by cooking. All things considered,

however, proper cooking unquestionably tends to increase the general digestibility
of proteid foods. At the same time it alters the consistency and constitution of the

food stuff, joining to it an odor and taste which would otherwise be wholly lacking,

and, no less important, causes the destruction of disease germs or other related organ-
isms possibly present.
The many methods of preparing proteid foods for consumption need hardly be con-

sidered here; they have little bearing on the direct digestibility of the various food

stuffs, except so far as they modify the degree of coagulation of the proteid matter,
the mechanical subdivision of the tissue, and the removal or addition of admixed fat.

More important, however, is the indirect effect on digestibilty incidental to the degree
of palatability produced, with the corresponding degree of stimulation of the secre-

tory processes by which digestibility is so greatly augmented.

1 Loc. cit.
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Falatability and digestibility go hand in hand, and the intelligent preparation of

a so-called cheap or tough piece of meat, for exampleiinay result in as digestible and

nutritive a product as the more careless preparation of a piece of tenderloin.

Some interesting experiments upon the rapidity of digestion of meats,
cooked and uncooked, and of milk in various forms, have been con-

ducted by Jessen at Tiibingen.
1

They were made by the methods of

artificial and natural digestion, those of the latter kind being per-

formed with a dog and with a man.

To test the effect of cooking lean beef, portions were finely chopped
and the tendons and other connective tissue were separated as com-

pletely as practicable. The material thus prepared was divided into

several parts. One part was left raw. others were boiled, and still

others were roasted. Of the boiled and roasted portions some were

rare, or, as .lessen calls them, u half done," and others well done. The

raw, half done, and well-done portions were tested by artificial diges-

ti;ni with pepsin, by experiments in the stomach of a dog, and by
experiments in the stomach of a healthy man. In the experiments by
artificial digestion the meat was placed in glass tubes, an acid solution

of pepsin was put upon it and the tubes with their contents were kept
at about the temperature of the body for L'4 hours, with occasional

stirring. With the dog a listule was used consisting of the usual

metal tubes, permanently inserted through the skin into the stomach,

and opened or closed with a stopper at will. The meat was inclosed

in a cloth, inserted through the tube, and removed after the desired

time. In the experiments with the man. a laboratory servant, the food

was taken into the stomach when the latter was empty, and after diges-

tion for the desired time, withdrawn by a stomach pump. The results

of the experiments of the three kinds were essentially concordant.

The raw meat was digested more readih than the cooked. In the trial

by artificial digestion the residues unaltered by the pepsin were small-

est with the raw meat and largest with that which had been most

thoroughly cooked by boiling or roasting. In those with the man the

digestion was completed in different lengths of time as set forth in the

figures of Table 15, herewith. Similar trials were made with other

kinds of meat and with milk. The results of the experiments with the

man are summarized in Table !.".

TAKI.K !.">. Hrlalin- time required for dif/cstion of cooked and uncooked foods in a man'

stomach.

MEATS.
Beef: Hours.

Raw .......................................................... 2

Moiled, half done .............................................. 2|
1 Soiled, well done ............................................. 3

K'oasted. halt' done ............................................ 3

Roasted, well done ............................................ 4

Mutton, raw ...................................................... 2

Veal, raw ......................................................... 2-J-

Pork, raw ........................................................ 3

1 Ztschr. Biol., 1893, p. 128.
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MILK.

Cows' milk, 602 cubic centimeters: Hours.

Uncooked 3

Boiled 4

Sour 3

Cows' milk, 675 cubic centimeters, skimmed 3

Goats' milk, 656 cubic centimeters, uncooked 3^

It will be seen that the raw veal required somewhat longer time for

digestion than the mutton, and that the pork, which doubtless con-

tained a larger percentage of fat, was still slower in digestion. The
boiled milk was digested somewhat more slowly and the sour milk a

little more quickly than the uncooked milk. 1

It should be insisted that the experiments of this kind, of which the

number on record is small, do not suffice for satisfactory generaliza-

tions. They can not be taken as exact measures of the degrees of

digestibility of the different materials. It should be born in mind, fur-

thermore, that they apply only to what takes place in the stomach
;
while

the normal process of digestion goes on in the intestines after the food

has left the stomach. At the same time, these results are the more

worthy of confidence because they accord with the chemistry and his-

tology of the subject.

It is a familiar fact that tough meats are made tender by long heat-

ing at a comparatively low temperature. The best explanation of this

is, perhaps, to be found in the disintegration of the connective tissue

with the formation of gelatin. Unquestionably the principle is an

important one in its practical applications.

Vegetable foods often require cooking to fit them for use. This is

especially true of starchy foods, such as wheat, corn, beans, peas, and

potatoes. The starch is contained in cells, the walls of which are acted

upon comparatively slowly by the digestive juices. By cooking the

cells are disrupted and the starch itself undergoes more or less of a

chemical change, so that it is more easily and completely acted upon

by the digestive ferments.

EFFECTS OF FOOD ADJUNCTS ON DIGESTION FLAVORING MATERIALS.

A great deal has been said, much has been written, and a small amount
of accurate experimenting has been done upon the eifects exerted upon
the digestion of food by food adjuncts, such as spice, mustard, and

other flavoring materials; beef tea and meat extract; tea, coffee, choco-

late, and similar beverages, and alcoholic drinks. Professor Forster,
in speaking of what the Germans call " Genussmittel" appetizers is

perhaps the nearest corresponding word in English the materials

which are taken with food either for their own agreeable flavor or to

'See summary of later experiments on the digestibility of milk in Experiment
Station Record, 5, pp. 959, 960.
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improve the flavor of the food aiid which are often supposed to help

digestion, says in substance, as follows :
1

There is no doubt that the human digestive apparatus can be excited to activity
in various ways with Genussmittel, including such as are iised by man in a refined

civilization, at the beginning and end of his meals, e. g., meat broth, salt and salt

condiments like caviar, cheese, etc.
* * * We know that when brought iuto

contact with the mucus membrane of the stomach and intestines of a living animal,

they cause the filling of the blood vessels and secretion of the digestive juices. Sugar
and salt are hardly brought iuto the month before they excite abundant effusion of

saliva. Indeed, the same effect is produced even by the sight or smell of savory foods,

and some of the well-tasting substances may act upon the digestive apparatus and

its glands by simply being taken into the blood circulation. Thus, I have observed

experimentally a rich secretion of gall after an injection of a solution of sugar into

a vein (vena inesentcrica).
* * *

It is very natural to infer from this that the

work of digestion will go on better with the aid of such condiments than without

them, in t\vo ways : Hither more nutriment might be digested from the same food, or,

if there were no increase in the amount digested, it might be digested more quickly
witli their help, which would likewise be a gain.

* * *
But, important as this

may seem to physiologists, it is of minor consequence with healthy persons. Thus,
in experiments made with a man under my direction, when meat had been treated

with water [to remove the " extractives" which give meat its flavor and which are

the chief constituents of beef tea and meat extract] and was so tasteless as to be

eaten in any considerable quantity with difficulty, the quantity digested and
observed to pass into the circulation was as large as with the same weight of meat
roasted in the ordinary way; and both Bischoff and Hofmanu have found that meat
extract taken with bread or with a mixed diet did not materially affect the digestion.

And in experiments by I'lii-ur with a mixed diet so tasteless as to make it, when
continued some time, extremely repugnant, so that great effort was required to eat

it, the digestion seemed to be unaffected thereby.
For the sick and convalescent, on the other hand, the effect of these appetizers

upon the digestion is of great importance, imperially where the digestive apparatus
has been for a time more or less inactive and requires stimulating. Thus the

observations of Kennnerieh show the usefulness of bouillon and meat extract in case

of enleelded digestion.

In the case of the ore, there must be plenty of acid or it can not dis-

solve. If the supply of digestive juices is insufficient the food can not

digest. The chief use of these food adjuncts would seem to be to stim-

ulate the production of digestive juices. The results of later experi-
mental inquiry and the teaching of the most reputable physiologists seem
to be in line with the experiments here quoted. It would thus appear
tlmt while the materials which we call appetizers may often be very
helpful where digestion is enfeebled, they are, for healthy people,

unnecessary and without very great effect upon the utilization of food

in the body. This subject, however, is one upon which we should

speak with the greatest caution. In the present state of experimental

knowledge categorical assertions are hardly justifiable. It is easy to

cite statistics upon the quantities of nutrients digestible from different

food materials, but all discussion of the effects of condiments, Stimu-

li the volume on Ernahruug uud Nahrungsmittel, of Pettenkofer and Ziemsseu's
Handbuch der Hygiene.
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lants, and cooking upon ease or time of digestion and these are the

most essential things from the hygienic standpoint must be of that

general and indefinite character which is most unsatisfactory to the

careful student and investigator.

As to the effect of the quantity offood upon the proportions digested,
the experiments at hand seem to point to the interesting conclusion

that when a moderate amount is taken it is digested more completely
than a very large, or, at times, even a very small quantity; so likewise

a moderate amount of water taken with the food seems favorable,

while too much has been found to interfere with digestion. As to the

effect of moderate exercise just after eating, observations differ, some

experiments indicating that muscular labor retards digestion, others

that it does not. During sleep digestion has been found to be dimin-

ished. Bat the conditions upon which a proper answer to such ques-
tions depends are so complex and the definite knowledge is so limited

that their discussion is neither easy nor agreeable.

SUMMARY.

In considering the digestibility of food we have to take into account

(1) the quantity digested, and (2) the ease and time of digestion. As

regards the quantities digested from reasonable amounts of ordinary
food materials by healthy people, the best experimental evidence indi-

cates that:

(1) The protein of our ordinary meats, fish, and milk is very readily
and completely digested. The protein of vegetable foods is much less

completely digested than that of animal foods. Of that of potatoes and

beans, for instance, a third or more may escape digestion, and thus be

useless for nourishment.

(2) Much of the fats of animal food may at times fail of digestion.

This is presumably true of vegetable fats, but the quantities are in gen-

eral so small that the determinations of the proportions digested are

not very accurate.

(3) The carbohydrates, which make up a large part of vegetable food,

are in general very digestible The crude fiber or cellulose is an excep-

tion, but the quantities of this in the materials used for the food ofman
are too small to be of importance. Sugar is believed to be completely

digested. This is assumed to be the case with the sugar of milk. The
other carbohydrates of animal foods are very small in amount.

(4) The animal foods have in general the advantage of the vegetable
foods in digestibility, that they contain more protein and that their pro-

tein is more digestible.

(5) The quantity digested appears to be less affected by flavor, flavor-

ing materials, and food adjuncts, and to differ less with different persons,
than is commonly supposed.

Concerning the relative ease and time of digestion of different foods,

and consequent comfort and health, the lack of accurate experimental
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data renders it more difficult to make concise statements. Cooking and

other conditions are very important. Very much depends upon the

individual peculiarities of different people.

SUGGESTIONS AS TO EXPERIMENTAL WORK NOW NEEDED.

To promote a better understanding of the digestibility of different

kinds of food by different individuals several lines of inquiry need to

be prosecuted. They have to do with :

(1) Artificial digestion.

(a) Improvement of methods.

(b) Actual tests of digestibility of different materials.

(2) Actual digestion.

(a) Investigation of metabolic products, their occurrence,

nature, and amount.

(b) Improvement of methods.

(c) Systematic series of experiments on digestion.

Artificial <l it/ration. Concerning the experiments upon artificial

digestion, it will suttire to say that what is now most pressingly needed

is (1) a compilation of the results of inquiry already obtained, and (2)

the elaboration of the methods of inquiry. These methods have,
indeed, been worked out with no small degree of success, and it is now

possible to make artificial tests of digestibility of various kinds of food

materials the results of which agree tolerably well with the results of

digestion tests by healthy men. But the conditions which affect diges-

tion by the two methods are not yet well enough understood and the

results by the artificial method as carried out to-day do not bring entirely

accurate indications of the actual digestibility in the human organism.
Of course similar remarks may be made regarding the artificial diges-

tion of feeding stuffs and their natural digestion by domestic animals.

The whole subject demands careful inquiry and promises most valuable

results.

Actual <H<j<'NtioH. In experiments upon natural digestion by man,
aside from the intrinsic difficulty of working with individual food mate-

rials, which become speedily distasteful and can not be endured by the

average man for a very great length of time without danger of inter-

ruption of the normal digestive functions, the chief obstacle to the

getting of accurate results is found in the metabolic products. It is

greatly to be desired that investigations be made to learn more defi-

nitely what these materials are and in what quantities they are secreted

under different conditions as to the characteristics of the individual

and the kinds and amounts of food eaten. Keference was made above
to experiments in which this subject has been studied. More inquiry
is greatly needed. The investigations might be carried on some such

plan as the following:

Suppose the question be, How much metabolic nitrogen will be

excreted by a person of a given class, e. g., a healthy man, with a given
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amount of food? A ration may be planned which shall consist mostly
of fats and carbohydrates and shall contain only enough nitrogenous
material to make it palatable. The nitrogenous material may consist

of a material, like lean beef, which has been found to be almost, if not,

quite, completely digestible. The quantity of undigested nitrogen in

such a ration will be extremely small and its amount can be estimated

approximately from the experimental inquiry already made, and still

more accurately if further investigations of the digestibility of meats

accumulate. From the whole nitrogen excreted by the intestines that

of the undigested residue can be subtracted and the remainder taken

as the measure of the metabolic nitrogen. Of course it is desirable that

the nitrogenous compounds in the excreta be separated and studied as

far as practicable.

In like manner the quantities of fat, or, more properly speaking,
ether extract, in the metabolic products may be approximately deter-

mined. For this purpose it is desirable to devise a ration consisting

mainly of protein and carbohydrates with a minimum of fats and other

materials which would be extracted by ether. The nature as well as

the amount of these compounds in the food can be studied. Pains can

betaken to be sure that they are in "as digestible form as possible. The

quantity of ether extract in the undigested residue will thus be reduced

to a minimum, and some information as to its nature will be had in

advance. The ether extract in the excreta can then be determined

quantitatively and qualitatively. Comparison of the extracts in the

food and excreta will throw light upon the nature and amounts of ether

extract in the metabolic products. Of course other reagents than

ether might be used for the extractions. "Ether extracj" is here

referred to because ether is the substance most commonly used in our

present method of analysis.

The above suggestions indicate in a general way the manner in which

the metabolic products can be studied. Of course the individual

investigator will decide upon the details. It is, however, to be hoped
that some cooperation between investigators in this line may be brought
about.

Meanwhile it is possible to make tolerably accurate determination of

coefficients of digestibility by the methods now in vogue. The quanti-

ties of metabolic products can be roughly estimated and allowance

made for them in the summing up of the results. The time is ripe for

a systematic series of experiments on the digestion of our ordinary food

materials meats, fish, eggs, milk, butter, cheese, bread, crackers, and

other substances made from cereals, and potatoes and other vegetable

products. It would not be difficult to plan such a series of experiments
and to carry them out successfully, especially if the cooperation of a

number of investigators could be secured,



CHAPTER V.

PREPARATION OF FOOD COOKING.

What has just been said regarding the effects of cooking upon diges-

tibility covers only a small part of the ground which needs to be trav-

ersed. Among the specific questions which need investigation are the

temperature best adapted to the cooking of different materials in dif-

ferent ways as roasting, frying, boiling, steaming, and stewing; the

chemical changes involved in the process; the loss of nutritive mate-

rial in preparing it for use; the effects upon flavor, palatability, and

increase or decrease of digestibility. This represents a wide and useful

field of inquiry, which is almost unexplored. How little is definitely

known of this subject is illustrated by the fact that in the work of

Konig on the Chemistry of Foods and Food Adjuncts, which is by far

the most complete treatise upon this subject available, and which con-

sists of two volumes, of nearly 2,600 royal octavo pages, only nine pages
are given to the cooking of food. This chapter is, however, so inter-

esting that the substance of it is given below.

PREPARATION OF FOOD KONIG'S SUMMARY OF INVESTIGATIONS. 1

Uncivilized man takes his nourishment like animals as it is offered

by nature. Civilized man prepares his food before eating, and in ways
which are, in general, the more perfect the higher his culture. The art

of cooking, when not allied with a degenerate taste or with gluttony,

is one of the criteria of a people's civilization.

The chief advantage of the preparation of food for eating is to facili-

tate digestion. This is accompanied by (1) adding condiments and

giving it an agreeable appearance, so as to make it more appetizing, and

thus increase the secretion of the digestive juices; (2) by loosening its

texture and exposing it more fully to the solvent action which is the

essential part of digestion.

EFFECTS OF CONDIMENTS UPON DIGESTION.

Flavoring materials and an agreeable appearance do not increase

digestion directly, but act rather upon the nervous system, which, in

turn, transmits the stimulus to the digestive organs and incites them

to greater activity. While this may be helpful, it does not necessarily

increase the amount actually digested from the food. Meat that has

1 Chemie der menschliclien Nahmngs-und Genussmittel. Von Dr. Konig. Dritte

Anflas;e; II. Baud, ^ p. 138-139, 605-611, 1244-1252.

8518 No. 21 6
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been extracted by water and made entirely tasteless has, according to

Foster and Kynders, been found in actual experiments to be as quickly

and completely digested as an equal weight of meat roasted in the

ordinary way; and the same is stated by Fliigge to have been the

case with a mixed diet so tasteless as to be repulsive. The principal

condiments that influence digestive secretions are salt, sugar, alcohol,

and spices.

Salt increases the flow of saliva and of gastric juice, hence one value

of its use at meals in side dishes like caviar, olives, and pickles. The

salting of food is so indispensable that salt is in some regions consid-

ered a necessity, and the lack of it has been a cause of war.

Sugar is very agreeable to the palate, and the mere thought of it often

makes the mouth water; in other words it causes the secretion of saliva.

Doubtless the flavor is the chief cause of the great demand for sugar,

for although it is a valuable aliment, it hardly surpasses starch, dex-

trin, and other carbohydrates in nutritive value.

Alcohol. Taken in moderate quantities in such forms as cognac,

brandy, wine, beer, and other beverages, alcohol is likewise an impor-

tant stimulant to digestion. Brandy, whisky, sherry, and the like are

therefore favorite remedies in disturbances of the bowels and stomach,
and this helps to explain why the poorer classes, who often live upon
a wretched diet of the less digestible foods, such as coarse bread and

potatoes, have a craving for strong and stimulating alcoholic drinks.

It is the improper and excessive use of alcoholic beverages which makes
them a scourge to man by weakening his digestive apparatus and

undermining his general health.

At the same time it should be said that sugar and alcohol, until they
are absorbed by the system, hinder, temporarily, the actual process of

digestion, at least in the stomach. After their disappearance from there

the digestion goes on more vigorously than if they had not been taken.

The influence of carbonated waters and salts is often very beneficial.

Spices. Some of these act directly upon the glands which secrete the

digestive juices, as is the case with pepper, which contains piperin, and

with mustard, which contains an oil that increases the flow of bile.

Others first delight the sense of smell, which then stimulates the flow

of saliva. Such are vanilla, cinnamon, and cloves. A similar influence

is exerted by onions, parsley, and the like, which contain aromatic

substances. Fruits, likewise, contain, besides aromatic oils, more or

less inalic acid, which directly aids digestion.

Meat extract, tea, coffee. These are stimulants, and, like wine and

beer, excite more particularly the nervous system, and in so doing they
are at times very useful. The stimulating agents in tea and coffee are

alkaloids and essential oils; those in beer and wine are alcohol and

fragrant ethers. Tea and coffee, taken in moderation, have no disturb-

ing effect upon digestion.
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EFFECTS OF COOKING UPON DIGESTIBILITY AND NUTRITIVE VALUE.

Cooking changes the texture of food, making it in some cases more
and in others less digestible. In general, the digestibility of vegetable

materials, as flour and potatoes, is increased, and that of animal foods,

as meat, is diminished by cooking, though there are exceptions. Cook-

ing can not add to the amount of nutritive material in food, except in

so far as it may increase the proportion which is actually digested; but

it may, and often does, remove considerable quantities, as in the boiling

of nic'ats.

\\C may consider the effects of cooking under different categories, as

the boiling, broiling, and roasting of meats, the boiling and baking of

vegetables, and the baking of bread.

BOILING, BROILING, AND ROASTING OF MEATS AND OTHER ANIMAL FOODS.

Boiling, as commonly understood, is heating in water. This is done

generally with the water at or near the boiling point. But much cook-

ing in water is done at a lower temperature, because the water is not

always heated to the boiling point, ami. more especially, because when
meats and other materials are immersed in boiling water, as is usual

in cooking, the heat does not penetrate so as to bring the temperature
of the interior up to that of the water. On the other hand, there are

cases where, as in the preparation of gelatin, the water and the meat or

bone or other material are heated much above the temperature of boil-

ing water.

Steaming is similar to boiling, the difference being that the material

is surrounded by steam rather than water.

Boiling and steaming effect four kinds of change in the food. (1)

It is made more soft and tender. In meats the connective tissue is

softened, weakened, and, to a greater or less extent, gelatinized and dis-

solved, and thus the fibers of the meat are loosened. (2) Some material

is made soluble. This is the case with the gelatinoid substance of meat
as just stated, and especially with that of bone. By long boiling the

albuminoid materials of meat are dissolved to slight extent. On the

other hand, more or less of the albuminoids of meat, as the albumin
and myosin, are coagulated and hardened by boiling. (3) Flavors are

developed which make the materials, especially meats and fish, more

agreeable to the taste, and hence tend to promote the secretion of

digestive juices and thus aid digestion. (4) More or less material is

dissolved out of the food by the water. When used for soup the dis-

solved materials are well utilized, otherwise they are lost.

Various experiments
1 have proved that boiled, roasted, or smoked

meat, for example, is not as quickly and completely digested as raw
meat. Our preference, then, for meat so prepared only shows how

1 Chiitenden and Cummins, Am. Chem. Jour., 6, 318; M. Popoff, Ztschr. physiol.

Cliciii., 1890, 14, 524; A. Stutzer, Centbl. allgcni. Gesundkeitspflege, 1892, 59; Jessen,
see above, p. 75.



84 CHEMISTRY AND ECONOMY OF FOOD.

much value we attach to the pleasing tastes, odor, and physical con-

dition of our food.

The cooking of meats and fish in "dry heat," by roasting, broiling, or

frying, likewise effects several kinds of change. (1) The albuminoids

are coagulated. The result of this generally, though not always, is to

harden the fiber more or less and thus make the flesh less easily and

completely digestible, especially on the outside. (2) Flavors are devel-

oped which make the flesh much more palatable and tend to favor

secretion of the digestive juices. Thus, while the heating tends to

make the material less digestible, the effect may perhaps be counter-

acted in part by the providing of more of the ferments which digest the

food. (3) More or less of the juices of the meat are driven out.by the

heating. These commonly are saved in roasting, but lost to a greater

or less extent in boiling.

When meats and fish are heated, whether in roasting, broiling, frying,

or even boiling, much water is driven off.

Boiling of meat. Meat contains from 5 to 8 per cent of substances

soluble in water, namely, albumen, meat bases (creatin, creatinin, sar-

kiu, etc.), organic acids, glycogen, iuosit, and salts. When meat is

boiled with water albumen is rendered insoluble and remains in the

meat tissue, or produces the sen in floating upon the broth. Some con-

nective tissue is transformed into gelatin and is dissolved; apart of the

melted fat passes into the broth.

In boiling meat two methods are employed; either (1) the meat is

placed in cold water, which is then heated more or less slowly to boil-

ing and kept boiling for some time, or (2) the meat is put into water

already boiling. The results differ. In the first case the cold water

penetrates the piece of meat and extracts more or less of the juices

and soluble constituents
; upon boiling the albumen partly collects upon

the surface of the liquid as scum. In the second case only a little of

the soluble material is extracted. The albuminoids at the surface of

the meat coagulate and form an impenetrable layer. This cooking pre-

vents the extraction of the soluble materials, and the inner parts are

left more or less juicy. Consequently, to obtain a strong, nutritious

broth, consomme, or soup, we use the first method, warming the water

slowly, but if the boiled meat is to remain juicy and is to be eaten as

meat, the second method is followed. This view is confirmed by experi-

ments of A. Yogel,
1 who found that meat cooked by gradual wanning

with cold water lost much nitrogen and gave a richly nitrogenous broth,

while meat placed directly in boiling water retained its nitrogen and

juice but yielded a poor broth.

As a general thing, however, meat is not completely extracted even in

making soup, and bones are often boiled with it to secure a strong broth.

Von Wolffhugel and Hiippe
2 have observed the temperature in the

1 Chein. Ccntbl., 1884, 639.

2 Mittheilungen des kaiserlichen Gesundheitsamts, I, and Abst. iu Jahresber. Tiei.

Chein.. II, 1881, 441.
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interior of cooking meat and found it always considerably lower than

the outer temperature. In a piece of meat weighing 4.5 kilograms the

interior temperature after four hours' boiling was only 88 C. The
inner temperature of meat which was being roasted varied from 70 to

95 C., according to the size of the piece.

When canned meat in large and even in small cans was kept in a

salt-water bath at 102 to!090.
7
the interior temperature of the meat

rose only to 72 to 98 0., according to the size of the cans. This

explains why large cans of meat always have more bad spots than

smaller ones. The heat is not sufficient in the large cans to destroy
the bacteria or other organisms that cause the meat to decompose. It

may be that the formation of an insoluble layer of albumen prevents

the penetration of both the boiling water and the heat.

Meat broth. The quantities of ingredients in meat broth are illus-

trated by an experiment. We boiled 500 grams of beef and 189 grams of

veal bones in the ordinary (German) household way, and obtained a

little more than hall' a liter (543 cubic centimeters) of strong broth or

soup. This contained by weight:
Per cent.

Water 95.18

Total dry substance 4. 82

Nitrogen 19

Protein (N. X 6.25) 1.19

Fat 1 . 48

Extractives (carbohyd rates, etc. ) 1. 83

Ash 32

Potash 15

Phosphoric acid 09

Good broths may also be made from less meat and more water, by
adding savory herbs to improve the flavors. A. Payen

1

gives the fol-

lowing figures for the materials used in making broths and the compo-
sition of the broths as actually prepared from them:

A. Materials used for making meat broths.
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It appears from these analyses that the amount of solids in ment
broths is generally small. Consequently their strong taste and stimu-

lating effect upon the nervous system must be ascribed to the meat

bases, ereatin, carniu, etc., and potassium salts.

A bowl of nourishing soup or bouillon made in the ordinary way
from 3 to 4 grains of meat extract with the addition of spices, egg, salt,

etc. contains only 4 grams of solids. Of these, 3.4 grams is organic

matter, 0.34 gram nitrogen, and 0.8 gram is salts having about 0.3

gram of potash.
Besides meat bases, soups contain also more or less gelatin, varying

directly with the quantity of bones used in the making. From the

composition of bones such as occur in ordinary meat it may be esti-

mated that 100 grams would yield by ordinary kitchen boiling:

Grams.

Total dry substance 2.0 to 7.5

Nitrogenous matter 0.2 to 2.8

Fat 0.6 to 5.5

Other organic matter 0.1 to 0.5

Salts 0.1 to 0.2

After the meat has been boiled to make broth it still contains meat

fiber, part of the albumen, connective tissue, and fat, and if not com-

pletely extracted, small residue of meat bases also. Boiling disinte-

grates the fibers. This is the reason why boiled meat can be more

easily chewed and is preferred to raw meat.

Boiled meat* Of course boiled meat has not the same nutritive value-

as fresh raw meat. Aside from the fact that meat may be rendered

less digestible by boiling, it also loses nutritive material. Dogs have

died when fed upon meat which has been extracted by boiling. As it

is chiefly the withdrawal of salt which makes the extracted meat an

incomplete food, the restoring of the salts will increase its nutritive

value and lessen its injurious effects. Meat which has been long boiled

should not be used as exclusive diet without at least the soup which it

has served to make. It should be remembered, however, that when the

meat is put into boiling water at the outset, especially if it is in large

pieces, it loses comparatively little nutritive material.

Roasting', frying or broiling is a decidedly more rational way of cook-

ing meat, since the juices are mostly, if not entirely, saved and the

tissue and fiber are at the same time loosened by the heat, or by the

steam and the fat vapors which the heat generates. In roasting and

frying meat a crust is formed on the outside by the coagulating and

hardening of the albuminoids. It is supposed that at the same time

trifling quantities of carbon and nitrogen are driven off and a small

amount of acetic acid is produced which dissolves some of the ingredi-

ents of the meat. The fat undergoes a partial decomposition into fatty

acids and glycerin, and a little of it is volatilized.

The following analyses, made in Konig's laboratory, show the com-

parative composition of specimens of fresh meats, boiled and roasted.
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Comparative composition <>f men in hrj'nrc and nt'la' cookwy.
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Boiltny of -milk. The object of this is to kill the bacteria in the milk

and thus for a time prevent its souring. In the boiling- a film forms on

its surface, which consists of casein, and the peculiar odor given oil' is

due to sulphurated hydrogen.
1

Apparently no other important changes
in composition take place; but K.Jessen 2

finds, nevertheless, that boiled

milk is less rapidly digested than raw milk.

Boiling and bkin(/ of vegetables. Vegetable foods are more difficult

to digest than animal foods. Their preparation is^therefore more coin-

plicated and thorough. The
nutritive substances are in-

closed in cells, often with

thick walls, and are not

readily acted upon by the

digestive fluids. But when

vegetables are boiled the cell

contents expand and burst

through the walls. The fra-

grant and savory substances

are set free with the other

materials which have been

inclosed in the cells, and their

astriugency and bitterness

are tempered. Some of the

constituents are dissolved by
the water or suffer other

change. Starch, an impor-
tant ingredient of many

vegetable foods, such as potatoes, wheat, rice, and oat ineal, takes up
water and assumes the soft, pasty condition which is necessary for its

transformation into soluble dextrin and sugar. The boiling of foods,

especially vegetables, may therefore be called a preparatory digestive

process.

The accompanying diagrams
3

(figs. 2, 3, and 4) illustrate the differ-

ences in the structure of the starch grains of the potato. No. 1 shows

the cell in the raw state. In No. 2 the potato had been boiled a half hour.

The starch granules are swollen, but not enough to entirely fill the cells.

In No. 3 the potato had been well steamed and then mashed
;
the cells

are filled to distention and a number have burst opeu so that the

starch, now an entirely amorphous mass, is considerably scattered.

Cells from other plants behave like those of the starch-bearing
tubers of the potato. The seeds of legumes, such as beans, peas, and

1

Sclireiiier, Aintl. Bericlit. <1. 50. Versammlung deutscherNaturforscherund Aerzte,

Mmichen, 1877, 218. Abst., Jahresber. agr. Chem.
; 20, 1877, 422-423.

2 See above, p. 75.

3
Miircker, Studien in der Spiritusfabricatitm.

FIG. 2. Cells of a raw potato, with starch grains in

natural condition.
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lentils, are, in their natural state, difficult to digest, because their

starch granules lie closely packed within the indigestible cell walls.

On boiling the starch swells, the cells burst open, their contents

are changed into a pulpy
mass which, when strained

through afine sieve,makes
a very nutritious and di-

gestible dish. The pre-

dominant constituent of

the nitrogenous matter

"legumin
v

is dissolved

and made more digestible

by the phosphate present j

but it forms an insolu-

ble compound with lime;

hence these vegetables

can not be boiled advan-

tageously with hard water.

Flour 'and starch iu

their ordinary dry state

are hardly fit for food Flo. 3. Cells of a potato boiled in water one-half hour.

for man. Cooking with

milk or water softens and gelatinizes them sufficiently for making
puddings, cakes, omelets, pies, macaroni, etc., but for cakes or bread

a porous light dough is

obtained by particular

treatment with yeast or

baking powder, as will

be explained beyond.

By the baking and

roasting of starchy foods

some starch is also con-

verted into more assimila-

ble dextrin, as in the hard,
brown crust of bread,
the surface of toasted

bread, baked potatoes,
and macaroni.

8otq)n (( n <1 -sv> up m alting.

The following tables illus-

trate the composition and
nutritive values of some
home-made soups. The

data are from experiments in Konig's laboratory. The soups were
made in accordance with the methods practiced in ordinary (German)
households, to wit: Pea soup, by boiling peas with smoked sausage and

he. -i.-cviis of
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straining off the pulp; potato soup, by boiling potatoes with waste

pork; bread soup, from pieces of bread, sugar, and water; farina

soup, from barley farina and milk.

Composition of soups (as made in German households).
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BAKING OF BREAD.

In the making of flour from cereal grains the less digestible outer

coating is removed by the process of milling, and the more easily and

completely digestible material is left in the flour or meal.

The starch grains of the product thus prepared are inclosed in cells,

the walls of which, as explained above, make it difficult for the digest-

ive juices in the alimentary canal of man to get at them and prepare
them for absorption. We accordingly mix the material with water or

milk and heat it. The starch swells, the cells burst open, and a paste or

dough is formed, and thus the material is partly prepared for digestion.

But in the baking of bread still further steps are taken which result in

loosening the mass or making it "light," to use a common phrase, while

at the same time the taste is greatly improved.
Flour simply mixed with water and baked is neither as palatable nor

as digestible as is to be desired. It is difficult to chew, and the small,

'impenetrable pieces when swallowed resist the action of the digestive

fluids. Hence, in the making of the dough some substance or sub-

stances are added to make it "rise" that is, to generate in it a multi-

tude of small bubbles of gas. Such materials are leaven, yeast, and

baking powders. The two former convert some starch of the flour by
fermentation into alcohol and carbonic acid; the latter, which usually
contain mixtures of suitable chemicals, generate carbonic acid upon
contact with the moisture of the dough, in making so-called " aerated

bread'' carbonic acid ready made is worked into the dough by machin-

ery in closed vessels. When dough thus prepared is put into the hot

oven the bubbles of gas which permeate it are expanded and thus

make larger cavities. At the same, time, the minute, hard granules of

starch, hitherto unchanged, are by the moist heat softened and gelatin-

ized. The ferments of yeast and leaven are killed by the heat and

thus their further action upon the bread is prevented. The outer sur-

face of the bread is more heated than the interior and much of the

starch is changed to dextrin, which is more soluble and believed to be

more digestible. Hence the crust is often recommended for persons with

enfeebled digestion. The same change occurs in the outer, browned
surface of pieces of bread when toasted.

EFFECTS OF COOKING AS STATED BY HALLIBURTON.

To the statements of Professor Konig, above cited, the following

summary of the effects of the cooking of food, by Professor Hallibur-

ton, of King's College, London, may be added: l

The cooking of foods is a development of civilization, and much relating to this

subject is a matter of education and taste rather than of physi logical necessity.

Cooking, however, serves many useful ends:

(1) It destroys all parasites and danger of infection. This relates not only to

hacterial growths, but also to larger parasites, such as tapeworms and trichina.

(2) In the case of vegetable foods it breaks up the starch grains, bursting the
cellulose and allowing the digestive juices to come into contact with the granulose.

l The Essentials of Chemical Physiology, p. 34.
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(3) In the case of animal foods it converts the insoluble collagen of the uni-

versally distributed connective tissues into the soluble gelatin. By thus loosening
the binding material, the more important elements of the food, such as muscular

fibers, are rendered accessible to the gastric and other juices. Meat before it is

cooked is generally kept a certain length of time to allow rigor mortis to pass off.

Of the two chief methods of cooking, roasting and boiling, the former is -the more

economical, as by its means the meat is first surrounded with a con.t of coagulated

proteid on its exterior, which keeps in the juices to a great extent, letting little else

escape but the dripping (fat) ;
whereas in boiling, unless both bouillon and bouilli

are used, there is considerable waste. Cooking, especially boiling, renders the

proteids more insoluble than they are in the raw state; but this is counterbalanced

by the other advantages that cooking possesses.

ATKINSON'S DEFINITION OF COOKING.

The subject is viewed from a somewhat different standpoint in the

concise definition by Dr. Edward Atkinson: l

We may define the art of cooking as consisting in applying heat to each of these

subjects in such a way as (1) to render it digestible, so that its nutrient properties

may be assimilated in true proportion in the human system; (2) to render it appe-

tizing by the development of its own specific flavor
; (3) to combine different kinds of

food material in such a way that each will render the other palatable; (4) to remove

certain portions which may not be palatable or digestible after the first application
of heat, either a<s waste, like bone, as excess, like much of the fat that may be used

for other purposes, or as woody fiber in many vegetables; (5) to add to the essential

elements salt in its due proportion in almost every process, and sugar in some com-

binations, and other condiments, spices, or flavorings in such a way as to develop
rather than to disguise the true flavor of the principal food material entering into

each dish.

INVESTIGATIONS BY MRS. RICHARDS AND MRS. ABEL.

In 1889 and 1890 a grant was made by the trustees of the Elizabeth

Thompson fund for experiments upon cooking. This was supple-

mented by private gifts for the same purpose. The experiments were

carried out by Mrs. Ellen H. Eichards and Mrs. Mary H. Abel. They
included some trials with the Aladdin oven, the invention of Dr. Edward

Atkinson, through whose instrumentality the investigations were under-

taken. The following statements are from the reports of Mrs. Eichards

and of Mrs. Abel to the trustees of the Elizabeth Thompson fund. They
are taken from a paper by Dr. Atkinson on " The right application of

heat to the conversion of food material," read at the meeting of the

American Association for the Advancement of Science, in Indianapolis
in August, 1890:

The investigation of certain scientific principles of hygienic and economic cook-

ery, in aid of which a grant of $300 was made from the Elizabeth Thompson fund,
was to cover four points :

(1) The determination of the time and temperature required for the best results

in flavor and digestibility of the several classes of food materials, i. e., moat, vege-

tables, etc.

1

Suggestions Regarding the Cooking of Food, published by the U. S. Department
of Agriculture, 1894.
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(2) To ascertain the difference, if any existed, in the chemical character of bread

quickly baked and that baked for a long time.

(3) To endeavor to secure a simple and effective measure of oven heats.

(4) To modify the ovens in common use in order to obtain more digestible food

and to secure more economical Tise of food materials.

The study of these points was made by Mrs. Mary Hinman Abel in connection

with the work of the New England Kitchen, thus securing more than mere labora-

tory results. The analyses were made in the laboratory of sanitary chemistry of

the Massachusetts Institute of Technology by Messrs. G. L. Heath, F. S. Hollis,

W. R. Whitney, and Misses Bragg, Day, Sherman, and White. The apparatus is

being used constantly in further experiments.

The,accompany ing report gives in detail the results of the six mouths' work. It

may be briefly summarized as follows:

(1) Two standard dishes have been perfected which have stood the test of six

months' daily sale with constantly increasing popularity. The time and temperature

necessary for these dishes are known, as well as the exact proportions of the neces-

sary ingredients. Meat and vegetables are represented. The two dishes are beef

broth for invalids, and pea soup. From the beef broth other soups are made.

(2) The change in the composition of bread when baked a long time at a moderate

temperature has been demonstrated.

(3) The question of an oven thermometer has not been satisfactorily settled.

(4) In regard to tlie Aniei i.-.-m cook stove we have come to the conclusion that no

general improvement in the eharai-ter of prepared food can be expected with so

crude and unreliably a means. As we have demonstrated that for most substances

a long time and a moderate heat is required for the best results, we must find an

apparatus to secure this. Nothing which we have seen or heard of quite meets the

ideal requirement.
In our practical experiments we have confined ourselves to the effect of a moderate

degree of heat, continued for a considerable time. We have not considered to any
extent the methods of l)roiling or so-called roasting, because it is well known that

only tender, high-priced cuts of meat can be thus made fit for the table.

ESSICNTIALS FOR GOOD COOKING APPARATUS,

For ordinary cooking apparatus the following are essential points:

(1) The degree of heat should be under perfect control, increased, diminished, or

withdrawn at will, and without loss of time. This can only be perfectly attained

with liquid or gaseous fuel. Solid fuel demands constant and equable running,
and gives best results in large masses. The small fire box of a cook stove, and the

urging of the fire for a short time three times a day are fatal objections to the use

of anthracite.

(2) A tightly closed vessel heated by steam, or hot water, or hot air, offers many
advantages over the top of a red-hot stove or the inside of a nearly red-hot cast-iron

oven for cooking, except for the broiling and the roasting of meat and for some
other methods of cookery which require the quick application of heat.

(3) For all purposes of slow cooking the oven should have a non-conducting cover-

ing which retains the heat where it is wanted, and also allows of tight closing and
of security from the constant watching required by the fitful heat of a stove.

This use of a close oven with a non-evaporative atmosphere, seems to be the

secret of the retention of the delicate and volatile flavors which usually flavor the

house and street, and not the food as it is brought to the table.

Three kinds of apparatus are now in the market which meet more or less of these

requirements, and all may be used with a kerosene lamp. The Arnold steam cooker
uses steam generated in a sort of flat boiler. For some purposes, such as the cook-

ing of cereals, as mush, and also for the prepartion of a few quarts of soup, and for

the slow cooking of meat in its own juices, we find this cooker very effective. The

liability to leakage and the difficulty of mending are drawbacks, and there is no

non-conducting covering.
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The Wanzer cooker we have not been able to purchase, as it is hold by an English

patent. It has a special lamp of borne merit and it has good points, as the demon-
stration which the patentees gave ns showed. The loss of heat is, however, very

large and the lamp will run only four hours.

The Aladdin oven or covered stove. This is a square or oblong box of sheet

iron of any desired size, with a non-conducting covering of magnesian cement or

wood pulp, and is heated with a kerosene lamp or gas burner. The size in use for

these experirneuts is 18 by 12 by 14 inches, and gives a cooking space at least equal
to that of a No. 8 Crawford cook stove, and when empty can be heated to about
300 F. in an hour, and maintain that temperature for 8 hours by a single kerosene

lamp of the Rochester-burner type, with the consumption of 1 quart of kerosene.

When well filled with food materials in small portions the heat is sufficient to heat

them in about twice the time allowed by an ordinary cook stove. When the space is

completely tilled with a vessel containing, for instance, 40 poun ds of meat and bone

and 15 quarts of water, the whole is raised from a temperature of 70 to 180 F. in 7

hours, and to 212 in 12 hours. If the lamp is then taken away or allowed to go
out the temperature does not fall below 190 for 4 hours.

For this 12 hours, 1 quarts of kerosene are needed, or a gas burner can be used.

For simplicity, effective use of heat, economy of fuel, and development of llavor in

the food cooked, combined with increase of its digestibility, the Aladdin oven is an

apparatus far exceeding in merit any other now in market. It will not meet all the

demands that the modern cook now makes of the kitchen stove, and it may be in

several respects improved, but in the application of well-known and long-tried
scientific principles to the cookery of food, it is a distinct advance and a most
valuable invention. * * *

COOKEUY OF MEAT.

The ideal preparation of a food for human use requires that the nutriment it con-

tains should be utilized to the fullest extent, and this implies not only that it shall

be in such a state that the digestive juices can best act on it, but that these digestive

juices shall be properly stimulated to do their work by the taste or flavor of the

food. Therefore in the cooking of meat we undertook to answer this question:
What method can be employed that will yield the most in nutrition and flavor?

It was determined to experiment first with beef of the cheapest cuts, as the neck

and shin, these cuts although tough being among the richest in nutriment as shown

by analysis, and to utilize this nutriment in the form of broth or as a basis for soups.
In examining a shin of beef we find it to consist, as far as our uses are concerned,

of, first, muscular fiber; second, connective tissue; third, bone. We have here three

distinct food materials, which if treated separately would require quite different

processes.

(1) Muscle fiber. To prepare this for the digestive juices requires only that slight

application of heat that develops the flavor which is most agreeable to the civilized

palate, and so increases the nutritive value of cooked muscle fiber over raw, at least

for the civilized stomach. A familiar example of the most perfect method of cook-

ing the muscle fiber alone is broiling.

(2) The connective tissue and tendons. We find these intimately connected with

the muscle fiber, and their food material is finally obtained mostly in the form of

gelatin. To render these substances available for food they must be first hydrated,
and then to a greater or less extent dissolved. The length and difficulty of this

process differs with the age of the animal, its food, and also on the length of time

the meat has been kept after killing, all of which affects the toughness of the envel-

oping membrane. The connective tissue in a sirloin steak is so tender that the heat

necessary to cook the muscle fiber, as in broiling, is sufficient also to hydrate the

connective tissue by merely heating the water contained in the steak; that of the

tougher cuts, like that of the shin, need a much longer application of heat.

(3) The bones also contain a substance which yields gelatin, and to extract it
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requires a long application of heat. It became evident at this step in the investiga-

tion that since muscle liber, connective tissue, and bone must be cooked by the same

process, and that this process must be a long one in order to affect the necessary

changes in the connective tissue and the bone, some means must be devised to

prevent the overcooking of the muscle fiber from dissipating its flavor. This

settled the first requirement of the cooking vessel to be used, namely, that it must

be tightly closed. On this account the ordinary iron pot was rejected, but the long
famous I'apin soup digester with its tightly screwed top was given a good trial on

the kitchen range. But other requirements were to be met. The perfect hydration
of the gelatin yielding connective tissue of meat and the proper cooking of the

albumen would require that the temperature be perfectly under control. It was

found to be impossible to regulate the temperature inside the digester; for, added

to the ordinary difficulty found in using the variable kitchen range, was the fact

that the tightly closed digester gave no sign of the rising temperature till the mis-

chief was done. Placed over the more easily regulated flame of gas or kerosene so

large a vessel showed great unevenness in the temperature in the top and bottom,
and both of these methods were expensive as to fuel.

We next tried cooking the meat in earthen jars placed in the Aladdin oven to

which the heat of a kerosene lamp was applied, and the results obtained were so

good that it became evident that \vc were on the right track. Tho meat and bone

placed in a jar and covered with cold water rose slowly and steadily, without any
attention on the part of the cook, to a required temperature and could be held there

for any length of time by simply lowering the flame of the lamp. The uou-couduct-

ing shell of the oven assured nearly the same heat to the bottom, top, and sides of

the cooking vessel, and did the work with a minimum amount of fuel.

We had aimed to produce a food that should hold nitrogen compounds in solution

with all the flavor available. This would require that the extraction of the food

material from the meat should be effected as nearly as possible before that tempera-
ture was reached at which the flavor once developed would be dissipated by the

escaping steam. It was found by later experiment that the agreeable!-flavors pecu-
liar to boiling soup were not brought out till the boiling point was nearly reached.

This by our present method is IL' hours after the beginning of the cooking, and

near the end of the process, so that the least possible quantity of these flavoring-

substances is lost by further cooking.

We, therefore, had a tin-lined copper vessel holding 30 quarts made to fit the oven,
thus utili/ing the entire inside space. Throe of them have been in constant use in

the kitchen since our early experiments demonstrated their value. By this method

only have we been able to meet our requirements for the proper cooking of meat of

the tougher cuts, and at the same time extract from bone and tendon a due amount
of gelatin. We consider it quite probable that a steam apparatus might be devised

that would do the work on exactly the same principle by surrounding the cooker

with a heated medium easily regulated and using low pressure; the steam jacket of

the restaurant does not answer the requirements, but to have something of this kind

constructed did not come within our means.

Whether the Aladdin oven is the ultimate best form of a cooker we do not attempt
to say, but it certainly deserves a high place because constructed on the principle of

holding the heat to its work by a non-conducting covering, and for using an easily

regulated fuel. Other contrivances examined by us, however convenient and ingen-

ious, are on the old lines and show no distinct advance toward an application of

scientific principles to cooking methods.

The method employed in the Aladdin oven is the same whether the meat and bone
are cooked with a small quantity of water and used in the form of a stew, or with a

larger quantity of water, the meat at the end of the process being pressed dry of its

juices. This latter method is the one most employed at the kitchen because of our

large consumption of this broth, merely salted as beef broth for invalids, and as a

basis for our various soups.
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COMPOSITION OF BEEF JUICE, BEEF TEA, ETC.

In view of the unexpected demand for the broth for the sick room we were obliged
to study the composition of the various preparations in use and the possibilities of

the yield of meat under various kinds of treatment.

Beef juice obtained from the best steak which has been merely warmed through
over the coals and then entirely deprived of soluble substance by a screw press, is

undoubtedly the most concentrated of the liquid foods. If prepared with the most

scrupulous care, from the best material, and used at once, it probably leaves nothing
to be desired. But in unskilled hands the risks are considerable in using this raw
and most easily putrescible material. It is also a slow, laborious, and expensive

operation.
Beef tea, as ordinarily made, is of uncertain composition; it may be only the juice

of the meat set free by the coagulation and shrinking of the fiber on heating. Such

is the beef extract made by heating chopped steak in a bottle. It may be an aqueous
infusion of very variable strength, containing chielly phosphates, kreatin, and cer-

tain extractive matters, agreeable to the palate, but of little nutritive value. It

occurred to us to prepare on a large scale a broth of constant composition from both

meat and bone, in such a manner as to secure a nutritive value at least equal to that

of milk (without its fat), and without sacrificing the appetizing flavor. The bone

gives a proportion of gelatin which, when flavored with the meat extract, is believed

to be of high nutritive value.

The following table gives a comparison of these different preparations:
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PEA SOUP.

Of our many experiments in the cooking of cereals and vegetables we consider only
one complete and satisfactory enough to report upon. The principles here demon-
strated can, however, be applied to many different dishes.

On account of the high food value of the legumes and the general impression that
as ordinarily prepared they are indigestible we determined to make careful experi-
ments on methods of cooking them. First, we undertook to make what would be a
standard soup out of dried split pea. We found that in this case also the principle
of long, slow cooking was the secret of success. * * *

It was found that not until

the split pea was cooked 4 or 5 hours, was the result that thick puree of rich and
mellow flavor that has been so popular in the New England kitchen.

SUGGESTIONS AS TO INVESTIGATIONS NEEDED.

A commoii remark made by those who have studied the conditions of

living of people of moderate incomes and the poor in the different parts
of our country is that one of the things most needed for the improve-
ment of the home life of people of these classes is an improvement in.

their cooking. To replace dear food badly cooked by economical food

well cooked is important for purse and health. To make the table

more attractive will be an efficient means for making home life more

enjoyable and keeping the father and sons from the saloon.

Those who have had experience in cooking schools have come to

realize the need of better understanding of the principles which under-

lie the right preparation of food. The ordinary kitchen stove and the

receipt book do not meet the demand, and nothing short of accurate

research can meet it.

"The coming fad is domestic science.'7 Indeed that fad is not coming
but is already here. The danger is that it may go as a fad and leave

no permanently useful impression. But it may be made, instead of a

fad, a most salutary educational movement. There is good ground to

hope that it will prove so, but only on one condition, namely, that it be

based upon thorough scientific knowledge. Such knowledge must be
based upon research, just as accurate and just as thorough as that

which is given to the study of the other profound problems of chemis-

try, physics, and hygiene in their application to daily life.

The time is ripe for this inquiry. The leaders in physical, hygienic,
and economic science have learned that such subjects are worthy of

their attention. The higher institutions of education and research are

finding that such inquiry and the teachings that go with them are a

part of their truest function. Among the men and women connected

with the cooking schools, the experiment stations, the agricultural and
mechanical colleges, and other institutions for technical training, the

medical schools, and the chemical, physical, and biological laboratories

of the universities, there are not a few who are capable of carrying on
such inquiries, and with most excellent results.

The general character of the investigations now needed is illusfo

by what was said above regarding the digestibility of food/dSpw*SP'
^

effects of cooking. More specific suggestions will be best made when x

the work is ready to be done.

8518-K0.217
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EFFECTS OF COOKING ON DIGESTION.

One of the most important practical topics now demanding investi-

gation is the effect of cooking upon the digestibility and nutritive value

of food materials. The general lines of inquiry needed were referred

to in connection with the description of experiments above. Some
such plans for details as the following are at least worthy of consider-

ation :

Suppose the question to be the effect of the frying of meat upon its

digestibility, and that the investigator has at his disposal a subject, a

healthy man for instance, who has been trained for the investigation

and who is able to attend to some of the mechanical and less agreeable
details. A piece of lean beefsteak of proper size could be divided in six

parts of like weight and composition and set aside in a refrigerator.

Portions representing the whole could be analyzed. The six portions

could be eaten, each with given amounts of starch and other carbohy-
drate materials, and with butter and other substances which would

furnish the fats. A ration could be provided which would be fit for

sustenance and at the same time would not contain any considerable

quantity of material which would interfere with the determination of the

actual digestibility of the meat, especially its protein. Three of the por-

tions could be used, during a period of 3 days, nearly raw. The experi-

ment of this period would thus show the digestibility of the meat under

the most favorable circumstances; in other words, what might be called

its intrinsic digestibility by the subject with whom the experiment was
made. The remaining three portions could be fried until well done or

overdone, and eaten during a second period of 3 days in the same man-
ner as before. The experiment in this period would show the digestibility

of the meat when thus fried. -Comparison of the results obtained in the

two periods would show the effect of the frying upon the quantity of the

meat digested. It must be borne in mind, however, that one series oftwo

comparative experiments would not suffice, but that the investigation

should be repeated with the same person and also with different per-

sons. When the experimenter has the method for this kind of work well

in hand, it is not extremely laborious, and if conducted for a consider-

able time will bring results of decided practical value.

This, of course, is only a suggestion for an experiment for testing
the effect of one kind of cooking upon one kind of food, but it serves

to illustrate how such inquiry may be carried on. Such inquiries are

greatly needed, the time is ripe for them, and there are persons who are

competent to conduct them. Experience will lead to improvements in

methods and indicate the questions which are most desirable for study,
and the results will find immediate and widespread application. Here,

again, systematic, cooperative work will bring the best results with

the least expenditure of time, energy, and money.



CHAPTER VI.

USES OP FOOD IN THE BODY METABOLISM. 1

The body of the animal and the food which nourishes it are composed
of the same elements. The compounds in the body are more or less

similar to those in the food. The processes by which the elements are

transformed into the compounds in the plant which serve the animal

for food are essentially synthetic. Those by which the compounds of

the food are transformed into the compounds of the body are partly

synthetic and partly analytic. Those by which the compounds of the

food and of the body are utilized in the performance of the bodily
functions and are finally excreted are mainly fl.na.1y

tin. The generali-

zation of Liebig, that the chemical changes in the plant are synthetic

and those in the animal analytic is, in the main, true, but there are

important exceptions both in the animal and in the plant.

The later development of science has given us clearer ideas not only
of the chemical but also of the physical changes that take place in the

living organism.
The physical processes in the plant are mainly those of the transfor-

mation of kinetic into potential energy; those injbhe animal_ar_ejoiain]y
transformations of potential into kinetic energy. The latent energy of

the food is changed to heat and muscular power as the food is used in

nutrition.

METABOLISM OF MATTER AND ENERGY IN THE BODY.

To these kinds of change the term metabolism is frequently and appro-

priately applied. The processes of metabolism in the body are of two
definite but closely allied kinds the metabolism of matter and the

metabolism of energy. It is commonly assumed that these two pro-
cesses conform, the one to the law of the conservation of matter and
the other to that of the conservation of energy. Exactly this form of

statement is not usual. Indeed, I do not recall having met it in print

'The experimental inquiry upon metabolism has been very active during the last

few years, and a reasonably full treatment of the subject within the time allowed
for the present bulletin is impracticable. It has seemed best, therefore, to present
the following brief statements herewith and leave the more detailed treatment for

a subsequent publication.
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at all, but the principles thus enunciated have been more or less defi-

nitely assumed by writers and experimenters during the last 20 years
or more. In the following pages the attempt will be made to dis-

tinguish between the chemical and physical changes involved in bodily

metabolism, and to explain briefly some of the ways by which the

changes are measured, and the use that is made of these measurements
in the discovery of the ways in which food performs its functions in

nutrition.

The bringing of these complex processes into line with the two funda-

mental laws of the conservation of matter and the conservation of

energy helps greatly toward simplifying the whole subject, clearing up
details that have been obscure and placing the doctrine of nutrition

upon a rational and simple basis. In the light of these laws many of

the results of experimenting are more easily interpreted, imperfections

in plan and errors in execution of past experimenting are brought out,

and the ways in which the unsolved problems before us may best be

studied are laid open. Experimenter, teacher, and student are alike

helped by this same coordination of principles. At the same time the

theory of nutrition thus becomes plainer to the practical man. He can

understand it more easily if it is put in terms of " flesh formers" and
"fuel values "than if he must consider protein, fats, and carbohydrates
in the ways which have become so generally current.

Food lias two chief functions to build tissue and to serve as fuel. In

the building of tissue we have to do with the metabolism of matter. In

serving as fuel, to yield heat and muscular power, we have to do with

the metabolism of energy. The protein compounds are the tissue

formers. The fats and the carbohydrates are the chief fuel ingredi-

ents; but protein compounds also serve as fuel. In this service as fuel

the nutrients replace each other in proportion to their potential energy.
The economy of food in nutrition requires sufficient protein for the for-

mation oftissue and sufficient energy for supplying heat and strength.
~TEelSt of the body is its reserve store of fuel. The fuel value of the

fats is more than twice as great, weight for weight, as that of the pro-
tein or carbohydrates. Fat is body fuel in its most concentrated form.

Therein lies the economy of nature in the storage of fat in the body.
The fat of the food is stored as fat in the body. The protein and

carbohydrates of the food are transformed into body fat. The fuel

value of the food thus becomes a measure of its capacity for fat

formation.

Of course the whole doctrine of nutrition is not as simple a matter as

these statements would imply, but they do represent its fundamental

principles.

In the metabolism of matter and energy we have the foundation of

the theory of nutrition, the starting point of experimental inquiry, and
the means of simplifying the theories which we have to teach.
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METABOLISM OF MATERIAL DAILY INCOME AND EXPENDITURE OF
THE BODY.

To measure the quantities of material metabolized it is necessary to

take into account the total income and outgo of matter. The income

of matter consists of food, drink, and oxygen of inhaled air. Part of

this material is transformed into Wood, muscle, fat, bone, and other

tissues. The rest, together with the materials worn out with use,

undergo various chemical transformations and are finally given off

from the body in the form of gases through the lungs and skin, of

liquids and solids excreted by the kidneys and skin, and undigested
residue of food and metabolic products excreted by the intestines. The
substances excreted in these ways constitute the outgo of material. In

accurate experiments upon the income and outgo these materials are

measured by their chemical elements. It is assumed that all of the

gain or loss of nitrogen represents the food and body protein. It is

customary to take the quantity of nitrogen multiplied by the factor 6.25

as the measure of this protein. It is also assumed that all of the

nitrogen of the income is that of the protein of the food; that all of

the nitrogen of the outgo is contained in the nitrogen excreted by the

kidneys and intestines. The difference between the nitrogen taken in

and that excreted is the measure of the gain or loss of body nitrogen.

If there be less nitrogen excreted than was contained in the food, this

nitrogen has been stored in the body. Assuming that all has been

stored as protein, we have simply to multiply the quantity by the factor

<>.!'," and we have the quantity of protein stored in the body.
' In like

manner, if there be loss of nitrogen, this quantity multiplied by the same
factor gives the loss of protein from the body during the same experi-

ment.

The protein contains besides nitrogen certain quantities of carbon,

oxygen, and hydrogen. The assumed average composition of protein
will give the quantities of these elements stored in the body as protein
or lost in that form. The nitrogen of income and outgo is thus used as

the measure of the gain or loss of body protein and also of the gain or

loss of carbon, oxygen, and hydrogen in that body protein.

For determining the gain or loss of protein, we next consider the

gain or loss of fat. This is comparatively simple, if we assume that

there is no gain or loss of carbohydrates. In this case we have need

only to use the figures for gain or loss of carbon. Part of the carbon

goes with the nitrogen of the protein. If, after this has been calcu-

lated out, there remains a loss of carbon, the inference is that the body
has lost fat, and as the composition of the fat in the body is practically

constant, it is very easy to calculate from the loss of carbon the quan-

tity of fat which the body has lost. In like manner, if the income of

carbon is more than the outgo the inference is that carbon has been

stored as fat and the quantity of fat thus stored is easily calculated.
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In what was jus said it was assumed that the quantity of carbohy-
drates in the body remains constant. To determine whether this is

actually so or not, the exact gain or loss of hydrogen and oxygen, as well

as of carbon, should be known. Unfortunately experimental inquiry
has not yet attained to the degree of perfection which Biakes it possi-
ble to determine the hydrogen and oxygen with the desired accuracy.
The determinations of income and outgo of nitrogen are made very

easily, since practically all of the nitrogen involved, with the excep-
tion of the extremely small amount excreted by the lungs and skin, is

given off by the kidneys and intestines and can be determined with

great accuracy. The quantity excreted by the intestines is a nearly
accurate measure of the quantity digested, the only disturbing factor

here being found in the metabolic products. The quantity excreted

by the kidneys gives an approximately accurate measure of the total

quantity metabolized. The determination of gain or loss of protein is,

therefore, a comparatively simple matter, and experiments in which

these determinations are made are very common.
The larger part of the carbon of the outgo is excreted in the respira-

tory products. To determine its amount it becomes necessary to meas-

ure and analyze the respiratory products. This is accomplished by
means of the respiration apparatus. Various forms of respiration

apparatus have been devised. The most successful is that of Petten-

kofer, which has been somewhat modified by Voit. With this, carbon

of inhaled and exhaled air can be determined with quite satisfactory

accuracy. The determinations of hydrogen have been less successful.

The materials determined have been carbon dioxid and wtiter. In late

experiments atMockern and Gottingen with, domestic animals the hydro-
carbons have also been determined.

The tabular statement herewith will serve to indicate succinctly the

ways in which the chemical and physical changes take place in the

body, in so far as they are now understood, and to compare them with

the changes that take place in the calorimetric apparatus which is

used for the experimental study of the subject. It should be borne in

mind, however, that portions of the food are being constantly stored

in the body and becoming parts of its tissues and organs, while pre-

viously stored material is at- the same time being consumed. The

materials stored and consumed may, like those of the food, be grouped
as protein, fats, carbohydrates, and mineral matters.
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Transformation of material and energy in calorimeter and in animal body.

A. METABOLISM OF MATTER.

Compounds
in

food.
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of the body. For accurate results, however, it is essential to determine
whether the body loses or gains carbohydrates.
The protein and fats of the body are constantly increasing or decreas-

ing; in other words, the metabolism of body protein and body fat has

to be accurately measured and taken into the account in the balancing
of the incoming and outgoing of material. The total transformation

of energy in the body includes that of body material as well as that of

food. It is assumed that the potential energy of body protein and

body fat is the same as that of protein and fat of the food. No way
has yet been devised for measuring the exact quantities of body protein
and body fat metabolized in a given time. What experiments on

income and outgo of material do show is the total gain or loss of mate-

rial in the body. That is to say, if the body during an experiment of

24 houis contains a gram more of fat than at the beginning, the infer-

ence is that whatever may have been the quantity of body fat metab-

olized the quantity of fat stored was equal to this and one gram
more. If, on the other hand, the body has lost fat, this loss measures

the excess of metabolized fat over that of fat stored from the food, but

in -neither case do we know the amount of body fat metabolized. What
we do learn is the amount of this difference.

The determination of the income and outgo of protein may be illus-

trated by an actual experiment.
1 The question was this: From a

given quantity of the protein of muscular tissue how much will be

digested by a healthy man, and will the quantity digested suffice to

maintain the supply of protein in his body? In other words, will the

man gain or lose protein, or will he simply hold his own on this diet?

The subject was a medical student. For protein he ate, in the case

here cited, very lean beefsteak. This contained, along with protein, a

very small quantity of fat in the form of minute particles which could

not be removed with shears and forceps. The diet consisted of the

beefsteak cooked with butter, seasoned with pepper, salt, and Wor-
cestershire sauce, and taken with water, beer, and wine. The experi-

ment lasted 3 days. The total quantity of nitrogen of the food was

somewhat over 39 grams, of which 38.5 grams were digested, while the

rest was excreted in the undigested residue with a small amount of

metabolic nitrogen which is not taken into account here. Thirty-seven
and two-tenths grams were excreted daily by the kidneys. Assuming
that the digested nitrogen of the food represents the income of protein,

the gross income of nitrogen, then, is represented by the digested nitro-

gen of the food, the gross outgo of digested nitrogen by that excreted

through the kidneys. Each of these quantities of nitrogen corresponds

to a definite quantity of protein which we assume to be equivalent to

6J times the weight of the nitrogen. It is commonly assumed that for

every gram of protein there will be about 4 grams of muscle, tendon,

1 W. O. Atwater. Ueber die Verdaulichkeit des Fischfleisches. Ztschr. Biol.,

1888, p. 16.
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etc., in the meat, and that there will be the same ratio between the

weight of muscular tissue consumed in the body and the protein, the

nitrogen of which is excreted by the kidneys. That is to say, for every

gram of digested nitrogen of the income and outgo there will be 6J

grams of protein and (6Jx4) about 27 grams of muscle, exclusive of

fat.

The gain, then, may be put thus. On a diet of 2 pounds and 10 ounces

of lean meat and an ounce of butter per day, was the store of protein

in this man's body increased or decreased? In other words, so far as

muscular tissue is concerned, did he gain or lose or hold his own?
Here are the figures :

Income and outgo of digested nitrogen in experiment u'itli a man on diet of
lean meat.

Grams.

Total nitrogen (per day) 38.5

Nitrogen, kidneys (per day) 37. 2

Balance stored in the body (per day) 1. 3

That is to say, this young, vigorous man, a student, at his ordinary

occupations, studying in his mom, listening to lectures at the university,

working several hours each day in the laboratory, walking a little for

exercise, and living on a diet of protein with a very little fat, gained

nitrogen at the rate of 1.3 grams per day. These 1.3 grams of nitrogen

represented about 8.2 grains of protein or 35 grams (1J ounces) of

muscle gained per day during the three days of the experiment. In

other words, so far as the lean flesh in his body was concerned he just
a little more than held his own.

The dillerence, that is to say, the gain or loss of fat or of portein, is

determined by comparison of income, and outgo of material, and thus

gives the resultant metabolism of body material. This resultant meta-

bolism of body material expressed in the form of gain or loss of protein or

fat must be used in measuring the metabolism of energy. Asthefactors

forth is measurement, we may have the total potential energy of the food,

the energy of material gained by the body or lost from it, and the

energy given off from the body in the form of heat radiated or external

mechanical work performed. The income of energy will include the

potential energy of the food, and the outgo of energy that of the heat radi-

ated and exterior mechanical work done. If there is a gain by the body
in the form of protein or fat; that is to say, if it stores from the food more

protein or fat than it consumes of its own substance, the outgo of

energy will be diminished by the potential energy of the protein or fat

thus stored. If, on the other hand, the body loses protein or fat; that

is to say, if it consumes more of its own material than it stores from

the food, the potential energy of the material thus lost will go to increase

the energy of the outgo. It is clear, therefore, that if we are to study
the energy of income and outgo accurately, we must not only determine

the energy of the food and that of the heat radiated and exterior
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mechanical work done, but also the energy of the body material gained or
lost. The amount of material gained or lost is determined by compari-
son of the income and outgo of nitrogen, carbon, and other elements.

THE RESPIRATION APPARATUS.

The experiment above described sufficed to show the nitrogen and
protein balance. It showed that the dietofmeat and butter with protein
and fat sufficed not only to keep up tlieTtore of protein in the body for
the three days, but also to slightly increase it; but the experiment does
not show whether these nutrients supply the body with heat and mus-
cular energy, or whether some of the fat of the body was consumed to
make up for the deficiency in the diet.

FIG. 5. Pettenkofer's respiration apparatus.

The only way to answer this question is to measure the income of

other elements and especially of carbon. For this purpose the respira-

tion apparatus is used.

To attempt a description of all of the forms of respiration apparatus
which have come into use during the past 40 years and the results

of the experiments made with them would far exceed the limits of the

present article. The most interesting form and the one which has thus

far been most useful is that of Pettenkofer. The following description

of this apparatus and of some of the experiments performed with it

though originally intended for a more popular exposition, will perhaps
suffice for the present purpose :

l

The description and illustrations are taken from an article by the writer in the

Century Magazine for June and July, 1887.
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The respiration apparatus is a device for measuring the respiratory products.

Many forms have been devised, from one in which the products of respiration of a

piece of muscle taken from au animal just killed can be measured, the respiratory

process being maintained by artificial circulation of blood through the muscle, to

one in which an ox may bo kept for days or weeks, and the composition of the iuhaled

and exhaled air likewise determined.

A very interesting form is that used by the French experimenters, Regnault and
Reiset a number of years ago. This was a small chamber of glass, inside of which
the animal was placed, some rather complicated appliances being used to continually
renew the supply of oxygen and remove the carbonic acid and other products of

respiration. But from insufficient ventilation and other minor difficulties this form
of apparatus has not quite sufficed for satisfactory experiments, especially with the

larger animals and with man.

Fio. 6. Pettenkofer's respiration apparatus. Pumping machinery.

By far the *uost satisfactory apparatus is that invented by Professor Pettenkofer,

of Munich. This is one of the most interesting devices of modern experimental
science. The first one was built through the munificence of the King of Bavaria.

The peculiar features of this apparatus arc that the subject of experiment, be it a

dog, an ox, or a man, is in a comfortable, well ventilated room, and that the air,

which passes through it in a continuous current, is measured and is analyzed both

before it goes in and after it comes out. We can thus tell just what the animal has

added to it in other words, what material has been given oft* as gas or vapor from the

body. The arrangements do not provide for estimating all the respiratory products
with absolute exactness, but they suffice for reasonably accurate results. The form

used for experiments with man consists of a chamber a "
salon," it is called

;
as a

matter of fact it is an iron box- through which a current of air is drawn by a large

pump, the latter being worked by an engine.

The salon of the large apparatus at Munich is made of plates of iron, similar to

boiler iron, and is in the form of a cube about eight feet each way. It has glass
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windows, and a door large enough to admit a man. The largo engraving (fig. r>, p. 106)
shows the apparatus as it is now arranged. On the left is the chamber in which the

man under experiment stays; near arc a table holding apparatus for analyzing the
air before and after it passes through the chamber, and a large meter for measuring
the quantity of air which passes through. In an adjoining room is the machh.cry
by which the current of air is pumped through the apparatus. The smaller sketch

FIG. 7. Pettenkofer's respiration apparatus. Explanatory skdch .

explains the working in more detail. The air enters the chamber at its left side and

passes out on the right through the large pipe P 1* into the largo, motor M. in which
it is measured. A small tube t t takes from the pipe P P a portion of the air, which
has been passed through the chamber and contains the products of respiration, into

two small meters m in, where it is measured, and through the apparatus on the

the table T, where it is analyzed. A similar small tubo t
1

t
1

brings air for analysis

FlG. 8. Voit's respiration apparatus. ,

from the outside of the apparatus, taking it from the left of the chamber where it

enters the latter and carrying it into two other small meters (not shown in this

sketch), Avhere it is measured, and through apparatus, also not shown here, by which
it is analyzed. In the engraving (p. 106) the four small meters and apparatus for

analyzing the air are shown on the table between the chamber''and the large meter.

Comparisons of the quantity and composition of the air which has passed through
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the chamber with the outside air show what the man has imparted to the air in

breathing, and thus tell the amounts of the products of respiration. The food and
drink and the solid and liquid products of its consumption in the body are at the

same time measured, weighed, and analyzed, and thus all of the items of income and

outgo of the body are determined.

Figure 9 1

represents a smaller form of respiration apparatus devised by Voit. It is

identical in principle with the larger apparatus. It is intended for experiments
with dogs, geese, and other small animals. Its object is to provide for analysis of

the air before and after it has been breathed by the animal, and thus show what

products of respiration the animal has imparted to it. The box in which the animal

is kept is made of glass. Through this box a constant current of air is drawn and
measured by the large meter on the table. A small portion of this, however, is

drawn through two of the small meters by which it is measured, and through appa-
ratus on the table by which it is analyzed. Air taken from outside the box is at the

same time drawn through the other two small meters and apparatus on the table,

and thus measured and analyzed in like manner.

The first man to enter the respiration apparatus for experiments upon himself, I

believe, was Professor Ranke, of Munich, who has described his experiences in his

book on The Nutrition of Man (Die Ernahrung des Menschen), as well as in special

memoirs. He tells us that in trials in which he took no food the fasting was some-

what disagreeable, but far less painful than many would think. " I found myself
at tli' end of the first 24 hours entirely well; at the end of the second 24 hours with-

out food or drink, during which sleep had been disturbed, the head was somewhat

heavy and there was an oppressiveness in the stomach and considerable weakness;
but the sensation of hunger,

* * * which was strongest about 30 hours after the

last t'ood was taken,
* * * did not appeal- any more."

In the greater number of Professor Ranke's experiments he took a reasonable

amount of food. The diet was simple, and consisted of such materials as lean meat,

bread, white of egg, starch, sugar, butter, etc., and was found to serve the purpose

very well. After some experience a ration was arranged which corresponded very
well in composition with that used by ordinary working people, and was at the

same time not at all unacceptable. When a number of experiments with Professor

Ranke had been completed, several series were made with other persons. One of

these latter series I will brielly describe.

The subject was a strong, healthy mechanic, a watchmaker, 28 years old, and

weighing about I.")!! pounds. Three experiments \reremade, each occupying 24 hours.

In the first, the man took nothing but a little meat extract, salt, and watei, and did

no work. In the second, he had a liberal allowance of palatable food, but still

remained at rest. In the third, ho had the same diet as in the second, but worked
hard at turning a lathe for 9 hours, so that he was thoroughly tired at night. Dur-

ing the daytime of the first two experiments, I should say, he read, cleaned a watch,
and otherwise occupied himself to while away the time, making, however, very little

muscular effort.

The three experiments, then, show the effects of fasting and rest, food and rest,

and food and muscular exercise upon the income and outgo of this man's body. We
will note only very brielly some of the details of the experiments, the full accounts

of which fill many pages.
The diet of the first experiment consisted of: Meat extract, 12.5 grams (a little

less than one-half ounce) ; salt, 15.1 grams (a little over one-half ounce) ; water,
1027.2 grams (about a quart).

The day's ration of the second trial included a third of a pound of lean meat, a

pound of bread, a little over a pint of milk, and about a quart of beer, and other

materials as follows :

1 Century Magazine, XXIV, 1887, p. 402.
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Day's food in second experiment.
Grams.

Meat, lean beef 140

Egg albumen (white of egg) 42

Bread 450

Milk 500

Beer 1,025
Lard ., 70

Butter

Starch.

Sugar
Salt ...

Water ,

30

70

17

4

286

The diet of the third experiment was essentially the same as that of the second,

except that the man drank a little more water.

The income included, besides the food and drink, the oxygen consumed from the

inhaled air. The estimated quantities were:

Oxygen used in 24 hours.
Grams.

First experiment, fasting and at rest 779

Second experiment, liberal ration and at rest 709

Third experiment, liberal ration and at work 1, 006

The final balance sheets of the experiments, which show the details of income and

outgo in terms of the chemical elements, carbon, nitrogen, etc., are too extensive to

be reported here. That for each experiment would nearly fill one of these pages,
but as some readers may be curious to see what they are, I give the principal data

in abbreviated form :

Daily income and expenditure of chemical elements.
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Income and expenditure of chemical compounds by body of man.
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animal's body or to increase both flesh and fat, or to reduce the one or to increase

the other. Indeed, the manipulations effected in this way seemed almost equivalent
to getting into the tissues and directly removing or adding flesh or fat at will. The

principles thus learned from experiments with the dog and other animals apply in

the main, though not in all the details, to the nutrition of man.
The effect of one-sided diet is very well illustrated in some experiments by Pro-

fessor Ranke. They were made in the respiration apparatus at Munich, and belonged
to the series of which I have already spoken. After he had studied the changes that

went on in his body when fasting, he proposed to himself these questions:
What will be the effect of a diet of protein with very little fat and no carbohy-

drates on the one hand, and of a diet of fats and carbohydrates without protein on

the other? In other words, how will the composition of the body be affected by
food rich in protein and containing little else, and how will the store of fat and

protein be altered by leaving the protein out of the food and living on the other

nutrients?

For the diet of protein, he took lean meat, with butter and a little salt, essentially

the same diet as was used by the student in the experiment described above. He
had found himself able to eat 2,000 grams of the lean meat in the course of the day,
but in this experiment, which lasted 24 hours, he ate only 1,833 grams (about 4

pounds) of meat and with it 70 grams of fat, 30 grams of salt, and 3,371 grams (nearly
3 quarts) of water. Without going into the details, suffice it to say, that, according
to Professor Ranke's calculations, his body k>st 15.1 grams of fat and at the same
time gained 113 grams of protein during the day of the experiment. In the other

experiment, which likewise continued for 24 hours, the food consisted of 150 grams
of fat, 300 grams of starch, and 100 grams of sugar, an even less appetizing mixture

perhaps than the lean meat and butter for an exclusive diet, but yet one which, if

put together with proper culinary skill, makes a cake that can be swallowed. This

iime he lost 51 grams of protein and gained 91.5 grams of fat.

The results of these t\vo experiments may be recapitulated thus: On the diet con-

sisting chiefly of protein (lean meat, etc.) the body gained protein (muscle, etc.) and

lost fat. On the diet consisting chiefly of fats and carbohydrates (starch and sugar)
the body lost protein and gained fat. This is just what we might expect. But it

is interesting to have the facts and figures to show exactly what did take place, and

other experiments make it safe to say that if either the quantities of food or the

condition of Professor Ranke's body had been different, the results would have been

different also. Thus in the first experiment if he had eaten less meat he would have

stored less protein ; indeed, with a small enough ration he would have lost both protein

and fat, and it seems probable that if he had not been a rather fat person he would

not have lost fat so readily on the protein diet.

Experiments confirm and to some extent explain the fact so well attested by gen-
eral experience, that a mixed diet is best for ordinary people in health. Professor

Ranke found that when he did no muscular labor, his body neither gained nor lost;

that, in other words, he just about "held his own" with food, containing per day:

Protein, 100 grams (3.5 ounces); fats, 100 grams; carbohydrates, 240 grams (8.5

ounces).



CHAPTER VII.

METABOLISM OF ENERGY INCOME AND OUTGO OP BODY.

Iii considering the metabolism of energy we have to deal with the

principles of thermo-chemistry as applied to animal and vegetable

organisms. For the present purpose we may confine our attention to

the changes which go on in the animal body. The principles to be

applied may be expressed in various ways. They are enunciated by
Berthelot in the following terms: 1

I. Principle of molecular [atomic] wopk. "The quantity of heat

evolved is the measure or" the sum of the chemical and physical work

accomplished in any reaction."

II. Principle of conncr cat ion of energy.
" When a system of bodies

simple or compound starting from a given condition undergoes either

physical or chemical changes, which bring it into a new condition with-

out producing any mechanical effect on external bodies, the amount of

heat evolved or absorbed, as the total result of these changes, depends

solely on the initial and final states of the system, and is the same,
whatever may be the nature or order of the intermediate states."

III. I'riiH'iplc <>f ntn.rini inn icork. " In any chemical reaction between,
a system of bodies not acted on by external forces the tendency is"<

toward that condition and those products which will result in the

greatest evolution of heat."

It is with the second and third of these principles, and especially the

second, that we have to do. In discussing this subject Professor Cooke

says:

We readily accept Berthelot's second fundamental principle of thermo-chemistry
when enunciated as above, because it so obviously falls under the general law of

conservation of energy; but it is obvious that this principle could not have been
assumed prior to its experimental verification any more than could the principle of

the conservation of mass prior to the experiments of Lavoisier, and as Lavoisier

worked out this last great principle with the balance, so Berthelot and Thompson
have demonstrated with the calorimeter the corresponding fundamental principle of

thermo- chemistry, which mnst be regarded as a generalization from the results of

t heir work. Moreover, although in cases of simple direct combination the principle
under discussion is almost self-evident and has been long admitted, yet before the

investigations of Berthelot and Thompson no chemist conceived of its application in

the very complex and indirect reactions by which the greater part of the thermo-

rhemical data have been obtained.

In like manner it may be said that the application of the second and
third of these principles, and especially the second, in the living organ-
ism has long been believed, but has lacked the absolute demonstra-

tion. During the past ten years, however, an approach to such demon-

de me"caniqne chimique, Tome I, Introduction, pp. xxviii, xxix. See also

,T. P. Cooke in Amer. Jour, of ScL, bd. ser., XIX, pp. 261-267; and Pattisoii-Muir,

Thermal Chemistry, pp. 297 and 245, note.

.8518 No, 21-8 113
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stration has been made by several experimenters, notably by Eubner in

experiments with dogs, and although these have not the completeness

necessary to place the principle beyond all peradventure, and especially

to show the details of its application, they suffice to confirm the belief

in the general application of the principle.

The experimental study of this question is carried on in two lines.

Potential energy Heats of combustion determined by the bomb calorim-

eter. The first of these kinds of inquiry has to do with the determin-

ing of the potential energy of the materials concerned in the metabolic

processes. These materials are (1) the nutrients, i. e., protein, fats, car-

bohydrates, etc., of the food; (2) the substances, mainly protein and

fats, which are either stored in the body or taken from the store con-

tained in the body and consumed
;
and (3) the excreted compounds

which are not completely oxidized and which in consequence still con-

tain potential energy; these are chiefly the urea and other organic com-

pounds excreted by the kidneys and the undigested residue of the food.

The heats of combustions of the compounds, as determined by oxidation

in the bomb calorimeter, are taken as the measure of their fuel value.

Income and outgo of energy in the body Respiration calorimeter. The

second branch of the inquiry concerns itself with the balance of

energy in the body. It involves the determination of the total income

and outgo expressed in terms of both matter and energy. The income

and outgo of matter are determined by the aid of a respiration appa-

ratus, which shows the quantities of chemical elements and compounds
taken in and given off by the body, and inferentially ttie quantities of

material which are either stored in the body during the experiment
or consumed from its previous store. The income of energy is repre
sented by the potential energy of the materials which constitute the

income of matter. Their potential energy is learned from the heats of

combustion developed when they are burned with oxygen in the calor-

imeter. The outgo of energy is made up essentially of three factors.

One is the potential energy of the excreta, which is determined by
burning with oxygen in the calorimeter; another and the principal one

is the heat radiated from the body. To measure this, different appli-

ances have been used. The most successful results thus far published
have been obtained by Kubner with a respiration apparatus which has

special arrangements for determining the quantity of heat radiated

from the body. Perhaps the most convenient designation for such

forms of apparatus is that here used respiration calorimeter. The
third factor is the mechanical work done by the body, i. e., that which

manifests itself as external work, and not including the internal work
such as is involved in respiration and the circulation of the blood.

The heat equivalent of this external mechanical work, added to the

heat radiated from the body and the heat of combustion of the excreta,

would make up the total outgo of energy. No successful attempt to

measure all these factors in the same experiment has yet been published.

In tlie study of the nutrition of man in relation to his health ancl
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useful work the sources, nature, and economy of intellectual energy
constitute a most important factor, but one upon which chemical physi-

ology has as yet thrown very little light.

POTENTIAL ENERGY OF FOOD HEATS OF COMBUSTION FUEL
VALUES.

The food performs essentially two functions in the body the building

and repair of tissue and the yielding of energy. In being consumed

the nutrients yield energy in the form of either heat or muscular power.
Part of this potential energy becomes kinetic in the cleavage of com-

plex compounds to simpler ones; part is liberated in the processes of

oxidation. Neither the chemical nor the physical changes which take

place are now fully understood. Of this much, however, we are certain :

The processes are complex, and although the ultimate chemical products

may be the same as those of direct oxidation, the processes by which

they are formed in the body are much more complex than those which

take place when they are burned either in the furnace or the calorimeter.

But it is believed that, in accordance with the principle of the conser-

vation of energy, the quantity of potential energy which is transformed

into kinetic energy will be the same in the one case as in the other,

provided" the final products are the same. Furthermore, in accordance

with the principle of maximum work the tendency is toward those

changes which result in the greatest evolution of heat or other form ol

kinetic energy. We may therefore take the heats of combustion of the

nutrients of the food as equivalent to their potential energy; we may
also take this potential energy as the measure of their fuel values, i.e.,

their value for the production of heat and muscular work when they
are consumed in the body. The same principle applies to the materials,

mainly protein and fats, which the body takes from the food andmakes
a part of its tissue before they are consumed. It applies also to the

incompletely oxidi/ed excretory products like urea and to the undigested
residue of the food which is excreted by the intestine, in so far as their

potential energy is concerned. That is to say, if we subtract the poten-
tial energy of these products from that of the total material from which

they are formed the difference will be the amount of energy which has

been liberated in their consumption in the body. If, however, a portion
of the food has been stored as part of the tissue of the body, the poten-
tial energy of the compounds thus stored must also be subtracted from

that of the total food in order to learn the quantity of energy actually
liberated. Speaking in general terms, then, the quantity of heat which
is set free when a given food material is burned with oxygen in the

calorimeter may be taken as the measure of the fuel value of that food

material.

Such is the theory. It needs further experiment for complete demon-

stration, but the balance of probability is now very strongly in its favor,
and growing more and more so as accurate research accumulates. It

becomes very important, therefore, to determine accurately the heats

of combustion of the ingreclients of food and their metabolic products,
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CALORIMETERS AND CALORIMETRY HISTORICAL DEVELOPMENT.

The history of calorimetry as applied to determining the heats of

combustion of organic substances is too comprehensive a subject for

treatment here, but a brief review of the part of it which bears

most directly upon the fuel values of

the compounds concerned in metab-

olism will not be out of place.

THOMPSON'S CALORIMETER INVESTIGATIONS
OF FIIANKLAN1).

In determining the heats of combus-

tion of such compounds two distinct

forms of apparatus have been employed.
In both the substance is burned with

oxygen and the heat is measured by
the rise of temperature of a certain

weight of water to which the heat is

communicated. The older one is that

of Lewis Thompson.
1 This was used

for determining the heats of combus-

tion of organic compounds as early as

1866.2 The apparatus consisted event-

ually of a stout copper cylinder closed

at the bottom and standing upright
inside a so-called "

diving bell," also

of copper. The cylinder and diving
bell Avere immersed in a suitable vessel

containing 2 liters of water. In per-

forming the experiment a given weight,
about 2 grams, of the substance, whose

thermal value was to be determined,

was intimately mixed with 19.5 grams
of potassium chlorate, to which about

2.5 grams of manganese dioxid had

been added. This mixture was placed
in the cylinder ;

a small piece of cotton,

previously steeped in a solution of

potassium chlorate and dried, was in-

serted as a fuse. The temperature of

the water was then carefully ascer-

tained by a delicate thermometer, and, after the end of the cotton

thread had been ignited, the tube, with its contents, was placed in the

FIG. 9. Thompson's calorimeter.

1 Described briefly by Frankland, Proc. Roy. Inst. of Great Britain, June 8, 1866,

and Phil. Mag. [4], 32, 182.

2 Loc. cit. See also resume" of subject by Stohrnaun, Jour. prak. Cbem. (N. F.,

19), 1879, 115.
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bottom of the copper diving bell and lowered to the bottom of the water.

When the mixture burned the gaseous products of combustion issued

from numerous small openings at the bottom of the bell and rose to the

surface of the water a height of about 10 inches. At the end of the def-

lagration the water was admitted to the diving bell and replaced the

remainder of the gaseous products, which were allowed to escape through
a small tube. The water was well mixed by moving the bell up and

down repeatedly, and its temperature was again carefully observed.

The rise in temperature of the water, compared with its specific heat,

gave the quantity of heat liberated in the combustion. Corrections

were applied for (1) the heat absorbed by the apparatus, and (2) the

heat evolved by the decomposition of the chlorate of potassium, the

former being added to and the latter subtracted from the heat given
off in the combustion, as measured by the rise in the temperature of

the water. Both corrections were determined experimentally once for

all, and the values thus obtained were applied in each determination of

the heats of combustion of the substance studied. A series of determi-

nations were made by Fraukland, who states the results as follows.

The heat units are small calories:

Actual energy developed by 1 gram of each substance when burnt in oxygen.

[Heat units.]

Name of substance (dried at 100 C.).
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Actual energy developed by 1 gram of each substance when consumed in the body.

Name of substances (dried at 100 C.).
Heat units

(mean).

Beef muscle purified by ether.
Purified albumin...

4,368
4,263

Arguing that the source of animal heat and of muscular power is to

be found in the transformation of the potential energy of the food into

kinetic energy, and that "from this point of view it is interesting to

examine the various articles of food in common use, as to their capa-
bilities for the production of muscular power," Professor Frank land
" made careful estimates of the calorific value of different materials

used as food with the same apparatus and in the same manner as

described above." The results are summarized in the following table:

Results of experiments with food dried at 100 C.

[Heat units.]
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STOHMANN'S CALORIMKTKR AND INVESTIGATIONS.

After the publication of Frankland's investigations in 1866, no

further investigations of importance in this direction were announced

or undertaken until 1877, when Stohmann began work in Leipsic. His

results were first published in 1870. His method was the same in prin-

ciple as that followed by Frankland. Stohmann, however, gave much

attention to the sources of

error, and devised a form

of calorimeter with which

the attempt was made to

avoid them.

The figures of Frankland above

cited show wide discrepancies

in the duplicate determinations

of the heats of combustion of

the same material. Stohmann's

first effort was to trace thoe dis-

crepancies to their source. The

principal causes of error were

found in the oxidation of the cop-

per of which the cylinder was

made and the irregularity of a

secondary thermal process inci-

dent to the combustion, namely,

the solution of the potassium
chlorid formed by the decom-

position of the chlorate. The

former error was obviated by

substituting platinum for cop-

per in the combustion cylinder

and the latter was controlled by
the direct determination of the

potassium chlorid in solution

at the end of the combustion.

Stohmann used at first an appa-
ratus which was obtained in Lon-

don and was essent ially t he same

as that of Thompson which Fnink-

land had employed. He soon

modified it, however, by making
the combustion cylinder of plati-

num instead of copper, as just
stated, and by substituting a

vessel of brass in the place of one FIG. 10. Stohmarm's calorimeter.

of glass for holding the water. '

In the elaboration of the method and finding the sources of error and means of

avoiding them, Stohmann, with his two assistants, Dr. Spindler and Dr. von Rech-

enberg, made
" at least a thousand combustions." In the apparatus thus described a

layer of nonconducting material (wool) was put around the outside of the brass cyl-

inder which contained the water; no other means was used to prevent the radiation

1 A description of this apparatus with diagram is given by Stohinauu in Jour,

prak. Cliem., 127 (N. F. 19), 1879, p. 115.
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of heat from the water in the cylinder outward, or the passage of heat from
without into the water. Later, Stohmaim provided a series of three concentric cop-
per cylinders. The space in the interior of the inner cylinder which was not occu-

pied by the apparatus was filled with air; the space between this cylinder and tin-

second was also filled with air; that between the second and the outer one was filled

with water. The outer cylinder was wrapped in felt. There were thus 2 layers of

air, 1 of water, and 1 of felt between the calorimetric apparatus proper and the
external air. Mechanical devices were provided for stirring water in the calorimeter
so as to secure uniform distribution through it of the heat from the combustion.
The temperature of the water was measured by a thermometer with divisions such
as to permit reading to one-thousandth of a degree with the aid of a magnifying
glass.

1

The apparatus thus perfected was used for ten years or more by Stohmaim and his

pupils, Yon Rechenberg and Danilewski in Leipsic, by Rubiier in Munich, and by
Gibson in the writer's laboratory.

THE BOMB CALORIMETER OF BERTHELOT.

In the combustions by the Thompson-Stohmaim method just described

the oxygen is obtained from potassium chlorate. Considerable time is

required for the determination, but the chief difficulty with this method
is that the combustion is not always complete. Berthelot has devised

an apparatus and, with the assistance of Vieille and others, has developed
a method for the use of oxygen under high pressure. The apparatus
consists essentially of a steel bomb lined with platinum, within which
the substance is burned. The bomb is immersed in water contained in

a metal cylinder ;
this calorimeter cylinder is placed with its contents

inside of concentric cylinders containing air and water. Tie heat

developed is measured by the rise in temperature of the water, due

allowance being made for the heat absorbed by the metal of the appa-
ratus and for that introduced in igniting the substance by an electric

current and developed by the oxidation of an iron wire through which

the current is passed, and in the formation of a small amount of nitric

acid. The reactions are simple, the oxidation of the compounds in

completing the determination requires a comparatively short time, and
the results are very satisfactory. The only drawback is the great cost

of the apparatus which is due to the large amount of platinum employed
in its construction. 2

The bomb calorimeter was first used by Berthelot in measuring the heats of com-

bustion of gases by detonation. The gas to be burned was mixed with the exact

amount of oxygen required, or a slight excess at ordinary atmospheric pressure within

J See description by Stohmann with diagram; Landw. Jahrb., 13, 1884, 513. It is

also pictured in the Century Magazine, July, 1887.

2For descriptions see Berthelot. Ann. China, et Phys. (5), 23, 160; Berthelot and

Vieille, Ibid. (6), 6, 546; Berthelot, Traite" pratique de calorimdtrie chimique, Paris,

1893, p. 128, and, for an especially clear account of the apparatus and method, Stoh-

mann, Jour. prak. Chem., 147 (N. F. 39), 1889, 503. An engraving of the bomb with

a brief description may be found in Ztschr. analyt. Chem., 1893, 77. The apparatus

employed by Stohmaim was obtained from Golaz in Paris, who made it in accord-

ance with Berthelot's directions. It cost, with accessories, including compression

pump, etc., not far from $1,200.
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the bomb and ignited by the passage of an electric spark. Gases were easily burned
in this way, but the combustion of solids was impracticable. Attempts were made
to remedy the difficulty with solids by intimately mixing them with potassium
chlorate and good results were obtained as in the Thompson-Stohmann method.

Berthelot and Vieille ' found later,
- however, that when oxygen was introduced under

a pressure of from? to 25 atmospheres, the combustion was complete with all organic
substances even when no potassium .'hlorate was added.

The bomb originally employed by Berthelot was in the shape of a cylinder, with

hemispherical ends and divided in two parts, one of which screwed into the other.

It was made of steel with the interior lined with gold by electroplating.

f

Fiu. 11. Berthelot' s bomb calorimeter.

The later and permanent form of Berthelot's bomb is cylindrical with a rounded

bottom and flat cover. It is made of steel with a heavy lining of platinum. The
size may vary. In the one made by Golaz for Stohmann the diameter is approximately
10 centimeters and the height t-the upper surface ofthe cover about 13 centimeters;

1 Ann. Chim. et Phys. (6), 6, 5 Hi.

2 In 1885. The principle was discovered and investigated by Frankland in 1864

and 1868. See investigations by him " On the combustion of iron in compressed

oxygen." Jour. Chem. Soc., II, 1864; 52. "On the combustion of gases tinder press-

ure. Brit. Assoc. Rep. XXXVIII, 1868 (Sect. ) ;
37. " On the combustion of hydrogen

and carbonic oxid in oxygen under great pressure." Proc. Roy. Soc., XVI, 1868; 419.
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the walls are somewhat over a centimeter in thickness. It contains 2,717 grains of

steel and 1,233.3 grams of platinum. The internal capacity is about 300 cubic centi-

meters and it holds, under a pressure of 24 atmospheres, 7 liters, or, in round num-

bers, 10 grams, of oxygen. The cover fits into the top of the cylinder after the

manner of a stopper. It is pressed in and held very tightly by an outer cap or collar

which screws on to the outside of the cylinder at the top. The fittings have to be

made with the greatest care in order to prevent the escape of gas. The material to

be burned is shaped into a small cake by means of a powerful press and is held in a

platinum capsule. This capsule is sustained by a platinum wire which is fastened to

the under side of the cover. Another platinum wire passes through the cover, from

which it is insulated by gutta percha, or other appropriate material. These two
wires are so arranged that they are easily con-

nected by a piece of fine iron wire hanging over

the substance to be burned in the platinum
capsule. An electric current passed through
the platinum wire heats the iron Aviro to a

temperature where it burns in the oxygen and,

melting, falls upon the substance so as to

ignite it. An arrangement at the top of the

cover provides for admitting the oxygen. The

oxygen is introduced either with the aid of a

compression pump, or, more conveniently, from
iron or steel cylinders, in which it is held

under sufficient pressure. Both Berthelot and
Stohmann use such cylinders without the aid

of a pump. Experience has shown that it is

desirable to have fully three times as much

oxygen present as is theoretically necessary
for the combustion.

The quantity of water in which the bomb is

immersed is generally about 2 liters. It is

contained in a caloiimeter cylinder of brass

or other metal. A stirrer, not easily described

without a diagram, plays between the bomb
and the cylinder in such way as readily to

mix the water and insure uniform temperature
after the combustion. The outer cylinders

which are employed by Berthelot and Stohmann to protect the apparatus from

gain or loss by heat outside, as above described, are made of copper. It is found

that 2 concentric cylinders so arranged as to hold a layer of water between them,
the inner being large enough to leave a considerable air space around the calori-

meter cylinder, suffice for accurate work. In Stohmann's laboratory the arrange-
ments to insure accuracy are quite elaborate. The work is done in a basement

room surrounded by very thick walls of stone. Special devices are employed to

keep the temperature of the room exactly constant. The stirrer is moved by a

small motor, which is so regulated as to make the movement the same for all

determinations. Berthelot uses a motor for the stirring, but conducts the combus-

tions in the laboratory rooms where other work is done and without special

arrangements to insure uniform temperature.
The Berthelot bomb calorimeter serves its purpose admirably. It is comparatively

simple, easily handled, and does not get out of order when properly cared for.

Practically all kinds of ordinary organic compounds are completely oxidized when
the proper excess of oxygen is used at an initial pressure of 25 atmospheres. With

an accurate thermometer the rise in temperature of the water is measured with great

accuracy. The corrections, of which the chief is the thermal water equivalent of

FIG. -Mahler's bomb calorimeter as

mounted for use.
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the apparatus, are not particularly di in cult to determine. The skill and care required
in the manipulation are not beyond any thoroughly expert O]>erator, and the results

are very satisfactory indeed, as maybe seen by comparing those obtained by Berthe-

lot and Stohmann in determining the heats of combustion of the same material in

their respective laboratories.

The only drawback to the Berthelot bomb is the expense, as said above. This ia

due mainly to the amount of platinum used for the lining. The steel of which the

bomb is made is especially exposed to corrosion. Berthelot protects the outside of

the bomb by plating with nickel, which serves the purpose very well, as water and

air are practically the only corrosive agents to which it is exposed. But with the

interior the ease is very different. The oxygen at high pressure is very active

in itself. The carbon, sulphur, and phosphorus of the substances burned are

completely oxidi/ed, and carbonic, sulphuric, and phosphoric acids are formed.

Indeed, Berthelot has shown that the apparatus may be used for determining

carbon, sulphur, and phosphorus in these forms. More or less of the free nitro-

gen which is mingled with the oxygen used in the combustion is oxidized and

forms nitric acid. It is necessary that the inner surface be covered with some sub-

stance which will resist these acids as well as the oxygen. Such materials are

easily found, but the practical difficulty lias been to find an inexpensive lining which

will insure permanent protection to the steel. In Berthelot's first bomb, electro-

plating with platinum was tried, but the platinum soon began to scale off. After a

few combustions gold was substituted for platinum and with better success, but it

has not been used with oxygen under pressure,

MODIFICATIONS ol I III UoMIS CALORIMKTKK HY MAHLER, HEMPEL, AND ATWATER.

Various modifications of Berthelot's apparatus have been devised

especially to obviate the difficulty of expensive lining.

Mahler uses a bomb (fig. 12) of forged steel with enamel lining.
1 The

cylinder is somewhat narrowed at the top and the cover is screwed

directly upon it, thejunction beingmade tight by a washer of lead. The

enamel is easily put on or replaced, and it is stated that a single coat-

ing has been used for 300 combustions without injury. I have under-

stood, however, that the enamel is apt to scale off in constant use. The
form described by Mahler has an internal capacity of 600 cubic centi-

meters or nearly double that of Berthelot's bomb, as above described.

Hernpel uses, for determinations of heats of combustion of coal, a sim-

ple bomb of steel without lining. This suffices for technical purposes,
but is not recommended by him for scientific use. 2

In accordance with suggestions by the author, Professor Hempel has

most courteously had a bomb made by the mechanician who makes the

bombs of his devising, and lined by Heraeus, of Hanau, with a thin

sheet of platinum. The principle is the same as in Berthelot's form;

but, whereas Berthelot's cover fits into the cylinder in the manner of a

stopper, the cover in this rests directly upon the upper edge of the

cylinder, a projection of the latter fitting into a groove in the former.

rend., 113, 774, and 862, and Ge~nie Civil, 1891,20, No. 12, 198. See also

Ztschr. aualyt. Chem., 1893, 79, and Berthelot, Calorime~trie Chimique, 133.

-Hempel, Gasanalytische Methodeu. 1890, 355. See also English translation;
Methods of Gas Analysis, published by McMillan, New York.
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A washer of lead is set in the groove of the cover and makes perfect
closure feasible. The form of the apparatus is essentially the same as

that shown in fig. 13. The quantity of platinum required is small, and
the cost of the whole apparatus, including vise grip and lever for

screwing the outer cover, a cylinder with compressed oxygen, fittings,

manometer, and screw press for making hard pellets of the substance

to be burned, was less than $220. It

has served a most excellent purpose
in our laboratory. Mr. C. I). Woods,
who has done considerable work with

it, has obtained results agreeing
~D

very closely with those of Berthelot

and Stollinami.

For measuring the temperature of the

water, we use a thermometer made by Fucss
alid calibrated by the Physikalisch-tech-
nische Reichsanstalt iu Berlin. It is gradu-
ated to hundredths of a degree, and the

divisions are of such length as to permit

easy estimation to thousandths by the aid of

a magnifying glass. We are persuaded that

in this way measurement of the temperature
of water to thousandths of a degree can be

made with as close an approach to accuracy
as the weighings to the tenth of a milligram
with an ordinary laboratory balance.

In place of copper for the cylinders out-

side the calorimeter cylinder, we have used

vesselsof "indurated fiber," which is a good
nonconductor of heat. They have proved

very satisfactory.

The bomb just described has not been

found in every way satisfactory. It has,

furthermore, seemed desirable to attempt
to find a cheaper lining than platinum.
Efforts are being made by the writer and

his associate, Mr. Woods, to devise some

needed improvements, find a less expensive

lining than platinum, and develop an effect-

ive apparatus which may be made in this

country at a cost that will bring it within the reach of ordinary laboratories. The
results of these attempts are very encouraging, but are not yet ready for publication.

Figure 13, herewith, will help to explain the apparatus in the form in which we
are using it. A represents the cylinder, C the screw cap, and B the cover of the

bomb, which is placed upon the top of the cylinder and held down by the screw cap.

A and C are made of gun steel. In a bomb lately made by the Pratt & Whitney
Company, of Hartford, Conn., the steel is the same as is used for the Hotchkiss guns
which are being manufactured by them. The metal has an unusually high tenacity
and seems especially well fitted for the purpose. The cover (B) is provided with a

neck into which fits a cylindrical screw (E), holding another screw (F). On the

side of the neck is an aperture (G) between the lower end of D and the shoulder. In

FIG. 1-3. Bomb calorimeter as modified by
Hempel and Atwater.
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FIG. 14. Bomb calorimeter of fig. 13, as mounted and standing in water.
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D is a washer of lead on which the lower edge of E fits. By opening or closing the
screw F the narrow passage from G is opened or closed. The opening is used for

admitting oxygen at a high pressure through a narrow passage to charge the bom!).

In B is an aperture through which passes a platinum wire (H), which is separated from
the metal of the cover by insulating material. Hard vulcanized rubber serves very

well for this purpose. Fastened to the

lower side of the cover is another plati-

num rod (I), between which and H an
electrical connection is made by a very
lino iron wire. A screw ring holds the

small platinum capsule, in which the

substance to be burned is placed. At K
K arc ball bearings of hard steel to avoid

friction in screwing the cap down.

Fig. 14 shows the bornb as mounted
and standing in the water, which is

contained in the calorimeter cylinder.
The largo cylinders (N and O) are made,

of indurated fiber and covered with

plates of vulcanized rubber. A stirrer

(L) serves for equalizing the tempera-
FIG. 15. Top of bomb calorimeter of fig. 13. turo of the different portions of water

after the combustion is completed. The
situation of the thermometer (P) is likewise shown. Wires (H' I') serve for bringing
the electrical current to the platinum wires in the bomb.

RESULTS OF DETERMINATIONS OF HEATS OF COMBUSTION.

The investigations by Frankhind in 18GG, above cited, like a great
deal of the best pioneer work, were of the highest value for their pur-

pose, but have not the accuracy which the later refinements of method
have made possible. Determinations of the heats of combustions of ;i

large number of substances by the Thompson-Stohmann method were

made by Stohmaim and his pupils, Von Rechenberg and B. Danilewski,
between 1877 and 1885. Those of a smaller number were made by
Ivubncr in 1885, and by Gibson in 1800, before the method of Berthelot

became well known. The greater convenience, rapidity, and accuracy
obtainable by use of compressed oxygen with the apparatus of Ber-

thelot, the first description of which was published in 1885, led Stoh-

manu, in 1887, to adopt this method. Since that time he has, witli

Langbein, not only reviewed his previous results, but added a large

number of new ones by this method.

The following table summarizes the results obtained by use of the

Thompson-Stohmann and Berthelot methods in determining the heats

of combustion of the organic substances which occur in animals and

plants, and are of special interest in physiological chemistry. They
included all the determinations of this class which we have found up to

July, 1894:

1 Since the above was written an extremely valuable article upon the subject by
Professor Stohmauii lias appeared, See Experiment Station Record, vol. 6

;
and

Ztschr, Biol., 31, 364.
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Heats of combustion of organic substances.
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Heats-of combustion of organic substances Continued.
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INVESTIGATIONS OF HEATS OF COMBUSTION NOW NEEDED.

This field of inquiry is new and offers most excellent opportunity for

useful work. The directions in which inquiry are now most needed are

practically two the study of compounds of interest in physiological

chemistry and the study of the foods and feeding stuffs in which those

compounds occur. In addition to the materials which are used in the

nutrition of animals and plants the excretory products, which contain

undigested residues and cleavage products from them, also demand

investigation.

Heats of combustion of organic compounds. The determination of

heats of combustion of compounds of interest in physiological chemistry
is desirable for two purposes, (1) for obtaining better knowledge of their

chemical constitution, and (2) for securing the much-needed informa-

tion as to their physiological uses, and especially their fuel values.

The indications which the heats of combustion give regarding the

molecular constitution is of the greatest importance in the present
condition of chemical science

; and, aside from the purely theoretical

interest of the inquiry there are various practical applications of value

to the chemist; as, for instance, in distinguishing between isomeric

compounds.
The importance of the measurements of fuel value of the compounds

has already been indicated and hardly needs to be insisted upon fur-

ther in this place.

The compounds which most demand study are. of the kinds already
studied and reported upon in the statements above. It is safe to say
that all of the organic constituents of animal and vegetable tissues and

their cleavage products, especially such as are formed by metabolism

and living organisms, demand extended study; and it is of course desir-

able that the determinations of the heats of combustion should accom-

pany and be supplementary to the investigation of their general

characters, chemical and physical. In many laboratories these com-

pounds are being isolated and studied. It is extremely desirable that

the heats of combustion be determined at the same time.

What we need to do is to secure the materials in as large variety and
of as great purity as possible and burn them in the calorimeter with due

precaution, and record the results. If a number of investigators will

undertake a research of this kind, the needed information will gradually
accumulate.

Heats of combustion of foods and feeding stuffs, etc. But the materials

a which the compounds occur likewise demand calorimetric investiga-
tion. We may take, for instance, a food material, as wheat flour, study
its composition, isolate its several constituents, and determine the

potential energy of each, but at the same time it is desirable to burn
the flour and observe whether its energy, as thus directly determined,

corresponds with the energy as learned from the combustion of the sev-

eral constituents. Investigations of this kind bring out discrepancies.

I^o. 21 9
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between the results obtained by combustion of the material as a whole
and by separating the several ingredients and determining their heats

of combustion and thus estimating the heat of combustion of the whole
material. It is only by careful comparative studies of this kind that

we shall learn the reasons for the discrepancies, the sources of error,
and means for avoiding them, and the correct methods for determining
the fuel values of food materials.

Although the work thus far done gives most cheering prospects of

ultimate success, the results are not yet ripe for publication.
'

\ t

ISODYNAMIC VALUES OF NUTRIENTS.

It has been assumed that the heats of combustion of the several

ingredients of food represent the potential energy which is transformed

into kinetic energy when the food is used in nutrition. This principle

may be expressed otherwise in saying that in their services as fuel to

yield heat and mechanical (muscular) power their values will be directly

proportional to the amounts of potential energy they contain. If this

be true, we should expect that they would replace one another in pro-

portion to their several heats of combustion. Late experiments, notably
those of Eubner, imply that this is actually the case. A proper discus-

sion of this subject will require the consideration of a large amount of

detail. Eeserving that for another occasion, I quote here a short pop-
ular description of experiments by Kubuer which were made some

ten years ago.
1

Within a short time past, feeding trials with animals in the respiration apparatus
have shown the proportions in which the several classes of nutritive ingredients of

food do one another's work in serving as fuel in the body, and more extended experi-

ments, with improved forms of the calorimeter, have given very accurate measure-

ments of the amounts of potential energy in the same materials. The respiration

experiments have been made with dogs, in the Physiological Institute in Munich,

by Dr. Rubner, who has also made an extended series with the calorimeter. The

largest number of the experiments with food materials in the calorimeter, however,
have been conducted by Professor Stohinaim, of the University of Leipsic, and his

assistants. The results of experiments with the respiration apparatus and with the

calorimeter agree with most remarkable closeness. In supplying the body with

fuel, the protein, fats, and carbohydrates replaced each other in almost exact pro-

portion to their heats of combustion. That the living body should thus be proved
to use its food with such perfect chemical economy is certainly interesting and

important. It is one more fact to add to the long lists that are bringing the functions

of life more and more within the domain of ordinary physical and chemical law.

Isodynamic values for 100 parts of fat.

Nutritive substances, water i'rco.
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The quantities of the several substances, lean meat, myosin (the chief protein com-

pound of lean meat), starch, etc., are those which were found to yield the same

amounts of heat when burned in the calorimeter, or to render the same service as

fuel when consumed in the body of the animal, as 100 grams of fat. This explanation

of the meaning of the expression
"
isodyiiamic values for 100 parts of fat" needs a

little qualification to make it perfectly correct, but it is as accurate as I can well

make it without going into a discussion too abstruse for the pages of a magazine, and

it is really accurate enough for our purpose. The figures mean, then, that the dogs
in the respiration apparatus obtained, on the average, as much heat to keep their

bodies warm and energy for the work their muscles had to do, from 243 grams of

lean meat) i. e., meat enough to furnish 243 grams of nutritive material after the

water had been driven out), as they obtained from 100 grams of fat, while 235 grams
of the lean meat, burned to equivalent products in the calorimeter, would yield the

same amount of heat as the 100 grams of fat. Considering the groat difficulties in

experimenting with live animals, these two isodynamic values, 243 by the respira-

tion apparatus and 2:>."> by the calorimeter, agree very closely indeed. But with

starch, the results by the two methods, 232 and 229, are still closer, while with ordi-

nary table sugar and grape sugar they are as good as identical.

Taking our ordinary food materials as they come, and leaving out slight differences,

due to the differences in digestibility, etc., Dr. Rubner has made the following

general estimate of the amounts of energy in 1 gram of each of the three principal

classes of nutrients:
rntriitial ciicrt/i/ hi nutrients offood.
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the dogs would have died. In cold days more heat was radiated from the body than

in warm, more was needed to supply its place, and more material was consumed.

When the room was warmer the body burned less fuel
;
and the quantities con-

sumed marked the changes of temperature with a delicacy almost comparable with

that of the thermometer.

When the dogs had just food enough to supply their needs they used it with sim-

ilar economy. In other words, when the income was equal to the necessary expend-
iture it was used as sparingly, as the sums taken from the capital had been. When
the food supply was made larger, part of the extra material was stored in the body
as fat and protein, but at the same time the daily consumption increased. That is

to say, when their income was more liberal they laid part of it by, but at the same
time allowed their current expenses to increase. It has been found by numerous

experiments that when the nutrients are fed in large excess the body may continue

for a time to store away part of the extra material, but after it has accumulated a

certain amount it refuses to take on more, and the daily consumption equals the

supply even when this involves great waste. With the large income the body con-

tinues for a time to add to its capital, but finally it comes to spend as much as it gets,

and in so doing practically throws away what it can not profitably use.

Dr. Rubner's dogs showed in still another way their economy of fuel when the

supply was limited, and wastefulness when they had more than they needed. The
same animal that adjusted its consumption of fuel so accurately to the temperature
of the air as long as the amount did not exceed its need, used it with no apparent

regard to the temperature, whether warm or cold, as soon as the supply of food

exceeded the necessary demand.

Physiologists have observed that the consumption of fuel in the body sometimes

varies with the temperature and sometimes does not, and have been at a loss to explain
the apparent discrepancies in their experimental results. These experiments help
toward an explanation. But the interesting point is, not simply that the facts are

learned, but that they are learned by studying the subject from the standpoint of

the potential energy of the food. Previously the accounts have, so to speak, been

drawn up in terms of protein, carbohydrates, and fats, and the balances have been

difficult to calculate and still more difficult to explain. But in the experiments of

which I have just been speaking, all the figures were reduced to terms of potential

energy of the food and body substance consumed or stored. The results were calcu-

lated in calories, and the balancing of the accounts was thus made simple and the

explanation plain.

Of course, I do not mean to say that we have thus suddenly come upon a complete

explanation of the whole subject. This is simply an improvement of methods based

on clearer understanding of principles and leading to clearer and more accurate

results. It is, in short, the old story of clearing up an old mystery by use of a new
and rational idea. As such, as well as for stronger reasons, it is of interest.

It is so easy to magnify the importance of any new discovery, and so hard to avoid

going too far in drawing inferences from it, that I am inclined to put in another

word of caution here. For instance, from the experiments above described one would
infer that the food ingredients yield strength for muscular labor in exact proportion
to their heats of combustion. But the dogs in the respiration apparatus performed
no muscular work except that inside their bodies for respiration, keeping the blood

in circulation, etc., and though we naturally assume that if they had used their

muscles for exterior work, such as running or working a treadmill, the muscular

energy yielded by the food would have been likewise equal to its potential energy,
and though the other known facts make this assumption entirely probable, the

experiments do not absolutely prove it. The production of muscular strength is a

problem which is still but partly solved. Still I think it is reasonably safe to say

that, in general, the foods that have the most potential energy are the ones that

yield, not only the most heat to keep the body warm, but also the most strength for

muscular work.
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FUEL VALUES OF PROTEIN, FATS, AND CARBOHYDRATES.

Theisodynamic values of the nutrients as computed by Eubner are

for protein and carbohydrates each 4.1, and for fats 9.3 grams. It is

hardly superfluous to repeat thafc these values are tentative, and that

they can not apply with exactness to the nutrients of all food materials.

They represent the results of the small number of experiments thus

far made. Nearly all of these have been made with dogs, and the num-

ber of kinds of food material has been limited mainly to meats, a small

number of kinds of fat, and to such carbohydrates as starch and sugar.
In the estimates for protein, allowance is made for the nitrogenous mate-

rial, chiefly urea, which does not undergo complete combustion in the

body. The figures are based partly upon direct experiments and partly

upon a priori estimates. Doubtless a more critical study of the subject

will call for more or less revision of these figures for the fats that have

been experimented with, and there is no question that different figures

will have to be assigned to the nutrients of the same class from different

foods and feeding stuffs. The correct estimates must be found by the

same kinds of experimenting as are needed to confirm the theory that

the law of conservation of energy actually applies in the living organ-
ism. These experiments will, of course, be calori metric. They will be

made in part by determinations of heats of combustion with the bomb
calorimeter or other appropriate apparatus, but the chief dependence
must be put upon experiments by which accurate determinations are

made of the total income and outgo of the animal body as expressed in

terms of both matter and energy. The respiration calorimeter is siich

an apparatus.
RESPIRATION CALORIMETERS.

During the past twelve years a number of efforts have been made to

devise an apparatus by >\hich accurate determination could be made
of not only the chemical elements and compounds, but also the energy
received and given off from the body. The most successful forms of

which accounts have been published at all in detail are those of Eubner
and Eosenthal. Each of these is essentially a small respiration appa-

ratus, with a device for measuring the heat radiated from the body.
In the apparatus of Eubuer 1 the respiration chamber consists essen-

tially of a metal box with double walls. In the interior are arrange-
ments for keeping an animal for a considerable length of time, as in an

ordinary respiration apparatus. Provision is made for conducting a

current of air through this chamber and for measuring its amount and

determining its composition.
The apparatus of Eosenthal2 is similar in principle to that of Eubner.

The respiration chamber is double walled and the quantity of heat

radiated from the animal is estimated by the expansion of the air

1 Calorimetriscbe Methodik, Marburg, Elwert, 1891.
2 Calorimetriscbe Untersucbungen, Arch. Anat. Pbysiol., Pbysiol. Abtb., 1894,

223-282.
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inclosed between the two walls. That is to say, in Buhner's apparatus
the air, instead of being kept at a constant volume, is allowed to expand
or contract, and the quantity of heat which passes through it is esti-

mated from the increase of volume at constant pressure, while in the

apparatus of Bosenthal the estimate is made by the variation of pres-
sure at a constant volume. An especially noteworthy feature of the

apparatus of Bosenthal is a device by which a definite volume of air is

kept continually passing through the chamber. On emerging it passes

through absorbents by which the respiratory products are removed, a

fresh supply of oxygen being added at the same time, so as to maintain

a constant volume. The space between the two walls of the box is filled

with air, which is tightly confined so that none can escape. A manome-
ter serves for determining the pressure, which is increased as the tem'-

perature rises and decreased as the temperature falls. The larger the

amount of heat radiated from the body of the animal the higher will be

the temperature, other conditions remaining the same, at which this

confined portion of air is maintained, and hence the greater will be the

pressure as registered by the manometer. Professor Bosenthal lias

been at no little pains to explain both the theory and the practice of

this method of measuring the radiation of heat. A number of experi-

ments have been made, but they are mostly of a character either special

or preliminary, and in those thus far published no complete measure-

ment of the income and outgo of material energy has been given. Buh-
ner's arrangements for measuring and analyzing the air passing through
the chamber are the same as those in the small respiration apparatus
which was described above as devised by Voit on the principle of the

apparatus of Pettenkofer. For full details of Buhner's apparatus as

well as of BosenthaPs the original descriptions may be consulted.

RUBNER'S EXPERIMENTS WITH THE RESPIRATION CALORIMETER.

Bubner has lately published
1 the results of a very interesting series

of experiments with dogs, in which the metabolism of material has

been measured in terms of nitrogen and carbon, and that of energy in

terms of the heat of combustion of the food and the heat radiated

from the body. The animals were entirely at rest, and there was, there-

fore, no external work. Under these circumstances it was assumed that

all of the energy given off from the body would be in the form of radi-

ated heat. The number of these experiments has been rather small.

The published account does not contain the full details. The results are

in part estimated rather than directly determined, but, as given, they
confirm both the correctness of the figures for isodyn auric values of

nutrients, which Bubner had previously annexed, and the application

of the law of the conservation of energy in the organisms of the

animals. The whole results may be summarized in the statement of

*De Quelle der tliierischen Wiirme, Ztsclir. Biol., 30, 1893, 73.



METABOLISM OF ENERGY. 135

Kubner to the effect that, considering- the animal as a calorimeter, the

heats of combustion of the nutrients are found to be the same as when
determined by direct combustion with oxygen in theThompsoii-Stohinan,
or bomb calorimeter.

OTHER RESl'IRATIOX CALORIMKTKRS.

Professor Yoit, of Munich, has devised a form of calorimeter for experiments with

a man or other animal. l>ut has, so far as I am aware, published no description, and

the information which I have gained from brief personal inspection is hardly ad-e-

quate or appropriate for publication.
Professor Chauveau, of Paris, has devised an apparatus which may be used for

experiments with horses or oxen. It was in process of construction in the winter of

1892-93, but I have seen no detailed accounts of experiments made with it and can

only refer to it in this very general way.
A small respiration calorimeter, on a plan based upon a principle very similar to

that employed 1>\ Rosenthal and Kubner, has been lately described by Messrs. Hal-

dane, White, and Washbourn. 1 Reference has also been made in print to an appa-
ratus lor similar purpose by Professor Biirdon-Saiiderson. 2 of Oxford; but 1 am not

aware, that any accounts of actual experiments with complete determinations of

income and outgo of matter and energy by either of the instruments just named have

been published.
An apparatus for similar purpose is now in process of development in the chemi-

cal laboratory of \Yesleyan University. It is of a size appropriate to experiments
with a man.

|
,

Jour. of Physiol., 16, 1894, 123.

-Phil. Mag. [5], 29, 306.



CHAPTER VIII.

PECUNIARY ECONOMY OF FOOD.

The cost of food is the principal item of the living expenses of the

majority of people of all, indeed, but the especially well-to-do in

Connecticut and the other Eastern States. 1 In the report of the Bureau
of Statistics of Labor of Massachusetts for 1884 are summarized the

results of investigations into the cost of living of people with different

incomes in Massachusetts, in Great Britain, and in Germany. Divid-

ing expenses into those for food, clothing, rent, fuel, and sundries, the

percentage of the whole income expended for food averages as follows:

Percentage offamily income expended for subsistence.
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CHEAP V. DEAR FOOD.

The cheapest food is that which supplies the most nutriment for the

least money. The most economical food is that which is the cheapest
and at the same time best adapted to the wants of the user. The
maxim that "the best is the cheapest," does not apply to food. The
best food, in the sense of that which is the finest in appearance and

flavor, and which is sold at the highest price, is not generally the

cheapest, nor is it always the most healthful or economical.

Of the different food materials which the market affords, and which

are palatable, nutritious, and otherwise fit for nourishment, what ones

are peculiarly the most economical? -There are various ways of com-

paring food materials with respect to the relative cheapness or dear-

ness of their nutritive ingredients. One, and perhaps the best, consists

in comparing the nutrients obtained for a given sum in different mate-

rials. Table 16, which follows, gives estimates of amounts of nutrients

that could be purchased for 25 cents at the rates named. The calcula-

tions are based upon the analyses in Table 1 and upon the retail prices

current in Connecticut.

The figures of the table tell their story so plainly that they need

very little comment. A quarter of a dollar invested in the sirloin of

beef at 22 cents per pound pays for 14 pounds of the meat with three-

eighths of a pound of actually nutritive material. This would contain

one-sixth of a pound of protein and one-fifth of a pound of fat, and sup-

ply 1,120 calories of energy. The same amount of money paid for oysters
at the rate of 50 cents per quart brings 2 ounces of actual nutrients, an

ounce of protein, and 230 calories of energy. But in buying wheat

flour at *7 a barrel the 25 cents pays for 6J pounds of nutrients with

eight-tenths of a pound of protein and 11,755 calories of energy.
The price of food is not regulated solely by its value for nutriment.

Its agreeableness to the palate or to the buyer's fancy makes a large
factor of the current demand and market price. There is no more
nutriment in an ounce of protein or fat of the tenderloin of beef than

in that of the round or shoulder. The protein of animal foods does,

however, have an advantage over that of vegetable foods. Animal

foods, such as meats, fish, milk, and the like, gratify the palate in ways
which most vegetable foods do not, and, what is perhaps of still greater

weight in regulating the actual usage of communities by whose demand
the prices are regulated, they satisfy a real need by supplying protein
and fats, which vegetable foods lack.

People who can afford it, the world over, will have animal foods and
will compete with one another in the prices they give for them. In

general, the animal foods are more easily and completely digested than

vegetable. There is doubtless good ground for paying somewhat more
for the same quantity of nutritive material in the animal food.

For persons in good health the foods in which the nutrients are most ex-

pensive are like costly articles of adornment. People who can well afford

them may be justified in buying them, but they are not economical.
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CHART 2.r-PECUNIARY ECONOMY OF FOOD.

Amounts of actually nutritive ingredients obtained in different food materials for 25 cents.

[Amounts of nutrients in pounds. Fuel value in calories.]

Protein. Fats. Carbohydrates. Fuel value.

Weights of nutrients and calorics of energy in 25 cents' worth

Voit. tAtwater.
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TABLE 16. Amounts of nutrients furnished for ,?J cents in food materials at prices in

Eastern States.

Food materials as purchased.
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TABLE 16. Amounts of nutrients furnished for 25 cents in food materials at prices in

Eastern States Continued.

Food materials as purchased.



CHAPTER IX.

FOOD CONSUMPTION.

A most important branch of the subject here considered is the actual

food consumption of people of different countries and classes.

STUDIES OF DIETARIES HISTORICAL SUMMARY.

A large number of observations have been made in Europe to learn

the amounts of food and of actual nutrients consumed by people of

different classes and occupations and under different circumstances.

Within a very few years past like studies of dietaries have been

undertaken in the United States and in Japan.
The method of making such observations consists in finding the

amounts of food materials of different kinds consumed by one or more

persons during a certain number of days and calculating the quantities

of nutrients in each material from its amount and composition.

During some time past I have, with the aid of Drs. H. B. Gibson

and 0. F. Langworthy, endeavored to collate the results of the studies

made in this direction up to the present time. We have found records

of the examination of 491 separate dietaries, exclusive of army rations.

The earliest were made in 1851 in England by Beneke, a German

physician, afterwards professor in the University of Marburg. The

imijority have been made during the past 15, and by far the larger

number of the most reliable ones during the past 10, years. The

people whose dietaries have been studied have been of various classes,

ages, and occupations. A few were in professional life and were decid-

edly well to do. The most were wage workers. Some of these were very

poor, but the larger number were in reasonably comfortable circum-

stances as compared with the majority of people of like occupation in

the countries where they lived.

Some of the studies were made with the greatest care and thorough-

ness, the food was accurately weighed and analyzed, and strict account

was kept of the number, sex, and occupation of the persons who were

nourished by it. In a few instances pains were taken to determine the

proportions actually digested. But in a majority of the dietaries

reported upon the amounts and composition of the food instead of

being determined exactly by weighings and analyses were more or less

roughly estimated, so that the results lack scientific accuracy.
From the 491 dietaries we have selected 338 as accurate enough to

warrant their use in drawing inferences. The number of persons whose

food consumption was observed in each dietary of this selected list

141
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varied from a single individual to several hundred, and the time of

observation in each case from 1 to 30 or more days. In addition to

these the studies of some 41 Japanese and other Asiatic dietaries have
been lately reported by Mori. Tuniguti, and Eijkman, but we have not

access to the details, a circumstance which is the more to be regretted
because of the high value of the work.

In the selected list of 338 (columns A and B of table herewith) are

included 101 studies of dietaries in the United States and Canada, of

which 38 were in New England, 25 in Philadelphia, and 26 in Chicago.
This list of 338 we have divided in two classes. The first including all

the studies that seem to us reasonably accurate and complete; the sec-

ond including those which are less accurate but sufficiently so to allow

their results to be included in the general averages. The classification

of all these dietaries by countries and by completeness of detail is sum-

marized in the following tabular statement:

Number of dietaries collated, classified by countries and by completeness of detail.

[A. Reasonably accurate and complete. B. Less accurate, but included in averages. C. Not included
in averages.]
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All of these studies in the United States were observed during the

past 8 years. Those in Philadelphia and Chicago were observed by
Miss Amelia B. Shapleigh in the use of the Button Fellowship of the

College Settlements Association, 1892-93. The rest were studied by
the writer and his associates at Wesleyan University, in cooperation
with the Massachusetts Bureau of Labor and the United States Depart-
ment of Labor, and as part of the work of the Storrs (Conn.) Experiment
Station.

Of the European dietaries in the list only 7 are from England; these

were estimated by Playfair some 30 years ago. Only 1- comes from

Franco. Fifteen are from Sweden and Denmark and 29 from. Russia.

From Germany there are 151, of which the earliest were by Liebig and

the larger number are by Voit and his followers. From Italy are 15,

including S by .Manfred! and 6 by Albertoni and Mori, which are among
the latest and most thoroughly studied of all. From Japan are 13, all

of which have been made lately by Germans connected with the Uni-

versity of Tokyo and by Japanese working with them. One was the

dietary of Javanese in the Java Village at the World's Fair. This was

studied in connection with the examinations of foods at the fair, under

the direction of the writer, which were referred to in the statements

regarding analyses of foods above. 1

The data thus collected are far from suflicient for satisfactory con-

clusions. Indeed, perhaps the most important lesson they teach is the

need of more such studies. Their general character may be inferred

from the selections in Table 37.

The only European country from which the studies are numerous

and accurate enough to be taken as in any way representative of the

national food consumption is Germany, although those from Denmark,
Russia, and Italy are most interesting and instructive. The American
data are confined to Massachusetts, Connecticut, Philadelphia, Chicago,
and a few places in Canada. The right of those from the Eastern

States to be taken as representative is confirmed, in a general way,

by the figures for food consumption in the family budgets published

by the Massachusetts bureau and the United States Department of

Labor, especially in late reports of the latter on the cost of production.

SPECIAL INVESTIGATIONS OF DIETARIES.

It will be to the purpose here to cite some of the special studies of

dietaries that have been made up to the present time as illustrative of

the character of the work done, the methods followed, and the excel-

lencies which may be imitated and the defects which should be abolished

in future inquiry in this most important direction. To this end I

select :

(1) Several studies of dietaries in the United States, including some

20.
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of the earliest and the latest. The former are the least accurate: the

latter are more thorough, though they are very far from being all that

could be desired.

(2) A series made in Germany, which show how great care may be
used in such inquiry and at the same time serve to illustrate the possi-

bility of further improvement of method.

(3) A series of studies lately made in Italy, in which a decided

advance in method is made in certain directions.

These illustrations will be followed by a resume of the work in this

direction up to the present time.

DIETARY STUDIES IN THE UNITED STATES.

In connection with the Massachusetts Bureau of Statistics of Labor,
a series of studies of dietaries of factory operatives, mechanics, and
other people with moderate incomes, in private families and boarding

houses, were made by the writer in 1886. At the same time, and later,

several dietaries of students and laborers and one of a well-to-do

private family in Middletown, were examined. These were the first at

all extended inquiries in this direction with which I am familiar in the

United States. Although the work thus done represented only the

beginning of an investigation of an important subject, the result

seemed to warrant, or at least to suggest, generalizations of no little

interest, and at the same time served to indicate directions in which

further inquiry is needed. The following account of the Massachusetts

and Canadian studies is taken from a report by myself and Mr. C. D.

Woods in the report of the Storrs (Conn.) Experiment Station for 1891.

INVESTIGATION OF DIETARIES IN CONNECTION WITH THE MASSACHU-
SETTS BUREAU OF STATISTICS OF LABOR.

%

In order to obtain some definite information in regard to the ways
of living and especially the food of factory operatives, mechanics, and

other working people of native and foreign birth in Massachusetts, the

statistics of the amounts and costs of food consumed, and age, sex,

and occupation of the consumers, were collected by the bureau under

the direction of its chief, Hon. Carroll D. Wright, in several manufac-

turing cities in the State
;
and as many of the people, whose conditions

of life and labor were thus studied, were French Canadians, who come
in large numbers to Massachusetts, as to other States bordering upon

Canada, and form a not unimportant factor of the population, an agent
of the bureau visited Canada and collated similar statistics regarding
the people in the places from which they come. The data thus collated

were placed in my hands, and with the assistance of Mr. E. W. Rock-

wood, then assistant in the chemical laboratory of Wesleyan University,

the quantities of nutritive ingredients were estimated, the results of

analyses of food materials to those of the dietaries being used as the

basis of the calculations.
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THE DIETARIES AND THE PEOPLE NOURISHED BY THEM.

From a larger number collated by the bureau, 30, which were regarded
as representative, were selected for chemical examinations and the

making up of average results. The 30 dietaries summarized in the

tables of recapitulations are divided in three series, as follows :

Classification.
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employed and the ways in which they were attained, they were classi-

fied as follows :

Class A. Those contained in statistics as collected by the agents of

the bureau. They have to do with :

I. Statistics of food materials, including: a, kind; ft, quantity; <?,

costs.

II. Statistics of consumption of food materials, including: a, number;
fc, sex; Cj age; d, occupation of persons nourished, and e, time.

Class B. Data obtained from other sources and used in the computa-
tions. They have to do with:

I. Chemical composition of the food materials. Proportions of nutri-

ents (nutritive ingredients) in each. These figures were employed iii

computing the quantities of actual nutrients in the dietaries.

II. The proportions of nutrients required by persons differing in age,

sex, etc. These proportions were used in estimating the numbers of

men at moderate work who would be equivalent in demand for food

to the men, women, and children nourished by the food for each diet-

ary, the object being to place all the dietaries on a uniform basis for

comparison.
In collecting the statistics of Class A, the agents of the bureau vis-

ited the houses where the people lived, and the cotton mills, shoe fac-

tories, glass factories, machine shops, blacksmith shops, brickyards,
and other establishments where they worked, examined the bills of

dealers for food furnished, the family and boarding house accounts, and

by these and other appropriate means secured as accurate figures as

practicable.

The chief source of error is undoubtedly to be found in the fact that

the statistics give the amount of food purchased, not that actually eaten.

How much was thrown away as refuse or otherwise wasted can not be

ascertained.

Of the data of Class B, those regarding the composition of the food

materials used were estimates rather than the record of actual analysis
of the materials which would be required for entire accuracy. For the

estimates the results of analyses made in this laboratory, and included

with those reported in the chapter on "
Composition of food materials,"

were employed. The other American analyses then available, mostly
of dairy and cereal products, were also used. For the few materials of

which no American analyses had been made, recourse was had to

European figures. The data and methods used in estimating the com-

position of the food materials are given in detail in the report. The

following quotations will give an idea of what they were. The tables

referred to are too extensive to be inserted here. The analyses of beef

were those described in the chapter on "Composition of food materials"

above, as made for the United States National Museum.

The method of estimating the composition of beef was as follows :

A large amount, the larger part, we are informed, of the beef consumed in many
of our Eastern cities is so-called ''

Chicago" or " Western" beef, which is slaughtered
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in Chicago or elsewhere and brought East. From a car load of Chicago beef a side

was selected by aii experienced dealer as of average quality, especial pains being
taken to secure one of average fatness. This side of beef was divided into 25 pieces,

or "cuts," in the manner common in New York markets, and portions of each piece,

sufficient to represent the whole, were analyzed, the proportions of refuse (bone,

gristle, etc.), water, and nutrients being determined.

A diagram representing these divisions of the beef was placed in the hands of the

collectors of the dietaries here examined, who, so far as practicable, indicated in

their statements the parts of the animal from which the beef of the several dieta-

ries was taken. The manner of cutting up the beef differs in different places, but

not sufficiently to very materially affect the estimates. A more serious matter is the

variation of different specimens of beef, and it is, of course, a question how close

the side selected for analysis, as above stated, comes to representing the average of

the kinds in the dietaries. We are informed that in all the Massachusetts cities,

where the dietaries were collected, nearly all the beef used is so-called Chicago

beef, and it is probable that the analyses fairly indicate the quality of the beef sold.

As the best way for utilizing these data, an assistant has gone over the dietaries,

noted the cuts of beef where stated, and ascribed to each the percentages of nutri-

ents found in the analyses of corresponding cuts. The results are shown in the fol-

lowing table. Where the original includes two or more cuts in one entry, the

average is taken. The several computations for roast beef are averaged together.
The same is done for beef stew, beefsteak, etc., and some of these latter averages
are incorporated in the table beyond, giving the percentages of nutrients in food

materials assumed in analyses of dietaries.

The figures used in calculating the amounts of nutrients in the dietaries are gen-

erally given in the table showing the percentages of nutrients in food materials

assumed in analyses of dietaries. In some special cases, however, they are not given
in this table, but are stated with explanations in the explanatory notes appended to

the details of the dietaries in which they are used.

T insure perfect accuracy it would, of course, be necessary to analyze the mate-
rials actually used in each ease. It is probable that while divergences, in some cases

very wide, might occur, the figures for the composition of each dietary, as a whole,
would be substantially accurate.

The item about which there seems to bo the most question is the quantity of fat in

the meats, especially the beef. The analyses here used accord very closely with

Kuropeun ligurcs for very fat beef. 1 Numerous observations, however, which can not
IK- detailed here, but which seem to be but little short of decisive, imply that the

beef commonly used on the Continent of Europe is, on the average, less fat than the

average beef in our markets. It is certain that much of that commonly used in our
Eastern cities is very much fatter than that here analyzed and taken as the basis

of these computations.
Attention has been called elsewhere to the fact that the figures for weights of food

materials in the dietaries represent the quantities purchased and do not indicate

how much was eaten. The rejection of a considerable part of the fat of meats by
many persons is one of the most common of dietary facts, at least in the Northern
and Eastern States. Some of the fat of beef is left with the butcher, much goes to

the soap maker, and much more into the garbage. But a surprisingly large part of

the fat of our beef is so diffused through the lean, much of it in invisible particles,
that when we have cut out the larger pieces of fat from our roast beef or our steak

and left them on our plates, we, nevertheless, eat the bulk of the actual fat of the

meat with the lean and the small portions of visible fat which adhere to it.

Especial stress is laid on this point, because the dietaries hero studied indicate a

remarkably large consumption of fat in this country. The possible bearing of this

fact upon, our national dietetics may be extremely important.

1 See analyses quoted by Kouig, Nahrungsmittel, Bd. L
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Iii the statistics of some of the Massachusetts dietaries, and most of

those collected in Canada, the quantities of certain food materials,

especially vegetables, were not stated, and had to be estimated from

the costs. The uncertainty as to the accuracy of the total estimates

was thus increased, though, as was believed, not enough to seriously

affect the value of the results for the purpose for which they were

intended, namely, an exhibit of the general character of the food con-

sumption and a means toward learning how such an inquiry may be

best conducted.

The method for estimating the number of men, at moderate work,
who would be equivalent in demands for nutriment to the persons par-

taking of the food of each dietary, is thus explained in the report:

Since the people nourished by the dietaries here examined differ in age, sex, and

occupation, and hence differ likewise in their demands for nutriment, and since a

chief object of the examination is to compare the dietaries with one another in

respect to the quantities of actual nutrients supplied, it is clear that to attain our

object we need some standard for estimating the relative demands of people of differ-

ent classes. If, for instance, we could take a particular class, as laboring men at

moderate work, and find to how many average men of this class the people nourished

by each dietary would be equivalent in their demands for nutrients, we should

simply have to divide the total quantity of mitrieiits supplied per day by this

equivalent number of men to get the quantities per man per day. The results thus

obtained for the several dietaries would, when compared with each other and with

accepted standards, give us what we seek.

We are of the opinion that the experimental data on record in European work, if

rightly collated and worked up, would give a basis for at least an approximate
estimate of the comparative requirements of the several classes of persons into

which those nourished by the food of these dietaries would most properly be divided.

Indeed, the current standards for daily dietaries will help in arriving at such a

basis. Thus, the standards of Voit and the Munich school of physiologists call for

proportions of nutrients, with estimated potential energy, as follows:

Persons.
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allot to 1 working woman 0.8 as much nutritive material as to 1 laboring man at

moderate work. This would make the 11 women equivalent to (8.8) 9 men, which
added to 66 would make the whole 77 persons equal to 75 men. The 77 persons dur-

ing 30 days, the time covered by the dietary, would be equal in requirements to

1 man for 2,250 days. The estimates in the dietaries hereinafter presented are made
in this wr

ay.

The details of one of the dietaries are quoted to show the nature of

the statistics collated by the bureau, and the way in which the quanti-
ties of nutrients were estimated. For statements of the ways in which
the quantities were estimated from the costs in the cases in which they
were not given, and for other details, the reader is referred to the origi-

nal report, where the details of each of the 30 dietaries are given in full.

TABLE 17. Dietary. Sei-ies A, No. 1.

[Description. Boarding-house in Lowell. Mass., of 77 persons, 66 males and 11 females. Boarders,
mill operative*, 'lime, 1 month. Estimated as equivalent in demands for nutrients to 75 laboring
in"Ti at moderate work for :iU days, or 1 man for 2,250 days.]

FOOD MATERIALS AND NUTRIENTS.

Food materials.
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TABLE 17. Dietary. Series A. No. 1 Continued.

FOOD MATERIALS AND NUTlilENTS-Continued.

Food materials.
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TABLE 19. Persona stated to be nourished by food of dietaries, and estimated numbers of

laboring men at moderate work tvho would require the same quantities of nutrients.

Series

and

No.

of

dietary.
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TABLK 20. Summary of statistics of dietaries 1 Continued.

COSTS OF FOOD MATERIALS.

Food materials.
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Iii the following table (21) the averages of the analyses of dietaries

are succinctly set forth :

TABLE 21. Averages of statistics of dietaries.

QUANTITIES OF FOOD MATERIALS.

Food materials.
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composition of each material as shown by analysis, the amounts of the

nutritive ingredients were estimated. From this were subtracted the

amounts of nutrients in the waste, and thus the amounts of nutrients

in the food actually eaten were learned.

Duration of the experiment. The dietary commenced with supper,
October 20, 1890, and continued until after dinner of November 19, a

period of 30 days.
Members of the family and meals eaten. During most of the time the

family consisted of 13 men and 7 women. It very rarely happened that

all of the family took all three meals at the house any given day.
There were occasional visitors, and in this way once or twice the total

number of meals taken per day was larger than the family alone would

have required. The sex, approximate age, and occupation of each

member of the family, as it was constituted most of the time,, were as

follows:

Men:

Machinists, 30 to 40 years of age 4

Machinist, about 35, after October 25 1

Harness maker, about 70 1

Hired men, one old, the other middle aged 2

Proprietor of the house, about 70 1

Manufacturers, one about 60, the other about 30 2

Chemist, about 27 1

Reporter for newspaper, about 20, after Optober 27 1

Total 13

Women :

Housekeeper, about 30 1

Cook, about 45 1

Table girl, about 20 1

Doing no manual labor, about 30, 55, 55, and 70 4

Young lady at house 4 days, doing no labor 1

Total

Of the 13 men, 3 were counted as "hearty eaters," and 6 more as

having decidedly good appetites.

An account of the number of meals taken each day was kept, and is

given in the following table :

Number of meals taken at the house each day.

Date.
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The actual number of meals taken at the house during the 30

days of the experiment was 1.596, of wljich 1,060 were eaten by men
and 536 by women. Assuming, in accordance with the dietary stand*

ards given in the succeeding chapter, that on the average one woman
ate eight-tenths as much as one man, this would reduce the whole

number of meals to an equivalent of 1,489 for the 30 days, or 3 meals

per day for 496 days for 1 man.

Food used during the experiment. The actual amount of food and

of nutrients in the food used during the dietary is shown in Table 22,

which follows. The weights of the food materials are as they were

purchased and used; that is, they include bone and other refuse except
where specified.

The first three columns in the table contain the percentages of pro-

tein, fat, and carbohydrates used in computing the amounts of these

nutrients in the different food materials.

In nearly all cases analyses were made of specimens of the food

materials actually used in the dietary, or of specimens so nearly iden-

tical with those used that they might properly serve for the analysis.

The analysis was omitted in a few cases, but only where previous

analyses were thought to furnish reasonably accurate data for esti-

mates of the composition.

TABLE 22. Food materials used in dietary of boarding house for 13 men and 8 women

during 30 days.

Food materials.
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TABLE 22. Food materials used in dietary of boarding house for 13 men and 8 women

daring 30 days Continued.

Food materials.
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The data of Table 22 are summarized in Table 23, in which the

weights are stated in pounds as well as in grams. As before explained,
it was estimated that the food consumption was equivalent to that for

one man for a period of 490 days. The table gives the quantities esti-

mated per man per day on this basis. These figures apply to the food

as purchased.

TABLE 23. Weights of food materials and of nutritive ingredients used.

KECAPITULATION OF DIETARY OF BOAliDING HOUSE.

Food materials.
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TABLE 24. Percentages of food materials of different classes and of nutrients fur-
nished by each class.
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grinding
1

. The water-free fat thus removed amounted in all to 2,639

grams. It is accounted for in Table 25. The partly dried refuse was
allowed to accumulate till 5 kilograms or more had accumulated, and
was then sampled and prepared for analysis. Eight such lots of

material were collected and analyzed. The weights of the water-free

refuse and its constituents are given in Table 25 herewith.

TAULE 25. Percentages and weights of nutrients in table and kitchen wastes.

Laboratory
number.
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TAHLE 26. Kit Inoils and potential energy in food purchased, etc. Continued.

TOTAL FOOD PURCHASED.
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24 per cent more fats, and 6 per cent more carbohydrates than were

eaten. And, worst of all for the pecuniary economy or lack of econ-

omy, the wasted protein and fats were mostly from the meats which

supply them in the costliest form. At the ratio in which the nutrients

were actully eaten in this dietary, the protein in the waste would have

sufficed 1 man for 112 days; the fats would have supplied him also for

112 days, and the carbohydrates for 30 days.

DIETARIES OF HAND WEAVERS IN ZITTAU, SAXONY.

An investigation of the conditions of living, with reference especially

to income and expenditure of a class of poor people, weavers, in Zittau,

a district in eastern Saxony, was made in 1885 by Von Schlieben, and

reported in a publication
1 of the Saxon Bureau of Statistics. Later,

You Keehenberg, who had been connected for some time with the labora-

tory of the Agricultural Institute of the University of Leipsic, and had

been engaged with Professor Stohmann in the combustion of food

materials, became interested to study the food consumption of these

people more fully, and has, with the aid of the Royal Saxon Society of

Sciences, published the results of his inquiry in considerable detail.2

The following summary is taken in part from the report of Yon

Schlieben, but in the main from that of Von llechenbcrg:
Zittau is one of the few localities in Germany where weaving oil a

large scale is still done by hand. The persons over 1G years of age

engaged in this industry, in 1885, numbered 8,000 out of a population
of somewhat over 73,000, distributed throughout 65 villages. The

industry is an old one; so long ago as 1729 statistics concerning it were

gathered by the Government.

The majority of the weavers in 1885 were over 30 years of age and
more than half were over 40.

The stuffs woven are linen toweling, bed linen, damask, cotton and
woolen cloth, and similar wares.

The hours of work are very protracted, ranging from 5 or 6 a. m. to

8 or 9 p. m. in summer and from or 7 a. m. to 11 p. m. in winter
;
that

is, i:> to 14 hours a day in summer and 14 to 10 hours in winter.

The old-fashioned wooden looms are used. In the weaving of cloth

of ordinary width the muscular exertion is not severe, as the work is

done while sitting; but some of the cloth is very wide, and in making
this severe exertion is required. In fact, the long-continued practice of

weaving extra wide cloth with the pressure of the body against the

loom often produces serious internal disorders.

From 3 to 5 marks (] mark equals about 24 cents) per week are earned

for weaving Che ordinary kinds of cloth, and from 5 to 10 marks for the

extra wide and fine wares. The latter sums are, however, the exception.

1 Zeitsclirift des k. slicluscheii stati-sclien Bureaus, 1885, Parts III and IV, pp.
156-190.

8 Die Erniihruug der Handweber in der Aintshauptmannschaft, Leipzig, 1890.
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In several cases the reported earnings of a inau and wife together aggre-

gated only about 300 marks per year.

The habits and mode of life of these people are very simple. The
house often consists of only 3 rooms. The largest is the general living

room; in this the weaving is done. The two smaller are used as bed-

room and kitchen.

The weaving is done by both the man and woman, in so far as the

household duties of the latter permit. The children when not in school

help in winding the thread and in other ways.
The extremely weak physical condition of these weavers incapaci-

tates them, as a rule, for farm work
;
but occasionally the more robust

ones work on the farms for a few weeks during harvest time.

The larger part of the earnings of these people is spent for food. In

none of the families did the amount paid for food fall below one half ci'

the total income, and in several cases it reached four-hfths. The

average expenditure for food was found to be about two-thirds of the

total income.

An idea of their condition may be gained from the fact that while

the climate is about like that of southern New England, something
like $7.50 per year would be the average sum expended per family for

fuel for heating, cooking, and other household purposes. Many gather

part of the fuel they use in the public forests or on the large estates of

families living in this region. Of course they are allowed to collect

only such materials as small twigs and branches which have been

blown from the trees. Others prepare fuel in summer by kneading

together a mixture of cheap brown coal and peat, shaping it into cakes

and drying it.

The food of these people is of the simplest kind. Variations from

the regular diet are very exceptional. Meat is rarely eaten except on

Sunday and then in small quantities, and even among the better class

of weavers such luxuries as beer are indulged in only on great occa-

sions.

The diet is not peculiar to this region, but is similar to the so-called

"potato diet 77 so common among German peasants. The term "
potato

diet" is somewhat misleading. In reality rather more than half of the

total food is bread, and only in exceptional cases would the quantity
of potatoes be more than one-third of the whole.

The physical condition of these people is far from what might be

desired. There is a notable lack of muscular energy. Still the weavers

are by no means short lived. When the household duties of the woman
are so great as to keep her from the loom, her physical condition is

usually superior to that of the man. The young children are more

healthy than the older ones.

Notwithstanding the unfavorable conditions of life, the people seem

contented with their lot, and Dr. von Eechenberg regards them as

much better off than many families of factory operatives in cities like
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Leipsic who liave much larger incomes, but whose occupations deprive
them of home life.

After a general idea of the condition of life of the Zittau hand
weavers had been gained by discussing the subject with the leading

men, employers and employed, and by visiting many families in a

number of villages, 52 families were selected as representative of the

class which made the best use of the means at their disposal. To
these were given blanks to fill out. The character of the questions
and answers in these blanks may be inferred from the following trans-

lation of one of them. The answers to the questions are in italics:

QUESTION CARD TO AID IX DETERMINING THE CONDITIONS OF A WEAVER'S FAMILY
IN DITTEI.SDORF.

[Family No. 2.]

1. Age of husband, .56. Age of wife, 71. Number of children. Age of children

2. Number and kind of rooms in house? One living room, 1 bedroom, 1 attic, 1 small

oellar.

3. What are the chiof articles of diet bread or potatoes, or vegetables and flour?

Bread, Jlour, and potatoes.

4. 1 low often in the week is meat eaten, and is bcof or pork preferred? Once, pork

preferred,

5. Weekly expenditures for food, etc.?

Expenditures for food, etc., in one week.

Kinds of material purchased.
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Marks.
12. Village tax per year 5. 00
13. Insurance, life, accident, etc

14. Expenditure for pleasure away from home, beer, tobacco, etc

Grand total 284. 78

The topics of tlie remaining questions were the income derived from
hand weaving and from other sources; whether any land was owned,
if so, how it was worked; for whom weaving was done; what sort of

elotfc was made; the hours of work, and the expenditures necessary to

carry on the weaving (weaver's paste, repairs of loom, etc.).

Among the further details reported are the following: The man and
wife are spare and the man is often ill. The wife is healthy and in

spite of her age can still weave. The man weighs 52 kilos (111.4

pounds), the woman 41 kilos (90 pounds), and neither is strong enough
to work in the field. The wheat flour mentioned in the table was used

to make weaver's paste. Vegetables mentioned are rice, millet, and

grits. The milk used is skimmed milk or buttermilk.

The daily meals in this family are: Breakfast, flour soup (porridge),

coffee, bread, butter; dinner, potatoes, salt, coffee, bread, butter; lunch

(afternoon), bread, butter; supper, skimmed milk or buttermilk, bread,
butter. This is the diet winter and summer, except that during the

winter porridge is eaten for supper instead of milk.

In the opinion of the neighborhood this family lived very sparingly,

yet it is the regular weaver's diet common to this region.

It will be seen that the greater part of this diet is bread, potatoes,

flour, and coffee. The other food amounts to very little, in few cases

exceeding 10 per cent of the total.

Green vegetables are too expensive to form any considerable factor in

the diet except with families who own gardens.
The diet is such that it is impossible to improve it without material

increase of cost. It is evidently shaped by long experience in the con-

ditions in which the people are placed.

In these families no guests are entertained nor are any meals taken

away from home except on an occasional feast day.

There is practically no food wasted. As one woman said in reply to

a question concerning waste: " Everything is eaten up at our house.

We are too poor to throw anything away."
These people say emphatically that they have enough to eat. They are

completely satisfied after dinner and go to bed without hunger. Dr.

von Kechenberg thinks this satiety is doubtless due in a great measure

to the badly ventilated rooms in which they work and live, and to the

monotony of their food.
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The data collated in these dietary studies are concisely summarized
in the following tables:

TABLE 27. Statistics of 28 families of liand weavers, numbers of persons, and annual

income and expenditure of each family.

Reference
JS'o.of

family.
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TABLE 28. Weekly food consumption of families of weavers.

Reference
No. of

i'aniily.
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TAHLE 29. Rates of potential ener<jij of each food material to that of total food used by
weavers.

Kind of food.
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TABLE 31. Ealinuticd nutrients and energy in dally food of each family of weave) 8.

\iilrii-Mits.



FOOD CONSUMPTION. 171

Estimated average daily metabolism of material and energy per average person.
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TABLK 34. Estimated money and fuel values of food materials in diet of weavers.

Food materials.
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outgo shall be accurately weighed, measured, and analyzed, such refine-

ments of computation as those employed by Von Kechenberg may
actually come into play.

DIETARIES OF PEOPLE OF THE POORER CLASSES IN NAPLES.

A careful and somewhat extended study of the dietaries of people of

the poorer classes in Naples has been recently made by Manfredi. l An
excellent feature of this investigation is found in the determination of

not only the composition of the food consumed, but also the proportions

actually digested. In the following account, which is greatly condensed

from the original, a number of evident errors in the latter are corrected.

Manfredi is a native Neapolitan and could easily reach the people he

desired to study, namely, the small wage earners, the beggars "lazza-

roni," and in general those who live from hand to month.

Little of the food consumed by this class of people is cooked at home.

Small shops bettole abound, in which the food is purchased ready
cooked. This does not mean that the best food of the kind is sold for

a low price as in the German "
people's kitchen" ( VoHHtkiiehe). The

food is really of the poorest quality and the price is relatively high, a

meal costing usually from ."> to 30 centesimi (1 to G cents). The food

of these people contains a larger variety of articles than is usual with

the poor classes in Europe. The variety consists in the number of

kinds of macaroni and other pastes, and the green vegetables which

grow so abundantly in the neighborhood of Naples. Macaroni and
bread are, perhaps, the two most important foods.

Macaroni and other forms of flour paste are to the Neapolitan what

polenta is to the people of northern Italy and rice is to some of the

people of Asia. Sometimes the dough is pressed in flat cakes baked
with tat or cheese an<l tomatoes or with small fresh fish; this cake is

called "pizza." Indeed, numerous dishes of thi.s sort are in common
use. The bread is almost always white black bread is rarely seen

and often as much as 1 to 1 kilos per day is eaten by one -person.

In times of distress almost the only food is bread. Beef is too expen-
sive to form any considerable part of the diet of the poor. When meat
is eaten it is usually mutton in summer and pork in winter, liluch

ofteuer, however, the heart, lungs, liver, brains, and the parts which
we ordinarily count as refuse are eaten, and dishes in great variety are

made from them. It is curious that while fish abound in the waters

near Naples, very little is eaten fresh. Sometimes small fishes are

seasoned in various ways and fried in fat. On the other hand large

quantities of dried and salted fish are eaten, chiefly cod and hake,

(gadus morrhua and gadus melucius).
2 These are either fried or made

into a kind of soup with tomatoes or cooked with oil and vinegar.
Milk and eggs are too expensive to be eaten much, and cheese is used

1 Arch. Hyg., 17, 1893, p. 552.
* Gadus melucius (?) G. Merlaccius, L.

;
Merluccius vulgaris, Giiuther.
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more as a condiment than as an article of food. Rice is too dear to be

much employed, bnt potatoes are abundant especially in summer. Dry
beans are used in large and peas in small quantities nearly always
for soups. The garden vegetables which are so abundant are cabbage,

cauliflower, green salad, tomatoes, carrots, onions, etc. In summer
enormous quantities of fruit are eaten, so much that it sometimes seems

as if the beggars must live on fruit alone, which of course is not the

case. The drink which is almost always used at meal times is a light

wine, often so much diluted that it could hardly be called wine.

The author's description of the people and the methods of observa-

tion is in substance as follows: Dietaries of 8 individuals were studied.

The studies extended from January to July, thus making it possible to

observe the effect of different seasons of the year upon the food con-

sumption, a by no means unimportant factor in Naples. The indi-

viduals were from the classes of the very poor that make up a large

part of the population of Naples. They included (1) workmen of the

lower class who prefer light and intermittent labor, such as cobblers,

carpenters, masons, and (2) people who are without regular employ-
ment and much of the time idle, the wandering creatures who pass the

day on the street and live on what chance may bring, snch as messen-

gers, peddlers from house to house, and beggars, lazzaroni.

During the investigation each individual was very carefully watched.

Every precaution was taken to keep them in the laboratory day and

night or to have them under surveillance if they went outside, and to

make sure they associated only with persons connected with the labora-

tory and did not come in contact with ordinary companions. In so far

as possible each person was provided with occupation of the kind and
amount to which he was accustomed. For instance, the mason mended
the tile roof of the laboratory; the carpenter worked with a carpenter

employed in the Hygienic Institute at that time; old shoes were given
to the cobbler to mend, others were employed in various ways in clean-

ing the laboratory, and even the beggars "who were accustomed to do

nothing were provided with their usual employment, which was not a

difficult matter." The peddlers, who were accustomed to considerable

exercise, found this in climbing the many stairs and walking in the

garden of the institute; they were sometimes allowed to walk in the

city, being accompanied by a member of the laboratory staff or by
Manfredi himself.

In the supply of food the usage of families of the poorer classes in

Naples was followed, in that two meals were eaten per tiny, a hearty one

at noon and a light, sometimes a very light, one at night. In some

cases, however, the order was reversed, the heartier meal being eaten

at night. It should be said that such regularity in eating is by no means
universal and rigidly adhered to among the poor people. Very many,
particularly those leading a vagrant life, are accustomed to long fasts,

followed by eating to excess. Others, particularly women, have no defi-
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nite meal times, but nibble at all hours of the clay. The latter custom,

however, was not permitted in these investigations, both because it is

the exception rather than the rule, and because it would have made the

number of analyses very great, and thus have increased the chances of

error. When the individual could be trusted his satiety was taken as

the measure of the amount of food he required. Sometimes the amount
was determined from the size of the portions of cooked food furnished

and from information obtained at the cookshop where they were accus-

tomed to obtain their food. According to the habit of the individual

the midday meal was either prepared at home or purchased ready cooked

from a cookshop. In every case one and one-half or two portions were

provided, one for the subject and the remainder for analysis. The period
of observation for each person was from 3 to 7 days. Each day was

reckoned from 8 o'clock in the morning to 8 the next morning. The food

between those two hours was regarded as the food for the day.

Specimens of the food of each meal were taken for analysis. The

corresponding urine and feces of 1M hours were likewise taken for

analysis. It was considered that the portion of the former which

belonged to the day of the experiment would be voided during the 24

hours beginning lli hours after the beginning of the day, i. e., as the

experimental day began at S a. in. the urine for that day would include

what was collected during the L'l hours beginning with 8 p. m. The

separation of feces was made with the aid of seed of grapes taken

with the last meal before and the first meal after the experimental

period. A fasting period of 10 hours was allowed to intervene between

the first meal of the experiment and the last preceding, and the same

period of last intervened het\\een the last meal of the experiment and

the next succeeding one. \Vith the simple diet of vegetable food to

which the people were accustomed the separation was very easy. The

analysis of food and excreta were made by the usual methods.

The following table, which is translated literally from the original,

shows the statistics gathered in one of the eight cases. Like statistics

are given for each of the seven other cases.
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The results of the 8 investigations are summed up in the following
table:

TABLE 36. Summary of statistics of eight dietaries of poor people in Naples.

Subject.

Cobbler
Cobbler
Old woman, servant

Carpenter
Young woman, servant
Mason

Peddler (woman)
Maximum
Minimum
Average

Food consumed.

51

It

C nt in if.

1,107.4
1,311.6
976.6

1, 377. 3

1,179.2
1, 148. 8

1,271
964

l, :i77. 3

954

1,17^.2

Grams.
449. 7

5U2. 9

412.4
624. 9
425.4
489.6
447.8
885. s

824.9
385.8
471.1

Grams.
11.46
12. 65
9.3i
15
10.06
11.28
10.45
9.72
15
9.31
11.24

Grams.
71.62
79.06
58.18
9S. 75
62. 87
70.49
65. 28
60. 75

93.75
58.18
70. L'5

Grams.
29.4
45.6
19.8
56.2
19.9
28.5
28.2
27.9
56.2
19.9
31.9

Grams.
348.8
408. 6
334. 4
475.1
34-J. S

390. 6
354. 2
297.2
475.1
297. 2

368.9

Grains.

""io.'s
6.3
9.4
11.4

10.8

11.4
6.3
9.7

Feoea.

Subject.
'ii
- =

Urine.

Cobbler
Cobbler
Old woman, servant
('arpeiiti r

Young woman, servant . .

Max. n

lieggar
Peddler (woman)

Maximum
Minimum
Average

Gms.
278
141.15

116

245,8
171.7
177.4
119

153
'J78

113
178.3

Efau.
:. i

::::. 1

_'l.(i

4:,. 7

:;'.. -I

88. li

22
24.8
i.v 7

21. fl

Gms.
1.71
J. I'.t

1.82
3.06
3.14
2.97
1.405
1.57
:;. u
1. :t2

2.17

10.71
la. 08

in. mi

19. 62

L8.M
8.78
9.81

lii.r.-j

8.28
13.50

4.8
7.1

L5
5.7
3.8
2.7
2.1
3.8
7.1
1.5
3.9

a i,is.

18.6
12.3
11.7

20.8
16
18.4
11.3
11.1
I'D. 8

11.1
15

Gms.

"i.'s

1.5
1.1
.4

1.5
.4

1

Gms.
9.45

10. 56
7.69
11.62
6.84
8.04
9.245
8.05
11.62
6.84
8.937

Gms.
59. 06
66
48.08
72. 62
42.75
50.25
57.78
50. 31
1-2. <;-j

42. 75
55.85

Gms.

9.6
4.6
9
9.9

"io.'s

'io.'s"

4.6
8.8

Gins.
11.16
12. 75
9.01

14. 68

9.08
11.01
10. 65
9.62
14.68
9.01
9.15

TABULAR STATEMENTS OF RESULTS OF DIETARY STUDIES.

In Table 37, which follows, the final results of the 138 selected studies

of dietaries, mentioned on page 144 above, are recapitulated^ It was

thought desirable to classify these dietaries by countries rather than by
classes of people and occupation.

8518 No. 21 12
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TABLE 37. Foreign and American dietaries.

[Quantities per man per day.]*

Reference

No.
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TABLE 37. Foreign and American dietaries Continued.

Preference

No.

f
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TABLE 37. Foreign and American dietaries Continued.

Keference

No.
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TABLE 37. Foreign and American dietaries Continued.

i

I

3

84
85
86
87

88
89
90

91

92

93
94
95

96
97

98
99
KM)

101
102

103
104
105
106
107
108
109
110
111
112
113
114
115

116

117 a
117b
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TABLE 37. Foreign and American dietaries Continued.

Reference

No.
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TABLE 37. Foreign and American dietaries Continued.

to

1
"S

134 a
1341)

135

136

187

138
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Nos. 68 to 71, Forster, Ztschr.Biol.,9 (1873), 381. Camorer, Ibid., 1880, 24; 1882, 220, 1884,556; 1888,
141; 189 {, 227, 308. I'lU-linunn, Ibid., 1882, 584. Hasso, Ibid., 1882, 553.

No. 72, Voit, Untersuchmi-: dm- Kost, 125.

No. 73, Schroder, Arcli. Hyg., 4 (1866), 39.

No. 74, Prausnitz, Ibid., 15 (1892), 387.

Nos. 75, 76, and 80, Ei jknian, Ztschr. Biol.. 1889, 106.

Nos. 77, 81, and 82, Tawara, Ibid., 1889, 107
;
Arch. Hyg., 1888, 102.

No. 78, Kellner and Mori, Ztschr. Biol.^1889, 102.

No. 79, Scheube, Arch. Hyg., 1883, 352.
No. 83, Atwater and associates.
Nos. 84 to 115, Atwater and assistants. Food consumption; Seventeenth Annual Report Massa-

chusetts Bureau of Statistics of Labor, lleport of Storrs (Conn.) Experiment Station for 1891, 106.
Nos. 116 to 134, and 137 and 138, Atwater and associates, Keports of Storrs (Conn.) Experiment Sta-

tion, 1891, 106; 1892.135; 1893,174.
Nos. 135 and 136, Shapleigh. A -Study of Dietaries

;
Partial Report of Dutton Fellow, College Settle-

ments Association, 1892-93.

COMMENTS UPON DIETARIES SUMMARIZED IN TABLE 37.

In the belief that the figures of Table 37 will be best understood by
statement of some of the more important details, an attempt to reca-

pitulate the latter is made in the pages which follow.

English dietaries. Nos. 1, 2, and 3 are those estimated by Sir Lyon Play fair from
the actual weights of the food consumed by individuals; Playfair speaks of the

engineers (soldiers) of No. 11 as "laborers in time of peace actively occupied either

in the construction of field works, or pursuing their avocations as artisans/' and

regards the dietary as "the most complete evidence we possess [at the time, 1864-

1865] of the requirements of food for laboring men doing a fair but not excessive

amount of work in 24 hours; when these soldiers are at light labor they are found

to take less." The sailors of No. 1 and weavers of No. 2 were prisoners in the

Wakefield Gaol. The details of food consumption were very carefully observed, and
are published by Dr. E. Smith. 1

Danish and Swedish dietaries. Nos. 4 and 5 are reported by Jiirgesen. No. 4 is that of

a physician in Stockholm, 37 years old. The food in this case, as in No. 5, consisted

of milk, meat, fish, bread, cheese, butter, and beer. The investigation was made in

January and February. No. 5 is that of the wife of the physician just named, 35

years old, principal of a girls' school; time of investigation, May. The food actually
eaten was weighed and its composition estimated from the compilations of Konig
and Almen.

Nos. 6, 7, and 8 are reported by Hultgren and Landgren. The food materials were

carefully weighed as used; the composition was estimated from analyses published

by Konig and Almen. For substances of which no reliable figures for composition
were available, as pastry, etc., special analyses were made.

No. 6 represents the average of 5 dietaries of as many medical students in Stock-

holm, from 22 to 27 years of age, busily engaged in study and laboratory work. The
examinations were made in the winter. The experimental periods ranged from 8 to

16 days; the protein per person per day from 103 to 163 grams, and the energy from

2,800 to 3,375 calories.

No. 7 represents the average of 6 dietaries of 4 healthy men, a metal worker, a

blacksmith, a carpenter, and a farm laborer, from 28 to 46 years of age, at moderately
hard work and earning good wages. The food included meat, fish, milk, etc., and
alcohol in beer or stronger spirits. The alcohol averaged 22 grams per man per day,
and is estimated as equivalent in fuel value to 37.8 grams of carbohydrates. The

protein ranged from 105 to 166 grams and the energy from 2,895 to 3,510 calories per
man per day. The diet of this group of men is regarded by the authors as charac-

teristic in respect to nutrients and energy for Swedish laboring men at moderate

work (mittlere Arbeit).

No. 8 represents the average -of 5 dietaries of 5 vigorous men, a stone mason, a

bricklayer, a carpenter, a wood sawyer, and a farm laborer, from 31 to 54 years of

'Phil. Trans., vol. 151, 747.
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age, at very hard work, and earning good wages. The food was similar to that of

No. 7. The alcohol averaged 24.2 grams per man per day. It was estimated as

equivalent to 41.3 grams of carbohydrates, and included in the estimates of carbo-

hydrates and energy as in No. 7. The protein ranged from 128 to 246 grams, and the

energy from 3,655 to 5,580 calories per man per day. The authors regard the diet

of this group of men as fairly representative of that of Swedish workingmen at

severe work.

Russian dietaries. Nos. 9, 10, and 11 are dietaries of factory operatives in the

neighborhood of Moscow, reported by Erismann. It is the general custom of Rus-

sian factory operatives, such as are represented in these studies, to board in clubs of

their own organization. The purchasing of food, etc., is delegated to a committee,

which also keeps a careful account of the number of meals eaten by each member

of the club. These accounts are kept with the greatest care, as all the bills

are paid by the owners of the factory, and a sum proportional to the number of

meals eaten by each member of the club deducted from his wages. The statistics

upon which these dietaries are based are derived from these accounts, and represent

the quantities of food purchased during periods of from two to three months in

length. Their food consists principally of black bread, buckwheat grits, and'sauer-

kraut, and during those parts of the year when fasts are not observed, meat and ani-

mal fats. During tin- lasts, which cover a considerable part of the year, vegetable

oils are used to a considerable extent. The composition of the food was estimated

principally from previous analyses by Russian observers, otherwise according to

Konig's compilations.

Nos. 12 and 13 are dietaries of peasants in the same locality, by Sarin. Each study

occupied one week The food actually eaten by each person at each meal was care-

fully weighed; the composition w;is estimated.

German d'u-inr'n-H. No. 14 is the dietary of the family of an intelligent laboring

man, who had not been able to obtain work for several months, and was almost des-

tilule at the time of the inquiry. The study was made by F. Hofmann.

Nos. 15 to 23 are dietaries of laboring people of the poorer classes, living, No. 23

near, and the rest in the city of Leipsic, Saxony. The inquiry was conducted in

part, at h-ast, and presumably the whole, in 1878-1880, by Dr. Meinert, with the

purpose of learning something of the conditions of life, and especially the food of

people of small incomes in Germany. It was evidently conducted with no little

care and thoroughness. For each dietary the food was weighed during a period of

live or seven days, with such detail as to show the amounts of each food material

per meal. Allowance was made for the waste in one case, at any rate, as stated in

the report and presumably for all, so that the quantities given appear to be those

actually consumed. No statement is made of analyses especially executed for the

investigation, and it is to be inferred that the composition of the food was estimated

from standard analyses. The quantities of nutrients and costs of food are estimated

per adult per day. In the cases where there were children the equivalent number
of adults was assumed for the calculations. The amounts of food of different kinds

eaten per meal and per day, the amounts and costs of the several kinds of food, and of

the whole food of each dietary, the incomes of the people, and their ways of living,

were observed and reported. While the quantities of nutrients imply straitened

circumstances in most of the cases, the details in some are decidedly pathetic. The

space here will allow only a brief summary of some of the more important poiilts.

No. 15, girl in cigar factory, 25 years old, earning an average of 5 marks per week,
and boarding with her mother, who earned 3 marks per week by washing. Their

food consisted mainly of bread, potatoes, a little rice, occasionally vegetables, meat
250 grams for 2 persons twice a week, or half a pound a week for each person, and
coffee. In lack of fuel for heating the coffee, hot water from a neighboring factory
was used. The description says "it is not strange that with food so poor in protein
both mother and daughter are frail and sickly, nor that, as the girl told me in tears,
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they often went supperless to bed. * * The girl is the mother of a child 6

mouths old.
* * * For board and lodging of herself and child she pays 3^

marks per week, and thus has left from her wages for clothing and other expenses
for herself and child 1| marks per week, a sum which, while it does not justify,

explains her increasing it by other means." The amounts and composition of the

food are confputed fqr the young woman aud her mother, so that the figures repre-

sent the average for the two.

No. 16, girl working in a printing office. She was 29 years old, her wages aver-

aged 5 marks per week, she lived with another girl and a child of the latter in a

room 10 feet square. In the three winter months of 1879-80, she had only bread and

butter and coffee, and for dinner daily from 1 to 2 cents' worth of sausage, and

even on this fare used up $5.50 of previous savings. The amount, composition, and.

cost of the food were estimated for the two girls together, so that the figures repre-

sent the average.
" What wonder," says Dr. Meinert, "that young women, whose

moral energy and intellectual powers are reduced by such a starvation diet, are

unable to withstand temptation."
No. 17, widow, with five children, aged 5^, 8, 10, 12, and 14 years, respectively.

She supported herself and children by plaiting straw and taking boarders. The
food consisted of bread, beef fat, potatoes, vegetables, and occasionally meat.

Family estimated equivalent to 4 adults.

Nos. 18 and 20. No. 18, girl, 24 years old
;
in paper factory ; wages, 9 marks

; sister,

21 years; seamstress; wages, 8 marks per week. No. 20, brother of preceding, 28

years old
; printer ; wages, 18 marks per week. These persons lived with their invalid

mother in a fifth-story apartment, consisting of a living room, a sleeping room, aud

kitchen. Dr. Meinert says that with their earnings these people might have had

much better food. "The appearance of the two girls, however, explained the scanti-

ness of their diet. Their clothing, especially that of the seamstress, was much finer

than their position and income warranted, and formed a sadly striking contrast to

the appearance of the mother and the pitiable dwelling in which the people lived.

The food included meat daily. Account was taken of the food of the man and of that

of the women separately, the man having more than the women.

Nos. 19 and 21. No. 21, family of cabinetmaker, consisting of father and 6 chil-

dren, aged , 3, 7, 9, 11, and 14 years, and father's sister (No. 19), a girl of 18, work-

ing in a bookbindery. The cabinetmaker earned 18 marks and the sister 9 marks

per week. The 9 persons lived in an apartment consisting of 2 rooms and a closet

holding a cook stove. The sister paid for lodging, breakfast, and dinner 3 marks

(84 cents ) per week and purchased bread and butter extra. The wife and children

were undersized, pale, and weakly.
No. 22, family of druggist's clerk, consisting of father, mother, and 2 daughters,

aged 16 and 12. They are spoken of as thoroughly good people. The annual income

was 1,180 marks. Their food was better than the preceding. It included more

variety; vegetables, butter, and meat were eaten daily; indeed the family had meat,

eggs, or cheese once and often twice a day. As the man's labor was light, Dr.

Meinert regards his diet as sufficient for his needs.

No. 23, family of farm laborer near Leipsic, consisting of father, mother, and 4

children, from 5 to 14 years old. The 6 persons are accounted as equivalent to 4

adults. The food consisted mainly of bread, beef fat, and potatoes, with a little

milk, and for one meal in the week, Sunday dinner, meat.
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The final statistics are summarized in the following table:

Food materials and costs per adult per day.

187
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15
16
17
18

19
20
21

j-j

23
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were composed largely of animal food, may be cited that of au official of high rank

in the German civil service, reported by Cramer. The official was 64 years of age,

and had been a vegetarian for 11 years. He was in good health and possessed of a

great deal of physical endurance. The character of the food in this dietary differs

considerably from that in No. 44, as the official was not a so-called strict vegetarian,
but used milk, eggs, and warm food. The food was weighed and its composition
determined by analysis. Digestibility was also determined.

No. 42 was reported by Forster. This mechanic was connected with a laboratory,
was in very comfortable circumstances, had considerable animal food, and did very

light muscular work.

No. 43 is the dietary of a shoemaker in Rostock, observed by Hoch.

No. 44 is the dietary of an upholsterer, 28 years of age, in Munich. He was a strict

vegetarian, and had lived for 3 years upon an exclusively vegetable diet, containing
no warm food, and consisting of bread, fruit, and oil. The man was normally devel-

oped, appeared to be well fed, and weighed 57 kilograms (125 pounds). This dietary
is reported fty Voit, and the food was weighed and analyzed. The digestibility of

the food was also determined.

No. 45 represents the average result of examinations by Voit of the food of 3 well-

paid mechanics in Munich. It consisted of meat, bread, other vegetable food, and

beer. The quantities and composition of the food were estimated.

No. 46 is the average of 2 dietaries of locksmiths, 7 of carpenters, and 3 of coopers
in Bavaria, given in a royal Bavarian commission report.

Nos. 47 and 48 were also reported by Forster.

No. 49 is the average of 5 dietaries of Bavarian farm laborers reported by the same
commission referred to in No. 46.

No. 50 is the average result of examinations by Steinheil of the food of miners

near Ems, Prussia, at severe work. The food included meat, bread, potatoes, beans,
and other vegetables in considerable variety, and butter. It is probable that actual

weighings of the food were made; its composition was estimated presumably from

Voit's compilations.

No. 51 is the average of 6 dietaries of Bavarian brewery laborers, reported by the

Bavarian commission above mentioned. Their work is very severe, and they are

noted for consuming large amounts of food, of which beer furnishes a considerable

proportion of the carbohydrates.
The figures for the individual dietaries of which Nos. 46, 49, and 51 express the

averages, are as follows : The protein in the mechanics' dietaries varies from 47 to

183 grams, and the energy from 1,690 to 5,285 calories. I have not the original data

at hand, but the source would seem to vouch for their reliability. The range is very

wide, but I am inclined to think not wider than might be found among people of

similar occupation in ordinary communities.

Dietaries of worJcingmen in Bavaria.



FOOD CONSUMPTION. 189

Dietaries of workingmen in Bavaria Continued.
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"The influence of tlieir food upon their bodily development is very noticeable.

The people are tall, extremely strong, and sinewy ; they are not fat, but their organic
albuminoids (muscular as distinguished from fatty tissue) are well developed.

Really
' fat

'

men, that is to say, men with large deposits of fat in the body,
are rare among the peasantry of this region. They have large and muscular frames

and are among the best built men in the army enlistment rolls.
* * * Aside from

their severe work, a still further reason for the peculiarity of their food (large total

amount and especially large; quantities of fat) is found in the climate. * * * The
low tempera cure and the constant wind make the large amounts of fat a necessity.
* * *

People who have to endure such ranges of temperature as prevail here,
without especial protection by clothing, and not suffer in health, must be enabled
to regulate the bodily warmth by large supplies of easily combustible fats and car-

bohydrates in the food."

The food consists of bread, Hour, potatoes, more or less garden vegetables, milk,

cheese, grease, and butter. The protein, outside that of the bread and flour, comes

mainly from milk, cheese, and curd, the fats from grease and butter which are con-

sumed in large quantities, and the carbohydrates from wheat, barley, and potatoes.

Sugar is little used because of its cost. The description does not state how the

dietaries were estimated, but only gives the quantities of nutrients as stated beyond.
No. 55 is the average of 3 dietaries of lumbermen 1 from Tolz, as reported by

Holier, and 2 from other parts of upper Bavaria, as reported by Liebig. These are

in size and amounts of fat and of energy entirely exceptional among the European
dietaries of which I have been able to find record, and rank even with the larger,

though they are far from approaching the largest, of the American dietaries given
in the previous pages. Of the peasantry in the region where the 2 dietaries of lum-

bermen by Liebig were taken, Professor Ranke says:
u ln contrast to the conditions prevalent elsewhere in Germany, the food of the

country people in the Bavarian highlands and mountains is very ample, and although

potatoes have not become the principal food material here, the food is chiefly vege-

table. The famous peasant of the Bavarian mountain region, the genuine 'Habrr-

feldtreiber/ as he proudly calls himself, eats meat, in accordance with time-honored

usage, only on the four great holidays of the year. He lives upon
'

Schmal/kost,'
that is to say, simple preparations of flour with which large quantities of fat are

incorporated. To these he adds such materials as sauerkraut and dried apples or

peas. The food of these powerful peasants is so generous as to explain their

herculean development of muscle, their enviable vigor, and their consciousness of

strength, which often leads to excess. It is likewise a current observation

by people in the Tegernsee Mountains that the lumbermen can do the more work
the larger their appetites are."

In comparing the dietaries of the Bavarian lumbermen, as reported by Liebig,

with other European dietaries, I have sometimes, in my own mind, questioned
whether the figures were entirely reliable as exponents of the eating habits of the

class to which the men belonged. In matters of larger importance some of Liebig's

doctrines have been doubted, only to be confirmed by the results of later inquiry.

In this minor though interesting matter of detail the teaching of the great master

is substantiated by the figures which Holler cites. It would certainly be a valuable

contribution to the science of nutrition if a number of these peasant dietaries could

be thoroughly studied.
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The table herewith summarizes the data of the dietaries just mentioned.

Dietaries of men in Bavarian highlands.

Occupation and locality.
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Children (Germany, Russia, and Switzerland). Nos. 68 to 71 are averages of indi-

vidual dietaries of children, with one or two exceptions in well-to-do private fami-

lies. Of the 38 dietaries included in these averages 2 were observed by Forster, 3

by Uffelinan, 10 by Hasse, and 23 by Camerer, all physicians. Forster's dietaries

were those of 2 infants. One was in a laborer's family; it was 7 weeks old and was
fed on a porridge made of milk, flour, and sugar. The other belonged to a well-to-do

family ;
it was between 4 and 5 months old and was fed condensed milk. Both these

children probably lived in Munich. Uffelman observed the dietaries of his own boys,
from 2 to 15 years of age, in Rostock

; only those of the three younger ones are included

in these averages. Hasse made two series of studies of the dietaries of 4 girls,

daughters of a well-to-do family in St. Petersburg; their ages ranged between 2 and
11 years. They were very well developed and their dietary consisted largely of

animal food. The food was carefully weighed and its composition in parts deter-

mined by direct analysis and in part estimated from Konig's compilations. Hasse
also observed the dietaries of two girls, aged 2 and 4 years, in a well-to-do family of

Russian descent in Zurich, Switzerland. The food was essentially the same as that

of the children in St. Petersburg and the method of the investigation the same. In

all of Hasse's dietaries the period of observation ranged from 3 to 6 days.

Camerer made all told 7 series of dietaries of his own children, 4 girls and 1 boy,
from 1878 to 1892. In 1878 the ages of the girls were 2, 3, 9, and 11 years, and that

of the boy 5 years. In 1892 those of the girls were 15, 16, 22, and 24 years and that

of the boy 18 years.

The general plan of these investigations consisted in observing the food of each

child for 6 periods (in a few cases a less number), of 4 days each during each year.

The 6 dietaries thus obtained were averaged together for the dietary of the child for

the year, and these average (annual) dietaries are the ones included in the averages
in the table.

Except in one of the 7 annual series weighings were made of the food actually

eaten and its composition in part determined by analysis and in part estimated from

Konig's compilations. In addition to these data the weights of the children were

observed from day to day, the urine was collected and the urea determined and the

feces collected, weighed, and analyzed. These studies were made in Riedlingen and

Urach, in Wiirtemberg.

During the period between 1878 and 1892, 31 of these average annual dietaries

were made, representing approximately 37 observations for each child or 186 for the

five children. Only those dietaries of the children up to 14 years of age are here

included. Of these there were 23 annual dietaries representing approximately

(6x23) 138 observations of 4 days each. It should be added that the children were

healthy and their growth was normal, although the girls who had attained the ages

of 15 to 20 before the end of the study were somewhat smaller than the average.

These are by far the most extensive and valuable observations upon the food

consumption of children which have been reported.

No. 68 is the average of the 2 dietaries reported by Forster, referred to above, and

1 by Camerer, that of a child not in his own family. This girl was 1 year and 2

months old and weighed 23 pounds. Her food was cows' milk, toast, gruel, beef

tea, etc. The food was weighed and its composition in part determined by analysis

and in part estimated from Kouig's compilations. The average age of these 3 chil-

dren was 8 months and their average weight 16 pounds.

No. 69 is the average of 14 dietaries, 9 of which are those of girls and 3 of boys
from 2 to 6 years of age. Of the girls' dietaries 6 were reported by Hasse and 5 by
Camerer. Two of the 3 boys were Uffelrnan's and the other Camcrer's. The average

age of these 14 children was 3 years and 10 months and their average weight 33

pounds.
No. 70 is the average of 8 dietaries, 6 of girls and 2 of boys from 6 to 10 years of

age. One of the girls' dietaries was reported by Hasse. All the other dietaries are
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those of Camerer's children. The average age of the 8 children was 8 years and 5

months and their average weight 53 pounds.

No. 71 is the average of 13 dietaries, 10 of girls and 3 of boys between the ages

of 10 and 14. Eight of the girls' and 2 of the boys' dietaries were observed by

Camerer, those of the other two girls by Hasse, and that of the boy by Uffelmau.

The average age of the 13 children was 11 years and 8 mouths and their average

weight 70 pounds.
No. 72 is the dietary of children 6 to 15 years old, inmates of an orphan asylum

in Munich reported by Voir. who pronounced the food satisfactory both as regards

quality and quantity. The food was weighed as prepared for cooking, but no men-

tion is made of actual analyses.

No. 73 is a dietary studied at a home for children in Gehlsdorf, near Rostock, con-

taining 38 boys between 8 and 15 years of age. They were healthy and normally

developed, and occupied in study ami light work. The study was made by Schroder.

The food was weighed as prepared for cooking and its composition was estimated.

The rules of the institution did not permit waste of food at the table.

No. 74 is the dietary of girls from 14 to 19 years of age (average, 15 years) in the

Krupp training school for girls. This school represents one phase of the effort which

has been made by the Messrs. Krupp to elevate the condition of their employees.

The city of Essen, which has nearly 70,000 inhabitants, depends mainly upon the

Krupp cast steel works, which employ some 10,000 workmen in the shops and 8,000

outside. While this establishment is of supreme interest to the mechanical engineer,

the efforts of the Messrs. Knipp to promote the welfare of their employees are scarcely

less so to the student of sociology.

The girls' training school has for its object not only the general education but

instruction in those things which pertain to the care of the household and the duties

of the wife and mother. The course in these latter branches lasts for 3 months, and

includes purchasing of food, cooking, preserving and care of provisions, management
of the kitchen garden, washing, ironing, mangling, knitting, darning, and all kinds

of housework. In instruction in food economy the pupils are taught what quanti-

ties of food materials are required for a given number of persons and how much
should be prepared for each meal. Each pupil is expected to provide for 10 others

for a number of days, she must \\eigli out the necessary food materials and prepare

and cook them. She must keep an exact account of what is used for each meal and

the cost and quantities of the se\ eral materials employed. At the end of the course

each girl takes her own account book, which makes a very valuable guide for her

later in life, in that it tells her how a nutritious and at the same, time varied diet may
be furnished at a. comparat ively small expenditure. This dietary study was made
ill connection with No. 53, by Prausnit/. The quantities of food materials were

taken from the girls' account books mentioned. The composition was estimated

from Konig's compilations.

Japanese dicttirlcx. According to Mori 3 general classes of dietaries are common

among the Japanese, namely, (1) that of the rural population of the interior. This

is almost exclusively \ ege table; fish is eaten but once or twice a month and meat but

once or twice a year; (2) that of the population of the coast, who eat lish in con-

siderable quantities, and (3) that of the city population and of well-to-do families,

who eat both meat and fish to a considerable extent.

Rice is the principal article of vegetable food, but, in addition to this, barley,

wheat, various kinds of millet, and buckwheat are eaten in considerable quantities.

Tubers and roots, such as turnips and radishes, are staple articles of food, and pump-
kins, cucumbers, etc., are much used. The legumes are little eaten in their natural

state, but form the basis of a number of prepared foods and relishes, such as miso,

tofu, and shoyu, all of which are made from the soja bean. The miso is prepared
from cooked beans, which are rubbed to a thick paste and fermented with the ferment

used in the preparation of the rice wine. Tofu, or bean cheese, is essentially the

8518 No. 21 13
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legumiu of the soja bean, which is first extracted with water and then precipitated

by the addition of the mother liquor (magnesium chlorid), obtained from the evapo-

ration of sea water in the manufacture of salt. The cheese is eaten fresh. The

shoyu sauce is prepared from a mixture of cooked and pulverized soja beaus, roasted

and pulverized wheat, wheat flour, salt, and water. The mixture is fermented with

the above-mentioned rice ferment for 1^ to 5 years in casks. This sauce is used very

largely by all classes.

Nos. 75 and 76 are dietaries of prisoners in Tokyo, observed by Eijkmaii. The

food was exclusively vegetable, and consisted mainly of a mixture of one part of rice

and one and one-half parts of barley cooked together. All of Eijkman's dietaries,

Nos. 75, 76, and 80, were published in Japanese. Kellner and Mori and Nakahena in

referring to them state that the food was in all cases weighed and its moisture con-

tent determined.

No. 77 is that of the employees in a large retail store in Tokyo, reported by Tawara.

The period of observation covered only 3 days, but during this time no animal food

was eaten; the food was essentially rice and salted radish. Tawara's dietaries,

Nos. 77, 81, and 82, are also published in Japanese, but are cited by the writers

above referred to, who state that the food was weighed and its composition esti-

mated upon the basis of numerous analyses of Japanese food materials by Tawara

and others.

No. 78 is the dietary of Mori, an assistant at the University of Tokyo. It was

observed by himself, and he regards it as representative of the food of people in

well-to-do circumstances and students in the higher institutions. It is materially

modified by European influences (more meat and more protein), but on account of

its expense has gained little footing among the majority of the people. The food

was beef, rice, potatoes and other vegetables, and milk. The test was continued

for 6 consecutive days, during the last 3 of which the food materials and also the

urine and feces were analyzed. The amounts given are, however, those actually

eaten.

No. 79 gives the average of the dietaries of two students in the University of

Kioto, as observed by Scheube. Meat and fish were eaten daily, and eggs, bean

cheese (tofu), and green vegetables were also used. Each test was continued for

5 days. The food was weighed and its composition estimated.

No. 80 is the dietary of a military school in Tokyo, reported by Eijkman. The

observations cover a period of several nouconsecutive days. Meat was served daily.

No. 81 is that of the inmates of a Government school in Tokyo, from 17 to 25 (aver-

age, 20) years of age. The cost of the food was $4 per month per pupil. Meat was

served once a day, and fish was eaten in considerable quantities. The period of

observation covered 10 consecutive days.

No. 82 is the dietary of the pupils in a private school, also in Tokyo. Their ages

ranged from 11 to 21 years. Meat was served only twice a week in this school, but,

fish was eaten regularly. The price of the food was about $2.25 per month per

pupil. Their food consumption was observed during one week. Nos. 81 and 82 are

reported by Tawara. In the opinion of Kellner and Mori the quantities of food

served to these pupils, of whom a considerable number were children, were some-

what excessive, and doubtless there were uneaten residues, especially of rice, which

were not taken into account in estimating the amounts of nutrients. This would

appear to be the case especially in No. 82.

Java. No. 83. In connection with the study of the food of some of the interest-

ing people from the less-known countries at the World's Fair, made under the

auspices of the World's Columbian Commission, l an opportunity was furnished to

observe with exactness the food consumption of several inmates of the Java village.

One of the houses was set apart for the purpose, and 2 families, including 2 women

1A report of these investigations, which were conducted under the direction of

the author, will, it is expected, appear with other reports of the World's Fair.



FOOD CONSUMPTION. 195

and 3 men, were assigned to live in it for a period of 10 days. They were enjoined
to eat nothing except what was served in the house, and the cooks were charged to

provide the fullest opportunity for collecting the data desired.

The men were engaged to a certain extent in the light occupations incident to the

rare of the village and in sewing. The women seemed to have no special occupation
outside of the very small amount involved in the care of the house.

The food consisted mainly of rice and lean beef, the former furnishing nearly
seven-tenths and the two together nearly five-sixths of the total actual nutrients.

In addition, chicken, fish, eggs, bread, given vegetables, and fruits were eaten ill

small quantities. So far as could be ascertained this did not differ very greatly from
the home diet.

The investigations covered a period of 10 days during September, 1893. The food

was carefully weighed as prepared for the table, and its composition in part deter-

mined by analysis and in part estimated.

DIKTAK1KS IN THE UNITED STATES AND CANADA.

Massachusetts and Canada. Nos. 84 to 115 were described on pages 145-156. above.

i',niitcHi<-nt.li\ issi; and later several dietaries of students, laborers, and one of a
well-to-do private family in Middletown, were examined in connection with the

study <>!' Nos. si to 11T>. Xos. 117, 121, 122, 124, and 126 are selected from the group.
The method employed is indicated in the text beyond. In general it was the same as

that used in the Massachusetts dietaries, except that account was taken of the

quantities of food rejected in the kitchen and table waste, and the amounts actually
eaten were computed by subtracting these from the food purchased. In 1890 and
later these investigations were renewed at M iddletowu in cooperation with the
I'nited States Department of Labor and as a part of the work of the Storrs Station.

Nos. IK;, us to 120, 123, 12."., and 127 to 134 belong to the group thus studied. The
method employed has been essentially that described on pages 200-204.

Dietaries of well-to-do pi-irulf families in Middlclown and Storrs.

No. 116 is the dietary of the family of a chemist in Middletown. During the
month of April. 1S!M. the food actually eaten in the family of a chemist in Middle-
town was can-fully weighed, and while no analysis \\as made of the food or of the
table waste.it is believed that the figures given below are quite reliable. The
family consisted of 1 man. a chemist, 34 years old and weighing 230 pounds, his

wile, and a maidservant, who were at home during the entire month; also 1 man, a
chemist, 27 years old and weighing 175 pounds, and an elderly woman were at the
table about one-half of this period. The food materials used were mostly of such a
nature that their composition is fairly well known from the averages of other

analyses. The waste was reduced to a minimum, and it is probably fair to assume
that no very considerable error was introduced by neglecting it. As both of the
station chemists lived in the. family and the wife of one of them waa very much
interested in the experiment, a very careful account of the weights of food used was
kept. For the most part the food was weighed just before using, on a scale sensi-

tive to 1 gram, with a charge of 10 kilograms.
No. 117, dietary of a professor's family in Middletown. The weighings and esti-

mates for this dietary were made by Mr. Rockwood, assistant in the chemical labo-

ratory of Wesleyan University. On the 1st day of January accurate account was
taken of all the food materials in the house. The quantities of food brought to the
house during January, February, and March were estimated from the grocer's,

butcher's, and other bills. During the same period all the food left unconsumed,
i. e., the kitchen and table refuse, was carefully kept, weighed, and its composition
estimated. On the 1st day of April the food materials remaining in the house were

weighed. In estimating the quantities of nutrients the method employed for those
of the Massachusetts and Canadian dietaries was used.
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The smallness of the waste is explained by the fact that the mistress of the house
was a particularly careful housekeeper.
Nos. 118 ami 119 are the dietaries of a professor at the Storrs Agricultural College.

In the dietary made in the winter of 1893 the family consisted of the man, 32 years
of age, his wife, and a maidservant; in that of the summer of 1893 the family was
the same, except that the servant was absent and a child 1 year old included.

No. 120 is the dietary of the family of a retired jeweler. The family consisted of

the father, 70 years of age, at very light work; his wife; their son, a chemist, 23

years old, with moderate exercise, and their daughter. The study was made during
the month of September, 1891.

Dietaries of college and professional students in Middletown.

Nos. 121 to 123, three dietaries of a college students' club. A large number of the

students in Wesleyan University board in clubs. The club, which may have any num-
ber of members up to 30, chooses one of its number as steward, and arranges with a

matron to cook and serve the food which he purchases. Many of the members have
to pay their way through college; the majority are obliged and the rest are content

to have the cost of their board made low, even at the sacrifice of delicacies. While
their diet is substantial and wholesome, they regard it as plain and economical.

They are mostly from the Eastern States, and corning from the class of families

whose sons go to college, it seems fair to assume that their habits of eating formed
at home would not differ materially from those of the more intelligent classes of

people in that part of the country. While the habits of many are sedentary rather

than active, they nevertheless take considerable muscular exercise. In this respect

they are very much like the students of other Eastern colleges. They are given to

athletic sports in pleasant weather. Out of 250, sometimes 70 or more may be seen

at once on the campus playing tennis and baseball. They could hardly be credited

with as much muscular exercise on the average as laboring men doing moderate

work, and they would therefore, without doubt, require somewhat less of protein
as well as of the other nutrients in their food. Their requirements doubtless

approach closely to those of the man with moderate exercise.

From the accounts of one of these clubs for a period of 3 mouths in 188(5, the

amounts of the several kinds of food materials purchased and the quantities of nutri-

ents were computed. The results are given in No. 121 of the table.

The figures thus obtained represent what the students paid for, rather than the

amounts actually consumed. The steward and some of the members of the club were

of the opinion, however, that the amountof waste that is to say, the material thrown

away was very small. It costs too much. But on investigating the matter more

closely it appeared that a portion of the material served was left upon the plates and

found its way into the garbage barrel or was given away. The rejected food was,

therefore, collected during 1 week and weighed. Its composition was estimated and

the amount of waste calculated.

The following term an examination of the dietary of the same club was made by
Mr.Videou. Another steward was then in charge. He had learned of the excessive

amounts of food in the former dietary, and planned to reduce the quantities. This

was done largely by diminishing the meats. He states that he did not apprise the

club of the change, and that it was not noticed. As he put it, "The boys had all

they wanted, and were just as well pleased as if they had had more." The quantities

of nutrients in both dietaries were estimated by the method already described. The

waste in the second dietary was estimated with some care. In this, as in the first, it

is assumed that the difference between the food purchased and the waste represents

the actual consumption.
In the spring of 1893 the dietary was examined for a third time (No. 123). The

observations were much more accurate, that is to say actual weighings and analyses

were made of the food consumed.
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No. 124 is the dietary of a SIM-OIK! students' club. The members of the club were
in moderate circumstances and felt the necessity of economizing, but at the same
time intended to have ;ui abundance of wholesome food. The observations were
made by one of the members who was an advanced student in the chemical labora-

tory and much interested in these studies. The food materials were actually

weighed and also the waste. The attention of the club had been called to the waste

in the dietaries of the other clubs. In all probability this is the explanation of the

smallness of the waste here.

No. 125 is the dietary of the members of a boarding club in a divinity school. The
details are not yet published. The method was essentially that described beyond
on pages 201-213.

No. 121). dietary of a college football team. This dietary was examined at a time

when the team was in active training and boarding in a club by themselves. The
observations were made at the same time and by the same person (Mr. C. S. Videon)
as those of Nos. 122 and 121. Their exercise was vigorous and at times severe, but
the examination was made near the close of the football season,_when, in the judg-
ment of members of the club, they were eating rather less heartily than they had
dune earlier in t he season.

Mi-rluuiicH, t-lr., in M'nlilli-hnrn. 'Sit. 127 is the dietary of a boarding house. The

dietary commenced with supper, October 20, 1S!)0, and continued until after dinner

of November lit, a period ofliodays. During most of the time the family consisted

of 13 men and 7 women. It very rarely happened that all of the family took all

three meals at the house any given day. There were occasional visitors, and in this

way once or twice the total number of meals taken per day was larger than the

family alone, would have required. The sex, approximate age and occupation of

each member of the family, as it was const it uted most of the time, were as follows:

Men:
Machinists, :;o to 10 years of age 4

Machinist, about 35, after October 25 1

Harness maker, about 70 1

Hired men about the stable, one old, the other middle aged 2

I'roprietor of the hou<e. about 70 1

Manufacturers, one, about 60, the other about 30 2

Chemist, about 27 1

Reporter for newspaper, about 20. after October 27 1

Total 13

Women :

Housekeeper, about 30 1

Cook, about 15 1

'Fable girl, about 20 1

Doing no manual labor, about :in. 55, 55. and 70 4

Young lady at house \ days, doing no labor 1

Total 8

Of the 13 men, 3 were counted as "
hearty eaters," and 6 more as having decid-

edly good appetites.

No. 128 is the dietary of the family of a machinist, consisting of the father, born
in Germany, 50 years of age, his wife, and 3 daughters, from 14 to 20 years of age.
The period of observation was 30 days during November and December, 1891.

No. 12!) is that of the family of a blacksmith and consisted of the father, a Cana-

dian, about 10 years old, his wife, and 2 boys, 8 and 10 years of age. The study was
made at the same time as No. 128.

Nos. 130 and 131 are 2 dietaries of the family of a stone mason. The father, born
in Sweden, was about 28 years of age; the mother was also a Swede and had been in
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the United States only about 3 years; the other member of the family was a child 7

months old. The first study was made in November and December, 1892, and con-

tinued 28 <lays; the father was at work during 3 of tbe 4 weeks. The second study
was made in April, 1893, under approximately the same conditions as the former one.

No. 132 is the dietary of the family of a carpenter. The family was of American

birth and consisted of the father, who was about 25 years of age, the mother, and a

boy 2 years of age. The study was made in November and December, 1892, and

covered a period of 28 days.

Nos. 133 and 134 are 2 dietaries of another carpenter's family, also American, and

consisting of the father, about 35 years, his wife, and a boy 11 years of age. The first

dietary covered a period of 28 days in November and December, 1892, and the second

a period of the same length in April and May, 1893.

Pennsylvania. No. 135 gives the average minimum and maximum of 25 families in

the poorest part of Philadelphia. With a single exception all of these families 1 were

either foreign or of foreign descent.

Illinois. No. 136 gives the average minimum and maximum of 26 families in the

poorest part of Chicago.

Nos. 135 and 136 were made in 1892-93 by Miss Amelia Shapleigh, Dutton Fellow,

of the College Settlements Association. Complete and exact accounts of food bought
and eaten by 55 families in Philadelphia and Chicago, representing as many nation-

alities as possible and selected at random from the neighborhood of the settlement,

were collected. The estimates ("amounts of food actually bought and put on the

table") were made "after close questioning, observation, and in case of food not

bought by the pound, careful weighing." Ten per cent of the total was deducted

for rejected and undigested residues. No analyses of food materials were made and

the basis upon which the amounts of nutrients was estimated is not stated.

United States Army and Navy rations. It is difficult to compute exactly the food

consumption by soldiers in the United States Army, because the men have more or

less of opportunity to select or add to their food by commuting purchase or other-

wise, so that the food actually used varies more or less from the regulation rations.

The best data for calculations I have found are those contained in Circular No. 8 of

the Surgeon-General's Office, United States Army. From these Mr. Woods has com-

puted the nutrients and energy as stated in Nos. 137 and 138.

SUGGESTIONS REGARDING STUDIES OF DIETARIES.

The following statements are gathered from the experience of the

writer and his associates, supplemented by their reading of the reports

of the work of others.

The object of a dietary study is to determine the kinds and amounts

of food materials and of nutriments consumed by one or more persons

during a given period and under known and definitely stated condi-

tions. The first essential is accuracy in the collecting of the original

data. If these are. indefinite, unreliable) or incomplete, the defects

can not be compensated by the most accurate and painstaking chemi-

cal analysis, by elaborate treatment of the results, or even by a large

number of observations. This accuracy is needed even in the smallest

details; no part of the study of a dietary calls for more thought and

care than the collection of the statistics regarding the food materials

consumed, the people who consume them, and the proportions actually

1 1 American, 3 Irish, 6 German, 6 Jewish, 3 Italian, and 6 Negro.
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eaten and not eaten. When these preliminary data have been properly

collected, and the specimens have been secured for analysis, the work

up to the writing of the results is largely a matter of routine which
can be carried out in any well-ordered laboratory which is equipped
for this kind of investigation. The reporting and especially the inter-

preting of the results requires not only an understanding of chemistry
and physiology, but also an appreciation of some of the fundamental

facts and principles of economics and sociology.

The philosophical study of food consumption requires the skill and

the training of the chemist, the physiologist, the statistician, and the

sociologist.

I. Qualifications of the observer. For these reasons the person who
collects the statistics should have a thorough scientific training and a

clear idea of the questions involved and the importance of the task.

Besides the technical knowledge, a goodly amount of tact is indispen-

sable and the best success requires a certain sympathy with the people

among whom the work is done, especially when they are in moderate

circumstances or belong to the poorer classes. Food and household

expenses are delicate subjects. A housewife or mistress of a boarding
house may object to having her kitchen and account book subjected
to critical examination unless it is <lnne with tact. Perfect frank-

ness and an explicit statement of the nature of the statistics, at the

beginning of the study, is the safest rule. Often the offer of a small

sum of money in compensation for the trouble caused by the inquiry
will materially help the observer. The questions, often very direct,

which the observer is obliged to ask, and the close watch which he must

keep over even the smallest details of food purchased and wasted during
the course of the investigation, are liable to place him in situations

where deference is needed, for the good will and interest of the family
must be kept at any cost, inasmuch as the observer is entirely depend-
ent upon the subjects of his investigation for so much of his statistical

information. Whether the observer had better be a man or a woman
depends upon the individual and the circumstances of the case.

II. Srt >'<(!on of iwrsouxfor study. Whether the dietary to be studied

is that of an individual (man, woman, or child), of a family, or of any
other group of persons, as a boarding house or club of people of like

class and occupation, the person or persons should be typical of a class,

and normal in respect to health, development, and age.

(a) Health. Families or groups containing invalids are not appro-

priate for the study of normal dietaries; neither should persons whose

occupations or general habits exert an abnormal influence upon their

dietary habits be selected, except in cases where special studies of the

effect of such conditions are to be made.

(b) Development. Greatly oversized or undersized persons should

not be selected or included, and when children (either in families or
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individual experiments) are included or selected, height and weight as

well as age should be diwefully noted.

(c) Age. Families or groups containing extremely old persons are

hardly desirable. Studies of the food consumption of children or of

aged people are best made with such persons by themselves.

Other conditions being the same, the greater the number of persons

included in a dietary study the more valuable are the results as repre-

senting a class. There is, however, a limit in this direction which is

set by the amount of labor which such a study involves. Accuracy
and thoroughness must never be sacrificed, and the dietary of 1 person

thoroughly studied is worth much more than that of a group of 20 or 30

studied indifferently. The number of imperfect studies is already con-

siderable, and although they are valuable for the preliminary reconnois-

sance, the demand now is for a more accurate form of inquiry, which

shall bring to light exact and not merely approximate facts. An
experienced investigator with good laboratory facilities and plenty of

assistance for the analyses, and especially for the preparation of samples
of food materials and wasted food, may undertake the study of the

dietary of a club of 25 or 30 persons, but it would be hardly advisable to

undertake so large a study, even with all needed help, until consider-

able experience had been gained in the study of dietaries of individuals

and families. The errors of my own early experience are the reason for

the emphasis of this statement.

III. Length of period of observation. One of the most serious criti-

cisms to be made of a number of otherwise admirable dietary studies is

that the period of observation has been too short. The demands of the

organism for food may vary considerably from day to day. Changes in

occupation, differences in the temperature and in the state of the weather

in general, and minor ailments resulting from fatigue, exposure, or

mental condition have a considerable effect upon the appetite; so that

differences from one day to another may amount to a considerable por-

tion of the total quantity of food consumed. For example, in a recent

Italian dietary (No. 63 of Table 37) the period of observation covers 3

consecutive days, during 2 of which the subject was at work, while the

third was a day of rest. On one of the working days he ate one-fourth

more than on the other, and one-third more than upon the day of rest.

This is by no means an extreme or exceptional case. For this reason

studies of dietaries, either of individuals or families, covering a period
of less than one or two weeks are not to be recommended unless they
are to be frequently repeated, as was done by Oamerer (see page 192).

One month is a much more desirable length. Even for larger groups
the time of observation should not be much less, inasmuch as, other

conditions being the same, the longer the period of observation the

more reliable the result.

IV. Food 1. Collection and measurement of food materials. At the

beginning of the study of a dietary a careful inventory should be taken
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of food materials 1 in stock in the kitchen, pantry, and cellar. The
materials should in all cases be weighed rather than measured, and

this applies not only to such materials as meats and flour, but also to

such as milk, molasses, potatoes, beans, and other vegetables. Like

accurate weighing should be made of all food materials purchased dur-

ing the period of observation. Each should be carefully weighed when

received; it is not safe to trust to purchase weights; in the case of

meats, for instance, the cut may be trimmed at the market after weigh-

ing. At the end a second inventory should be made with the same pre-

cautions as observed at the beginning. The sum total of the food

materials at the first inventory and of those received during the study,
less the amount indicated by the final inventory, shows how much has

been used during the period of observation.

2. Defter!/it ion of food nuitcrhdn. The description of the various food

materials, including that of each portion, e. g., each cut of each kind

of meat, should be detailed, whether a sample is taken for analysis or

not. The economic, value would be increased by statements of price

and quality. This is particularly to be observed in case of the meats;
not only the kind, but the exact cut should be mentioned.

3. Samplhuj for <untli/xcN. Samples of all food materials which form

any considerable part of the dietary should be analyzed. This list

usually includes all the meats, samples of which should be taken with

each individual purchase, the lard. milk, butter. Hour, oatmeal, and other

vegetable foods, including canned vegetables and sugar.

The procuring of representative samples of meats is less simple than

one without experience would suppose. To obtain fairly representative

samples of steaks, chops, roasts, or ham is comparatively easy, as alter-

nate or adjacent slices are readily procured at the time of purchase,
but in the case of the miscellaneous cuts which form such a large pro-

portion of the meat used in many kitchens, the problem of getting fair

samples is often very perplexing. The matter is, however, one of fore-

most importance, and the only safe rule is to obtain samples at each

and every purchase. To illustrate by a concrete example: In New
England the custom of serving veal and mutton stews is very common.
The meat selected for this purpose consists usually of the odds and ends

of veal or mutton which happen to be in the market at the time, an

assortment which it is impossible to duplicate. The best expedient we
have found is to have these miscellaneous pieces cut into smaller ones

as small as possible without injuring the appearance of the meat and

x ln the studies of dietaries certain articles of food and drink are not, as a rule,

included in the category of food materials. They are such as tea, coffee, salt, spices
and condiments in general, including beef extract. Beverages containing nutritive

material, e. g., beer, should be taken into account with food. Alcohol when consumed
in small quantities, should be included (1 gram alcohol is approximately equivalent
to 1.7 grams carbohydrates in fuel value) ;

if alcohol is taken in large quantities the

subject /would not be fitted for observations upon normal nutrition.



202 CHEMISTRY AND ECONOMY OF FOOD.

to select for analysis pieces representative of the whole lot as regards

proportion of meat and bone and lean and fat.

The practice of buying meat from the butcher's cart, instead of at the

market, is a common one in many localities and makes the getting of

samples for analysis very difficult, unless previous arrangements are

made by which the piece of meat purchased shall be large enough for

the use of the family and for the sample to be analyzed. The observer

should always be at the market or meat wagon when purchases are

made if this is possible, and must in any event attend to the taking of

the sample for analysis whether at the market or in the kitchen
;
the

market is generally the most convenient place for taking the sample.

Samples of flesh of large fish, such as halibut, salmon, etc., may be

taken in the same manner as samples of meats, but with smaller fish

which are sold by the piece and likewise with shellfish and also poultry
and eggs, one or more samples similar in size and general appearance
to those purchased for food should be selected for analysis.

Milk should be thoroughly mixed before sampling, and butter and
cheese should be sampled as recommended by the Association of Offi-

cial Agricultural Chemists. 1

Lard may be sampled in the same way as butter.

The obtaining of representative samples of vegetable foods, such as

flour, cereals, and vegetables, is comparatively easy, as is also the case

with canned foods, whether animal or vegetable. Too much care, how-

ever, can not be taken to make sure that the samples for analysis shall

be representative, as otherwise the accuracy of results will be greatly
diminished.

4. Analyses. Meats vary so much in proportion of refuse and edible

portion and in the composition of the edible portion that it is necessary
to analyze every piece if the work is to be exact. Indeed, we have felt

compelled in late dietary studies to chop all the meat and take a small

sample of each lot for analysis." This, of course, interferes with the

cooking, but it makes more accurate sampling possible. With fish and

poultry the necessity of repeated analysis is perhaps not so great.
Milk should be analyzed very frequently, but the number of analyses

may be considerably lessened by combining several samples taken upon
different days. Butter should be analyzed at each purchase. Granu-
lated sugar is usually free from moisture and mineral matter, but the

moisture content of soft sugars and of molasses should be determined.

5. Waste. From the economic standpoint the waste of food in Ameri-
can households is a serious matter, and it is desirable that exact statis-

tics should be obtained and published. In the dietaries which we have
studied the quantities of actual nutrients which have found their way
to the garbage barrel have frequently amounted to a tenth, and in one

*See proceedings of the annual conventions of this association. U. S. Dept. Agr.,
Div. Chem.
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case rose to a sixth of tlie whole food purchased. The real waste was

worse than these figures imply, because the rejected material came very

largely from animal food in wliich the nutrients are more costly than

in the vegetable food materials. In the reports of dietary studies by the

writer and his associates the term " waste" has been applied to all of

the so-called "edible portion
v of food which may for any reason be

rejected. It includes all uneaten residues of the cooked food, e. g.,

meats, vegetables, bread, cake, and pastry, except, of course, the bone

and other parts of meats and fish which would be classed as "refuse"

in food analysis. It also includes all portions of food materials which

are rejected before cooking, except those which belong to the refuse.

Such materials as the parings of potatoes and turnips are reckoned as

belonging to refuse, and are not included in the waste; they are, how-

ever, weighed, and their weights compared with the whole weight of

the food material in order to determine the proportion of refuse.

Collection of waste. The collecting of the waste is always difficult,

as there are so many avenues through which it may be lost, and unless

the observer can personally superintend its collection at each meal, the

most explicit directions for the care of the garbage barrel and soap-

grease bucket are necessary. When once collected the waste food

materials should be carefully looked over, and bones (from which all

adhering meat must be removed) and all hard substances, such as fruit

pits, etc., which may have been accidentally included, should be

removed. The waste is then to be dried for analysis.

HtnnjtHmj. The waste when thus partially dried is exposed to the

air of the room for 2S to 4S hours and then weighed, chopped into

pieces about the size of a pea, and carefully sampled. This sample,
wliich should weigh about a kilogram, is very finely chopped, and a

final sample of the customary size taken for the actual analysis. When
the amount of waste is very large samples should betaken compara-

tively often, but in the case of an ordinary family the waste food for a

period of 1 weeks will not present any special difficulty in obtaining a

representative sample. When several samples are taken they may, of

course, be combined, if care be taken that the amount of each partic-

ular sample which enters into the composite one shall be proportional

to the quantity of waste which it represents.
A unit/si)*. The waste usually contains little crude fiber and only

determinations of moisture, nitrogen, ether extract, and mineral matters

are necessary.

(i. Digestibility. The ideal dietary study would include a digestion

experiment. That is to say, the solid excreta from the food would be

collected, weighed, and analyzed. This has been done in some of the

recent work in Italy, Germany, and Japan.
1 Work in this direction

in the United States is much to be desired.

1 See detailed account of Nos. 44, 61 to 65, and 78, and special description of studies

by Manfredi, pp. 173, 188, 191, 194.
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V. Data as to persons, length of period of observation, and climate.

The most important of these data are the sex, age, weight, and occu-

pation of the persons and the length of time during
1 which their food

consumption is observed.

1. Sex. The number of persons of each sex must be noted. The
estimation of comparative food consumption of men, women, and

children and the number of men to which the number of women and

children would correspond is explained beyond.
2. Age. The exact age of each person, and especially of each child,

should be recorded.

3. Weight. The weight of each individual, or the average of all,

should be noted this especially to be borne in mind with children,

statements of whose development, both weight and height, are also

desirable.

4. Occupation. The occupation of each person should be stated in

detail. The relation between food consumption and the kind and

amount of work done is as yet too little understood, and data bearing

upon it much to be desired. It would obviously be misleading to com-

pare the dietaries of professional men with those of men at muscular

labor, and those of men at muscular work of different degrees of

severity, without taking the nature of the labor into account. Of
course these estimates of the severity of different kinds of labor can

not be definite, but they should be described as accurately as possible.

5. Time of observation. The exact times during which the food con-

sumption of each person is observed must be carefully noted. This

is most easily done by keeping an exact account of the number of meals

eaten by each person during the period of observation. The number may
be expressed in terms of days by dividing the total number of meals by
the number of meals per day. This procedure is to be recommended,
because members of the family or other groups are apt to be absent

more or less from meals, and other persons are often present at meals.

6. Climate, season, temperature. If the people spend their time in

well-warmed houses, differences of climate and season may perhaps have

little influence upon food consumption. Otherwise these factors may
be most important. But little is certainly known as to their actual

effect, and data are most desirable.

7. Supplementary statistical and sociological data. In addition to the

statistical data above referred to, certain other information is needed to

give the results their full meaning. Nationality, home life, environ-

ment, health, income, and expenditures are among the data to be

especially considered.

VI. Calculation of results. The statistics of food consumption in

dietaries are usually reduced to terms of nutrients consumed per man

per day. Data as to total amounts of food materials of different kinds

and of food wasted and the composition of each are obtained in the man-

ner mentioned above. From these we may calculate the total amounts
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of protein, fats, and carbohydrates. Dividing these quantities by the

total number of days' food for 1 person gives the quantities per person

per day. This, however, is not sufficiently accurate, for it is necessary
to distinguish between persons of different classes. It would be obvi-

ously unfair to compare the amounts of nutrients consumed by a child

5 years of age with those consumed by an adult man. It is therefore

desirable to express the food consumption of men, women, and children

in equivalents of per man per day. To do this we must find the ratio

which the food consumption of children of various ages and of women
hears to that of the man.

The ratios used in the dietary studies by the writer and his asso-

ciates are the same as were explained on page 148. It may prove
desirable to change them later. I hope to revert to this in a future

discussion of standards for dietaries. Dietary habits are numerous
and complex, and a dietary studied without taking these elements into

account is thereby deprived of its real significance.

CLASSES OF PEOPLE AND LOCALITIES FOR DIETARY STUDIES.

The studies which have so far been made are limited in locality to

several towns and cities in Massachusetts and Connecticut, and to Phil-

adelphia and Chicago. In New Kngland tliese studies include dietaries

of professional men and students, factory operatives, mechanics, such

as blacksmiths, carpenters, masons, and machinists, and also various

classes of less skilled laborers, such as brickinakers, etc. They are

very likely, so far as they go, typical of the town population of the

New England States. In Philadelphia and Chicago only the food con-

sumption of families of the poorer classes of society, mostly foreigners,
has been studied.

It now seems desirable that these studies should be extended in two

ways. They should include a number of classes of people and cover a

larger territory. They can l>e advantageously carried on with the aid

of colleges and experiment stations, although other organizations, as

labor bureaus and benevolent societies, might most advantageously
cooperate.

Among the classes that need to be studied are: First, people in pro-
fessional and business life; those wrhose labor is intellectual rather man
muscular. These would include the families of business and profes-

sional men, and likewise students. Second, farmers and their families

in the country districts. Third, mechanics of different classes, and with

muscular work of different degrees of severity, as carpenters, masons,

blacksmiths, etc. Fourth, factory operatives. Fifth, ordinary laborers

of various classes. Sixth, people of the poorer classes in the large
cities. Seventh, inmates of hospitals and prisons. Eighth, children of

different ages.



CHAPTER X.

STANDARDS FOR DIETARIES.

Various standards have been proposed by physiologists and chemists

for daily dietaries for persons of different age, sex, and occupation, and
in different conditions of lite. They are usually estimated in terms of

the three classes of nutritive ingredients, protein (or albuminoids), fats,

and carbohydrates.
Our best information regarding dietary standards has come from

Germany where studies have been made by numerous investigators,
such as Liebig and especially Yoit and his followers of the Munich
school of physiologists. Voit's standards are the ones most commonly
followed in. estimates of dietaries. Outside of Germany the names of

Playfair in England, Payen in France, and Moleschottin Italy, deserve

especial mention as contributors to the knowledge of the subject. It

is a noteworthy fact, however, that very little attention appears to

have been paid in either the United States or England to the results

of the latest and best research in this direction. Even the text-books

on chemistry and physiology in the English language which are looked

upon as most authoritative are apt, when they treat of the matter, to

do so most superficially.
1

Unfortunately, in the treatment of this subject there is much con-

fusion as to the real significance of the term dietary standard and the

basis upon which the standards may be estimated. The same confu-

sion obtains in still greater degree in the discussions of standards of

rations for domestic animals.

METHODS OF ESTIMATING DIETARY STANDARDS.

A standard for a ration or a dietary may be based upon either:

(1) The observed facts of consumption. Thus the standards of Play-

fair, Moleschott, and Voit for a laboring man at moderate work are

basefl. mainly upon the quantities actually consumed by persons whose
food consumption they had learned from their own or other observations.

J The subject is well handled in a number of German works including the follow-

ing, in which references to the original investigations may be found:

Voit. Physiologic des allgeineinen Stoffwechsels und der Ernahrung, Vol. V, of

Hermann's Handbuch der Physiologie, 1881.

Foster. Erniihrung und Nahrimgsmittel in Vol. I, of Petteukofer and Zieinssen's

Handbuch der Hygiene, 1882.

KSnig. Chemie der menschlichen Nahrangs- und Genussmittel, 3d edition, Vol.
I,

1891.

Harnmersten. Pkysiologische Chemie, 1891.
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(2) The actual need and available or most economical supply. Stand-

ards estimated on this basis would take into account not only the

actual demands of the body for nourishment, but also the kinds of

food that are to be had and the pecuniary cost of the nutrients in

different food materials.

(3) The physiological demand. By this is meant the quantities of

nutrients which arc most appropriate for the, particular individual or

class. The basis here would be found in the actual facts of normal

metabolism. The data of this sort now at hand are too few to make
estimates reliable.

Standards estimated upon the first basis would correspond to actual

practice. Those upon the second would take into account both pecun-

iary and hygienic economy. Those of rhe third would consider only
what was intrinsically most fitting.

The current standards for daily dietaries for men and daily rations

for domestic animals have been based mainly upon the considerations

in the lirst class. In the feeding of domestic animals and in the

nutrition of people who are limited in respect to either the supply of

food to which they have accessor their means for purchasing their food

the data of the second class would be appropriate. But for people in

moderate, and comfortable circumstances in most parts of Europe and

the United States, where commerce brings a large variety of food

materials to every market and incomes are large enough to warrant

use of properly selected fond, data of the third class are the ones to be

taken into consideration.

EUROPEAN AM) AMDKICAN 1 >I KTARIES AND STANDARDS.

The pages Which precede have outlined, t hough very incompletely,
the data now available regarding the actual food consumption, and
have indicated in a general way those which have been thus far obtained

by experimental inquiry regarding the physiological demand. I hope,
in a future publication, to discuss this subject more fully and to indi-

cate what appear to be the inferences to be derived from the knowl-

edge now at our disposal and what are the lines of inquiry which are

needed to make that knowledge more nearly adequate.
Meanwhile. 1 venture to quote the following from a previous article

upon the subject.
1

It will be observed that this discussion is based upon the assump-
tion that the body requires for its nourishment

(1) Enough of protein to make up for the protein and muscle and
other nitrogenous substances consumed in the body.

^2) Enough energy to supply the demand for heat and muscular work.

The estimates for energy are based upon Buhner's factors (-4.1 calories

for each gram of protein, the same for each gram of carbohydrates,

'Report of Storrs (Couii.) Experiment Station for 1891, pp. 145-149.
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CHART 3. DIETARIES AND DIETARY STANDARDS.

Quantities of niitrieiilK aud ener</y in food for man per day.

[Amounts of nutrients in pounds. Fuel value in calorics.]

Protein. Fats. Carbohydrates. Fuel value.

Nutritive in-rcdients (actual nutrients).

Potential energy (fuel value) calories.

ACTUAL DIETARIES.

2000 4000 6000 8000

.HIM
Underfed laborers, Italy

German soldier, peace foot in-

German soldier, war footing

French-Canadian families.

Glass blower, Cambridge, Mass . . .

College students, N. and E. States.

Well-to-do families, Connecticut.

Mechanics and factory hands, Massachusetts..
^

Machinist, Boston, Mass

Hard-worked teamster, Boston, Mass

U. S. Army ration

DIKTARY STANDARDS.

Man at .aodemtc work (At water)

Man at hard work (Atwater)
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and 9.3 for each grain of fats). It is further assumed that in serving

as fuel the fats and carbohydrates may replace one another in propor-

tion to their potential energy, so that it is not necessary to lay down

specific quantities of either, provided the sum of the two is sufficient

for the purpose. The fitting of the food to the demands of the palate

and the digestive apparatus are, of course, factors of the utmost

importance, but can not be discussed here.

European dietary standards. The standards in Table 38, compiled from European

sources, are intended to represent roughly the needs of average individuals of the

classes named in England and Germany. Xos. 1 to 8 are based upon observations of

Voit and his followers. I'm Xos. 1 and 3 the results of numerous estimates by Dr.

Camerer of the food of his own children, and by Voit and Forster of the food con-

sumed by a number of other children, are used. No. 2 was calculated by myself

from the data of Nos. 1 and 3. The tigures given represent means between smaller

quantities for the younger and larger for the older children. The data collated in

Table 37 above seem to call for a revision of the standard for children as well as

those for adults. Nos. 5 and 6 are based upon observations chiefly by Forster.

Nos. 7 and 8 are by Voit, and based both upon quantities consumed by individuals

under experiment, and upon observed dietaries of a much larger number of persons

in Germany. No. 7 is the one so frequently quoted as Volt's standard for a "mittlerer

Arbeiter," a laboring man at moderate work. 1 These figures represent the average

needs of ordinary mechanics and laboring men at their ordinary work, as estimated

from the food consumed by such men in Germany and especially in the region of

Munich. For men not engaged in muscular labor Voit regards it as better to use

less carbohydrates, not over 350 grams per day, and supply the remaining need with

fat. In other words, the food of well-to-do people, with intellectual rather than

muscular labor, may advantageously contain more meat, butter, and other animal

foods rich in fat, than the largely vegetable food of the German working people sup-

plies. Voit would have somewhat over half of the 118 grams of protein of the food

of the average laboring man at moderate work supplied by meat and other animal

foods.

It will be borne in mind that these quantities, like those in the tables of this article,

generally refer to the total rather than the digestible nutrients of the food. Such

dietaries as Voit proposes would contain approximately the following amounts of

digestible nutrients:
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observations of the food of men at moderately active work, who would correspond
in demand for nutrients to the "mittlerer Arbeiter" for which the dietaries of Voit,

Moleschott, and Wolff, Nos. 7, 9, and 10, were calculated. The figures of No. 15 were
based upon observations of food of men in England at harder work, such as those

of Nos. 7, 8, and 9 of Table 38.

TABLE 38. European standards for daily dietaries for people of different classes.

1

r
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four of the most prominent investigators, Play fair in England, and the others in

Germany and Italy, working; with different people and by more or less different

methods, arrived at estimates which vary somewhat in the proportions of the nutri-

ents, but when the different standards are reduced to terms of potential energy they

agree almost exactly. The closer scientific scrutiny, which the latest and most

p,mistaking research has made practicable, serves only to bring the apparent dis-

crepancies into accord and thus confirm, in an unexpected and most striking way,
the correctness of the standards.

To doubt the conclusions of such eminent authorities, when these conclusions are

based upon such diversified experience and experiment and are substantiated in so

striking a way as that just described, may seem presumptuous. I venture, never-

theless, to urge that these standards do not represent the quantities of nutritive

material that the average mechanic or other workingman needs in order to do a fair

day's work; that tin; allowance is too small for what such a man ought to do and

can well do. The reasons for this view are found in the teachings of later experi-

mental research, especially that of Voit, and others who have been associated with

him, regarding the functions of food and its nutritive ingredients, and in the studies

ot American dietaries above described and the inferences which they seem to war-

rant. The kernel of the whole question is found in the fact that the European
standards are based upon the food consumption of people whose plane of living is

low in comparison with that of the people in the United States. The thesis which I

attempt to defend is that to make the most out of a man, to bring him up to the

desirable level of productive capacity, to enable him to live as a man ought to live,

he must be better fed than he would le by these standards. This is only part of the

stoi \
,
but it is an essential part. The principle is one that reaches very deep into

the philosophy of human living.

r. EurojH'nn *t<ut<larflN. In the passage just quoted empha-
sis is laid upon tin- tact tlitit the current European dietary standards

are based mainly upon the facts of actual food consumption. Thus,
Voit's standard for a laboring man at moderate work is based chiefly

upon his observations of the quantities of food actually consumed by
manual laborers, mostly mechanics, in Munich and other places in

Havana, who were reasonably well paid and reasonably well fed, as

judged by the standards of wages and living which obtained in these

places at the times when the observations were made, twenty years or

more ago. In the same way Playfair's estimates were based chiefly

upon the conditions which he observed in England some thirty years

ago. If either one had used such data as he would find in New Eng-
land to-day he doubtless would have made his dietary standards cor-

respond. The most cursory examination of Table 37 shows that the

American standard in this respect would be much higher than the

European. My own belief is that the American standard is a much
more desirable one. The scale of living or "standard of life" here is

much higher than it is in Europe. People in Massachusetts and Con-

necticut are better housed, better clothed, and better fed than in Bavaria

or Prussia, they do more work, and they earn higher wages. While
the statistics are not as full as is to be desired, there appears to be a

consensus of those who have observed most closely that the facts lie in

this direction. Very likely what Voit reckons as hard or severe mus-

cular work would count here as only moderate work.
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Considering the body as a machine, the American workingman has

a more strongly-built machine and more fuel to run it than has his

European brother. While it is not absolutely proven, it seems in the

highest degree probable that the higher standard of living, the better

nutrition, the larger product of labor and the higher wages go together.

It is in view of such considerations as these that I have ventured to

suggest more liberal standards for dietaries than those which have been

proposed by the European authorities above quoted. The following
standards are from the article above referred to: 1

SUGGESTIONS FOB DIETARY STANDARDS.

Ill Table 39, I venture to suggest certain proportions of protein and

energy which may be appropriate as averages for dietaries for people
of different forms of activity. In the method by which the estimates

are made, these agree with those of Voit and Playfair in that the pro-

portions assumed to be needed are inferred empirically from those con-

sumed in observed cases. They differ from the ones referred to in the

use of the experience that has accumulated during the not far from two

decades since the latest of the latter, those of Voit, were proposed ;
a

period of no little activity of research in the science of nutrition. But
the principal reason for the wide differences in the quantities is that

the results of the inquiries regarding American dietaries have been

taken into account in the estimates here given.

, Concerning the quantities of protein, it must be confessed that the

experimental data do not yet suffice for at all exact estimates even for

average persons of different classes. The proportions here given are

such as seem to me reasonable in the light of the present knowledge.
The same may be said regarding the figures for energy.
The estimates in Table 39 are expressed simply in terms of protein

and energy. There is really little ground for giving quantities of fats

and carbohydrates in such standards, since the two are mutually replace-

able, and the quantities must vary with the conditions of consumption.

Eegarding the standards of Table 38, a few additional remarks will

suffice.

It will be observed that the quantities are in a well-nigh regularly

ascending scale. The lowest are such as have been found to suffice

amply for men of sedentary life. The highest accord with the larger,

but not the largest, of the American dietaries quoted above. The

quantities in No. 1 are about the same as were found ample for the

German professors and lawyers above referred to, who were men of

decided mental activity. They might be small for the average man of

like occupation with us, in which case such proportions as those of No.

2 would be more appropriate. The standard for a man at moderate

work, which Voit places at 118 grams of protein and 3,050 calories, and

1

Report of Storrs (Conii.) Experiment Station, 1891, p. 160.
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Playfair and other authorities at very nearly the same figures, I have

placed at 125 grams of protein and 3,500 of energy. These are smaller

than the averages of the American dietaries, but I have assumed that

the waste in the latter would count for considerable and that the quan-
tities actually eaten would not be so very far above these figures, par-

ticularly as the allowance here for a man at active muscular work is

150 grams of protein and 4,000 calories of energy.

It has been assumed a woman requires on the average eight-tenths as

much as a man for corresponding muscular activity. I have assigned

the dietary of a man with light exercise to a woman at moderate work,
and that of a man with very little physical exercise to a woman at light

work, thus providing for a woman rather more than eight-tenths as

much as a man. Very likely eight-tenths would accord more nearly

with the actual needs.

It is quite possible that the quantities of nonnitrogenous nutrients

necessary to furnish the energy called for in the following standards

would be large in comparison with the amounts of protein; in other

words, that the nutritive ratios are too wide for normal nutrition. In

this respect they are a compromise between the currently accepted

European standards and the actual dietaries observed in New England.

TABLE 39. Standards for daily dietaries (American).



CHAPTER XL

ERRORS IN OUR FOOD ECONOMY. 1

Fortunately, enough information has already been gained to indicate

in a general way what are the principal mistakes in the food economy of

people in the United States, even though we are not yet certain as to

all the details.

Scientific research, interpreting the observations of practical life,

implies that several errors are common in the use of food :

First, many people purchase needlessly expensive kinds of food, doing
this under the false impression that there is some peculiar virtue in the

costlier materials, and that economy in our diet is somehow detrimental

to our dignity or our welfare. And, unfortunately, those who are most

extravagant in this respect are often the ones who can least afford it.

Secondly, the food which we eat does not always contain the proper

proportions of the different kinds of nutritive ingredients. We con-

sume relatively too much of the fuel ingredients of food, such as the

fats of meat and butter, the starch which makes up the larger part
of the nutritive material of flour and potatoes, and sugar and sweet-

meats. Conversely, we have relatively too little of the protein of flesh-

forming substances, like the lean of meat and fish and the gluten of

wheat, which make muscle and sinew and which are the basis of blood,

bone, and brain.

Thirdly, many people, not only the well-to-do, but those in moderate

circumstances, use needless quantities of food. Part of the excess, how-

ever, is simply thrown away with the wastes of the table and the

kitchen; so that the injury to health, great as it may be, is doubtless

much less than if all were eaten. Probably the worst sufferers from

this evil are well-to-do people of sedentary occupations brain workers
as distinguished from hand workers.

Finally, we are guilty of serious errors in our cooking. We waste a

great deal of fuel in the preparation of our food, and even then a great
deal of the food is very badly cooked. A reform in these methods of

cooking is one of the economic demands of our time.

irThe statements in this chapter are taken mainly from articles by the author in the

Century Magazine, The Forum, and the Eeport of the Storrs (Conn.) Experiment
Station for 1892.
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CHEAP V. DEAR FOOD.

We can not judge of the nutritive value of food by the quantity.

This fact is brought out clearly by the figures in Table 16 on page
139. There is as much nutriment in a pound of wheat flour as in 3

quarts of oysters, which weigh 7 pounds. There is still less conncc-

nectiou between nutritive value and price. In buying at ordinary mar-

ket rates we get as much material to build up our bodies, repair their

wastes, and give strength for work, in 5 cents' worth of flour or beans or

codfish, as 50 cents or $1 will pay for in tenderloin, salmon, or lobsters.

Round steak at !."> cents a pound is just as digestible and is fully as

nutritious as tenderloin at 50. Mackerel has as high nutritive value

as salmon, and costs from an eighth to half as much. Oysters are a

delicacy. If one can afford them there is no reason for not having

them, but 25 cents invested in a pint would bring only about an ounce

of protein and 230 calorics of energy. The same 25 cents spent for

flour at $0 a barrel, or 6 cents a pound, would pay for nine-tenths of

a pound of protein and 13,700 calories of energy. When a day-laborer

buys bread at 74 cents a pound the actually nutritive material costs

him three times as much as it does his employer, who buys it in flour

at *<J a barrel.

FOOD OF THE POOR.

Illustrations of the prejudice of people, especially those in moderate

circumstances, against rh- less expensive kinds of food are very common.

Mr. Lee Meriwether, who has given much attention to this special

subject, cites a case in point, that of a coal laborer who boasted: u No
one can say that I do not give my family the best of flour, the finest of

sugar, the very best quality of meat." He paid $156 a year for the

nicest cuts of meat, which his wife had to cook before 6 in the morning
or after half past U at night, because she worked all day in a factory.

When excellent butter was selling at 25 cents a pound he paid 29

cents for an extra quality. He spent only $108 a year for clothing for

his family of !>. and only *72 a year for rent in a close tenement house,

where they slept in rooms without windows or closets. He indulged
in this extravagance in diet when much less expensive food materials,

such as regularly come upon the tables of men of wealth, would have

been just as nutritious, just as wholesome, and in every way just as

good, save in the gratification to pride and palate. He was committing
an immense economic blunder. Like thousands of others, he did so in

the belief that it was wise and economical.

The sad side of the story is that the poor are the ones who practice

the worst economy in the purchase as well as the use of food. The

Massachusetts Bureau of Labor, in collecting the dietaries above

referred to, made numerous inquiries of tradesmen regarding the food

of the poor in Boston, meaning by poor "those who earn just enough
to keep themselves and familes from want." The almost universal

testimony was,
" They usually want the best and pay for it, and the
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most fastidious are those who can least afford it." The costliest kind

of meat, the finest flour, and very highest priced butter were demanded,
and many scorned the less expensive meats and groceries such as

well-to-do and sensible people were in the habit of buying.
I have taken occasion to verify these observations by personal inquiry

in Boston markets. One intelligent meat man gave his experieuce with

a poor seamstress, who insisted on buying tenderloin steak at 60 cents

per pound. He tried to persuade her that other parts of the meat weie

just as nutritive, as they really are, but she would not believe him
;
and

when he urged the wiser economy of using them she became angry at

him for what she regarded as a reflection upon her dignity. "My wealthy

customers," said he, "take our cheaper cuts, but I have got through

trying to sell these economical meats to that woman and others of her

class.' 7

I am told that people in the poorer parts of New York City buy the

highest priced groceries, and that the meat men say they can sell the

coarser cuts of meat to the rich, but that people of moderate means

refuse them. I hear the same thing in Washington and other cities.

ONE-SIDEDNESS OF OUR DIETARY.

I have said that our diet is one-sided, that the food which we actu-

ally eat has relatively too little protein and too much fat, starch, and

sugar. In other words, it is relatively deficient in the materials which

make muscle and bone and contains a relative excess of the fuel

ingredients. This is due partly to our large consumption of sugar and

partly to our use of such large quantities of fat meats. In the sta-

tistics of dietaries above referred to the quantities of fat in the Euro-

pean dietaries range from 1 to 5 ounces per day, while in the American

the range is from 4 to 10 ounces. In the daily food of well-to-do

professional men in Germany, who were amply nourished, the quantity
of fat is from 3 to 4J ounces per day, while in the dietaries of Ameri-

cans in similar conditions of life it ranges from 5 to 7 ounces in the

food purchased. The quantities of carbohydrates in the European
dietaries range from 9 to 24 ounces, while in the corresponding Ameri-

can dietaries the carbohydrates were from 24 to 60 ounces.

It is customary to estimate the proportion of fuel ingredients to pro-

tein in what is called the nutritive ratio. In this estimate 1 part,

by weight, of fats is counted as equivalent to 2J of carbohydrates.

Adding the two together gives the amount of the fuel ingredients.
In the American dietaries the proportion of fuel ingredients to 1

part of protein ranges from 6.6 to 8.7, and even higher. In the Euro-

pean dietaries of well-nourished people and in the dietary standards

which express the average needs according to the teachings of the best

physiological observations it is from 4.1 to 6, or thereabout. The

rejection of so much of the fat of meat at the market and on our plates
at the table is not mere willful wastefulness, it is in obedience to

nature's protest against a one-sided and excessive diet.
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OVEREATING INJURY TO HEALTH.

But the most remarkable thing about our food consumption is the

quantity. The American dietaries examined in the inquiry mentioned

above were of people living at the time in Massachusetts and Connect-

icut, though many came from other parts of the country. It would be

wrong to take their eating habits as an exact measure of those of peo-

ple throughout the United States. For that matter, a great deal of

careful observation will be needed to show precisely what and how
much is used by persons of different classes in different regions.

Just this kind of study in different parts of the country is greatly

needed. But such facts as I have been able to gather seem to imply
that the figures obtained indicate in a general way the character of our

food consumption. Of the over 50 dietaries of reasonably well-to-do

people thus far examined the smallest is that of a mechanic's family.

In this the potential energy per man per day was about 3,000 calories.

The next smallest was that of the family of a chemist who had been

studying the subject and had learned something of the excessive

amounts of food which many people with light muscular labor con-

sume. This dietary supplied 3,200 calories of energy per man a day.
The largest was that of brickmakers at very severe work in Massachu-

setts. They lived in a boarding house managed by their employers, who
had evidently found that men at hard muscular work out of doors

needed ample nourishment to do the largest amount of work. The food

supplied 8,850 calories per day.

Voit's standard for a laboring man at moderate work, which is based

upon the observation of the food of wage workers who are counted in

Germany as well paid and well fed, allows 118 grams of protein and

3,055 calories of energy. The standards proposed by myself in which

the studies of American dietaries have been taken into account allow

125 grams of protein and 3,500 calories of energy for a man at

moderately hard muscular work. The dietaries of Massachusetts aud
Connecticut factory operatives, day laborers, and mechanics at mod-
erate work averaged about 125 grains of protein and 4,500 calories of

energy. For a man at u severe "
work, Voit's standard calls for 145

grams of protein and 3,370 calories of energy. The Massachusetts

and Connecticut mechanics at u hard " and " severe " work had from
180 to 520 grains of protein and from 5,000 to 7,800 calories of poten-
tial energy, and in one case it rose to the 8,500 just quoted. In the

dietary standards proposed by myself it did not seem to me permis-
sible to assign less than 4,000 calories to that for a working man at
u
hard," and 5,700 for a man at u severe '' work.

Just what compounds in food are required for the nutriment of the

brain, physiological chemistry has not yet told us; but it is certain
that people with little muscular exercise require less food than those

at hard muscular labor. Many men whose work and strain are mental
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rather than physical suffer from overeating. In a number of dietaries

of professional men in Germany, Denmark, and Sweden, including a

university professor, a lawyer, physicians, and students, all of whom
were in comfortable circumstances, in good health, and amply nour-

ished, the energy varied from 2,180 to 3,035 calories; the mean was
about 2,000 calories. The average of the dietaries of professional men
and students from the Northern and Eastern States, residing in JMid-

dletowii, Conn., was 4,155 calories. The range was from 3,205 in the

family of the chemist to whom I have referred, to 5,345 in a students7

boarding club. These figures, like the others of the American dietaries

cited, refer to the food purchased. The average of the food eaten was

3,703 calories. In the students 7

dietary the food eaten supplied 4,825

calories.

Now it is not easy to see why these men required so much more

than was sufficient to nourish abundantly men of like occupation, but

unlike temptation to overeating, in Europe. Difference in climate can

not account for it. We are a little more given to muscular exercise here,

which is very well for us, but it cannot justify our eating so much. In

the German army, where especial attention is given to diet, and it has

been an axiom since the time of Frederick the Great, that soldiers to

inarch well and fight well must be well fed, a ration for time of peace
has been computed at 2,800, and one for time of war at 3,093 calories.

During the last Franco-German war, shortly before the battle of Sedan,
an order was issued by King, afterwards Emperor, William, which

provided an extraordinary war ration, which is estimated at 3,985

calories. If a man with a tremendous physical and nervous tension,

required in such terrible service as the German soldier was called upon
to render in his victorious contests with the Frenchman, is well sup-

plied by a ration of less than 4,000 calories of energy, and German

professional men in their quiet but active and successful intellectual

work at home are amply nourished with 2,700 calories and less, how

happens it that men of mental rather than muscular occupation here

consume food with 4,000 calories and more?
I think the answer to this question is found in the conditions in which

we live. Food is plenty. Holding to a tradition which had its origin

where food was less abundant, that the natural instinct is the measure

of what we should eat, we follow the dictates of the palate. Living
in the midst of abundance, our diet has not been regulated by the

restraints which obtain with the great majority of the people of the

Old World, where food is dear and incomes are small.

Indeed, the very progress which we are making in our civilization

brings with it increased temptation to overeating. The four quarters
of the earth are ransacked to supply us with the things which will most

tempt our appetites, and the utmost effort of cooks and housewives is

used in the sarno direction. It is all the more fitting, therefore, that

information as to our excesses and the ways of avoiding them should

?ome at the same time.



ERRORS IN OUR FOOD ECONOMY. 219

How much harm is done to health by our one-sided and excessive

diet no one can say. Physicians tell ns that it is very great. Of the

vice of overeating, Sir Henry Thompson, a noted English physician

and authority on this subject, says:

I have come to tlie conclusion that more than half the disease which emhittersthe

middle and latter part of life is due to avoidable errors in diet,
* * and that

more mischief in the form of actual disease, of impaired vigor, and of shortened life

accrues to civilized man * * * in England and throughout central Europe from

erroneous hahits of eating than from the habitual use of alcoholic drink, considera-

ble as I know that evil to be.

This is in the fullest accord with the opinions of physicians and

hygienists who have given the most attention to the subject, and these

opinions are exactly parallel with the statistics here cited.

WASTE OF FOOD IN AMERICAN HOUSEHOLDS.

The direct waste of food occurs in two ways, in eating more than is

needed and in tin-owing away valuable material in the form of kitchen

and table refuse, That whieli is thrown away does no harm to health,

and in so far as part of it may be fed to animals or otherwise utilized,

it is not an absolute loss. That which we consume in excess of our

need or nourishment is worse than wasted because of the injury it does

to health. A few instances taken from the investigations mentioned

above will help to illustrate the waste of food.

One of the dietaries examined by the Massachusetts Labor Bureau

was that of a machinist in Boston who earned $3.25 per day. In food

purchased the dietary furnished 1S2 grams of protein and 5,040 calories

of energy per man per day, at a cost of 47 cents. One-half the meats,
tisli, lard, milk, butter, cheese, eggs, sugar, and molasses would have

been represented by 57 grams of protein, 1JJ50 calories, and 19 cents.

If these had been substracted the record would have stood at 125 grains.

,",'.)'. M) calories, and 28 cents. This family might have dispensed with

one-half of all their meats, fish, eggs, dairy products, and sugar, saved

40 per cent of the whole cost of their food, and still have had all the

protein and much more energy than is called for by a standard which

is supposed to be decidedly liberal.

In the instance just cited no attempt was made to learn how much of

the food purchased was actually consumed and how much was rejected.

In some of the dietaries published by the Massachusetts bureau such

estimates were made. That of a student's club in a New England col-

lege will serve as an example.
The young men of the club, some 25 in number, were mostly from

the Northern and Eastern States, and, coming from the class of fami-

lies whose sons go to college, it seems fair to assume that their habits

of eating formed at home would not differ materially from those of the

more intelligent classes of people in that part of the country. While
the diet of the club was substantial and wholesome, it was plain, as was,

indeed, necessary, because several of the members were dependent upon
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their own exertions and the majority had rather limited means.

Though fond of athletic sports, they could hardly be credited with as

much muscular exercise as the average "laboring man at moderate

work." The matron, a very intelligent, capable New England woman,
had been selected because of her especial fitness for the care of such

an establishment. The steward who purchased the food was a member
of the club, and had been chosen as a man of business capacity. He
thought that very little of the food was left unconsumed. "All of the

meat and other available food that was not actually served to the men
at the table," said he, "was carefully saved and made over into cro-

quettes. Men who work their way through college can not afford to

throw away their food." But actual examination showed the waste to be

considerable. The estimates of the quantities of nutrients were based

upon the quantities of food materials for a term of three months and

upon the table and kitchen refuse for a week. The results were as fol-

lows: In food purchased, protein, 161 grams; energy, 5,345 calories. In

waste, protein, 23 grams; energy, 520 calories. In food consumed, pro-

tein, 138 grams; energy, 4,825 calories. One eighth of the protein and
one tenth of the energy were simply thrown away.

During the succeeding term a second examination of the dietary of

the same club was made. Another steward was then in charge. He had
learned of the excessive amounts of food in the former dietary, and

planned to reduce the quantities. This was done largely by diminish-

ing the meats. He stated that he did not apprise the club of the change,
and that it was not noticed. As he put it, "The boys had all they

wanted, and were just as well pleased as if they had had more." Esti-

mates as before, but with more care in determining the waste, showed
in food purchased, protein 115 grams; energy, 3,875 calories. In waste,

protein, 11 grams; energy, 460 calories. In food consumed, protein, 104

grams; energy, 3,415 calories. One-tenth of the nutritive material of

the food this time was thrown away. The young men were amply
nourished with three-fifths of the nutrients they had purchased in the

previous term.

How much food is required on the average by men whose labor is

mainly intellectual is a question to which physiology has not yet given
a definite answer, but it is safe to say that the general teaching of the

specialists who have given the most attention to the subject would call

for little more than the 104 grams of protein and very much less than

the 3,400 calories of energy in the food estimated to be actually con-

sumed by these young men when the second examination was made.

They could have dispensed with half of all the meats, fish, oysters,

eggs, milk, butter, cheese, and sugar purchased for the first dietary and
still have had more nutritive material than they consumed in the

second. Not only was one-tenth or more of the nutrients thrown away
in each of the two cases, but what makes the case still worse pecun-

iarily, the rejected material was very largely from the animal foods in

which it is the most expensive.
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The estimates of the quantities of food in the two dietaries just

quoted were made from tradesmen's bills and the composition was cal-

culated from analyses of similar materials rather than of those actually

used. The figures are therefore less reliable than if the food and wastes

had been actually weighed and analyzed. In some dietaries lately

examined in Middletown, Conn., all the food has been carefully weighed
and portions have been analyzed, and the same has been done with the

table and kitchen refuse. The results therefore show exactly how much
was purchased, consumed, and thrown away. One dietary so inves-

tigated was that of a boarding house. The boarders were largely

mechanics of superior intelligence and skill, and earning good wages ;

the mistress was counted an excellent housekeeper and the boarding
house a very good one. About one-ninth of the total nutritive ingredi-

ents of the food was left in the kitchen and table refuse. The actual

waste was worse thatl this proportion would imply, because it consisted

mostly of the protein and fats, which are more costly than the carbo-

hydrates. The waste contained nearly one-fifth of the total protein
and fat, and only one-twentieth of the total carbohydrates of the food.

Or, to put it in another way, the food purchased contained about 23 per
cent more protein, 24 per cent more fats, and 6 per cent more carbohy-
drates than were eaten. And, worst of all for the pecuniary economy,
or lack of economy, the wasted protein and fats were mostly from the

meats which supply them in the costliest form.

In another dietary, that of a carpenter's family, also in Middletown,

Conn., 7.6 per cent of the total food purchased was left in the kitchen

and table wastes. The total waste was somewhat worse than this pro-

portion would imply, because it consisted mostly of the protein and

fats, which are more costly than the carbohydrates. The waste con-

tained about one-tenth of the total protein and fat, and only one twenty-
fifth of the total carbohydrates of the food; or, to put it in another

way, the food purchased contained nearly 10 per cent more protein,
12 per cent more fat, and 5 per cent more carbohydrates than were
eaten

;
and here again the wasted protein and fats were mostly from

the meats, which supplied them in the costliest form. At the rate in

which the nutrients were actually eaten in this dietary, the protein and
fats in the waste would have each supplied one man for a week, and
the carbohydrates for three days.
These cases are probably exceptional; at least it is to be hoped that

they are. Among 8 dietaries lately studied in 3Iiddletown those above
named showed the largest proportion of material thrown away. In the

rest it was much less. In two cases there was almost none. It is worth

noting, however, that the people in these two had the largest incomes
of all. In other words, the best-to do families were the least wasteful.

This form of bad economy is not confined to the kitchen, but begins
in the market. In buying meat in the retail markets it is a common
practice to have the bone and considerable of the fat cut out and left.
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In thus removing the "
trimmings" the butcher is apt to cut out

siderable else than the bone and fat. In a piece of roast beefweighing 16

pounds, the "
trimmings,'

7 which consisted of the bone and the meat cut

out with it, and which were left for the butcher to sell to the soap man,
or get rid of as he might otherwise choose, weighed 4J pounds. The
butcher said that he sold this sort of beef largely to the ordinary people
of the city mechanics, small tradesmen, and laborers.

. The 4i pounds of " trimmings" consisted of, approximately, 2J pounds
of bone and one-half pound of tendon ("gristle"), which would make a

most palatable and nutritious soup, and If pounds of meat, of which 1

pound was lean and three-fourths pound fat. It is estimated that the

nutritive materials of meat thus left unused, saying nothing of the bone

and tendon, contained some 15 per cent of the protein and 10 per cent

of the potential energy of the whole. The price of the beef was $2.24.

Assuming the nutritive value of the ingredients of the "trimmings "to

be 12J per cent of the whole, 28 cents worth of the nutritive material,

besides the bone and tendon, was left at the butcher's.

Dr. S. A. Lattimore, professor of chemistry in the University of Roch-

ester, ]$". Y., tells me that while a member of the board of health of

that city he directed the officer in charge of the collection of garbage
to note the character of the waste material. It was ascertained that

from the streets inhabited by the well-to-do classes, where the culinary
affairs were largely left to the servants, the amount of waste thus col-

lected was enormous, and that a considerable proportion of the food

purchased was literally thrown away by careless servants. A surpris-

ingly large amount of this waste consisted of good bread. Among the

people in moderate circumstances this waste was less.

The common saying that "the average American family wastes as

much food as a French family would live upon" is a great exaggeration,
but the statistics cited show that there is a great deal of truth in, it.

Even in some of the most economical families the amount of food wasted,
if it could be collected for a month or a year, would prove to be very large,

and in many cases the amounts would be little less than enormous.
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