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PREFACE 

HE development of the new science of nutrition is one of 
the major advances of our times in its dramatically rapid 

series of discoveries and in its potentialities both for higher 
health and for what Dean Woodbridge called rendering more 
intelligible the world in which we live. 

This book seeks to present the science of nutrition in a dif-
ferent way from any other. As contrasted with a textbook or 
reference handbook, this might be called a book about nutri-
tion rather than in the science. Technical terms are reduced 
to a minimum and no specific training in science is demanded 
of the reader. Yet somewhat more of scientific curiosity and of 
intelligent appreciation of accuracy and adequacy are pre-
supposed than in the primer-like books of which so many 
have been published recently. 

While careful thought has been given to the sequence of 
topics, it is realized that some readers may prefer to make their 
own selections of a chapter here and there. Hence it is sought 
to make each chapter reasonably complete in itself even 
though this may involve a few instances of near-repetition. 

The arrangement is also such that one may easily omit any 
or all of the three chapters (VIII, XIV, and XV) that may 
seem relatively heavy, though for some readers these chapters 
will give added meaning to the whole. 

The aim throughout is summary and evaluation of the 
present status of the science of nutrition in as concise and im-
personal a manner as is practicable. Space has been given to 
historical development only where and so far as it seemed di-
rectly helpful to the understanding of present concepts. This 
plan has precluded any attempt to distribute honorable men-
tion to the many past and present workers who have made 
important contributions to the building of this science. Any 
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reader who is interested in recognition of individuals should 
read the bibliography with at least as much care as the body 
of the book. Even then, however, the author feels that there 
should here be a notice of a kind converse to that often ap-
pearing in works of fiction; in this book all omissions of names 
are purely accidental results of the primary objective of con-
ciseness. In the text a date immediately following a name indi-
cates that a reference may be found in the Bibliography; but 
the latter includes also a number of selections intended rather 
to supplement the text than merely to support it. 

H. C. S. 
February 4, 
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CHAPTER 1 

T H E M O D E R N V I E W O F F O O D AND 
N U T R I T I O N 

IN T H E science of nutrition, as in many other fields, the 
modern view is essentially dynamic and functional. The 

function of food is to nourish, and this it does in three main 
ways: 

First, it furnishes the fuel to yield energy for bodily activi-
ties. 

Second, it supplies the structural materials for the growth 
and upkeep of all the varied tissues. 

Third, it provides the substances which serve to maintain 
the body's self-regulatory system and the physico-chemical 
conditions within the tissues and fluids which directly environ 
the processes of life. 

In all these aspects of the function of food, but especially 
in the third, our knowledge has been so greatly advanced by 
recent researches that our present-day science of nutrition is 
essentially a twentieth-century development. 

At the turn of the century the outstanding news in nutrition 
was that concerning "the man in the copper box." By this 
phrase the newswriters referred to the experiments in which 
the energy transformations in the human body were first 
studied in terms of accurate measurement. Then within the 
decade came the opening of the modern era of emphasis upon 
completeness and precision in our studies of the substances 
of which our bodies are composed and the quantities in which 
we need them in our daily food; while the second decade of 
the century saw much development in both these directions 
along with a rapid series of discoveries in the vitamin field. 
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Together, these developments have opened the era of what 
has come to be called the newer knowledge of nutrition. 

While the obvious outward mark of the period of this newer 
knowledge is the discovery of the vitamins, it is also note-
worthy that the science of nutrition is evolving a fundamentally 
new viewpoint. This centers in the fact that what one takes 
in as food, even within the range of everyday normal condi-
tions, may influence the body's internal chemistry much more 
significantly than hitherto supposed. 

Internal environment is the term now increasingly used by 
English-speaking students of science to express the twentieth-
century form of Claude Bernard's concept of the milieu in-
terne. T h e present-day view differs from the original concept 
in that, in the light of well-established physico-chemical laws 
and principles, we now recognize the possibility of consciously 
influencing our internal environment by our choices of food. 
T h e previous two generations had taken too literally Claude 
Bernard's dictum that the fixité of its internal environment 
enables the body to cope with a new or changeable external 
environment. The neat form of this generalization kept it cur-
rent as a sort of scientific dogma which we are only just now 
freeing from its too fatalistic implications. If the internal 
environment were strictly fixed we should be unable to in-
fluence it; but we have lately learned that we can and do in-
fluence it through our nutrition. This fact, together with the 
enlarged opportunity it brings for personal efficiency and 
public well-being, the present book endeavors to explain. 

T h e present-day view of internal environment comprises 
new knowledge of three kinds. 

First, the above-mentioned physico-chemical principles have 
been so well developed and so universally accepted as laws of 
nature that one must expect something to happen whenever 
one changes the proportions of chemically active substances 
in a "system," whether this be the glass-enclosed system of an 
inorganic experiment or the bodily system of a person sitting 
down to a meal. Many of the constituents of our ordinary 



THE MODERN VIEW 5 

foods are of such chemical natures that a larger or smaller 
intake makes a difference in the body's internal chemistry. 

Secondly, new and more delicate methods enable the labora-
tory investigator now to measure nutritionally induced chemi-
cal differences which previously could not be detected. 

Finally, feeding experiments with laboratory animals have in 
very recent years been so developed as to permit of the ac-
curate study of relatively small nutritional differences through-
out entire life-cycles and even successive generations. 

Thus the effects of what is taken into the body as nourish-
ment can be measured both in terms of the life history and 
of the internal chemistry. And it is found that a difference 
may look small in terms of chemical analysis, yet may have 
profound effects upon the life process in the long run. 

Here the new knowledge gained through recent research 
is making a far-reaching change in a fundamental scientific 
viewpoint, showing us that we can exercise a greater degree 
of conscious influence over our life processes than anyone had 
supposed for at least a century past. 

For, just about a century ago, studies of plant and ani-
mal growth and productivity indicated that living things 
grow and produce only so fast and so far as is consistent with 
the attainment of the specific chemical composition of their 
kind. Thus Liebig advocated fertilization of land with phos-
phate in expectation of a larger crop rather than a crop con-
taining a higher percentage of phosphorus. 

The idea of a strictly specific chemical composition and 
correspondingly fixed internal environment has served excel-
lently as a first approximation; but now there is need of a 
thorough-going revision of this view. 

If chemistry and physiology stood apart from each other, 
one might accept the advance of physico-chemical knowledge 
as valid for its field, and yet believe that the self-regulatory 
"mechanisms" of the body would keep it in the same fixed 
nutritional status throughout all normal variations of food 
intake. In fact this is what chemists and physiologists have be-
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lieved hitherto. Now, however, investigations employing more 
delicate methods of analysis and larger numbers of experi-
ments, with statistical treatment of the findings, are revealing 
differences which previously were either unsuspected or re-
garded as insignificant. 

Thus we here have an illustration of the way that the qualita-
tive and quantitative phases of scientific progress interlock. 
T h e chemist's obvious sequence of first forming a qualitative 
acquaintance with the factors concerned in a complex process 
and then proceeding to measure quantitatively the influence 
of each often proves in actual research to constitute one cycle 
of a spiral progress. For the quantitative phase of a far-
reaching scientific development is often so much more than 
merely measuring that only through its precision can science 
gain the deeper insights which reveal the unforeseen; so that 
qualitatively new concepts arise from quantitative research. 

This is the present position of that whole aspect of nutri-
tional research which centers, in functional terms, upon the 
body's regulatory processes and internal environment; or in 
terms of the nutrient intake, chiefly upon the mineral ele-
ments and vitamins. 

Fully aware that it is not yet certain just how many mineral 
elements and vitamins are necessarily involved in the nutri-
tional process, we nevertheless have a sufficient acquaintance 
with the qualitative aspects of the problem to enable us to go 
on to that type of research in this field which is more rigorously 
precise and quantitative. Thus to the qualitative question, 
What things are involved? we add, with reference to such of 
these things as show greatest probability of being determin-
ing factors, the quantitative questions, How much do different 
foods supply? How much does the nutritional process require? 
and more ambitiously, How much gives the best results? 

And at this same time, the recent quantitative and long-
term development of experimental-feeding research now gives 
evidence of a new order of objectivity and convincingness. 
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chosen species, from %vhich experimental animals of like he-
reditary and nutritional backgrounds can be drawn at precisely 
known ages, grouped in strict parallel, and fed the diets to 
be compared throughout entire life-times and successive gen-
erations, in sufficiently large numbers for conclusive statistical 
analysis of results, constitutes a quantitative research instru-
ment of a kind which has never been available before. 

Here nutritional research not only seeks to understand the 
normal processes and to restore abnormalities to normal; but 
considers also the more constructive question, whether by find-
ing (and thereafter following) the optimal levels of intake 
of those nutritional factors which prove most influential in 
this connection, it may be possible to effect significant im-
provement in the life process by the more scientific guidance 
of the relative proportions in which active chemical factors 
are introduced into the body through its food. 

So if we view the development of the science of nutrition 
as analogous to the working out of a complex chemical prob-
lem, the immediate significance of the discovery of vitamins 
and the awakening to the importance of mineral elements in 
nutrition was to make possible an adequate working knowl-
edge of what things are concerned in our nutrition. Chemical 
research has then promptly pressed on from the qualitative 
detection of the essential factors toward the quantitative de-
termination of their optimal proportions. And while at first 
glance this might appear just the chemist's usual progression 
from qualitative to quantitative, yet the precision of the 
quantitative phase of the research discloses something that 
previously could not be perceived. 

For we find that a food supply which is already adequate 
may be so improved by enrichment in certain of its chemical 
factors that the normal life process is measurably bettered. 

The individual results are still within the range of the 
normal; but the average status is improved at all stages of the 
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life cycle; many young lives are saved; the level of positive 
health is raised; and adults live longer. 

In what follows we shall attempt, so far as the necessity for 
brevity permits, to indicate both the scientific evidence and 
its human implications. 



CHAPTER II 

F O O D AS F U E L AND T H E B O D Y 
AS A M A C H I N E 

The Energy Aspect of Nutrition 

IT IS significant that Lavoisier's same experiments and 
writings of the latter part of the eighteenth century have 

secured his fame both as an outstanding modernizer of the 
chemistry of his time and as "father" of the science of nutri-
tion. This is chiefly for the reasons: first, that he consistently 
emphasized the importance of studying the quantitative rela-
tionships in chemical phenomena; and, second, that he clarified 
the chemical nature of combustion and related oxidations and 
showed the essential similarity of the burning of a candle in 
the air and the oxidation of the fuel foodstuffs in the body. 

No attempt can here be made to mention all the important 
contributors to the development of the science of nutrition. 
Nor should the reader assume that those whose names are 
omitted are less meritorious than those mentioned, for our 
function is not to distribute honors. On the contrary, in order 
to tell the scientific story as concisely as possible, we shall do 
it in an essentially impersonal way, using names only when 
they conveniently help forward the story of the scientific de-
velopment, and not with any thought of assuming responsi-
bility for equitable distribution of recognition to individuals. 

Several countries and many men contributed to the develop-
ment of the knowledge of foods as fuels and of the fact that 
the energy which the body makes manifest in the work of 
its muscles must in the long run be supported by the potential 
energy of the foodstuffs which it burns. More precise quantita-
tive relationships in the energy values of foods and the energy 
requirements of the body were naturally sought, as nutrition, 
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like other sciences, aspired to make itself more and more an 
exact science. Just before the turn of the century Atwater, 
Rosa, and Benedict of the departments of chemistry and phys-
ics of Wesleyan University, Middletown, Connecticut, had 
brought to completion in the basement laboratory there an 
apparatus of unprecedented accuracy for the quantitative study 
of the energy aspects of human nutrition. The central fea-
ture of this apparatus was a little room about 8 feet long 
and 4 feet wide which could be sealed air-tight except for the 
controlled current of air for ventilation and rendered im-
pervious to gain or loss of heat except by the means provided 
for accurate measurements and removal of the heat produced. 
In this room a man would live for from 3 to 13 days, receiving 
prearranged amounts of food to eat and of water to drink. 
This multiple-walled room (the newspaper phrase "copper 
box" arose from the fact that the innermost wall was of copper) 
was so equipped with chemical and physical devices, many of 
which had been evolved by the research workers for this specific 
purpose, as to make the whole an instrument of precision of a 
twofold kind: a respiration calorimeter because it permitted 
simultaneous determination of (1) the chemical data of the 
respiratory exchange and (2) the body's output of energy meas-
ured in terms of heat units. Already the bomb calorimeter 
had been developed to high accuracy in the measurement of 
the energy values of foods. The chemists, physicists, and physi-
ologists of the nineties felt little doubt of the ability of the 
experimental science of their day to measure the fuel values 
of the foodstuffs, the energy that had been kinetic in the sun's 
rays and had become potential in the sugars, starches, and 
other organic foodstuffs which plants form from carbonic acid 
and water under the influence of sunshine. These scientists 
did, however, greatly doubt whether experimentation could 
be so formulated as to bring the net result of all the body's 
intricate transformations of energy into one unified measure-
ment of energy "expenditure," "need," or "requirement" com-
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parable with the measurements of the energy values of foods. 
I t was, therefore, an epoch-marking development when, 

just about at the turn of the century, Atwater and Benedict 
were able to publish the results of repeated experiments (each 
of several days' duration) with men, in which quantitatively 
accurate accountings of the energy aspects of nutrition were 
made. T h e body's energy expenditures were measured directly 
in the respiration calorimeter. The energy corresponding to 
the chemical determination of the kinds and amounts of food-
stuffs burned in the body was computed. The two sets of data 
showed agreement well within the most optimistic expecta-
tions as to the probable experimental error of such research. 
Even a single three-day experiment rarely showed a difference 
of more than 1 percent. In the first and second series of these 
experiments, totaling 1 1 7 experimental days, the total com-
puted energy was 344,138 Calories 1 and the directly measured 
energy was 344,619 Calories, a difference of only 0.11 percent. 
When Armsby later compiled all such data available up to 
19 13 , including four series of experiments with men and one 
series each with dogs and with herbivorous farm animals, a 
total of 336 experimental days showed for computed energy 
1,441,691 Calories and for directly measured energy 1,445,398 
Calories, a difference of 0.25 percent. 

Both the comparisons just cited were considered as sub-
stantially exact agreements, showing that the principle of the 
conservation of energy holds true in the body with the same 
precision as in an engine. Or, to those who already considered 
the principle of the conservation of energy as undoubtedly 
holding good throughout all nature, the close agreement of 
these direct and indirect measurements of the energy involved 

1 This is the greater calorie (or kilogram-calorie or kilo-calorie), the amount 
of heat which raises the temperature of one kilogram of water through one 
degree centigrade. 

In this book, in order to comply with the convention of the physicists con-
cisely and still not make capital letters too common, we give the Calorie an 
initial capital in those cases only in which an explicitly quantitative statement 
is being made. 
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in nutrition meant an extremely important extension of exact 
science into physiology. Thus Armsby2 pointed out that these 
results may be taken as demonstrating that the animal heat 
arises from the combustions in the body, but that also they 
have a much broader significance. They show that the trans-
formations of chemical energy into heat and work in the ani-
mal body takes place according to the same general laws and 
with the same equivalencies as in our artificial motors and in 
lifeless matter generally. 

As a result of the close agreement between the measurements 
of energy directly and as computed from the data of the respira-
tory exchange, these two modes of procedure came to be called 
direct and indirect calorimetry and to be regarded as inter-
changeable for the purposes both of medical practice and of 
most types of research. 

While Atwater and Benedict continued active experimenta-
tion upon the energy aspects of normal human nutrition by 
means of their respiration calorimeter, modifications of this 
apparatus were built by Lusk and DuBois for the study of 
medical problems and by Armsby for the investigation of 
energy metabolism and food-utilization in farm animals. Each 
of these projects as well as the work of the Carnegie Nutri-
tion Laboratory established in Boston under the directorship 
of Dr. Benedict has inspired other workers to enter the field. 
DuBois and Murlin with their respective coworkers have de-
veloped especially the medical and pediatric aspects. 

T h e energy aspect of nutrition has perhaps more fully won 
the status of exact science than has any other aspect, and its 
future as a field of research is perhaps the most permanently 
provided for. Only the exceptional research problems in this 
field now require direct calorimetric measurements, and for 
such work there are in the United States at least three perma-
nently endowed laboratories: the Carnegie Institution's Nutri-
tion Laboratory in Boston; the Russell Sage Institute of 
Pathology at the New York Hospital; and the Department 

- Armsby, 1913, Food as body fuel 



FUEL AND MACHINE 13 

of Vital Economics at the University of Rochester. Analogous 

studies of farm animals are provided for by the Institute of 

Animal Nutrition at Pennsylvania State College, and the well-

established cooperation between the Carnegie Nutrition Lab-

oratory and the University of New Hampshire. 

Meanwhile the acceptance of indirect calorimetry has re-

sulted in the development of a number of forms of apparatus 

which are convenient to use and inexpensive both in first cost 

and in operation. It is this development which has made 

practicable the wide introduction of quantitative studies of 

the energy aspect of nutrition (especially the so-called basal 

metabolism tests) in medicine. 

T h u s in 1936 Benedict wrote in his Annual Report as Direc-

tor of the Nutrition Laboratory of the Carnegie Institution: 

"In 1910 basal metabolism measurements could be made only 

in special laboratories. Today there are instruments in no 

less than 15,000 physicians' offices, laboratories, and hospitals 

where such data can be readily and accurately secured." 

Undoubtedly the number of such instruments in medical 

use has very greatly increased since Benedict's estimate of 

15,000 in 1936. Moreover, special forms of respiration ap-

paratus have been adapted to use in the field work of an-

thropologists and in studying the influence of various activi-

ties upon the energy exchange or expenditure. 

T h e main trends of this rapid extension of study of the 

energy aspects of our nutrition are quite clear. O n the one 

hand, only small or uncertain racial differences have been 

found among people observed in different parts of the world. 

On the other hand, one may now speak with confidence and 

with considerable precision of the energy needs of normal 

persons of different ages, sizes, and activities, and of the direc-

tions of departure from the normal in at least the more familiar 

of the diseases. T h e effects of climate are still a subject of active 

research, but in general are not major influences. 

T h e energy values of our staple foods and of the individual 

organic substances which they chiefly contain have also been 
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measured quantitatively. Not quite all (but probably well over 
99 percent) of the energy involved in nutrition processes comes 
from the fuel value of the food. A little energy in the form of 
light is used in the visual process and it may be this radiant 
energy rather than fuel energy from food which carries the 
impression along the optic nerve. Also, some ultraviolet light 
penetrates the outer layers of the skin and provides the energy 
for the production of vitamin D in our bodies. The above-
noted differences of one or two tenths of one percent between 
the body's total energy exchange as measured by direct and 
by indirect "calorimetry" gives us an approximate idea of the 
relative magnitudes of all other sources of nutritional energy 
as compared with the fuel value of the food. Inasmuch as the 
total of the body's energy intakes of other kinds is well within 
the errors of measurement of the fuel value of the food which 
constitutes the one main source, we may say that within a 
small fraction of one percent of quantitative completeness, 
the source of the energy transformed in our nutritional proc-
esses has been definitely located in those constituents of the 
food which undergo oxidation in the body. 

But the energy aspect of nutrition which we have thus briefly 
described is not entirely independent of the structural and 
regulatory aspects to be described in the following chapters. 
Thus, the food proteins yield digestion products which func-
tion as materials both for the building and upkeep of tissues 
and for the making in the body of those substances called 
catalysts which accelerate the chemical reactions by which the 
body makes use of its food. There is at this point a very funda-
mental and far-reaching interrelation between the energy and 
the protein aspects of nutrition. 

Similarly some of the mineral elements and vitamins of food 
form compounds in the body which expedite the reactions 
that yield energy for muscular work. In fact the vitamins have 
been likened to the ignition sparks of the automobile engine. 
T h e energy which they themselves yield is negligible, but 



FUEL AND MACHINE 15 

without them the parts do not function and the fuel is not 

properly used. 

Amounts of Food Required as Fuel 

In living matter, energy expenditure is incessant, but not 
constant in the quantitative sense. A man of average size spends 
about 100 Calories in an hour of sitting quietly in a com-
fortable chair. In an hour of sleep, his energy expenditure may 
be one third less; in an hour of moderate exercise, it may be 
threefold more. 

T h e round figure of 100 Calories is a convenient starting 
point, approximating, as it does, both the energy we spend in 
an hour of sitting still and the energy that we get from an 
ordinary serving of any one of several foods. T h u s a one-ounce 
serving of any dry cereal, or two thin slices of bread, or an 
average pat of butter, or an average apple, banana, or potato 
may be expected to approximate 100 Calories. Thus any one 
of these might be regarded as fuel for an hour of quiet study, 
or for twenty minutes of brisk exercise. Eight or nine hours of 
sleep, however, would require only six of these loo-Calorie 
portions of food. 

Calculations of the energy requirements of different people, 
according to age, sex, size, and activity (sometimes taking ac-
count of the differing activities in each hour of the day) play 
a fundamental part in the technical teaching of nutrition and 
the practice of dietetics. For example, take the Recommended 
Daily Allowances published by the National Research Coun-
cil in 1941 (reproduced in full in the Appendix). These pro-
vide: 3,000 Calories for the moderately active man of occupa-
tion comparable with that of a carpenter, or for the man who 
if his work is sedentary takes a liberal amount of active muscu-
lar exercise as recreation; 4,500 Calories for a man engaged all 
day in very active muscular work; 2,500 Calories for a seden-
tary man or a moderately active woman, women being assumed 
to average four fifths the body weight of men. 
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T h e allowance of 2,500 Calories for a moderately active 
woman or a sedentary man may also serve as a per capita al-
lowance for the people of the nation. For the adults are a con-
stantly increasing share of the population, and the more active 
men and the boys of 12 to 20 with their energy needs above 
2,500 Calories are just about balanced by the children whose 
needs average below 2,500 Calories. 

While the computing of diets of more or less precise energy 
or calorie values ("counting the calories") is an important 
part of student training and of the professional practice of 
dietetics, the normal individual need not count his calories 
if he watches his weight. 

If the energy value of the food eaten (and digested) exceeds 
the energy expenditure of the body, most of this surplus food 
fuel is stored in the body in the form of fat. When the amount 
of this body fat becomes considerable, it is largely segregated 
as adipose tissue which (like butter) is four fifths or more actual 
fat interspersed with about one tenth to one fifth its weight 
of water and a tiny bit of protein. Thus stored fat increases 
the body weight by slightly more than the weight of the actual 
fat itself. T h e arithmetical relations are fairly definite. If one's 
consumption and assimilation of food fuel exceeds his bodily 
expenditure of energy by 500 Calories a day, the body weight 
may be expected to increase about one pound a week. 

Energy values of foods are therefore of interest both pro 
and con. They represent the means of meeting a fundamental 
need of everyone's nutrition. They also indicate where to 
hold down if the instinctive food habit tends to lead to over-
weight. Overweight, especially in and after middle age, is a 
real health hazard. Dr. Haven Emerson has frequently quoted 
the rule-of-thumb "for every inch by which a man's waist-
measure exceeds his chest-measure, subtract two years from 
his life-expectation." T h i s is, of course, a statistical expecta-
tion, not a prediction for every individual case. One of the 
wa iter's friends is a genial human "butter ball" of well over 90; 
but he is a rarer specimen than a thin man of the same age. 
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Modem statistics confirm the old adage, "A lean horse for a 
long race." On the other hand, in a war-impoverished world, 
there may for a long time be many people for whom every 
possible food calorie should be conserved. 

Energy values of typical foods are shown on different bases 
of expression in Table 1. 

T A B L E 1 

ENERGY VALUES OF T H E E D I B L E PORTION O F S O M E 
T Y P I C A L FOODS 

ioo-Calorie Portion Calories Calories Calories 
Food per per per 

Grams Ounces joo 
grams pound « ounce 

Apples 156 5-5 64 300 19 
Bananas 101 3-6 99 45° 28 
Beef 66 2-3 1 5 1 700 44 
Bread 38 >•3 261 1,200 75 
Broccoli 270 9-5 37 170 1 1 
Butter 14 0.5 733 3.330 208 
Cantaloupe 360 12.7 28 130 81 
Carrots 224 7-9 45 200 12 
Cheese, 

Cheddar type 25 0.9 393 1,800 113 
Eggs 64 2-3 158 720 45 
Grapefruit 226 8.0 44 200 12 
Kale 201 7-i 50 230 14 
Lettuce 549 194 18 85 5 
Milk 146 5-2 69 3 J 3 20 
Oatmeal, dry 25 0.9 396 1,800 H3 
Oil * 11 0.4 900 4,080 255 
Oranges »99 7.0 50 227 14 
Potatoes 117 4.1 85 386 24 
Salmon 59 2.1 169 767 48 
Tomatoes 441 15.6 23 100 6 
Wheat, shredded 27 1.0 369 1,675 105 

»In round numbers. 
(> Corn (maize), cottonseed, olive, peanut, soybean, and other salad or cooking 
oils all have essentially the same fuel value. 
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Work and Fatigue 

Thus far we have used the term energy in the mechanical 
sense, the sense in which the science of physics uses it. While 
the colloquial use is naturally looser, yet at times it may con-
note something of higher importance than energy in the sense 
of the science of physics, and at times the two meanings are 
somewhat mingled and confused. This is even true of the 
common definition: "Energy is the power to do work." Here 
the physical concept carries over into the popular way of 
speaking, which has a psychological connotation not recog-
nized by physics. 

So also with our use of the word fatigue. In purely physical 
work of a given kind, fatigue may be a function of the amount 
of physical energy expended. But work involving close applica-
tion may be fatiguing even though the expenditure of physical 
energy is small. Sitting in a conference or in classroom for an 
hour one may spend only about 100 Calories, yet may feel quite 
fatigued at the end; then one may go for an hour's walk, spend-
ing twice as much energy in the physical sense, yet returning 
refreshed and "rested." 

It may be emphasized, however, that if fatigue or nervous-
ness increases muscular tension the body's energy expenditure 
may thereby be much increased. Even when the body is most 
completely at rest there is still enough tension in the muscles 
to involve probably as large an energy expenditure as that due 
to the work of the heart and of breathing combined. It is be-
cause of the heat resulting as "degradation product" from such 
internal work that under our ordinary comfortable conditions 
of housing and clothing the body rarely needs to burn much 
of its food-fuel for the purpose of warmth alone. 

Does Mental Work Increase Energy Expenditure? 

While mental work can be very tiring, the expenditure of 
energy (in the physical sense) which it involves is extremely 
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small. Dr. F. G. Benedict reported from experiments with 
himself that the extra energy exchange involved in an hour 
of mental work amounted to no more calories than can be 
supplied by half a peanut. 

Previously he had tried the experiment of having several 
college students, one at a time, take mid-year examinations 
in the respiration calorimeter. Here the results were less 
regular, doubtless because of more complicated changes in 
muscular tension. One student concentrating upon the writ-
ing of his examination paper becomes tense muscularly as 
well as nervously, while another becomes muscularly more 
and more relaxed as he concentrates quietly but effectively 
upon his mental work. As we all have many-fold more muscle 
than brain, the differences in muscle tension may easily over-
shadow the physical effect of mental work. So some of these 
students spent more, and some fewer, calories on the examina-
tion day than on the control day, while the average for all the 
students indicated just a trifle more energy expenditure as the 
result of their mental activity. 

The Problem of Bodily Adjustment to Different Levels of 
Energy Exchange 

F. G. Benedict studied the effects of systematic reduction 
of food intake in a group of healthy young men, students in 
a physical-training college. When the food restrictions had 
reduced the body weight by 12 percent, the rate of basal energy 
exchange per unit of body weight was found to have been re-
duced by about 18 percent. The men then continued for 
several weeks to live on this lowered level of calorie intake 
and energy exchange. Benedict considered that during this 
time they used about one third less calories per capita per 
day than they would have used had they undergone no food 
restriction. The general health of these men and their ability 
to do their accustomed work, both mental and physical, were 
fully maintained; but there was an unquestionable, though 
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not easily definable, cooling or depression of their animal 
spirits. Whether this would have affected their initiative or 
endurance in an emergency we cannot tell. 

In general, we must consider that the body has but limited 
(or slowly developed) power to adjust its rate of energy ex-
change, except by alteration of its muscular activity. 

Maynard and McCay have shown in experiments with rats 
that growth may be suspended by restriction in the amount of 
a diet which was so rich in its protein and vitamin content 
that the deficit was presumably one of food calories only, and 
that a temporary stunting of this kind does not necessarily 
preclude a subsequently normal life history. Maynard, how-
ever, has declined to give this finding any direct human ap-
plication. 

For the present it will doubtless be best to maintain a con-
siderable degree of scientific skepticism both toward such ex-
pressions as irreparable injury from food restrictions and to-
ward recommendations of fasting or undernutrition as setting 
the stage for subsequently superior developments in the body. 
Little if any clarification can be expected from the experiences 
of the food shortages of the conquered countries; for in these 
there is too apt to be the tragic combination of the "hollow 
hunger" of inadequate food calories, and at the same time 
the "hidden hunger" of mineral and vitamin deficiencies. 

Criteria of Normal Fatness 

Some slimming among the sedentary men is said to have 
resulted from wartime shortages and strict rationing of food 
fats in more than one European country. Such slimming may 
be an advantage to health in a man who has been somewhat 
stout; but it may be a health hazard to the woman who for 
the sake of style has already kept herself thin. Moreover, over-
weight is an oversimplified term. This was impressed upon 
examiners for the Army and Navy when it was found that the 
world's champion pugilist, in condition for his profession, was 
so heavy for his height that according to routine recruiting 
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standards he would have been deemed too fat for military 
service. The discrepancy, of course, was in assuming that a 
weight distinctly above the average for the height is always 
due to extra body fat. The proper criterion of obesity is the 
body's specific gravity. Volume for volume, fat is lighter than 
water, while lean flesh is heavier, and bone is heavier still. A 
high ratio of weight to height if due to obesity will mean a 
low specific gravity, while if due to a broad heavy skeleton 
(as well as large muscles) it will mean a high specific gravity. 
So by weighing him in water as well as in air, it was duly de-
termined that Mr. Joe Louis was physically fit for service in 
the armed forces of the United States. 



CHAPTER 111 

ADVANCES IN OUR KNOWLEDGE OF THE 
MATERIALS OF BODILY STRUCTURE 

The Proteins and Their Amino Acids 

A B O U T a century ago the Dutch chemist Mulder separated 
/ \ a n d described what he thought to be the fundamental 
substance of body tissues, and coined for it the name protein.1 

By derivation from the Greek, this word is a claim to priority 
on behalf of the material to which it was applied. This ma-
terial proved to be not a pure individual substance but a mix-
ture of a number of more or less similar substances. Thus, the 
details of Mulder's work were not of permanent value, but 
the word which he introduced has remained current as a group 
designation; and the proteins, witli only moderate fluctuations 
of prestige, have attracted the devoted attention of a succes-
sion of able investigators whose work has supported in a sense 
the claim to preeminence which is implied in their group 
name. 

This field of investigation did not have to lie fallow like 
that of the energy concepts initiated by Lavoisier. Other 
chemists could extend Mulder's work without having to await 
the development of a supporting concept by research in 
physics. During the fifty years following Mulder's publication, 
several different but apparently related substances were sepa-
rated from plant and animal materials and described as indi-
vidual proteins. 

It was found that these proteins, even after the most careful 
separation and purification, are substances whose molecules 
are large and complex. Much the greater part of a typical 

i Mulder's portrait and a facsimile page of his published account of this work 
are reproduced in Mendel, 1923, Nutrition: the Chemistry of Life. 



MATERIALS OF BODILY STRUCTURE a$ 

protein can, however, be resolved 2 into simpler constituents, 
the amino acids, of which typical proteins yield from twelve 
to twenty-two kinds each. T h e constituent amino acids of the 
different proteins of our food and of our body tissues are thus 
of relatively few kinds; but the relative proportions in which 
they occur vary greatly from protein to protein. Hence there 
may be important differences in nutritive value among pro-
teins, all of which show a general similarity of chemical na-
ture. 

In 1907, the late Dr. Thomas Burr Osborne of the Connecti-
cut Agricultural Experiment Station, who had already done 
outstanding work in the descriptive chemistry of the proteins, 
concluded a report upon the proteins of wheat with the sug-
gestion that among proteins which differ so widely in their 
amino-acid make-up it was reasonable to expect that significant 
nutritional differences might exist. It was not the first time 
that such a suggestion had been made. In fact in the preceding 
year Professor (later Sir) Frederick Gowland Hopkins of Cam-
bridge University discussed the relation of one particular 
amino acid, tryptophane, to the nutritive values of the pro-
teins which contain it. Osborne's work provided him with 
purified proteins in sufficient quantities to permit further 
pursuit of the problem of relations between the chemical 
natures and the nutritive values of proteins. With the aid 
of a continuous series of liberal grants from the Carnegie In-
stitution of Washington, Osborne and Mendel carried on in 
New Haven an extended and epoch-making series of experi-
ments in which different typical proteins, separated and puri-
fied by the methods which Osborne had previously developed, 
were fed—sometimes singly, sometimes in systematically 

2 In its chemical nature, the change by which a protein is resolved ("broken 
down") into its amino acids is an hydrolysis. W e may thus hydrolyze a protein 
by boiling it with acid in the laboratory. Also, whenever we eat and digest 
protein food the protein is thus changed to its amino acids by digestive hydrol-
ysis. Should the reader wish a fuller account of these topics, or the names and 
chemical natures of the individual amino acids, the information may be found 
readily in textbooks and reviews of biochemistry and the chemistry of food 
and nutrition. A few of these are listed in the Bibliography. 
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planned mixtures with each other, and sometimes supple-
mented by individual amino acids. 

This work by Osborne and Mendel marks a turning point 
from the slow progress of the preceding century into the era 
of the modern science of nutrition. It was a distinct step into 
a newer knowledge of the protein aspect of nutrition, as was 
the work of Atwater, Rosa, and Benedict in the energy aspect, 
which it followed by about a decade. 

Almost simultaneously with the earliest correlations of the 
nutritive efficiencies of proteins with their ammo-acid con-
stitution by Hopkins, by Osborne and Mendel, and by Mc-
Collum, Chittenden published his extensive studies of the 
quantitative requirement for protein in the normal nutri-
tion of human adults. 

Subsequently, several investigators extended both these 
aspects of "the protein problem" in nutrition. Particularly 
outstanding have become the two series of contributions: on 
the one hand as to the proteins contained in different natural 
foods as studied by D. B. Jones and coworkers in the United 
States Department of Agriculture; on the other hand, as to 
the nutritional dispensability or indispensability of individual 
amino acids as studied by W. C. Rose and coworkers at the 
University of Illinois. Both these lines of protein research have 
thus won the permanent interest of such able investigators, and 
also such adequate financial support that their further de-
velopment may be regarded as well assured. 

In practical problems of nutrition and food supply it would 
often be prohibitively cumbersome to take explicit quantita-
tive account of each amino acid, or even of each of the ten 
which are now recognized as indispensable to the nutritional 
adequacy of a diet. So while recognizing that there are con-
siderable differences in amino-acid make-up between individ-
ual proteins, we trust that these will be more or less "evened 
up" in the protein-mixtures of ordinary dietaries, and that it 
may therefore suffice for most practical purposes to continue 
to state the protein needs of nutrition in the simple terms of 
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the amount of the protein mixture contained in the normal 
mixed diet. 

For normal adult maintenance the usual allowance is about 
1 gram of food protein per day per kilogram of body weight. 
Lewis (1942) states it as his opinion, and as the general con-
sensus of opinion of students of the subject, that this allowance 
is half again to twice as high as the average of actual need. This 
we believe to be a sufficiently safe margin to cover individual 
variations (of need, and among dietaries) without complicat-
ing the "protein standard" by the added proviso (still some-
times met, but now rather antiquated) that a certain percentage 
of the food-protein shall be "animal protein." It is of far-
reaching importance that this fact be effectively assimilated 
into our thinking, for in the world view of food problems, 
which must be accepted as one of the responsibilities of the 
present generation and its successors, there may not be enough 
animal protein to provide for the dietaries of all people as 
much as some of the Western groups of people have sought to 
incorporate in their standard of living. It should be universally 
recognized as now known, and as good citizenship to act upon 
the knowledge, that all scientifically sound protein standards 
can be met in terms of foods of which the readily potential 
supplies are sufficient to go around. 

In his 1942 review Lewis explains how, even among proteins 
containing the same amino acids in the same quantitative 
proportions, the different ways in which these amino acids 
may be linked within the protein molecule make possible a 
variety of molecular structures extending to "a number be-
yond the range of human thought." This adds great emphasis 
to the importance of the digestive changes: first in protecting 
us from protein allergies, and then in sending the body tissues 
the amino-acid units from which the tissues reconstruct pro-
tein molecules, each organ and tissue according to its own 
patterns. 

Here as at many other points, this essay upon the develop-
ment and trend of the modern science of nutrition should take 
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account of related biochemical advances, even though the re-
quirements of brevity forbid any such digressions as would be 
involved in attempts to set them forth at all fully. 

Mineral Elements 

Most typical proteins are composed of the five chemical 
elements, carbon, hydrogen, oxygen, nitrogen, and sulfur; a 
few also contain phosphorus or iron, or both. 

About a dozen other chemical elements are known or con-
sidered to be nutritionally essential. There is, and can be, no 
line of demarcation at once sharp and scientifically sound 
between the organic and the inorganic or mineral elements. 
An element may enter the body in an organic, and leave it in 
an inorganic or mineral, form. As a convenience we use the 
phrase inorganic or, more often, mineral elements for all of 
those which either exist in the body largely as constituents 
of inorganic or mineral substance, or which largely remain 
in the ash when a food or a body tissue is burned. 

In part these elements exist in the body as soluble salts, 
which help to give the tissues and body fluids the properties on 
which the life processes largely depend. On the other hand, 
the relatively insoluble mineral salts of the body are built 
into the skeletal structures of bones and teeth. 

Still a third type of occurrence of some at least of these 
same elements in the body is as constituents of some of the 
soft tissues. Thus most of the iron in the body at any given 
time is in an organic combination as a constituent of the hemo-
globin of the red blood cells, and most of the body's sulfur 
is organically combined in the proteins of its various tissues. 
Because iron may enter and either iron or sulfur may leave 
the body largely in mineral form, these are commonly in-
cluded among the so-called mineral elements. 

Many illustrations of the functioning of these elements be-
long alike to general physiology and to the science of nutri-
tion. W e shall here mention, therefore, only one of them as 
an example. In order that the heart may continue to beat (that 
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is, that the heart muscles may continue their orderly sequence 
of contraction and relaxation), these muscles must be bathed 
by blood and lymph containing adequate amounts and the 
right forms and relative proportions of sodium and calcium, 
both of which must in the long run be supplied by the body's 
nutritional intake. 

CALCIUM 

Sodium, calcium, potassium, and magnesium all have im-
portant relations to the maintenance of normal condition and 
tone in the muscles and the nervous system. 

Similarly the normal solubility, transport, and permeability 
relationships in the body depend upon right forms and con-
centrations of these elements which in turn depend for their 
maintenance upon our nutritional intakes. 

Calcium is also essential to the coagulation potentiality of 
the blood, without which any small bleeding would continue 
indefinitely; whereas with the calcium factor normal, the 
blood itself repairs from within the many tiny accidents which 
occur to its containing walls, often without our knowing any-
thing about them. 

Whether or not the term is "philosophically self-contradic-
tory," the concept of dynamic equilibrium is extremely im-
portant in physico-chemical science, and not least in its clari-
fication of some of the nutritional processes. The calcium salts 
of the blood and lymph are maintained within a narrow range 
of concentration levels (notwithstanding the varied emergen-
cies which may make demands upon them) by virtue of the 
fact that they are in dynamic equilibrium with at least two 
forms of calcium reserve: compounds of calcium with protein 
in the blood plasma; and the larger though less mobile reserve 
of calcium existing as relatively fixed mineral tissue in the 
bones and teeth. Over 99 percent of the total calcium possessed 
by a normally developed body is thus contained in the skeletal 
system. 

When the food shortages of the First World War and its 
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aftermath were faced in the dawning light of the newer knowl-
edge of nutrition, it was realized that if the people were to 
be adequately nourished, their staff of life, the grain crops, 
would need supplementing with what McCollum was teach-
ing us to call protective foods. And as the latter were more 
costly the urgent question was in what proportion they must 
be used to support permanently satisfactory nutrition. In an 
investigation at Columbia, using white rats as the experimental 
animal,' we found that a mixture of five parts ground whole 
wheat with one part dried whole milk proved adequate to 
the support of normal health, growth, and reproduction gen-
eration after generation. Yet when the proportion of protec-
tive food was higher, the life history was improved. Growth 
and development were expedited, the level of stamina and 
adult vitality was higher, and longevity was improved by ten 
percent. Also there was an extension in still larger proportion 
of the period between the attainment of full adult capacity 
and the onset of senility, which for convenience we may call 
the prime of life. Or in human terms, the nutritional improve-
ment of an already normal life history included higher health 
and longer life with a reduction of the period of dependency. 
For brevity we may call the merely adequate diet A, and the 
better diet B. 

When diet A was enriched in calcium alone (to the level 
of diet B) there resulted distinct improvements in all the 
aspects of the life history above mentioned except that the 
increase in length of life of the females was so small that if 
considered by itself it would be insignificant. It is to be noted, 
however, that these females had borne and suckled a greater 
number of young. Hence the question arose whether the 
females were constitutionally unable to invest extra calcium 
in extra longevity or whether they had invested it in larger 

> As these experiments were to continue through successive generations they 
were necessarily made with a species whose natural life cycle is relatively short. 
The rat was selected because its nutritional chemistry is so closely like the 
human with respect to all the factors with which we are concerned in this 
chapter. 
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families instead. T h e question was investigated in two ways, 
and it was found that (1) when the same calcium increment 
was tested with unmated females they did gain as much in 
longevity as did the males; and (2) when larger increments of 
calcium were given to mated females they were thereby en-
abled both to rear more and sturdier offspring and to live de-
cidedly longer themselves. 

Calcium-balance experiments with growing children of all 
ages have shown clearly that the level of intake of food calcium 
influences the rate of retention of calcium by the body and 
therefore the calcium content of the body at a given age. 

In the animal experimentation it has been possible by direct 
chemical analyses of large numbers at fixed ages to establish 
definitely and exactly the relation of the calcium content of 
the food to that of the body. At the same time the continua-
tion of the same feeding levels throughout the entire lives of 
parallel animals, and even through successive generations, has 
shown that the higher calcium contents of body which result 
from the higher calcium intakes are favorable to the entire 
life history of the individual and to the stamina of the off-
spring. 

Inasmuch as 99 percent or more of the calcium which the 
body retains is held in the relatively insoluble form of the 
calcium phosphate minerals of the skeleton, the question natu-
rally arises how the increased amount of so relatively segre-
gated a mineral can have such an important influence upon 
the life-long well-being of the individual and even also of 
the next generation. An explanation is found in the bone 
trabeculae. These are slender crystals of bone mineral which 
extend from the inner surfaces of the ends of the bones toward 
the center of the end of the bone cavity. The higher the level 
of intake of food calcium, the greater the numbers and the 
lengths of these calcium phosphate bone trabeculae. This 
greater trabecular development in the calcium-rich body has 
both a mechanical and a chemical significance. Mechanically it 
means (like the bracing rods in a bridge) a strengthening of the 
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structure of the bone joint and a more effective preservation of 
its precise normal form. Chemically, these trabeculae func-
tion in the maintenance of the full normal concentration of 
calcium in the blood. As the ends of the bones are porous and 
penetrated by many blood vessels, there is continuous passage 
of circulating blood over these trabeculae. Hence the greater 
the surface of calcium compound which they present to the 
blood, the more quickly and completely are all the many 
losses of blood calcium restored. Even though the fluctuations 
of the blood-calcium concentration are but small from the 
viewpoint of our ability to measure them directly; neverthe-
less the quicker and more completely the blood recovers from 
every decline in its calcium concentration the better the body 
maintains its highest health and efficiency. 

From the viewpoint of the fact that calcium exerts, in addi-
tion to its strictly specific functions, a sort of general regulatory 
influence also, it is interesting to find that the "optimal pla-
teau" for calcium intake seems to be reached a little earlier 
when the diet as a whole is in good all-round mineral and 
vitamin balance. Yet however good the dietary in other re-
spects, the calcium intake required for best results in the long 
run cannot be less than about double the minimal-adequate 
amount. Hence in any consideration that is likely to arise 
in practice as to which of two levels of food calcium is better 
as a standard or a recommended allowance for human nutri-
tion, one may be entirely confident that the higher is the more 
desirable from the standpoint of permanent well-being. 

IRON AND IODINE 

While the body's calcium is largely in the teeth and bones, 

its iron is largely in the blood. Hemoglobin, the most abun-

dant protein of the red cells of the blood, contains one third 

of one percent of iron. T h e hemoglobin constitutes around 

15 percent of the weight of the blood, and the blood around 

7 percent of the weight of the body. A good average red-

blooded man possesses altogether about one tenth of an ounce 
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of iron, most of which belongs to his red blood corpuscles, 
while much of the remainder belongs to the muscles. 

Of iron, as also of calcium, the crust of the earth has a higher 
concentration than we need in our bodies. With plenty of these 
elements literally underfoot and in the soils from which our 
food crops grow, the possibility of a problem of the adequacy 
of nutritional intake is attributable to the fact that calcium 
and iron chiefly occur in the soil in relatively insoluble com-
binations and so do not pass as abundantly into food crops 
as do, for instance, the more soluble compounds of some of 
the other mineral elements. 

While the amount of iron contained in the body is small, 
its functions are very vital. Both figuratively and literally, the 
iron compounds are among the most colorful substances which 
the body contains. The chromatin substance of the nucleus of 
every cell is an iron-protein compound, and so is the hemo-
globin which gives redness to blood and muscle and which 
has the important functions both of carrying oxygen for the 
reactions on which the energy aspects of nutrition depend, 
and of protecting the body from injury by the acids which 
its own metabolic processes produce. 

Inasmuch as the blood, while constituting only about 7 
percent of the body's weight, contains about 70 percent of 
its iron, and since very much the largest part of the blood 
iron is in the form of hemoglobin, an iron-poor person is 
pretty sure to show anemia of one kind or another. Much 
might be written about the recent studies of the different 
anemias; but the story would be more medical than is here 
our intention. Not only is the investigation of the role of 
iron in nutrition thus largely interwoven with pathological 
research, but also it is complicated by the fact that the various 
types of anemia differ more from each other than has often 
been appreciated even by the investigators in this field, so 
that as Whipple, one of the most outstanding workers, has 
written, a monument to the recent research literature of iron 
and anemia would be a veritable Tower of Babel. 
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T o mention only the three types of anemia which are clearly 
in some sense nutritional disturbances, there are (1) hemor-
rhagic, (2) iron-deficiency (hypochromic), and (3) pernicious 
anemia. 

Obviously the anemia due to blood loss lends itself readily 
to experimental investigation; but blood loss, of course, means 
a greater or less loss to the body, not only of iron, nor only 
of hemoglobin, nor only of red blood cells, but of all the sub-
stances contained in blood. What substance or substances will 
be the limiting factor or factors in the rebuilding of the blood 
must then depend very largely upon the absolute and rela-
tive amounts of the various blood-building substances which 
the experimental animal is currently receiving in his food. 
Whipple has therefore been careful to use a uniform diet 
in his extensive hemorrhagic-anemia experiments with dogs; 
but, as this diet is a mixture of natural foods and as we have 
no assurance that all the significant constituents of natural 
foods are yet known, the strict uniformity of Whipple's basal 
diet does not imply definiteness of identification of the ef-
fective substance or substances in a food which is found to be 
helpful to recovery from experimental hemorrhagic anemia. 
Whipple found liver helpful in hemorrhagic, and Minot in 
pernicious, anemia; but as the liver is an efficient (and notori-
ous!) catchall for whatever circulates in the body, it did not 
follow that the good results in the two anemias were due to 
the same substance in the scientific sense of chemical identity. 

Pernicious anemia is very different from that produced by 
loss of blood. Typically it represents a lack of one or both of 
two substances, neither of which enters into the formation 
of hemoglobin at all, but rather into the construction of the 
stroma or framework of the red cell in which the hemoglobin 
is held. Castle has shown that what is needed in pernicious 
anemia can be supplied by the products of the digestion of 
beef by normal gastric juice, though neither the beef nor 
the gastric juice alone will cure the typical case of pernicious 
anemia. Hence it is said that there is an extrinsic factor which 
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must be furnished in the form of a precursor by some suitable 
food, and also an intrinsic factor which changes the extrinsic 
factor into the substance which actually has directly to do with 
the building of the structure of the red blood cells. 

Thus neither hemorrhagic nor pernicious anemia is at-
tributable to an insufficiency of food iron to meet normal 
nutritional needs. This latter is sometimes but not always 
the cause of hypochromic anemia. An experimental hypo-
chromic anemia can be produced by iron-poor food, but it 
is important also to remember that as such anemias occur 
clinically, they may be due to faults within the body as often 
as (or, some physicians say, much more often than) to faulty 
food. No doubt both faults may contribute to the production 
of the anemia; but the wise nutritionist is careful to emphasize 
that even an anemia curable by iron is not necessarily to be 
blamed primarily upon the iron content of the food, for many 
such are to be regarded as medical rather than dietary re-
sponsibilities. It is often much better to supplement the normal 
dietary with an iron salt prescribed by the physician than to 
distort the dietary in a misguided enthusiasm for making the 
food furnish all the iron that the patient needs as therapy. 
It is well to discriminate therapeutic from normal nutritional 
responsibilities, even if they are not always different. 

Iodine, unlike iron, is very unevenly distributed geographi-
cally. It occurs largely in the form of soluble iodides, accom-
panying the corresponding chlorides in sea water and in 
natural rock salts and brines. But when table salt is as highly 
refined as has become customary during the past generation 
or two, it no longer supplies us with the small amount of 
iodide we need, and in regions where the soils, crops, and 
drinking waters are exceptionally poor in iodides the popula-
tion may incur a nutritional shortage of iodine, which often 
manifests itself as "simple goiter." 

T h e explanation is that the iodine entering the body as 
iodide of food (including table salt and drinking water) is 
used by the thyroid gland in its production of thyroxine, a sub-
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stance essential to the regulation of some of the life processes. 

W h e n the blood is abnormally poor in iodide, the thyroid 

gland (as if seeking to compensate for this inadequacy of its 

environment) enlarges itself; and this swollen condition of 

the gland is called a goiter. Goiters may also result from in-

fections. W h e n the swelling of the gland is not attributable 

to an infection, it is called a simple goiter and such goiters 

have long been known to be much more common in some 

regions than in others. Such goitrous regions have now gen-

erally been accounted for on the ground that the soils, waters, 

and foods are too poor in iodine (iodide) to meet the needs 

of human nutrition. For such regions iodized salt is prepared 

by simply restoring to refined table salt some such proportion 

of iodide as was presumably removed in the refining. T h i s 

need not be a matter of very precise calculation, for propor-

tions of iodide varying from 1:5,000 to 1:200,000 have been 

used with good results. Such restoration of iodide to table 

salt was, in this country at least, the first publicly recognized 

and promoted plan of restoration of the nutritive value of a 

staple but artificially refined food. 

OTHER NUTRITIONALLY ESSENTIAL ELEMENTS 

Beside the carbon, hydrogen, oxygen, nitrogen, sulfur, phos-

phorus, iron, iodine, and calcium, our normal nutrition also 

requires potassium, sodium, magnesium, chlorine, manganese, 

copper, and probably cobalt and zinc. Also, there are still other 

elements which may turn out to play parts in our nutritional 

processes. W h e n the facts are understood, it is no stumbling-

block that we are not completely sure just how many elements 

are involved in our nutrition, for those which are in doubt 

are needed, if at all, only in such small amounts as we get 

from our environment incidentally. 

Protein, Calcium, and Iron Requirements and Sources 

O f the body-building nutrients which we are considering 

in this chapter, only three are included in the so-called "yard-
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stick for good nutrition"—the table of Recommended Daily 
Allowances for Specific Nutrients published by the National 
Research Council in 1941 and reproduced in full in the Ap-
pendix. These allowances provide for the moderately active 
man (weighing, exclusive of clothing, 70 kilograms or 154 
pounds): protein, 70 grams; calcium, 0.8 gram; iron, 0.012 
gram. T h e calcium and iron allowances recommended for 
women are not reduced in the proportion of their lesser body 
weight; and for children the allowances per unit of body 
weight are decidedly higher. 

Table 2 illustrates a few typical sources of the nutritionally 
needed proteins, calcium, and iron by showing the percentage 
of these nutrients in the same foods whose energy values have 
been shown in Table 1. 

Those who care to read these tables, by way of becoming 
somewhat acquainted with the differing nutritional char-
acteristics of different articles and types of food, will keep in 
mind that the numerical values given are for the edible por-
tion of each food in the condition of wetness or dryness in 
which the dealer delivers it to the consuming household. I f , as 
is sometimes done, the percentages were given on the basis 
of the food solids, those for fruits, fresh vegetables, and milk 
would be much higher, both in actual figures and relative 
to most other foods. 

Another basis of expression of the richness of foods in specific 
nutrients is to state the quantities of such nutrients contained 
in loo-Calorie portions of the respective foods. In one respect 
this is quite logical; for the man needing 3,000 Calories a day 
will presumably eat about thirty loo-Calorie portions, how-
ever he may choose to select them. But the merit of the com-
parison on the basis of loo-Calorie portions may be limited 
by the fact that one would not eat more than a small fraction 
of his calories in the form of certain foods, while certain other 
foods may easily supply large fractions of the total energy 
intake. 
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T A B L E 2 

PERCENTAGES O F P R O T E I N , CALCIUM, AND IRON IN T H E 
E D I B L E PORTION O F A F E W T Y P I C A L FOODS 

Food 
Protein Calcium Iron 

Food percent percent percent 
Apples 0.3 O.OO7 0 . 0 0 0 3 

Bananas 1 . 2 0 . 0 0 8 0 . 0 0 0 6 

Beef, lean !9-7 0 . 0 1 3 0 . 0 0 3 0 

Bread, white 9 . 0 0 . 0 5 » b 

whole wheat 9-5 0 . 0 6 0 0 . 0 0 3 0 

Broccoli 3-3 0 . 1 4 6 0 . 0 0 1 4 

Butter 0 . 6 O . O 1 6 0 . 0 0 0 2 

Cantaloupe 0 . 6 0 . 0 1 7 O.OOO4 

Carrots 1 . 2 0 . 0 4 2 O.OOO7 

Cheese, Cheddar type 23-9 0 . 8 7 3 (O.OOl) 

E g g s 1 2 . 8 0 . 0 5 8 O.OO31 

Grapefruit 0 . 5 0 . 0 1 7 O.OOO3 

Kale 3-9 O . 1 8 1 O.OO25 

Lettuce 1 . 2 0 . 0 5 4 0 O.OOl 1 

Milk 3-5 0 . 1 1 8 0 . 0 0 0 2 

Oatmeal, dry 1 4 . 2 0 . 0 8 1 O.OO52 

Oranges 0 9 0 . 0 4 3 O.OOO3 

Peas, dry 2 3 . 8 0 . 0 7 3 0 . 0 0 6 0 

fresh, green 6 . 7 0 . 0 2 2 O.OOI9 

Potatoes 2 . 0 O . O 1 3 0 . 0 0 1 1 

Salmon, canned 2 0 . 6 O . 1 9 4 * O.OOO9 

Tomatoes 1 . 0 0 . 0 0 6 0 . 0 0 0 6 

o Varies with methods of breadmaking. 
6 Unless "enriched," white bread has only about one fourth as much iron as 
whole wheat. Enriched bread approaches whole wheat levels in iron, niacin, 
and thiamin contents. 
o Higher in loose-leaf than in headed varieties. 
* Including bone. 



CHAPTER IV 

A FRUITFUL BROADENING OF EXPERI-
MENTAL METHOD: INTRODUCING 

THE VITAMINS 

TH R O U G H O U T the early years of the twentieth century, 
the chemistry of food and nutrition was in an odd posi-

tion. One could analyze foods with as near an approach to 
100 percent as is expected with most other materials; yet one 
could not maintain normal nutrition with mixtures of the sub-
stances which the food analysis revealed. Moreover, the purer 
the substances of which such food mixtures were made, the 
less successful nutritionally these synthetic diets tended to be. 
Yet the function of food is to nourish, and the trend of 
scientific thinking was increasingly functional. It was time 
to add something new to the methods of inquiry in this field. 

With the growth of the conviction that broader views and 
deeper insights were needed, these were sought in three main 
ways: (1) in the further elaboration of studies of the molecular 
structures of the more complex components of the body and 
the food; (2) in the application to nutritional problems of 
the new methods of physical chemistry; and (3) in the more 
frequent and systematic use of laboratory animals as instru-
ments and reagents of research into food values and nutri-
tional needs. This last development was soon rewarded with 
a series of discoveries of substances which are essential to nutri-
tion but whose existence had previously been either entirely 
unknown or only vaguely apprehended. 

These newly discovered substances came to be called the 
vitamins. They do not logically belong under any group name, 
for they are not sufficiently related to each other either in 
chemical nature or in nutritional function. The editorial 
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writer who demanded that chemists should not add further to 
the list of vitamins but should, instead, discover simplifying 
generalizations regarding those already known, was doomed to 
disappointment. For the more we study the vitamins, the 
clearer it becomes that they are not so related as to have 
important properties in common. Each should be thought of, 
not so much as belonging to a group with other vitamins, but 
rather as an independent factor in food values and in nutri-
tional needs and processes. In several cases, such as thiamin 
and riboflavin, a vitamin has been given a new name indica-
tive of its chemical nature. 

T o emphasize that each vitamin is independent, in the sense 
that we should not attempt to generalize from one to another, 
is not inconsistent with the possibility that there may be in-
terrelationships among them. Moreover, there is scientific 
significance in the fact that we owe the discovery of all these 
substances to the same broadening of method in the use of 
laboratory animals as instruments of research into the prob-
lems of human nutrition. 

What appears to be the first convincingly clear statement 
in modern terms that adequate diet must furnish some sub-
stance, or substances, other than proteins, fats, carbohydrates, 
and mineral matter, was made by Professor (now Sir) Frederick 
Gowland Hopkins of Cambridge, England, in 1906. 

Hopkins found that the addition of small amounts of milk, 
fresh or dried, or of an alcoholic extract either of dried milk 
or of certain vegetables, to diets otherwise composed of puri-
fied foodstuffs, sufficed to induce growth in young rats. Seek-
ing further evidence as to the chemical nature of the previously 
unknown essential nutrient thus shown to be contained in 
milk and some other natural foods, but not in the highly 
purified foodstuffs, he deferred publication of the details of 
his experiments until 1912. Meanwhile, Thomas Burr Os-
borne and Lafayette Benedict Mendel of New Haven, Con-
necticut, demonstrated that a similar growth-promoting effect 
was obtained when they introduced into their rations of 
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isolated foodstuffs a moderate amount of "protein-free milk" 
—a powder made by removing the fat and practically all of 
the protein from milk and evaporating the resulting clear 
whey. Since in both these investigations it was found that milk 
ash does not suffice to confer the growth-promoting property 
upon the mixture of purified foodstuffs, it was evident that 
the unidentified essential substance or substances must be 
organic rather than inorganic in chemical nature. 

At about the same time it was made clear, largely through 
the work of the United States Army Medical Commission for 
the study of tropical diseases in the Philippines, that the nerve 
disease common in the Orient under the name beriberi is 
due to the lack of some essential substance existing in natural 
foods, but which in the milling of white rice, and of other 
grains to white products, is rejected in the germ and outer 
layers of the grain. This Army Medical Commission showed 
that the substance which prevented or cured the neuritis of 
beriberi (and which, therefore, was known as antineuritic 
substance) was soluble in water or in alcohol, that it was not 
volatile but was gradually destroyed by heating in solution, 
and that destruction occurred more rapidly when the solution 
was alkaline. They held it to be an organic base, but not an 
alkaloid. Casimir Funk, working in the light of these results, 
was the first to claim the isolation of this antineuritic sub-
stance. He gave to his product the name vitamine. Subsequent 
investigations make it altogether probable that Funk's product 
was not a pure or definite substance, bu t that the antineuritic 
substance which it contained is the same as one of the water-
soluble substances in milk, to which the growth-promoting 
property of Osborne and Mendel's protein-free milk was due. 

Almost at the same time it was found both by McCollum 
and Davis at the University of Wisconsin and by Osborne and 
Mendel at New Haven that the fat of milk (butter fat) also 
contains something which exerts a growth-promoting influ-
ence, and in the entire absence of which growth is impossible. 
Both the water-soluble and the fat-soluble substances are 
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soluble in alcohol, which explains the fact that an alcohol 
extract of milk and of certain vegetables sufficed to make Hop-
kins' food mixtures adequate. 

T h e name vitamine, introduced by Funk in 1911, rapidly 
gained currency through his writings, and the two unidentified 
dietary essentials came to be commonly known as the water-
soluble vitamine and the fat-soluble vitamine, respectively. 
McCollum, having come to accept the necessity of the fat-
soluble earlier than of the water-soluble substance, proposed 
that these substances be called "fat soluble A " and "water 
soluble B" until such time as their complete identification 
should make it possible to designate each by a scientific name 
indicative of its chemical nature. On the recommendation of 
Drummond in 1920, the two terminologies were fused so that 
these substances came to be called vitamins 1 A and B. 

T h e same substance which thus came to be called vitamin 
B had earlier been apprehended by Eijkmann, a Dutch physi-
cian working in the East Indies, as a preventive of the nerve 
disease beriberi. His earliest report antedated that of Hopkins 
but, as an official committee later expressed it, Eijkmann pre-
sented his observations "with so strong a pharmacological 
bias" that their nutritional significance was not made clear 
until much later. Ultimately a Nobel prize award was divided 
evenly between Hopkins and Eijkmann as independent dis-
coverers of the first-recognized of the substances which later 
came to be called vitamins. 

While the discoveries of the vitamins have not dominated 
the development of the newer knowledge of nutrition to quite 
the extent that many suppose, yet they do mark a far-reaching 
advance both in the concepts and the research methods of 
medicine and nutrition. It is no exaggeration to say that recent 
findings in the vitamin field include a whole series of inde-

1 In the chemists' conventional nomenclature for organic compounds, the suf-
fix ine connotes a special feature of molecular structure which the suffix in 
does not. So the original word vitamine was deliberately changed to vitamin to 
harmonize with the wider and looser significance of the word as it became 
the label of a heterogeneously growing group of newly discovered substances. 
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pendent discoveries, any one of which would have been suf-
ficient to give the present generation a prominent place in 
the history of science. 

T h e recently acquired knowledge of the vitamins has also 
greatly facilitated the study of the effects of the chemistry of 
the food consumed upon the body's nutritional well-being 
over longer segments of the life cycles of higher animals than 
had previously been deemed amenable to this type of experi-
mental research. Another striking feature of the advance in 
this field is the fact that relatively few of the discoveries can, 
with scientific accuracy, be attributed to an individual person 
or to a precise date. T o a very large extent each discovery has 
consisted not of an isolated event, but of a gradual accumula-
tion of evidence until finally it became convincing. 

T h e following paragraphs of this chapter will introduce in 
as integrated a way as possible the significances of the chief 
vitamins individually and of the general vitamin concept as 
opening the way to a more far-reaching type of nutrition re-
search than was previously possible. Independent short stories 
of individual vitamins will then follow in the next three 
chapters. 

Vitamin A is introduced by Gove Hambidge (1939) as fol-
lows: 

The retina, or seeing part of the eye, contains two kinds of 
structures that are sensitive to light. One kind is in the form of tiny 
rods and the other kind in the form of tiny cones. We "see" be-
cause these rods and cones contain light-sensitive substances, just 
as a photographic film is coated with a substance sensitive to light. 
The rods are particularly important for vision in dim light and 
the cones in bright light. 

When light strikes these rods or cones, substances are broken 
down chemically, and products are formed that stimulate the 
nerve endings of the eye. The stimulated nerves then carry a mes-
sage to the brain, and this is what we call seeing. . . . 

The [light-sensitive] substance in the rods . . . is called visual 
purple . . . it becomes bleached in the process of chemical change, 
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and . . . if more visual purple is to be formed . . . there must be 
a continual supply of vitamin A. . . . 

The body makes its supply of vitamin A from a yellow substance 
in plant foods, called carotene. It can also get vitamin A ready-
made from certain oils or fats in animal foods—butter-fat, for 
instance. 

T h e n the relation of vitamin A to vision is made by Ham-

bidge to symbolize the light brought by our new knowledge 

of nutrition. In a later chapter we shall consider other im-

portant functions which this vitamin also serves. 

Vitamin B has been differentiated into thiamin, riboflavin, 

niacin (nicotinic acid), pantothenic acid, and pyridoxine, all 

now structurally identified, while still other substances are 

sometimes regarded as belonging also to this group. Thiamin 

prevents and cures some of the most prevalent of the nerve 

diseases both of the Orient and of our Western World; and 

as it aids in the nutritional chemistry of all of our organs 

and tissues, it is proving helpful in a surprising diversity of 

ills. Niacin has been found dramatically potent in the cure of 

the conspicuous inflammation of the skin (and tongue) which 

gives the name to the disease pellagra which has been ex-

tremely prevalent in our Southern states. Few discoveries 

could be more striking than that of the potency of this inex-

pensive substance in the prevention and cure of such a scourge. 

Yet it remains to be said that when the typical pellagrin has 

been cured of his pellagra by means of niacin (nicotinic acid) 

alone, he needs something more to make him a fully healthy 

man. T h e previous diet of the poor pellagrin has usually con-

tained so little of foods other than grain products, fats, and 

sweets as to make his bodily condition that of a multiple nutri-

tional deficiency instead of a single or simple one. Clinical 

treatment with the pure vitamins, separately and in combina-

tion, shows that the typical pellagrin usually needs riboflavin 

almost as much as he needs niacin, and often needs thiamin 

also. Moreover, in only less degree, his "one-sided" food sup-

ply is likely to have involved other nutritional shortages as 
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well as these three. Good diet cures all of these deficiencies at 
once, and renders unnecessary the further investigation of the 
frequency in the pellagrous population of shortages other 
than those of niacin, riboflavin, and thiamin. 

Vitamin C prevents scurvy, but if we were perfectly sure of 
never meeting scurvy again, we still should desire to be well 
acquainted with vitamin C (ascorbic acid) because it serves 
the body's health and efficiency so importantly in so many 
ways. A separate chapter is given to this important factor in 
our nutrition. 

The vitamins D prevent rickets, recently the most prevalent 
disease of the temperate zone. These are fat-soluble substances 
to which we shall recur, following the fuller discussion of vi-
tamin A in a subsequent chapter. 

Just as the vitamins are not a naturally related group of 
substances, so also there is no scientific reason for arranging 
them in the order of the alphabetic designations which they 
owe to the largely accidental chronology of their discovery or 
recognition. In the following chapters, therefore, we shall take 
up the chief vitamins in such sequence and groupings as seem 
best suited to making an orderly presentation of the nutri-
tional significance of each, and of the more important inter-
relations among them. 



CHAPTER V 

SHORT STORY OF SCURVY AND VITAMIN C 
(ASCORBIC ACID) 

SCURVY, we are told, was originally a folk word which upon 
adoption into medical literature was formalized as scor-

butus. Hippocrates reported that soldiers had been known to 
suffer from a mysterious illness characterized by pains in the 
legs and gangrene of the gums, the latter sometimes going so 
far as to cause loss of teeth. It is supposed that this was scurvy 
and that the disease was not then known among Greek civil-
ians. 

Later, and farther north, scurvy was all too familiar. Yet 
if we try to trace its history back from the period in which it 
bulked largest in what there then was of European medical 
literature, the chief result is a renewed realization of how re-
cent modern medicine is, and how indifferently fatalistic was 
the attitude toward disease of our ancestors of four or five 
centuries ago. In southern Europe at that time scurvy was 
chiefly a memory associated with the afflictions of the Crusad-
ers. In northern Europe it was so much a matter of course in 
the long winter and early spring that a medical writer pro-
posed to consider all other diseases as modifications and out-
growths of scurvy. True, these winters often involved either 
cruel exposure to severe weather or extreme stagnation in 
congested and insanitary housing, yet even so it is hard for us 
to imagine such innocence of science as could fail to connect 
the annual prevalence of scorbutic ills more clearly and defi-
nitely with the deprivations of the winter diet. At least among 
our British ancestors, gardening was undeveloped and even 
the storage for winter of such fruits and vegetables as the 
summer season afforded was a neglected art. It is recorded that 
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when Catherine of Aragon, recently come to England as the 

bride of Henry the Eighth, wanted a salad it was found neces-

sary to dispatch the royal gardener to Holland to obtain the 

materialsl 

Quaint as this incident may sound, we are not so far re-

moved as we may be inclined to assume from shortages of the 

antiscorbutic vitamin. Only about fifty years ago, an intelli-

gent country doctor in northern Virginia, who ordinarily 

made his rounds on horseback, said that he himself, " l ike most 

people" in the community, was "generally more or less trou-

bled with rheumatism in the winter and spring." His custom 

was to ignore it until his joints became sufficiently sore to 

trouble him seriously in getting on his horse; then he sucked 

lemons until the soreness of his joints went away. W h a t he 

called "rheumatism" was almost certainly incipient scurvy; 

and it is probable that it was common before the general use 

of canned tomatoes in those parts of this country where fruits 

and vegetables were not abundantly stored for winter use. 

Historically it is unquestionable that as potato culture became 

prevalent in northern Europe, scurvy became less common, 

and that the last great epidemic of scurvy in Ireland was a 

sequel of the failure of the potato crop. 

Observation in Petrograd in 1917 of considerable numbers 

of patients with mild scurvy confirmed the belief that latent 

or subacute scurvy—due not to absence but to too low an in-

take of vitamin C — i s the true explanation of much of what 

has been vaguely called "rheumatism" by the common people 

of many country districts and more or less fatalistically ac-

cepted as an affliction to be expected in the late winter and 

early spring. A more adequate appreciation of fruits and vege-

tables as food and the more general availability of these foods 

throughout the year has done much to forestall this annual 

handicap; but still further progress in the same direction will 

undoubtedly be beneficial to health and efficiency. 

From the viewpoint of today it is clearly apparent that the 

handicap of scurvy delayed the spread of European civiliza-
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tion, particularly when exploration or colonization involved 

the food restrictions of long voyages or of wintering in north-

e m regions. T h u s Vasco da Gama in his voyage around the 

Cape of Good Hope lost more than half of his crew by death 

from scurvy. Jacques Cartier, obliged to winter in Canada in 

1535» lost a quarter of his men and found nearly all of the 

others more or less incapacitated by scurvy, until friendly 

natives taught them that decoctions of the leaves and twigs of 

certain trees would cure and prevent this then mysterious 

disease. 

T h e superior success of Captain Cook as an explorer was 

largely due to his practice of paying the same close attention 

to fresh fruits as to drinking water in the provisioning of his 

ships. Every visit to a new or promising shore had as the two 

fixed points of its program the bringing back to shipboard of 

supplies of fresh water and fresh fruit. 

A n instance of advanced intelligence, though handicapped 

by difficult climatic conditions, may be claimed for the early 

settlers of N e w England. T o meet the lack of fruit they tried 

wine and, as a substitute for this, a crude home brew of malted 

grain, not clarified as in the making of commercial beer. 

Grains that were sprouted to just the right degree and the un-

treated infusions of such malted grains were found to consti-

tute a practical preventive of scurvy, so that arrangements for 

the making and care of such primitive brew became a part of 

the plan of each party of colonists; Dr. John Nichols has de-

scribed how his readings of early colonial records reveal that 

John A l d e n of literary fame was originally recruited as ship's 

cooper to keep the beer barrels in repair. (Subsequently, more 

sophisticated and less intelligent consumers were taught to 

prefer a clear beer—and the clarification destroyed the vita-

min value.) 

According to recent medical writers, Captain Lancaster of 

the Dragon, one of four ships which sailed from England in 

1600 as the first expedition of the newly chartered East India 

Company, appears to have been the outstanding pioneer in 
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the conscious prevention of scurvy. He alone of the four cap-
tains who sailed simultaneously, had sought to forestall "the 
Plague of the Sea" by including lemon juice in his ship's 
stores and giving three spoonfuls to each man every day. His 
men remained healthy and, when they arrived at Table Bay, 
rowed to shore not only themselves but also the other three 
crews, not one of which could muster enough healthy men to 
row a small boat, so universally had they suffered from scurvy. 

A century and a half later, the British naval surgeon Lind, 
treating an outbreak of scurvy on board the Salisbury, gave his 
limited supply of oranges and lemons to certain men, while 
to other men he gave other treatments, all of which were ad-
vocated by different medical men of that time. This human 
experience thus partook of the nature of a controlled experi-
ment. The men who were given the oranges and lemons re-
covered promptly and completely from their scurvy, and those 
receiving cider improved, while the other men worsened al-
though given different acid substances which had been more 
or less advocated as possible antiscorbutics. 

About ninety years after Lind, the American physician 
Budd definitely advanced the idea of an antiscorbutic prop-
erty possessed by some foods to the clearer and more explicit 
concept of a definite substance, a chemical individual. Of this 
substance Budd wrote, "it is hardly too sanguine to state, [it] 
will be discovered by organic chemistry or the experiments of 
physiologists in a not far distant future." 

And again about ninety years later, by the use of the methods 
both of organic chemistry and of experimental physiology, 
Budd's prediction of the chemical identification of the anti-
scorbutic substance was fulfilled by C. G. King, then professor 
in the University of Pittsburgh, now scientific director of T h e 
Nutrition Foundation. 

Between the prediction of this discovery by Budd and its 
accomplishment by King, much was learned both from human 
experience and from controlled experimentation with labora-
tory animals. Scurvy was eradicated from the British merchant 
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marine (as it already had been from the British Navy) by the 
uniform issue of lemon juice to all sailors more than ten days 
at sea. It was through a confusion of the juices of lemons and 
limes that British sailors came to be called "limeys." On land 
also, fruits and vegetables came into more abundant use and 
were more generally preserved for year-round consumption. 

War continued, however, to take toll through scurvy. In 
the War between the States, and in the Franco-Prussian War, 
many people died of scurvy, where in peacetime it had been 
almost eradicated. During the siege of Port Arthur in the 
Russo-Japanese War "half of the garrison of 17,000 men" 
developed scurvy; and it was reported that 76,000 cases of 
scurvy occurrcd in the Russian Army during one year (1916) 
of the First World War. 

Recent surveys in this country, particularly but not exclu-
sively in Maine, indicate that incipient or subclinical scurvy 
has not been as completely eradicated as we had supposed, and 
make it certain that many of our people still have less than 
optimal intakes of vitamin C. 

When chemically identified vitamin C proved to be a sub-
stance related to the simple sugars, but having a certain pe-
culiarity of molecular structure which gives it its formal sci-
entific name (2, 3 dienol-l-gulonic acid lactone ')—a name too 
long for everyday use. Usually in naming a substance of known 
molecular structure either a name fully indicating the chem-
ical nature or a contraction of such a name is adopted. In the 
case of vitamin C, however, the history and motive of the 
research which disclosed its chemical nature had been so iden-
tified with the study of scurvy that the name ascorbic acid for 
the preventive substance was adopted as historically justified 
and as an aid to memory. It was, of course, a convenience to 
identify the substance through its common name with its then 
most prominent significance, but in future it may seem to have 

1 Those desiring to inspect the structural formulas of vitamins discussed in this 
book may find them in the current editions of textbooks of organic and bio-
logical chemistry or of the writer's Chemistry of Food and Nutrition. 
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been short-sighted. For when scurvy shall have become ancient 

history, this substance will still be important. With this in 

mind, and also to minimize monotony, we here make about 

equal use of the names vitamin C and ascorbic acid. 

Since the chemical identification of this substance has been 

promptly followed by its abundant production at moderate 

cost, experimental research has been greatly facilitated. It has 

been possible to arrange experiments of many kinds with 

the pure vitamin C as the sole variable, and thus to gain more 

certain knowledge than was previously possible regarding the 

physiological behavior of the substance in the body and the 

pathology which results from deprivation of it. 

Of the ascorbic acid which the food brings into the body, 

a part is destroyed (consumed) in the tissues and a part is ex-

creted in the urine. W h e n the intake is diminished the urinary 

excretion diminishes also, but not necessarily to the same 

extent, so that some small excretion is to be expected even if 

the intake were reduced to zero. Evidently whenever the com-

bined excretion from and destruction in the body exceeds the 

intake, the bodily reserve is being depleted. O n feeding the 

vitamin after such depletion, the intake is used first for the 

immediate needs of the tissue activities and then to replace 

that which had been depleted from bodily stores. Af ter this, 

if the intake affords a further surplus it will go to increase the 

urinary excretion. T h u s the larger the intake of the vitamin 

and the more nearly the body is saturated with it, the larger 

the percentage of intake which reappears in the urine. 

L. J. Harris and his coworkers at Cambridge, England, were 

very active in developing this method of experimentation, 

and in using it to determine the intake required to maintain 

a given degree of saturation or level of vitamin C concentra-

tion in the body, as judged by the 24-hour urinary excretion. 

Repeatedly they found that the onset of a common cold in-

terfered with the smooth outcome of such a "balance" experi-

ment by causing a decrease in urinary excretion, doubtless 

because of increased destruction of the vitamin in the body. 
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Other respiratory infections and conspicuously pulmonary 
tuberculosis have also been found to increase the rate of de-
struction of the vitamin and therefore the needed intake; as 
have also rheumatic fever, rheumatoid arthritis, and presum-
ably many other diseases. Moreover, not only diseases but also 
physical stresses and even muscular exertion have been ob-
served to decrease the urinary output. This is doubtless be-
cause the rate of destruction is increased and the amount 
needed by the body to meet its rate of wastage and to maintain 
its normal reserve of vitamin C is correspondingly increased. 

In the wording of the preceding paragraphs, as in the 
earlier experimental work of this general type, differences in 
the level of concentration of the vitamin in the body were 
largely inferred. Such inference has, however, been frequently 
verified and largely replaced by quantitative determination of 
vitamin C in the blood plasma, and sometimes also in whole 
blood, or in cerebrospinal fluid, or in special cases in one or 
more of the solid tissues. The term "saturation" is used in this 
connection to indicate the maximum concentration of the 
vitamin that can be maintained in the body or in a given tissue 
or fluid for a significant length of time. Saturation of blood 
plasma in this sense has been reported at about 1.5 mg. of 
ascorbic acid per 100 ml. (milliliters, cubic centimeters). 

We may now enquire a little more specifically as to how 
vitamin C functions in the body, and what happens when the 
food fails to furnish a sufficient amount. Here as with other 
nutritional essentials the physiology of the nutrient and the 
pathology of the deficiency state throw so much light upon 
each other that their study is interwoven. Furthermore, the 
clarification of both the physiology and the pathology de-
pended largely upon the availability of the pure substance for 
use in experimental research. 

While the chemical characteristics of vitamin C promise 
other developments from further research, its physiologically 
outstanding function thus far lies in its relation to the inter-
cellular "cement substance." In George Gray's excellent ex-
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position, the pathologists' use of the term cement and the 
microscopic appearance of a typical intercellular tissue are 
brought into analogy with the reinforced concrete of engineer-
ing construction. Th is analogy needs the very important qual-
ification that the anatomical cement substance is a plastic, 
flexible enough to be part of a working tissue yet firm enough 
to keep in their right positions all the individual cells of which 
a bodily organ is composed. 

Failure of adequate cement substance accounts both for 
the general weakness which is one of the characteristics of 
scurvy, and for the abnormal readiness with which the blood 
leaks through the walls of the blood vessels, thus causing the 
little blood spots (petechiae) which may appear in the skin of 
the scurvy patient, or of the blood-shot gums so often shown 
in the traditional medical descriptions of the disease, or the 
invisible but painful affliction of one or more joints (often 
miscalled "rheumatism"), or the hemorrhages into or through 
the walls of the alimentary tract causing disturbances of appe-
tite or digestion or both, and, in severe cases, bloody diarrhea. 
Moreover, a shortage of vitamin C and resulting failure or 
even chronic sluggishness of bodily ability to form intercel-
lular tissue and keep it in good firm condition may, as Wol-
bach of Harvard has especially emphasized, be the cause of 
profound changes in the gums and the structure of the teeth, 
of deformities of the bones or their lack of coordination 
through weakness of supporting cartilage, of degeneration of 
bone matrix with consequent losses of calcium, and likewise 
degeneration of muscles, of blood-forming tissues, and some-
times of sex organs. 

When we find from the modern pathology of vitamin C 
deficiency how this may result in a breakdown of almost what-
ever bodily organ or tissue is least strong in the individual 
person, and when we realize further that every such lesion in-
creases the probability of infection (or the seriousness of a low-
grade infection already present), we can feel some sympathy 
with that North European writer of some centuries ago who 
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proposed to consider all diseases as modifications or out-
growths of the scorbutic condition. 

Conversely, as Crandon and his coworkers in the Harvard 
Medical School have shown, a young adult human body with 
no weaknesses in any of its parts may endure deprivation of 
vitamin C for a relatively long time before scurvy lesions ap-
pear. One such young man lived on a diet practically devoid 
of vitamin C and thus reduced the amount in his blood plasma 
to zero in about two months; yet his body did not show visible 
signs of scurvy until the 134th day of the deficient diet, nor 
distinct petechiae with retarded healing of an experimental 
wound until the 161st day. Then pure vitamin C was fed; the 
petechiae disappeared, the wound healed, and there was a 
rapid recovery of strength, which had greatly declined during 
the five months on diet deficient in vitamin C. 

Here the disease experimentally induced by uncomplicated 
vitamin C deficiency was typical scurvy. That it required an 
unexpectedly long time to develop is probably explained by 
the fact that infections or other unfavorable influences have 
usually hurried the onset of scurvy in clinical cases. King and 
coworkers have definitely shown that extra vitamin C helps 
the body to resist some of the toxins of infectious diseases. 

In view of the many conditions that may increase the body's 
need for vitamin C, it is now believed best to keep ourselves 
saturated or nearly saturated with this important substance. 
The general view of investigators in this field is that each per-
son utilizes to advantage, even if in part as a sort of insurance, 
the amount of vitamin C which his body requires to keep itself 
at or near saturation. This amount is usually about 75 to 100 
milligrams a day for a healthy adult. (Table 3 shows amounts 
furnished by some typical foods.) The National Research 
Council's Recommended Daily Allowances may be found in 
full in the Appendix. 

The hitherto firmly held idea of a fixite of our internal en-
vironment evidently must be essentially revised when we find 
that our food habits affect our body content of even a sub-
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stance so soluble, so diffusible, and so readily destroyed as is 
vitamin C. 

While as yet there have been no published researches into 
effects of different levels of vitamin C intake upon the com-
plete life history, there seems no reason to doubt and much 
reason to believe that liberal levels of intake are permanently 
beneficial. In fact the benefit may be greatest at the more 
advanced ages which have only recently received systematic 
attention from investigators. The decline in vitamin C con-
tent of human tissues after the age of 45 which was such a 
striking feature in the findings of King and coworkers prob-
ably indicates an increased rate of destruction or wastage of 
this vitamin in older people and that they should have vitamin-
C-rich food at frequent intervals. 

The vitamin C content of foods is therefore from several 
viewpoints an important factor in nutritive value for people 
of all ages. Table 3 shows such data for approximately the 
same foods whose energy values and protein, calcium, and 
iron contents have been given in Tables 1 and 2. 

Comparison of Tables 1 to 3 shows at once how strikingly 
different may be the relative importance of one food among 
others, according to whether the foods are regarded as sources 
of energy, of one or another tissue-building material, or of 
vitamin C. 

Meats are not important sources of this vitamin in our or-
dinary food supplies, nor are eggs; nor is milk except when 
it constitutes a large part of the dietary. In Table 3, lean beef 
(which has been chosen to represent lean meats in general in 
these tables) is said to have a variable vitamin C content; for 
while it is always low as compared with most fruits and vege-
tables, it may be sufficient so that explorers, hunters, or soldiers 
can ward off scurvy for some time by eating liberal quantities 
of fresh meat. Impressed by this fact some explorers have 
thought that nutritionists must be mistaken, either in count-
ing vitamin C so important a need or in not counting meat 
a more prominent source. Here as in some other cases of 
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T A B L E 3 

VITAMIN C (ASCORBIC ACID) CONTENTS OF SOME 
T Y P I C A L FOODS 

Food Milligrams Milligrams Food per ioo g. per ounce 
Apples, medium varieties 7-0 0 2.0 
Bananas 7.6 2.15 
Beef, lean Variable, as explained in text 
Bread, white traces traces 

whole wheat traces traces 
Butter traces traces 
Cabbage, raw 35-a 10. 
Cantaloupe 29- 8. 
Carrots, raw 4.0 1.1 

Eggs traces traces 
Grapefruit 39- 11. 
Kale, raw 5 0 - 1 0 0 . 14.-28. 
Lettuce »3-5 3.8 
Milk 2.2 0.6 
Oatmeal, dry — — 

Oranges 54- 15-
Peas, dry — — 

fresh, green 22. 6.2 
Potatoes, raw 12.6 3.6 
Salmon, canned traces traces 
Strawberries 34- 9-6 
Tomatoes 23- 6.5 
Watermelon 6.6 >•9 

" Each figure stated to the presumably significant number of places. 

apparent ly conf l ic t ing views, each of the specialists is r ight 
in his own sphere. A n explorer or an army, lacking food of 
h igher ant iscorbut ic value, may be saved f rom scurvy by large 
use of meat eaten immediate ly upon ki l l ing and inc luding 
the organs as well as the muscles. B u t the publ ic addressed 
by the nutr i t ionis t does not have access to the same sort of 
m e a t supply, for the m e a t of the retail market has been an 
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unknown length of time in storage and even after delivery to 
the consumer will probably reach the table only after more 
delay and much more cooking than the fresh kill in a camp. So 
while frontiersmen and even an occasional army may depend 
upon its meat supply for its vitamin C, we usually do much 
better to look to the vegetable kingdom for our supply of 
this particular vitamin. 

Mature "resting" seeds contain little if any ascorbic acid, 
but some is formed when the seed germinates. T h e sprouting 
of seeds may therefore be utilized as an emergency means of 
obtaining an antiscorbutic food. T h e Chinese custom of using 
germinating beans or peas in some of their popular dishes 
has undoubtedly the nutritional merit of materially increas-
ing the vitamin C intake. Russian folklore also attributes anti-
scorbutic value to their slow, sour fermentation whole-grain 
bread; but whether this means a significant production of 
vitamin C in fermentation as in germination, or is only an 
association of the ideas of sourness and of antiscorbutic value 
is uncertain. 

We may be sure, however, of the antiscorbutic significance 
of the Russian habit, described by Tolstoy in War and Peace, 
of scouring the open country in the spring and devouring al-
most all kinds of sprouting vegetation. Similarly, wild onions 
are known to have saved American frontiersmen from scurvy 
in pioneering times. For practical purposes under our ordinary 
conditions we do not count on getting any vitamin C from 
mature seeds (represented in Table 3 by oatmeal and dry 
peas), and only such traces from bread as are attributable to 
the milk used in breadmaking. 

Our richest common sources of vitamin C are citrus fruits, 
tomatoes, raw cabbage, and greens of the cabbage group such 
as broccoli and kale. American farmers appreciate kale in the 
feeding of their cows and chickens; but American families 
have tended to neglect it in feeding themselves and their chil-
dren, although the "kailyard" is often in the domestic land-



5 6 SCURVY AND VITAMIN C 

scape of English and Scottish literature. It is reported that 
the Second World War has brought a marked revival of kale 
culture in Great Britain. 

Cantaloupes and strawberries are, at least when in season 
and eaten fresh, almost as rich in ascorbic acid as the foods 
mentioned in the preceding paragraph. Such foods as apples, 
bananas, and potatoes, while distinctly less rich, weight for 
weight, may yet be important sources of vitamin C because 
of the quantities in which they may readily be consumed. 
(Cooking losses are reported as varying widely in the case of 
potatoes.) 

Because of our new knowledge of the importance of vitamin 
C and because, by reason of its labile nature, much of it dis-
appears rather rapidly from the blood, we now believe it 
a good investment to include some significant source of this 
vitamin in every meal, and to provide fruit or fruit juice in-
stead of sweets if snacks are to be eaten between meals or at 
bedtime. T h e science of nutrition thus brings us the pleasure 
of knowing that such liberal consumption of fruit is not an 
extravagance but a sound investment. 

In conclusion, it may be said that, while scurvy as a scien-
tific problem has been solved, the story of vitamin C is un-
doubtedly to be continued through further research. Much 
remains to be learned as to the various ways in which this 
substance may function in the different chemical processes 
which go on in our bodies and as to how the life process as 
a whole is influenced by habitually higher or lower levels of 
vitamin C intake. While any attempt to foretell the outcome 
of a scientific research is "the most gratuitous form of error," 
it is also true that guiding hypotheses are helpful in stimulat-
ing research. Such an hypothesis suggests that liberality of 
intake of this vitamin may be a factor in what McCollum and 
Simmonds have attractively called the conservation of the 
characteristics of youth. 



CHAPTER VI 

T H E O U T S T A N D I N G V I T A M I N S O F T H E 
B G R O U P 

HEN America became responsible for the Philippines, 
the new officers who took over the administration of 

the large Bilibid prison at Manila were moved with pity to 
find that the prisoners subsisted largely upon rice and that the 
rice provided for them was of the lowest commercial grade. 
This they replaced by high-grade white rice. They also in-
troduced sanitary improvements and sought to make their 
administration in all respects humane. Yet a few months later 
they found themselves confronted with an epidemic of the 
Oriental disease beriberi. Since Pasteur, epidemic disease had 
come to be regarded as meaning (or involving) infection even 
if the infective agent were not yet known; so sanitary im-
provements were pressed still further. Yet the epidemic of 
beriberi continued. American army medical men, studying 
the literature of this baffling disease, found that there was 
also a nutritional hypothesis as to the cause and nature of 
beriberi. They then again changed the prison ration, reduc-
ing the predominance of rice and increasing the allowance of 
foods reported beneficial in the prevention and cure of this 
disease. Soon the number of cases of beriberi began to decrease 
and within four months the prison was freed from this year-
long epidemic. 

Army medical officers also found that the body of native 
troops known as "the Philippine Scouts" suffered much from 
beriberi, and that the disease could be eradicated by the ad-
dition of beans to the ration (if all the soldiers could be 

Thiamin (Vitamin B or BJ 
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persuaded to eat them) or by the use of brown undermilled, 

instead of white polished rice. 

By this time an American Army Medical Commission was 

systematically engaged in the investigation of beriberi and 

the other Oriental and tropical diseases of the Philippines; 

and European physicians in the East Indian services of their 

respective countries were similarly engaged. W h a t had previ-

ously been a neglected nutritional hypothesis now became 

the accepted theory of beriberi, and search for the substance 

having power to prevent and cure the disease was carried on 

actively at several different research centers. Beriberi was 

known chiefly as a nerve disease, its formal characterization 

being a multiple peripheral neuritis. Hence its nutritionally 

postulated preventive was called the antineuritic substance. 

As we saw in Chapter IV, the idea of such a substance was 

more or less implicit in the papers published by the Dutch 

physicians Eijkmann and Grijns about 1906. It was much 

more explicitly developed by the British investigators Frazier 

and Stanton, and by Vedder and Will iams of the American 

A r m y Medical Commission in the Philippines. Each of these 

research groups made good progress toward the isolation of 

the antineuritic substance and learned many of its chemical, 

physical, and physiological properties. Funk, a Polish chemist 

working in the laboratories of the Lister Institute of London, 

extended the isolation experiments just mentioned; and when 

he had separated what he thought to be a sufficiently pure 

preparation of the antineuritic substance, he coined for it, 

as we have noted, the name vitamine, amine being the chemical 

name for the group of substances to which this was thought 

to belong. T h u s the name was introduced (near the end of 

1911) after the concept was already sufficiently developed to 

be the guiding principle of several laboratory, clinical, and 

field researches. 

In one of these field researches, 300 laborers engaged on 

construction work were encamped in a virgin jungle, under 

exactly the same housing and other conditions except that 
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one half of them received unpolished brown rice and the other 
half polished white rice. Beriberi developed in a large propor-
tion of those on white rice and in none of those subsisting 
upon rice which had not been thus impoverished by milling. 

Simple extracts of the rice polishings (the germ and outer 
layers of the grain) were found to have preventive and curative 
value against beriberi. Dr. R. R. Williams, an American chem-
ist then on the staff of the Philippine Bureau of Science, had 
joined in the researches initiated by the Army Medical Com-
mission following the experiences at Bilibid prison and with 
the Philippine Scouts. In the civilian population, beriberi 
appeared frequently among lactating mothers and often af-
fected their babies as well. In cases which had not become too 
severe, rice-polish extract given to the mother cured both 
her and her nursing child. Williams was thus able to demon-
strate directly with human subjects the progress of his re-
searches upon the laboratory extraction and approach toward 
isolation of the antineuritic substance, also called antiberiberi 
vitamine or vitamin B. 

In the hope of better facilities for the laboratory isolation 
and chemical identification of this vitamin, Williams trans-
ferred from the Bureau of Science at Manila to the Federal 
Bureau of Chemistry at Washington, where the present writer 
was privileged to talk with him about his work in 1916. T h e n 
the First World War claimed his services for researches of 
more immediately military significance; these led to responsi-
bilities in an industrial research laboratory which have con-
tinued to claim him ever since. In his spare time, however, he 
continued his investigation of the chemical nature of this 
vitamin. His original discoveries made possible the isolation 
of the pure substance from natural sources in quantities suf-
ficient for effective studies of its molecular constitution, which 
was finally established in 1936. Very soon after this the syn-
thesis of the substance also was accomplished and industrial 
manufacture of the pure vitamin at moderate cost was made 
possible. 
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In several phases of his research, Williams enjoyed, as he 
has repeatedly explained in generous terms, the partnership 
of able coworkers. Other investigators were independently 
active in the study of the same substance at the same time, 
but science is especially indebted to Williams and has shown 
recognition in many ways, including the award of the Gibbs 
Medal of the American Chemical Society and the Chandler 
Medal of Columbia University. 

With the chemical identification of the substance, it re-
ceived, of course, a systematic chemical name indicative of its 
full molecular structure; but this formal name is far too 
long for use as an everyday designation, so the name thiamin 1 

or thiamine was devised to suggest as much of the chemical 
nature as can be told by a single word of moderate length. T h e 
pure substance is ordinarily handled as the salt which it forms 
with hydrochloric acid, so this crystalline material is called 
thiamine chloride or thiamine hydrochloride. There is no 
serious scientific or practical objection to the common practice 
of using the single word thiamin or thiamine to designate 
both the substance itself in whatever form it may occur in 
foods and the salt which constitutes the crystalline synthetic 
substance of commerce. 

Brief mention has already been made of the fact that the 
existence of the substance we now call thiamine was discovered 
in two quite distinct ways: through laboratory research in 
normal nutrition, and through clinical and field studies of 
the nerve disease beriberi. 

Combining the findings of both types of investigation we 
may now summarize the outstanding relations of the substance 
to nutrition and health. 

It is essential to the growth of the young, and to the mainte-
nance of normal appetite at all ages. T h e latter function is 
something more than merely making the food appetizing: it 

i There are reasons both pro and con the final e of thiamine versus thiamin. 
T h e reader should be accustomed (and undisturbed) to meet this word in both 
these forms—also as thiamine hydrochloride. 
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is an effect of the vitamin upon appetite as a physiological 
function. When experimental animals are supplied ad libitum 
with a food mixture good in other respects but lacking thia-
mine, after a while appetite fails. If they then are fed thiamine 
even quite separately, its effect is such that they return with 
appetite to the same food which they had refused. Along with 
the loss of appetite there is often a loss of gastrointestinal 
tone and a general weakening of the body. All these pathologi-
cal effects of a lack of thiamine may be more or less definitely 
referable to the effect of this specific kind of starvation upon 
the process through which the body utilizes the greater part 
of its food-fuel, namely the sequence of chemical changes 
through which these fuel foodstuffs, more especially the carbo-
hydrates, are made ready for the oxidation involved in the 
energy aspect of nutrition. In general, every active cell in the 
body is its own energy transformer. Hence, whatever organ or 
type of tissue is least resistant may feel the depression involved 
in any such handicapping of the normal energy relationships, 
and conversely if already so depressed (whatever the cause) 
may show benefit from an increased thiamin intake. So thia-
mine has been found helpful in the treatment of a varied 
list of ills. And so, too, it is thought that the failures of ap-
petite, of gastrointestinal stamina, and of general bodily tone 
may be results of the handicapping of an essential step in the 
fundamental chemistry of the body's nutritional process. 

From this concept it is, of course, a simple and logical step 
to the question whether less drastic shortages of thiamine, 
such as might never develop the full-blown symptoms of beri-
beri, may not be responsible for less clear-cut but perhaps 
much more prevalent ills. 

Especially influential in this connection are the findings of 
Drs. R. M. Wilder, R. D. Williams, and their coworkers. 
Under their medical guidance and observation, about a dozen 
young women volunteered as subjects in studies of the effects 
of long-continued, low-thiamine diets. In addition to the 
analytically determined effect of the shortage of thiamine 
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upon the bodily chemistry, these women showed, as the re-
sults of a long-continued slight-to-moderate shortage of thia-
mine, such changes of behavior as would justify a diagnosis 
of neurasthenia "and other objective evidence of psychic dis-
turbances involving mental depression, irritability, and loss 
of efficiency." This is strong evidence from an eminent medical 
source that a higher intake of thiamine might mean a lower 
proportion of neurasthenics among our American people. 
Coming at the time in our national history that it did, its 
colloquial interpretation was to dub thiamine "the morale 
vitamin." This, of course, is an oversimplification. T h e un-
doubtedly important function of nutritional well-being and 
the resulting positive or buoyant health in promoting morale 
depends upon appropriately liberal intakes of several nutri-
tional factors rather than of any one alone. Yet it is possible 
that thiamine may have a somewhat outstanding influence 
upon the stability of the nervous system, as it seems to have 
upon the stabilization of appetite. 

T h e work of Wilder, Williams, and others led them to the 
conclusion that the amount of thiamine needed for optimal 
nutrition is not less than 0.5 milligram nor more than 1.0 
milligram per 1,000 Calories obtained from a diet of ordinary 
composition. This, it will be noted, is the opinion of expert 
physicians as to the level of intake that can be expected to 
yield the very best results. It is considerably above the level 
which statistical evidence indicates as necessary for the pre-
vention of beriberi. 

Table 4 shows approximate thiamine contents of about 
the same foods used as illustrations in previous tables. 

Beginning in 1940, Dr. Wilder, Dr. Williams, and others 
have consistently and effectively urged that white bread should 
be enriched with thiamine to offset, at least in part, the im-
poverishment of the American dietary which had occurred 
during the past two generations, largely through the use of 
highly refined flour in breadmaking. While Wilder and Wil-
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TABLE 4 

T H I A M I N E CONTENTS OF SOME TYPICAL FOODS 
(EDIBLE PORTION) 

Food Milligrams Milligrams Food 
per 100 g. 0 per ounce 0 

Apples 0 . 0 3 8 O . O l l 

Bananas 0 . 0 7 5 0 . 0 2 1 

Beef, lean 0 . 1 6 0 O.O45 

Bread, white, not enriched 0 . 0 7 " 0 . 0 2 6 

white, enriched 0 . 2 5 " 0 . 0 7 * 

whole wheat o-35" O.IO 6 

Butter trace trace 
Cabbage 0 . 1 0 5 0 . 0 3 0 

Cantaloupe 0 . 0 5 8 0 . 0 1 6 

Carrots 0 . 1 0 0 0 . 0 2 8 

Eggs 0 . 1 5 0 0 . 0 4 2 

Grapefruit 0 . 0 7 5 0 . 0 2 1 

Kale 0 . 2 0 5 0 . 0 5 8 

Lettuce 0 . 0 8 8 0 . 0 2 5 

Milk 0 0 5 3 0 . 0 1 5 

Oatmeal, dry °-55 0 . 1 5 6 

Oranges 0 . 1 1 0 0 . 0 3 1 

Peas, dry 0 . 4 6 0 . 1 3 

fresh, green 0 . 3 8 0 . 1 0 8 

Potatoes 0 . 1 3 0 0 . 0 3 6 

Tomatoes 0 . 0 9 3 0 . 0 2 6 

Walnuts 0 . 4 5 0 . 1 2 7 

<> Each figure is stated to the presumably significant number of places. 
6 These data are from the Journal of the American Medical Association, April 
4. «942-

liams originally spoke in terms of "restoration" of the thiamine 
content of flour to that of wheat, governmental administrative 
officers have preferred to think in terms of making the white 
bread "carry its share" of the thiamine that is needed in human 
nutrition. T h e standards set for "enriched" 2 flour and bread 

2 This name was decided upon by the Federal Food and Drug Administra-
tion. 
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by the Federal Food and Drug Administration are such as 
to bring the thiamine content to about the lower margin of 
the range of whole wheat. 

Bread plays such a large part in the dietaries of the low-
income population that, using food-consumption data of 1935— 
39 as a baseline, Williams estimated that if all white bread 
were enriched, this would increase the thiamine intake of 
the people of the United States by more than 60 percent. 
By 1942 the greater part was enriched and the nutritional 
status of our people thereby materially improved as regards 
thiamine. A t the same time fuller employment with improved 
purchasing power has permitted increased use of foods which 
tend to give the diet better all-round mineral content and 
vitamin values, thus further raising the intake of thiamine 
along with other important nutrients. Hence it should no 
longer be regarded as unduly difficult to furnish thiamine 
in liberal amounts through the everyday dietaries of the peo-
ple generally. 

As an example which could be varied at pleasure: if one's 
breakfast includes 8 ounces of orange (or juice), 1 ounce (dry 
weight) of oatmeal or shredded wheat, and 1 glass (8 ounces) 
of milk; luncheon, 1 egg (2 ounces), 4 ounces of potato, 7 
ounces of lettuce-tomato salad, 2 ounces of bread, a glass of 
milk, and 4 ounces of banana or grapefruit; dinner, 2 ounces 
of lean meat, 3 ounces of green peas, 4 ounces of carrots or 
potato, 3 ounces of cabbage or tomato, 2 ounces of bread, and 
a glass of milk; and at such times as one chooses an ounce of 
walnuts (or peanuts or peanut butter)—even if only half of the 
bread is whole wheat and even if the white half of the bread 
were not enriched, one would still receive from these foods 
about 2 milligrams of thiamine, while enrichment of the white 
bread would add about 5 percent to the thiamine intake. If, 
on the other hand, 6 ounces of bread were eaten daily, and all 
of it white, its enrichment would increase the day's thiamine 
intake by an amount equivalent to about 15 percent of that 
contained in a day's food such as just suggested. 
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The Pellagra Problem in the United States and Niacin 
(Nicotinic Acid) as a Factor in Its Solution 

Among the afflictions of southern Europe in the period of 
great poverty following the Napoleonic wars was a disease 
characterized by rough red skin from which it took the name 
pellagra. 

About 1907 this disease was first reported as occurring in 
our South, especially in the villages and towns which had 
grown up rapidly, with little planning or provision for sanita-
tion, around the textile mills then recently moved into the 
region largely because of the cheap labor supply. Here many 
families, always accustomed to low money income but previ-
ously living on independent subsistence farms, had become 
wage earners. As such they handled more money than they had 
before; but not enough to enable them to meet their increased 
cost of living and to provide good family dietaries, now that 
they were obliged to buy all the food they consumed. It was a 
rude awakening from the American dream of a New World af-
fording good lives for all its people to realize the growing preva-
lence here of a disease previously identified with the destitu-
tion of a war-impoverished Old World. 

Many of the mill towns reporting pellagra epidemics lacked 
adequate sanitation. Also, the victims of the disease were found 
chiefly in families recently removed from living on the land 
and unaccustomed to congestion in their housing. 

Epidemiological studies of pellagra around 1910 led to two 
theories: one, that it was due to infection through some un-
known organism; the other that it was a nutritional deficiency 
disease. The latter theory was supported by a striking experi-
ment performed with human subjects by Dr. Joseph Gold-
berger of the United States Public Health Service. 

The Governor of a Southern state decided to use his pardon-
ing power for the promotion of the public health. He offered 
pardons to a dozen convicts (selected, of course, with due 
reference to both moral and physical qualifications) who vol-
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unteered to live for a year, if they remained in good health, 
upon what Goldberger believed to be a pellagra-producing 
diet. One of the convicts after living on this experimental 
diet for a time decided to return to the regular prison-farm 
fare. T h e others continued and well within a year several of 
them developed pellagra symptoms; all were pardoned and 
immediately departed, not waiting to be cured, as no one con-
cerned in the experiment doubted that they would promptly 
recover on a good diet. 

For convenience in remembering the chief features of the 
typical clinical picture, pellagra has sometimes been called 
the disease of the three D's: dermatitis, diarrhea, and depres-
sion. It used also to be said that any two of these three signs 
would justify a diagnosis of pellagra. If the dermatitis were 
lacking, it was pellagra sine pellagra. Sore mouth was frequent; 
and the disease known as blacktongue in dogs was the nearest 
analogue of pellagra to be experimentally producible and 
controllable under laboratory conditions. Late in 1937 it was 
discovered by Elvehjem of the University of Wisconsin that 
blacktongue could be cured by the substance long known 
to chemistry by the inappropriate name of nicotinic acid. At 
once this was tried upon pellagrins by at least four groups of 
medical research workers, and with highly gratifying results. 
So striking was the improvement of typical pellagra patients 
under nicotinic acid (niacin) treatment that pellagra soon 
came to be considered and sometimes formally defined as the 
niacin deficiency disease (aniacinosis). 

T h e situation of most pellagrins, however, is not so simple. 
While niacin often cures in dramatic fashion the symptoms 
of pellagra, yet it does not usually restore the typical pellagra 
patient to full health. Often he also needs thiamin or ribo-
flavin or both. Medical opinion is now well agreed that the 
poor pellagrin as actually met in practice is usually suffering 
from deficiency of more than one vitamin. Moreover, there 
are still two ways of expressing this view. If pellagra is defined 
as niacin deficiency, then the cases met in practice are rarely 
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simple pellagra; while if pellagra means the condition of the 
typical pellagrin as actually met, then niacin is the most 
prominent factor in, but not a complete solution of, the pel-
lagra problem. From this viewpoint blacktongue is not as 
closely parallel to pellagra as has hitherto appeared to be the 
case. Partly for these reasons and partly because analytical 
determinations of niacin in foods are not uniformly satisfactory 
or trustworthy, no table is here offered of either nicotinic acid 
contents or blacktongue-preventing values of foods. 

It is more to the point of our present purpose to record the 
finding, from direct human experience, that pellagra can be 
prevented by a daily allowance per person of: a quart of milk 
or buttermilk; a pint of evaporated milk; one third to one 
half pound of lean meat or canned salmon; one pound of green 
peas, or kale, or fresh or canned collards or turnip greens; or 
half each of any two of these items; or the equivalent distrib-
uted as desired. 

Doubtless the chief explanation is that these pellagra-pre-
ventive foods are good sources both of niacin and of riboflavin, 
and at least fair sources of thiamine as well, so that they make 
good the supplies of all three of these vitamins. 

Riboflavin (Vitamin B2 or G) 

One reason for the chemists' lateness in discovering vitamins 
is that they occur in such small amounts as to have been missed 
in even very painstaking food analyses. Riboflavin, however, 
was a partial exception. In 1879, Blyth in reporting the results 
of his research analysis of milk, noted the presence of a very 
small amount of a water-soluble greenish-yellow coloring mat-
ter which he called lactochrome. Its color had resulted in 
its detection, and later when it was found to belong to the 
chemical group of natural colors known as flavins, its name 
was changed to lactoflavin. 

During a decade, 1926-36, by a process of typically gradual 
discovery to which several laboratories contributed independ-
ently, it was found that this substance performs a part of 
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the nutritional functions which had been attributed to vita-
min B. In other words, the original concept of vitamin B was 
differentiated, first into vitamin Bi (now called thiamine) and 
vitamin B2 . Then the latter was further differentiated into a 
number of "vitamins of the B2 group," one of which was this 
substance, lactoflavin. Examination of other foods revealed 
the presence of either the same or closely analogous substances 
which tentatively were designated as flavins, with prefixes to 
indicate the natural source from which the material was ob-
tained in each case. The new knowledge of their nutritional 
significance greatly stimulated research upon the physical isola-
tion and complete chemical identification of these substances, 
and different groups of investigators then soon reached the 
conclusion that lactoflavin from milk, ovoflavin from egg-
white, hepatoflavin from liver, and presumably the nutrition-
ally active flavins of other foods, are the same substance, which 
is now also made synthetically. With its molecular structure 
thus established, the full chemical name indicative of this 
structure was duly assigned but was much too cumbersome 
for daily use, so the name riboflavin was coined as indicating 
as much about the chemical nature of this substance as could 
be explained in one word of moderate length. The riboflavin 
contents of some typical foods are shown in Table 5. 

In examining Table 5 as to riboflavin contents of typical 
foods, it is important (as already noted in connection with 
analogous tables) to keep in mind the differences of condition 
of different foods as to moistness or dryness. The widely dif-
ferent amounts and proportions in which different staple 
foods may reasonably be expected to enter into the normal 
dietary is also important. Thus while the riboflavin content 
of milk does not appear strikingly high in the table (milk being 
about seven eighths water), yet in ordinary normal dietaries, 
milk furnishes 35 to 60 percent of the total riboflavin of the 
food consumed. 

Foods which experience and human experimentation had 
shown to have high pellagra-preventing value may be seen 
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TABLE 5 

RIBOFLAVIN CONTENTS OF SOME TYPICAL FOODS 

(EDIBLE PORTION) 

Food 
Milligrams Milligrams 

Food per 100 g.o per ounce » 
Apples 0.02 0.006 

Bananas 0.05 0.014 

Beef, lean O.233 0.066 

Bread Status not yet determined 

Butter trace trace 

Cabbage 0.051 0.014 

Carrots 0.056 0.016 

Cheese, Cheddar type 0.527 0.149 

£ g g s 0-371 0.105 

Kale 0.50 0.14 

Lettuce 0.06 0.017 

Milk 0.207 0.059 

Oatmeal, dry 0.123 0.035 

Oranges 0.036 0.010 

Peas, dried 0.225 0.064 

fresh, green 0.187 0.053 

Potatoes 0.038 0.011 

Sweetpotatoes6 0.086 0.024 

Tomatoes 0.044 0.012 

Turnips 0.060 0.017 

<• Each figure is given to its presumably significant number of decimal places. 
& Sweetpotato, as one word, is used by scientists to indicate the botanical dif-
ferentiation from potato. 

from Table 5 to be relatively rich in riboflavin. T h e "trouble" 
of the typical pellagrin as actually met is usually a multiple 
deficiency in which both niacin and riboflavin are important 
factors. If from now on the word pellagra is to be limited 
by definition to such part of the "clinical picture" as relates 
only to the niacin deficiency, then for the part attributable 
to riboflavin deficiency we have the old name, pellagra sine 
pellagra, and the new name ariboflavinosis. 

It might also be said that if niacin is the outstanding factor 
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in the disease problem of pellagra, riboflavin holds an equally 
outstanding position in the problem of the relations of nutri-
tion to general resistance and to the constructive advancement 
of the norms and standards of human health. The American 
Medical Association, in extending official recognition to ribo-
flavin, characterized it as essential to tissue resistance. Bessey 
and coworkers at the Harvard Medical School showed that the 
ability of the body to resist certain types of disease is very 
importantly influenced by the level of riboflavin intake. Un-
doubtedly too this also influences typical life histories in which 
specific diseases do not appear, higher levels of riboflavin in 
the habitual daily food tending to higher health and longer 
life, as will appear more fully in some of the subsequent chap-
ters. 

In a recent tentative survey at Columbia University with the 
aid of a grant from the Williams-Waterman research fund 
and other collaboration of Dr. R. R. Williams, we have esti-
mated that of the total riboflavin of the American dietary of 
recent years 44 percent came from milk and cheese, 19 percent 
from meats including fish and poultry, 6 percent from eggs, 
15 percent from breadstuffs and other cereals, and 16 percent 
from fruits and vegetables. It appears also from this prelimi-
nary survey that the per capita consumption of riboflavin lies 
within the zone between the level of minimum requirement 
and that needed for best nutrition, and still would lie in that 
zone if "the enrichment program" should result in doubling 
the amount furnished by breadstuffs. 

These facts taken in conjunction with the additional experi-
mental evidence of the relation of riboflavin to health, to be 
cited in later chapters, give this vitamin a place of high im-
portance in the nutritional opportunities and responsibilities 
of the present and the future. 



CHAPTER VII 

F A T - S O L U B L E V I T A M I N S A A N D D 

Vitamin A and Its Far-reaching Relations to Health 

TH E existence of the substance which came to be called 

vitamin A was discovered in 1913 through experiments 

made independently by McCollum and Davis at Madison and 

by Osborne and Mendel at New Haven, in which it was found 

that young experimental animals on diets good in other re-

spects would grow and develop or would stop growing, sicken, 

and die, according to the fat chosen for the dietary. T h i s was 

found to be because some food fats do, and others do not, 

contain dissolved in them significant amounts of a nutrition-

ally essential fat-soluble substance. 

T h e existence of this substance having thus been discovered 

through growth experiments, the essential relation of vitamin 

A to the growth and development of the young was outstand-

ingly emphasized in all of the earlier literature. However, it 

is now known that vitamin A is essential at all ages. T h e fact 

that the young are growing makes them sensitive reagents for 

experiments demonstrating that the substance is essential; 

but by properly arranged long-time experiments, it has more 

recently been shown that the elderly need much more vitamin 

A than was first supposed. 

In one of its functions, vitamin A is concerned in vision: 

it takes an essential part in the chemical reactions upon which 

visual perception and the regeneration of the substances active 

in the visual process depend. Hence, one effect of a shortage 

of vitamin A is a diminution of ability to see in a dim light 

or to adapt to changes of intensity of light. T h i s condition, 

long popularly known as night blindness, has recently come 

into prominence as a factor in the frequency of automobile 
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accidents. A n interesting instance of its industrial significance 
was observed in the fact that workmen receiving more vitamin 
A were more efficient in matching the whiteness of tiles. 

In a second, more generalized, function, vitamin A is es-
sential to the maintenance of the integrity and resistance of 
mucous membranes. Even in their early experiments, Osborne 
and Mendel observed that rats on diets deficient in the fat-
soluble vitamin became subject to an eye disease which has 
been variously called an ophthalmia, or xerophthalmia, or 
conjunctivitis. A little later, the more detailed pathological 
investigations, especially of Wolbach of the Harvard Depart-
ment of Pathology, indicated that the underlying cause of 
the conjunctival eye trouble and also of the increased incidence 
of respiratory disease is a microscopic breakdown of the cells 
of the mucous membrane and their displacement by a different 
form of tissue. More recently Kruse (1941) has studied in detail 
the phenomenon which, at least in certain stages of its de-
velopment, has been known as Bitot spots—a roughness of 
the mucous membranes particularly around the angles of the 
eyes. By the use of a method of improved delicacy, he finds 
a very high incidence of this condition which, inasmuch as it 
is curable by vitamin A, he interprets as being a delicate 
criterion of slight degrees of vitamin A deficiency. Abnormal 
conditions of the skin also develop under conditions of short-
age of vitamin A intake. 

Whether the first sign of a vitamin A deficiency in the human 
body will be a diminished efficiency of adaptation of vision 
to a changed intensity of light (dysadaptation, night blindness, 
hemeralopia), or changes in epithelial cells of mucous mem-
branes such as may lead to replacement of a different type of 
tissue or to the development of Bitot spots, or whether a less 
specific decline of condition in the skin will first appear, may 
depend in part upon individual differences in the persons 
affected and in part upon the acuity and interpretation of the 
observer. For any one of the three indications may seem more 
delicate or more dependable to one investigator than to an-
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other. Also it is readily conceivable that when all the signs 
are equally understood, one may be found more delicate for 
the detection of a chronic slight shortage, while another may 
permit of earlier detection when the shortage of vitamin A 
intake is more drastic in degree. 

The physical and chemical properties of vitamin A are such 
that the body when receiving more than enough for its cur-
rent needs can store a good proportion of the surplus, so that 
at a given time one individual may be carrying a sufficient 
bodily reserve of vitamin A to last him a relatively long time, 
while another person may have almost no such reserve, de-
pending upon their respective backgrounds of food habit. 
The readiness with which the bodily stores of vitamin A (most 
of which is held in the liver) will be mobilized into the blood 
and distributed to all the tissues to meet a condition of lowered 
nutritional intake may also vary with circumstances, or from 
one individual to another. Thus the vitamin A content of the 
blood depends in part upon the amount currently received 
in the food and in part upon the bodily reserve stores. Meas-
urements of visual adaptation have not always been found to 
run parallel either with the dietary history or with determina-
tions of the vitamin A content of the blood. 

At present, therefore, we know relatively little about the 
extent of the differences between individuals as to the amounts 
of vitamin A they need. Nor has there yet been time for the 
development of a full consensus of expert opinion as to the 
frequency of the bodily condition of vitamin A deficiency, 
or how best to diagnose it. Yet, viewed as a whole, the evidence 
now available makes it sufficiently clear that liberal intakes 
of vitamin A are important at all ages. 

The Table of Recommended Daily Allowances, published 
early in 1941 by the Committee on Food and Nutrition of the 
National Research Council, and frequently called "the new 
yardstick of good nutrition," provides 1,500 International 
Units of vitamin A for children under one year of age; 2,000 
from four to six; 3,500 from seven to nine; 4,500 from ten to 
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twelve; and 5,000-6,000 for all people over twelve, with an 
increase to 8,000 for women during lactation. The trend of 
both clinical and laboratory research since the time that these 
allowances were proposed has strengthened the view that they 
are none too liberal. If they were now to be challenged at all 
it would probably be for their apparent implication that (ex-
cept for nursing mothers) the individual's maximal vitamin A 
requirement has been reached at the age of twelve. This im-
plication, however, may be construed as meaning not that 
children in their early teens necessarily need as much vitamin 
A as their elders, but rather that, with their good appetites 
and assimilative powers, theirs is a good age at which to es-
tablish food habits ensuring a liberal vitamin A intake. Also, 
liberal intakes early in life tend to a desirable sort of "in-
surance" in the form of bodily reserves of vitamin A, built 
up early and maintained throughout life. 

For we now have good scientific reason to expect a higher 
level of positive health and a lessened loss of time through 
disease, when we live on liberal rather than minimal nutri-
tional levels of vitamin A. T h e evidence of a distinct lowering 
of the death rates of the latter half of the life cycle is being 
investigated further. 

T h e evidence that the incidence or severity of infectious 
disease or the duration of a minor infection such as the com-
mon cold may be influenced by the amount of vitamin A 
furnished by one's food has been considerably debated. Many 
physicians have felt it a matter of professional duty or ethics 
to use their influence in offsetting what they regarded as exag-
gerated hopes in this direction. Thus there has been a period 
in which medical literature has been especially skeptical 
toward the human importance of vitamin A and its bearings 
upon infection. Yet more recently this skepticism has been 
largely replaced by acceptance of the steadily growing weight 
of experimental evidence. T h e Journal of the American Medi-
cal Association has suggested that in the light of Wolbach's 
research, vitamin A must be accorded an important place in 
the maintenance of the integrity of the body's "first line of 
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defense"—the normal epithelium of the mucous membranes. 
Certainly, too, vitamin A has some deeper influence as well, 
for in researches both by Lassen in Copenhagen and by Boyn-
ton and Bradford in the University of Rochester Medical 
School it was found that vitamin A in some way helped the 
body to cope with experimental infections even when these 
were administered by subcutaneous or intravenous injection. 
Similarly convincing were the experimental inoculations made 
by McClung and Winters at the University of Texas. Con-
ciseness forbids multiplication of instances. 

The case of the common cold with its related minor respira-
tory infections is of general interest to all. Here the reported 
findings are not uniform. Sometimes no clear-cut results have 
been found. In other investigations there has appeared to be 
an unquestionably lower incidence of such infections as the 
common cold among people receiving extra vitamin A than 
in control groups. In still another study no clear difference 
of incidence appeared, but the people having higher intakes 
of vitamin A recovered more quickly from infections of a 
given severity. The evidence as a whole therefore leaves us 
with the impression that vitamin A is by no means a sure 
preventive of colds or respiratory infections, but that liberal 
intake of this vitamin probably has value in reducing some-
times the incidence, sometimes the severity, or sometimes the 
duration of these infectious diseases. 

It may be difficult to discriminate between adding a surplus 
and meeting an unrecognized deficiency. If the delicate diag-
noses of Kruse (1941) are accepted as specific of shortage of 
vitamin A, then deficiencies are more frequent, and presuma-
bly requirements are higher, than had been supposed. In 
the simultaneous work of Yarbrough and Dann (1941), the 
level of vitamin A in the blood appeared to be the most 
promising single criterion. At the same time Leong (1941) 
found that while in general the vitamin A content of the blood 
tends to be proportional to the vitamin A value of the intake, 
a low level in the blood cannot be considered as conclusive 
evidence of depletion of the bodily reserves. 
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In the April, 1942, Journal of Nutrition, Lewis, Bodansky, 
Falk, and McGuire report the results of a very interesting 
experimental investigation of the relation of the level of nutri-
tional intake of vitamin A to growth and to the concentration 
of this vitamin in the blood plasma, the liver, and the retina. 
Starting with rats three to four weeks of age (which may be 
considered as "end of infancy"), they found that feedings of 
two International Units of vitamin A per young rat per day 
prevented gross and histological evidences of vitamin A de-
ficiency, and most of these animals had maximal vitamin A 
concentrations in the retina. The investigators therefore con-
cluded that this intake may be regarded as fully adequate for 
immediate requirements; but they found it insufficient to 
support any appreciable vitamin A reserve in the liver or as 
high a level in the blood plasma or as high a growth rate 
as did more liberal levels of feeding. As judged by gain in 
weight, the optimal intake of vitamin A was between 5 and 
12 times the minimum requirement as above defined, and 
only when the intake was again doubled was the plasma vita-
min A maintained at the apparently optimal level of 100 units 
per 100 ml. 

In this same series of experiments these investigators found 
that an intake (per young rat per day) of 25 units supported 
only a negligible reserve in the liver; 50 units, a reserve of 
34 units per gram of liver; while an intake of 100 units re-
sulted in an average liver reserve of 1 1 3 units per gram, which 
enabled the animals to maintain good health during a subse-
quent period of deprivation of vitamin A for 20 weeks (about 
one seventh of the natural life cycle). 

In the Columbia Department of Chemistry, researches 
upon the influence of different degrees of liberality in the 
vitamin A value of the food have been carried on for several 
years. The early experiments of Dr. F. L. MacLeod demon-
strated clearly that liberal intake of vitamin A is important 
for adults as well as for growing children. Those of Dr. E. L. 
Batchelder showed successive improvements, in the life his-
tories of experimental animal families through two genera-
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tions, by means of stepwise enrichments of the diet in vitamin 
A up to about four times the level of minimal adequacy. In 
those of Dr. H. L. Campbell and her coworkers, it has been 
found that food supplies of higher vitamin A value lower the 
death rates among adults even more markedly than among 
the young. Noteworthy also is evidence that, in the young, 
the body can store vitamin A upon a diet of a given composi-
tion and that later in life a diet of the same composition proves 
insufficient to meet the current rate of expenditure, so that 
the older individual shows diminution of bodily store of 
vitamin A. 

Table 6 shows the vitamin A values of several types of foods. 

TABLE 6 

VITAMIN A VALUES OF SOME TYPICAL FOODS 
(EDIBLE PORTION) 

International International 
Food Units per Units per 

100 g. ounce 
Apples 70 20 
Bananas S50 70 
Beef, lean SO 8 
Bread traces traces 
Butter 5,000 1,400 
Carrots 3,000 850 
Cheese, Cheddar type 2,000 57° 
Eggs 1,500 425 
Egg yolk 4,000 1 , 1 3 0 
Greens (kale, spinach, etc.) 20,000 5,700 
Lettuce, headed around 300 around 85 

loose leaved " 3,000 " 850 
Milk 200 57 
Oatmeal, dry traces traces 
Oranges 200 57 
Peas, fresh, green 1,200 340 
Potatoes 40 11 
Sugars and Sweets none or negligible 
Sweetpotatoes 2,500 700 
Tomatoes 850 240 



78 FAT-SOLUBLE VITAMINS 
In speaking of foods generally, or of food supplies or diet-

aries, we say vitamin A "value" rather than "content." This 
is because foods may not only contain vitamin A itself but 
also (or instead) may have vitamin A value because of con-
taining substances which change into the vitamin in our 
bodies, or in the bodies of other animals. The chief of these 
precursor substances are the carotenes, taking their name from 
the carrot to which they give its characteristic orange-yellow 
color. Green leaf vegetables are also relatively rich in caro-
tene, which, however, is hidden (to the unaided eye) by the 
deep green color of the chlorophyll. When for the practical 
purpose of dietetics and the planning of food supplies, foods 
are classified into some ten to twelve groups, of which one 
is, "Leafy, green, and yellow vegetables," the reason for group-
ing these vegetables together is the high vitamin A value 
which most of them share. The few exceptions are chiefly due 
to the fact that some yellow vegetables owe their color to sub-
stances other than the carotenes. Moreover, the carotenes dif-
fer among themselves in vitamin A value, beta-carotene yield-
ing twice as much vitamin A as does an equal weight of alpha-
carotene. Hence our estimates of vitamin A values of foods 
are more trustworthy when based upon well-conducted feed-
ing experiments with the foods in question, rather than upon 
measurements of carotene content. 

A Very Short Story of the Vitamins D and the Eradication 
of Rickets 

Whether it is an exaggeration to speak of the eradication 
of rickets may depend upon where one lives. T o many regions 
in the temperate zones, at any rate, the newer knowledge of 
nutrition has brought among its other benefits such better-
built bodies as make today's a more sightly humanity than 
that of previous generations and one freer from such faults in 
the pelvic bones as hitherto handicapped many women in 
childbearing. Rarely now do we see the bowed legs, the en-
larged or knobby joints, or the misshapen chests which were so 
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common for centuries until well within our own. The food 
shortages of Central Europe during the First World War 
brought an increased incidence of rickets and at the same 
time that this became clearly known to our English-speaking 
world the means of preventing this disease began to be clarified. 

Mellanby in England found that with other conditions the 
same, he could cause or prevent rickets in puppies according 
to the nature of the fat that he put in their food mixture. Cod-
liver oil was very potent, and butterfat was moderately effec-
tive, in the prevention of rickets; and McCollum, in experi-
ments at the Johns Hopkins School of Public Health, showed 
that this rickets-preventing potency was not lost when the 
vitamin A in the fat was destroyed by heating with exposure 
to air. 

Vitamin D was the term adopted for the fat-soluble rickets-
preventing substance thus clearly differentiated. At about the 
same time it was rediscovered that adequate sunshine also 
prevents rickets, and, further, that this effect can be referred 
to the ultraviolet rays of a certain range of wave length. 

Thus for a few years it was a matter of frequent remark in 
medical discussion that while for (or rather against) many 
diseases the physician had no "specific," against rickets he had 
two: on the one hand, ultraviolet light; on the other, cod-liver 
oil and, in lesser degree, the oil of egg yolk and the fat of milk. 

Then in 1924 Hess in New York and Steenbock in Wisconsin 
independently discovered that other foods could be endowed 
with the antirachitic property by ultraviolet irradiation. 
Rapidly then it became apparent that "the two specifics" 
against rickets were essentially two ways of introducing "vita-
min D" into the system: it can be swallowed as such, or it can 
be produced in the skin by the action of ultraviolet light upon 
one or more of the sterol substances which normal skin always 
contains. 

Here we note also an interesting provision of nature. The 
same bright sunshine (or artificial light containing an ade-
quate proportion of ultraviolet) which produces vitamin D 
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in the skin also tends to sunburn which involves as an early 
or preliminary stage a flushing due to increased circulation 
of blood through the exposed skin. This increased rapidity of 
the local circulation carries the new-formed vitamin promptly 
into the interior of the body where it is safe from overex-
posure to the ultraviolet, and where it enters at once upon 
its functions or, in times of abundance, may be stored for 
future use. Industrial production of vitamin D by irradiation 
has not always been so effectively safeguarded against over-
exposure, which may cause formation of undesirable by-
products. This is one reason for the preference sometimes 
expressed for natural rather than artificially produced vitamin 
D; but another reason is that "vitamin D" really stands for 
a group of antirachitic substances (the vitamins D) of which 
one predominates in natural, and another one in artificially 
produced, antirachitics. This difference between natural and 
synthetic vitamin D affects rats very little, but chicks a great 
deal. How much difference it makes to children, the pedia-
tricians do not yet agree. 

Also there is still considerable doubt as to just how vitamin 
D performs its function or functions in the body of the baby. 
Undoubtedly it aids assimilation of calcium and phosphorus 
in cases where assimilation is otherwise poor. But whether 
this function extends beyond the mere facilitation of absorp-
tion of either or both of these elements from the digestive 
tract is still debated. There are strong reasons to believe that, 
however its effects may ultimately be explained, vitamin D 
may not only prevent rickets but also serve constructively 
to aid the growth of the baby in length of body and thus en-
sure realization of the child's full birthright as to stature. 

It is doubtless also true that individual? who during infancy 
have been protected from rickets by cod-liver oil, or any 
of the other liver oils, are less subject to respiratory diseases 
both at the time and afterward. For this, there well may be 
two good reasons: (1) the better-formed and therefore better-
functioning thorax built once-for-all in the individual who 
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had plenty of the right kinds of vitamins in infancy and early 
childhood; and (2) the continuing protective value of the 
fuller bodily reserve of vitamin A which is liberally supplied 
along with the vitamin D of the natural liver oils and, in lesser 
degree, by the fats of eggs and of milk. 

There are, of course, other fat-soluble vitamins, notably the 
vitamins E and the vitamins K. It seems better, however, not 
to give space to them here as their significance is so largely 
medical as to lie rather outside the scope of this book. 



CHAPTER VIII 

H O W T H E BODY MANAGES I T S N U T R I -
T I O N A L R E S O U R C E S 

THE body is much more than a machine. True, there has 
been a fashion of speaking of bodily systems as mecha-

nisms, and such a way of speaking was doubtless helpful in the 
days when science was learning that the principle of the con-
servation of energy holds good in our bodies very much as in 
our mechanical inventions. Yet the body does so much more 
for itself than any machine can do that to speak of bodily 
processes as mechanisms would be very misleading if we did 
not consciously or unconsciously carry in mind that in science 
the suffix ism is usually to be taken as signifying overemphasis 
of a particular point of view. Thus the distinguished bio-
chemist William Mansfield Clarke in a discussion of scientific 
theory pointed out that "-iims" become "cairns." Without 
assuming to speak for all of biology, it is appropriate here to 
note that in the science of nutrition where biology meets and 
is interwoven with the more exact sciences, "mechanism" as 
a supposed characterization and explanation of our bodily 
systems and processes is now rapidly becoming a "wasm." True 
enough, the total energy manifestations of the body can be 
correlated with, and in the long run are dependent upon, the 
nutritional fuel which the food as a whole supplies. True 
enough also, some parts of bodily structure, and some aspects 
of their working, can be illustrated and in part explained 
by machine model analogies. Yet it is still more significantly 
true that the body does so much more for itself than any ma-
chine model can do that mechanical analogies are but partial 
and inadequate. 

Thus the body may, if one wishes, be regarded as somewhat 
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machinelike in the movements of its muscles and joints and 

in the long-run quantitative relations of its intake of fuel and 

output of kinetic energy; but the chemical reactions upon 

which the energy transformations depend are in the body 

speeded-up by catalysts which the body itself makes. Here 

we have a kind and degree of self-acceleration quite beyond 

anything that machine models have or can adequately repre-

sent. 

Catalysts such as we have just mentioned, formed in living 

cells from the organic substances which they contain, are 

called enzymes. It is by virtue of the speeding-up effects of 

enzymes as catalysts that the body's chemical reactions are 

made to run fast enough to support its life processes. T h i s is 

true both of the processes in the digestive tract and in the 

body tissues; and in the latter it is true both of anabolic (build-

ing up or "assimilation") and catabolic (breaking down or 

"degradation") processes. What one speaks of as a nutritional 

process may involve a whole chain of chemical reactions. It 

need not be assumed that all the reactions of such a chain or 

series are equally dependent upon catalysts. Typically, how-

ever, one or more of the chemical reactions essential to a 

nutritional process is enzymic, that is, needs the catalyzing 

effect of some enzyme "to make the process go fast enough to 

keep our lives going." In other words, all the higher forms of 

life are highly catalyzed as well as chemically complex affairs. 

O u r digestive enzymes include several distinct substances 

and all of these which have been adequately investigated have 

been found to be, or to contain, proteins in their material 

make-up. Obviously their enzymic properties (which, it should 

be remembered, have somehow been built into them by the 

body itself) make them something more than ordinary pro-

teins; yet nearly all of the material substance of each of 

them can be accounted for in terms of the same amino acids 

which we absorb as digestion products of our ordinary food 

proteins. 

This is one illustration of the "processing" or "chemical 
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engineering" of ordinary food materials into highly specific 
body substances which we have sought to suggest by use of 
the phrase "how the body manages" in the title of this chapter. 

What has just been said about the chemical natures of the 
digestive enzymes is true also of insulin, the active substance 
of the internal secretion of the pancreas which catalyzes one 
or more phases or steps in the metabolism of carbohydrate. 

Glutathione, a constituent of active tissues generally and 
a catalyst of some of their nutritional reactions, is a much 
simpler substance, containing in its molecule only three amino-
acid radicles as against a great many in a molecule of insulin 
or of any typical digestive enzyme. Yet here again it is true 
that the body has made its specific catalyst from the amino-
acid digestion products of its ordinary food proteins. And 
this is also true of both the best-known catalysts which the 
tissues receive from other sources: thyroxine, from the thyroid 
gland, and adrenine or epinephrine, from the adrenal glands, 
is each a derivative of an amino acid such as the body derives 
from its protein food. 

Thus the body so manages the digestion products of its 
food-protein supply as to make them serve both the "building 
block" function of general tissue growth or upkeep and the 
more special functions of precursors from which the body 
makes the enzymes it needs to keep its nutritional processes 
going fast enough. 

Many man-years of work were consumed in the task of ascer-
taining the chemical natures, and thus the nutritional ante-
cedents, of these essential enzymes which the body makes for 
itself from materials supplied by the food. Parallel enzymes 
are found in plants and function in their important processes 
from the first beginnings of the sprouting of the seed. One of 
these plant enzymes was studied by the same Dr. Osborne who 
contributed so much to the knowledge of the chemical natures 
of food proteins. Osborne purified malt amylase and reported 
it to be of protein nature. Researches at Columbia confirmed 
his conclusion and extended the study to the investigation 
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of pancreatic amylase, the enzyme formed in the pancreas and 
functioning in our digestion of starchy food. 

Employing several different combinations and modifica-
tions of the processes of purification, workers in the Columbia 
laboratory repeatedly obtained preparations of pancreatic 
amylase of apparently uniform chemical and physical proper-
ties and of practically constant maximum enzymic activity; 
and this product, finally obtained in crystalline form, was, like 
the malt amylase previously prepared by Osborne, of protein 
nature. 

In 30 minutes at body temperature, this material digests 
about 20,000 times its weight of starch and forms about 10,000 
times its weight of maltose. Although subject to serious de-
terioration in solution, the activity of this enzyme preparation 
was such that when tested in longer experiments it digested 
4,000,000 times its weight of starch and formed no less than 
2,800,000 times its weight of maltose before it had all become 
inactivated. 

This marked enzymic activity was exhibited by the prepara-
tion at a dilution of 1:100,000,000 parts of water. T h e most 
delicate tests for proteins are not valid at dilutions greater 
than about 1:100,000. T h e material when tested in con-
centrated form reacted like typical protein to the usual pro-
tein tests, but its own enzymic activity constituted a test for 
its presence which was 1,000 times (a thousandfold) more 
delicate. Thus the failure of protein reactions in solutions 
enzymically active did not show that the enzyme is of other 
than protein nature in its chemical composition, although this 
negative conclusion was erroneously drawn by some investiga-
tors and repeated by many writers. 

Here it is of interest to recall the experience of the Curies 
in the concentration of radium from pitchblende. It was only 
after they had intensified the property of radioactivity fifty-
fold by concentration of the radioactive element that its 
presence was revealed analytically even by so delicate a test as 
the use of the spectroscope. Delicate as is the spectroscopic 
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test, the property of radioactivity constituted a test at least 
fifty times more delicate. 

T h e brilliant work of Dr. J . H. Northrop proved the protein 
nature of several typical digestive enzymes with entire con-
clusiveness. Northrop (1939) stated the case unqualifiedly as 
follows: " T h e crystalline enzymes which have been prepared 
are proteins, but their activity may easily be detected in solu-
tions which are too dilute to give positive protein tests." And 
it was with relation both to digestive enzymes and other body 
enzymes also that he wrote: "One of the most striking char-
acteristics of living things is the rapidity and precision with 
which the chemical changes necessary for their existence are 
carried on." 

Largely by virtue of the enzymes which abound not only 
in its digestive and internal secretions but within its active 
tissue-cells as well, the body holds its nutritional assets (or 
a considerable fraction of each of them) in a highly dynamic 
state of mobility. While some profess to find the term para-
doxical, it is matter-of-fact knowledge today that the so-called 
"steady states" (or homeostases) in the body are quite as truly 
states of an actively dynamic equilibrium. This has been in-
creasingly recognized for at least two decades past but has 
been specifically signalized in the recent publication, by the 
Harvard University Press, of a book entitled The Dynamic 
State of Body Constituents. In this book, begun by the late 
Dr. Schoenheimer and finished by Professor Hans Clarke, the 
keynote is the statement that all constituents of living matter 
"are in a steady state of rapid flux." 

This is not as revolutionary as it may sound to some readers. 
In the first and second decades of this century the general 
dynamic physico-chemical view of living matter won in the 
minds of some students and teachers of nutrition a dominant 
place over the view which rested on a combination of the 
"machine-model" or architectural, and relatively static struc-
tural concepts of conventional organic chemistry. T h e more 
dynamic view was reflected in a period of active experimental 
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study of autolysis in various organs and tissues removed with 
as little alteration as possible from healthy living bodies and 
then left to themselves at body temperature, but protected 
from contamination by microorganisms. T h e study of autol-
ysis furnished much evidence (1) that the bodily organs and 
tissues normally contain enzymes of their own, analogous to 
the digestive enzymes, and (2) that the normal state of any 
typical living tissue is better represented by a concept of 
dynamic equilibrium (or near-equilibrium)—between, for in-
stance, amino acids and tissue proteins—than by a concept 
of a structure in the machine-model or rigidly architectural 
and building-block sense. In recent decades the dynamic-
equilibrium view has been active in the continuous systematic 
studies of body enzymes while the more mechanically struc-
tural concept is still reflected in such expressions as "wear-
and-tear" of tissues and "repair" functions of nutrients derived 
by the body from the food. 

Especially important to our present discussion is the new 
evidence obtained through experiments with isotopes.1 This 
tends strongly to the more dynamic mode of nutritional 
thought. 

As Schoenheimer put it: "Food and tissues both consist of 
proteins, fats, and carbohydrates. W h e n the split products 
liberated by digestion are absorbed, they merge with identical 
molecules which originate from the tissues"; to the extent 
that these molecules are strictly identical, the investigator 
may himself lose track of which is which and certainly can-
not attribute to a chemical reaction proceeding in a body 

1 Whi le the isotope is identical in chemical behavior with the familiar form of 
the element, it is "tagged" or " labeled" by having a heavier or lighter atomic 
weight, so that solutions of its compounds have corresponding differences in 
physical properties. T h u s deuterium ("heavy hydrogen") forms heavy water. 
Except for deuterium the isotopes are not given separate names but are dis-
tinguished by giving the atomic weight as a superscript number with the 
atomic symbol, e. g., N i s for heavy nitrogen. 

Radioactive isotopes formed artificially by electron bombardment of ele-
ments are sometimes indicated by an asterisk; e. g., radioactive phosphorus 
may be written P*. In the use of these isotopes the radioactivity is a quick 
means of tracing the atoms thus tagged. 
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cell any power to distinguish between, say, the amino-acid 
tyrosine absorbed from the digestive tract and tyrosine liber-
ated from tissue protein. Some earlier investigators did find 
means of following the fates of nutrients in the body farther 
and more definitely than the literature of isotope experimenta-
tion might lead one to suppose; but the use of isotopes as 
tagged atoms of nutrient substances gives a new order of 
elegance and convincingness to such study. 

Since the discoveries of Urey, chemists can synthesize or-
ganic nutrients containing isotopic elements which have no 
effect upon the fate of the "tagged" nutrient molecules or 
radicles in the body and do permit the experimenter to keep 
track of what he introduced through feeding in contradistinc-
tion to what the body already had. Of course, the "keeping 
track" is in a sense statistical rather than a following of in-
dividual atoms or molecules; but as this is true of chemical 
investigations generally, the investigator's whole background 
of study and research experience in chemistry has inured him 
to this degree of handicap. 

In what follows, the body fats are considered first and then 
the body proteins. 

Most of the fat in our bodies, as in those of other mammals, 
is held in the so-called fat depots: between the skin and 
muscles, and around the internal organs. This tendency to 
localization, together with the relative insolubility of fats in 
water and most watery fluids, has generally been taken as 
meaning that stored fat remains chemically inactive unless 
and until an energy deficit in the body's nutritional account 
creates a need for bringing some of this reserve fat into the 
circulation for use as fuel. Now, however, it is found that 
even while there is no energy deficit and the body's store of 
fat remains essentially constant in amount, there is a relatively 
free interchange between the isotopically tagged fatty-acid 
radicles entering the body as digested food and the untagged 
but otherwise identical fatty acids of the body's depot fats. 
Thus the fat stored in the body is shown to be in a fairly mobile 
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state of dynamic equilibrium with the body's circulating re-
sources, undergoing a very real exchange of material regard-
less of the question of surplus or deficit. In a typical experi-
ment, rats were fed a diet containing 6 percent of butter 
(selected as a food fat which contains "all the fatty acids which 
the animals require"), to which was added about one tenth 
as much of an experimental fat in the form of isotopic palmitic 
acid, which naturally merged during absorption with the 
ordinary palmitic acid of the butter. After 8 days of such 
feeding, the body-fat was found to contain almost half of the 
tagged fatty acid that had been fed. Giving all due weight 
to the fact that human beings do not run through their life 
processes as rapidly as do rats, these experiments must still 
leave us with a more mobile picture than previously con-
ceived of the body's active management of even its relatively 
insoluble and segregated nutrient resources. What had previ-
ously appeared to be merely passive reserves are now seen 
to belong to the general pool of actively working capital to a 
larger and freer degree than hitherto conceived. 

Of still more vital interest are the dynamic relationships 
in the field of protein, amino-acid, and ammonia metabolism. 
Here nitrogen is the key element. T h e healthy, full-grown 
body tends to eliminate as much nitrogen as it receives from 
the food. That is, it tends to maintain nitrogen equilibrium, 
which normally means protein equilibrium also. Thus the 
total amount of protein in such a body tends to remain nearly 
constant, and presumably there is still greater constancy in 
the composition of the body protein as a whole. Notwith-
standing this, the body proteins and their amino acids exist 
in a highly dynamic state. 

Heavy nitrogen (N15), which like heavy hydrogen was made 
available by Urey's researches, has been incorporated in amino 
acids otherwise the same as those which the body receives as 
digestion products of food proteins, and these isotopic amino 
acids have been fed under controlled conditions of experiment. 

According to an earlier concept, when such isotopic amino 
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acids were fed to full grown animals in nitrogen (protein) 
equilibrium, much the larger part of the heavy nitrogen of 
the extra amino acid fed should have appeared promptly in 
the urine; but this did not happen. In typical experiments 
with two amino acids less than half of one and less than one 
third of the other was thus excreted. The body proteins had 
acquired the largest part of the tagged amino acids, evidently 
because these proteins are constantly undergoing exchange 
of material with the amino acids entering the body as diges-
tion products of the food. Not all bodily organs are equally 
active in the fixation of dietary nitrogen or amino acid. Rela-
tively more is obtained by the internal organs and the serum 
proteins, relatively less by the muscle proteins, and still less 
by the proteins of the skin. In absolute amounts, the muscle 
proteins get the most because their total mass is so great. 

A very interesting fact observed by Waelsch and Rittenberg 
(1941) is that glutathione, the tissue catalyst above mentioned, 
assimilates its quota of dietary amino acid much faster than 
do body proteins. 

T h e heavy nitrogen which the body gets when an isotopic 
amino acid is fed is not found exclusively in the form of that 
kind of amino acid in the tissue proteins. Amino acids undergo 
such interchange with each other that when one isotopic amino 
acid is fed, others are (in this sense) formed in the body from it. 

Moreover, certain substances formed from other foodstuffs 
in the body may react with ammonia to form amino acids 
(which are in constant interchange with protein), and so can 
bring into the service of the body proteins even such an in-
organic form of nitrogen as ammonia. In fact, ammonia salts 
(and correspondingly urea) may have protein-sparing value 
both in this way and in another—through the influence of 
microorganisms in the digestive tract which may actually syn-
thesize protein from ammonia and suitable organic matter as 
yeasts and crop plants do. Experimental evidence thus requires 
that we recognize in the phenomena of protein-sparing by 
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the other organic foodstuffs much more than the term in it-
self might imply. 

T h e radioactive isotope of phosphorus has also been much 
used for the investigation of nutritional processes; and here 
again the findings show the body to have a greater flexibility 
of management of its nutritional resources than previously 
supposed. 

Iron isotope has also been employed in the study of nutri-
tional problems of the blood by several investigators at the 
University of Rochester; and other isotopes have been em-
ployed in studying the permeabilities of body membranes 
and in many other ways. 

Several of the vitamins are now known to function in the 
body as essential parts of its tissue enzymes. T h e human or-
ganism, receiving thiamin, niacin, and riboflavin through its 
digestive tract, has power within its tissues to use these vita-
mins (and perhaps others) in making the enzymes that make 
the nutritional processes go fast enough for our needs. This 
dynamic concept is important not only philosophically or 
from the viewpoint of pure science, but also in our attitude 
toward such practical questions as arise in the problems of 
wartime food rationing and how to plan the best use of food 
resources in postwar nutritional rehabilitation; because the 
more dynamic view gives us more confidence in the flexibility 
of nutritional processes, and this should enable us to work 
with greater scientific freedom in the utilization of all availa-
ble food supplies. 



CHAPTER IX 

N U T R I T I O N A L C H A R A C T E R I S T I C S O F T H E 

C H I E F G R O U P S O F F O O D S 

H A P T E R S I and VII I have dealt with general aspects of 
the nutritional process, while in Chapters II to VII we 

have reviewed the more outstanding of the specific nutrients 
or nutritional factors, and in several cases have listed a number 
of typical foods to show how they compare quantitatively in 
these respective aspects of nutritive value. 

In the present chapter, we address our attention directly and 
predominantly to the foods themselves, thus linking our pre-
ceding consideration of nutritional needs and processes with 
the questions of best use of food resources which are to be dis-
cussed in later chapters. 

Food commodities can be grouped in different ways accord-
ing to one's viewpoint. The viewpoint of the present chapter 
is nutritive values, or nutritional characteristics. Even from 
this one point of view, several different groupings are more or 
less current, not so much because of differences of opinion on 
the facts, but rather in accordance with the degree of detail 
that best suits the purpose in hand. What would be commend-
able discrimination in one discussion would be undue partic-
ularization in another. For purposes such as the one on which 
we are here engaged, a simple grouping of food commodities 
into half-a-dozen to a dozen categories is usually deemed suffi-
cient. 

Thus if we start by dividing all our familiar articles of food 
(food commodities) into a very few groups according to their 
outstanding nutritive values, the result may be somewhat as 
follows: 

(1) Breadstuffs and other products of the grain crops: eco-
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nomical as sources of energy and protein, but not at all well 
balanced (for the purposes of our nutrition) in the mineral 
elements and vitamin values. 

(2) Sugars and fats: chiefly significant, in the nutritional 
sense, as supplemental fuel foods, though some fats are also im-
portant as sources of fat-soluble vitamins. 

(3) Meats, including poultry, fish, and shellfish: rich in 
protein, or fat, or both, but having in general about the same 
calcium and vitamin shortages as do the grains, except that 
lean meats contain relatively more riboflavin and niacin (nico-
tinic acid).1 

(4) Fruits and vegetables: highly important as sources of 
mineral elements and vitamins, but differing rather widely 
among themselves as to richness in particular elements and 
individual vitamins, as well as in protein and energy values. 

(5) Milk: important as source of energy, protein, mineral 
elements, and vitamins; the most effective of all foods in en-
suring a well-balanced dietary. 

(6) Eggs: in a general way intermediate in nutritional 
character between meat and milk. 

The foregoing omits nuts, or brackets them as an after-
thought with the dry legumes—confessedly not much like the 
more succulent vegetables and the typical fruits. Cheese, 
cream, and ice cream may be considered, from a general nu-
tritional viewpoint, as forms of milk. 

Already it will be apparent to the reader that to divide all 
foods into only six groups will mean that a given group may 
contain articles of food which differ rather considerably from 
each other in some nutritional characteristics, and perhaps 
may appear still more widely different from the viewpoint of 
meal planning. 

1 In this book we use (he word meat as meaning what it does in our general 
food supply, about 96 to 97 percent of muscle meat (with more or less of adi-
pose tissue) and about 3 to 4 percent of liver. There is no way of making liver 
a larger part of the meat supply, though the liver may be diverted more largely 
from the general meat supply to those individuals who for medical reasons are 
judged to need it. 
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For the combined purposes of (a) the planning of conven-

tionally acceptable meals to fit different conditions of food 
supply and purchasing power, and (b) the planning of pro-
duction programs with due reference to the nutritional needs 
of the population, the United States Department of Agricul-
ture makes use of a classification of foods into twelve groups 
as follows: (1) milk; (2) potatoes and sweetpotatoes; (3) dry 
mature beans, peas, lentils, and nuts; (4) tomatoes and citrus 
fruits; (5) leafy, green, and yellow vegetables; (6) other vege-
tables and fruits; (7) eggs; (8) lean meat, poultry, fish, and 
shellfish; (9) breadstuffs and cereals; (10) butter; ( 1 1 ) other 
fats; (12) sugars. Here the sequence is largely one of conven-
ience of statement and partly also convenience of agricultural 
and household planning. 

What is more to the immediate purposes of this book is to 
note in what ways and why the sixfold grouping first cited is 
subdivided in course of being expanded, as in the second list, 
from six to twelve. Starting then in the sequence of the earlier 
and simpler grouping, we find no subdivision of the group 
comprising the breadstuffs and other grain products. Sugars, 
however, are separated from fats, and fats are subdivided into 
two categories: butter; and other fats. Meats, together with 
poultry, fish, and shellfish, remain an unchanged group except 
to the somewhat variable extent to which those meats which 
are mainly fat may be grouped with "other fats" rather than in 
the meat bracket. From the original fruit-and-vegetable group, 
the twelvefold grouping sets off: tomatoes and citrus fruits 
(sometimes with the addition of raw cabbage) as an inde-
pendent group justified by the importance of their richness in 
vitamin C; and the leafy, green, and yellow vegetables on 
similar consideration of vitamin A value. Milk (with those 
of its products which sufficiently retain its nutritional charac-
ter) and eggs each stands in the same position in either the six-
fold or the twelvefold grouping. 

At a relatively early stage in the development of the newer 
knowledge of nutrition, McCollum had found that many 
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American dietaries consisted so largely of bread, potatoes, 
meats, and sweets as to be in danger of shortage of calcium, or 
vitamin A value, or both. He then proposed the term "protec-
tive" for the two types of food (milk and green leafy vegeta-
bles) which are rich both in calcium and in vitamin A value. A 
little later, with growing appreciation of vitamin C, it became 
customary to include fruits, vegetables, and milk (including 
cheese, cream, and ice cream), with or without eggs, under the 
term "protective foods." Eggs were sometimes included and 
sometimes not. For the egg is relatively rich in vitamin A with 
a fair quota of calcium and fair to good proportions of most 
other nutrients, but it lacks vitamin C and also it does not help 
to maintain a good intestinal hygiene or to support the body's 
alkaline reserve as do fruits, vegetables, and milk. 

The enrichment of white flour and bread with thiamin, 
niacin, and iron is, as explained in Chapter VI, a very impor-
tant improvement; but it is only a partial restoration of what 
the whole grain contained and certainly does not lift bread out 
of the clear and useful classification of "breadstuffs and other 
grain products." Similarly the fact that determinations in one 
laboratory indicate moderately higher average B-vitamin val-
ues for meats than was found in other laboratories before 2 

and since,3 does not call for any change of the familiar position 
of meats in a general grouping of foods. 

Diets containing preponderant proportions of bread and 
meat are still seen to need nutritional balancing in the way in-
dicated by McCollum when he introduced the term "protec-
tive" to designate the foods most effective in balancing the 
preponderant bread-and-meat type of diet. This being the 
case, it is inevitably confusing to all and misleading to many if 
McCollum's term be now so extended as to include either or 
both of the very foods he sought to balance, and which still 
need balancing in the same directions that he pointed out. 
2 Work of Osborne and Mendel at the Connecticut Agricultural Experiment 
Station and Yale University. 
3 Work of Hughes et al. at the Agricultural Experiment Station of the Uni-
versity of California. 
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Hence the term protective foods when used in this book 
designates fruits, vegetables, and milk, the latter including 
cheese, cream, and ice cream. 

Table 7, adapted from the work of Stiebeling and Phipard 
(1939) shows the extent to which several different food groups 
contributed to different factors of the nutritive values of the 
diets of 26 East North Central families, who spent from $1.88 
to $2.49 weekly per capita for food. Columns for iron and 
thiamin are here omitted because the introduction of En-
riched bread with its thiamin and iron additions has changed 
and is probably still changing the relative contributions of 
thiamin and iron from the breadstuffs versus the other food 
groups. 

In the following pages, the different food groups are taken 
up, in essentially the same sequence as in Table 7, for discus-
sion of their nutritional characteristics. 

Breadstuffs and Other Grain Products 

Bread is still the staff of life in the sense that the majority 
of the world's people nourish themselves more largely upon 
the grain crops than upon any other group of foods. Among 
the grains, rice predominates in the Orient, wheat as human 
food in the Western World. For climatic reasons, the more 
northern countries of Europe may depend as much upon rye 
as wheat; while in the United States and a few other countries, 
the corn (maize) crop, intended chiefly for the feeding of farm 
animals, may exceed the wheat crop in amount. 

Regarded as food for man, wheat is "the golden grain" to 
the peoples of the Western World, and generally the land 
which suits it best is devoted to its culture, the other Occi-
dental grain crops taking in this respect a more marginal place, 
even though their acreage is larger in some countries. 

So widespread was man's devotion to wheat, even in prehis-
toric times, that the origin of wheat culture is uncertain. 
Clearly, however, it came into special prominence in the Nile 
Valley where the annual inundation left a silt favorable for 
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growth of wheat, and also helped by tending to drown out the 
sod grass which elsewhere handicapped wheat culture until 
the development of modern farm machinery. 

So long as wheat was ground between stones, the different 
parts of the grain were more or less pulverized together except, 
of course, that the fibrous coat in part tended to hold together 
as bran particles. With the brown particles of bran removed 
by sifting, the resulting flour, while called white, was really 
cream colored and, on close examination, slightly specky be-
cause of the tiny particles of brown bran, small enough to pass 
through the bolting cloth. 

Around 1885 mill stones were rapidly replaced by steel 
rollers in the grinding of wheat. The roller process is so 
regulated that the grain is cracked and its pulverulent inner 
part rubbed off as fine white flour with very little disintegra-
tion of bran or germ into particles small enough to pass into 
the flour. In the miller's sense this was a cleaner separation 
than when the grain was stone-ground. The baker also pre-
ferred the roller-process flour because it was less subject to 
spoilage and also made it easier for him to get uniformly the 
highly porous texture of the superlatively light loaf. This 
whiter and lighter product was, however, nutritionally im-
poverished. The chief reason patent flour "keeps so well" is, 
as R. R. Williams has cogently emphasized, because it does not 
afford adequate nutrition for even the lower forms of life. 
From the standpoint of nutritive values, the white bread of 
the first third of our century was in need of improvement. 
When thiamin became available in large quantities at low 
cost, a partial restoration of milling losses was effected in the 
form of white flour or bread, enriched by addition of thiamin, 
niacin, and iron. 

Another nutritional improvement of white bread has been 
the use of increasing amounts of milk powder (for economic 
reasons, dried skimmed milk) in breadmaking. In recent years 
such milk powder has frequently been used in the proportion 
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of 6 percent of the weight of the flour. T h e resulting improve-
ment in the nutritive value of the bread is readily demonstra-
ble in feeding experiments; and the opinion has been ex-
pressed that with this improvement the proportion of food 
calories furnished by breadstuffs and other grain products 
might if desired be increased to 40 percent, from the 30 to 38 
percent level recently customary with unimproved bread 
(Sherman and Pearson, 1942). 

T h e energy value of bread, 75 Calories an ounce, is not 
appreciably altered by the incorporation of skim-milk powder 
into the dough; by enrichment with thiamin, niacin, and iron; 
or by the use of flour milled in different ways. On the other 
hand, the nutritive value of bread protein is materially en-
hanced when milk powder is used, or when wheat germ is 
returned in the breadmaking, or when whole wheat rather 
than white flour is used, but is not thus enhanced by the use of 
enriched flour fortified by additions of iron and synthetic vi-
tamins. T h e proteins of white flour when taken alone have 
relatively low nutritional efficiency, but even a small propor-
tion of the protein of milk so supplements the flour proteins 
as to give good nutritional value to the whole protein mixture. 
Emphasis should also be given to the fact that the nutritive 
value of the protein mixture of whole wheat is much higher 
than that of white flour. Hence in considerations of white 
bread vs. brown, it is misleading merely to say that one actu-
ally assimilates about the same amount of protein from the 
two: one should also say that the protein of the brown bread 
(or of the white bread made with a liberal proportion of milk 
powder) is of decidedly higher nutritive efficiency than the 
protein of ordinary white bread. 

We actually derive a larger proportion of our food protein 
from bread and cereals than most people probably realize. 
Thus the people whose dietaries are averaged in Table 7 ob-
tained 28 percent of their protein from this food group; and 
in the larger number of observations spread over a longer time 
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which have been summarized elsewhere,4 the breadstuffs and 
other grain products furnished 37 percent of the total food 
protein. 

Both in the presumably representative families of Table 7 
and in the broader sampling of our population just men-
tioned, this food group cost only 18 percent of the food ex-
penditure, yet it furnished in the two averages, respectively, 
31 and 38 percent of the calories; 28 and 37 percent of the 
protein; 20 and 30 percent of the phosphorus; and doubtless 
at least 25 percent of the iron of the total food supply. Thus 
this is an outstandingly economical food group, and corre-
spondingly it tends to occupy a larger place in the dietaries 
of the low-income families. It is, however, a mistake (even if 
a common one) to give bread only such a place in our food 
habits as the necessity for economy compels. Regardless of 
price relations, bread deserves a substantial place in the food 
of practically everyone. In addition to its direct nutritive 
values when made by the better of present-day methods, bread 
is also a good vehicle for several other foods (including vege-
table cooking-water which too often otherwise goes to waste), 
and the texture of bread tends to give good physical proper-
ties to the food mass as a whole in the digestive tract. 

When enriched flour and bread were being planned, two 
bases for fixing the extent of the enrichment (in the particular 
nutrients to be included) were considered somewhat fully (a) 
by the proponents of the plan, and (b) by the Federal Food and 
Drug Administration who have the chief responsibility for the 
legal enforcement of any such plan that may be adopted. One 
proposed basis was "the philosophy of restoration," the other 
was that the enriched food shall "carry its share" of the partic-
ular nutrients in question. T h e Food and Drug Administra-
tion decided that the restoration principle is "too vulnerable" 
because wheat does not have a quantitatively constant natural 
composition, and also because a law court might hold it a too 

«Sherman, 1933, Food Products, p. 554; 1941, Chemistry of Food and Nutri-
tion, p. 510. 



CHIEF GROUPS OF FOODS 101 

anthropocentric view to regard Nature's means of reproduc-
ing wheat as if it were created with specific reference to the 
needs of human nutrition. It was argued in behalf of the res-
toration principle that while the wheat kernel evolved with 
reference to the reproduction of its species, our species has 
evolved in nutritional adjustment to its natural foods. But the 
Food and Drug Administration held that the project would 
fare better at law if based "realistically" upon human needs as 
now known and staple foods as they now are. 

Scientific testimony was taken as establishing the two le-
gally essential facts: that larger intakes of certain nutrients 
would be to the interest of the public health and that white 
flour and bread are suitable vehicles for such enrichment of 
the nutritional intake. Hence, it was decided that those who 
wish to do so may manufacture and sell enriched flour or 
bread, and any product thus distinguished must carry its 
share (as established by governmental authority) of the 
amounts of thiamin, niacin, and iron that are needed in hu-
man nutrition. T h e concept of "carrying its share" was then 
brought into quantitative form on the basis of relation to 
calories, because in general it is chiefly the energy need that 
determines the amount of food consumed. So as much en-
riched bread as covers, for instance, one fourth of a man's daily 
need for calories is also to cover one fourth of his daily need 
for thiamin, the latter being taken at the minimum-require-
ment level so that it may confidentally be expected to be fully 
upheld in any court of law. T h e interested reader will wish to 
keep also in mind the fact that the enrichment program 
touches only some and not all of the nutritive values in which 
white flour has been impoverished. For some other essential 
factors we must depend as before upon balancing the grain 
products by "enough of the right kinds" of other foods. 

Sugars and Other Sweets 

Sugar in recent normal times is an even cheaper source of 

calories than is bread, but, even more than does bread, it 
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needs balancing, for in respect to nutritive values, sugar is a 
fuel food only. From the viewpoint of meal planning, a few 
other foods are so sweet as to be bracketed with sugar and it is 
to their other ingredients that the fractional figures in the 
protein, mineral, and vitamin columns of the line for the 
sugars-and-sweets group in Table 7 are due. 

Milk and Its Products 

The different forms of milk resemble each other in nutri-
tional character more closely than does any other food ap-
proach any of them. 

Milk in its various forms is the most effective of all foods in 
supplementing the breadstuffs and other grain products. Re-
cent advances of nutritional knowledge give added cogency to 
the time-tested principle that " T h e dietary should be built 
around bread and milk." And the same advice is an equally 
good guide for the planning of a national food supply or food-
production program. 

Greater prominence of milk in the individual dietary or the 
family, community, or national food supply means a more 
digestible diet of better-balanced protein, mineral, and vita-
min content, richer in calcium, and practically always also in 
its riboflavin content and vitamin A value. It is also to be 
remembered that the three factors just named are the ones 
which we know with most certainty to possess large margins of 
beneficial increase above the merely minimal-adequate level. 
In other words the best amount of these nutrients is much 
higher than the strictly necessary amount. 

The great majority of American dietaries or family food 
supplies, at all economic levels, can be nutritionally improved, 
more certainly and usually at less cost than in any other way, 
by increasing the proportion of milk. This need not necessar-
ily mean taking the milk as a beverage, although to sip it 
little by little throughout the meal is perhaps from the stand-
point of digestion the best of all ways to take a glass (or more) 
of milk. Used in cooking there is usually good conservation 
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of the nutrients of milk, as there is also in the commercial 
preservation of milk in canned or dried forms. Other ways of 
taking milk are as cream or ice cream, or as any of the many 
varied and interesting forms of cheese. 

While it is easy to see from Table 7 that milk is, both abso-
lutely and relatively, an important contributor of calories, 
protein, calcium, phosphorus, riboflavin, and vitamin A value 
to the food supply, it is not simply upon such analytical data 
that we base the above statement of the importance of in-
creased milk consumption. This latter has been directly dem-
onstrated by actual feeding trials with schoolchildren, whose 
physical and mental growth has been shown to be benefited by 
an added allowance of milk. This has also been demonstrated 
in numerous well-controlled experiments with laboratory ani-
mals, often extending through entire lifetimes or even through 
successive generations. Noteworthy among the experiments 
with children were those of H. C. Corry Mann whose findings, 
as summarized by the careful English physician Sir Walter 
Fletcher, showed that even with a boarding school food supply 
"medically adjudged to be sufficient for healthy development, 
the boys were in fact not attaining to the physical and mental 
growth of which they had the potentiality, and to which they 
did aitain when given an extra daily ration of milk." T h e 
British Milk-in-Schools Scheme has shown similar benefits 
from the addition of milk to the hitherto acceptedly normal 
dietaiies of large population groups of schoolchildren. T h e 
addec milk supported better growth in both height and 
weight, better general "condition" or fitness, and greater alert-
ness cf attitude and buoyancy of spirits. 

Butter and Other Fats 

Wli le cream is often, as in Table 7, bracketed with butter 
for obvious reasons, yet nutritionally it should also be kept 
in mild that cream is mostly milk. It is simply a part of the 
milk nto which has been gathered (by gravity or by a centrif-
ugal ¡eparator) an increased share of the milk fat. Average 
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cream with 18 to 20 percent fat is about five sixths milk, so 
people who find irksome "the melancholy mildness of milk" 
may be persuaded to take the milk nutrients in the form of 
cream instead. If they want to increase body weight, the extra 
fat in the cream makes gain of body fat so much the easier; 
while if one wishes to keep down one's weight, the fat of the 
cream may be offset by eating less of butter or of sweets. 

Regarded as sources of energy in the body, fats are, weight 
for weight, a little more than twice as concentrated fuel as are 
the sugars. (On the other hand, sugars are slightly quicker 
fuels than fat—a fact that has probably been emphasized some-
what beyond its scientific importance.) 

When a person of normal physiology subsists upon a diet of 
familiar staple foods, his appetite (the amount that he feels 
inclined to eat) tends to approximate his energy (calorie) re-
quirement: otherwise there would be more excessively fat or 
excessively thin people than there are now. 

Much the largest part of the day's supply of food calories 
is usually consumed at two or three meals. Hence one or more 
of the daily meals might seem burdensomely bulky unless we 
were able to take a considerable share of the needed calories 
in the concentrated form of food fats. The inclination arising 
from this reason is reinforced by the further fact that an ac-
ceptable form of fat helps the breadstuffs and vegetables of a 
meal "to go down agreeably." The facts in the two preceding 
sentences may be physiologically or psychologically connected. 

There are also other reasons for attributing importance to 
fats in the food supply. They have much to do with the attain-
ment of the flavors and textures customarily desired in some 
types of cooked food. Moreover, food containing a high pro-
portion of fat, either naturally or because of having been 
cooked in it, tends to stay longer in the stomach and thus to 
make it less likely that one will feel the "hunger pangs" of an 
empty stomach before the next meal. It is only when sitting 
down to an abundant meal that hunger is a pleasure: if one 
is racked with anxiety as to how the next meal is to be had, the 
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sensations arising from an empty stomach are not pleasant. 
These two facts—the difficulty of obtaining the desired effects 
in cookery without the accustomed amount of fat and the 
fact that a meal containing but little fat may mean hunger 
pangs and accentuated anxiety before the next meal—were 
found to constitute real hazards to morale in the First World 
War. Hence the prominent attention given to fats in food-
supply considerations ever since. 

T h e level at which the supply of food fat must be main-
tained in order to meet consumer demand is largely depend-
ent upon individual, community, and national or racial 
customs. The scientific studies of the situation which had 
developed by the third year of the First World War indicated 
that for the European countries it was important to morale 
and efficiency to provide at least 50 pounds per year of total 
food fat. Yet no such dependence upon fat has appeared among 
the Japanese either then or since. From the beginning of the 
Second World War the British gave careful attention to the 
conservation of their food fats with the result that the lowest 
level of rationing found necessary has been 8 ounces per per-
son per week for total table and cooking fats including not 
more than 2 ounces of butter. T o this 26 pounds per year of 
"visible" fats (fats purchased as such) there is added the prob-
ably about equal amount of "invisible" fat contained in other 
foods such as meat, eggs, cheese, and milk, bringing the total 
fat consumption to about 50 pounds per person per year—the 
same as the amount deemed to be a safe minimum by the 
scientific advisers of the First World War period. Up to that 
period of the Second World War when the United States 
and Great Britain began to make common cause in the 
matter of food supply, we Americans had been consuming, in 
the economic sense of disappearance, about 100 pounds of 
fat per person per year. Some of this was probably sheer waste, 
as judged from the promptness of the initial retrenchment 
which followed the first appeal for conservation of fat in this 
country. T o what extent there was also a voluntary shift 
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toward partial substitution of other things for fat in the food 

actually eaten is not known. It is clear, however, that if actual 

consumption of visible fat were at the same low level here and 

in Britain, our situation would still be more comfortable than 

theirs for two reasons. W e have larger per capita supplies of 

meats, eggs, and milk, all of which help as does butter to make 

bread and bulky vegetables go down pleasantly; and also in 

these foods we have a larger supply of invisible fat than the 

British food supply is likely to contain for some time to come. 

Probably in all countries the invisible fat of the natural 

foods eaten suffices to furnish the very small amount of "nutri-

tionally essential fat or fatty acid" that human nutrition re-

quires. From the viewpoint of nutritional values, it is unfor-

tunate to bracket together the fats which are, and those which 

are not, naturally rich in vitamin A. Yet it is difficult to make 

a separation in a general grouping of foods, because oleomar-

garine may or may not be fortified with vitamin A. W h e n for-

tified, it is usually to a level near the minimum of the normal 

range of vitamin A value in butter, or about half as much as 

that of good butter from well-fed cows. 

Meats, Including Poultry, Fish, and Shellfish 

T h e average American family spends about one fourth of 

its food money for meats including poultry, fish, and shellfish. 

In Teturn, this food group furnishes, as may be seen from 

T a b l e 7, about a proportionate part of the protein, phos-

phorus, and riboflavin, while it contributes only one third to 

one half of its corresponding share of the calories and the 

vitamin A value, and only negligible proportions of calcium 

and of vitamin C. 

Meats also contribute significantly to the dietary iron and 

thiamin (probably also some of the less well settled of the 

B-vitamins) but here one is probably not justified in attempt-

ing quantitative statements, partly because of uncertainties as 

to the accuracy of present methods when applied to attempts 

to compare some of the vitamin values in different types of 
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foods, and partly because the enrichment program is resulting 
in larger proportions of the iron, thiamin, and niacin of the 
food now being contributed by the breadstuffs. 

As has been emphasized by Hoagland and his coworkers in 
the United States Department of Agriculture, and by Elveh-
jem and coworkers at the University of Wisconsin, pork is 
richer in thiamin than are other meats; but recent studies of 
Hughes and others at the University of California indicate 
that this difference is hardly as large or as constant as seems to 
be generally supposed. 

As meats are well liked by most people, and are traditionally 
associated with feasting and a high standard of living, they are 
commonly given a "main dish" position in the meal plan and 
to them is devoted a larger share of the food money than cor-
responds to their contributions to the nutritive value of the 
diet as evaluated 011 any scientifically valid quantitative plan 
that the present writer has met or been able to conceive. It is 
true that typical lean meats have been found to contain more 
of some of the vitamins than previously supposed, and also to 
contain some of the newly discovered vitamins. But these 
facts neither belong so exclusively to meat nor constitute a 
sufficiently large part of the total nutritional picture or ac-
counting as to bring the contribution made by meat to the 
nutritive value of the diet abreast of its share of the cost. It is 
noticeable, too, that in the very extensive current advertising 
of meat, while its nutritive value is of course presented as 
favorably as possible, the appeal to the consumer is quite as 
often and as largely on traditional as on scientific grounds. Of 
course the scientist recognizes that, "apart from all questions 
of nutritional need, eating has an immense vogue as an amuse-
ment," and that various kinds of satisfaction may combine to 
justify an expenditure. Yet in the case of any food for which 
large fractions of family income are expended, one naturally 
looks for correlations between cost and nutritive value. Sev-
eral researches upon the nutritional significances of substances 
known to be contained in meat and their bearings upon the 
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place of meat in the diet are now in progress. Whether there is 
anything else involved which is in any sense nutritional will 
probably remain an open question until there have been ex-
periments with large numbers of well-controlled laboratory 
animals fed different proportions of meat in otherwise identi-
cal and fully adequate dietaries throughout entire lifetimes 
and successive generations, such as have been made with dif-
ferent proportions of milk in the diet. Such experiments 
should be undertaken only by laboratories prepared to devote 
to them especially experienced direction and relatively large 
resources for at least four years. 

E&g s 

What has just been said of the need for comprehensive, 
long-term experimental research to determine the nutrition-
ally best quantitative place of meat in the dietarv is true also 
for eggs. 

Eggs are relatively rich in protein of high nutritional ef-
ficiency, in phosphorus, in riboflavin, and in vitamin A. They 
also contribute appreciable amounts of calcium to the dietary. 
But they do not contribute (as milk and most fruits and vege-
tables do) to the body's alkaline reserve or to the maintenance 
of a good intestinal hygiene. 

Eggs are good contributors of dietary iron and thiamin; and 
have been definitely shown to have high pellagra-preventive 
value. It may be true of eggs, as seems certainly true of milk, 
and probably of some vegetables, that their actual value in 
prevention of pellagra is considerably higher than the pub-
lished estimates of niacin content would indicate; whether 
because the methods for niacin assay are not accurately appli-
cable to all foods, or because pellagra as it actually occurs is 
less purely a niacin deficiency than current ways of speaking 
and writing imply, or in some less direct way, is not yet clear. 

As may readily be seen from Table 7, eggs are, when com-
pared with other foods in relation to their calories, rich sources 
of protein, phosphorus, riboflavin, and vitamin A value; and 
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fair sources of calcium. Eggs also have a vitamin D value which 
is relatively high compared with other staple foods and un-
doubtedly may be of real nutritional significance, but is not 
high compared with that of the fish liver oils. 

Fruits 

T h e Government grouping used by the Nutrition Division 
of the Federal Security Agency, and also by the United States 
Department of Agriculture on one of whose publications Ta-
ble 7 is based, distinguishes between citrus and all other fruits. 
Assuming that the data of Table 7 are representative, citrus 
fruits contribute practically as much vitamin C to our food 
supply as do all other fruits combined, while involving only 
about one third as much cost and one fifth as many calories. 
Citrus fruits also contribute relatively more riboflavin, while 
other fruits contribute more vitamin A value. Not only are 
citrus fruits relatively good contributors of calcium, but in 
addition it has been shown that orange juice specifically aids 
calcium assimilation. 

During the period between the two World Wars, and espe-
cially in the later years of that period, there have been large 
plantings of citrus-fruit trees in California, Florida, and Texas. 
As a result, production has been increasing and, except for 
costs of transportation and retailing, prices of these fruits in 
season, and for canned grapefruit and its juice at all times of 
the year, have decreased to levels at which these foods with 
their high vitamin C content and other nutritional virtues 
have ceased to be luxuries and are now to be regarded as staple 
foods and good investments in nutritive values. This fact de-
serves to be more widely known and more fully appreciated. 
With the large areas of citrus orchards that are now coming 
intc bearing, and the technological advances in economical 
preservation of these fruits and their juices, per capita con-
sumption of them may well increase many-fold. 

Beside being the outstanding sources of vitamin C, and 
good sources of the other water-soluble vitamins and the min-
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eral elements generally, citrus fruits and their juices are great 
helps to the maintenance of a good hygiene of the digestive 
tract and of the body's alkaline reserve. Thus, a citrus fruit 
or juice is mildly acid in the mouth but after absorption into 
the system the citric acid is burned and the basic elements of 
the fruit or its juice are largely added to the body's assets of 
reserve alkalinity. This continues to be true even when one 
consumes up to four pounds of the fruit or four pints (eight 
ful l glasses) of the juice of oranges or grapefruit a day (Blath-
erwick and Long, 1922; Lanford, 1942). 

T h e tomato, which is a fruit although often treated as a 
vegetable, is in normal times widely available (fresh or canned) 
and in some regions may be significantly cheaper than orange 
or grapefruit—though this is now by no means so often true 
as formerly. Tomatoes are less rich in vitamin C than grape-
fruit, and only about half as rich as oranges, but are neverthe-
less an excellent source of vitamin C; and they are richer in 
riboflavin and vitamin A value than are oranges or grapefruit. 
Both tomatoes and citrus fruits hold their vitamin C value 
excellently in canning and storage. 

Other fruits are not quite so fortunate in this respect but 
still tend to retain their vitamin C values about as well as the 
general property of freshness is preserved. It is also a fortunate 
fact that fruits as well as succulent vegetables usually have 
their maximum vitamin values at about the stages of maturity 
at which we most enjoy eating them, and at the times of year 
when each is at its best and at the height of its season and there-
fore most abundant and least expensive. 

As different cultural varieties of the same species of fruit 
have been developed for the sake of differences of flavor, and 
also of such diverse properties as color, earliness of maturity, 
keeping and marketing qualities, it is easily conceivable that 
as an accidental and unforeseeable accompaniment of the 
development of these other qualities, considerable differences 
in vitamin value may have been introduced which are only 
now coming to light. The best-known case of this kind is that 
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of the apple, hundreds of varieties of which have been devel-
oped; among them perhaps a score or more have now been 
studied as sources of vitamin C with the result that some 
varieties are found to be on the average perhaps 3 times as 
rich in this vitamin as some others. A case of the opposite kind 
is that of the banana, of which the trade decided to promote 
only one variety in the American market. So taking all varie-
ties of apples in our market as they come, we find apples aver-
aging about the same but varying more than bananas in vita-
min C value. Thus, if one selects for himself a single variety 
of apple, then according to the variety chosen it may be either 
richer or not so rich as the single variety of banana which the 
growers and distributors selected for the American public. 

T h e mild acidity of most fruits and the texture of the flesh 
fiber of many of them combine to make raw fruit an especially 
pleasant and wholesome food with which to end a meal, be-
cause these properties leave the teeth and gums in a clean, 
fresh condition, and also aid the digestion of the meal as a 
whole. Hence, as often as one can conveniently arrange to do 
so, let the last course of each meal be not anything sticky, 
pasty, or artificially sweetened, but rather a fruit salad, an 
apple-celery salad, or a raw apple. And if any food is taken 
between meals, give strong preference to raw fruit or fruit 
juice. 

Vegetables 

It is. of course, as staple vegetables of high fuel value that 
potatoes and sweetpotatoes are bracketed as a separate food 
group in Table 7. These two foods are not closely related 
botanically: one is a tuber, the other is a root, and they belong 
to plants whose scientific classification is not close—for this 
reason science seeks to "take the curse off" an illogical name by 
writing sweetpotato as a single (and thus obviously artificial) 
word. They are, however, not very different in most features 
of their nutritive values; and the food habits of the American 
people treat them as interchangeable electives in meal plan-
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ning. The starchiness of both, plus the sugar of the sweet-
potato, makes them relatively high energy foods. They do not 
contain high percentages of protein (even if figured on the 
basis of dry solids), but potato protein has been shown to have 
high efficiency in human nutrition, while sweetpotato protein 
remains to be investigated in this respect. On the other hand, 
potato has a relatively low, and sweetpotato a relatively high, 
vitamin A value. Both become fairly important sources of 
thiamin and riboflavin when used in the quantities that 
American food habits make practicable. Both are also fairly 
good sources of vitamin C when cooked in their skins and 
eaten without undue delay. 

Mature legumes and nuts constitute another food group in 
the United States Department of Agriculture classification 
followed in our present Table 7. While true nut devotees 
might consider such a bracket incongruous, the peanut bridges 
the gulf between the "lowly legumes" and the "true" or tree 
nuts; and peanuts constitute an increasingly important food 
crop, while other nuts at present are only a minor (though in-
teresting) feature of our food supply. The legumes including 
peanuts are protein-rich foods, and peanut protein has been 
shown to have high nutritive efficiency and to be so constituted 
as excellently to supplement the protein of bread. Studies of 
the nutritive efficiencies of the proteins of other legumes, in-
cluding our ordinary beans and peas, have yielded results so 
variable as to be difficult of interpretation. Some feel that be-
cause of occasional indications of a lesser efficiency in the 
legume proteins, the traditional discrimination in favor of 
"animal proteins" is confirmed; while others, including the 
present writer, consider the evidence to be so generally favor-
able to legume-protein as to justify the view that legumes and 
nuts may be regarded as nutritionally satisfactory alternatives 
to meat for those who may wish so to use them either occasion-
ally or often, and whether for reasons of palate or purse. 

Tomatoes, while separately placed in Table 7, are usually 
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bracketed with citrus fruits for nutritional consideration, and 
are so discussed above. 

Green and yellow vegetables as a group are important for 
their contribution to the vitamin A value of the diet; but 
science does not specifically seek the sanctification of spinachl 
In fact spinach is now known to be an unfortunate choice 
among the green-leaf vegetables because it contains a rela-
tively large amount of oxalic acid, which is not a desirable 
substance for human consumption in any case and which ren-
ders practically unavailable and useless the calcium which 
spinach, chard, and other leaves of the Goosefoot family con-
tain. On the other hand, many other green foods, including 
broccoli, cabbage greens, collards, dandelion, kale, loose-leaf 
lettuce, turnip tops, and watercress are practically free from 
oxalic acid and are important dietary sources of calcium as 
well as of vitamin A and riboflavin. 

Carrots, like sweetpotatoes, are rich sources of vitamin A 
values, though their calcium contents are much like those of 
other roots. T h e carotenes which give these vegetables their 
yellow color and vitamin A value are also contained in impor-
tant amounts in yellow corn; but not in yellow turnips, whose 
coloring matter is of a different kind. 

Broccoli is a vegetable of high nutritive value and deserving 
of its increasing popularity. Formerly regarded as a somewhat 
exotic luxury, it is now quite cheap, especially as one may 
enjoyably and with nutritional advantage include in the edi-
ble portion not only the flower bud but also the adjacent 
leaves and the tender green twigs on which these are borne. 
These twigs are comparable with the edible stem and t ip of 
asparagus. T h e leaves are among the richest of foods in cal-
cium, iron, and vitamin A values and are also good sources of 
other vitamins. T h e flower buds constitute, of course, the dis-
tinguishing feature of broccoli as a food, and far outrank the 
one other flower we commonly eat (cauliflower) in colorful 
character and nutritive values. Broccoli is a relatively sure crop, 
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easy either to market or to raise in home gardens. T o the con-
sumer who grows his own it offers the great practical advantage 
that the same plant continues to grow successive pluckings of 
the edible portion throughout a very long season. 

A Larger Grouping 

Milk and its products, fruits, and vegetables collectively 
constitute the part of the dietary or food supply to which our 
present-day knowledge gives increased attention and promi-
nence. How much of our food expenditure do we invest in this 
collective group, and what proportion of our nutrient intake 
does this investment bring us? Or alternatively, what propor-
tion of our total calories do we draw from this larger group 
of foods, and what percentages of our other nutrient intakes 
do these foods bring us along with those calories? 

These are, of course, two ways of putting the general ques-
tion of the nutritional characteristics of this larger food group 
as compared with the other foods collectively or the dietary as 
a whole. 

Here again, the data of Table 7 may be taken as fairly repre-
sentative. In this larger group (milk and its products, fruits, 
and vegetables) the families represented in Table 7 invested 
(in nearest whole numbers) 37 percent of the money that they 
spent for food, and for this fraction of their food money they 
received from this group of foods 30 percent of the calories, 
30 percent of the protein, 81 percent of the calcium, 49 per-
cent of the phosphorus, 97 percent of the vitamin C, 56 percent 
of the riboflavin, and 80 percent of the vitamin A value. Thus, 
viewed in the light of the investment in them as compared with 
the dietary as a whole (or with all other foods of the dietary 
collectively), it is clear that this group (fruits, vegetables, and 
milk) contributes outstandingly to the mineral and vitamin 
values, and at the same time brings to the dietary almost its 
pro rata share of the calories and protein. 

Or, characterizing on another basis, we may say that to the 
extent that the families represented in Table 7 drew upon 



CHIEF GROUPS OF FOODS 115 

this food group toward the meeting of the calorie requirement 
these foods furnished with their calorie quota, their exact 
protein quota also, and at the same time much more than 
their quotas of the minerals and vitamins here considered. 
And if protein instead of calories were made the basis of this 
latter comparison, the same thing would appear as to the high 
mineral and vitamin values of this collective group of foods. 

Thus from whichever of these viewpoints we characterize 
the food group consisting of milk and its products, fruits, and 
vegetables, these foods collectively stand out clearly as the 
effective way of bringing into the individual dietary or the 
national food supply that more generous allowance of mineral 
elements and vitamin values which will certainly improve our 
current American practice. 



CHAPTER X 

( 4 ARE WE WELL FED?' 

H E title of this chapter is borrowed from the essay by 
Dr. H. K. Stiebeling published by the United States 

Department of Agriculture in 1941 as its Miscellaneous Publi-

cation No. 430. T h e opening words of that publication are: 
Strong and alert nations are built by strong and alert people. 
Strong and alert people are built by abundant and well-balanced 

diets. 
No nation achieves total strength unless all of its citizens are well 

fed. T o be well fed means more than filling the stomach with 
foods that appease hunger. It is more than getting the food that 
barely protects the body from disease due directly to poor diet. It 
is having each day the kind of food that will promote abounding 
health and vitality. 

Our Nation's goal is that everyone shall have a diet adequate in 
every respect for good nutrition. 

As compared with most countries, the United States has 

rich and varied resources for food production. Yet the food-

consumption studies of 1936-37 showed a large proportion 

of our families to be subsisting on diets which nutritionally 

could not be judged good; and the draft examinations of 1940-

41 showed a high percentage of our young men to be dis-

qualified by physical impairments attributable in greater or 

less degree to the fact that so many of these men had not been 

well fed. 

In Britain it is an open secret that when a presumably fair 

sample of similarly rejected men were given good feeding for 

a few months a very large majority of them were rendered fit. 

From the United States Public Health Service comes the 

opinion that nutritional deficiency diseases "in all probability 

constitute our greatest medical problem, not from the point of 
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view of deaths, but from the point of view of disability and 
economic loss." A little reflection will make it abundantly 
plain that the "economic loss" of the preceding sentence stands 
also for many frustrations and losses of satisfaction in life. 

Undoubtedly too, malnutrition plays a much larger part 
in our death rates than our vital statistics reveal. A committee, 
two thirds medical, appointed by the National Research Coun-
cil to study the prevalence of malnutrition in the United 
States, found no way of obtaining numerically accurate data 
from the official records of deaths, but reported the existence 
of indubitable evidence that malnutrition is a much larger 
factor in both morbidity and mortality than has hitherto been 
supposed (Jolliffe, McLester, and Sherman, 1942). 

This committee considered it probable that deaths actually 
due to malnutrition in the United States are many times 
greater than the mortality statistics indicate; and that data 
based on hospital records are subject to the same criticism as 
the official mortality rates, namely, that they are incomplete 
because of (1) nonrecognition, and (2) mislabeling in the tradi-
tional "precedence" given to certain diseases over others. Thus 
it is still impossible to know how much malnutrition is con-
cealed, for instance, in the 370,000 deaths recorded in 1938 
under the heading of diseases of the circulatory system, or how 
much under "senility," "cirrhosis of the liver," and "psy-
choses." 

Even among physicians thoroughly attuned to the im-
portance of the nutritional status of their patients, recogni-
tion of early stages or subacute cases must depend upon the 
delicacy of the diagnostic methods available at the time. With 
a method more delicate than any previously in use, Kruse 
(1941) and also Jolliffe (1942) find evidence of a much greater 
prevalence of mild shortage of vitamin A in New York City 
than had previously been imagined. 

Very important also is the evidence of widespread nutri-
tional handicap which came to light when at the Toronto 
General Hospital one half of a large group of expectant 
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mothers were given the usual advice and supervision of the 
antepartum clinic, while the others were given in addition 
a daily supplement to their accustomed home diets. This daily 
supplement consisted of one egg, 30 ounces of milk, 0.5 ounce 
of wheat germ, 1 ounce of cheese, 4.5 ounces of canned toma-
toes, and 1 orange. The mothers who received this extra food, 
and also the children to whom they gave birth during this 
experimental feeding, made strikingly better records than the 
parallel patients who continued on their accustomed home 
diets. 

Dr. Jolliffe's committee concluded that strikingly obvious 
malnutrition is relatively rare in the United States, that cases 
apparent only to the physician who looks for them are fre-
quent, that the cases which are vague and elusive even to the 
skilled and careful observer are probably more frequent still, 
and that "if optimal nutrition is sought, not mere adequacy," 
then there is need for widespread improvement in the food 
of the people of the United States. 

The incompleteness of reporting of malnutrition thus shown 
makes it probable that the findings of food-consumption 
studies are more significant from our present viewpoint than 
any vital statistics or clinical records yet available for most 
or all of the United States. 

As Stiebeling points out, the food-consumption data in-
dicate that millions of people in this country are living on 
diets that are below the safety line. This does not mean that 
all these people are consciously hungry (though "some often 
are"). "Nor do all that subsist on poor diets show symptoms 
of pellagra, beriberi, scurvy, anemia, or other well-defined 
disease." 

Beside conscious hunger there is the so-called "hidden 
hunger" of the people who have enough of total food but not 
enough of the "right kinds of food" and these latter are, in 
the United States, usually much more numerous than the 
former. 

Our greatest nutritional handicap in the United States is 
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not that part of our population which is starving in the his-
toric sense, nor that part which is recognized as suffering from 
specific nutritional deficiency diseases, but the part (probably 
much larger than those other two parts put together) which 
is "getting along on poor diets." Most of the individual handi-
caps of this latter kind or degree go entirely unrecognized or 
at most are regarded as "merely borderline cases"—a phrase 
which seems to cast doubt upon the reality of the affliction, 
whereas what is more probably doubtful is the adequacy of 
the method of diagnosis. 

With more delicate methods of diagnosis many of the "bor-
derline cases" are recognized as "frank" cases of one or another 
nutritional deficiency disease. But how much better still if 
they were entirely prevented by good feeding. 

Under the rude awakening of the draft examinations and 
the stress of war, it was recognized that, as Dr. Stiebeling put 
it: "The Nation's families need good diets to safeguard their 
own health and to strengthen the defenses of the country." 

Our permanent policy should be not merely "to find where 
the disease exists and cure it," but rather to safeguard against 
any occurrence of dietary deficiency disease in this country 
where our resources for food production are so ample. 

At present, as the investigations of Stiebeling and coworkers 
clearly show, the nutritional quality and safety of diets in the 
United States varies greatly. In the above-quoted summary of 
these investigations, diets which contained less than the stated 
minimum 1 of any of the following nutritive values—protein, 
50 grams; calcium, 0.45 gram; phosphorus, 0.88 gram; iron, 
10 milligrams; vitamin A, 3,000 International units; thiamin, 
1.0 milligram; vitamin C, 30 milligrams; riboflavin, 0.9 milli-
gram—were rated "poor" or as failing to safeguard. This was 
considered as analogous to an "unsafe" rating on a bridge: 
not meaning certain disaster, but absence of a due margin 
of safety in one or more respects. Diets which met this 8-point 

1 These "minimum" values are lower than the Recommended Allowances of 
the National Research Council's Committee. 
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minimal standard in all respects, but with less than a 50 per-
cent margin, were rated "fair." Those that were 50 percent 
(or more) above these same minima at all 8 points were rated 
as "good." As a further indication of the significance of "good" 
as contrasted with "fair ," this official publication states: 
"Laboratory experiments and human experience indicate that 
proper diets not only can lengthen the entire span of life but 
that they also can lengthen the active, fruitful period, post-
poning the effects of advancing age. They can make old age 
itself more healthful, less a period to be looked forward to 
with dread, and less of a burden on society." 

Stiebeling points out that four facts should be kept in mind 
in connection with interpretation of the data of the food-
consumption studies: (1) The tentative nature of present 
knowledge of the mineral and vitamin values of many foods, 
especially with reference to losses in cooking. (2) Lack of 
knowledge of household wastes of edible food. (3) The fact 
that each diet study covered only a single week. (4) Lack of 
completeness and precision in our knowledge of our nutri-
tional needs. "Were the same diet records to be evaluated at 
some future date when such knowledge is more advanced, 
it is probable that somewhat different conclusions would be 
reached. Nevertheless, the comparisons made among different 
groups of families are significant because the diets of each 
group were analyzed in the same way." 

Of the families whose food-consumption data were collected 
in 1935-36, presumably representative of the people of the 
United States, about one fourth had "good" diets in the sense 
explained above; more than one third had "fair"; and another 
third or more had "poor" diets. 

Stiebeling finds that, as a rule, relatively more of the ill 
fed are found in the lower income levels than in the higher, 
more in the larger families than in the smaller, more in the 
Southeast than in the North and West, more among Negro 
than among white families, more in the cities than on the 
farms. 
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T h e main reason why farm family diets generally are better 
than those of village or city families is that the farm families 
eat larger amounts of fruits, vegetables, milk in its various 
forms, and eggs. 

Of the high proportion of low-income city and village 
families, Stiebeling writes: "Careful planning and wise mar-
keting are necessary if frugal food allowances are to supply 
all dietary needs." In 1935-36 a considerable majority of city 
and village nonrelief families had incomes below $1,500 per 
family per year. In 1942, perhaps due to "war boom," this 
was said to have risen to a median family income of about 
$2,300 a year. 

" T h e proportion of families with diets that are good would, 
of course, shift with changes in income distribution and in 
food-purchasing power. Even without changes in the economic 
situation the proportion of good diets could be greatly in-
creased if all families used their resources for food to the 
best advantage." 

One important food resource is, of course, the home garden. 
Obviously farm families have a great advantage in facilities 
for producing a major part of the food they consume. But 
even a villager may raise his family's diet from fair to good 
by what he can easily grow in his home garden, and in his 
spare time. 

Stiebeling puts the worthwhileness of home gardens on the 
right basis in the question: "Does it pay in better diets to 
produce food at home?" 

Whether it pays in better diets and therefore in better health 
for all members of the family is more important than how a 
money accounting on the home garden project would look. 
Probably in terms of money the hours spent on the garden 
will seem to have brought but small return; but the home-
garden project has other aspects which are more important 
than the small amount of money involved. T h e home garden 
brings all the family increased amounts of protective foods 
at their best and with no possibility of losses of vitamin values 
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through marketing delays; this improvement of the diet bene-
fits the health of all and gives the children particularly a 
better chance of successful and satisfying lives; and knowing 
these benefits to come from his culture of his garden, the spare-
time home gardener will find his garden-making an enjoyably 
recreative form of exercise. 

In many connections, and not least with respect to the way 
in which the home garden pays, we do well to remember what 
Galsworthy preached in his serious postwar mood: "Make 
health rather than wealth the ideal; and make that ideal ef-
fective by education from infancy up." 

Under the stimulus of war conditions, a keen appreciation 
of home gardening has grown up in Great Britain. On a 
standard-sized garden allotment of 30 x 90 feet, a reasonable 
share of the spare time of an average family, with fair land and 
fair luck, produces the greater part óf both the vitamin A 
value and the vitamin C that it needs per year, along with 
much else that improves the nutritive quality of the family 
dietary. 

It is believed that, because of awakened nutrition con-
sciousness, there is less malnutrition in Britain now than there 
was before the war, improved management of home resources 
having more than offset all the enemy depredations upon food 
imports as well as the war-emergency shifting of ship space 
to directly military needs. 

In the July, 1942, issue of the Milbank Memorial Fund 
Quarterly, Kruse has contributed an interesting paper entitled 
" A Concept of the Deficiency States." In outline, his concept 
is that a dietary deficiency disease develops in the sequence: 
lowered concentration of the essential factor in the blood; 
depleted storage in the body's reservoirs; diminished excre-
tion in the urine; microscopic change in tissue; gross morpho-
logical and functional change. One step is not necessarily 
completed before the next begins. Kruse has found specific 
biomicroscopic changes for the four diseases due to deficiency 
of vitamins A and C, riboflavin and niacin, respectively; and 
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he writes that his "observations, combined with the results 
from administration of specific therapy, have clearly shown 
that the early or mild state has a deeper meaning than was 
previously recognized." Kruse emphasizes the distinction be-
tween acute and chronic forms of the same deficiency disease, 
each of which forms may be either mild or severe. Of the 
chronic state Kruse holds that its essence is time. The longer 
people live, the more chance they have to incur changes and 
to have them develop to an advanced state. Consequently, 
chronic changes are seen with greater frequency with increas-
ing age. Kruse also holds that these chronic alterations have in 
the past been called senile changes, but that "senility per se 
is not responsible for them." Usually they are due to dietary 
deficiencies running over a period of years. Their incidence 
and degrees of severity vary largely with economic conditions. 
"Most important of all, they are reversible, yielding slowly 
but completely to appropriate therapy." (Kruse, 1942, p. 255). 

Chronic changes, however, are found by Kruse to respond 
much less promptly to treatment than do the acute cases which 
often yield dramatically rapid cures. Kruse emphasizes the 
probability that chronic cases may go unrecognized and that 
if treated the treatment may not be sufficiently prolonged. 
When the possibilities of the different forms of the same 
deficiency condition are recognized the apparent discrepancies 
between frequencies of dietary inadequacies and occurrences 
of deficiency states are in great measure cleared up. 

In the publication whose title has been borrowed for this 
chapter, Stiebeling concludes that, "As compared with many 
countries, ours is rich in food. But we still are far from being 
a well fed people." 



CHAPTER XI 

T H E N U T R I T I O N A L I M P R O V E M E N T OF L I F E 

NO T W I T H S T A N D I N G the high percentage of rejec-
tions for physical reasons in the national draft, the aver-

age figures show that our young men of today are about an 
inch taller and correspondingly better developed than were 
their predecessors of 25 years ago at the same ages. 

Records of both men's and women's colleges have also 
shown that both boys and girls enter college younger yet taller 
than their parents and other predecessors did from 25 to 30 
years ago. Though some fluctuations appear when compari-
sons are made over short periods, there is no reason to doubt 
the general trend to better physical and prompter mental de-
velopment over the period of the past two, three, or four 
decades. The news most recently received from Yale is that the 
new freshman class is the youngest and the tallest yet recorded 
there (1943). 

In none of these comparisons can the improvement be ex-
plained on genetic grounds. While increased interest in out-
door life and the teaching of other health habits have doubt-
less played some part, it is probable that the newer knowledge 
of nutrition, the growth of intelligent nutrition conscious-
ness, and the resultant better feeding of children and more 
scientifically guided food habits continuing into youth and 
adulthood have been the chief factors in this improvement 
in physical and mental growth and development. 

Probably, too, it was very largely because of the growing 
attention given to nutrition even during the first three decades 
of the century that the public health bore up as well as it did 
during the long economic depression which followed the 
crisis of 1929-30. 
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Nation-wide appreciation of the importance of nutrition 
grew steadily with the new knowledge in this field of science 
and with the increasing social awareness of the need for its 
further application. This was accentuated by the experiences 
of the economic depression and the strong feeling of unrest 
that there should be people inadequately fed at the same 
time that so-called surpluses of food crops existed. The Aus-
tralian delegate to the League of Nations called for a world-
wide policy which would "marry agriculture and health." 

McLester in his presidential address to the American Medi-
cal Association in 1935 expressed the opinion that as science 
conferred on those peoples who availed themselves of the 
newer knowledge of infectious diseases, better health and a 
greater average length of life, so also it promises to those who 
will take advantage of the newer knowledge of nutrition, 
greater vigor, increased longevity, and a higher level of cul-
tural attainment. 

In 1936 Sir John Boyd Orr, doctor of medicine and director 
of the Imperial Bureau and Rowett Research Institute of 
Nutrition, wrote in his Food, Health and Income: "This new 
knowledge of nutrition, which shows that there can be an 
enormous improvement in the health and physique of the 
nation, coming at the same time with the greatly increased 
powers of producing food, has created an entirely new situa-
tion." 

Dr. Frank Boudreau also voices the growing body of medical 
opinion which regards the present era of nutritional knowl-
edge and power as something essentially new, when he says 
that "the benefits of an abundantly adequate diet are greater 
than we had any reason to expect." 

The same serious attitude of realization that our generation 
has here encountered an unexpectedly great responsibility 
and opportunity for the advancement of human welfare per-
vades the publication of the International Labor Office on 
Workers' Nutrition and Social Policy, and the 1937 publica-
tion of the League of Nations entitled Nutrition: Final Report 
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of the Mixed Committee of the League of Nations on the 
Relation of Nutrition to Health, Agriculture, and Economic 
Policy. In the former, the International Labor Office recorded 
its findings that large numbers of the working population, 
even in what were considered normal times and in the most 
advanced industrial countries, are inadequately nourished; 
and it considered what was being done to bring about better 
nutrition as an important factor in the public welfare. And 
the 1937 publication of the League of Nations definitely calls 
upon governments to extend their sphere of action for the 
betterment of nutritional conditions in the light of the new 
concept which had come "through research conducted over a 
long series of years by individuals, in a number of countries." 
It is significant to find a "Mixed Committee" representing 
health, agriculture, and economic policy basing its recom-
mendations regarding governmental food policies so clearly 
upon the guidance of research in nutrition as an experimental 
science. In its 1937 report, this Mixed Committee emphasizes 
general agreement on the need for spreading a knowledge 
of the newer aspects of nutrition, the convincingness of the 
evidence of its importance to health, and the "equally abun-
dant and striking evidence" that optimal nutritional condi-
tion is rare. 

In line with the American evidence cited at the beginning 
of this chapter, the League of Nations' committee held that 
food habits in the Western World were (1937) gradually "tend-
ing to change in the right direction," the people now consum-
ing "more milk and dairy products, more fruit and more 
vegetables than a generation ago." The committee considered 
that this improvement had resulted in part from a better un-
derstanding of dietary needs, in part from a general increase 
in income and in ease of transport, and in part from improve-
ments in the methods of production and distribution of these 
rather perishable agricultural products. This Mixed Com-
mittee inclines to give about equal credit to the influence of 
agriculture in providing these perishable foods more cheaply 
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and in higher quality; and, on the other hand, the influence 
of enhanced consumer demand upon agriculture. T h e com-
mittee considered that in 1937 the movement towards better 
nutrition had made considerable progress, but had not gone 
nearly far enough. "Poverty and ignorance remain formidable 
obstacles to progress." And in this report it is predicted that 
if adequate levels of food consumption can be achieved, it 
would make possible now a further progress, fully equal to 
that of the nineteenth century, in raising the quality of human 
life. For the improved health "will certainly," this committee 
believes, be accompanied by increased efficiency and a rise in 
material welfare and happiness. Hence if the hope which nutri-
tion holds out can be made a reality, new perspectives will 
be opened up for the improvement of human welfare. 

T h e League of Nations committee also held that in spite 
of the application of the knowledge of medicine and hygiene, 
the physical condition of a large proportion of people is far 
below what it should be, and that the more recent advances 
in medical science have shown that this inferiority is largely 
due to imperfect nutrition. 

T h e passage above quoted from McLester was prominently 
reproduced in the 1939 Yearbook of the United States De-
partment of Agriculture, which under the title Food and Life, 
was essentially devoted to nutrition. And in the Foreword of 
that Yearbook, Secretary Wallace wrote that probably 99 per-
cent of the children of the United States have heredity good 
enough to enable them to become productive workers and 
excellent citizens provided they are given the right kind of 
food, proper training, and ordinary opportunities; but that 
half of them "do not get enough in the way of dairy products, 
fruits, and vegetables to enable them to enjoy full vigor." 
Wallace added that it is the duty of producers, distributors, 
consumers, and the Government to cooperate "to see that the 
children of these people are better fed than their parents 
were." 

Nutrition was given governmental recognition in the or-
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ganization of Federal defense and security activities in 1940; 
and at the same time the National Research Council reestab-
lished a standing Committee on Food and Nutrition, which 
has since evolved into a Food and Nutrition Board with many 
contributing Committees. In 1941, the President of the United 
States called the first National Nutrition Conference; and Vice 
President Wallace in his address to that Conference proposed 
a series of three ascending goals for the nutritional improve-
ment of our national life: 

(1) The complete eradication of nutritional deficiency dis-
eases—"we do not have yellow fever any more in this country: 
we should not have pellagra." 

(2) A great reduction of those infectious diseases like tuber-
culosis, the incidence of which depends largely upon nutri-
tional status. And, finally, 

(3) T o bring within the reach of all our people such sup-
plies of the right kinds of foods as to make it possible for all 
who will to attain the efficiency and enjoyment of "health 
plus." 

The fact will bear emphasis that in the nutritional improve-
ment of life, the life cycle becomes longer because stamina has 
been stronger throughout the course of the life. If the "course" 
of the life "cycle" be compared with the path of a projectile, 
the person who, for either genetic or nutritional reasons or 
both, is possessed of superior well-being lives on a higher plane 
as well as for a longer time; somewhat as a superior cannon 
can, if rightly aimed, throw its projectile both higher and 
farther. 

But the actual difference that nutrition can make between, 
as the Journal of the American Medical Association editorially 
puts it, "passable health and buoyant health" is something 
much more vital than any mechanical analogy can adquately 
suggest. At the National Nutrition Conference above men-
tioned, Dr. Thomas Parran, Surgeon General of the Public 
Health Service, put some of the human implications as follows: 
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. . . given the national will to do it, we have the power to build 
here in America a nation of people more fit, more vigorous, more 
competent; a nation with better morale, a more united purpose, 
more toughness of body, and greater strength of mind than the 
world has ever seen. This total result can be accomplished only 
by putting to work all of the scientific knowledge we have for the 
nutrition of all of our people . . . , great assets in food produc-
tion, distribution, education, social awareness, and patriotism can 
be canalized, through science, toward our goal of nutrition to lift 
our level of achievement. 

And Dr. Boudreau has recently said that if all we now know 
about nutrition were applied to modern society, the result 
would be an enormous improvement in public health, "at least 
equal to that which resulted when the germ theory of in-
fectious diseases was made the basis of public health and medi-
cal work." 

Of late it has been learned (as was noted briefly in Chapter 
I) that the chemical specificity of a species is not so rigid but 
that it is possible nutritionally to induce important modifica-
tions of, for instance, the mineral and vitamin contents of the 
working tissues of living organisms. In January, 1941, under 
the directorship of Professor L. A. Maynard of Cornell, the 
United States Nutrition Laboratory began full operation in 
its investigation of the nutritional interrelationships of soil, 
plant, farm animal, and man. Rightly enough, there are high 
anticipations of improvement in nutritive values of foods 
through such investigations. 

Even more important is the prospect of the benefit to man's 
own tissue composition and condition of internal environ-
ment, as people come to realize more fully and keenly the 
deep-seated and far-reaching effects of differences in what 
enters the body as nutriment. A difference in tissue composi-
tion so small as to be barely detectable (or perhaps too small 
to be detected) by chemical analysis may yet make a very great 
difference in the course of the life cycle. For, as we have seen, 
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in the case of superior nutrition, the "course" runs both higher 

and farther—the more scientifically guided choice of food en-

hances both the quality and the duration of our lives. 

Already, then, our new knowledge of nutrition has become 

a very important resource for each individual's constructive 

management of his own life history; and on the community, 

state, or national scale it is a powerful and far-reaching instru-

ment of social policy, and of our agricultural, industrial, and 

military efficiency as a people. 

T h e nutritional science of today with its specific facts for 

the prevention and cure of so many diseases, and with its 

further general principle of the nutritional improvability of 

the normal, is an outstanding new illustration of the old say-

ing that knowledge is power. 

H o w then is this new power to be brought into most ef-

fective use in support of our war effort, and of the construc-

tive work of the postwar period? One form of answer to this 

very comprehensive question is a threefold grouping of ways 

to make nutritional knowledge more effective. 

(1) Immediate improvement of the nutritional environ-

ment in which we and our fellow citizens live, by wholesale 

restoration in foods of universal consumption of nutritive 

values lost in processing, (that is, "the enrichment program"); 

(2) Education in the essentials of nutrition, the nutritive 

values of foods, and the influence of the kinds and relative 

amounts of food eaten upon the level of health and efficiency, 

so that people wil l want the benefits which the newer knowl-

edge of nutrition offers; and 

(3) Economic measures to bring (as Lord Astor put it) "not 

only enough food but enough of the right kinds of food" 

within the reach of all the people as consumers. 

Let us consider each of these three programs in turn. 

T h e enrichment program has so far embraced four projects 

dealing respectively with table salt, bread, butter substitutes, 

and milk. 

Several years ago it began to be realized that in regions where 
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drinking waters are nearly devoid of iodine (iodides), the peo-
ple may develop an iodine-deficiency disease characterized by 
goiter, if they use table salt so refined as to have been robbed 
of the small proportion of iodide which rock salt, sea salt, and 
the natural brines of salt wells contain. Hence arose the custom 
of restoring a little iodine (in the form of sodium or potassium 
iodide) to table salt. The product is called iodized salt; but 
it need not be regarded as anything medicated, for the iodide 
is simply a restoration of what natural salt contains. Such 
restoration to table salt of a natural constituent of which it 
had been impoverished in refining has been largely promoted 
by public-health authorities and found very effective in greatly 
lowering the incidence of goiter. 

Recently, as described in Chapter IX, the same principle is 
being applied in the restoration to white flour or bread of one 
or more of the nutritionally important substances which the 
modern milling process rejects. This is now being done in one 
way or another in several countries including our own, and 
in all cases the project starts with the proposal to restore thia-
min (vitamin Bj). In Great Britain calcium is being added 
along with thiamin; while in the United States this enriched 
flour and bread must be restored to something approaching 
whole-wheat levels in its thiamin, its iron, and its niacin (nico-
tinic acid) content, and later is to be enriched (according to 
an announcement of the Federal Food and Drug Administra-
tion) in riboflavin also. In both countries the discussion of 
the enrichment of artificially impoverished flour and bread 
has centered upon its thiamin content. The fact is clear that 
white flour had been impoverished (in the modern milling 
process) of much the greater part of the thiamin which wheat 
naturally contains, and that this nutritional impoverishment 
of a food which practically all consume—most people as one 
of the major foods of the everyday dietary—had had the effect 
of bringing down the thiamin content of the diet to a level 
too low to support the best of health. 

This fact gives great force to the argument that there should 
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be a restoration of what the modern milling removed, or an 
enrichment of its impoverished product. As has been explained 
in Chapter IX, the Federal Food and Drug Administration 
decided to use the term enrichment for the project and En-
riched as the designation to distinguish and identify the 
product. T h i s term Enriched does not ensure that the thia-
min content has been brought fully up to whole-wheat levels, 
nor does the use of enriched bread in one's regular daily diet 
necessarily mean that the thiamin problem is thereby com-
pletely solved. But if one follows the simple rule "that all 
white bread be enriched," the eifect will certainly be to bring 
the thiamin contents of American dietaries (and their iron 
and niacin contents also) to distinctly more satisfactory levels. 
A n d we may reasonably hope that in a large proportion of 
cases this enrichment may, with the natural foods which the 
dietary also contains, bring the thiamin, iron, and niacin in-
takes up to approximately their optimal levels. So we believe 
that the enrichment program is deserving of universal sup-
port because of the benefit to our national nutritional environ-
ment which can thus be brought about in a relatively short 
time. 

T h e other two enrichment projects thus far established are, 
respectively, the enrichment of table oleomargarines in vita-
min A value, and the enrichment of the vitamin D content 
of milk. 

By an extension to butter substitutes of the same general 
principle which was followed with artificially impoverished 
flour, it is sought to ensure the presence in table oleomar-
garines of vitamin A value reasonably approaching what may 
be considered "their share," perhaps half as much as in good 
average butter. Enrichment of the vitamin D content of milk 
— t o make a good natural food better balanced—is a different 
extension of the same general principle. 

In the judgment of nearly all nutritionists, public health 
experts, and food control officials, all four of the current en-
richment projects are welcome improvements of our nutri-
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tional environment. They leave plenty to be done by nutri-
tion education and by economic action to bring larger supplies 
of the nutritionally most desirable foods within the purchas-
ing power of the low-income families of the United States. 

Education of the public in the essentials of nutrition and 
the nutritive values of foods is and will be important in any 
case. For even if all foods which have been impoverished in 
processing, and all substitute foods, could be enriched up to 
the levels of nutritive values of their prototypes, there would 
still be great additional benefits to be gained through educa-
tion in the use of nutritional knowledge in our everyday de-
cisions as to what kinds of food we shall eat and in what rela-
tive amounts to eat them. The benefits to be gained through 
learning and practicing a more scientific use of natural foods, 
even in the everyday respects just mentioned, will very proba-
bly require more time for accomplishment than the enrich-
ment program, but they extend far beyond what the enrich-
ment program has to offer. The highest ideal of enrichment 
of flour would be to give it all the nutritive value of whole 
wheat; but whole wheat alone does not suffice our nutritional 
needs. One of the problems of around twenty years ago was to 
find what proportions of other foods, in McCollum's phrase, 
"protective foods," would so supplement wheat as to make 
an adequate diet. 

Here, for the sake of conciseness, we must (so to speak) 
telescope the findings of a great deal of recent research. The 
evidence of direct human experience is combined with that 
obtained by laboratory experimentation extending often 
throughout the entire lifetimes and even successive genera-
tions of animals of species whose natural life cycle is short 
enough to make possible this comprehensive plan of research 
and whose nutritional chemistry is so related to our own that 
we know how to be strictly scientific in applying the data to 
our human problems. 

Until recently it was accepted as a truism in physiology, 
and sometimes expounded as a principle in economics, that 
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one cannot advantageously consume much more food than 
the amount that one actually needs to prevent obvious loss 
of body substance. This idea has now been shown to be an 
undue simplification, correct only for some and not all aspects 
of food and nutrition. Of total food as measured in calories, 
it is true that once one has established oneself at a normal body 
weight for age, sex, build, and activity nothing is to be gained 
by eating much more than just so many calories as are needed 
to maintain this status. But, as has already been mentioned 
briefly and will be discussed more fully later, we now have 
conclusive experimental evidence that nutritional well-being 
is enhanced by higher levels of intake of food calcium, for 
instance, than one strictly and demonstrably needs for maintc 
nance of a normal calcium status. Here there is, as McCollum 
puts it, a wide difference between the minimal-adequate and 
the optimal in nutrition. This fact is established with particu-
lar conclusiveness and knowledge of detail with respect to 
calcium, where different levels of nutritional intake (calcium 
content of food) have been studied through successive genera-
tions of large numbers of well-controlled laboratory animals. 
Evidence of the same nature shows the same thing to be true 
of the riboflavin content and the vitamin A value of the diet, 
though these cases are still in course of being worked out in 
the same degree of detail as was the case with calcium. Evidence 
of less comprehensive kinds but more largely obtained directly 
from human subjects seems to indicate that similarly liberal 
margins of thiamin and of vitamin C intake are beneficial. 
But these concrete facts should not be generalized away into 
a loosely open-handed attitude or "principle of nutritional 
liberality" with respect to all essential nutrients. If one de-
sires to speak or think in terms of "a principle" in this con-
nection, it should be a principle of scientific discrimination. 
What level of marginal intake above that of strict necessity 
or minimal adequacy is most advantageous is a question which 
can properly be answered only on the basis of comprehensive 
research upon each nutritional factor independently. 
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It has sometimes been assumed that the optimal level of 
intake of any nutritional essential is that which will keep the 
body saturated in the sense explained in our discussion of 
vitamin C. While it probably is desirable to keep the body 
thus amply supplied with this vitamin and some others, it 
is an illogical extrapolation to assume that saturation is de-
sirable in the case of all the vitamins we need in our nutrition. 

The permanently desirable level can be conclusively ascer-
tained only by lifetime experiments with different nutritional 
levels; or, better, experiments extending through the lives 
of at least two generations. By such experiments we have found 
that with calcium, riboflavin, and vitamin A the body con-
tinues permanently to profit by increased intakes up to more 
than twice the level which is directly demonstrable as neces-
sary. 

T h e combined evidence now shows clearly that starting 
with ordinary or typical American dietaries of all economic 
levels, the chief direction for nutritional improvement is to 
increase the proportion of fruits, vegetables,- and milk in its 
various forms; and that such improvement even of dietaries 
already adequate and supporting a level of health already 
normal results in better growth and development, higher at-
tainment in stamina and working efficiency, and a longer lease 
of healthier and more useful and satisfying life. 

Of this comprehensive finding, the part which has probably 
attracted most attention because least expected is that our 
present knowledge of nutrition offers a longer life to the aver-
age normal man or woman who chooses to use it in his or her 
everyday food habits. 

Obviously, however, the fullest benefit is to be had not by 
those who learn of this only in adult years, but by those whose 
food habits are so guided throughout life. 



CHAPTER XII 

N U T R I T I O N F O R R E A L I Z A T I O N O F T H E 

P O T E N T I A L I T I E S O F Y O U T H A N D O F 

M A T U R I T Y 

BARENESS of the importance of right feeding of infants 
and growing children was both an early manifestation 

and a continuing moral support of the researches which built 
the newer knowledge of nutrition. 

When in the summer of 1905 or 1906 a leading New York 
lady stood up in her open carriage on Fifth Avenue to shout 
across the street traffic, "I 've got another!" she meant that 
she had secured a gift to support another "milk station," that 
is, a center for the distribution of properly prepared milk 
together with advice on the care and feeding of children. And 
scientific feeding of children spread as knowledge grew. 

In 1931 on the occasion of an informal conference on the 
subject in Puerto Rico, the question was raised whether it 
would be wise to start such a child-feeding station as long as 
there was doubt that the milk supply would permit the project 
to be permanent. "Yes," said the Director of the School of 
Tropical Medicine, "let's begin now and continue as long as 
we can, for every day that the child does get the extra milk 
he puts calcium and vitamin A in his bank." The speaker was 
the late Dr. Earl B. McKinley, primarily a bacteriologist, yet 
appreciative of the newer knowledge of nutrition. 

When during the First World War the American Red Cross 
sent a medical mission to Rumania, and when the fighting 
ceased a group of English physicians began medical relief work 
in Vienna, much evidence was found of the difference in de-
velopment and health of children of the same race, place, and 
age, according to what it had been possible for their parents 
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to feed them. Depletion of the deposits of vitamins A and D 
in the bodily "bank" and failure of sufficient calcium and ribo-
flavin supplies during 1914-18 made differences which at that 
time may not have been translatable into these chemical terms 
but which were clearly correlated with whether the mothers 
had been able to get milk or eggs for their children or had 
been obliged to feed them on bread and water, or perhaps more 
literally on bread and turnips. 

In a series of experimental investigations begun in the then 
new light of the human experiences of the First World War, as 
well as of the simultaneous advances in the chemical concepts 
of nutrition, nutritional-balance experiments with children 
and long-term feeding experiments with laboratory animals 
were carried on at the same time in the chemical labora-
tories of Columbia University, each of these two types of ex-
periment being planned and interpreted in the light of the 
other; as also, of course, in the light of nutrition investiga-
tions of both types elsewhere. Furthermore, the laboratory-
animal feeding researches at Columbia were planned in two 
ways: in certain series the experimental variables were the 
individual chemical factors such as calcium or vitamin A; 
while in other series the experimental variables were actual 
everyday articles of food, such as bread, milk, meat, or turnips. 

This comprehensiveness of research plan is well justified 
by the results. T h e combined group of pediatricians and nutri-
tionally minded biochemists who discussed the subject in the 
proceedings of the first White House conference on child de-
velopment and health clearly recorded the modern profes-
sional view that, with investigators reasonably competent to 
select the right species to serve as a tool of nutritional research, 
the slight disadvantage of "species difference" may often be far 
outweighed by the much more complete experimental control 
permitted by the use of laboratory animals. 

Laboratory-animal experimentation may serve much the 
same function in relation to human nutritional research that 
the "pilot plant" does to industrial research in development. 
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A t the time this is written, several investigators are fol lowing 

up, in the medical assessment of nutritional condition in peo-

ple of different ages, some of the relations of food to the onset 

of "senile" changes (or, conversely, to "the conservation of 

the characteristics of youth") which had been found in labo-

ratory-animal experimentation between 1920 and 1940. W i t h 

rats as instruments of research, the laboratory experimenter 

in nutri t ion—whose background is most often predominantly 

that of training and experience in the "exact" science of 

chemistry plus modern physiology's emphasis upon experimen-

tal controls and statistical interpretation—can run through 

research experiments upon complete life cycles thirty times 

as fast as would even conceivably be possible with human 

subjects. 

So, if we could conceive of any arrangement (in our type of 

civilization) by which human beings in large enough numbers 

could be sufficiently controlled for full-life and successive-

generation experiments, science would still be compelled to 

wait at least several centuries for the completion of researches 

directly upon human beings to cover the ground covered by 

experiments with rat families during the two decades of 1920 

to 1940. 

In one of the earliest of the Columbia experiments in which 

laboratory animals were used, young rats of the same litter 

were from weaning time fed upon different simple diets of 

staple foods as follows: bread alone; bread and meat; bread 

and apple; bread and turnip; bread and milk. T h e bread 

was always of the same kind, made from white flour with fixed 

(usual) proportions of table salt, yeast, and a vitaminless fat. 

In each diet which contained a second food, the latter fur-

nished one fifth, and the white bread four fifths, of the total 

food calories. Of the diet thus quantitatively proportioned, 

each rat was allowed to eat the amount to which his voluntary 

activity and his rate of growth inclined him. Distilled water 

to drink was also always freely available. T h e results of these 
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experiments were as follows. With bread alone there was no 
growth, and relatively short survival. With bread and meat 
there was good growth for a short time, then cessation of 
growth quickly followed by rapidly progressive weakness and 
loss of weight, death coming only a little later than when bread 
alone was fed. With bread and apple, there was no growth 
but somewhat longer survival. With bread and turnip (the 
diet of which we heard so many and such bitter complaints 
from Central Europe during and immediately after the First 
World War) there was only slow, decidedly subnormal, and 
irregular growth continuing as long as it was feasible to con-
tinue that particular experiment. With bread and milk there 
was growth at a normal rate to a normal adult size; but with 
four fifths of the food calories in the form of white bread and 
only one fifth in the form of milk there was no rearing of off-
spring. Successful reproduction and lactation with rearing of 
normal offspring became possible when the bread-and-milk 
diet was improved either by replacing white bread with whole 
wheat or by increasing the proportion of milk in the diet. 

The experimental food mixture consisting of ground whole 
wheat and dried whole milk in the proportion of 4 to 1 by 
calories, or 5 to 1 by weight, with table salt and distilled 
water (Columbia laboratory diet No. 16), has been found ade-
quate to support health, growth, reproduction, and successful 
lactation in our laboratory rats generation after generation. At 
the time this is written we have rat families thriving on this 
diet in the fifty-fourth generation. This is an exceptionally 
rigorous demonstration of the adequacy of a diet; and as we 
have made this the dietary starting point in many of our ex-
perimental series we have, for the convenience of readers, 
commonly called it Diet A in print. 

While this Diet A is adequate in the sense that the word 
adequate is generally used and understood, it is not optimal. 
An increase of the proportion of milk in its wheat-and-milk 
mixture enables the animals nourished upon it to improve 
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their average records in growth, development, adult perform-
ance, and length of life; so the food mixture with higher pro-
portion of milk, Diet B, is better. 

The betterments of the average records at all stages of the 
life cycle on Diet B as compared with Diet A have been es-
tablished by large numbers of full-life and successive-genera-
tion experiments. The condition of nutritional well-being is 
normal on Diet A and averages better on Diet B. Here the 
nutritional improvability of the normal is clear-cut and un-
doubted in the objective records both of early and of later 
life: growth and development are expedited, adult vitality 
enhanced, senility deferred, and longevity increased, all in 
the same individuals by the same dietary improvement. 

These well-established research findings are undoubtedly 
very significant in their human implications and applications 
because the starting point of these laboratory feeding experi-
ments (while simplified as to the number of articles of food 
for greater accuracy of control and certainty of interpretation) 
is quite analogous to the dietaries on which certainly a large 
proportion, and probably a large majority, of people live. It 
is adequate for the maintenance of passable health and the 
perpetuation of the population, but is capable of improve-
ment by scientific shifting of the quantitative proportions of 
the foods which the dietary contains. 

In this case the shift in proportions of natural foods meant 
enrichment of the dietary in four of its chemical factors: 
protein, calcium, riboflavin, and vitamin A value. When these 
enrichments were tested separately as additions to the same 
basal Diet A we did not find all aspects of the life history im-
proved by increased intake of each separate nutrient factor, 
as they all had been by the increased proportion of milk in Diet 
B as compared with Diet A. The added protein increased the 
rate of growth and the average adult size; but not the adult 
vitality as judged by performance, nor did it increase the 
average length of life. The added calcium did better the 
record at every stage in the life history. The added riboflavin 
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has not been tested through a sufficient number of complete 
life-cycles for conclusive findings, but it seems to have a gen-
erally favorable influence throughout and to benefit the off-
spring. T h e added vitamin A, under the conditions of these 
experiments, did not increase the rate of growth but did in-
crease the adult longevity. 

Neither the rate of growth nor the bodily size attained is 
conclusive as an indication of well-being throughout the life-
time. Some pediatricians warn against too great an ambition 
to see one's child make exceptionally rapid growth, and are 
reinforced by the finding in the Agricultural Experiment 
Station at Cornell that a very rapid growth, induced by ex-
tremely rich diet given in unlimited amounts, may not always 
be best in its effects upon the life cycle as a whole.1 

There is not necessarily any real conflict between the Cornell 
and the Columbia findings. If they appear divergent this may 
be simply because they deal with widely separate areas in what 
we now see to be a very broad field of investigation. 

T h e starting point of the Cornell experiments was an ex-
tremely rich diet, such as may be approached in occasional 
cases of the forcing of farm animals for maximal gains in body 
weight; and possibly when an infant is fed without regard to 
economic considerations and with too great a desire to make 
a phenomenal record of growth at an early age. Such cases 
of undue forcing of growth by extreme richness of food, while 
they may occur in practice, do not seem likely to affect more 
than a small minority of the population. 

T h e starting point of our experiments at Columbia was a 
dietary much more representative of the food supplies upon 
which the great majority of people must depend. T h e chief 
sources of food calories are the grain products, here repre-
sented by wheat, and the dietary is made adequate by the in-
clusion of an economical proportion of the so-called "protec-
tive" foods, here represented by milk. 

i C. M. McCay, M. F. Crowell and L. A. Maynard, Journal of Nutrition, 1935, 
10: 63-79. 
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T w o findings which need not be taken u p technically here 

should nevertheless be mentioned as greatly strengthening 

the grounds of our research procedure in studying the very 

important problem of the relation of food to bodily well-being 

at all stages of the life and the extent to which growth in itself 

affords an indication of one's bodily future. 

T h e first of these is the conclusive establishment of the fact 

that the growth data of our experiments have such a sym-

metrical frequency distribution as to justify a high degree of 

confidence in their statistical interpretation.2 T h e second is 

that faster or slower growth as an individual characteristic 

does not in itself influence the life expectation. T h a t is, the 

strictly individual variations in growth and in longevity are 

independent, not interdependent.3 

These two findings place our research program in a much 

stronger position for the solution of the further problems 

mentioned above as still under investigation. 

W h i l e the improvements in health and longevity, to which 

the newer chemistry of nutrition is showing the way, involve 

nothing so dramatic biologically as a mutation or as some of 

the exploits of endocrinology, yet the nutritional improve-

ment of life can have much more than a merely biological 

significance. 

As the plan of the present book contemplates a small size 

and a wide scope, it is not practicable to assemble here the 

technical evidence underlying every statement. In this chap-

ter particularly (and in varying degrees in some of the others) 

an adequate summary of the subject in hand requires the 

putting together of evidence of different kinds without stop-

ping for detailed explanations. Different kinds of evidence 

may possess different degrees of precision and conclusiveness; 

but in all cases the basis is objective, not subjective. Every-

thing herein contained is strictly scientific finding or interpre-

2 Sherman and Campbell, 1934. Proc. National Acad. Sci., 20:413. 
s Ibid., si: 235. 
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tation, as distinguished from anything speculative or into 
which wishful thinking might enter. 

Through the objective findings of such investigations as 
that made by Corry Mann and that included in the Milk-in-
Schools Scheme, to mention only two out of many, it is now 
to be regarded as a conclusively established scientific fact that 
nutritional improvement, even of a dietary deemed adequate 
according to current standards, can enhance the mental along 
with the physical development. 

Without implying any disregard of other possible factors 
we may be entirely confident that wiser feeding is at least a 
major factor in the unquestionable finding that boys and 
girls now enter college both younger and taller than formerly. 
Moreover, we can now say with confidence that the same nutri-
tional improvement can contribute both to the better mental 
development and to the better physique. 

And if we turn from the college to the factory we find that 
with better feeding there is quicker learning of industrial 
processes and a higher efficiency more constantly and progres-
sively maintained. T h e worker whose food habits are guided 
by the newer knowledge of nutrition not only loses less time 
but experiences less fatigue and less often injures either him-
self or his material. 

Of course this does not mean that physique and mental 
development always run parallel. Either natural endowment 
or training or surroundings may affect the two quite dif-
ferently. Nor is it correct to suppose that every dietary dif-
ference which influences the size of the body will correspond-
ingly influence the mental capacity of the individual. In fact 
"feeding for size" may with some diets result in a larger size 
but no betterment even of physical stamina. It is only when 
an adequate understanding of the newer knowledge of nutri-
tion is the guide that we may depend upon constructive im-
provement of the body's internal environment and the re-
sultant improvement in the quality of life processes to induce 
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superior growth and development both mental and physical, 
followed by a higher level of adult capacity, which will be 
maintained for a longer time. 

This fact, taken with the new evidence that the internal 
environment is much more importantly flexible to the specific 
influences of different nutrients than ever previously sup-
posed or yet generally appreciated, involves potentialities of 
exceedingly great importance. 

For a food habit or nutrition policy which both expedites 
development and postpones old age makes possible careers of 
greater cultural achievement and social value. 

In one of his annual reports as president of the Carnegie 
Institution, the late Dr. R . S. Woodward bemoaned the short-
ness of scientific or other creative careers, and remarked that 
a third of a professional or scientific man's years have usually 
passed by the time he has finished his formal schooling and 
entered his constructive life work; then probably another 
third will be spent in proving to himself and to others what 
he is able to do, before he will be entrusted with his highest 
responsibilities; and so, only the last third of his years remain 
in which to render his fullest service to the world. 

A charting of the age incidence of major opportunities of 
several hundred presumably representative men in occupa-
tions of a scientific or related administrative or educational 
nature strikingly confirms Woodward's impression that the 
time of attaining (or being promoted to) such fullest opportu-
nity is most frequently around the age of 50 years. Perhaps 
equally striking is the wide range of ages at which appreciable 
numbers of men have actually found their major opportuni-
ties. 

Both these facts emphasize strongly the advantages to the 
individual and the gains to society which may confidently be 
anticipated from the earlier attainment and the longer reten-
tion of the full adult capacity and efficiency of individual 
persons (and of the constantly increasing proportion of people) 



YOUTH AND MATURITY 145 

who will have received the benefits of the newer chemistry of 
nutrition. 

When we consider that, even under the present tradition 
with its bias toward delaying a man's promotion to his high-
est opportunity, many individuals do attain to their major 
opportunities much earlier than the average, it seems clear 
that early recognition will be accorded more frequently when 
through better nutrition young men actually do develop more 
promptly to full adult capacity, and when through spread 
of nutritional knowledge it becomes generally known that 
development of optimal adult capacity can be so expedited. 

And the young man need not fear that the same spread of 
nutritional knowledge will act to delay his opportunity by 
enabling the oldsters to hold the higher jobs longer; for here 
the younger.man has two facts in his favor. In the first place, 
the younger one is, the more one can profit from the newer 
knowledge of nutrition. "Youth will be served" by this op-
portunity to better his actual life processes, if he will avail 
himself of it, to a greater extent than is possible for older men, 
other conditions being equal. In the second place, the knowl-
edge that longer careers of full capacity have become possible 
will greatly facilitate the working together of younger and 
older men on essentially equal terms—the younger taking 
the more executive functions while the older serves in a more 
advisory or consulting capacity. Many and widely different 
kinds of work have been found to profit greatly by such col-
laboration to which the one brings fresh training and youth-
ful energy; the other, mature judgment based on a rich store 
of experience. 

Dr. Robert F. Griggs, chairman of the Division of Biology 
and Agriculture of the National Research Council, has written 
of the importance of the new scientific evidence which "shows 
that man properly nourished maintains a vigor in life never 
before thought possible." And many another executive, 
whether with or without the knowledge that the reason is 
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largely nutritional, also has found that young men differ 
considerably in the rate at which they progress to full ma-
turity of capacity and judgment; and that older men differ 
in still greater degree in the ages to which they retain their 
full capacities. 

Undoubtedly it will become increasingly clear that the 
periods of full recognition and responsibility of the successive 
generations of men must be arranged not only "in series" but 
also to an increasing degree "in parallel," though (as suggested 
above) with some differentiation of function between the 
younger and the older men of similar rank. This is both for 
the good of the organization or the public which the men 
serve and for the fuller opportunity of each individual to 
enjoy every segment of a well-rounded life cycle. 

In the adjustment of the overlapping careers of successive 
generations of men to their mutual satisfaction and to the best 
interests of human progress, doubtless the first essential is 
simply that the development and promotion of the younger 
men into ever higher responsibilities as early as earned shall 
never be obstructed by the presence of their elders in these 
jobs. The elders should stand ready to move out just as soon 
as their successors are fully ready to take over. 

But this retirement from executive function and from com-
petitive activity should not mean compulsory idleness. It 
should mean an increased degree of freedom in doing one's 
most mature work, regardless of whether the official status is 
that of a consulting expert in the organization, or semiretired, 
or retired. 

In any such case the man who has relinquished competitive 
or managerial activity while still possessed of keen interest 
and good working capacity may garner the harvest of which 
Eliot after retirement from the presidency of Harvard spoke 
with such gratification. One's work in this period, lie wrote, 
is especially appreciated by others, because they now see clearly 
that he is both experienced and disinterested. 

The established fact that the current norms of the life his-
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tory, or of the life process as a whole, can be nutritionally im-
proved so that the period of the prime is reached somewhat 
sooner and then held much longer before the onset of senility 
appears carries in itself a greatly enhanced opportunity for 
the individual to enjoy a satisfying career of accomplishment 
and for the community to reap a fuller harvest from him. 
From both the individual and the community points of view, 
the higher level of cultural attainment which Dr. McLester 
mentions is no more than a simple interpretation of the fact 
that nutrition has shown how to increase the ratio of the years 
of highest attainment and productivity as compared both with 
the period of development which must always precede and 
the period of old age which normally follows. 

And the longer lease of fully efficient life which the newer 
knowledge of nutrition offers may mean much, not only in 
terms of satisfactions to the individual and his family and 
friends, but also to his other fellow men. For as Merriam has 
pointed out in his essay entitled, "Are the Days of Creation 
Ended?" * the direction of human evolution is now largely 
social, and society is a continuing organism interested in its 
own future. What promises to affect this future should in-
fluence our decisions from day to day and will do so more 
effectively with the growth of the scientific spirit which ex-
pects progress and works for it; but meanwhile the shortness 
of individual lives tends to set a limit to the actual use by man 
of the knowledge which he has accumulated and the institu-
tions which he has built and developed. Hence the longer 
term of fully efficient years may be of far-reaching significance 
to human progress in affording fuller opportunity for the use 
of man's ever-growing body of knowledge. 

Considerably more is here involved than merely a pro-
longation of technical or creative competence. T h e wisdom 
of our human family tells us that late in a well-spent life there 
comes a time: When old experience doth attain to something 
of prophetic vein. 

* J . C. Merriam, The Living Past (Scribner's), 1931. 
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Dean Inge's quotation to the same effect is that longevity 
may be felt not so much in the weakening of the body as in 
the strengthening of the soul. 

Certainly among the most far-reaching contributions of 
science to civilization is this, that the new chemistry of nutri-
tion points the way to such improvement of the life process 
as to permit full realization of the potentialities both of youth 
and of maturity. 

Shakespeare's intuitive insight could register, even in his 
prescientific time, that old age though frosty can also be 
kindly as the result of good use of the years of youthful stamina. 
What a thing it would be for the world if another seer like 
Shakespeare could now arise to tell in the universally under-
standable and memorable terms of human character, how the 
Will can implement itself with scientific knowledge for the 
heightening of the effectiveness of life. 



CHAPTER XIII 

N U T R I T I O N A L G U I D A N C E F O R " T H E B A C K -
W A R D A R T O F S P E N D I N G M O N E Y " 

IN AN essay entitled " T h e Backward Art of Spending 
Money" written some decades ago, our distinguished econ-

omist Wesley Mitchell developed a very significant thought, 
entirely valid so far as it went, but to which a sequel should 
now be added. 

In general, he argued, people of our type of civilization 
make money more satisfactorily (in normal times, of course) 
than they spend it. This is because our gainful enterprises— 
in agriculture or industry, for example—are conducted under 
the guidance of our exact sciences such as physics and chem-
istry. When, however, we seek to convert our financial gains 
into satisfactory living, our efficiency proves to be relatively 
poor; and this is presumably because, whereas exact science 
guides our making of money, the spending of it to secure a 
satisfying life has only the guidance of such inexact sciences 
as sociology and psychology. 

That the art of spending money has for some reason re-
mained rudimentary, most thoughtful people will admit. Also 
most of them probably consider that the spending of public 
money is nearly if not quite as backward an art as the spend-
ing of individual or family income. 

But something has happened which no one foresaw when 
that essay on the backward art of spending money was written. 
Nutrition, formally classified as a branch or aspect of physi-
ology, and practically treated as an essentially autonomous 
science, has actually developed as a branch of the exact science 
of chemistry. In the light it now can bring to the wise use 
of that large part of the family income which must usually 
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go for food, the newly exact science of nutrition furnishes that 
guidance the lack of which hitherto has kept the art of spend-
ing in its backward state. 

The science of nutrition as it is today, with the potentialities 
which its recently discovered facts and especially its new funda-
mental concepts confer and with its ever-growing exactness 
and depth of insight, does bring to the spending of money 
the definiteness of scientific guidance which Mitchell so clearly 
saw that it lacked and needed, while no one until recently 
could tell whence it would come. 

Wages and prices have undergone much recent change but 
a few figures may assist our sense of proportion. If three meals 
a day at 20 cents each were the per capita allowance of our 
population of about 130,000,000 people, the total food bill 
of consumers in the United States would be about $28,470,-
000,000. Undoubtedly the science of nutrition if properly 
used could very greatly improve the returns from the ex-
penditure for food whatever its amount. Certainly, too, the 
efficient use of this money is of great importance to welfare, 
for it constitutes a large fraction of the usual or expected total 
income. 

Even more important, however, is the fact that health, ef-
ficiency, and satisfaction in life depend upon the investment 
for food more than for almost anything else that money can 
buy. 

It has often been said, and will doubtless long continue 
to be true, that the problem how to bring the newer knowl-
edge of nutrition most fully into the service of the largest 
number of people is both economic and educational. It is 
important that both these parts of the problem be clearly and 
frankly recognized. It is also important to emphasize that 
while both economic and educational efforts are needed, we 
are never justified in delaying one while waiting for the other. 

There is ample objective evidence that food habits can be 
improved by education in nutrition and food values, what 
ever the level of income and purchasing power. 
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And it has also been clearly shown that even without further 
education the great majority of low-income families do provide 
themselves with nutritionally better dietaries as soon as their 
purchasing power is increased. 

Each of us who can do anything for nutrition education 
should do it at once and continually, and with confidence 
in its value, however keenly we may feel that there should 
also be some way found, some means provided, to improve 
the purchasing power of the low-income families of our na-
tion. Similarly each one who can do anything for direct eco-
nomic betterment may do it with full expectation that it will 
make for improved nutrition and health, however true it may 
be that more or better nutrition education is also needed. 

And all of us may constantly strive for still fuller recogni-
tion of nutrition in all publicly supported and officially ad-
ministered economic projects dealing with food, such as crop-
production programs, food-stamp plans, and school lunches. 

Usually and mainly, improvement in the art of spending 
food money begins at home. Such a beginning in practice may 
be stimulated by the teaching of nutrition and food values. 
As a rule there must be a tangible consumer demand for more 
of "the right kinds of food" before farmers and processors 
will change their production programs, and usually, though 
not always, before the Government will advise them to do so. 
If Government takes the lead in advising a shift in food-crop 
production for the sake of better nutrition of the people, the 
advice will in the long run be effective only to the extent 
that it is supported by consumer demand in the market. 

Sanitary improvements may often be made effective by 
Government action without the demand or even the knowl-
edge of the people generally; but only in limited degree can 
this be true of nutritional improvements. Mainly, these must 
come about through the initiative or at least with the active 
support of consumer demand for the right kinds of food. 

It is true, as already suggested, that the problem of provid-
ing a nutritionally satisfactory food supply is harder the lower 
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the income, and will to some extent ameliorate itself if real 
income rises. However, it is also true that according to differ-
ences in choice of food, some people get dietaries nutritionally 
good, others only fair, and still others only poor, when all are 
spending at the same level in the same locality. 

How, then, may nutritional guidance be given to food con-
sumers? T o answer this question as thoroughly as present 
knowledge permits would require not only the whole of this 
chapter but the whole of a book bigger than this one. Such 
thoroughness is usually sought only by those preparing to be 
professional dietetians or teachers of nutrition and dietetics. 
For such degrees of dietary guidance as most people desire, 
probably the most practical plan is to divide foods into from 
five to twelve groups and then indicate the desirable promi-
nence of each in one of four ways: (1) what proportion of the 
total food calories is taken from each food group; (2) what pro-
portion of the food money is spent for each type of food; (3) 
what actual amount of each kind of food is eaten per week 
or per year; or (4) how often each kind of food is served. 

Of these four ways of gauging or expressing the prominence 
or quantitative place of a given kind or type in the dietary, 
each person in his or her practice or teaching may use the 
one which best fits the given conditions. Some people, per-
haps, may use them all, each for the cases to which it is best 
adapted or in which it seems most practicable and instructive. 

First Plan.—A guide originally suggested by Miss Lucy Gil-
lett of the Community Service Society (here slightly adapted) 
is to think of the food money as divided into five more or less 
equal parts to be spent for five groups of food as follows: 

One fifth, more or less, for fruits and vegetables; 
One fifth, or more, for milk and cheese, cream and ice cream; 
One fifth, or less, for meats and fish, poultry, and eggs; 
One fifth, more or less, for breadstuffs and cereals; 
One fifth, or less, for fats, sweets, and food adjuncts, or 

"extra" and "miscellaneous" items. 
Second Plan.—The New York City Board of Health has set 
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up the following eight groups, not covering all foods, but 
recommending that each of these eight groups be represented 
in the food of every day: (1) Milk and its products; (2) Bread-
stuffs and cereals; (3) Meats, fish, poultry, eggs, or meat sub-
stitute; (4) Citrus fruits; (5) Other fruits; (6) Salad vegetables; 
(7) Potatoes, sweetpotatoes, yams, plantains; (8) Other cooked 
vegetables. 

Third and Fourth Plans.—The Federal Security Agency 
makes similar use of eight slightly different groups with some 
recommendations on the frequency of servings from each, as 
follows: "Every day, eat this way." (1) Milk and milk products: 
"at least a pint for everyone—more for children—or cheese or 
evaporated or dried milk." (2) Oranges, tomatoes, grapefruit, 
or raw cabbage or salad greens—"at least one of these." (3) 
Green or yellow vegetables: "one big helping or more—some 
raw, some cooked." (4) Other vegetables and fruits. (5) Bread 
and cereal: "Whole grain products or enriched white bread 
and flour." (6) "Meat, poultry, or fish; dried beans, peas, or 
nuts occasionally." (7) "Eggs: at least 3 or 4 a week" . . . (8) 
"Butter and other spreads: vitainin-rich fats, peanut butter 
and similar spreads." 

T h e Bureau of Home Economics, United States Depart-
ment of Agriculture, makes use of the twelve food groups 
enumerated in an earlier chapter and is publishing a series 
of folders, circulars, and bulletins with precise examples of the 
detailed working-out of family food supplies and meal plans 
at different economic levels. 

By way of comment upon the above plans, it may be said 
that the first was drawn up with the people of lowest incomes 
most prominently in mind. Hence its suggestion of as much 
money for breadstuffs and cereals as for fruits and vegetables. 
Its wording, however, gives implied approval for the shift of 
some of this bread money to increase the purchase of fruits, 
vegetables, or milk whenever this can be done without reduc-
ing the total calories below the family's need. 

T h e first and second plans bracket meat and eggs while the 
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third and fourth plans separate them. For the present purpose 
it seems a more effective form of nutritional guidance in food 
economy to leave them bracketed as in the first and second 
plans. T o treat eggs as an alternative to meat is nutritionally 
well justified and is good modern practice from the viewpoint 
of meal planning. On as many days as the family pleases, then, 
let eggs take the place of meat. T h e nutritive value of the 
dietary will almost certainly be fully maintained and usually 
there will be some saving in cost which might well be invested 
in extra fruit, or perhaps in ice cream. On the other hand, the 
extra cookery and extra expense of having meat and eggs on 
the same day, three or four times a week, as the third plan 
implies, do not in the opinion of the present writer bring any 
adequately compensating advantage. 

T h e second plan if desired may be simplified by combining 
its seventh and eighth food groups. 

Full quantitative food plans for different levels of expendi-
ture are distributed by the Bureau of Home Economics, 
United States Department of Agriculture, Washington, D.C. 
Or for very explicit meal plans and unusually interesting and 
informative text see Mary S. Rose's Feeding the Family (Mac-
millan, 1940). 

Inasmuch as many expert plans still concede more to ex-
pensive high-protein traditions than the writer believes to be 
the best nutritional guidance to the wise spending of the food 
money, he here offers again the twin suggestions that seem 
to have been found useful for nutritional "check-up" what-
ever the level of expenditure: (1) Allot at least as much for 
fruits and vegetables as for meats and fish; (2) Allot at least as 
much for milk in all forms (including cheese, cream, and ice 
cream) as for flesh, fish, and fowl. 

Now that we know our daily food to have a much greater 
influence upon our life-long efficiency than we ever previously 
supposed, we should not hesitate to invest a larger part of our 
individual and family incomes in food; and to advise others 
to do so. 
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It is appropriate to restudy, both the place of each type of 
food in the food budget, and the place of the cost of food in the 
total cost of living. Are we too complacently tradition-bound 
in our habit of investing too high a proportion of our food 
money in the so-called main dish of the dinner, forgetting that 
some of the foods traditionally placed farther from the center 
of the menu are the ones which yield us the greatest return of 
nutritive value for money cost? 

One may well read again Table 7 in Chapter I X and also 
study Table 8 herewith. The data in Table 8 are based on 
those in Table 7; but again adapted for convenient coordina-
tion with the present discussion. Now that more has been ex-
plained of the importance to health and well-being of liberal 
margins of intake above "actual" or directly demonstrable 
"requirements" in the cases of calcium, riboflavin, and vita-
mins A and C, it will be of interest to learn from these tables 
what are the most profitable types of food in which to invest 
from this point of view. Of course, too, we always need ample 
supplies (although not large surplus margins) of calories and 
protein of which the breadstuffs and other grain products, at 
least in their staple forms, are outstandingly economical 
sources. 

Thus, in the cases shown in Table 8, an expenditure of only 
18 percent of the food money for breadstuffs and other grain 
products brought in return 31 percent of the total food calories 
and 28 percent of the total food protein, but less than pro rata 
shares of calcium, riboflavin, and vitamins A and C. 

Milk, however, brings much more than its pro rata shares of 
calcium, riboflavin and vitamin A; and also a full quota of 
protein of such nature as very effectually to supplement the 
proteins of the grains. Here our most modern knowledge of 
nutrition and food values reinforces the time-tested advice 
that the dietary should be built around bread and milk: the 
bread for its cheapness so far as it goes; the milk as most ef-
fectively balancing the bread. More vitamin C than the bread 
and milk provide is, however, desirable; and additions to the 
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riboflavin and vitamin A values of the dietary may also be 
good investments. 

Here the fruits and vegetables are of special efficacy and 
interest. In the presumably representative dietaries summa-
rized in Tables 7 and 8, an expenditure of one fifth of the food 
money for fruits and vegetables brought over four times its 
pro rata of vitamin C, nearly three times its quota of vitamin A 
value, and its full share of riboflavin, as well as noteworthy 
returns in calories, protein, calcium, and phosphorus. 

As may be seen from the fifth row of figures in Table 8, the 
three groups of foods just mentioned, when taken together, 
constituted a better investment in food values with respect to 
all seven of the factors here considered, than did the re-
mainder of the dietary when considered as a whole. It is, of 
course, also true that if one sought enrichment of the dietary 
in calories alone, sugar and fat would appear as economical 
sources; or if interested in protein enrichment alone, or in 
protein and riboflavin without regard to calcium and vitamin 
A, the lean-meat type of food might appear outstanding; but 
these latter viewpoints would rarely be scientifically sound. 
At most times and places in the United States, the emphasis 
of nutritional guidance in the spending of money for food 
will be: (1) give a higher place in the food budget to fruits, 
vegetables, and milk; (2) give breadstuffs and staple cereals a 
higher or lower place according to need for high calories at 
low cost; and (3) let all white breadstuffs be enriched. 

As to making the first of these suggestions more explicit, the 
writer recommends that the aim be to take at least half the 
food calories as, or spend at least half the food money for, 
fruits, vegetables, and milk in its various forms, including 
cheese, cream, and ice cream. 

And in the budget of the family's cost of living might we not 
well allot to food a still larger part of our total expenditures 
in view of the fact that the influence of a well-chosen dietary 
is now known to be so much more constructive and far-reach-



158 NUTRITIONAL GUIDANCE 

ing than could be known or scientifically suspected by any 
previous generation? 

Of course, it is all too true that a suggestion to shift money 
to the food budget from any other line of expenditure is apt 
to go counter to some prejudice. And these prejudices may 
have entrenched themselves on high grounds: among the 
commonest are that to reduce the budget allowance for that 
would be to impair the American standard of living, or to rob 
the poor of some part of their few pleasures. 

Actually, investment in good nutritional status will usually 
do more than any other investment of income to improve the 
true level of living, both because of its inherent importance 
and because it is so fundamental to increased earning power. 
For the same reasons and because nutrition so greatly influ-
ences the children's happiness, development, and prospects of 
successful and satisfying lives, good investments in food bring 
more pleasure in the long view to all members of the family 
than any other use that could be made of the marginal money. 

As people come to understand how much right feeding can 
mean to their own and their children's lives, they will be glad 
to add to the food money a part of what has been going for 
"Amusements other than automobile," and "Adornments 
other than clothing." 

Proposals to spend public money for the attainment of the 
higher levels of nutritional well-being which we now know to 
be dependent upon "enough of the right kinds of food" may 
also meet a prejudiced opposition. One form of prejudice 
which is very pervasive in all such connections as this is the 
resentment of businessmen against anything which they con-
sider to affect their respective business interests unfavorably 
or less favorably than it affects someone else; and obviously 
a nutritionally guided improvement in food consumption will 
increase the market for some foods more than for others. 
Against any such use of public money, prejudice can (and 
often does) intrench itself on grounds of an interpretation of 
business ethics which opposes discrimination against any legit-
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imate commodity, or on the ground that scientific guidance 
to a better use of food is "mere theory" evolved by people ig-
norant of or prejudiced against the realities of economics. The 
combination of tradition and sales effort through which con-
sumers can be induced to buy what the interested food indus-
try wishes to sell in at least as large quantity as ever before is 
much bolstered by impressive-sounding use of the word eco-
nomics to keep consumers in a traditional attitude toward the 
place of the given food in the dietary. 

Sometimes as further entrenchment of the "vested interest" 
point of view and sometimes on grounds of political principle, 
"subsidized consumption" is opposed as something that Gov-
ernment should not engage in because it is too paternalistic or 
tends to pauperize the people. Notwithstanding an original 
predilection toward this sort of political principle, the present 
writer believes that whatever validity it may have had is now 
far outweighed by the changed aspect of American opportu-
nity and the new knowledge of the very great influence of 
enough of the right kind of food upon individual development 
and public health. So long as the nation offered all its people 
the opportunities of a freely open frontier, other forms of pa-
ternalism and subsidy were properly held on the defensive. 
But with the disappearance of the frontier the American ideal 
of fair chances for all came to need other implementation and 
it has been held not-too-paternalistic to offer greatly advanced 
educational opportunity at public expense, and to support an 
ever-expanding public-health service. While previously it was 
the opinion of some individuals it is now objective knowledge 
that for a large percentage of our population the educational 
opportunity cannot be effective without some provision for 
adequate nutrition. A reasonably good nutritional status is 
just as necessary as is a public school to give the child the fair 
start that the American ideal demands. 

And whatever may be the future interpretation of the four 
freedoms which present-day America is said to stand for, it 
seems certain that with present knowledge properly diffused 
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it will be recognized as a public responsibility that no child 
shall be allowed to remain chronically in want of the food that 
he needs for his health. For it is now clear, to anyone who will 
study the evidence, that nutrition has greater constructive 
potentiality than science had foreseen; and that even in the 
everyday choice of food we are dealing with values which are 
above price, for the health and efficiency, duration and dig-
nity, of human life. 



CHAPTER XIV 

N U T R I T I O N POLICY 

NE may enter upon consideration of nutrition policy 
from either the personal or the public angle of ap-

proach. Let us consider each of these and something of their 
interrelations. 

The new science of nutrition enables those who choose to 
use it to "engineer" their own life processes in higher degree 
than has been possible before. Each person in deciding to ac-
cept the guidance of scientific knowledge in his daily food hab-
its is adopting a nutrition policy for himself. And the grown-
ups of each family may at the same time shape their own and 
inaugurate their children's nutrition policy, knowing that the 
second generation (with whom the benefit thus begins earlier 
in life) may be expected to profit even more than did their 
parents. 

Knowing as much as we do of the great influence of nutri-
tion upon the well-being of a family from generation to gener-
ation and upon the prospects of success and satisfaction for 
each member in whatever he or she undertakes, it is now quite 
clear that a family should as logically have a nutritional as a 
financial or an educational policy. 

In a certain very true sense it might be said that the nutri-
tion policy of a democratic nation is essentially the sum of the 
nutrition policies of its people as individuals and families, 
plus whatever of governmental activity the people as voters 
may decide to add. Probably to most readers, however, the 
word policy will tend rather to connote the public approach, 
the pursuit of desired objectives through the governmental 
machinery of the nation or other political unit. 

Whatever the future forms of political organization may be, 
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it will doubtless continue to be true that the people of a given 
country or region, with a feeling of unity and with freedom 
or autonomy of action as a nation or state, will normally de-
sire to advance both the quantity and the quality of the life 
of their kind. T h e i r policy will contemplate the maintenance 
certainly and probably the increase of their population; and 
at the same time will seek progress in the well-being and cul-
tural attainment of the individuals and families of whom the 
population is composed. In this present middle segment of the 
twentieth century we have most urgent need to accentuate 
the functioning of our new knowledge of nutrition that we 
may gain in health, strength, and efficiency to preserve our 
civilization and to provide for its humane and orderly advancc. 

So obviously is health important to the well-being of the 
people at all times and to the maintenance of the life of the 
nation in times of war that public health has long been recog-
nized as a governmental responsibility. 

Only now, however, are we coming to understand how pre-
dominant is nutrition among the factors upon which health 
depends. With this new knowledge it becomes as clearly "a 
responsibility of the public exchequer" to see that the people 
have nutritionally good food supplies as to see that they have 
schools, roads, water supplies, and protection from epidemics 
of infectious disease. 

T h e present situation has developed somewhat as follows. 
Scientific research revealed: (a) the existence in certain foods 
of previously unimagined substances capable of curing and 
preventing what had been baffling diseases; (b) the fact that 
good diets in preventing these newly explained deficiency con-
ditions may also be "protective" in the further sense of di-
minishing the incidence, or the severity, or the duration of 
some of the infectious diseases; and (c) that scientifically 
guided nutrition can be not only curative and preventive but 
actually constructive in building already normal health and 
efficiency to higher levels. And we both want and need as high 
a level of health and efficiency as we know how to attain. 
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Our Federal Department of Agriculture in its official Year-
book for 1939 (p. 33) suggested nutrition policy without using 
the phrase but "as an attempt to answer three questions: What 
do we need in order to be well nourished? Do we get what we 
need? If not, how can we get it?" 

At the National Nutrition Conference called by the Presi-
dent of the United States in 1941, representatives of a wide 
range of governmental departments and agencies strongly 
recommended national nutrition policy in such senses as are 
implied in attempts to answer these three questions not only 
on paper but in practice. This policy is extended beyond the 
United States in the carrying out of the Lease-Lend law and 
in cooperation with such other nations as contribute to the 
preservation and advancement of the civilization in which we 
believe. 

How, then, can we best define in workable terms: (1) what 
food supplies we need in order to be well nourished; (2) the 
extent to which we are getting such food supplies now; and 
(3) how we individually and nationally, as families and as a 
human family, can have nutritionally satisfactory food sup-
plies? 

Each of the preceding chapters, while primarily in the form 
of a self-contained story of scientific advance, has also in some 
degree contributed toward the answering of these questions. 
T o summarize fully the contributions of those chapters would 
make this one too long, so we shall here assume that the reader 
has them reasonably in mind, and shall refer only to the par-
ticular points which are most directly involved in the attempt 
to focus the light of scientific knowledge upon the practical 
objectives of nutritionally good food supplies. We put this in 
the plural because such food supplies need not all be alike. As 
McCollum has wisely said, we may eat what we like while eat-
ing what we should. 

Scientific principles are now sufficiently developed to be of 
very real aid in the practical problem how best to use food 
for the promotion of individual, family, and public well-being. 
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For the sake of clarity one must sometimes repeat—what to 

the scientifically minded may seem a truism—that while in 
practice we nourish ourselves with food commodities, yet 
strictly speaking the absolute needs are the specific nutrients 
or nutritional factors. The National Research Council "yard-
stick" provides quantitative allowances for ten of these factors, 
in the belief that a dietary which is composed of reasonably 
natural foods and which meets the recommendations on these 
ten points may normally be trusted to contain adequate 
amounts of the other essentials. 

The usual present-day practice is therefore to judge the ade-
quacy of food supplies by reference to this yardstick. But the 
actual facts of nutritional need are not quite so rigidly and 
mechanically defined; for the body is more than a machine. 
For example, carbohydrates and fats while serving as fuel have 
also a protein-sparing action in the body, so that when the 
total calories of the dietary are liberal the body then has an 
even greater margin of safety in regard to protein than would 
appear from a study of the figures for protein alone. Another 
example is found in the fact that while each vitamin has one 
or more specific functions, yet among some of the vitamins of 
the B group there are interrelationships such as, for example, 
that a liberal amount of riboflavin in the food improves the 
body's nutritional insurance as regards both riboflavin and 
thiamine. 

Chemically different as are these two examples of the pre-
ceding paragraph, they illustrate a principle of far-reaching 
importance, namely, that the nutritional processes possess a 
certain flexibility of scientific character beyond what can be 
correctly represented by machine-model analogies or simple 
bookkeeping calculations alone. Hence considerable flexibil-
ity of food supply is consistent with excellence of nutrition. 
It may be just as well nutritionally, and perhaps better for 
economic and psychological reasons, not to urge any one die-
tary pattern too strongly upon all people. The chemical re-
quirements of human nutrition are doubtless much the same 
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the world over, and in these terms we should not expect other 
peoples to do their best on less than we recognize as optimal 
for ourselves; yet the optimal supply of specific nutrients or 
chemical factors may be attained through fairly widely differ-
ent supplies of food commodities. 

Food habits and traditions which afford social satisfaction 
can be reasonably retained while at the same time we make use 
of the guidance of the new science of nutrition. For as stated 
by the United States Department of Agriculture in its official 
Yearbook for 1939 (p. 7): "This science of nutrition does not 
wipe out habits and traditions. It supplements them, corrects 
them, and shows how to use them intelligently. It offers a 
sound foundation for the food production and distribution of 
the future." 

This chapter is written in the spirit of the preceding para-
graph, and at a time when problems of nutrition policy are 
more important than ever before. For we see more clearly than 
was previously possible the importance of nutritionally good 
food supplies to human welfare, and at the same time we face 
a long period in which world conditions may accentuate the 
difficulty of ensuring enough of the right kinds of food for all 
of the people. 

What Do We Need in Order to Be Well Nourished? 

If our concern with this question were confined to the pur-
poses of scientific discussion in itself, we could answer that we 
need adequate amounts and well-balanced proportions of all 
the chemical factors which we depend upon food to furnish. 

Can we make an equally concise statement of nutritional 
need in terms of the articles of food that nature and agricul-
ture produce and that are normally marketed and consumed? 

Lord Astor's simplification, that nutritional need is "not 
only enough food" but also that this shall include "enough of 
the right kinds of food," has been helpful in awakening nutri-
tion consciousness, but needs to be made more explicit before 
it can function far in the actual guidance of practical policy. 
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A grouping still too often heard is that which distinguishes 
merely between fuel foods (or high calorie foods) and "the 
proteins." This, of course, is not only inadequate but very 
seriously misleading. If a first division of foods into two main 
types is wanted, we may start in either of two ways: On the first 
plan we may distinguish the foods chiefly significant for their 
fuel values from the foods chiefly significant as sources of pro-
teins, vitamins, and mineral elements. Or, on the second plan, 
we may distinguish foods which chiefly furnish calories and 
protein from foods chiefly significant for their mineral and 
vitamin values. 

T h e latter of these two first-divisions has the great advantage 
of bringing the newer knowledge more clearly and immedi-
ately into due prominence in even the very simplest of distinc-
tions among foods. This has been the outstanding merit of 
McCollum's contribution to nutrition policy. 

Stiebeling and others of the United States Department of 
Agriculture, working largely from the viewpoint taught by 
McCollum yet seeking to carry the grouping of foods into 
enough different categories for the practical purposes of meal 
planning and of explicit recommendations as to family food 
supplies, find useful a division of foods into the following 
twelve groups: (1) Milk with its products other than butter; 
(2) potatoes and sweetpotatoes; (3) dry mature beans, peas, and 
nuts; (4) tomatoes and citrus fruits; (5) leafy, green, and yel-
low vegetables; (6) other vegetables and fruits; (7) eggs; (8) 
meat, poultry, and fish; (9) breadstuffs and cereals; (10) but-
ter; ( 1 1 ) other fats; (12) sugars. Stiebeling and Clark in their 
article entitled "Planning for Good Nutrition" (pages 321-40, 
of the United States Department of Agriculture Yearbook for 
1939) show how well this grouping works for the purposes for 
which it was designed. It aids the home-maker who wishes to 
feed her family nutritionally good meals while at the same 
time catering to their habits and preferences. 
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"Are We Getting What We Need in Order to Be Well 
Nourished?" 

As a previous chapter has been devoted to so nearly this 
same question, and as many of its aspects are implicit also in 
parts of several other preceding chapters, a brief answer will 
suffice here. 

All well-informed opinion is fully agreed that in most parts 
of the world, including our own, large proportions of the 
people are not getting the food that they need in order to be 
well nourished. 

Any apparent difference of competent opinion on this point 
may be attributed either (1) to the fact that recent growth of 
knowledge in this field has been so fast and has reached so 
deeply into fundamental concepts that some people who 
might be expected to be acquainted with nutrition have not 
kept up to date, or (2) that differences not only of knowledge 
but also of temperament enter into today's judgments as to 
how large should be the "margin of safety" or the "insurance" 
in the nutritional allowances which we should recommend in 
the light of our new knowledge. 

For reasons already explained, even severe cases of malnu-
trition are very incompletely recorded as yet, while the very 
much larger numbers of cases less clearly marked are apt to go 
entirely unrecognized. Also, the more delicate methods of 
diagnosis now coming into use agree with the statistical 
studies of family food consumption in revealing that a large 
percentage of our people have not regularly received all that 
is needed in order to be well nourished. 

There certainly is no scientifically sound justification for 
complacency in the present situation. But our new knowledge 
of nutrition is constructive as well as corrective; so that while 
there is more repair work needed than we previously knew or 
supposed, the same new knowledge which shows this fact 
serves also to point the way to advances beyond what had been 
anticipated. Hence the well-trained nutritionist or nutrition. 
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ally minded physician can be not only a repair man and pre-

venter of accidents but also an architect of the higher health. 

T h i s higher health is not to be thought of as an ideal to be 

attempted sometime in the future: It is an immediate prob-

lem whether our world neighbors as well as our own fellow 

citizens have food supplies which will support the develop-

ment and maintenance of their full potentialities for health, 

strength, stamina, and endurance. 

In this country and Great Britain probably only the poorest 

of the poor are unable to find the food calories they need. 

T h e r e are large reserve stores of wheat in both these countries. 

In Russia and China, however, there are large areas in very 

great need of bread or its equivalent. 

T h e general situation is very similar for food protein as for 

food calories. In Great Britain and perhaps in the United 

States there is some economizing; but in neither is there such 

a shortage as to endanger nutritional well-being, while there 

doubtless is such shortage of food protein in parts of China, 

and probably also in parts of Russia. In both these latter coun-

tries, it will be remembered, the invaders have, over large 

areas, consumed, destroyed, or carried away not only the an-

nual crop but also the farm livestock. Much time will doubt-

less be required for rehabilitation. 

Present evidence indicates that the most frequent shortages 

of specific nutrients in American dietaries are of calcium, vita-

mins A and C, and riboflavin. It would be premature to try 

to indicate the order of frequency of these four shortages. 

Perhaps thiamin (in the United States generally) and niacin 

(in some regions) have been among the most frequent defi-

ciencies in recent decades, but these dangers are, we may hope, 

now being importantly alleviated by the enrichment of most 

of the white flour and bread used in the United Stares. 

In Great Britain the nutritional shortages of which there is 

most danger are probably the same as in this country. Corre-

spondingly the foods which we should send in relatively great-
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est abundance are cheese and dried or evaporated milk, and 
citrus fruits or canned tomatoes or their concentrated juices. 
Meat should also be sent liberally to our British and other 
Allies until the per capita meat supplies of the United Nations 
are brought into reasonable relation. 

In parts of China and Russia there is, as briefly noted above, 
great need of shares of our grain crops when these can be 
shipped; and there are also severe shortages of fats, meats, 
eggs, and milk, because of the extent to which herds and flocks 
have been devoured by the invaders. T h e replacement of farm 
livestock will, of course, be an even longer process than the 
restoration of normal cropping of the fields. 

How Provide the Food That Is Needed in Order 
That All Shall Be Well Nourished? 

STIMULATION OF AWARENESS OF THE PUBLIC IMPORTANCE OF 

NUTRITIONAL IMPROVEMENT 

In 1931, Sir Frederick Gowland Hopkins pointed out in 
the first issue of the international quarterly Nutrition Ab-
stracts and Reviews that right nutrition plays a larger part in 
the capacities and status of men and of nations than had been 
thought. Writing from the viewpoint of his broad knowledge 
of both chemistry and biology he emphasized the fact that 
Nurture can assist Nature (hereditary endowment) to a larger 
extent than had been realized or anticipated. He explained 
the mistake of supposing that a community which survives 
must be getting what it needs from its environment and that 
the limitations of its accomplishment can therefore be con-
sidered hereditary. Rather, it is more probable that few if 
any communities have ever had fully optimal food supplies 
for all their people; that each community which has survived 
has merely come into a sort of equilibrium with its food supply; 
so that with a nutritionally superior food supply such as science 
is now learning to provide, the level of capacity, accomplish-
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ment, and status of the community can be raised. And in an-
other carefully considered statement written five years later 
he reaffirmed this interpretation and characterized nutrition 
as "a national problem of unsurpassed importance." 

The question as to what proportion of the British people 
have a food supply sufficient for the development and mainte-
nance of the standard of health which should be the birth-
right of their racial inheritance was actively debated in Parlia-
ment and anxiously studied by scientific workers; and from 
Downing Street there was sent to the British colonies and 
dominions throughout the world a state paper entitled Nutri-
tion Policy which proposed that throughout the common-
wealth of British Nations, with their dominions, colonies, 
and mandates, the making of tariffs, the setting of quotas, and 
other such actions shall be guided by a definite policy of bring-
ing into human consumption the kinds and amounts of foods 
most conducive to optimal health. 

In this country the official report of our Federal Secretary 
of Agriculture stated that the goal of agricultural research and 
adjustment is the optimal nutrition of the people; and a 1937 
news item informed us that the then new schedule of allow-
ances to farmers for cooperation in the Soil Conservation Pro-
gram was designed to encourage dairy farming and vegetable 
and fruit growing. 

T o safeguard the health of the people has long been recog-
nized as a function of government, and now that nutrition 
has shown an hitherto unexpectedly high potentiality for im-
provement of health, efficiency, and welfare, the concept of 
what is appropriate governmental activity in this field is funda-
mentally altered, and nutrition policy becomes not only a 
legitimate but an urgent governmental concern and responsi-
bility. 

This was recognized by the League of Nations which ap-
pointed, under the chairmanship of Lord Astor, a "Mixed 
Committee on the Relation of Nutrition to Health, Agricul-
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ture, and Economic Policy," whose Final Report was published 
in 1937.1 

In that report it was stated (p. 34) that as contrasted with 
the previous "groping" of men for a better and more abundant 
life, "what is now required is the conscious direction" of the 
tendency towards better nutrition and that "Such direction 
constitutes policy." T h e report then points out that nutrition 
policy should be directed toward mutually dependent aims: 
(1) bringing the foods which modern science has shown to 
be needed for high health and physical development within 
the reach of all sections of the community; and (2) concerning 
itself with the necessity for facilitating the adaptation of agri-
culture to changes in demand and for increasing supply as 
demand expands, recognizing that adjustments are always 
required whenever social progress occurs. 

And the report concludes its general summary with the 
words (p. 53): " T h e malnutrition which exists in all countries 
is at once a challenge and an opportunity; a challenge to 
men's consciences and an opportunity to eradicate a social 
evil by methods which will increase economic prosperity." 

Soon after the distribution of that report, the British Medi-
cal Association took the initiative in organizing a conference 
on nutrition policy for Great Britain, which met in London 
on April 27-29, 1939. It urged upon the British Government 
the formulation of a long-term food policy in which the re-
quirements of health, agriculture, and industry shall be con-
sidered in mutual relation. It also declared its conviction that 
measures to secure the more ready availability to all sections 
of the community of foodstuffs which are held to be desirable 
on nutritional grounds should be accompanied by an educa-
tional campaign to encourage their increased consumption. 
Consistently with this general view and even before the emer-

1 Nutrition: Final Report of the Mixed Committee of the League of Nations 
on the Relation of Nutrition to Health, Agriculture, and Economic Policy. 
(Printed in English and distributed in the United States of America by the 
Columbia University Press, New York City.) 
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gency measures of the Second World War, the British Govern-
ment subsidized the growing of increased crops of those foods 
which, under the guidance of the newer knowledge, were held 
to bring most benefit to the consuming public. It established 
marketing boards, operated at government expense, to ensure 
for such foods as milk, eggs, fruits, and vegetables the lowest 
possible price to consumers with an adequate return to the 
producers. Also a school lunch of milk is given to all school 
children: at cost, or for what they can pay, and at public ex-
pense to those who can pay nothing. 

According to the United States Department of Agriculture 
(Yearbook for 1939, pages 40-41) , " I t is true that we are only 
at the beginning of knowledge about human nutrition, but it 
is also true that enough is now known to give better health, 
greater vigor, and longer, more useful lives to immense num-
bers of people if the knowledge could be generally applied." 

This Federal Department also states (ibid., p. 41): "There 
is nothing mysterious about the practical application of mod-
ern knowledge of nutrition. Leaving out all the technical de-
tails, it says simply that the majority of people need to get 
more milk and milk products, eggs, and certain fruits and 
vegetables than they now get." 

Vice President Wallace in his address to the National Nutri-
tion Conference of May, 1941 , suggested a nutrition policy 
for this country as follows: 

It was found that certain types of disease like pellagra and beri-
beri could be wiped out 100 per cent by proper food. We have had 
fairly complete knowledge about these dietary deficiency diseases 
for at least ten years but there are still too many people dying from 
them. Therefore I propose as goal number 1 of the National Nu-
trition Conference the complete wiping out of deaths caused by 
dietary deficiency. We do not have yellow fever any more in the 
United States. Neither should we have pellagra. 

As goal number 2, I would propose a great reduction in those 
diseases such as tuberculosis toward which insufficient food pre-
disposes. . . . Undoubtedly, we can reduce the death rate from 
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these diseases by many hundreds of thousands by adequate food. 
The third goal which I would suggest for this Conference excites 

me in some ways even more than goals number 1 and number 2. 
This goal is to make sure that everyone in the United States has 
in his diet enough energy, enough bone-, blood-, and muscle-
building food, enough vitamins, to give that feeling of "health-
plus." We do not want merely to wipe out pellagra, rickets, and 
scurvy and to reduce death losses from tuberculosis, but we want 
to make sure that our millions are so fed that their teeth are good, 
their digestive systems healtl\y, their resistance to premature old 
age enhanced through strong bodies and alert minds. 

With food so critical a factor as it has recently been found to 
be, and with the urgency of the problem of optimal nutrition 
and of nutritional rehabilitation, we shall do well to emphasize 
(even at the risk of repetition) the importance both of the 
highest sense of individual responsibility and of governmental 
use of the guidance of nutritional knowledge. 

EXPERIMENTAL SCIENCE AND TRADITIONAL ECONOMICS 

Both in personal and in public nutrition policy, there is 
often implicit, in the practical questions that arise, a far-
reaching general problem. How far do the food habits which 
are traditional with us represent the outcome of a racial ex-
perience which can safely guide our use of food resources and 
to what extent should our food habits now be brought under 
the guidance of the present-day science of nutrition? 

At the risk of attempting the hardest step first, let us begin 
with the tradition which mortgages the outstanding share of 
the food money in most American households. 

Liberal meat eating long ago gained and still holds a promi-
nent place in our food traditions; it symbolized success in the 
chase and in pastoral pursuits, prosperity, liberality in hospi-
tality, and is the central feature in most of the folklore and 
history of feasting, the traditional "main dish" of the dinner. 

In historic times, the people of many regions have lived 
largely upon grains, tubers, and roots; and today, because of 
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economic limitations, too many people are l iv ing too largely 

u p o n these foods. 

I t seems to be accepted as a fact of observation that in the 

present general stage of h u m a n history (perhaps for 20 to 40 

generations inc luding o u r own) people w h o of necessity are 

l i v i n g very largely on starchy food show a tendency to eat more 

protein w h e n their economic conditions permit. 

T h i s has been called the protein shift, and some economists 

regard it as a well-established phenomenon which has occurred 

in many countries either simultaneously or successively as 

their economic conditions have permitted; it can o f ten be 

seen in progress as dif ferent economic strata of the populat ion 

of a given country succeed in improving their standards of 

l iv ing. Here tradition was visibly taken over into conventional 

economics and dignif ied wi th a technical name. Unfortunate ly , 

however, this traditional-economic rationalization was mis-

leading. It fostered the view that, given sufficient food calories, 

" p r o t e i n " was the one desideratum. T h i s mistaken v iew re-

tarded and still retards an understanding grasp of the newer 

knowledge, w o n through experimental science, which shows 

that the usual shift of food habit with increased purchasing 

p o w e r enriches the dietary in mineral elements and vitamin 

values as wel l as in protein contents. 

Moreover, the present-day science of nutr i t ion throws the 

emphasis of the shift less toward meat as the typical high-

protein food and more toward a combination of milk and fruit 

w i t h its better balance of protein, mineral , and vi tamin values. 

T h u s in his official Foreword to the Uni ted States Depart-

m e n t of Agriculture 's Yearbook for 1939 Secretary (now Vice 

President) Henry A . W a l l a c e wrote: 

Probably 99 per cent of the children of the United States have a 
heredity good enough to enable them to become productive work-
ers and excellent citizens provided they are gi%en the right kind of 
food, proper training, and ordinary opportunities. Fundamental 
to adequate training and decent opportunity is food. Fifty per cent 
of the people of the United States do not get enough in the way of 
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dairy products, fruits, and vegetables to enable them to enjoy full 
vigor and health. 

T h e increased prominence which Wallace gives to dairy 

products, fruits, and vegetables in the American food supply 

as a matter of nutrition policy is in full accord with the teach-

ings of such scientific leaders as McCollum and the late Dr. 

Mary S. Rose. 

In a food budget guided by the newer scientific knowledge 

of nutrition, the prominence of fruits, vegetables, and milk 

would certainly be increased and that of meat probably some-

what decreased as compared with their respective traditional 

places in the American food supply. 

W h e n the influence of the newer scientific knowledge tends 

to assign to the product of any given food industry a less promi-

nent place in the food budget than that which tradition would 

give it, the traditional-economic viewpoint may set itself 

against that of the modern experimental science of nutrition, 

claiming perhaps that the science of economics is more realistic 

than the science of the laboratory. 

From the traditional-economic viewpoint the argument 

would be to the effect that the "real" place of any commodity 

in the food budget is that which it holds and has held rather 

than any lesser place which nutritional research might indi-

cate. Traditional arguments and emotions including those of 

social custom and prestige and the often misleading concepts 

as to "standard of living" may all play a part in maintaining 

the consumer demand for, and so the price of, a food at a higher 

level than would correspond to its nutritive value. Yet labora-

tory science can now determine nutritive values quite ob-

jectively; it has shown that these are the real values so far 

as the well-being of the consumer is concerned, and possess 

potentialities for constructive benefit such as were not known 

or conceived at the time of the formation of the food tradi-

tions hitherto held. As has been pointed out by no less eminent 

and judicious an authority than Hopkins, traditions in the 

food field tend to accumulate prejudices quite as often as 
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truths, while the present-day science of nutrition, built on the 
experimental and exact sciences of physiology, chemistry, and 
physics, is objective and its findings have been shown to be 
valid and constitute a trustworthy guide for the advancement 
of human welfare. 

CONSUMER DEMAND AND AGRICULTURAL ADJUSTMENT 

In the United States, the Federal and state governments 
have made many contributions to nutritional research and 
education, but as yet have taken only tentative steps in the 
way of direct economic action to increase the proportion of 
the most "protective" foods in the nation's food supply. 

Governmental agencies teach the benefits of such a higher 

proportion of protective food, but the actual bringing about of 
this improvement seems to rest mainly upon the basis of con-
sumer demand. Educational guidance of consumers to a larger 
use of protective foods thus becomes an important part of 
nutrition policy in the United States. 

T h e phrase "protective foods" as here used means, as ex-
plained in a previous chapter, fruits, vegetables, and milk (in-
cluding cheese, cream, and ice cream), with or without eggs. 
It leaves wide latitude for individual preferences and for due 
consideration of economic conditions in the choice among 
fruits and vegetables; and also for choice among the different 
forms of milk (fresh, canned, and dried) and such of its prod-
ucts as sufficiently possess its nutritional characteristics— 
fermented milk, cheese, cream, and ice cream. 

Intelligent and scientifically informed consumer attitude 
is an extremely important factor in our progress toward im-
proved nutritional well-being for all. This progress may be 
either helped or hindered by the food choices of those whose 
purchasing power is higher than that of the average consumer. 

Within living memory citrus fruits were a luxury. People 
of sufficient income to afford it took up the habitual use of 
these fruits, making for them a market which encouraged 
larger plantings with resultant economies of production and 
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distribution, lower retail prices, and increasingly wider con-
sumption. As a result, the oranges and grapefruit which a 
generation ago were available only to people in the upper in-
come brackets are now used habitually through long seasons 
by people of all levels of income. Science shows that this is a 
good investment for them all at the prices which the present 
development of the industry makes possible. 

Somewhat similarly, the development of the cold-storage 
industry a generation or so ago was made economically prac 
ticable by the willingness of well-to-do Americans to pay the 
high prices which then prevailed for winter eggs. As the ex-
tension of commercial cold storage acted to eliminate the 
season of scarcity, eggs became a practicable year-round staple 
for a much larger proportion of the people. 

Still again, it was the slowly developing appreciation of milk 
as a food, first on the part of people who could afford rela-
tively high prices in winter and for superior sanitation on dairy 
farms, which resulted in such development of the market-milk 
industry as has made a high quality of milk a year-round staple 
for the poor as well as the rich. 

In some respects the meat industry has seen a similar evolu-
tion, but in other respects it presents a fundamentally dif-
ferent economic situation. Under pioneer conditions the large 
areas of grazing land not yet brought under the plow, and 
sometimes also abundance of game, make meat a relatively 
cheap food. People coming from the old world to a new world 
of open frontiers could expect not only better chances to 
prosper through enterprise but also that even from their first 
arrival in the frontier country they could eat meat oftener than 
in the old countries from which they came. But with the tak-
ing into cultivation of what had been free-range frontier pas-
ture lands, a point was reached beyond which meat production 
could be increased only by feeding to meat animals, in addi-
tion to their pasturage, a part of the field crops of the culti-
vated land. This makes the meat more expensive, and corre-
spondingly there has been built up a tradition that grain-fed 
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beef is worth more per pound than that of an animal marketed 
directly from range pasture. 

The traditional associations of the level of meat consump-
tion with standard of living and of grain-fed properties with 
quality in meat together result in a consumer demand for 
relatively large amounts of meats which are inherently costly 
to produce. T h e price is not felt to be unduly high because 
the market expert gives such meat a high conventional "grade," 
and because it is expensive to produce. Unfortunately its 
production costs more, not only in terms of cash but also in 
terms of the country's resources. If consumer demand for grain-
fed meat were moderated, if meat were made more largely on 
range pasture, and the farmer fed his field crops more largely 
for milk and egg production, the same food-production re-
sources would result in a better nourished people. 

As explained in a previous chapter, we interpret the scien-
tific evidence now available as indicating that for the best 
results as much as half of the needed food calories should be 
taken in the form of fruits, vegetables, and milk in some form 
or forms. If all consumers understood this advance in scien-
tific knowledge and acted upon it there would be increased 
consumer demand for these protective foods, and undoubtedly 
agricultural production would promptly adjust itself to this 
shift of demand. 

T h e United States can readily produce on essentially the 
same lands now devoted to food production, the additional 
fruits, vegetables, and milk (perhaps also eggs) which are 
needed for the better nourishment of its people. If a small 
percentage more of land were wanted it could easily be di-
verted from the raising of cotton for which the full acreage 
of the past is no longer needed. 

The United States Department of Agriculture Yearbook 
for 1939 collects many of the materials for the construction 
of a national nutrition policy. Its pages and other writings of 
the experts of that department leave no doubt that our farms 
could readily double their present production of practically 
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any fruit or vegetable for which there is sufficient consumer 
demand. Fruit occupies only from 1 to 2 percent, and vege-
tables only about 4 percent of the crop acreage in this country, 
so that the total production of both could be doubled or 
trebled without affecting the returns from other crops to any 
serious degree. Land and labor formerly devoted too ex-
clusively to cotton, and for which diversification is now uni-
versally recognized as needed in any case, may well be devoted, 
in part or in rotation, to the growing of small fruits, melons, 
and fresh vegetables ("truck crops"). Here there is an enormous 
potential resource for the meeting of a growing market de-
mand for fruits and vegetables. 

Growing appreciation of fruits, vegetables, and milk is 
shown by comparative dietary studies at a fifteen-year interval 
in New York City, by the Federal marketing statistics, and 
by the reviews of food-consumption data in the United States 
Department of Agriculture Yearbook for 1939. 

Nor is it only in this country that the production pattern 
is gradually shifting to meet the consumer demand for fruits, 
vegetables, and milk. Speaking for conditions generally in the 
Western World, the 1937 Nutrition Report of the League of 
Nations states that the best evidence that agriculture can and 
will adapt its production to the nutritionally guided consumer 
demand is that it is doing so. 

It is also reported that when the United States Department 
of Agriculture was conducting milk-for-health campaigns it 
appeared that these had at least as immediate an effect upon 
production as upon consumption, so that the milk business 
grew but yielded no increase of profit to the producers. Even 
so, however, the shift toward increased milk production is a 
step in the normal evolution of American agriculture which 
puts the farmers who take it in a scientifically sounder posi-
tion for the long run, because dairy cattle yield more of nutri-
tive value to the human food supply (in proportion to what 
they themselves have eaten) than do any farm animals that 
yield human food only by slaughter. 
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A fact which needs increased recognition in nutrition policy 

is that the dairy cow, even after she has passed her peak of 

milk production, is a more efficient converter of field crops into 

human food than is any animal which contributes only meat 

to our food supply. 

Perhaps this wil l be the more readily accorded if it is also 

emphasized that recognition of this fact does not foreshadow 

a meat-less food supply. In all the major regions of the United 

States there are large areas of grazing land which produce grass-

fed meat and cannot advantageously be turned to any other 

use. Moreover, every farm which produces milk or eggs pro-

duces meat also. Undoubtedly meat will continue to occupy 

a prominent place in the American food supply, the only ques-

tion is, How prominent? A n d this question nutrition policy 

should raise with regard to every major item of the food budget. 

W i t h growing knowledge of nutritive values, we learn to 

see more clearly what constitutes a wise allocation of the coun-

try's food-producing resources and of the money which the 

consumer spends for food. W e have seen, too, how the evidence 

now makes it plain that in some lines of food consumption 

the purchasing power of the well-to-do may serve to make 

possible the up-building of an industry which as it develops 

improves the dietaries of the poorer people as well; whi le in 

other lines, a consumer demand for high-priced food works 

permanently against the prospect of good nutrition for all. 

Moreover, in this respect what is true as between the richer 

and poorer consumers in any given country is also true in some 

degree as between the "have" and "have-not" nations. 

Yet the tension between nations can be greatly relieved by 

the application of the same scientific knowledge of nutrition 

which reveals the inevitability of such relationships as we have 

just been considering. For now that food traditions can be 

evaluated by objective scientific evidence, and the qualitative 

and quantitative nutritional values of the foods which flourish 

in different parts of the world can be assessed, international 
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exchanges of things involved in human well-being can go on 
with greater confidence and mutual goodwill. 

INTERNATIONAL RELATIONS AND T H E VIEW AHEAD 

Wheat is so abundant, and the prospects for its continued 
abundance are so good, that the problem of bread (viewed in 
the large) seems chiefly a combination of distribution prob-
lems. Conspicuous among these are the problem of available 
ships to transport the wheat or flour, and monetary means of 
supporting an adequate flow of breadstuffs from the original 
producer of the wheat to the ultimate consumer of the bread. 

The United States, Canada, Australia, and New Zealand 
have large reserves of wheat and can easily increase their 
production to provide for the feeding of the countries that 
need to import. T h e same will doubtless be true of Russia 
after her invaders are expelled and the damages inflicted by 
the invasion are repaired. The Argentine will doubtless also 
have surplus wheat. 

The degree of peacetime exchange of foods and services now 
contemplated as mutually and permanently advantageous by 
the United Nations can, should, and presumably will mean 
that normally no population groups shall lack bread. 

What beyond the grain crops will each nation need to make 
adequate its food supply? The answer depends somewhat upon 
our angle of approach. Beginning at home, the most useful 
start for those who read this might well be the principle that, 
"The dietary should be built around bread and milk." But 
in some countries there is such pressure of population upon 
the food supply that the people must live mainly on the pri-
mary products of the land. If then we consider first the foods 
which can be obtained directly from the land, it is the green-
leaf vegetables and the yellow-fleshed fruits and vegetables 
which best supplement the grain crops by supplying the cal-
cium and vitamin C content and the vitamin A value which 
our nutrition needs in larger measure than the grain crops 
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supply them. In the densely populated parts of China most of 

the people are obliged to depend chiefly on leaf-foods to 

balance the rice, wheat, or millet which is their main source 

of calories and protein; and so they must eat greens in quanti-

ties which would seem burdensomely bulky to us. 

So favored in food-production resources are we of the United 

States that normally we can feed to cattle, as transformers of 

green leaves, hay, and grain into milk and meat for us, the 

greater part of our total grain crop and a vastly larger propor-

tion of the green stuffs that grow on our farms. As already 

noted there are parts of this country where the farmer has 

definitely to decide whether to turn his field crops more largely 

into mi lk or more largely into meat. Yet there are also large 

areas of pasture lands not so situated as to be suitable for dairy 

fanning and which do ensure a liberal meat supply for an 

indefinite future. A n increase of 50 percent in our milk supply 

would probably have the effect of decreasing our meat supply 

by only 5 to 10 percent. 

For a long time at least we shall be able to share both meat 

and dairy products with other nations while at the same time 

improving nutritional conditions at home. In the Argentine 

there are great areas of grazing land which (even though part 

of it ultimately be gradually brought under the plow) will in 

all probability produce beef for export for as long a future 

as we can foresee. 

T h e typical American dietary as observed in all the major 

regions of the United States and at all economic levels is most 

improved by increasing its proportion of fruits, vegetables, 

and milk. In contrast, the foods of which we produce largest 

surpluses are wheat and meat; and others which we also may 

well share more liberally with other nations, by letting more 

of our accustomed imports go to them instead, are sugar and 

fats. 

T h u s a scientifically sound nutrition policy can consistently 

contemplate the improvement of the nutritional well-being 

of the people of the United States at the same time that we 
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share our food supplies more generously with other people. 

A t the time that this is written we are explicitly committed 

to the policy of making common cause with Great Britain in 

the matter of food supply. For this reason and also because 

the normal prewar patterns of food consumption were much 

alike in the two countries, the British war experience has inti-

mate bearing upon the food problems that face us, both at 

present and for the near future. 

Both countries are well supplied with wheat and potatoes; 

but Great Britain has been, and because of shipping condi-

tions still is, distinctly short of fats and meat compared with 

her levels of prewar consumption. T h e British also greatly 

welcome our shipments of dried eggs, dried skim milk, cheese, 

and canned and dried fruits. These foods are also much wanted 

in Russia and China and the policy of common cause which 

is explicit between us and the British must obviously be re-

garded as more or less implicit in our relations with Allies to 

whom we owe so much as we do to the Russians and the 

Chinese—though of Russian and Chinese food conditions we 

have less accurate knowledge and their prewar dietary patterns 

were not so closely like our own. 

For years to come it will be important to keep in mind that 

people who are in process of rehabilitation from the weaken-

ing effects of privation and anxiety are not yet ready for drastic 

changes from the food habits to which they grew up. In shar-

ing our abundant grain crops with the peoples of other coun-

tries who have lacked bread, or that equivalent which is their 

time-honored staff of life, we should take account of the food 

customs of those to whom we send. Our rice crop, for instance, 

might well be divided between certain limited sections of the 

United States and certain much larger areas in China. Other 

parts of China are sufficiently accustomed to the use of wheat 

to make it their main food. In Russia different regions special-

ize to some extent in different grains as best suited to their 

conditions of climate and soil; but wheat is welcome every-

where and advantageously used so far as available. 
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Only in limited regions of China and Russia is maize a 

sufficiently familiar food to make it wise for us to send large 
quantities to them. But our farmers are well accustomed to 
turn their surplus corn crops into pork, and all the pork that 
we can ship will be welcomed and well used by many millions 
of people in all parts of the world. 

Eggs also are a food which (even when dried before ship-
ping) are a welcome and beneficial enrichment of food sup-
plies almost everywhere. Milk is not so universally familiar 
as a major food for people of all ages. While we believe that 
ultimately all people will profit by a per capita milk consump-
tion as high as our own, it may be wise to begin by sending 
our available surplus of milk (1) to those who distinctly desire 
it, and (2) to the particular places where nutritionally minded 
people can promote its use, first, in child feeding. Dr. J . C. 
Thomsen, a professor of chemistry in Nanking University who 
has especially studied the food and nutrition problems of 
China, reports in a personal communication that even in parts 
of China where milk was hardly known as a commodity, the 
people have readily learned the use of imported dried milk in 
the feeding of their children. Botli New Zealand and the dairy 
regions of our Pacific states are large potential sources of dried 
milk for the Orient as well as for all of their present consumers. 

In so far as frank and friendly competition for markets leads 
food producers to increased efficiency in the production of 
nutritive values, mankind will benefit. But as each nation's 
nutrition policy should recognize that some foods have values 
which are above price because they help to make possible the 
improvement of the quality of human life, so also we may 
hope that food policies as between nations shall look not only 
to money profits but still more to such sharing of the fruits of 
the earth as to make for goodwill and a just and lasting peace. 

Nutrition policy may be a large factor in helping the world 
to learn to think in terms of good lives for all its people. 



CHAPTER XV 

SCIENTIFIC CRITIQUE OF THE "OFFER" OF 
HIGHER HEALTH AND LONGER LIFE 

FOR well over two decades, McCollum, on the basis of his 
outstanding work in biochemistry, has taught that there 

may be important differences between the merely adequate 
and the optimal in nutrition; and J. F. Williams, doctor of 
medicine and authority in physical education, has explained 
that health may and should mean not merely freedom from 
disease but rather a positive quality of life, which can be built 
to higher levels. 

Although after some years of such teaching, Dr. Williams 
remarked that this view had not found wide acceptance, yet 
today we see many signs of a growing appreciation of the fact 
that there are different degrees or levels of positive health; and 
undoubtedly nutritional research has had the major share in 
the advancement of this ideal of optimal as distinguished from 
merely passable health. For the objective and quantitative 
nature of the findings of much recent experimentation carry 
an impersonal convincingness which advances the principle 
of the nutritional improvability of the normal, out of the 
realm of opinion into that of established scientific fact. 

Nutrition thus becomes at least coordinate with sanitation 
in the service of human health; but whereas sanitation is 
brought into service chiefly through public-health practice, 
nutrition is more largely dependent upon conscious choices by 
individuals and families. In a few directions and up to the 
level of controlling obvious deficiency disease, nutritional 
benefits may be administered wholesale after the manner of 
public sanitation. Examples of this are the bread-enrichment 
program described in previous chapters and the extent to 
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which pellagra has been reduced by the large-scale distribu-
tion of yeast in the south (DeKleine, 1942). But the greater 
number and especially the higher levels of health benefits 
available through nutrition can not be conferred automatically 
upon a merely passive public. In the main, scientific discovery 
offers these nutritional benefits to those who will actively use 
the guidance of the newer knowledge in their daily food habits. 
T h e benefit depends upon the individual will to use the knowl-
edge. 

T h a t being the case, the reader may wish to be shown in a 
somewhat more critical manner a selection of samples of the 
original evidence upon which science bases its offer of higher 
health and longer life to those who elect to use the guidance 
of the newer knowledge of nutrition. Such is the purpose of 
the present chapter. 

If it should seem that we here deal largely with data derived 
from experiments with animals, the reader is asked to keep 
in mind that so far as it goes, the evidence of direct human 
experience is entirely in harmony with the findings here re-
viewed. It need not be argued that scientific critique can be 
more rigorous when applied to data obtained in larger num-
bers and under more comprehensive laboratory control than 
is possible with human subjects. 

Experiments in Terms of Natural Foods 

It is a commonplace of research that experiments should 
be so planned as to introduce only one variable at a time. In 
nutritional research these experimental variables are of two 
kinds: (1) individual chemical factors—elements or com-
pounds as the case may be; and (2) the actual articles of food 
which nature and agriculture produce and which people ob-
tain and consume. 

T h e protective foods, being more expensive to produce and 
distribute, must cost the consumer more per thousand calories 
than, for instance the staple cereals and breadstuffs. Hence 
it is important to know how much protective food is needed 
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to balance the dietary or food supply. T h e answer to this ques-
tion was sought experimentally in the chemical laboratories 
at Columbia, making use of animal-feeding experiments 
carried out with as rigorous a regard for exactness as in the 
most careful of quantitative analysis in vitro (for, as a matter 
of fact, it was as an extension of quantitative analysis of foods 
that the Columbia chemical laboratory took up such feeding 
experiments). We found that within the range of individual 
(physiological) variation of the zone of normal nutritional 
response there was a conclusively measurable trend to higher 
average records on the part of the individuals whose dietaries 
contained higher proportions of protective food. 

Thus, as has been briefly mentioned in Chapter X I I , Diet 
A (a mixture of one sixth dried whole milk with five sixths 
ground whole wheat plus table salt and distilled water) was 
adequate to enable our rat families to live successful lives 
generation after generation; but better average records were 
made by strictly parallel families of the same heredity when 
fed Diet B which differed only in containing a higher propor-
tion (one third instead of one sixth) of milk powder in the 
wheat-and-milk mixture. 

It is hardly necessary to explain that the significance for 
human nutrition of such a comparison as this lies in the fact 
that these experimental diets differed from each other in the 
same way that human dietaries often do. With the difference 
the same, the study of the effects of this difference is valid for 
our purpose. T h e fact that the experimental dietaries con-
tained fewer articles of food than human dietaries usually do 
makes no difference to the validity of the findings and is an 
advantage to clarity of interpretation. T h e question at issue 
is the nutritional improvability of the normal. Diet A supports 
normal life throughout the life cycle and through successive 
generations; but an increase in the proportion of milk in this 
diet gave statistically conclusive evidence of improved well-
being at every stage in the life history. T h e experiments were 
begun by assigning the two diets to equal numbers of care-
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ful ly matched laboratory-bred rats 28 days of age (this being 

conventionally taken as "end of infancy" in the rat). 

In his omnivorous food habits and in his nutritional proc-

esses the rat resembles the human being quite closely. Only 

two noteworthy differences are known in the nutritional chem-

istry of the human and rat species, namely, that human beings 

are much more responsive than are rats to the vitamin C and 

to the niacin contents of their diets. Hence all the favorable 

effects of superior nutrition upon health and longevity demon-

strable in the rat occur likewise in tire human body, while 

the latter benefits still further when the dietary is also im-

proved in these factors to which the rat is indifferent. So the 

nutritional improvement of the norm which the laboratory 

evidence reveals is safely and considerably within the actual 

scientific probabilities of the benefits of analogous dietary 

improvement in human experience. 

Furthermore, in order that the reader may not be left in any 

doubt, it may be emphasized at this point that throughout this 

book all findings cited or views offered are in accordance with 

the evidence of direct human experience so far as this latter 

evidence goes. But often the evidence from experiments on 

animals used as "deputies for humans" is much fuller and 

more completely controlled. 

A paragraph follows on the findings with reference to each 

of the chief objective criteria used in this comparison of Diets 

A and B. 

Rate of growth.—The matched lots of 28-day-old rats as-

signed in parallel to Diets A and B were first compared with 

reference to their individual gains in body weight during 

the 5th to 8th weeks, inclusive, of their age. Both males 

and females averaged higher gains on Diet B than on Diet A , 

the differences being more than 25 times their probable errors. 

T h i s degree of statistical conclusiveness leaves no room for 

doubt. Also, this finding (published in 1924) met no special 

inclination to skepticism because it was considered common 

knowledge that children, even starting from within the normal 



HIGHER HEALTH AND LONGER LIFE 189 

range, grow better when better fed; and a little later this was 
found in well-controlled work with children, by Mann and 
in the Milk-for-Schools Scheme as has been noted in Chapter 
X I I . 

Efficiency 0/ growth.—The gains in weight of the young 
rats receiving Diets A and B respectively, as explained in the 
previous paragraph, were divided by the energy values of the 
food they had consumed, and averaged to show the efficiency of 
growth in terms of body weight gained per thousand Calories 
of food consumed during the 5 th and 8th weeks inclusive of 
the rats' lives. This corresponds approximately with the few 
years of most rapid growth in children. A preliminary series 
of experiments indicated that there was no need of distinc-
tion between the sexes in applying this particular criterion 
of the relative nutritional efficiency of Diets A and B, so the 
main series on which this point was studied consisted of 100 
experimental lots, each a family group of 3 females and 2 males, 
on each of the Diets A and B. The efficiency of growth on Diet 
B was found to be distinctly greater, the difference being more 
than 16 times its probable error. Actually the degree of statisti-
cal conclusiveness is higher than the last sentence implies, for 
in its computation of probable error, the family lot of 5 animals 
is counted as a unit "case" so that each average actually repre-
sents 5 times as many individuals and its actual probable error 
is correspondingly smaller. 

Average size.—At any given age the animals of either sex on 
Diet B average larger than those of the same sex on Diet A. 
All the averages were, however, well within the normal range 
for animals of our laboratory colony of the respective sex and 
age. There was no appreciable difference in the proportion 
of body fat nor in the apparent relation of skeleton to muscula-
ture, but quantitative analysis of parallel animals showed that 
not only the actual amount but also the percentage of body 
calcium averaged higher for a given age and sex among the 
animals on Diet B. As is explained elsewhere, this influence of 
the diet in expediting the normal processes of calcification in 
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the growing body has been definitely correlated with better 

average life histories. T h i s is significant, whereas the mere 

fact of higher body weight at a given age, while undoubtedly 

real (statistically significant), might in itself have no bearing 

upon the nutritional well-being. It is hardly necessary to point 

out that in the scientific view of today, to be better nourished 

does not mean to be bigger or fatter, but rather that the life 

processes go on in a nutritionally more favorable bodily en-

vironment. 

Time required to reach maturity.—In order to have an 

entirely objective measure of the time required to reach ma-

turity, and of whether, if two diets support different rates of 

growth, they are supporting different rates of development 

also, the young rats of the two sexes were allowed to grow up 

together, three females and two males in a cage, and the age at 

which each female gave birth to her first young was made a 

permanent part of the experimental record. In the same com-

parison of Diets A and B to which the preceding paragraphs 

have referred, it was found that Diet B not only supported 

somewhat more rapid and more efficient growth, but at the 

same time expedited bodily development, young being born 

on the average earlier to the females on Diet B than to their 

twin sisters or double cousins on Diet A . T h e difference be-

tween the averages was over 20 times its probable error, giving 

a very much higher degree of statistical conclusiveness than 

even the most rigorous standards of interpretation require 

to justify the term "undoubted." As a matter of fact, this find-

ing, published in 1924, has remained quite unquestioned and 

has been frequently confirmed in later experiments. It will 

be noted that the same dietary difference which expedited 

growth and the normal calcification of the body resulted in 

earlier maturity in a parallel way. T h i s fact is to be taken as 

one of many evidences that the reproduction record of the 

experimental animals is a valuable criterion of their nutri-

tional well-being. If these reproduction records should seem 

to the reader to occupy a relatively prominent place in the 
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experimental investigations of nutritive values of dietaries, 
it is to be remembered that they are so employed because they 
afford data of entirely objective kind and not because we are 
dealing with any specific relations of the diet to the reproduc-
tive process. 

The period of full adult capacity.—This is symbolized in 
experimental animals by the duration of reproductive life. 
When one keeps in mind the fact just mentioned, the duration 
of reproductive life becomes another important criterion of 
the relation of nutrition to general well-being. Relatively 
early in the development of the new science of nutrition, 
McCollum, Simmonds, and Parsons pointed out that diet 
may influence the onset of senility. McCollum, in the suc-
cessive editions of his book The Newer Knowledge of Nutri-
tion, and many other recent research workers in scattered 
articles written from different points of view, have cited what, 
in total, amounts to a strong body of evidence that the food 
habits of individual people and the differing food supplies of 
different nations do influence markedly the number of years 
between the attainment of maturity and the onset of senility 
in human life. While, as just said, it is still somewhat scattered 
— a n d this is true both of times and places of publication and 
of the terms in which the observations directly upon human 
beings have been recorded 1 —yet it seems fairly clear to those 
who find time to study the evidence that large numbers of our 
species have already demonstrated in their own persons that 
the kinds and relative proportions of the foods we consume 
do influence our human life histories, and that this is as true 
for those above as for those below the general average status 

1 Just as this is being written, there comes to hand an article by Dr. V. Koren-
chevsky, published in the Journal of the American Medical Association, 194«, 
119: 624-630, under the title, " T h e War and the Problem of Aging" which, 
on reading, one finds to relate very largely to phenomena commonly spoken 
of as those of senility but in which nutritional status is now known to play a 
large part. W e have also seen in Chapter X that the recent researches of Kruse 
have shown and are increasingly showing how large a part long-continued 
suboptimal nutrition plays in bringing on the bodily changes commonly called 
senile. 
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of bodily well-being and the general average duration of the 

prime of life. W h i l e the scientific viewpoint does not doubt 

this fact, it also does not see any prospect of obtaining ac-

curately controlled observations upon human beings in such 

numbers and over such lengths of time as would constitute 

evidence of comparable conclusiveness and objectivity with 

that obtainable from long-established, laboratory-controlled 

colonies of experimental animals of properly chosen species. 

Hence M c C o l l u m and his coworkers at the Johns Hopkins 

School of Publ ic Health, in addition to their studies of the liter-

ature of human experience, have made use of their colony of 

laboratory rats for experimental comparisons of different diets 

with respect to the influence of the nature of the diet upon the 

time of onset of senility. T h e y have especially remarked the 

suitability of the rat because (in addition to the advantages 

already mentioned) of the nature of the ways in which the rat 

reveals senility by outward appearance and behavior. T h e 

experience of the nutrition-research workers in the Columbia 

Department of Chemistry lias confirmed and extended the 

findings just mentioned. In the Columbia work, it has also 

been deemed desirable to make use of some criterion which 

would be regularly recorded in numerical terms and which 

should be entirely objective (entirely independent of the judg-

ments of persons). For while we at Columbia are in full agree-

ment with the Johns Hopkins investigators as to the signs of 

senility in our experimental animals and the interpretation 

of the significance of these signs, yet so far-reaching is the 

importance of the human implications of the nutritional im-

provability of our normal lease of fully effective life, that 

complete objectivity here has a special value in making the 

findings convincing to a wider scientific public. T h u s objec-

tively measured and then interpreted by equally impersonal 

statistical analysis, the data of the above described comparison 

of Diets A and B show that the latter with its higher propor-

tion of milk resulted in an average prolongation of the period 

of full adult capacity to an extent undoubtedly of high $ig-
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nificance, the difference being 11.6 times its probable error. 
Thus the impersonal convincingness of the scientific evidence 
by which this finding is supported is of a decidedly higher 
order than that unquestioningly accepted as establishing most 
others of the fundamental facts of physiology. If one has a 
more tentative feeling about the principle of the nutritional 
improvability of the norm than about other principles of 
physiology it is not because the scientific status of the evidence 
for nutritional improvability is less conclusive; but only be-
cause, being more recent, it may not yet have been assimilated 
into one's everyday working state-of-mind. 

Adult vitality as indicated by success in the launching of, 
successive generations.—Here again it is to be kept in mind 
that in animal experimentation we make use of reproduction 
records because they are the most objectively measurable of 
the criteria of adult vitality, and not because the differences 
in diet which we are studying have any specific relation to 
reproductive function. Nor should economic or sociologi-
cal predilections be allowed to prejudice us subconsciously 
against the validity of this mode of investigation. A family 
which does not wish to have more or larger offspring may and 
presumably does have other objectives toward which to apply 
that same superiority of nutritional well-being and internal 
environment which in the experimental animal finds quanti-
tative expression in the number and vigor of the offspring 
which it contributes to the succeeding generation of its kind. 
Men and women who are not interested in adding to the num-
bers or to the bodily size and vigor of the next generation may 
nevertheless be very much interested in the higher degree of 
buoyant health which those criteria symbolize in scientific 
experimentation. Both Diets A and B support successful re-
production and rearing of young, generation after generation. 
The families on Diet B, however, reared more young, and 
to a better size and development at the conventional uniform 
"weaning" age. The numerical differences on these two points 
were, respectively, 13.7 times and 10.5 times their probable 
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errors, or thousands of times more conclusive statistically 

than the accepted criteria of scientific interpretation deem 

sufficient to justify speaking of the reality and significance of 

the difference as undoubted. 

Length of life.—Only after the general method of research 

described and illustrated in the preceding paragraphs had 

thus shown its usefulness and high scientific validity were 

means forthcoming to continue controlled feeding compari-

sons throughout the entire natural lives of experimental ani-

mals. Ultimately, however, parallel animals of both sexes 

were continued on each of the Diets A and B from the end of 

infancy until natural death up to totals of 124 to 196 indi-

viduals of each sex on each diet. In essentially equal propor-

tions of cases on the two diets, "second (or later) generation" 

animals were used. T h a t is, the animals thus assigned to the 

test (as contrasted with the "first generation" cases where litter 

mates were assigned to the two diets equally) would be, for 

example, double first cousins having exactly the same heredi-

tary background but with a nutritional background of a 

previous generation on either Diet A or Diet B as the case 

might be. 

T h e purpose in this plan was to give an adequate number 

of fresh starts with direct litter-mate controls and also suf-

ficient representation to cases in which the diets were com-

pared for their effects in a second generation because effects 

of dietary differences are sometimes clearer in the second 

generation than in the first. In contrast to many studies of 

longevity in which exceptional cases are sought out and en-

quired into, this was a study of the influence of a dietary 

difference (that between the above-described Diets A and B) 

upon the average lengths of life of the general population. 

More strictly speaking, it was the average lengths of life of 

presumably adequate and representative samples of the entire 

population except those dying in infancy. As death rates both 

of our present-day population and of our laboratory animal 

colony are relatively low for a considerable period after the 
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completion of infancy, the length-of-life as studied in this com-
parison of diets corresponds fairly nearly to the "adult life-
expectation" of human vital statistics. This average length 
of life was almost exactly 10 percent longer, both for males 
and for females, on Diet B than on Diet A, and the differences 
were, respectively, 5.5 and 5.9 times their probable errors. 
This means statistical probabilities of the order of 10,000:1; 
or that the finding has 100 times higher conclusiveness than 
we would need to justify calling the conclusion undoubted. 

As a matter of fact the finding is considerably more firmly 
established than this statistical examination of the averages 
by itself implies. For the data may also be evaluated in another 
way, in which with the data set up in terms of percentages 
of cases reaching certain well-distinguished age goals, we have 
nine different comparisons of the diets and in each of the nine 
comparisons, Diet B shows a measurably better result than 
Diet A. 

Moreover, a preliminary comparison, made when about 
half the cases had been completed, showed the same 10 percent 
difference in favor of Diet B and essentially the same coef-
ficient of variation. T h e final numbers, therefore, presumably 
constituted a more than adequate sample to establish the true 
difference, and doubtless if more experiments of.the same 
kind had been made, the probable errors of the means and of 
the differences would have become still smaller and the sta-
tistical conclusiveness higher; but, with a degree of conclusive-
ness loo-fold better than "undoubted," it seemed that the 
right use of the remaining time and opportunity would be to 
get added light from a different but coordinated type of ex-
periment. 

T h e increase in length of life through nutritional improve-
ment of a diet already adequate and a nutritional status al-
ready normal, as here described, has been accepted as un-
doubted since its publication in 1930, although it has been 
more discussed because more unexpected than the other find-
ings of this series. Its unexpectedness is largely due to the fact 
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that it importantly extends the answer to a question which 
our half-knowledge had supposed to have been answered al-
ready. It had been supposed that "heredity determines longev-
ity" and that "while of course you can do things which will 
shorten your life, the only way you can lengthen it is by the 
selection of a longer-lived ancestry." T h e first of these oft-
repeated dogmas represents roughly about one half of the 
truth. According to our present knowledge (in the light of the 
feeding researches here summarized and others still more re-
cent) it is clear that heredity and nutrition are both major 
factors in determining the length of life. T h e influence of 
nutrition is now established with much the greater complete-
ness of scientific control and statistical convincingness of the 
two, yet we do not doubt that heredity is also influential. T h e 
old ways of speaking as if heredity were the only major in-
fluence should be entirely discontinued because they are so 
seriously misleading; but the correction of misleading half-
truths is not the same as the displacement of one theory by 
another and contradictory theory. 

Whether done unconsciously or in a deliberate attempt to 
"dramatize" or to express in a "sprightly style," it is an un-
scientific habit to speak of every fundamental advance in scien-
tific thought as if it were in conflict with some previous theory. 
Our recently acquired knowledge that nutrition influences 
the length of life (and can influence it for better as well as for 
worse) does not constitute a rival theory but simply makes an 
important addition to our previously acquired knowledge 
regarding the influence of heredity. These two kinds of knowl-
edge are acquired by such different methods of research that 
as yet we have no conclusive ways of measuring the relative 
potencies of the two influences, and indeed there is strong 
(inferential) scientific probability that the one influence is 
relatively stronger in some cases and the other influence in 
other cases. Also there is scientific reason to suppose that he-
redity is relatively more potent in those cases of extreme 
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longevity which seem to "run in the family" much as extreme 
height may run in the same or other families. Yet it may also 
be true that in a much larger number of families there is no 
such extreme hereditary trait, and that consciously cultivated, 
nutritionally guided, good habits as to what foods one eats 
and in what proportions may very probably be the greatest 
constructive influence contributing to higher health and 
longer life. It is also well worthy of emphasis that whatever 
one's original chromosomal endowment and whether his he-
reditary background is on-the-whole an asset or a liability, he 
still, as a reasonably normal member of a mammalian species, 
influences through his food and nutrition the development of 
his innate potentialities, either for better or for worse. 

Let us now look briefly but critically at the evidence of 
nutritional research planned in terms of the individual chemi-
cal factors or specific nutrients. 

Experiments with Different Levels of Protein Intake 

Slonaker studied at Stanford University the comparative 
effects of diets of the same general type, but in which the per-
centage of protein was set at 5 different levels: 10, 14, 18, 22, 
and 26 percent, respectively, of the air-dry food mixture. 
These differences in protein content were brought about by 
varying the percentage of lean meat in the food mixture; so it 
was not quite exclusively a protein difference, but we may 
follow the original investigator in treating the findings in 
terms of protein. The five different levels of protein intake 
did not always arrange themselves in the same order with 
reference to the different physiological data which Slonaker 
considered as possibly throwing light upon bodily well-being. 
Gain in weight increased with the percentage of protein 
in diet; but spontaneous activity showed no definite trend, 
though the group having highest percentage of protein in the 
food was least active. Males lived longest on the diet with 14 
percent protein; females, with 10 percent; both showed short-
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ening of life on diets containing 22 or 26 percent protein. The 
reproductive span showed no regular relationship to the pro-
tein content of the diet. Here the only noteworthy regularities 
would seem to be that with increasing protein content of 
diet, growth was faster and life was shorter. The length of life 
was, however, not conspicuously different. That life should 
be somewhat shorter after the forcing of early growth by high 
protein diet is in line with the findings of Maynard and McCay 
at Cornell, whose animals, however, showed larger differences 
in longevity than did Slonaker's. 

In experiments at Columbia also, the addition either of 
meat or of purified casein to an adequate diet has resulted in 
more rapid growth to a somewhat larger adult size, but no 
clear evidence of higher adult vitality, and certainly no in-
crease in the length of life. This general picture of the effect 
of adding protein to an adequate diet was no different when 
the percentage of calcium in both the diets was higher. Also 
it was found that the more rapid growth in body weight which 
results from higher protein was not accompanied by any in-
crease in the rate of development as indicated by the percent-
age of calcium in the body at a given age. 

Thus the general results of the Stanford, the Cornell, and 
the Columbia experiments consistently indicate that high pro-
tein intake increases the rate of growth but does not conduce 
to higher health or longer life. Hence we conclude that in 
the above described comparison of Diets A and B, protein may 
have been an appreciable factor in the more rapid growth and 
increased body weight on Diet B, but could have played but a 
minor part, if any, in the improvement of nutritional well-
being which resulted in a life history of higher health and in-
creased longevity. It is, however, quite conceivable, in view 
of the relationships to tissue enzymes mentioned near the end 
of Chapter VIII , that protein enrichment simultaneously with 
just the right enrichments with phosphate and some of the B 
vitamins might be made to play a larger part, and this problem 
is now being studied at Columbia. 
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Experiments with Different Levels of Calcium Intake 

When, without any other change in the above-described 
Diet A, its calcium content was increased to the same level as 
in Diet B, the results showed that this element had played a 
large part in the nutritional improvement of the norm which 
was so fully demonstrated by the comparative feeding of Diets 
A and B. This increase of the calcium content from o. 19 to 0.34 
percent of the dry-food mixture increased the rate of growth 
and development, the level of adult vitality, the length of life, 
and, in still larger degree, the length of the period of full adult 
capacity (the "period of the prime of life"). In all these rela-
tions the enrichment of the dietary in calcium alone improved 
the life processes in the same way, though not quantitatively 
to the same degree, as the increase in the proportion of milk 
in the diet. 

Thus the principle of the nutritional improvability of the 
normal and the practical fact of the attainment of longer life 
with higher health at every stage of the life cycle are both 
greatly strengthened now that they have been fully demon-
strated in long-term nutrition experiments of both types: 
those in which natural foods, and also those in which specific 
nutrients (individual chemical factors) were the experimental 
variables. 

At only one point was the gain which resulted from this 
moderate increase in the calcium content of the diet too small 
to have been considered significant if it had stood alone: the 
average length of life of the females was only slightly advanced. 
Before concluding that the females were any less able than the 
males to make full use of the extra food calcium, we have to 
consider that they had more ways in which to invest it; and 
conspicuously in the nourishment of the next generation dur-
ing its periods of gestation and of suckling. For, without the 
aid of any artificial feeding of their infant offspring, the fe-
males on the dietary of higher calcium content had produced 
and reared more young (on the average in the proportion of 
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three to two). Inasmuch as the young rat at weaning represents 
a considerable investment of calcium, all obtained through 
the mother, it is clear that the females getting the moderately 
increased amount of food calcium may have had to invest 
this limited addition to their nutritional income in their 
larger contribution to the next generation of their respective 
families. 

This question we have investigated in two ways: (1) The 
same limited calcium supplement as in the experiments just 
described was fed (as compared with parallel controls on the 
basal Diet A) to unmated females, and here it turned out that 
in the absence of the drain of pregnancy and lactation—that 
is, of the opportunity to invest the extra calcium in the next 
generation—the females could and did invest an increased 
calcium intake in an increased length of life quite as efficiently 
as did the males. (2) Another series of experimental families 
were submitted to full-life, successive-generation study with 
dietary calcium as the sole variable, but with a larger increase 
of calcium in the higher-calcium dietary. The females re-
ceiving this still more liberal amount of food-calcium were 
thereby enabled both to rear the already noted larger num-
ber of superior offspring and to enjoy substantially increased 
longevity themselves. Thus the individual mother can both 
give more to her children and herself maintain and enjoy 
higher health throughout a longer life if the guidance of the 
newest chemistry of nutrition is followed wholeheartedly and 
with open mind. 

Hoiv, then, does one plan for an optimal amount of calcium 
in one's food? By optimal we mean (here as elsewhere in this 
book) quite literally the best, and more explicitly the level of 
intake which induces the best results in permanent practice. 
As material in hand toward the formulation of an amply ade-
quate answer, we now have large bodies of evidence both (t) 
from direct human experience including controlled experi-
mentation upon the body's intake and output of calcium, as 
well as clinical and post-mortem observations; and (2) from 
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well-controlled full-life and successive-generation studies of 
large numbers of experimental animals with additional litter-
mate parallels analyzed for body calcium at selected ages. 

Human babies when born (at term) do not differ greatly 
in the percentages of calcium which they contain—a fact which 
has been made easy to remember by the somewhat severe 
aphorism that "the unborn baby is a perfect parasite upon the 
mother"—meaning, of course, that the chemistry of the situ-
ation is such that the embryo develops approximately accord-
ing to the normal composition of its kind and age almost re-
gardless of whether or to what extent this involves withdrawal 
of calcium from the mother's bodily structure. 

The chemical explanation, or at least its outstanding fea-
ture, is that the calcium concentration in the blood, and cor-
respondingly the normal (not necessarily identical) calcium 
concentrations of other body fluids of the mother and unborn 
child, are kept near the physiological "saturation" level by 
the continuous circulation of blood through the vascular ends 
of the bones, which ensures rapidly renewed contact of the 
blood with relatively large surface-areas of the calcium salt of 
the bone substance. 

Thus, except for extreme cases in which bone substance be-
comes badly depleted, fluctuations of intake of food calcium 
and borrowings of calcium from the mother's bones make 
little difference to the calcium-concentration level of the 
fluid, derived from mother's blood, which bathes the develop 
ing tissues of the unborn baby. The objectively established 
chemical and physiological facts leave little room for differ-
ence of opinion up to this point; and there is relatively little 
variation in the calcium content of reasonably normal babies 
at birth. 

From birth onward, however, there is less uniformity either 
of fact or opinion. Babies are born calcium poor in the sense 
that the body of the newborn contains a lesser percentage of 
calcium than the fully developed body. The event of the 
baby's birth is probably easier and safer both for mother and 
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child because of the fact that the embryo skeleton (even at 
full term) is still so incompletely calcified. It takes but little 
scientific insight to see the "survival value" of this species 
characteristic of being born with bones soft enough to be 
flexible, for this betters both the mother's and the baby's 
chances of surviving the event of parturition; particularly 
when we remember that our species did not evolve physicians 
and nurses to diminish the hazard of this event until after our 
anatomy and physiology had become rather definitely stabi-
lized by the processes of biological evolution. Thus, we have no 
just quarrel with nature for having so evolved us that our 
children are born calcium-poor, but once the baby is safely 
born, his calcium-poor condition of body is more of a liability 
than an asset. It would be futile to speculate upon the purely 
hypothetical question whether or not we should wish, if we 
could, to raise the young child's percentage of body calcium at 
once to that which he presumably will have as a normally de-
veloped adult, for there is no prospect of that becoming a 
possible procedure. The real question is whether to content 
ourselves with a low-calcium dietary (or one in which calcium 
is left to chance) and a policy of slow drifting toward normal 
calcification; or to arrange for children to receive dietaries 
sufficiently rich in calcium and well balanced in other respects 
to permit them as promptly as practicable to bring their proc-
ess of normal developmental calcification abreast of their other 
processes of bodily development and maturation of tissue 
composition. In the case of calcium, most of the retention goes, 
of course, toward chemical maturation of the mineral part of 
the bone tissues. We know that among children ostensibly 
healthy—and perhaps even among those who might pass as 
equally well developed in any examination that it is feasible 
for a school physician to give—the status as to calcium re-
tention and skeletal development may be very different. Along 
with this difference of actual calcium status among passably 
normal children goes a somewhat corresponding difference of 
view as to its significance for health and life history. Some 
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lean heavily upon the assumption that among people passably 
healthy whatever is, is right; while others believe that what 
now is is the outcome of a period of change and artificiality in 
our food supply during which there was only partially ade-
quate guidance of nutritional knowledge. T o the extent that 
the latter view is correct, the fuller nutritional knowledge of 
today can presumably guide us to higher health. And one of 
the milestones of such guidance is the newly developed under-
standing of the far-reaching significance of liberal supplies of 
calcium-rich foods which this section seeks to summarize. 

A child may gain in body weight and show a "plus calcium 
balance" (that is, retain some of the calcium he gets from his 
food) on an intake as low as 0.5 gram of calcium a day. Higher 
intakes result in higher retentions up to maxima which at 
present must be expected to vary widely, because the body's 
capacity to retain calcium depends to such a large extent upon 
its previous nutritional history and the state of its calcium 
stores at the beginning of the experiment. 

In order to eliminate this source of difference, and so have 
a more standardized starting point for experiments on the cal-
cium balances of children, some investigators have sought to 
fill up any possible shortages in the body's normal calcium 
stores by means of a relatively long period of extraordinarily 
high calcium intake immediately before making the experi-
ment upon the intake and output intended to reveal the "true" 
or "net" retention rate and intake requirement. Of course, 
such a procedure does give a more uniform body status as a 
starting point for the balance experiment; but it is a status 
which does not correspond to anything real in the life his-
tories of the vast majority of children. Thus the method of 
preliminary saturation of the child's body with calcium be-
fore studying its calcium requirement seems from the stand-
point of scientific critique to be only plausible and not funda-
mentally sound. Furthermore the practical outcome of such 
experimentation and of accepting its results as showing chil-
dren's calcium requirements would be that this artificially 
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construed requirement would be less than the amount that 
nearly all children actually need. For it is always to be re-
membered that growing children do not usually have any 
calcium-saturation period at any time, and if they did they 
would very soon again have outgrown the condition of "satura-
tion." T h a t is, the amount of body calcium which momentar-
ily constituted saturation would tend to be diluted to a short-
age by the body's further growth. 

A method more consonant with the realities of the problem 
is as follows: T h e normal growing child can store (retain) at 
least 20 percent of his food-calcium intake up to intakes of at 
least one gram a day. A retention of 20 percent of the amount 
contained in the food is the approximate average finding of a 
large amount of work by the University of Illinois group, 
whose methods of experimentation and interpretation are such 
as may confidently be expected to result in minimum figures. 
Jeans and Stearns at the University of Iowa and the Macy 
group at Detroit have reported considerably higher percent-
ages of retention in experiments which do not appear to be 
open to the criticism that retentions higher than 20 percent 
of the intake are to be attributed to previous shortage. T h e r e 
is now a very large uncontested body of evidence that an in-
take of one gram of food calcium a day is certainly not exces-
sive from the viewpoint of the child's capacity; and that it is 
easily included in the child's dietary. If children of all ages are 
given dietaries of suitable natural foods containing not less 
than one gram of calcium a day, there will result an average 
retention and building into body structure of at least 0.2 
gram a day—more if the body is in a condition of shortage. 
Such a rate of calcium gain means better development than 
has been enjoyed by many apparently healthy children in the 
past. It is clearly a considerable factor in the nutritional build-
ing up of the passably normal into the higher health which 
brings increased efficiency and satisfaction in life. T h i s find-
ing is strongly confirmed by the animal experimentation out-
lined below. 
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In our long-term experiments with laboratory animals the 
level of calcium intake needed for best results, when the en-
tire life history and the launching of the succeeding generation 
are considered, is not less than two to three times the minimal-
adequate level of Diet A which supports the families in health, 
generation after generation, but apparently with little margin 
above the bare need for survival of the family. 

Table 9 summarizes the records of rats of the Columbia 
chemical-laboratory colony on Diet A (Laboratory No. 16) 
and on three others like it in all respects except that they had 
the higher percentages of calcium shown at the heads of the 
respective columns—approximately twice, three times, and 
four times the amount furnished by Diet A. 

In this table, the first and second columns of figures are re-
sults of a direct side-by-side comparison of Diets A (16) and 
162, while the data in the third and fourth columns of figures 
are from a similar direct comparison of Diets 168 and 169. The 
fact that there was not an equally close parallelism, in time 
and litter-mate or double-first-cousin control, between the first 
two columns on the one hand and the last two columns on the 
other, is indicated by the double perpendicular line here 
drawn between them. It is believed, however, that, with the 
the explanations which follow, the four columns of findings 
may validly be considered together here. Certainly they are 
quite as comparable as many data coming from different 
laboratories or even from the same laboratory at different 
times which one must consider together in order to take due 
account of all available evidence on a topic of wide scope such 
as that to which this chapter is devoted. 

The data summarized in Table 9 indicate that, with respect 
to promptness of reaching maturity and size of young at end 
of infancy, the "plateau of optimal performance" had been 
reached at double the minimal-adequate level of calcium in-
take; whereas with respect to length of life and of prime-of-
life (here represented by the duration of the capacity to 
reproduce) and the number of young reared per female, cal-
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cium intakes of three to four times that of minimal adequacy 
were needed for optimal results. A level of intake four times 
that of minimal adequacy evidently does not overpass the 
the optimal plateau; for the slightly lower average weight of 
young at 28 days in the families on Diets 168 and 169 than on 
Diet 162 is doubtless more probably due to the above-ex-
plained less close parallelism. Certainly the general picture 
presented by the data is most favorable for the highest level 
of calcium intake. 

A less extended series of experiments was made in which 
the starting point was Diet B, an all-round better-balanced 
dietary with higher riboflavin content and vitamin A value 
than the Diet A (No. 16), which was the starting point of the 
preceding series. Here it was found that with this dietary, 
superior in so many ways, as the basis, optimal results were 
more nearly attained with a calcium intake twice that of 
minimal adequacy and that the plateau of optimal perform-
ance was more definitely reached with a calcium intake around 
three times the minimal adequate level than when the diet 
was less good in other respects. Here also the highest level of 
calcium intake tested certainly did not overpass the optimal 
plateau; rather the higher level is to be regarded as affording 
the better margin of insurance. That more insurance is needed 
when the diet is less well balanced is consistent with the find-
ings of the late Dr. S. J . Meltzer that calcium, in addition to 
performing its own specific functions, serves also as a sort of 
general regulator of conditions of imbalance in the body. 

The series based on Diet A and the series based on Diet B 
gave entirely consistent pictures of the influence of the cal-
cium content of the food upon that of the body, as may be 
seen from Tables 10 and 11 (from data given in detail on pages 
384, 385 of Vol. 126 and pages 630, 631 of Vol. 137 of the 
Journal of Biological Chemistry). 

Looking first at the results from the series based on Diet A, 
it will be seen from Table 10 that both males and females 
when on the food of the lowest calcium content averaged lower 
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percentages of body calcium at 60 days than at 28 days, be-
cause, while the calcium balances had been positive, the gains 
in body calcium had not kept pace with the gains in body 
weight during this period; while those on higher levels of cal-
cium intake did increase their percentages of body calcium 
during this same age period. Yet even on a diet whose calcium 
content was three times that of Diet A, the percentage of cal-
cium in the body did not reach its plateau value at any time 
during growth. 

T A B L E 1 I 

ILLUSTRATING DEGREE OF A T T A I N M E N T OF EQUALITY IN 

BODY CALCIUM A T MIDDLE AGE AMONG RATS REARED ON 

DIFFERENT LEVELS OF CALCIUM INTAKE: MALES A T 

ONE YEAR OF AGE 

Series Based on Diet A Series Based on Diet B 
Calcium 
in Food Body Body Body Body 
Percent Calcium Calcium Calcium Calcium 

Grams Percent Grams Percent 

O.19-O.2 3-467 1 . 1 0 5 ± 0 . 0 1 4 0 

o-35 3-756 1 .096 ± 0 . 0 0 8 0 

0.48 3-934 1 . 1 3 6 + 0.008 

0.64 3 - 9 ° 6 1 . 1 7 6 ± O.OIO 4.046 1 . 1 7 0 1 O.Ol 1 

0.8 4.022 1 . 1 7 8 ± 0.009 

" T h e precision measure following the ± sign is in each case the probable error 
of the mean. 

From Table 11 it would appear that on the threefold and 
fourfold levels this was just about attained at middle age; but 
even then was not attained by the animals on Diet A itself 
although this diet is adequate according to current standards. 

At a given age and calcium-intake level, a comparison either 
of the males or of the females shows (Tables 9-11) that the 
body weight is higher for those with dietaries based on Diet B 
than for those whose dietaries are based on Diet A, and so 
the former, although they are superior animals and have 
larger amounts of body calcium, have slightly lower percent-
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ages. Calcium is, of course, not the only factor which contrib-
utes to superior nutritional well-being. Note, however, that 
the animals of each sex, at each age, and with each basal ration 
studied, always averaged higher percentages of body calcium 
the higher the percentage of calcium in their food. That this 
higher percentage of body calcium is an advantage is some-
times superficially challenged as "debatable"; but those who 
have studied it most carefully are most clearly of the opinion 
that it is an advantage. I am especially indebted to Dr. P. C. 
Jeans and to the late Dr. T . Wingate Todd for cogent personal 
expressions of the view based on their respective researches 
that this extra body calcium certainly may, and probably will, 
be a very important asset in the vicissitudes of human life. 

Moreover, now that the studies with human beings and 
those with laboratory animals have been so fully and critically 
compared, we have what seem to be ample arrays of evidence 
with which to safeguard our interpretations. For we can view 
the very extensive findings of direct human experience in the 
light of the data of fully controlled animal experimentation 
extending over complete life histories and even successive 
generations, with chemical analyses of many representative 
cases at intervals in the life cycle. 

Inasmuch as the calcium compounds of the body are so 
sparingly soluble that less than one percent of the calcium 
in the body serves to saturate (in the physiological sense, at 
least) the blood and soft tissues, all the rest being laid up as 
relatively insoluble bone (and tooth) mineral, it may at first 
thought appear strange that the acquisition of more calcium 
can make any important difference to our bodily well-being. 

The bone trabeculae are undoubtedly important in this 
connection. Individually these are delicate growths of bone 
mineral projecting into the cavity of the bone from the inner 
surfaces of its porous ends. They are suggestive of the crystal 
growths often demonstrated in the teaching of chemistry, or 
of spicules growing from all directions toward the center of 
the marrow cavity of the bone, or of stalactites and stalagmites 
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similarly growing toward the center of a cave from its sides 
as well as its roof and floor. Collectively, when well developed, 
they constitute a closely interlocking criss-cross meshwork 
like an unusually abundant multiplication of steel bracing 
rods to aid in supporting and stabilizing a bridge. Yet we 
should remember that it is not a structure built once for all, 
but rather it is the changeable total of individual crystals, each 
of which may increase or decrease by the deposition upon it of 
calcium salt from the blood or the dissolving away from it of 
calcium salt by the blood. 

This reversible development of bone trabeculae has been 
cited as an excellent example of functional hypertrophy: some-
thing which is not of constant occurrence, and so may be re-
garded as an overgrowth or overdevelopment, yet which func-
tions physiologically to the advantage of the organism that 
possesses it. In fact, a rich trabecular development functions 
in two ways: (1) like the multiplication of supplementary rods 
and braces in a bridge, it affords a maximum of strengthening 
and stabilizing mechanical effect from a relatively small 
amount of extra material; and (2) by virtue of the large sur-
face which the meshwork arrangement of this extra material 
exposes, it functions with great efficiency as a chemical regu-
lator of the calcium (calcium-ion) content of the blood. 

As yet it does not seem to be at all certain whether the so-
called senile forms of arthritis and osteomalacia developing 
in people who have lived for years upon calcium-poor dietaries 
are attributable to the gradual and cumulative deformation 
of the ends of the bones for lack of the mechanical support 
and stabilization of abundant trabecular development; though 
it is now clear that liberal calcium intake does contribute, in 
this way among other ways, to the attainment and mainte-
nance of that combination of "chemical maturation" with 
"youthful condition" of tissue which so largely constitutes 
and characterizes the prime of life. 

It is now quite clearly certain that a rich development of 
bone trabeculae performs with high efficiency a regulatory 
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function in maintaining that stability of calcium (or calcium-
ion) content of blood which is of far-reaching importance 
both to the immediate well-being of all parts of the body and 
to the life history of the individual and the family. 

It is to be remembered that at and near the ends of the 
bones their walls are porous and vascular so that the blood 
circulates freely into and through this part of the bone mar-
row, in fact a part of the process of blood-making and remak-
ing occurs here. It has also been shown by balance experiments 
and hematological studies that an equable calcium supply is 
favorable to the utilization of iron and the most efficient pro-
duction and regeneration of blood of optimal hemoglobin 
content. In the light of these facts it is clear that an abundant 
multiplication and extension of trabeculae, by offering a large 
surface of bone mineral in immediate and effective contact 
with the blood at this scene of special physical and chemical 
activity, has high potentiality for the favorable regulation of 
the direct environment of a part of the blood-making process 
and also for the stabilization of the calcium content of the 
blood as it passes on to its circulation through all parts of the 
body. 

Just before his untimely death, Todd added what may well 
prove to be an important extension to the story of the bone 
trabeculae. In his contribution to Cowdry's Problems of Age-
ing (Williams and Wilkins, 1939) he described what appears 
in skillfully made roentgenograms as "a gray sheen of labile 
mineral," which in a "well mineralized" bone lies in the inter-
stices between the definite trabecular structures and presuma-
bly consists of chemically similar or identical calcium-salt 
mineral in a semidispersed (though anatomically localized) 
form presenting still larger surface in proportion to its mass 
than does the calcium mineral of the fully formed trabeculae 
themselves. Obviously this addition to our knowledge of the 
trabeculae accentuates the concept of the efficiency of well-
mineralized bone as a regulator of the calcium content of the 
blood, which in turn we know to be of great importance to all 
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parts of the body and to a wide variety of its functions. What-
ever may prove to be the exact significance of this "gray sheen," 
the general relationships of highly developed trabeculae to 
liberal intake of food calcium on the one hand and on the 
other hand to regulation of the calcium and calcium-ion con-
centration in the blood are now clear and well established. 

W i t h i n wide limits, the higher the calcium content of the 
food, the greater the development of the bone trabeculae and 
the more promptly is any fluctuation of blood calcium re-
stored to the optimal level. T h i s alone would suffice to give 
an important place to liberal calcium intake among the nutri-
tional factors by means of which it is possible to build higher 
health and longer life. 

Experiments with Different Levels of Riboflavin Intake 

Largely because riboflavin, then called vitamin B2 or G, was 
one of the factors in the difference between the above-noted 
Diets A and B, experiments with different levels of riboflavin 
in the food have been carried out in much the same way as 
those with calcium described in the preceding section. Be-
cause of the general similarity of purpose and plan and of the 
viewpoint from which the data are interpreted, the results of 
the riboflavin studies may here be summarized very briefly, 
yet in an adequately critical attitude of mind. It is found with 
riboflavin as with calcium that there is a wide zone between, 
on the one hand, the level of minimal adequacy for ostensible 
health and the perpetuation of the family, and, on the other 
hand, the level of riboflavin content of food which induces 
optimal nutritional well-being in long-term experiments with 
dietaries good also in other respects. 

From the immediate viewpoint of the experiments as de-
signed to account in explicit chemical terms for the difference 
in nutritive value between Diets A and B, the findings indi-
cate that riboflavin played a larger part than protein and a 
lesser part than calcium in the superiority of Diet B to Diet 
A. However, the fact that it here had a less prominent place 
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in the picture than did calcium is doubtless chiefly attributa-
ble to the fact that Diet A is already rather richer in riboflavin 
than is the average American dietary. In the problem of bring-
ing the average American dietary or the total American food 
supply up to optimal nutritive value in all respects, riboflavin 
should probably be regarded as coordinate with calcium, 
when both are regarded as points at which investment in more 
liberal intake brings good returns in improved nutritional 
well-being. 

Particularly interesting among the results of the successive-
generation feeding experiments with different levels of ribo-
flavin intake was the finding that when step-wise enrichments 
of the dietary had brought it to the "plateau of optimal re-
sponse" as regards the life histories of original experimental 
animals, further enrichment still seemed to confer further 
benefit upon their offspring; and among the points of supe-
riority shown by the young of the highest-riboflavin families 
was increased ability to endure shortage not only of ribo-
flavin but also of thiamin. Let us consider the significance of 
this from the viewpoint of our present discussion. 

While our predominant working concept is that of the 
specific function of, and need for, each nutritionally essential 
factor (chemical element or compound as the case may be)— 
and in this connection we have widely useful "yardsticks" of 
requirements and recommended allowances of specific nutri-
ents—yet also if our picture is to be fully valid it must recog-
nize the supplementary concept or principle of nutritional 
flexibility. This latter principle may enter into the problem 
of the attainment and maintenance of optimal nutritional 
well-being in one or more of at least three ways. There may 
be an apparently direct elasticity by which the body adapts 
itself to a higher or lower intake. Also, the functions of nutri-
ents, while specific in their more obvious aspects, may involve 
interrelationships of two kinds. On the one hand, while each 
of two processes is specific, both processes may yet be, in chem-
ical parlance, "linked," or (in mechanical or electrical anal-
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ogy) may function "in series" so that the efficacy of one is 
dependent upon the adequacy of the other, as illustrated in 
findings with certain vitamin-enzymes by Elvehjem and co-
workers at Wisconsin. Or, on the other hand, two things, 
each of them essential and working in the main at its specific 
function, may yet be able to "spare," or in some degree sub-
stitute for, each other, as illustrated in thé long-known protein-
sparing power of carbohydrates and fats, and in the much more 
recent discovery by Ellis and Zmachinsky at Columbia that 
riboflavin can in some way "spare" thiamin. This latter fact 
can be conceived in either (or both) of two ways: (1) These 
two vitamins form body enzymes which, while different, yet 
work in a sufficiently parallel way so it is conceivable that one 
of them can, at least in some limited degree, substitute for 
the other, the material which is undergoing metabolism (or 
at least some of it) being drawn through whichever path or 
channel is most fully and effectively provided with the en-
zymes which catalyze its transformation. (2) The two sub-
stances riboflavin and thiamin have enough in common in 
their molecular structure so that we can conceive that in their 
own break-down in the body they may yield some common 
product, in which case, according to the universally accepted 
"mass action principle" or "concentration law," the utilization 
of the abundantly supplied riboflavin would in the literal 
sense spare and conserve the body's relatively more limited 
store of thiamin. 

However the still intricate problems of interrelationships 
among the B vitamins may turn out, there is already clear 
evidence that riboflavin is one of the chemical factors or 
specific nutrients through liberal use of which passable health 
may be built to higher levels. 

Experiments with Dietaries of Differing Vitamin A Values 

Many experiments with dietaries of differing vitamin A 
values have been made in different laboratories, including 
those of the Columbia Department of Chemistry where in-
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vestigations in this field have been carried on in part with a 
view to the chemical elucidation of the nutritional difference 
between Diets A and B, and in part as independent researches. 

Early among the latter was the work of Dr. F. L. MacLeod 
which showed that differences of vitamin A value in the diet-
ary may show practically no effects over a large part of the life 
history, including all of the period of most rapid growth, and 
yet may be of very great importance to middle and later life 
and to the perpetuation of the family. 

One reason for the relatively slow appearance of the im-
portant ultimate effects of different vitamin A intakes is the 
large capacity of the body for storage of vitamin A even in 
infancy; this was shown by the experiments of Dr. L.. B. Storms 
and of Dr. M. L. Cammack, which closely followed those of 
Dr. F. L. MacLeod in the Columbia laboratory. Then the later 
experiments of Dr. H. L. Campbell in the same laboratory 
indicated that the constructive benefit of the more liberal in-
takes of vitamin A may be in some way inherently or specifi-
cally greater at the more mature ages. This is now being stud-
ied further at Columbia. 

Attacking the same general problem in a different way, Dr. 
E. L. Batchelder fed laboratory animals through two genera-
tions upon diets alike in other respects but representing four 
levels of vitamin A intake: that of approximately minimal 
adequacy, and two, four, and eight times this minimum. T h e 
original experimental animals, placed on these different diets 
at the end of infancy, showed successively increased benefit 
from the successive increments of vitamin A, up to about 
fourfold the minimal adequate level. Here they seemed to 
have reached their plateau of optimal response, but the vigor 
of their offspring was still benefited by a further rise in the 
vitamin A value of the family dietary. This now seems to be 
very largely a question of what the mother's food permits her 
to do for her offspring. On one occasion when Dr. Batchelder's 
findings were being discussed, a geneticist asked: "What do 
you mean by benefit to the offspring; have you any improve-
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ment there that is transmissible through the father?" A n d 
when told that we had no expectation of changing the germ 
plasm by improving the diet, he asked: " T h e n does the higher 
vitamin A intake do anything more than make the mother a 
better producer of milk?" T h e geneticist's two questions were 
doubtless both challenges to debate—first one extreme view, 
and then another at the opposite extreme. 

Either a geneticist or a nutritionist, seriously seeking the 
strongest scientific probability in the interpretation of Batch-
elder's data, would doubtless look for it on ground intermedi-
ate between the implications of these two questions. Perhaps 
a higher vitamin A value of diet may be conducive to a better 
production of milk, but it is not reasonably probable to sup-
pose that this alone would tell the whole story, or the part 
of the story most significant for the largest number of human 
beings. 

T h e stronger probability is that in addition to whatever 
extra the mother may have been enabled to do through her 
mammary glands, she has also been enabled, by the higher 
vitamin A value of her diet, to maintain a superior internal 
environment which is advantageous to the prenatal as well as 
postnatal nourishment of the young. Moreover, this same 
superiority of internal environment is presumably not specifi-
cally related to reproduction and lactation but more probably 
is also a factor in the broader and life-long project of the nu-
tritional improvement of the norm. 

"Nature and Nurture" 

In the days of Darwin, science awoke to the importance of 

heredity; and the wave of interest therein aroused has been in 

full flood for two generations. T r u e , the present-day geneticist 

may make such use of mutation in his explanations as to 

seem to have a view rather different from that which Darwin 

held as to how things happen, yet inheritance of advantageous 

characteristics, or original chromosomal endowment, still 

seems "the best explanation" of a superior life history. Hence 
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a superiority for which a genetic explanation can be given is 
thereby dignified and made more impressive, and conversely 
a superiority not genetically accounted for is apt to be ignored 
or belittled, "explained away," as in the second question of 
the geneticist's discussion of the benefit of vitamin A men-
tioned in the preceding section. 

As a favorable life history was thus explained genetically, 
so an unfavorable one could be explained as due either to bad 
luck in one's chromosomal endowment or to the pathogens in 
one's environment. For through the work of Pasteur and his 
contemporaries, the great importance to human life of the 
bacteriology and sanitation of the body's surroundings was 
made clear; and for a generation students of health have natu-
rally and properly concentrated their attention upon the tri-
umphant use of bacteriology and sanitation in the control of 
infectious diseases. 

Thus the impression grew very strong that the two great 
factors in having high health were, first, good luck in one's 
original chromosomal endowment, and then, avoidance of in-
jury from one's surroundings. Each of these two concepts came 
to be so greatly appreciated that together they seemed to ex-
plain all the major differences in human life histories. It came 
to be regarded as a truism that "heredity and environment 
determine our lives"; and while by definition nutrition was 
admitted as an environmental factor, yet in ordinary thinking 
environment meant surroundings to such an extent that the 
importance of the internal environment was not sufficiently 
realized to lead to any effective challenging of the dogma that 
it was fixed by nature. 

Hence it became a habit, of scientists as well as of the public, 
to attribute to heredity or nature or chromosomal endowment 
any difference for which the surroundings did not afford an 
explanation. It was realized, of course, that the bodily "mech-
anism" given us by nature must be nourished; but the nour-
ishing of it was too mechanically and passively conceived. 

Thus even the concept of deficiency diseases had up-hill 
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work to win recognition because it was thought that for every 
disease there must be some materies morbi. It seemed too fan-
ciful to suppose that a disease could be "due to something you 
don't have." And while the evidence has now become so clear 
that one can no longer doubt that several previously baffling 
diseases are due to shortages of normal nutrients, there is still 
a strong tendency to admit only the negative or corrective 
without the corresponding positive or constructive aspect of 
the new concept into our fully effective thinking. 

An idea is more readily and effectively adopted into our 
thinking when it solves a dilemma than when it involves 
unlearning something that we supposed we knew. So the cor-
rective aspect of the newer knowledge of nutrition, which fur-
nishes explanations for the recent dilemmas of baffling dis-
eases and failures of laboratory animals to grow on mixtures 
of previously known nutrients, has found quicker and fuller 
acceptance than has yet been effectively accorded to the con-
structive aspect, which relates nutrition to superior health 
which we thought was attributable to heredity, or original 
good luck in chromosomal endowment, or to "natural con-
stitution." 

Hopkins was trying, by means of persuasive understate-
ment, to educate both biological and chemical contemporaries 
to the constructive as well as the remedial aspect of the new 
knowledge when he said that "Nurture can assist Nature" 
to a larger extent than the Science of the past generation or 
two has thought. 

Marked skepticism as to the constructive potentialities oi 
nutrition should now be recognized as a too-fatalistic hang-
over from the period before science had its present research 
methods and objective evidence accumulated under well-
controlled conditions. 

Todd (1935) wrote that " T h e adult physical pattern is the 
outcome of growth along lines determined by heredity but 
enhanced, dwarfed, warped or mutilated in its expression by 
the influence of environment in the adventures of life." This 
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was explicit recognition, arising from anatomical research, 
that one's hereditary expectation can be "enhanced" by en-
vironmental conditions just as truly as also it can be "dwarfed, 
warped, or mutilated." That hereditary expectation can be 
enhanced by nutrition is perhaps a clearer expression of the 
same thought expressed by Hopkins when he said that nurture 
can "assist" nature to an extent not previously apprehended 
by science. 

Mendel and Hubbell (1935) found that, under the favor-
able nutritional conditions maintained in their rat colony, 
there was increased growth and development which gradually 
progressed through successive generations in a way which 
could not have been predicted from heredity; and the more 
expeditious growth and development was a real advantage as 
shown by the subsequent adult vitality or stamina of the same 
animals. Similarly in the above-described improvement of an 
already adequate diet, Sherman and Campbell (1924, 1930, 
1935) likewise induced higher health. In this latter case the 
objective evidence also showed a well marked increase in the 
length of adult life and a still larger extension of the period 
of the prime or of full adult capacity—the period between the 
attainment of maturity and the onset of senility. 

Perhaps the evidence is more clearly expressed by the state-
ment that the moderately more rapid growth and develop-
ment was both accompanied and followed by superior stamina 
and vitality, the increased length of life being consequent 
upon the life having been lived at higher health levels 
throughout. Thus one can properly speak of higher health 
and longer life being built in the same individual by the same 
nutritional improvement. 

Or adapting Streeter's analogy of life as a ballistic curve or 
arc, one may liken superior nutrition to a reinforcement ("en-
hancement," in Todd's phrase) of the original life impulse 
somewhat as, with a properly aimed cannon, superior gun-
powder throws the projectile both higher and farther. 

The slowness of people to grasp the full significance of the 
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nutritional improvement of life is apparently not so much 
due to anything inherently difficult to understand about the 
evidence furnished by nutritional research, but rather to the 
fact that many people are not quite open-minded in this di-
rection, because their minds are preoccupied by the impres-
sion that the lengths of our lives and the health-levels upon 
which we can live them are predestined by our heredity or 
the chromosomal endowment received at conception. T h u s a 
part of the truth was too fatalistically accepted as if it were the 
whole, and now that another important part has been found, 
it at first may not seem to fit in. There has been too strong a 
feeling of contentment in the previously held view. In hold-
ing the view that "heredity is the best explanation," one could 
have the double satisfaction of being in the mode and of 
explaining the differences of health level among passably 
normal people in a way that did not call upon one to do any-
thing about it: too largely one's "constitution" appeared to 
have been predestined from his conception. How much of 
what is called "constitution" is in fact due to the chromo-
somal endowment and how much is due to the body's internal 
environment which the individual may (and often uncon-
sciously does) influence for better or worse through his every-
day food habits should now be regarded as an open question. 
It is also an important question; and one just now opened to 
objective, well-controlled investigation by the newly devel-
oped methods of nutritional research, and upon which much 
light may perhaps be thrown by the nutritional findings now 
being currently reported. 

It may well be that thorough and long-term use of the guid-
ance which the science of nutrition now offers might greatly 
ameliorate much of what now passes for "constitutional in-
adequacy" and, functioning constructively as well as correc-
tively, might advance the level of health of many only passably 
healthy people to the status of the more fortunate people 
supposedly born with better constitutions. 

Dr. W. F. Dove, research biologist in the Agricultural Ex-
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periment Station of the University of Maine, has thrown a 
very interesting and suggestive light upon the general ques-
tion of what is innate and what is nutritionally improvable, 
by his emphasis upon nutritional instinct as an innate char-
acteristic subject to individual variation. T h e fact that food 
supply may be responsible for what are often wrongly held to 
be differences of inborn potentiality had been emphasized by 
Hopkins, speaking for both biological and chemical science 
as president of the Royal Society. Dr. Dove points out that 
the "innately superior" animal in a farm flock or herd thrives 
better in a given environment than do his fellows, largely be-
cause he is born with instincts which lead him to make a 
better-than-average use of what the nutritional environment 
affords, in other words, his inborn qualities include a superi-
ority of nutritive instinct as to which of the available foods to 
eat, and in what relative amounts. If, then, the other animals 
are fed according to his example, they develop better than 
they would without this scientific guidance of their nutrition. 

What Dove here shows feasible in controlled animal feed-
ing is fairly analogous to what is done when children are given 
extra milk, as in Mann's investigation and the British Milk-
in-Schools Scheme, regardless of whether they would have 
sought it on their own initiative; but with the result that when 
they have the extra milk they exceed their previous rate of 
development, attaining as Fletcher explicitly states to higher 
rates of mental as well as physical growth. 

Nutritional improvement of the length of adult life is a 
concept which most people are slower to grasp than the im-
provement of growth and development. Doubtless this is 
largely because prior to the recent advances in nutrition there 
had been great advances in.other aspects of public health, 
which in the course of two or three generations had greatly 
increased the life expectation of the infant by the reduction 
of the death rates of the early ages, but had not reduced the 
death rates of the latter part of the life cycle, and so had not 
improved the life expectation of the adult. Now, however. 
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research has definitely and objectively shown how nutrition 
can reduce the death rates both of children and of adults, and 
so can improve the adult life expectation. 

Even more strongly should we emphasize the fact that the 
lives which are made longer by such improvements in nutri-
tion as we are considering get to be longer because they are 
lived on a higher level of health. The extra years, whatever 
their number, are not added to the period of old age, but are 
inserted in the period of the prime, at its apex if you choose. 
Or in another analogy this effect of a superior nutrition means 
that the plateau of the prime of life is both higher and longer. 

Those who think it was already settled that the only way 
to have longer life is to select a longer-lived ancestry have 
often misinterpreted the work of the late Raymond Pearl into 
an appearance of support for their view. But Pearl's own view 
was simply that in his early studies he had correlated longevity 
with heredity and not with other factors. In his later work 
he did correlate the lengths of men's lives with certain differ-
ences in their daily habits, all previously supposed good. So 
Pearl's published research as a whole supports the view here 
held: that both what a man is born with and what he does 
himself are significant in determining the length of his life. 
This is also the view of Dublin and his coworkers. While 
neither they nor Pearl have specifically investigated nutrition 
as distinguished from other environmental factors, they have 
published findings which make it no longer true that the 
statistical studies of human longevity point only to hereditary 
factors. 

Conscious chemical control and improvement of one's in-
ternal environment through one's nutritional habits is now 
offered us by science as a workable proposition, a practicable 
opportunity. 

Being internal and having to do rather with the efficiency 
of coordination of the life processes than with the great ac-
centuation of any one of them, such chemical improvement 
through nutrition does not show itself dramatically as a muta-
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tion may, and as do some of the exploits of endocrinology; but 
it may be no less far-reaching because it is working in harmony 
with human evolution. Moreover, by its very success this 
newer chemistry of nutrition is rapidly outgrowing the stage 
of easily dramatized advances such as are reducible to a few 
specific words. The question, What particular thing does such 
nutritional improvement do? hardly admits of a simpler or 
more specific answer than that it offers us the option of a more 
liberal term of years of more efficient life with which to do 
what we will. 
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Adulthood: Age, see Maturity 
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Cornell, 141 
Agricultural production, effect of con-
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Agriculture, Department of, 24, 166; 
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116, 127, 153, 163, 165, 166, 170, 172, 
174, 178, 179; Home Economics Bu-
reau's food groups and meal plans, 
153, 154; milk-for-health campaigns, 
»79 

American Medical Association, 70; 
Journal, 74, 128, 19m 

Amino acids, constituents of proteins, 
22-26, 83, 84; differences, 24; dy-
namic relationships in field of, 89; 
interchanges, 90 

Ammonia, 89, 90 

Anemias and their causes, 31-33; types, 

32 
Animal experimentation, accuracy of 

nutritional studies, 5; why a quanti-
tative research instrument, 7; studies 
of farm animals, 13, 141; why rats 
selected for nutritional experiments, 
28n, 188; relation of calcium content 
of food and of body, 2g; rewarded 
by discovery of vitamins, 37, 38; 
function served, 137; results signifi-
cant in human experience, 140, 188; 
feeding experiments at Columbia 
University, see Protective foods 

Antiberiberi vitamin, 59; see Vitamin 
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Antineuritic substance, 39, 58 
Antirachitics, 80 
Antiscorbutic vitamin, 45; see Vita-

min C 
Appetite stabilization, 60 
Apples, 111 

"Are the Days of Creation Ended" 
(Merriam), 147 

Ariboflavinosis, 69 
Armsby, H . P., 11, 12 
Army Medical Commission, 39, 58, 59 
Ascorbic acid, 48; see Vitamin C 
Astor, Lord, 130, 170 
Atwater, W . O., 10, 11, 12, 24 
Autolysis, study of, 87 

Babies, calcium content at birth, 201; 
see also Children 

"Backward Art of Spending Money, 
T h e " (Mitchell), 149 

Bananas, 111 
Basal metabolism tests, 13 
Batchelder, E. L., 76, 216 
Beef, see Meat 
Benedict, F. G., 10, 11, 12, 13, 19, 24 
Beriberi, 39, 40, 57-60 
Bernard, Claude, 4 
Bessey, O. A., 70 
Bibliography, 229-42 
Blacktongue, 66, 67 
Blatherwick, N. R., n o 
Blood, importance of sodium to, 27; 

of calcium, 27, 30; of iron, 30, 31; 
anemias, 31-33; stabilization of cal-
cium content of, 211 f. 

Blyth, A. W „ 67 
Bodansky, O., 76 
Body, as mechanism: food as fuel, 9-

21, 82, 87; adjustment to different 
levels of energy exchange, 19; ad-
vances in knowledge of materials of, 
22-36 (see Materials); idea of a 
fixité of internal environment, 52; 
how nutritional resources managed 
by, 82-91; steady states, 86; dynamic 
equilibrium states, 86 ft.; regulator 
of imbalance conditions in, 207 

Bomb calorimeter, 10 
Bone trabeculae, 29, 210-13 
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Boudreau, F. G., 125, 1x9 
Boynton, L. C., 75 
Bradford, W. L., 75 
Bread, nutritional characteristics of 

breadstuffs and other grain prod-
ucts, 96-101; protein value of brown 
and of white, 99; given a large place 
in low-income dietaries, 100; milk 
most effective in supplementing, 
102: dietary should be built around 
milk and, 155; abundance: grain dis-
tribution, 181 

— enriched, 36, 95, 96, 97, 98f., 131 f.; 
history of movement to enrich, 62-
64; standards set for, 63; bases for 
fixing extent of the enrichment, 100; 
legal aspect, 101 

British Medical Association, 171 
British, see Great Britain 
Broccoli, 113 
Budd, Doctor, 47 
Butter, nutritional characteristics of 

butter and other fats, 103-6; substi-
tutes, 132 

Butter fat, 39, 42. 79 

Calcium, dynamic equilibrium, 27; 
calcium-balance experiments, 28; re-
lation to bone trabeculae, 29, 210-
13; desirability of higher intake, 30, 
134, 135; occurrence in soil, 31; re-
quirements and sources, 35, table, 
36; experiments with different levels 
of intake, with tables, 199-213; how 
plan for an optimal amount? 200; 
content in babies at birth, 201; as 
regulator of conditions of imbalance 
in body, 207 

Caldwell, M. L., 230 
Calories, calculations of requirements 

of different people, 15; energy values 
calculated in, table, 17 

Calorimetric measurements, 10 ff.; di-
rect and indirect, 12 

Cammack, M. L., 216 
Campbell, H. L., 77, 142, 216, 220 
Careers of greater cultural and social 

value, plan for, 144-47 
Carnegie Institution's nutrition labo-

ratory, 12, 13 
Carotenes, 42, 78, 113 

Carrots, 113 
Cartier, Jacques, 46 
Castle, W. £., 32 
Catalysts, enzymes as, 83 
Cement substance, intercellular, 50 
Cereals, see Grain products 
Chemical composition and corre-

spondingly fixed internal environ-
ment, 5; see also Physico-chemical 
view 

Chemical research, see Research 
Childbearing handicaps, bearing of 

vitamin D upon, 78 
Children, milk-experiment results, 

103, 143, 172, 222; right feeding of, 
136 

China, food situation, 168, 169, 181, 
183 f. 

Chittenden, R. H., 24 
Chromosomal endowment and hered-

ity, 217 ff. 
Citrus fruits, vitamin C and other con-

tributions, 109; increased produc-
tion and lowered costs, 109, 176; see 
also Fruits 

Clark, F., 166 
Clarke, H. T. , 86 
Clarke, William Mansfield, 82 
Cod-liver oil, 79, 80 
Cold, the common: interference with 

vitamin C "balance" experiment, 49; 
influence of vitamin A upon, 74, 75 

College youth, mental and physical 
development, 143 

Columbia University, feeding experi-
ments with laboratory animals, 28 f., 
137. 138-41, 187-217 passim; tables, 
206, 208, 209; why findings signifi-
cant in human implications, 140 
(see also Protective foods); studies 
of riboflavin, 70; of vitamin A val-
ues, 76 

"Concept of the Deficiency States, A " 
(Kruse), 122 

Consumer demand for protective 
foods: effect upon production, 151, 
176-81; influence of business inter-
ests, 159 

Cook, Captain, 46 
Copper, 227 
"Copper box" experiments, 10 
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trition, 141, 198 
Crandon, J. H., 52 
Cream, 103; see Milk 
Creative competence, lengthened years 

of, 144-47 
Crowell, M. F., 14in 
Cultural attainment and social value, 

lengthened careers of, 144-47 
Curie, Marie and Pierre, 85 

Dann, W. J., 75 
Davis, M., 39, 71 
De KJeine, W., 186 
Depression, economic: health and 

dietary knowledge during, 124 f. 
Deuterium (heavy hydrogen), 87n 
Diets: National Research Council's 

Recommended Dietary Allowances, 
references to, 15, 55, 52, 73, u g n , 
table, 226 f.; "Are we well fed?" 
nutritional quality and safety of 
diets, 116-23; those rated poor, 119; 
good, 120; forcing growth by rich-
ness of, 141; see also Nutrition 

Disease, dietary deficiency, 122; see 

also Health 
Disease of the three D's, 66; see Pella-

gra 
Dove, W. F., 221 
Draft, health facts disclosed, 116, 124 
Drummond, J. C., 40 
Dublin, L. J., »23 
Du Bois, E. F., 12 
Dynamic equilibrium, of calcium salts 

and calcium reserve, 27; states in 
body, 86 ff. 

Dynamic State of Body Constituents, 
The (Schoenheimer and Clarke), 86 

Education, need for, in the essentials 
of nutrition, 130, 133, 150; guidance 
of consumers as part of government 
policy, 176 

Eggs, nutritional characteristics, 108 f.; 
as alternative to meat, 154 

Eijkmann, C., 40, 58 
Eliot, Charles W „ 146 
Ellis, L. N., 215 
Elvehjem, C. A., 66, 107, 215 
Emerson, Haven, 16 

Energy, experimentation upon energy 
aspects of nutrition, 10 ff.; research 
laboratories, 12; relation to, of 
compounds formed by mineral ele-
ments and vitamins, 14; radiant, 14; 
amounts of food required as fuel, 
15-17; energy expenditures and re-
quirements, 15; expenditures and 
mental work: work and fatigue, 18; 
bodily adjustment to different levels 
of energy exchange, 19; values of 
some typical foods, 35, table, 17; 
comparison of fats and sugars as 
sources, 104 

Enrichment program, 34, 130-33; see 
also Bread, enriched 

Environment, chrosomal endowment 
and internal, 218 

Enzymes, digestive, 83 if.; plant, 84; 
protein nature, 85 f.; tissue enzymes, 

91 
Epinephrine, 84 
Equilibrium, see Dynamic equilibrium 
Expenditures for food, average distri-

bution among food groups, and nu-
trients contributed by each group, 
96, 109, 114, table, 97; relation be-
tween nutritional quality of diet 
and, 121; nutritional guidance for, 
149-60; food groupings as guides, 
152; economy in major types of food, 
table, 156; increased food budget 
recommended, 158; government, in 
field of nutritional well-being, 158, 
172 

Experiment, see Research 
Eye structures, 41 

Eye troubles aided by vitamin A, 71 f. 

Falk, K. G., 76 

Fat, body: and increase of weight, 16; 
criteria of normal, 20; localization, 
88; dynamic equilibrium, 89 

Fatigue and work, 18 
Fats, butter fat, 39, 42, 79; nutritional 

characteristics, 103-6; visible and in-
visible: safe minimum amount per 
person, 105 

Fat-soluble vitamins A and D, 71-80; 
E and K, 81; see entries under Vi-
tamins 
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Federa l Security Agency, N u t r i t i o n 
Division, 109; f ood groups , 153 

Feed ing expe r imen t s w i th protec t ive 
foods, see Protect ive foods 

Feeding the Family (Rose), 154 
Fish, see Meat 
Fish liver oils, 79, 80, 109 
Flavins, 67, 68 
Fletcher , Sir W a l t e r , 103, 222 
Flour , res torat ion of t h i a m i n con ten t 

to, 63; see also Bread , en r i ched 
Food, mode rn view of science of nu t r i -

t ion and , 3-8; as f u e l a n d t he body 
as a machine , 9 - 2 1 (see Fuel) ; energy 
values, 1 5 - 1 7 , table, 17: e n r i c h m e n t 
p r o g r a m , 34, 130-33; v i t amin C con-
ten t , 53, table, 54; t h i amin con ten t , 
62, table, 63; pe l lagra-prevent ive , 67, 
O9; r iboflavin con ten t , 68, table, 69; 
v i t amin A values, 78, table, 77; nu -
t r i t iona l characterist ics of the chief 
g roups , 9 2 - 1 1 5 ; why a n d how sixfold 
g r o u p i n g is e x p a n d e d , 94; those 
known as "protect ive , ' ' 95 f., 176; 
i tems in l imi ted die tar ies a n d in 
those effective in ba lanc ing them, 
95; b r e a d s t u f f a n d o ther g ra in p rod-
ucts, 96 - 101 ; d i s t r ibu t ion of expendi -
t u r e a m o n g specified groups , a n d 
p ropor t ions of nu t r i en t s con t r ibu t ed 
by each g roup , table, 97; references 
to table, 96, 109, 1 1 4 ; sugars a n d 
o the r sweets, 1 0 1 ; milk a n d its 
products , 102 f.; b u t t e r a n d o t h e r 
fats, 103-6; meats , i nc lud ing poul-
try, fish, a n d shellfish, 106-8; eggs, 
108 f.; f rui ts , 1 0 9 - 1 1 ; vegetables, 111-
14; a larger g roup ing , 1 14 f.; food-
consumpt ion , da ta , 1 1 8 ft.; d ie t ra t -
ings, 1 19; facts to be kept in m i n d , 
120; governmenta l food policies, 126, 
127ft. passim, 158 f„ 163, 170 ft.; 
need for res tora t ion of values lost 
in processing, 130; levels of in take , 
134 f.; nu t r i t i ona l gu idance for ex-
pendi tu res , 149-60 (see also E x p e n d -
itures); inf luence of consumer de-
m a n d u p o n p roduc t ion a n d price, 
1 5 1 , 1 5 9 , 1 7 6 - 8 1 ; g roup ing p lans out -
l ined by exper ts , 152, 166; economy 
in m a j o r types, table, 156; flexibil-

ity of supply consistent wi th ex-
cellence of nu t r i t i on , 164; most fre-
q u e n t shortages of specific nu t r i en t s , 
168; t radi t ional habits vs. gu idance 
by the science of nu t r i t ion , 173-76; 
in terna t ional relations and t he view 
ahead , 181-84; largest U.S. surpluses , 
182; feeding exper iments wi th pro-
tective foods, see Protective foods; 
see also Nu t r i t i on ; also entries un-
der the various nutrients treated, 
e.g., Vitamins 

Food, Health and Income (Orr), 125 
Food and D r u g Adminis t ra t ion , 6371, 

64, 100, 101, 1 3 1 , 132 
Food and Life (Depar tment of Agri-

culture) , 127 
Fruits , as scurvy preventive, 44 ft.; 

richest in vi tamin C, 55, 56; nu t r i -
t ional characteristics, 109-11; dis-
t inction between citrus a n d all 
others, 109; increased p roduc t ion , 
109, 176, 178 f.; value a t e n d of 
meal . 111 ; va ine of increased use of, 
' 35 . '54. «57. '74 . ' 7 8 : " o p acreage, 
179; as supp lemen t to gra in crops, 
181 

Fuel, food as, wi th body as mach ine , 
9-21 ; measurement of energy values, 
10 ft.; amoun t s of food requ i red as, 
>5-17 

Funk , Casimir. 3g, 40, 58 

Galsworthy, J o h n , 122 
Gama , Vasco da , 46 
Gardens, home, 121 
Gillet t , Lucy, 152 
Gluta th ione , 84, 90 
Goiter , 33, 34, 1 3 1 
Goldberger , Joseph, 65 
Governments , called u p o n to be t t e r 

nu t r i t iona l condit ions, 126; food 
policies, 127ft. passim; p rob lem of 
appropr i a t e activity a n d s p e n d i n g 
in field of nu t r i t i ona l well-being, 
158 t., 170 ft.; activities in behalf of 
policy, 163; con t r ibu t ions to re-
search and educat ion: need of d i rect 
action by, 176-81; publ ica t ions , see 
Agriculture, Depa r tmen t of; l . eague 
of Nations 
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Grain products, milling of: losses, 3g; 
malted, as scurvy preventive, 46; nu-
tritional characteristics, 96-101; chief 
grains, 96; given a large place in 
low-income dietaries, 100; milk most 
effective in supplementing, 102; 
wheat supply, 181 ; see also Bread; 
experiments with protective foods 
and, see Protective foods 

Gray, George, 50 
Great Britain, scurvy eradication, 47; 

Milk-in-Schools Scheme, 103, 143, 
172, 222; food situation, 122, 168, 
183; nutrition policy, 170, 171 

Griggs, Robert F., 145 
Grijns, G., 58 
Growth, extent to which growth af-

fords indication of bodily future, 
141 , 142; feeding-experiment find-
ings, 139, 188 f.; average size, 189 

Hambidge, Gove, 41 
Harris, L. J . , 49 
Health, vitamin A as source of more 

positive, 74; relation of nutritional 
quality of diets to, 1 16 (f.; dietary 
deficiency disease, 122; nutritional 
improvement of life, 124-35; result-
ing efficiency and material welfare, 
127, 129; new understanding of im-
portance of nutrition and of govern-
ment responsibility in its behalf, 
162; scientific improvability of the 
normal, leading to higher health 
and longer life, 185-224; as a posi-
tive quality, 185; experiments, in 
terms of natural foods, 186-97; w '<h 
different levels of intake, of protein, 
197 f.; of calcium, 199-213; of ribo-
flavin, 213-15; experiments with die-
taries of differing vitamin A values, 
215-17; how much is due to heredity 
and chromosomal endowment and 
how much to improvement of in-
ternal environment through nutri-
tional habits, 217-24 

Heavy hydrogen, 8771, 89 
Heavy nitrogen, 8g, 90 
Height, ratio of weight to, 20 
Hemoglobin, 31 

Hemorrhagic anemia, 32, 33 
Heredity, relation to length of life, 

ig6; and chromosomal endowment, 
217 ff. 

Hess, A. F., 79 
Hoagland, R., 107 
Home gardens, 121 
Homeostases, 86 
Hopkins, Sir Frederick Gowland, 23, 

38, 40, 169, 175, 219, 220, 222 
Hubbell, R. B „ 220 
Hughes, J . S., 95n, 107 
Hunger, "hollow," 20; "hidden," 20, 

1 18 
Hydrolysis, 2 jn 
Hypochromic anemia, 32, 33 

Infectious disease, influence of vitamin 
A, 74 f. 

Inge, W. R., 148 
Instinct, nutritional, 222 
Institute of Animal Nutrition at Penn-

sylvania State College, 13 
Insulin, 84 
Intercellular tissue, relation of vitamin 

C to, 50 
Internal environment, concepts of, 4; 

new knowledge, 4 f. 
International food problem and its 

solution, 168, 170 f., 181-84 
International Labor Office, 125 
Iodides, 33, 34, 131 
Iodine, 227; geographical occurrence, 

33; results of nutritional shortage, 
33; restoration to salt, 34, 131 

Iodized salt, 34, 1 3 1 , 228 
Iron-deficiency anemia, 32, 33 
Iron in body, 26; amount in blood, 30; 

occurrence in soil, 3 1 ; vital func-
tions, 3 1 ; anemias due to shortage of, 
31-33; requirements and sources, 35, 
table, 36 

Isotopes, 8771; experimentation, 87 ff. 

Jeans, P. C., 204, 210 
Johns Hopkins School of Public 

Health, 79, 192 
Jolliffe, N., 117, 1 18 
Jones, D. B., 24 
Journal of Biological Chemistry, 207 
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Kale, 55 
King, C. G., 47, 5«, 53 
Korenchevsky, V., 19m 
Kruse, H. D„ 72, 75,1 17, 12«, i 9 l " 

Laboratories, for study of energy as-
pects of nutrition, 12 

Laboratory animals, see Animal ex-
perimentation 

Lactochrome, 67 
Lactoflavin, 67 
Lancaster, Captain, 46 
Lanford, C. S., 110 
Lassen, H. C. A., 75 
Lavoisier, Antoine L., 9, 22 
League of Nations, 125,126 f., 170; Nu-

trition Report, 125, 17m, 179 
Legumes, 93, 1 ix 
Lemons, as scurvy preventive, 47; see 

also Fruits 
Leong, P. C., 75 
Lewis, H. B., 25, 76 
Life expectation and length, see Ma 

turity 
Light, energy from, 14; light-sensitive 

eye substances, 41; adaptation of vi-
sion to changes of intensity, 71, 72 

Liver, 32, 93n 
Long, M. L., no 
Longevity, attainment of, with the 

"offer" of higher health, 185-224; see 
entries under Health; Maturity 

Louis, Joe, 21 
Lusk, G., 12 
Lymph, mineral salts, 27 

McCay, C. M., 20, 14m, 198 
McClung, L. S., 75 
McCollum, E. V., 24, 28, 39, 40, 56, 71. 

79- 95. '33 I - , 6 3 . i 6 6 ' "75. i 85- ' 9 ' . 
192 

Machine, body as, see Body 
McKinley, Earl B., 136 
MacLeod, F. L., 76, 216 
McLester, J . S., 117, 125, 127, 147 
Macy, I. G., 204 
Malnutrition, extent and results of, 

j 17 ff.; borderline cases, 119; where 
found, 120, 171 

Mann, H. C. Corry, 103, 143, 222 

Materials of bodily structure, ad-
vances in our knowledge of, 22-36; 
proteins and their amino acids, 22-
26; mineral elements, 26-34; protein, 
calcium, and iron requirements and 
sources, 34-36 

Maturity, life expectation improved 
by nutrition, 128, 222 f.; realization 
of the potentialities of youth and, 
136-48; adult capacity and efficiency: 
cooperation of older and younger 
men in cultural careers, 144-47; at~ 
tainment of longevity, with the "of-
fer" of higher health, 185-224 (see 
entries under Health); feeding-
experiment findings on length of 
life, 190, 191, 194-97; longevity cor-
related with heredity and health 
habits, 223 

Maynard, L. A., 20, 129, 14m, 198 
Meats, including poultry, fish, and 

shellfish, animal protein, 25; low 
vitamin C content, 53; use of the 
word, 93n; including poultry, fish, 
and shellfish nutritional character-
istics, 106-8; appeal stronger on tra-
ditional than on scientific grounds, 
107; prominent place in food tradi-
tions, 107, 173; alternatives to, 112, 
154; shift from, 174; changing eco-
nomic situation, 177; consumer de-
mand and its effect, 178; continued 
supply, 180; surplus for other na-
tions, 182 

Mellanby, E., 79 
Meltzer, S. J., 207 

Mendel, Lafayette B., 2211, 23, 38, 39, 
71, 72, 95n, 220 

Mental development as result of im-
proved nutrition, 143 ff. 

Mental work and energy expenditure, 
18 

Merriam, J. C., 147 
Milk, protein-free, 39; water-soluble 

and fat-soluble substances, 39; but-
ter fat, 39, 42; lactoflavin in, 67; 
riboflavin furnished by, 68; use of 
milk powder in breadmaking, 98; 
nutritional characteristics of milk 
and its products, 102 f.; most effec-
tive food in supplementing bread 
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and grain products, 10s; increased 
consumption recommended, 102, 
103. 135, 154, 155. 157, 174, 178; en-
richment of vitamin D content, 13»; 
in child feeding, 136; dietary should 
be built around bread and, 155; in-
creased production, 179; where milk 
surplus should be sent: foreign use 
of dried milk, 184; animal experi-
ments with milk-enriched diet, see 
Protective foods 

Milk-in-Schools Scheme, 103, 143, 17s, 
222 

Mineral elements, occurrence and 
functioning in body, 26 f.; calcium, 
27-30; iron, 30-33; iodine, 34 f.; 
others nutritionally essential, 34; see 
also entries under names of ele-
ments, e.g., Calcium 

Mitchell, Wesley, 149 
"Morale vitamin," 62 
Mucous membranes, 72, 75 
Multiple peripheral neuritis, 58 
Murlin, J . R., 12 

National Nutritional Conference, 128, 
>63 

National Research Council, 1 17 ; Food 
and Nutrition Board, 128; Recom-
mended Dietary Allowances, 15, 35, 
52, 73, 1 1 9 " , table, 226 f. 

Nerve diseases, 42; beriberi, 39, 40, 57-
60 

Nervous system, stabilization, 62 
Neurasthenia, 62 
Newer Knowledge of Nutrition, The 

(McCollum), 191 
New Hampshire, University of, 13 
New York City Board of Health, food 

groups, 152 
Niacin (nicotinic acid), pellagra prob-

lem and niacin as factor in its solu-
tion, 65-67 

Nichols, John, 46 
Night blindness, 71 
Nitrogen equilibrium, 89 
Nobel prize, 40 
Northrop, J . H., 86 
Nurture, assistance to nature, 217-24 
Nutrition, modern view of food and, 

3-8; main ways in which the science 

functions, 3; newer knowledge: 
viewpoint evolving, 4; study of the 
energy aspects of, 9 ff.; interrelation 
between energy and protein aspects 
of, 14; animal-feeding experiments 
at Columbia University, 28 f., 137, 
138-41, 187-217 passim; tables, 206, 
208, 209 (see also entries under Pro-
tective foods); how resources man-
aged by body, 82-91; characteristics 
of the chief groups of food, 92-115, 
table, 97 (see entries under Food); 
problems of adequacy of, 116-23; 
credited with trend to better physi-
cal and mental development, 124-35; 
era of knowledge of, and power, 125; 
studies by international bodies, 125, 
126 f., 170, 1 7 m , 179; why food hab-
its are improving, 126; opinions of 
Henry Wallace, 127, 128, 172, 174: 
three goals, 128; relation to tissue 
composition and internal environ-
ment, 129; how new science of, can 
be brought into most effective use, 
130 ff.; education in the essentials of, 
130. 133, 150, 176; findings of re-
cent research, 133; the minimal ade-
quate and the optimal, 134; poten-
tialities of youth and of maturity 
realized through new science of, 
136-48 (see also Maturity); child 
feeding-stations and experiments, 
136 f.; danger of inducing too rapid 
growth, 141; can enhance mental 
along with physical development, 
143; as guide to food expenditures, 
149-60 (see also Expenditures); prob-
lem of governmental activity and 
spending in field of, 158, 170 ff.; nu-
trition policy from personal and 
public angle, 161-84; flexibility of 
scientific character, 164; what do 
we need in order to be well nour-
ished? 165 f.; are we getting it? 
167-69; how provide the food 
needed? 169-84; stimulation of 
awareness of the public importance 
of nutritional improvement, 169-73; 
higher health and longer life 
through newer knowledge of, 185-
224 (see entries under Health); im-
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Nutrition (Continued) 
provement of internal environment 
through, supplementing heredity 
and chromosomal endowment, 217-
24; instinct, 222; see also Diet; Food 

Nutrition . . . . League of Nations 
Report, 125, 17 in, 179 

Nutrition Abstracts and Reviews, 169 
Nutritional research, see Research 
Nutrition Division, Federal Security 

Agency, 109 
Nutrition Laboratory, U.S., 129 
Nutrition Laboratory of Carnegie In-

stitution, 12, 13 
Nuts, 93, 1 12 

Oleomargarines, 13s 
Opportunities in scientific_and other 

carcers: plan lor lengthening, 144-47 
Oranges, as scurvy preventive, 47; see 

also Fruits 
Orr, Sir John Boyd, 125 
Osborne, Thomas Burr, 23, 38, 39, 71 , 

72, 84. 95» 
Oxalic acid, 1 1 3 

Pancreatic amylase, 85 
Parran, Thomas, 128; quoted, 129 
Parsons, H. T. , 191 
Peanuts, 1 1 2 
Pearl, Raymond, 223 
Pearson, C. S., 99 
Pellagra, problem of, and niacin as 

factor in its solution, 42,65-67; other 
vitamins needed, 66, 69: preventive 
foods, 67, 108; names for part at-
tributable to riboflavin deficiency, 
69 

Pennsylvania State College, 13 
Pernicious anemia, 32 
Philippines, beriberi and other dis-

eases and their cure, 57-60 
Phipard, E. F., 96 
Phosphorus, isotope of, 91 
Physico-chemical principles, 3 , 4 , 5 
Physico-chemical view, dynamic: of 

living matter, 86 
Physique and mental development not 

always parallel, 143 
"Planning for Good Nutrition" (Stie-

beling and Clark), 166 

Pork, 107, 184; see Meats 
Potatoes, 45,56; compared with sweet-

potatoes: nutritive values, 1 1 1 
Poultry, see Meats 
Problems of Ageing (Cowdry), 212 
Production influenced by consumer 

demand, 151 , 176-81 
Protective foods, 95, 176; diets en-

riched with, in animal experiments 
at Columbia University, 28 f „ 137, 
138-41, 187-217 passim, tables, 206, 
208, 209; why significant in human 
implications, 140; experiments in 
terms of natural foods: resulting 
findings, 186-97; w ' th different levels 
of intake, of protein, 197 f.; of cal-
cium, igg-213; of riboflavin, 213-15; 
dietaries of differing vitamin A val-
ues, 215-17 

Protein, interrelation between energy 
and protein aspects of nutrition, 14; 
and their amino acids, 22-26; in-
vestigations of Mulder and others: 
term for, 22; nutritional differences: 
experimentation, 23; allowance for 
normal adult maintenance, 25; 
standards can be met in terms of 
food available, 25; animal protein, 
25; chcmical elements, 26; require-
ments and sources, 35. table, 36; 
protein-free milk, 39: protein nature 
of digestive enzymes, 83 f., 85 f.; dy-
namic relationships in field of, 89; 
protein-sparing by other foodstuffs, 
90; large proportion from bread and 
cereals, 99; values in nuts and le-
gumes, 112; place in the dietary, 154; 
the protein shift, 174; experiments 
with different levels of intake, 197 f. 

Public policy, see Governments 

Qualitative and quantitative phases of 
scientific progress, 6 f. 

Radioactivity, test, 85 
Rat, why selected for nutritional ex-

periment, 28n, 188 
Recommended Dietary Allowances, 

National Research Council, 15, 35, 
52, 73. UQH, table, 226 f. 

Reference list, 229-42 
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Reproduction and rearing of young, 
feeding-experiment findings, 191, 
»93 

Research, new knowledge gained 
through, j , 5; chemical: qualita-
tively new concepts from quantita-
tive research, 6 f.; general objectives, 
7; Columbia University feeding ex-
periments with laboratory animals, 
28 f., 137, 138-41, 187-217 passim, ta-
bles, 206, 208, 209; why significant 
in human implications, 140 (see also 
Protective foods); f ru i t fu l broaden-
ing of experimental method: intro-
ducing the vitamins, 37-43; compre-
hensiveness of plan justified by 
results, 137; see also Animal ex-
perimentation 

Respiration calorimeter, 10, 11, 12 
Respiratory infections, and vitamin 

A, 75; vitamin D, 80 
Rheumatism or latent scurvy, 45; see 

Scurvy 
Riboflavin (vitamin B, or G), curative 

powers, 42; in pellagra prevention, 
66, 67, 69; riboflavin contents of 
foods, 68, table, 69; sources and per-
centages in dietary, 70; relation to 
health, 70, 213-15; value of increased 
intake, 134, 135; experiments with 
different levels of intake, 213-15; 
discovery that it can "spare" thi-
amin, 215 

Rice, 39. 57. 59 
Rickets, eradication of, and vitamin D, 

78-81; specifics against, 79 
Rittenberg, D., 90 
Rochester, University of, 13, 91 
Rosa, £ . B., 10, 24 
Rose, Mary S., 154, 175 
Rose, W. C„ 24 
Russell Sage Institute of Pathology, 12 
Russia, food situation, 168, 169, 183 f. 

Salt, iodine in, 33 f., 131, 227 
Salts, mineral, 26 
Schoenheimer, R„ 86, 87 
Scorbutus, 44; see Scurvy 
Scurvy, history and cause, 44 f.; early 

remedial discoveries, 46 f.; increase 
during war, 48; problem solved 

through the ascorbic acid, vitamin 
C. 48-56 

Seeds, resting and sprouting, 55 
Senility, 123, 191 f. 
Sherman, H. C., 99, loon, 117, 142, 220 
Simmonds, N., 56, 191 
Size, see Growth 
Slonaker, J . R., 197 
Sodium, 27 
Spinach, 1 13 
"Steady states," 86 
Steams, G., 204 
Steenbock, H., 79 
Stiebeling, H. K., 96, 118, 119, 120, 166; 

quoted, 116, 121, 123 
Storms, L. B., 216 
Sugar and other sweets, 101; compared 

with fats as energy sources, 104 
Sulfur, 26 
Sunshine therapy, 79 f. 
Sweetpotatoes, 69, 1 1 1 

Thiamin(e) (vitamin B or Bj), dis-
covery and meaning, 40; curative 
powers, 42; outstanding B-vitamins 
and their functions, 57-70; research 
leading to identification, 58-60; re-
lations to nutri t ion and health, 60-
62; amounts in typical foods, 62, 
table, 63; bread enriched with, 62, 
101, 131; discovery that riboflavin 
can "spare" thiamin, 215 

Thomson, J. C., 184 
Thyroid gland, 33 
Thyroxine, 84 
Tissues, function of food in growth 

and upkeep, 3; power to use vita-
mins in making enzymes, 91: modi-
fications in composition, 129 

Todd , T . Wingate, 210, 212, 219, 220 
Todhunter , E. N„ 241 
Tolstoy, Leo, 55 
Tomatoes, 110 
Trabeculae, bone, 29, 210-13 
Tradit ional food habits, shift of, un-

der influence of scientific knowl-
edge- 173"76 

Ultraviolet light, 79, 80 
Urey's researches, 88, 89 
Urine, ascorbic acid in, 49 
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Vedder, E. B.( 58 
Vegetables, as scurvy preventive, 44 ff.; 

potatoes, 45, 56, 69, 1 1 1 f.; richest in 
vitamin C, 55; values in the green 
and yellow, 78, 1 13 ; carotene con-
tent, 78; nutritive characteristics, 
1 1 1 - 14 ; home gardens, 121 ; value of 
increased use of, 135, 154, 157, 175, 
178; increased production: crop 
acreage, 179; as supplement to grain 
crops, 181 

Vision, relation of vitamin A to, 41, 71 , 
7* 

Vitamine, name introduced by Funk, 
39, 40, 58; changed to vitamin, 4on 

Vitamins, and their discovery, 37-43; 
each an independent factor: pos-
sibility of interrelationships, 38; 
water-soluble and fat-soluble sub-
stances, 39 f.; naming of, 39, 40, 58; 
Nobel awards to discoverers, 40; sig-
nificances of, as opening way to 
more far-reaching type of nutrition 
research, 41; those functioning as 
parts of tissue enzymes, 91 

— A, discovery and naming of, 40, 7 1 ; 
relation to vision, 41; sources, 42; 
functions, 71 f.; number of units re-
quired at different ages, 73; bodily 
stores: blood content, 73; impor-
tance of liberal intakes, 73, 74; bear-
ings upon infection, 74 f.; research 
on relation to growth and on con-
centration in body, 76; values of 
typical foods, 78, table, 77; precursor 
substances, 78; value of increased 
intake, 134, 135; experiments with 
dietaries of differing vitamin A val-
ues, 215-17 

— B or B , (thiamin), discovery and 
naming of, 40; substances into which 
differentiated: curative powers, 42; 
outstanding vitamins and their 
functions, 57-70; thiamin, 57-64; re-
search leading to identification of, 
58-60; names, 58, 59. 60; relations 
of thiamin to nutrition and health, 
60-62; amounts needed for nutri-
tion: in typical foods, 62, table, 63; 
bread enriched with, 62, 101, 1 3 1 ; 
differentiated into B, and B „ 68; 

discovery that riboflavin can "spare" 
thiamin, 215 

— B , or G (riboflavin), 42, 66, 67-70, 
134, 135, 213-15 (see entries under 
Riboflavin) 

— C (ascorbic acid), story of scurvy 
and, 43, 44-56; experiments leading 
to identification, 47; naming of, 48; 
physiological behavior in the body: 
pathology resulting from depri-
vation of it, 49 ff.; saturation with 
recommended, 52, 135; content of 
typical foods, 53, table, 54; story to 
be continued through research, 56; 
contribution of citrus fruits, 109 

— D, 43; radiant energy for produc-
tion of, 14; and eradication of rick-
ets, 78-81; term for fat-soluble sub-
stance: two ways of introducing into 
system, 7g; production by irradia-
tion: difference between natural and 
synthetic, 80; doubt as to how it 
functions in body, 80; high values in 
eggs and fish liver oils, 109 

— E, 81 
— K, 81, 227 

Wallace, Henry A., 127; nutritional 
goals proposed, 128; policy for U.S., 
text, 172; quoted, 174 

War, scurvy increased, 48 
"War, The, and the Problem of Ag-

ing" (Korenchevsky), igin 
Water, iodine in, 33 
Weight, increase of, 16; ratio of, to 

height, 20 
Wesleyan University, 10 
Wheat, universal use, 96; flour: mill-

ing losses, 98; world supply, 181 
Whipple, G. H., 3 1 , 32 
White House conference on child de-

velopment and health, 137 
Wilder, R . M., 61, 62 
Williams, J . F „ 185 
Williams, R . D., 61, 62,64 
Williams, R. R., 58, 59. 70, 98 
Williams-Waterman research fund, 70 
Winters, J . C., 75 
Wolbach, S. B., 51 , 72, 74 
Woodward, R. S., 144 
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Work, and fatigue, 18; mental, 18 f. 
Workers' Nutrition and Social Policy 

(International Labor Office), 1*5 

"Yardstick for good nutrition," 35, 73, 
see Recommended Dietary Allow-
ances 

Yellow substance in plant foods, 42, 

7®' " 3 

Youth, realization of the potentiali-
ties of, 136-48; cooperation of older 
and younger men in cultural careers, 
>44-47 

Zraachinsky, A., 215 
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