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FOREWORD 

The facts about sugar presented in this booklet have been 
generally accepted by physiologists. The place of carbohydrates 
in the diet appears to be little understood by a large part of the 
public, and sugar, which meets every test of a carbohydrate food, 
is even less well defined in the average person 's mind. 

Carbohydrate is not only a primary body fuel but is a lso in­
volved in important portions of its functional machinery. Sugar 
is one of the cheapest sources of carbohydrate and has the advan­
tage of being almost universally accepted and well tolerated. 
The carbohydrate stores are relatively small as compared to fat, 
but they play a protective role in some of the most vital organs, 
especially the liver. These reserves may be of the utmost impor­
tance when a rapid source of energy is required to cope with an 
emergency work situation. 

The metabolic system of man and higher mammals has great 
flexibility, and other foodstuffs can be transformed to carbo­
hydrate. This represents added work, because some en ergy must 
be used for the conversion, with additional wear and tear on the 
metabolic machinery. Carbohydrate in the diet makes for the 
more efficient use of the other foods, especially that of protein. 

In the light of today's knowledge of nutrition, an ideal adult 
diet, scientifically chosen, would fo llow this prescription: 

(1) Protein sufficient in quantity and quality to repair the 
protein machinery from day to day, and a little extra, to be on 
the safe side. In the same ca tegory we would place a sufficiency 
of all the vitamins and minerals. 

(2) Enough fat to carry the essential fatty acids and fat-soluble 
vitamins and to make it unnecessary to eat too large a bulk of 
other food. Palatability of diet depends to a large extent on fat. 

(3) Carbohydrates sufficient to supply all the rest of the 
ca lories necessary to maintain weight. 



The diet which has been outlined is a fair approximation of 
that which the human race has actually adopted on the basis of 
experience, in those fortunate parts of the world where food re­
sources are rich and the choice is not limited. 

RAcHMIEL LEVINE, M.D., Director 
Department of Metabolic and Endocrine Research 
Michael Reese Hospital 

Chicago, Illinois 
April 1951 



INTRODUCTION 

Sugar is one of our most familiar foods, and it is used by 
almost all the peoples of the world. It appears on the table three 
times a day and in unsuspected ways enters into a host of prod­
ucts- ice cream and condensed milk, baked goods, confection­
ery, canned and frozen fruits, chewing gums, soft drinks, hams 
and bacon, prepared mixes, salad dressings, preserves, and many 
others. In the United States and Canada we consume about 
eight million tons of sugar each year. It supplies about one­
seventh of the total calories in our diets. 

It might be supposed that a food so generally used would have 
been the subject of extensive research. On the contrary, 'it was 
not until 1943, when Sugar Research Foundation was formed, 
that the first organized studies of sugar as a food were under­
taken. Since that time, research has advanced to a point at 
which it is possible to clarify -if not completely to explain -
the role of sugar in nutrition, to disprove common fallacies 
concerning sugar, and to set down well-established nutritional 
facts which may serve as a guide to its use. 

The great variety of ways in which sugar is used emphasizes 
the basic fact that sugar is primarily a blending and combining 
agent. The amounts used in tea and coffee, or sprinkled over 
cereal, account for only a fraction of the total consumption. Be­
cause it is so generally used in other foods, the nature and func­
tion of all components of the diet must be understood before 
sugar's present place in the human diet can be properly evalu­
ated. It cannot be singled out and studied without reference 
to the whole diet. 

It is the purpose of this booklet to discuss presently-known 
facts of sound nutrition and the manner in which sugar can 
contribute to achieving diets adequate in every respect for the 
greatest number of people. 



WHAT IS FOOD? 
Food is nutritive material taken 

into the body for energy, for 
growth and repair of tissues, and 
for maintaining the vital process­
es. Not every article of food, of 
course, performs all these func­
tions, and it is necessary, for that 
reason, to eat a variety of foods to 
obtain nutrients in the balance which good health requires. 
Foods are usually grouped in three major classes: 

Carbohydrates, which supply energy to the body. 
Proteins, which are essential to growth and repair of tissues. 
Fats, which provide reserve fuel and act as carriers for certain 

fat-soluble vitamins. 
Vitamins and minerals are also foods because, although they 

do not supply energy, they are necessary to the intricate reac­
tions involved in metabolism and the utilization of common 
foods for growth and repair. 

THE CARBOHYDRATES 
Carbohydrates, the most abundant of all foods, contain car­

bon, and hydrogen and oxygen in the proportions of water. 
Familiar carbohydrates are sugar and starch, although the group 
includes many complex substances which can be broken down 
into simple sugars by suitable means. The simplest sugars are 
known as monosaccharides. Examples are dextrose (glucose), 
and levulose, (fructose or fruit sugar). Disaccharides are con­
structed of two molecules of the simple sugars and include com­
mon sugar (a molecule of dextrose and one of levulose) as well 
as miik. sugar (lactose, made up of a molecule of dextrose and 
one of galactose) and malt sugar (maltose, made from two mole­
cules of dextrose or other monosaccharides). They include the 
starches as well as dextrins and cellulose. Some can be utilized 
by the human body; others cannot. 
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PROTEIN 
Protein foods are the "must" of human nutrition, for life is 

impossible without them. Eight types of protein constituents, 
all belonging to the fami ly of amino acids, must be contained as 

such in the human diet. Others can be 
made in the body by rearranging the 
ingredients of animal and vegetable 
proteins into different combinations. 
Vegetables contain protein, but they 
do not usually provide all the types of 
amino acids the body needs in the 
right proportions. In animal foods ­
lean meat, milk, and eggs- protein is 
concentrated and the amino acids oc­
cur in ratios more adaptable to the 

body's requirements. About ll to 12 per cent of the total caloric 
intake should provide these essential protein compounds. It has 
been demonstrated that ch ildren have better development rates 
if ten meals a week contain meat, poultry or fi sh. For protein 
as well as other dietary nutrients liver is a prime food . 

Theoretically, it is possible to subsist on a diet containing 
nothing but protein because, in addition to providing material 
for growth and repair of the tissues, protein foods can be used 
to supply energy. Practically, however, the consumption of 
biologically valuable or complete proteins in amounts grea ter 
than ll to 12 per cent of the total caloric requirements confers 
no significant benefits and does not contribute to good nutrition. 
Because of the "extra" work the body must do in changing pro­
teins for fuel purpose, an extremely high protein diet may im­
pose a metabolic burden on persons not in good health . More­
over, protein foods are often relatively expensive and, as a 
consequence, the diets of the millions must contain carbohy­
drates and fats in greatest volume. 

In the process of digestion, protein is broken down into amino 
acids prior to absorption by the body. 
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THE FATS 
Chemically, the fats are composed only of carbon, hydrogen, 

and some oxygen. They are so familiar that they need little 
description - liquids such as peanut o il, cottonseed oil , and olive 
oil are fats as truly as butter or lard. Little fat is strictly essentia l 
in the diet, but a small quantity of certa in essential unsaturated 
fatty acids must be supplied for growth. 

The major role of fat is to supply fuel value, or ca lories. Fats 
a lso contr ibute to the satisfaction of meals through flavor and 
odors, and prevent too rapid a return of hunger by remaining in 
the digestive tract longer than proteins and carbohydrates. Fur­
thermore they serve as carriers of the fat-soluble vitamins, such 
as A, D , and E. Fats are our most concentra ted fuel foods since 
they provide about 288 calories an ounce, or two and a half times 
as much as an equal weight of protein or carbohydrate. 

In the small intestine, fat is converted into "fatty acids" and 
glycerine. The latter, like some of the fragments from proteins, 
can be converted into sugars if there is a demand for fuel. 

Fat is the major storage fuel of the body. When food intake 
is in excess of the needs of the body (whether taken as protein, 
fat, or carbohyd rate), the excess is stored as fat. This proc­
ess can take place a lmost without limit so that enormous quan­
tities of fat may be stored. Then, when food in take is insufficient 
to meet the ca loric needs of bodily activities, stored fat is sum­
moned. When fa t is mobil ized from storage in this manner, it 
goes to the liver where it is converted into materials ca lled 
"ketone bodies." These are carried to a ll the tissues by the 
blood-stream. ·when present in too high 
a concentration in relation to carbohy­
drate, these bodies cause an undesirable 
condition known as "ketosis." A too low 
carbohydrate intake may produce ketosis. 
T he "acidosis" which is frequently en­
countered in reducing diet regimes may 
be a lleviated by more carbohydrate. 

~~\c. \ 



ESSENTIAL MINERALS 
Minerals are inorganic sub­

stances and do not provide calo­
ries or energy value. The func­
tion of most of them is to assist 
in the intricate reactions which 
involve proteins, sugars, and vita­
mins to provide the hundreds of 
specialized compounds that the 
body manufactures and uses. 

Salt is a familiar and essential mineral. The average man's 
body contains about two-tenths of a pound of salt. A liberal 
daily allowance for adults in good health is five to ten grams. 
The amount of salt in the body regulates water balance and the 
retention of water in the tissues. Calcium is required in rela­
tively large amounts for adult men and women. Eight-tenths of 
a gram daily is recommended. During childhood, adolescence, 
and pre~ancy the requirements are higher. 

Iron is a mineral essential to growth and red-blood-cell pro­
duction. Children require from fifteen to twenty milligrams 
daily, the amount increasing as they grow. Adult requirements 
are not established, but the average diet contains enough for a 
safe margin. 

The need for jJhosphates approximates that for calcium. 
Foods rich in protein and calcium usually contain phosphates 
in the proper proportion. Requirements are about one to one 
and a half grams, and a normal diet supplies phosphates m 
ample quantity. 

Although it is known that the body requires a number of 
other minerals in small amounts, the only one generally familiar 
by name to non-chemists is iodine. This was deficient in some 
areas before introduction of iodized salt, which can supply all 
that is needed. Deficiencies of the rest are rarely encountered 
since a well-selected diet will genera lly provide ample quantities 
(see page 13). 
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VITAMINS 
The necessity of vitamins in the diet was not recognized 

until the early part of the Twentieth Century. When animals 
were fed diets of purified carbohydrate, fat, and protein, to­
gether with the minerals known to be necessary, it was observed 
that they did not grow or thrive. This led investigators to sus­
pect that other substances, present but undetected in unproc­
essed foods, were necessary. In I 912, Casimir Funk isola ted the 
first of these substances and gave them their name- vitamins. 
Since that time more than 30 vitamin-like substances have been 
isolated, seven or eight of which are necessary to man. 

The discovery of vitamins, and the growing knowledge of 
their functions, is one of the most dramatic chapters in the 
science of human nutrition. But these advances in knowledge 
have been accompanied by a great deal of misunderstanding. 
A few facts may help to set the record straight: 

Like minerals, vitamins supply no energy or calories- they 
act, rather , as catalysts in regulating metabolism and body 
processes. Only small amounts of vitamins are required by the 
body, and quantities m uch in excess of these needs are of no ben­
efit to the normal healthy person. Good diets provide all the need­
ed vitamins in liberal quantities and, in addition, supply other 
substances that are desirable but have not yet been identified. 
It also appears that some of the vitamins can be made by the 
body or by beneficial bacteria inhabiting the intestinal tract. The 
National Research Council makes recommendations for only 
six vitamins, as follows: 
Vitamin A - found in green and yellow leafy 

vegetables, butter, margarine, and milk. 
Vitamin B1-(Thiamine) found in meat prod­

ucts, particularly organ meats and pork, 
and in unprocessed grains. 

Vitamin B2-(Riboflavin) supplied by milk, 
eggs, peanuts, and legumes. 

Vitamin B6- found in corn, wheat germ, fish 
muscle. 



Vitami11 C -present in raw pota­
toes, citrus juices, and fresh cab­
bage. 

Vitamin D -present in fish and 
irradiated milk, but for the most 
part made under the skin on 
exposure to sunlight. 

All these vitamins, with the exception of D, are provided in 
libera l amounts when the diets of children and adults follow 
the Seven Basic Foods Plan (page 13). Children benefit from 
supplemental amounts of D from such sources as cod liver oil. 
Vitamin K is also necessary, but the amounts needed have not 
been determined. 

In purified form, the daily requirements of a ll these vitamins 
could be packed into a small capsule. 

HOW THE BODY USES SUGAR 

AND CARBOHYDRATES 
Common sugar is a natural food- the first product formed 

in the green leaves of all plants in the presence of light. The 
same sugar which appears on the table at every meal can be 
obt~ined from such familiar fruits as oranges, apples, bananas, 
and pineapples. The sugar cane and the sugar beet store sugar 
more abundantly than other plants, and they have, as a conse­
quence, become the principal sources of commercia l supply. 
Beet sugar and cane sugar are identica l products, and they may 
be used interchangeably for all purposes. Molasses is sugar plus 
organic and inorganic materials concentrated in the process of 
separating sugars from non-sugars of the cane or beet. 

Sugar is in no way changed or altered in its extraction from 
the plant. The refining process merely separates the sugar 
made by nature in the plant from the non-sugars. The nutri­
tional value of the sugar present in a ripe peach and the sugar 
that may be used to preserve peaches is exactly the same. Sugar, 
whether obtained from the date palm, maple, pineapple, car­
rot, or the nectar of a flower, has a single chemical formula: 
Ct!!H2~011. Claims for the superiority of so-called "natural 
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sugars" as compared with " refined" sugars cannot be supported. 
Sugar taken by mouth undergoes no chemical change in the 

presence o f sa liva. In the stomach, gastric juice begins to change 
sugar into two "simple" sugars- dextrose and levulose- but it 
is not absorbed into the bloodstream from the stomach. In the 
small intestine the conversion of sugar into dextrose and levu­
lose combined with phosphoric acid is completed, and these 
products are absorbed through the intestina l wall into the portal 
vein. The portal vein carries the sim­
ple suga rs to the liver , the body's great 
chemica l laboratOry and its main carbo­
hydrate storeho use. In the liver, the 
simple sugars are stored as animal starch 
(glycogen). Levulose is stored much 
more rapidly than dextrose. Sugar taken 
by mouth is refl ected in higher blood 
sugar levels within one to four minutes, 
and is consistently more rapid in its 
action than dextrose or levulose a lone. 

The adult liver and muscle tissue contain about a 12 tO 16 
hour fuel suppl y of animal starch, which is changed into blood 
sugars and fed into the bloodstream as the body requires. 
Animal starch is stored principally in the liver, but a lso appears 
in smaller concentration per unit of body weight in muscles and 
sk in , where it is formed from sugars delivered by the b lood. In 
muscle and other tissue cells, an imal starch is changed into car­
bon dioxide and wa ter through a complex b ut rapid eries of 
chemical reactions. These reactions lead to the rel eaie of hea t 
and muscular energy. 

When the skin , blood, muscle, and liver are full y supplied , 
any sugar excess is converted into fat and stored. This fat i 
broken down in apparently con tinuous cyc les as new fat is 
formed and a lso tem porari ly stored. Animal starch serves as a 
quick reserve of energy, fat as a more pennanent reserve. Cer­
tain endocrine gland secretions - hormone products from the 
pituitary, pancreas, and adrenals - in some way not yet precisely 
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charted, are necessary for the use of blood sugar by the muscle 
and in the formation of fat. Since 85 to 90 per cent of all food 
taken in by the body is used for energy expenditure, by far the 
greater part of all nutrients are reduced to the simple basic 
sugars before they can be utilized. The sugars themselves pre 
simple compounds and their breakdown, combination and utili­
zation are now rather well charted. Carbohydrates are often 
referred to as direct sources of energy, or quick-energy foods. 

PROPORTION OF PROTEIN, 
CARBOHYDRATE AND FAT 

What proportions of fat, carbohydrate, and protein should 
the ideal diet contain? Protein requirements have been rather 
well established at 11 or 12 per cent of the total caloric intake 
for the normal individual. Far less is known about the ideal 
fat-carbohydrate ratio, which combines to make up the other 
88 or 89 per cent of the total calories. The Japanese, who have 
as much as 85 per cent carbohydrate in their diets, are vigorous 
and healthy. Other nations have as much as 70 per cent fat in 
their diet, with relatively little carbohydrates. Clearly, the com­
position of national diets is determined by the availability of 
food, and human beings over the years adapt themselves to the 
conditions imposed by their food supplies. 

The National R esearch Council's Table of Recommended 
Daily Allowances suggests 20 to 25 per cent of calories in the 
form of fat, although little is known about precise requirements. 
It appears that this allowance is liberal enough to provide a safe 
margin for the intake of valuable fat-soluble vitamins and un­
satura ted fatty acids which apparently contain a growth factor. 

Fat, too, lends taste appeal to food . Ob­
servations in Germany, when fat ra tions 
were low, demonstrated that a liberal 
supply of fat maintains morale and ap­
pears to keep the n ervous system in a 
healthy sta te. 



Other studies indicate that Americans have a relatively high 
percentage of fat calories in their diet and, consequently, a low 
percentage of carbohydrate cal­
ories. In the last thirty years, 
more fat has been added to our 
diets because people generally 
have eaten more meat, milk, mar­
garine, butter, and cooking oils. 
At the same time, the consump­
tion of potatoes, cereal, bread, 
and baked goods, has fallen off 
noticeably. Although there is no 
conclusive evidence on this point, it appears that more car­
bohydrate might be a valuable addition to our present diets. 
Clinical observations show that carbohydrate promotes fat 
synthesis. It also aids in the complete use of fat by the body, 
and spares protein for body-building and repair of tissues. 
The Army Quartermaster Corps suggests that a good diet will 
include five parts protein, four parts fat, and eleven parts carbo­
hydrate. 

It does not seem likely, in view of the present dietary pref­
erences of Americans, that we are eating "too much" sugar and 
starch. In well-balanced diets, the largest part has always been 
made up of starches and sugars. Carbohydrates are most abund­
antly produced by nature, and a change to the more expensive 
fa ts and oils or high-protein foods would not be possible for 
families of average income even if it were desirable. 

What happens when there is insufficient carbohydrate in the 
diets of children is illustrated in a rather common complaint ­
cyclic vomiting. Children have a smaller liver capacity than 
grown-ups for storing glycogen. At the same time, they have 
a higher metabolism than adults, so they bum up their fuels 
more quickly. Whereas an adu lt's stock of liver and muscle 
carbohydrate may be sufficient for 12 to 16 hours, a child often 
has reserve enough for only three or four. Vomiting, upsets, 
or "bilious spells" of children may be caused by excitement, 
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unusual activity, or a delayed mea l. 
Certain children are particularly 
susceptible and suffer from periodic 
attacks during which they cannot 
"keep anything down." Sometimes 
they are given extra quantities of 
cod liver o il or milk, because they 
appear thin and pale but, if the 
trouble is caused by a low storage 
capacity for carbohydra te, the ad­
ministra tion of fa t does more harm 

than good. These children often respond to between-meal feed­
ing, particularly of ca rbohydrate foods such as fruit juices, 
candy, cookies, or soft drinks. 

HOW SUGAR FITS IN THE DIET 
This highly sim plified outline of the role of the various ele­

ments of the diet prepares the way for a discussion of sugar and 
the place it occupies in the dietary pattern. 

From a study of the foods recommended by nutritionists, and 
the amounts of protein, fat , carbohydra te, minerals and vita­
mins which they supply, it is apparent that we can insure a 
wholly adequate diet and still eat other foods to satisfy our 
whims or our appetites. 

The science of nutrition is still in its infancy, and the human 
or "head" factor in diet has been given far too little considera­
tion. People do not eat single foods or chemicals. They vary 
their meals to stimula te taste- to make ea ting a pleasant inter­
lude - so that there are hard-to-determine psychological factors 
that every dietician knows are important. No matter how nutri­
tious it is, people will not for long eat unpala table food. 

The chart opposite indicates that all the recommended foods 
can easily be included in the daily d iet. They will supply 1300 
calories of the recommended 3000. T his leaves for our further 
pleasure, 1700 ca lories to be d ivided between fat and carbo­
hydrate, or additional proteins. 
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RECOMMENDED DAILY FOODS 
of 

FooD AND NuTRITION BoARD- NATIONAL RESEARCH CouNCIL 

to 

ASSURE ADEQUATE NUTRIENTS IN THE DAILY DIET 

MILK ...... . 
EGGS .. .. . . . 

• • • 

one pint 
one daily 

MEAT, FISH OR FOWL 
POTATO 
VEGETABLES 

one or more 4-ounce serving 
one or more 
two or more servings 

FRUITS ... 
CEREALS AND BREAD 
OTHER FOOD . 

two or more- one citrus or tomato 
whole grain or enriched 
to make up the caloric deficit 

THESE SUPPLY: 
N utrient Allowance Supplied by Diet Surplus or Deficit 

Protein 70.0 0" o · 84.9 g. 
Calcium 0.8 g. 0.804 g. 
Phosphorus 1.43 g. 
Iron 12 mg. 14.6 mg. 
Vitamin A 5000 I.U. 6411 I.U. 
Vitamin B1 1.5 mg. 1.46 mg. 
Vitamin B2 2.0 mg. 3.36 mg. 
Vitamin C 75.0 mg. 143.0 mg. 
Niacin 15.0 mg. 13.6 mg. 
Fat 41.9 g. 
Carbohydrate 162.2 g. 
Calories 3000 1314 

Random selections of meats, fish, vegetables. 
fruits, e tc., were made from standard food tables 
and weighted averages of the content of the va · 
ous nutrients were calculated. T he appare 
small deficits of thiamine and niacin are not s 
nificant since a slight difference in the rand 
selections would give surpluses. The recommend­
ed allowances contain wide margins of safety. 

+14.9 g. 
+0.004 g. 

+ 2.6 mg. 
1411 I.U. 
- 0.04 mg. 
+1.36 mg. 

+68.0 mg. 
- 1.4 mg. 



Of course, few foods contain only a single nutrient, as the 
chart shows. To make attractive and tasty dishes, many of the 
basic foods are combined, and in these combinations, sugar is 
often used to accent flavors. It is clear , therefore, that once the 

basic requirements are satis­
fied , we have wide freedom 
in choosing whatever foods 
we lvish to provide variety 
and pleasure. That sugar is 
as satisfactory a source of cal­
ories for this purpose as fat 
or extra protein has been 
conclusively demonstrated. 

ANIMAL TESTS 
A few years ago, Dr. Clive 

M. McCay of Cornell Uni­
versity placed 200 ra ts on a basic diet des 
ally, a ll known protein, vitamin and mineral requirements. 
This accoun ted for less than half the amount of their total food 
requirements. H e completed the caloric requirements of four 
different groups by giving them, respectively: 

I . Cooked corn starch. 

2. Cooked corn starch 60 parts, sugar 40 par ts. 

3. Cooked corn starch 60 parts, dried milk 40 parts. 

4. Cooked corn starch 60 parts, dried liver 40 parts. 

The question he wanted to answer was: If an animal eats a 
truly adequate basic diet, does it matter whether he chooses the 
rest of his ca lories in the form of all starch, starch and sugar , 
starch and whole milk, or starch and meat? The milk and meat 
would, of course, supply protein and vitamins far beyond the 
liberal quantities in the basic part of the diet. The answer to 
the question was "NO," for all groups of rats completed life 
spans that were not significantly different and showed no marked 
variation in any way d uring the study: 
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LIFE PAN IN DAYS 

Dietary Variable Males Females T otal 

Starch 595 705 1,300 
Sugar 674 717 1,391 
Milk . 688 610 1,298 
Liver 531 682 1,2 13 

In other words, there was no benefit, so far as span of life was 
concerned, in supplementing a truly adequate diet with sur­
plusses of such foods as liver and milk. 

Another thorough experiment was carried out in 1929 by 
Prof. C. M. Jackson of the University of Minnesota. Thirty-six 
rats were used in groups. One group had a "normal" diet 
containing 45 per cent cooked corn starch, 30 per cent protein 
in the form of milk casein, 20 per cent fat in the form of lard, 
and 4.5 per cent of a salt mixture, together lVith concentrated 
vitamin sources. The vitamin sources were cod liver oil, dried 
yeast, and wheat germ. 

A second group had exactly the same diet except that the 
starch was replaced by sugar. This kind of feeding was 
continued for 200 days, a long period in the li fe of the rat. 
All animals remained normal in hea lth , vigor, and appear­
ance. Their growth in weight was normal, and there were no 
differences between those receiving the sugar and those re­
ceiving starch. All the female animals became mature in the 
usual time and had the normal numbers of offspring, which 
were normally nursed. When the animals were sacrificed and 
their internal organs examined, all were found to be in good 
condition. 

A human being receiving the same proportion of his food as 
sugar would consume nearly nine ounces a day, or 
200 pounds a year. 

J ackson went still further. Another group of 
rats was placed on a diet which contained 80 per 
cent sugar, only 16 per cent protein (casein of 
milk), and 4 per cent salt mixture. Only ten drops 
a day of lard was given as the total fat supply, and 
the same supplement of vitamin concentrates. 



Even these animals showed virtually the same general physical 
scores with only a faint suspicion of fatty infiltra tion of the 
liver, which was later found to be caused by an extraneous 
factor. A human being consuming suga r so that it supplied 
80 per cent of ca loric intake would eat 23 ounces a day, or 524 
pounds a year. 

TESTS WITH HUMAN SUBJECTS 
The anima l experiments are not iso lated examples. In the 

course of tests fo r various purposes, physio logists, biochemists, 
and nutritionists have kept monkeys, dogs, mice, rats and other 
anima ls for months and years on diets of 66 per cent sugar by 
weight. It is a recognized fact among such scientists tha t very 
high sugar feeding is perfectly feasible, but with humans there 
seems to be no point in going as high as 66 per cent. It may, 
however , be practical to study under what conditions quantities 
of sugar up to twice our present per capita supply could be 
worked into thoroughly satisfactory diets. 

In a recent two-year study of severa l hundred children in 
Pennsylvania custodial institutions, the diet was completely 
ana lyzed and thorough clinica l examinations of the children 
lvere conducted. These incl uded almost all known examina­
tions of eyes, teeth , bones, vital organs, blood and urine. From 
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time to time during the period when the 
"free-sugar" intake of children more than 
twelve years of age was nearly 4% ounces 
a day, the subjects were given another 
thorough physica l examination. 

In no respect was there any deteriora­
tion in the general health of the grou p. 
On the contrary, the children with the 
highest sugar intake showed marked su­
periority in growth , skeletal develop­
ment, and resistance to fat igu e in com­
parison with the groups having practi­
ca lly identica l diets but with a lower 



sugar a llowance. It is noteworthy that the high­
sugar group, which consumed almost three 
times the quantity recommended by the Ch il ­
dren's Bureau of the United States Department 
of Agriculture, showed less increase in tooth de­
cay over a two-year period than found in the 
general population of the same age-sex distri­
bution. In a further study of groups of children 
whose diets were below minimum standards on 
almost a ll nutritional scores, it was found that 
the addition of sugar to a diet- without add­
ing any other food elements- resulted in an 
appreciably better utiliza tion of protein for 
body-building and a marked increase in fat synthesis. 

From time to time observations are presented which have led 
to some ra ther widely held but erroneous beliefs about sugar and 
general health. For exam ple it has never been demonstrated that 
the amount of sugar consumed has any rela tionship to suscepti­
bility to the common cold or other respiratory infections. Nor 
is there any firm scientific evidence to rela te sugar in take to 
poliomyletis, cancer, tuberculosis, arthritis or heart trouble, in 
spite of frequent implications tha t there is such a connection. 
During World War II nutrition authorities recommended that 
175 pounds of sugar per year be earmarked for members of 
the armed forces. If the slightest ev idence ex isted that sugar 
was undesirable as part of a well-balanced dietary, those in 
charge of the fitness of our troops wo uld n ever have insisted that 
it constitute such an important part of the rations. 

By every test known to physiologists, sugar is as sa tisfactory 
in performing the functions of a carbohydrate as any other 
foodstuff which is primarily an energy food. Unquestionably, 
many of the complaints charged to sugar are rea lly dietary de­
fi ciencies resulting from income insufficient to purchase the 
ingred ients of a good diet, or from ignorance or carelessness in 
understanding what the body requires to operate at peak 
efficiency. 
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NUTRITION AS THERAPY 
If "we are what we eat," diet may be a valuable tool in the 

treatment of disease and the restoration of health. Some ex­
amples will illustrate the point. 

In obesity and diabetes, diet is ob­
viously a matter of importance. Strik­
ing cures for pellagra, beriberi, and 
polyneuritis have been brought about 
by the use of vitamins. The adjust­
ment of diet promises to al leviate the 
effects of the "degenerative diseases," 
among them arthritis and nephritis, 
and it is helpful in various heart dis­
orders and acute stomach ulcers. 

The therapeutic value of minerals 
and vitamins is rather generally understood. That, however , 
is not the case with carbohydrate- and the interdependence of 
carbohydrate, protein , and fa t in special diets is still less fre­
quently recognized. High protein diets are used in "wasting" 
illnesses, and in cases of massive tissue destruction. In these 
diets, sufficient carbohydrate is needed because of its protein­
sparing effect. When more protein than usual is needed, the 
increase should not be made at the expense of the regular carbo­
hydrate portion. 

High protein diets are prescribed in a number of diseases. 
Some of them, like tuberculosis, involve a destruction of body 
tissue that must be rebuilt. As a consequence not only repair 
but even resistance to tuberculosis seems to be heightened by a 
relatively high protein consumption. 

Resistance to juvenile rheumatism appears to be improved 
by high protein intake. In certain blood-sugar level condi­
tions, extra protein is a lso indica ted. It can safe ly be said 
that resistance to infectious diseases may depend in part upon 
a liberal supply of amino acid building blocks, since the anti­
bodies that put up a defense against harmful microorganisms 
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have a protein character. Growing children may be benefitted 
by receiving somewhat more protein than is usual to guard 
against depletion caused by the irregular demands of growth. 

In all these high-protein diets there must be a large accom­
paniment of ca rbohydra te. Thus, if it is said that "too much 
sugar and starch cause increased susceptibility to tuberculosis," 
it is comparable to saying that a man who starves to death is 
killed by drinking too much water. The facts can be more 
accurately sta ted in this way: An inadequate supply of protein 
may cause increased susceptibility to tuberculosis or rheumatism. 

It should be noted here that there are also diseases and con­
ditions in which a relatively low protein diet is indicated. Pro­
tein restriction has been advocated in cancer, hypertension, 
Bright's disease, kidney trouble, and gout. It must not be as­
sumed that abundant starch and sugar will prevent these con­
ditions. There is no need to worry that by eating carbohydrates 
we expose ourselves to tuberculosis or that by including ade­
quate protein we may risk cancer. The normal person need 
only avoid extremes. 

Since a number of infectious diseases, such as diptheria, re­
sult in liver dysfunction and dehydration, diet is a therapeutic 
measure. Diets high in carbohydrate are indica ted in many 
cases. The wide effects of these diseases on body metabolism 
have been thoroughly described in the medical litera ture, and 
physicians recognize that diet is highly efficacious during the 
active course of disease and during convalescence. Experimen­
tally, it has been demonstrated that diets high in sugars have 
been rela tively effective in helping to restore victims of kidney 
diseases, ulcers, and heart conditions. One diet for high blood 
pressure drastica lly reduces protein. 'Vhether its success is 
due to some effect of the high carbohydrate or the absence of 
some aggravating substance in protein is not 
clear. 

In certain diseases of the liver and in pre­
paring patien ts fo r surgery, build ing up car­
bohydra te reserves is routine. 



DIABETES 

The administration of carbohydrate 
in the treatment of patients suffering 
from diabetes is widely accepted. Dia­
betes is a metabolic disorder charac­
terized by the inability of the body to 
store and regulate carbohydrate, spe­
cifica lly dextrose. Medical a uthorities 
are in agreement that carbohydrate, or 
sugar, does n ot cause diabetes. Its 
causes are not well understood, but 
they appear to be hereditary. Whether 

excessive sugar can precipitate diabetes in one who has a pre­
disposition to the disease is open to question, but it can be said 
that for normal person this is no t true. Overconsumption of all 
foods is discouraged among those predisposed by heredity to 
diabetes. The principal reason why the diabetic cannot regulate 
his sugar level is that. his pancreas produces an insufficient sup­
ply of insulin. Disorders of the other endocrine glands and of 
the li ver are now also thought to be involved in the onset of 
diabetes. 

The modern dietary management of diabetes consists in pro­
vid ing adequate protein, carbohydrate, and fat for energy pur­
poses. At least as much carbohydrate as fat is a llowed, an d 
frequently the ratio may be as high as two to one. In cases 
in which the patient has an unusually low insu lin production 
and is, therefore, unable to uti lize even small amounts of carbohy­
drate, enough insulin is supplied hypodermically to enable him 
to do so. This relative abundance of carbohydrate as compared 
with o lder diets seems to restore the liver to proper functioning. 
Since the liver is believed to be involved in the condi tion, the 
treatment may reduce the actual d iabetic state. Inositol, a vita­
min-like substance found in molasses and some sugar syrups, 
has recently interested doctors and nutri tionists who hope that it 
may alleviate d iabetes. 
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Sugar has another familiar therapeutic use in the trea tment 
of diabetics. Overdosage of insulin may result in insulin shock. 
Temporarily, the body's mechanism for handling insulin be­
comes surcharged. The best way to restore ba lance is to take a 
cube of sugar, a piece of candy, or a high-sugar beverage. 

WEIGHT CONTROL 
Although there is no scientific evidence to show that any fooci 

is peculiarly fattening, the facts about sugar apparentl y need 
restating. 

Since the first experiments with crude ca lorimeters a lmost a 
century ago, physiologists have been able to calculate the fue l 
value of our common foods. These va lues are commonly ex­
pressed in a standard unit of measurement - the ca lorie. In a 
hea lthy human being, only the ca loric value of foods and the 
to tal daily intake is significant in weight determinat ion. Proper 
sa lt balance is assumed, for too much sa lt will cause reten tion 
of excess water in the tissues for a time. 

In evaluating the ca loric va lue of foods, investiga tors early 
discovered tha t fats and oils contain more than twice as many 
calories per pound as carboh ydra tes and protein. But few of 

our foods, as ordinarily prepared, fall into a single ca tegory. 
Sugar, however, which is a combining agent in the prepara­

tion of many foods, is purchased as a pure 
carbohydrate and therefore contains more 
ca lories than other predominantly carbohy­
drate foods, such as cereals, and vegetables, 
which contain some water, ash, or ind igesti­
ble cellulose. A pound of sugar supplies 
I ,783 ca lories. The ca loric va lue of some 
o ther common foods follows: 

Cnlories Per Pou11d 

2,839 
803 

1,146 
2,808 
1.7 12 
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Translated into meal values, a lump of sugar contains 24 
calories, an average pat of butter 73 calories, a slice of light rye 
bread (without butter) 76 ca lories, a medium-size glass of milk, 
123 calories, a Martini about 135 calories. Thus, the average 
dai ly consumption of four ounces of sugar provides no more 
than 450 ca lories to the to ta l of 3,000 required by the average, 
moderately active man. 

If more calories are taken than the body burns, the excess -
whether from carbohydrate, protein, or fat- will be deposited 
and stored in the body as fatty tissue. More and more physi­
cians believe that it is no t the type of foods, or the combina­
tions in which they are eaten, that disposes to overweight. It is 
simply over-eating in almost every case. In the exceptions, a 
distinct variation in metabolic rate is often traceable to glandu­
lar conditions. These change appetite, upset metabolism, and 
may be responsible for a gain in weight on calories only suf­
fi cient for maintenance of weight in the normal individual. 

Scientific studies show it is desirab le to mainta in a good level 
of carbohydrate because it is needed to burn up the body's 
stored fa t. For sensible weight reduction , it would seem reason­
able to trim portions and keep the same balance of different 
foodstuffs, and especially avoid an excess of fatty foods. 

Any reducing diet must still supply the necessary protein for 
tissue building and repair, and the vitamins and minerals nec­
essary for regular activity. Most people understand this fairly 
well, but the fact is that some overweight patients cannot long 
follow a specia l diet or ea t sensibly. In these instances, emo­
tional or psychologica l factors may be involved. 

It was recently reported that 95 per cent of more than 500 
overweight pat ients under observation and treatment eventually 
recognized that anxiety was at the root of their overeating. In 
some cases, the need for stuffing themselves with food was ac­
tually so grea t - yet so against their better judgment - that 

they "forgot" their raids on the ice­
box and insisted they were comply­
ing with the prescribed meals and 



were still not losing weight. 
Doctors now believe that 

will power is seldom sufficient 
to break this type of overeat­
ing unless its emotional causes 
are understood. The benefits 
often credited to exercise and 
massage are now believed to 
be more correctly traceable to 
a healthier mental outlook. 

Among the mental factors 
which may be at the root of overeating, one investiga tor lists 
the following : 

I. The working of the subconscious on such things as frustration, 
worry, fear, or lack of emotional satisfaction. A person thus af­
fli cted sometimes reverts to infantile behavior. At one stage, in· 
fants put everything into their mouths. This is naturally followed 
by the regressed adult who is continually feeding himself. 

Another manifestation of the subconscious may lead a woman 
to excess ive eating as a means of compensating for some psychic 
injury she has suffered through social failure or disappointment 
in love. 

2. A conditioning to food. A child brought up in a famil y of "big 
eaters" may fall into the habit of taking too much food as a matter 
of course. In this same category are people who conduct business 
affairs over the table and who are constantly exposed to high 
calorie foods. 

3. An aggressiveness toward food. A child reared in poverty learns 
to eat everything in sight because he doesn't know where his nex t 
meal is coming from. This trait may be carried into adult life 
even though the individual attains economic security. 

4. Monotony, boredom. Some people who lack d iversions seek es­
cape in ea ting. Housewives trapped by routine may nibble at 
food all day. Travelers who have to drive long distances may stop 
for food just to break the monotony. 

5. Occupational temptation. People who work in food establish­
ments are constantly tempted to eat. 

6. Nervousness, social upset or famil y troubl e. 
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TOOTH DECAY 

Since 1889, when W . B. Miller published 
what has come to be known as the chemico­
parasitic theory of tooth decay, carbohy­
drates in general and refined sugar in par­
ticular have been widely accused as the chief 
culprits in tooth decay. The theory has 
been taken up by health writers, radio com­
mentato rs, and some segments of the press. 

The facts are these: Dental caries is a pathological condition 
whose causes are unknown, although one might be tempted to 
classify it as a normal condition of evolutionary origin because 
more than 95 per cent of the American people suffer from it in 
some degree. There are, however, a number of impressive 
theories held by dental researchers which find causes of decay 
in factors other than carbohydrates. 

In discussions of the cause and control of dental caries, there 
are almost as many different theories advanced as there are 
researchers. That sugar in the diet is the primary cause of 
denta l caries has never been conclusively proved. It is true that 
some success in reducing the rate of decay has been achieved 
where sugar intake, as well as other nutrients in the diet, have 
been changed. Yet, in view of the necessity for balance in the 
diet, there is serious question whether this method of attack 
would be nutritionally justifiable even if cutting down carbo­
hydrates did succeed in reducing caries to an appreciable extent. 

There are two principal schools of thought on the causes of 
caries. Proponents of the chemico-parasitic theory maintain 
that decay is a purely local condition- that carbohydrate is 
fermented by bacteria normally present in the mouth to form 
an acid which attacks the enamel. The other group insists that 
dental health is intimately related to generally good diets and 
maintains that teeth of proper structure and chemical content 
when bathed by sa liva in proper volume and composition, will 
not be susceptible to acid attack if, indeed , it is an acid attack 
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that causes decay. Some be lieve decay sta rts inside the tooth. 
From long-term obsen ra tions made under the supervision of 

the United States Public Health Service and other investigators 
it appears tha t children who have access to drinking water con­
ta ining one part per mi ll ion of fluorides will have 40 per cent 
less decay than those whose dri n king water contains no fluorides. 
Fl uor ide so lutions may a lso be applied directly to the surface of 
the child's tee th as a preventive measure. A series of applica­
tions is advised, generall y at the ages of 3, 7, 10 and 13, but the 
1 ime o f app lica tion varies with the indi vidual child and depends 
on the rate at which the teeth erupt. An applicat ion a t 3 years 
of age provides pro tection for the "baby" teeth. Subsequent 
applica tions provide protection for the pennanent teeth , the 
incisors and first molars at age 7, the bicuspids and cuspids a t 
age I 0, and the second molars at age 13. 

Since teeth which contain small amounts of fluoride salts 
have a much higher resistance to decay than fluoride-deficient 
teeth, the logical course should be to add protective e lements 
to the diet, rather than attempting to eliminate inexpensive, 
and pa la tab le ca rbohydra tes. I t has been sa id that man lives 
for other purposes than to preserve his teeth. If th is has to be 
done by avoid ing common foods, it has little chance of success. 

Since the problem of tooth decay requires far more study than 
it has had in the past , Sugar R esearch Founda tion has been 
assisting a number of projects designed to fill gaps in our knowl­
edge. O ne of these is a long-range study being 
carried ou t by Dr. .J . D. Boyd of Iowa State 
University. Dr. Boyd believes that many of the 
o lder stud ies o f den ta l caries are not acceptab le 
because of un ound statistical methods. By tak­
ing into considerat ion a ll environmental fac­
tors, Dr. Boyd's research can be expected to 
give a definite answer to the question of 
whether a re latively high sugar d iet , in which 
all the necessary nutrients are nevertheless 
li bera ll y supplied, will produce tooth decay. 
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New types of dentifrices containing ammonium 
ions are regarded with optimism in some quarters 
as promising caries control. Preparations contain­
ing penicillin have also shown promising results. 
Further experience will be required to determine 
their efficacy. 

Most hopeful of all is the discovery that proper 
nutrition of mothers, before birth of a child and during the nurs­
ing period, can have a tremendous influence on the subsequent 
resistance of their children's teeth. The exact nutritional re­
quirements for creating this resistance are not yet known, but 
the way seems to have been cleared for discovering them, and 
further progress may be expected. 

Some well-meaning dieticians advocate the use of honey, raw 
sugar, brown sugar, maple sugar, or dried fruits in place of 
refined sugar as a means of preventing tooth decay. This doc­
trine has no sound scientific basis. All fruits contain the same 
kind of sugar which is commercially recovered from beets and 
cane, and all ferment with equal ease. In dried fruits, such as 
figs, dates, and raisins, the proportion of sugar is high- just 
as high as in most cakes and candies. (See Table on page 27 .) 
Hence, strict adherents to the simple acid-fermentation theory 
of tooth decay must eliminate from their diets not only refined 
sugar but also honey, raw sugar, brown sugar, fresh fruits, dried 
fruits, and all fruit juices. 

The progress of preventive dentistry has always been handi­
capped by woefully insufficient financial support. Since people 
do not die of tooth decay, the disease has never been given the 
attention it deserves as a source of discomfort, expense, pain, 
and the origin of more serious complications. Moreover, even 
though tooth decay has its chemical, biochemical, bacterio­
logical, physiological, nutritional , and histopathological angles, 
few scientists in these fields have until recently become inter­
ested in the problem. In these days, all related sciences are ex­
pected to collaborate with the medica l profession in bringing 
about progress in medicine. Similar teamwork, greatly expanded 
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beyond its present scope, will be n ecessary for final solution of 
the tooth decay problem. 

CoMPARISON oF 

SUGAR. CONTENT OF DRIED FRUITS 

AND PREPARED SWEETS 

Dried Raisins 64.4<J'o 
Dried Dates . 63.9 
Dried Currants 63.1 
Dried Peaches . 53.0 
Dried Figs 52.9 
Dried Apricots 43.4 
Dried Prunes 40.3 

Milk Chocolate 54.5 
Chocolate Cake 29.8 
Ice Cream 17.5 
Apple Pie 17.3 
Rice Pudding 10.9 
Cola Drinks 10.5 

•The term sugar here includes sucrose, dextrose 
and levulose. 

These figures are from McCance and Widdow· 
son, T he Chemical Composition of Foods, 
Chemical Publishing Co., Inc., ew York 1947. 
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2 ES OF SUGAR 
In ccnain si tuations, suga r is particula rl y va luable as a food. 

Du ring \\'orld \Var II , many pilots and bombard iers " blacked 
ou t" at high a ltitudes, particularl y on returning from long 
missions. So many unexpla ined accidents occurred to bombers 
" ·hich had escaped enemy damage and were nearly home tha t 
ill \'estiga tions were made. 

T he tro uble was traced to alkalosis. The blood ordinaril y 
remains a lmost constant in its acid· 
ity. T he sligh test change e ither to­
ward the more acid or toward the 
more alka line causes tro uble. The 
proper acid ity o f the blood is main­
tained in part by ca rbonic acid, a 
weak acid formed from carbon d i­
oxide and water. If the blood is 
charged with more carbon d ioxide 
gas, its acid ity increases slight ly. 
Any influence that removes carbon dioxide from the blood 
faster than normal shifts its reaction to the a lka line side. 

O ne way to remove carbon dioxide from the blood is deep 
brea thing, which makes the blood slightl y more alkaline. In 
other words, dee p breathing produces a lkalosis. A severe 
a lka losis results in giddiness, and loss of conscio usness. 

Something similar happens when the rarefi ed a ir of l}igh 
a ltitudes is b reathed over a period of time. The relatively low 
concentra tion of oxygen requires deep breathing, and carbon 
d ioxide is lost at an increased rate. A sudden giddiness caused 
by a lkalosis can resul t in acciden ts. 

The remedy was simple. Carbohydra te foods, including 
sugar, are those which most q uickly and efficiently charge the 
blood with carbon dioxide. High carbohydrate breakfasts just 
before the take-off were shown to increase the "ceiling" of 
fliers by as much as a thousand feet. In addition , an air lunch 
composed principally of candies, proved its efficacy in pre-
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venting a lka losis during the homeward flights. There was, of 
course, p lenty o f t ime for eating fats and pro teins between 
miSS IOn S. 

A paral lel situation is found in life-raft rations, where the 
physiologica l problems are first to get enough calories to sustain 
life and, second, to conserve the body's wa ter. 

To the man on the raft, burning up the fat he has stored in 
his body is not important because the loss of fat will not affect 
his ability to gain it back later. However, the undue wasting 
away of his muscles and organs is decidedly importan t since his 
future health depends on the soundness of these tiss ues. 

His problems, then, physiologically speak ing, are to burn fat 
but to spare protein. These conditions require tha t his prin­
cipal food be carbohydra te. R eadily-burned carbohydrate 
"spares" his body protein from being drawn upon to supply 
indispensable blood sugar. Carbohydrate also permits combus­
tion of fat without excessive ketosis. The specia l disadvantage 
of ketosis on a life-raft is the fact that surplus " ketone bodies" 
in the b lood ca use an excessive output of urine, which wastes 
precious fluid. It may also produce vomiting. 

All life-raft rations are largely sugar with small q uantities of 
protein to aid in maintaining tissues, a minimum of fa t for 
satiety value, and vitamins. 

Recently a steri le invert sugar made from common sugar has 
been deve loped for intravenous administration. T he results of 
fu ll-sca le animal tests and extensive cl inica l tria ls on human 
subjects indicate that the equal mixture of levulose and dextrose 
in a water solution is superior to routine dextrose admin­
istra tion . The first reports in the medica l literature show 
tha t speed of administration - infusing calories more rapidly 
- is a proved advantage both metabol ica lly and for the com­
fort of the patient. Undoubtedl y this is due to the fact that 
the liver absorbs the levulose fraction 
of sugar from the blood stream approxi­
mately two and one ha lf times faster 
than it absorbs dextrose alone. 



THE " RICE DIET" FOR 

HIGH BLOOD PRESSURE 
The causes of chronic high blood pressure are not yet well 

understood , and reasoned methods of prevention and treatment 
are not highly developed. Nevertheless, a method of control , 
discovered largely by accident, is giving remarkable results. 
This is the so·called " rice diet" which was developed by 
Dr. Walter Kempner of Duke University. 

A report, based on exper ience over four years with more than 
700 pa tients suffering from high blood pressure, shows that 
70 per cent of the cases obtained relief. 

The "rice diet," apparently does not depend on any specific 
ingredients found in rice itself. Nor does the diet consist 
wholly of rice, for it contains generous quantities of sugar and 
fruit. It could equally well be described as a high-carbohydrate , 
lmv-fa t, low-protein regimen. Rice protein is believed, how­
ever, to be particularly high in biological value and, perhaps, 
particularly beneficial to the metabolism of kidney cells. 
Dr. Kempner also believes tha t no other diet can be devised 
with so low a salt content, and this is generally agreed to be 
one principal reason for its success. 

The total ca loric value is low - about 2,000 calories a day. 
Of this, fat constitutes only about 5 grams (45 calories or 2.2%). 
Twenty grams of protein are 
contributed by the rice and fruit, 
or 80 calories (47'o) . The rest 
is carbohydrate. Salt is reduced 
to 2Vz percent of the average 
consumption. 

The Kempner diet is high in 
sugar. The average allowance is 
100 grams daily (3Vz ounces), 
but where fuel requirements 
are greater as much as a pound 
may be used. 
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Not only has the diet been effective 
in treating high blood pressure, but it 
brings considerable relief in cases where 
enlarged hearts, tissues swollen with 
fluid, and other complications exist. It 
is, of course, dangerous for any patient 
to prescribe the diet for himself, and 
even physicians do not recommend it 
unless they are in a position to follow 
carefu lly the changes in blood and 
urine d uring the period of treatment. 
Bed rest is not usually necessary. 

SUGAR AND THE LIVER 
The liver is the body's principa l storehouse for carbohydrate. 

Though a number of different carbohydrates are taken in with 
food , a ll are broken down into simple sugars in the small intes­
tine and are absorbed into the blood a t various rates and with 
varying degrees of efficiency. 

Glycogen, the storage form of sugar in the liver, has a lso some 
other quite remarkable functions. It somehow regulates the 
rate of production of ketones from fat. When the liver is de­
pleted of glycogen, a greatly increased ketone production occurs. 

Glycogen a lso p lays a somewhat mysterious role in protect­
ing the liver and the rest of the body from poisons. Many mildly 
poisonous substances, such as borneol and menthol, are elimi­
nated from the body through the urine. In the urine they no 
longer occur in the free state but are found to have become 
combined chemica lly with glucuronic acid, which is a close 
chemical relative of glucose and glycogen. It may be presumed 
tha t somehow the liver is able to draw on glycogen for forma­
tion of glucuronic acid and then to link this with the poison , pro­
ducing a more soluble and more easily eliminated com bination . 

Physicians have learned that a good store of glycogen protects 
the liver against damage by chloroform and some other mildly 
poisonous anesthetics. On this account, as well as for other 
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reasons, it has become customary to administer sugars intra­
venously to surgical patients prior to operations. 

A great many poisons are carried to the liver for disposal, 
and the presence of an ample supply of glycogen nearly always 
aids in the process. Painters are often exposed to benzene. After 
long periods of exposure, various amounts of liver tissue may 
undergo degenerative changes, first a "fa tty infiltration" and 
then a hardening or "cirrhosis." In general, relatively high car­
bohydrate feeding has been considered valuable in counteract­
ing these changes and in restoring liver tissue that has not yet 
been severely damaged. Dietary fat tends to speed the effects of 
the poisons. 

Certain protein constituents, notably choline and methi­
onine, aid in preventing fatty degeneration of the liver. Cirrhosis 
is now kept under control, often with great success, by the use 
of diets very high in protein and carbohydrate but low in fat. 

Again, poisons such as the dye ca lled "butter yellow" not only 
produce liver damage but also seem to predispose to cancer. In 
these cases also, carbohydrates help to protect the liver and delay 
the onset of cancer while fats appear to have the opposite effect. 

During the war, when thousands of persons were working in 
munitions plants and were exposed to vapors of nitrotoluene 
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and had skin contacts with this and 
other toxic explosives, many cases 
of mild poisoning were encountered. 
Symptoms such as chronic headache 
were relieved by high-carbohydrate 
low-fat diets. Sugar is naturally used 
liberally in such diets. 

The levulose fraction of sugar seems 
to have particular value to the health 
of the liver. Research has shown that 
levulose is taken up by the normal 
liver at a rate two and one half times 
faster than dextrose for the formation 
and storage of glycogen . 



LOW BLOOD SUGAR 
The theory that high-carbohydrate or 

high-sugar foods cause a brief increase in 
blood sugar levels, followed by a marked 
drop (hypoglycemia) with consequent las­
situde or " let down" feeling, has been thor­
oughly investigated. It appears that the 
research which led to the formation of this 
theory was based on a small number of 
subjects who were not metabolically nor­
mal. More recent experiments show that, in the average person, 
high carbohydrate meals are not followed by a slump to below­
normal blood-sugar. People with norma l regulating mechanisms 
do not seem to be benefitted, therefore, by a switch to higher 
protein foods which, at one time, were believed to "stick to the 
ribs" longer. 

Several years ago, there was a wave of interest in a develop­
ment which suggested that animals could be made more suscep­
tible to poliomyelitis by artifically lowering the blood sugar 
levels. This suggested that a similar susceptibility might be 
found in humans whose blood sugar fell to low leve ls for some 
reason. Authorities, however, have failed to find cause or rela­
tionship between low blood sugar and onset of polio, and in no 
case could a relationship between high-sugar diets and polio 
be found. 

SUGAR IN INFANT FEEDING 
Almost since the beginning of arti ficial feeding of infants, the 

ben efits of adding carbohydrates to animal milk have been 
recognized. T he earliest experimenters used sugar to supply 
calories, and for more than a century it has been a standard 
ingredient in formula-feeding, both in hospitals and private 
practice. 

It is now general practice to supplement the carbohy­
drate naturally present in the milk, so that the total carbohy-
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drate in the formula accounts for 
45 to 65 per cent of all calories. 
This brings about a more rapid re­
covery of birth weight, better re­
tention of water and minerals, 
firmer muscles, and more fatty tis­
sue. However, the chief advantage 
of the carbohydrate supplement is 
that the milk pro tein of the for­
mula becomes available for growth 
and repair of the tissues, and need 
not be used in the expenditure of 
energy. 

In recent years a number of claims have been made for the 
superiority of various kinds of carbohydrates in infant for­
mulas. Among them are milk sugar, corn starch derivatives, 
malt-dextrose mixtures either as powder or syrup, glucose, ba­
nana sugar, and honey. There is no evidence to show that any 
of these products possesses distinct advantages over common 
sugar. On the contrary, many leading pediatricians and govern· 
ment publications recommend sugar because of its nutritive 
value, low cost, availability, and ease of preparation. The more 
expensive and "fashionable" proprietary preparations, which 
are so widely advertised, appear to offer nothing to offset their 
higher cost. Sugar can be used -and with less fuss, less bother, 
and less strain on the family pocketbook. 

BROWN OR SOFT SUGARS 

Refined, granulated sugar contains almost no vitamins or 
minerals. Assays, however, show that neither the sugar can e nor 
the sugar beet is sufficiently rich as a natural source of vitamins 
and minerals to justify the effort to retain them in the finished 
product. Besides, the small quantities that are lost are ordi­
narily amply supplied by many other foods with which sugar 
is used in the diet. 

The familiar brown sugars are not raw sugars as so many 
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people seem to believe. In the trade these sugars are generally 
known as "soft" sugars. 

In the refinery, raw cane sugar is first washed to remove the 
film of adhering raw syrup and then d issolved in water. The 
solution is processed to remove micro-organisms, fiber, gums and 
coloring matter. From such clarified solutions, several "crops" 
of pure, white refined sugar can be crystallized by evaporation 
at low temperature and separation in centrifugal machines. 

As the refined sugar is removed by crystallization , the remain­
ing syrup or mother-liquor becomes progressively darker be­
cause of the concentration of coloring matter not removed by 
the earlier processing. Some additional colored substances are 
formed by the action of heat on dextrose and levulose and the 
interaction of these sugars with amino-acids, derived from the 
original cane juice. The simple sugars, dextrose and levulose, 
are present in the origina l juice and, like the non-sugar sub­
stances, they accumulate in the refinery syrup by concentration, 
as white sugar is removed by crystallization. Some of the sub­
stances formed from the dextrose and levulose contribute to the 
familiar delectable flavor of brown sugar. Mineral substances 
contained in the cane juice, including calcium, phosphates and 
iron, are likewise accumulated in the refinery syrup. After the 
last crop of white sugar is separated, this is "boiled" to a very 
fine crystal grain which, even after centrifuging, holds within 
its mass a substantial proportion of the yellow or brown, syrup 
(molasses), from which the crystals were 
formed. Brown sugars are not washed 
in the centrifuga l machine as are white 
sugars, so that a maximum of molasses 
is retained in the fina l product. These 
"soft" sugars are marketed as yellow, light 
yellow, golden brown, light brown , old 
fashioned brown, etc. They are clean, 
wholesome products and are fu lly refined 
in the sense that the undesirab le impuri­
ties in the raw sugar have been removed. 
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The "soft" or brown sugars, especially 
the darker ones, may be far richer in min­
eral matter (ash) than the raw sugars from 
which they were made, because of the con­
centration of non-sugars described above. 
Thus they may serve as one d ietary source 
of po tash, lime, iron and several o ther min­
erals and can be used in recipes where their 
special fl avors b lend suitably. 

T able grades of molasses are a source of 
minerals, particularly calcium, iron and 
other fract ions of possibly valuable nutr ients. The virtues which 
some have extravagantly a ttributed to blackstrap molasses, as 
distinguished from ordinary table molasses, have not been con­
firmed by scientific research. The occasional use of familiar 
molasses contributes to the nu tri tive value of the diet. 

CONCLUSION 
Sugar , as it is used in the modem well -se lected d iet , fulfills a ll 

the physiological functions of a carbohydrate food. No other 
common food is more rapidly ava ilable for energy expenditure. 
It provides calories at lower cost than other familiar foods and 
combines with many valuable foods to enhance their taste 
appeal. At present levels of consumption sugar does not displace 
" protective" foods, and with some care in the selection of meals. 
it would be possible to accommodate much larger quantities of 
sugar than we now use without any risk to optimum nutrition. 
The body utilizes white refined and brown sugars by the same 
processes that it uses for honey and the so-called "natural" sugars. 

Sugar has been blamed for conditions which are more cor­
rectly attributable to an inadequate diet. There is no substi­
tute for an adequate diet containing all the known essential 
amino acids, vitamins, minerals, and a liberal caloric allowance 
of fat and carbohydrate in proportion . Research has shown, 
however, that a diet that contains all essential materials is not 
incompatible with a diet which is high in sugar. 
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