■ METABOLIC STUDIES OF HUMAN SUBJECTS
ON A REDUCING DIET
by
Roberta Sainsbury

A Thesis
submitted to the faculty of the
School of Home Economics
in partial fulfillment of
the requirements for the degree of
Master of Science
in the Graduate College
University of Arizona
1956

Approved;

■.wrrvmq(^tSgnrWdU,
or Professor

TABLE OF CONTENTS
Page
Introduction.................................
Review of literature................................

9
26

Statement of problem.....................

Experimental Procedure.................................. 28
*

Presentation and Discussion of Experimental Results.....*32
Food Intake, Energy Expenditure, Body Weight, and
Basal M

e

t

a

b

o

l

i

s

m

.

32

Urinary Acidity...................................... • 35
Hemoglobin Content and Erythrocyte Count of the Blood. 36
Calcium Metabolism...........

................. 37

Phosphorus Metabolism............

38

Nitrogen Metabolism........................

38

Summary and Conclusions................................ 42
Tables. .... ...........................
literature Cited..... .................................. .44

Tables of Results
Page
Table I

Food Intake, Energy Expenditure, Weight Loss,
and Metabolic Rate Change of Human Subjects on
A Diet of Skimmed Milk and Bananas*

52

Table II

Food Intake, Energy Expenditure, Weight Loss arid
Basal Metaboliroi of Human Subjects on A Diet of
Skimmed Milk and Bananas Supplemented with Meat,

33

Table III Urinary Acidity of Human Subjects on A Diet Of
Skimmed Milk and Bananas.

35

Table IV

Urinary. Acidity of Human Subjects on A Diet Of
Skimmed Milk and Bananas Supplemented with Meat.

35

Table V

Hemoglobin Concentration and Erythrocyte Count
in Blood of Human Subjects on A Diet of Skimmed
Milk and Bananas.

36

Table VI

Daily Record of Hemoglobin Concentration of
Human Subjects on A Diet of Skimmed Milk and
Bananas Supplemented with Meat. ,

56

Table VII:Calcium Metabolism of Human Subjects on A Diet
of Skimmed Milk and Bananas.
Table VUIPhosphorus Metabolism of Human Subjects on A
. Diet of Skimmed Milk:and Bananas.
•

37
38
.

Table IX. Nitrogen Metabolism of Human Subjects-on A Diet
of Skimmed Milk and Bananas.

38

Table X

38

Nitrogen Metabolism of Human Subjects on A Diet
of Skimmed Milk and ■Bananas Supplemented with
Meat.

'

METABOLIC STUDIES OF HUMAN SUBJECTS
ON A REDUCING DIET
Introduction

In 1927 a conference of twenty-two of the leading
physicians and dieticians met to discuss the problem of ;
—
i
adult weight, its relation to health, and Its control.
All members agreed In condemning the erase for the extremely
slender figure and the methods which women, especially, have
used to achieve it in the last few years.

The conference

also agreed that a vast number of American women are either
under or over normal weight.
It is not desirable for adults to carry too great a
store of reserve weight, not only from the standpoint of
appearance and comfort, but it is a real menace to health
because of interference with the normal functions of the
heart, liver, kidneys, and lungs.

High blood pressure is

common In cases of overweight and fat persons are known to
have a lower resistance to infections like pneumonia and
to be poor operative risks;

Joslin. has called attention

to the fact that diabetes mellltls occurs much more fre
quently in adults who are twenty per cent or more over2

weight than in those who are less than normal weight.
Life Insurance companies have long recognized that the over
weight man or woman of middle age has a shorter life ex

pectancy than on® of normal or even slightly under weight.
They have come to the conclusion that underweight is more
dangerous before thirty years of age end overweight after
thirty.

While the medical profession may Justly deplore a

fad that demands Idss of weight from everyone, there are many
oases of true obesity where weight reduction would be a benefit
to the state of well being and increase the length of life.
Weight in relation to the height and age has, in the
past, been the most commonly used index for judging the state
of nutrition.

Tables which predict weight have been prepared

by life insurance companies from their recorded measurements
.-3
of the weight and height of many applicants for policies.
In tabulated form, these data offer standards of weight for
height and age which are applicable to the majority of people.
These tables give the average weights up to thirty years and
the optimal or best weight for the average adult after thirty
years.

Insurance experience has shown that people conforming,

during the middle ages of life, most closely to this build,
which is attained at full maturity, have the lowest death
rate.

Other data have been tabulated by Thomas D. Wood

giving average weights for ages up to sixty years.

However,

the average weights actually found In the later years of life
are too high because of the prevalence of overweight among
otherwise normal men and women.
With any standard some allowance must be made for the

physical type of the individual.
oognised:

Three main types are r©r

those with slender framework, or light bones;

those with medium framework; and those with large framework,
or heavy bones*

V/hile no hard-and-fast lines can be drawn,

in a general way it may be stated that the ^Lender or lightboned type may be allowed a reduction of ten per cent from
the above tables and still be healthy and resistant, although
even this type should guard against extreme light weight during
early and middle life.

After middle life even extreme light

weight may .not be incompatible with good health.

The medium

type would do well to keep the weight near the above figures,
or slightly below those for thirty years, in later years.
The large or heavy^boned type may be allowed ten to fifteen
per cent increase over the prediction, but should still regu
late the diet and activities to combat any tendency to increase
in weight above such an allowance.
There is only one real

c q use

for obesity.

If more food

is eaten than the body needs to supply the energy that it
expends in work or exercise, the excess is converted into fat
and stored in the body for future use.

Simply stated, over

eating, combined with under activity, is the real, cause of gain
in weight.

There may be contributing factors, such as dif

ference in physical type.

The fact that build is Inherited

is evidenced in the common observation that thinness and stout
ness run in certain families, but even this gives no cause
for the person of thin build to be emaciated or thestocky

individual to become obese.

There is little evidence that

one person uses his food more completely than another, a
statement frequently used as an excuse by the individual who
will not make an honest effort to lose or gain.

Glandular

abnormalities yay be inherited and, in the ease of the underactivity of the thyroid, adrenal, pituitary, or sex glands#
may tend to corpulence because of a lower rate of metabolism
which accompanies such disorders.

Such instances are quite

rare and account for almost none of the problem cases.

Hore

often, the condition which is laid at the door of inheritance
is merely the continuance of faulty habits of living from one
generation to another, as a close analysis of the likes and
dislikes of grandmother, mother, and child will show.

In .

fact, tho seemingly unexplainable caaes of overweight and
underweight may nearly always be traced to habits of sleep,
exercise and diet.

As age Increases active exercise usually

decreases without a simultaneous decrease in calorie Intake.
The habits in general become sedentary, thus explaining the
tendency for fat accumulation as a person grows older.
From these facts it may b® seen that there is only on®
way to reduce, that is, by lowering the food energy intake
below the energy expenditure, thus forcing the body to make
up the deficit by burning some of its own tissues as food to
furnish the needed energy.

There are, however, more than

one way of securing this result:

first, to reduce the supply

of food energy to a point below the energy needs of the body;
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eseond, to raise fcM energy ®3q3®nMture, keepins th© caloric
Intake constant, by Increasing the activity by work or exercise;
and third, to raise th® energy prediction of the body by taking
of drugs which have a stimulating effect upon, energy metabolism,
such as, extract of thyroid or dl-nitroplwnal*
.

At the present tlm® there are many reducing remedies on

the market which may be classed as fake.

These include rubber

garments, pastes, bath salts, and soaps for external use, and
chewing gums, various tablets and capsules for internal use.
Practically all of these highly advertised products oro entirely
Ineffectual for reducing weight, many of them are harmless but
sold at an exorbitant profit, while a small group contain harm
ful or dangerous substances.

In the directions on the package,

the user is almost always told to cut down on total food Intake,
sweets and fats, and to take regular exercise.

#hen such di

rections are followed, reduction in weight is likely to result
but it Is the directions, and not the remedy, which deserve
the credit.
Practically the only means of reducing sold on the market
which are effective are those which contain thyroid extract
or di-nitrophenol.

Thyroid acts to cause loss of weight by

speeding up the basal metabolism and other body processes so
that an overdose of it may be dangerous.

If taken in suf

ficient quantity it will produce marked reduction in weight,
but is so powerful a substance that it should never be used

except upon the advice and under the supervision of a physician.
Regarding the use of thyroid, Russell M, Wilder says, "Taking
thyroid extract is regarded by many as the quick and easy route
to slimness.

The large majority of weight reducing remedies

contain thyroid and the dangers attending their use are hor
rifying.

My personal experience leads me to the conviction

that thyroid medication is unnecessary for the purpose of weight
reduction and I practically never use it."
It is apparent that there is no quick and easy method ®f
reducing body weight«

A wise combination of increased exercise

and a lowered food intake is the best and most effective means
of producing results.

As increased activity is frequently

accompanied by an increase in appetite, persistence and deter
mination are required to accomplish the desired results.
Without increase in activity, the food restriction must be
greater, but in many cases this requires less will power because
of the effect of exerciseon the appetite.
In planning a dietary schedule for an obese person, the
food intake must be regulated to give the desired rate of
weight reduction.

The amount of food, that is, the number

of calories allowed will vary according to the size, sex, age,
and activity of the person.

Z too rapid loss of weight is

undesirable for several reasons, but adults can safely lose
from one to three pounds a week.

A more rapid loss of fat

under the skin results in wrinkling and in soft, sagging

soboutaneous tissues which detract from the appearance of the
person.

But even more important Is the danger of an incorrect

balance between the carbohydrate and fat oxidized in the body
and resulting acidosis.

Also the food Intake to produce such

a loss would necessarily be so low,that it would be difficult
to include all of the dietary essentials in sufficient amounts.
There have been many reducing diets proposed and followed,
some of which are based on sound principle and others which
have nothing to recommend them.

It does not matter exactly

what form of diet is taken, except that it must be low in
energy value and should be a well balanced diet that will pro
vide the essentials to maintain health.

The extremely one

sided diets often recommended for reducing are not only
monotonous to take, but are liable to cause malnutrition and
ill health because of lack of various nutritive essentials
if persisted in for any length of time.

The argument for

them lies in the fact that it is easier to measure the amount
of food allowed and that some people find it less difficult
to adhere to a diet which allows no choice.

As illustrative

of one of these one-sided diets we may mention the all fruit
diet, the green Vegetable diet, the potato diet, the pineapple
and lamb chop diet, and the raw tomato and hard-boiled egg
diet.

Restriction of the diet to a few foods with the com

plete elimination of others is dangerous when done by a person
who is not familiar with food values and the daily requirements
of the body.

So one food known combines all the elements of
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an adequate diet.

The defecte of on® food must be corrected

by supplementing it with other ^>ods.
Therefore, while the only safe and effective way to re
duce is by diet, such dieting must be properly conducted and
carefully controlled.

It is very important that all the re

quirements of the body be met except the energy, requirement*
Reducing diets as well as normal diets should be adequate in
such dietary essentials as iron, calcium, phosphorous, protein,
vitamins, and roughage*

Bach of these nutrients must be con

sidered from the quantitative standpoint when planning any
optimum dietary regime, and there is even greater need for
care in food selection for this reason when the total food
intake is to be restricted. ..

.

The ordinary mixed diet of the American people was found
5
by Sherman Rose and Rose to be more often doficient in cal
cium than any other mineral element.

Calcium constitutes a

larger proportion of the body weight than does any other of
the “inorganic” elements.

It is unevenly distributed in the

body, more than 99^ of the total amount being in the bones.
The method which permits of the most direct approach to
the question of the amount of calcitmi'and phosphorous needed
in human nutrition is that of the “balance experiment", that
is, measurement of the retention of calcium In the body as
indicated by the balance between the intake and the amount
excreted.

As calcium is excreted both by way of the kidney

9

• «*'

and through the intestinal wall* quantitative analysis of both
feces and urine are necessary.

Thus, it is not possible to

distinguish between unabsorbed calcium and calcium re-excreted
into the intestinal canal.
The exact amount of calcium needed in the daily diet in
order to establish calcium equilibrium is unknown.

6
Benedict’s

fasting man eliminated 0.153 gram calcium oxide in the urine
:
7
on the thirty-first day of his fast. From the work of Bertram,
it appears that a man can be maintained in calcium equilibrium
8
when the diet contains 0.4 gram of calcium oxide. Herxhelaser
:

•

• ;

•

obtained the same result when a man took 0.86 gram of calcium
oxide, Most German authorities state that a man requires about
■• ■
9
1.5 grams of calcium oxide daily, while Homemazm places the
requirement of calcium oxide at 1.7 grams.
10
Sherman and his co-workers Mettler, Sinclair,
Gillett,
11
12
13
Pope, W h e e l e r , Yates,
and Winters,
working over a period
.

,

of years, performed a series of experiments to determine the
requirement of the normal man for calcium.

The results of these

and all other comparable experiments that had been published up
14
to that time were compiled by Sherman in 1920
and calculated
to a uniform basis of 70 kg. of body weight.

The ninety-seven

experiments reported show calcium outputs ranging from .27 to
.82 gram with an average of .45 gram per day.

The experiments

Included about equal numbers of men. and women subjects.
figure ,45 gram per day approximated the minimum.

The

Sherman
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allows"50^ above .45 gram as a fastor of safety, thus bringing
the standard allowance for calcium up to .68 gram per day.
The fact that the American, dietary Is low In calcium in
brought out by the report Tigerstedt
the diet of the Finns.

gives in his study of

The average diet contains between two

and six grams of calcium oxide per day.

In contrast to this,

the ordinary American diet of the average inhabitant of the
10
Eastern States, studied by Sherman, Met tier, and, Sinclair
shows a content from .68 to .99 gram of calcium oxide per day.
A similar difference was shown in.the phosphorous and magnesium

-■

■. . .

oxide contents of the diets.

■is

Tlgerstedt

. points out that this

djifference in the salt intake of the two peoples is due.to the
Tact that the American subjects took an average of only 260 oc.
of milk in their diets daily, whereas the Finnish subjects
averaged 1470 c.c, for men and 915 c.c. for women.
Because of the low intake of milk by the average Meriean
person, investigators have been interested in determining the
'
■2.6
availibity of calcium from other sources. Sherman and Hawley,
studying calcium balances in growing children, found the re
tention of calcium was more variable, but always less favorable
when half of the milk of the diet was replaced by a mixture of
vegetables which provided the same total calcium intake.
ever, Rose,

How-

in calcium balance experiments with healthy

young adult women whose intake was close to the estimated mini
mum for equilibrium, found the calcium of carrots to be as

-il

ia
well utilized as that of milk.

Blatherwlck and Long

confirm

the results of Rose and conclude that the calcium as well as
the phosphorus of vegetables was satisfactorily utilized in
meeting the maintainanc# requirement of healthy young women.
They fed several vegetables— asparagus, cabbage, celery,.let
tuce , spinach, and stumer squash— in the same ration.

More re

cently the calcium of kale was also found to be comparable to
19
that of milk by Flncke and Sherman.
However> the calcium of
spinach was poorly utilized, if at all.

This difference is

attributed largely to the presence of oxalates in spinach which
.

'

.

.

.

render the calcium insoluble and thus interfere with its absorption.

In contradiction to this evidence, McLaughlin

demonstrated the partial utilization, at least, of the calcium
of spinach.

For adults, therefore, it appears that the re-

• •

quirement may be met satisfactorily by the calcium of vegetables
as well as that of milk.

...

The bulk of the experimental evidence for the requirement
of phosphorus, as in the case of calcium, has been produced by
21
' ''
.
Sherman
and his co-workers. After compiling the results of
all the phosphorus balance experiments that had been published,
he found that there were ninety-five comparable experiments
upon twenty-one subjects, of v/hom fourteen were men end seven
were women.

Study of thfcscdata showed a range of .52 to 1,20

gram of phosphorus with an average of .88 gram per 70 kg.' of
body weight per day.

This is an average of the findings as

to the actual requirement, but not the optimum.

When 50^ of
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the average requirement Is added for the margin of safety, the
allowance becomes 1,32 grams per 70 kg. of body weight per day.
Another similarity to the study of calcium Is shown In the
shortage of phosphorus In the American diet,

Sherman states

that only eight out of two hundred twenty-four American families
received the required amount In their dally diet,
■ •• :'
: ':
■: : 16 -■ In the experiments of Sherman and Hawley
it was found
that optimal retention of phosphorus In growing children of three
to thirteen years of age was not obtained until the intake reached
from 1,16 to 1.46 grams of phosphorus per child per day, tbtts
Indicating that the child needs for optimal growth about one
and one half times as much phosphorus as la needed by a full
grown man for maintainance,
V -:
'
'
-18 V::-;;. .
From the work of Blatherwick and Long,
previously cited,
it is concluded that with phosphorus too, the requirement may
be satisfied by the use of vegetables.

Beans, peas, whole grain

cereals and muscle tissue are Important sources of phosphorus.
Although the amount of Iron contained in the body is smalllees than three grams in the entire body— its functions are of
the highest importance.

Iron stands in the closest possible re

lation to the fundamental processes of nutrition.

Because the

greater part of the Iron present in the body at any given time
is believed to exist in the form of hemoglobin: and similarly
actively functioning substances, it follows that the body does

- 13-

not possess any large reserve store of Iron; and that for this
reason If the Intake of Iron falls to equal the output there
must soon result some diminution of hemoglobin which Is allowed
to continue must lead to a greater or less degree of anemia.
Hence studies of the occurrence and absorption of food Iron
and its assimilation in the body have been very largely inter
woven with the consideration of the causes and prevention of
anemia and the mechanism of the hemoglobin and erythrocyte
formation, in the body.

.-

In studying the function of Iron, ElVehjem

In 1926

found that copper acted with Iron to facilitate the process
of hemoglobin formation.

However, the Iron content of food

is doubtless a more important consideration than its copper
content because the environment as a whole, with its acci
dental additions of copper to our food and drink, will almost
always furnish us at least as much copper as we need, unless
the diet is restricted to a few foods, as I s .characteristic
of many of the popular reducing diets.
Comparatively few experiments upon the amount of food
iron required for maintainanc® of equilibrium in man have been
, .
- 25
.
...
.
.■
. made. Lehman
in 1893 found the Iron excreted during a ten
day fast to be 7.3 mg. per day and during a 6 day fast 8 mg.
per day.

Three men observed by Stockman24 while receiving

in the food about .006 gram each day eliminated .0063, .0093,
23
and .0015 grams respectively. Von Wendt
found his require
ments to range from .008 to .016 grams per day.

Prom the results of the experimental work reported It might
be concluded that a dally allowance of 10 mg. of Iron in a
diet otherwise adequate should suffice for the malntalnanee
of equilibrium In the average man tinder normal conditions;

’

but In order to allow for larger metabolism. It has been
thought desirable to set a higher standard of 15 mg. of food
iron per man per day.

It is believed by some workers that

this requirement is unnecessarily high. Observations made by
25 ■
.:
Farrar
indicate that the iron requirement Is hot more than
5 mg per day.

This figure corresponds quite closely with those

reported by Fowler and Barer.

Davidson

reports no correlation

between the incidence of qnemla and iron intake Including diets
affording only 6 mg. dally over long periods of time.

Until

these findings are confirmed and a new allowance agreed upon,
it is considered safer to allow 15 mg. per day per person, ,
With recent improvement of apparatus and methods of analysis
an important view has been added to the study of iron require28
ments and iron containing foods. Sherman, Elvehjem, Hart,
and others have shown that the percentage of iron contained
in a food is not by itself an adequate measure of the value
of that food in meeting the iron requirement of the body.

The

availlbillty and quality of the iron makes it of greater or
less value to the body as" far as blood regeneration is con29
cerned. Sherman, Elvehjem, and Hart, in studying important
iron-containing foods of animal as well as of plant origin,
show an availability of over 60^ in beef and pork liver, beef
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and pork cardiac muscle, and soy beans#

Beef skeletal muscle

had an availability of. 50$, while that of pysters, spinach,
alfnfa, and. blood was 25$ or less.

Several commercial oereal

preparations as well as whole wheat, bats, and yeast, were,
tested and found to produce only slow and Incomplete hemoglobin
regeneration in spite of the. fact that they were fed at. a
sufficiently high level to, insure an adequate total iron Intake,
and with enough copper to make possible the utilisation of the
iron assimilated for hemoglobin synthesis.

A high per cent of

availability of the iron of bananas has been reported by Smith
50 ’
and Otis. Thus in insuring an adequate intake of iron in any
dietary regime, the availability of iron in food stuffs should
be considered as well as the total amount present.
In considering the protein requirement of the human body,
it is a noteworthy fact that proteins’are the essential con
stituents of which the active tissues are composed both in
plants and animals.

Plants build their own proteins from in

organic materials obtained from the soil and air.

Since ani

mals must have proteins for the construction and repair or
maintainance of their tissues, and since, broadly speaking,
they cannot make their own except from the cleavage products
of other proteins, it follows that proteins are necessary in
gredients of the food of all animals.

As a means of approach to the normal protein requirement,
we can advantageously study the data of experiments designed
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to determine how much protein must be consumed in order to
keep the body of the adult in protein or nitrogen equilibrium.
However, the allowance of 118 grams of protein per day for
...
'
31
the average working man given by Voit
was obtained by averag
ing the consumption of many laboring men in northern Italy,
' 32 :
'
Chittenden
based his estimate of the protein requirement
not only upon the nitrogen balances, but also upon the amounts
of nitrogen observed to bo eliminated daily through the kidneys
over long periods in which the body may or may not have been
in complete equilibrium, but in which health and efficiency .
were certainly maintained.

He used professional men, soldiers,

and athletes.as his subjects, all of whom reported no effect
or felt benefited by the change to the low protein diet.

As

a result of balance studies of these subjects he found that
the body was kept In eouilibrium when 44 to 53 mg. protein
were eaten daily by the 70 kg. men.

Hindhede

reports a

study in which an individual ate daily over a period of nearly
300 days a diet containing 38 to 55 grams of protein and
.
34
showed only a slight negative balance. Sherman in 1920
analyzed existing data comprising one hundred nine balance
studies performed on healthy adults in which the diet was
sufficiently well adjusted to the probable requirement and
the nitrogen balance showed sufficient approach to equili
brium to make It appear that the total output of nitrogen
might be taken as an indication of the protein requirement.
These experiments were taken from twenty-five independent
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investigations in which forty-seven Individuals ( thirty-nine
men and eight women) served as subjects.

For purposes of co*^

parison the daily output of total nitrogen in each experiment
was calculated to protein and this to a basis of 70 kg. of
body weight. - Reckoned in this way, the apparent protein re
quirement as indicated by the data of individual experiments
ranged between the extremes of 21 to 65 grams, averaging 44.4
grams of protein per 70 kg. of body weight per day.

Average

results for men and for women were practically identical when
calculated to the same’basis of body weight.

The standard

allowance for protein is'one gram per kg. of body weight
which is considerably more than 50$ above the requirement. .
It has been shown that in fasting experiments, the mount
of stored glycogen and fat in the body exerts a "sparing*
35
influence upon protein metabolism. Lusk, experimenting upon
hinself, showed the susceptibility of the protein metabolism
to the sudden withdrawal of carbohydrate food.

Withdrawal

of carbohydrate increased the nitrogen excretion from 11.44
■
23
'
to 17.18 grams per day. Kayeer compared the efficiency of
carbohydrates and fats as sparers of protein by observing
the effect upon the nitrogen balance of replacing the carbo
hydrate of the food by such an amount of fat as would furnish
the same number of calories, and then, after three days, re
suming the original diet. These and other experiments done
' -' '
35
'
23
.
■;
23
by Rubner, Tallquist, and Atwater show that the amount
of protein catabolized la smaller when the supplies of
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glycogen and fat are more abundant#

The loss of protein which

occurs on a diet insufficient from the energy standpoint may
be diminished or even stopped by adding carbohydrate or fat
to the food.

There is no reason to believe, therefore, that

retention of calorie or food intake lowers the body's require
ment for protein.

It is especially important that when the

fat and carbohydrate content of the diet are lowered as in a
reducing diet that the nitrogen requirement be fully met..
It is well, therefore, for reducing diets as well as

for

normal diets to contain at least the recommended allowance
of 75 grams of protein dally.
In determining the extent to which the energy or calorie
content of a diet planned to induce a definite rate of loss
of weight should be lowered, the energy expenditure of each
individual must be considered.

Difference in the extent of

voluntary activity.is the greatest cause of difference in
energy expenditure of individuals.

That a difference in non

voluntary activity, as is indicated by measurement of the
energy expenditure of the body at complete rest and in the
absence of food, that is, the basal metabolic rate or basal
metabolism in normal individuals, also exists is a well es
tablished fact.
The study of basal metabolism originated with the iii36
vestigations made by Lavoisier in 1877.
The apparatus used
at that time is unknown, but it is thought that the two

1

principles upon which our present apparatus is based were used,
namely, closed circuit type of apparatus, or the Regnault~Rieset
principle, in which the carbon dioxide is absorbed and the
oxygen that is used measured, and the open circuit type, which
36
was first used by Kettinkoffer and Volt. In the latter method,
the carbon dioxide in an aliguot of exhaled air is measured.
The best modern apparatus of the closed circuit type is that of
Benedict.

The Bcnedict-Roth is a simplified model and is suf

ficiently accurate for clinical purposes.
For different adults of the same species th® energy metab
olism as a rule increases with the size, but not to- the same
extent that the body weight Increases; so that the requirement,
though greater in absolute amount, is less per unit of body
weight in the larger individual than in the smaller.

The energy

metabolism increases in proportion to the surface rather than
23
the weight. Thus, Rubner collected data from experiments upon
dogs, all full grown but differing greatly in size, that show
that the heat production in calories per kg. was over twice as
great in the smallest as in the largest dog, but the total
metabolism v/as nearly proportional to the surface area throughout.
Largely as the result of Rubner1s work it became customary
to express energy requirements in terms of surface rather than
weight; but on account of the difficulties involved in actual
measurements of the surface it has usually been computed from
the weight.

Computations were made from a formula developed

*

85-

36
by Meeh

to determine the body surface.

However, from a series

of. measurements of body surface made by Du Bois and Du Bois,
the results were shown to be too high and the formula was aban
doned. ';

, ■/

. - .:

" ■

:••
'
'' :
:
38, .
'
Du Bois, Du Bois and associates working under Lusk devised
ft new method by which the surface may be computed with much ■
greater accuracy.

On applying this method to the recorded ,

energy metabolism of a large number of men they find that all
the data for men under fifty years of age are within 15^ of

.

the average basal heat production of 39.7 calories per hour per
square meter of surface area and that 86£> of all these cases
are within 10>j of the average.
39
experiments done by Bradfield,

On the basis of these and other
83
40
83 Boyd, Brody, Von Noorden,

and others, tables, or formulas, for predicting the basal

metabolism of normal individuals have been evolved by Du Bois
by Harris and Benedict, and bv Dreyer. It is debatable which.
41
should be used. Means and Woodwell found that neither the
Harris-Beriediet or the Dreyer standards are more accurate
than Du Bois, and recommended Du Bois since this set of stan.
-.
42 •■
dards is already in general use. Boothhy and Sandiford in
comparing the Harrls-Benedlet tables are reliable for average
subjects, but owing to their statistical nature are less so
for persons of exceptional age or alee.
The figures for women were calculated from an examination
44
made by Gepbart and Du Bois of the results of studies of the
basal metabolism of women, by Benedict and Emmes"5^ ^

Meonst^

• 81-

These figures show the basal metabolic rate,of women to be
7^ lower than that of men.
;

.
•

.

_
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McLeod and Rose have reported that all of the prediction
standards are too high for women. . As a result of similar
43
evidence produced by Krogh, he suggested that the Du Bois
-'
f
values be reduced 4$. The average basal metabolism of aeven49
teen normal college women studied by Blunt and Dye was 6,5%
below the Du Bois and 4,1% below the Harrie-Benedict standards.
50
Remington and -Culp found the basal metabolic rate of medical
students and nurses to be 10^ below the Aub-Du Bois standards,
51
'
'
Coons reports the average of one hundred one normal Oklahoma
women to be 13.2$ below the Harria-Benedict and the Dreyer
standards.

.

.

Prom the evidence cited it Is apparent that the work
concerning basal metabolism would be of greater value if the
standards were revised and if the same standard were used by
all workers.
The basal metabolic rate may be caused to deviate from
the prediction standards by various factors," such as, an in
crease of internal activities, malntainance of muscular ten
sion or tone, internal secretions of the glands.

The effect

of climate and altitude has not been definitely proven.
52
55
51
Tilt of Florida, McKay in Ohio, and Coon in Oklahoma all
54
show results below standard, whereas McKittriok reports the
-

'

"

- .

.

‘

’

'

average of one hundred women in Wyoming to be very close to

normal.
The average basal metabolic rate for the normal person
can be roughly estimated to average 1200 to 1400 calories per
day for women and 1400 to 1600 calories per day for men.
However, deviations of ten to fifteen per cent from the pre
diction standards have been found In normal individuals of
the same age group.

Differences of similar magnitude are

found in determinations made on the same individual over a
prolonged period.
The basal metabolism of the obese person is the same
as that of the normal person unless the obesity is due to n
disturbance of the endocrine function.

Boothby and Sandlford

reported that 81^ of their cases of obesity were within the
ten per: cent range using the Du Bois standard, while 9^ were
55
49
35
53
above and 10% were below. Du Bois, Blunt, Lusk, McKay,
and others are fairly.well agreed that the basal metabolism
of persons of abnormal build can be compared to those of
average build when compared on a basis of calories per square
meter of body surface.
However, undernutrition is kndwn to profoundly' reduce
metabolism.

In commenting on the reduction in metabolism of
6
his fasting man, Benedict stated that there appeared to be a
specific reduction in metabolism coincidental with under

nutrition.

Events since then have abundantly verified this

statement.

There appears to be a biological adaptation to
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a lowered energy intake preventing the exhaustion of the re35
serve of body fat, Lusk has said, "One cannot trace the
cause of lowered metabolism in undernutrition to a reduction,
of the mass of body protein nor to a reduction in the mass of
body substance itself.

It exists in an Innate protective

mechanism, the nature of which one can only dimly surmise.*
Heedless to say such an adaptation operates within narrow
limits.
35
The work of Lusk,

45
Benedict and Emmas,

35
Zuntz

and others

has proven the ingestion of food causes an Increase in the
rate of metabolism.

This increase is greater in the case of

protein than with any other food-stuff.

Rubner

calls this

action of abundant protein food in raising the rate of energy
metabolism the "specific dynamic action” of protein.

As a

result of these findings large, amounts of protein are often
included in reducing diets in order to increase the energy
expenditure.

However, the protein must be very high to be

effective, and such diets may be difficult to balance m d may
induce intestinal putrefaction and possible kidney disturbances.
56
Strouse and his associates have found that protein has a much
less stimulating effect in the obese than in the normal individ.
- ..
57 .
ual. However, Keeton and MacKenzi® report successful results
in weight reduction with diets furnishing from 90 to 120 grams
of protein daily, with the total food restricted to but thirty
'.
_ .
,
...
to fifty per cent of the basal energy requirement.

There are .other indicationa of an unbalanced diet which
often occur more frequently during weight reducing than when
a normal diet is eaten, epecifiely, on increase in the
tratable acidity and the presence of acetone bodies and acetoacetic acid in the urine.
The present belief is that the body does not destroy
uric acid, but must transport and excrete all that is produced
in the body.

Acid urines often contain microscopic crystals

of uric acid.which dissolve when the urine is alkaline.

Kid-

neynstones” are often concretions of uric acid crystals.

It

would obviously be advisable then, if a restricted dietary
regime is to be followed, to have foods that would not increase
the titratable acidity of the urine.
The normal range of acidity in the urine is from 200 to •
500 c.c. when expressed in terms of c.c. of .111 UnOH per twentyfour hour urine sample.

If the total Is below 250 c.c. per twenty-

four hours alkalinity Is indicated.
a range of from 5.5 to 8.0.

The average pH is 6 with

During fasting the acidity may go

up to 800 c.c. of l.M HaOH per day.
53
Investigations made by Baltherwick

show that foods which

have a preponderance of base forming elements lead to the for
mation of a urine less acid than the normal.

Such foods are

potatoes, oranges, raisins, apples, bananas, etc., and are
very efficient in reducing the acid output.
wheat bread, etc,. Increase urinary acidity.

Rice, whole
It has been
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59
shown by Sheiman and Settler

that If a dietary containing

5000 calories, 300 of which were potato, were given a man,
and then, the potato was replaced by rice containing 300
calories, the result of the change was an Increase of 50^
in the tltratablo acidity of the urine.
Patty acids, because of their tendency to fora acetone
bodies— those Incompletely oxidized carbon residue8~~under
certain conditions, are said to have ketogenlc properties.
Since certain amino acids have also been found to be a po
tential source of four carbon chain residues, proteins may
be likewise ketogenlc.

In the mechanism of oxidation of the
,• ■ --

fatty acids the molecule is desaturated and converted into
phosphotids before oxidation occurs;

The long chains are

then shortened by beta oxidation to at least the four carbon,
chain stage.

Here a different type of oxidation involving

the simultaneous oxidation of glucose is required.

The two

carbon fragments are oxidized to carbon dioxide and water.
If, during this process, there is a shortage of glucose the
residues^ of the fatty acids cannot be oxidized and are ex
creted in the urine.
It has been found repeatedly that in diabetes or star
vation, or on a diet containing too much fat or too little
carbohydrate, the oxidation of aceto-acetic acid is not com
plete; but that more or less aceto-acetic acid may accumulate
in the body and appear in the excretions.

The appearance of
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thic acid or other of the acetone bodies in the urine is re
ferred to as a condition of ketosis or acidosis and is a very
serious indication of disturbed metabolism.

The coma accompany

ing diabetes is caused by these bodies.
While the most important requirement of a diet for the
obese is that it reduce weight and at the same time satisfy
the other requirements of the body, it is also important that
it give a sense of satisfaction or fullness.
met by the use of bulk;

This is not'always

What is called the satiety value of a

diet is said to be furnished largely by foods high in fat con
tent;

The explanation given is that either alone or in com

bination with other foods they stimulate gastric secretion and
prolong gastric digestion.

The consequent slow emptying of

the stomach produces the satisfactory sense of fullness.
Also, a diet should be palatable.

If it is necessary to eat

a limited amount of food, that food should be enjoyable.
Other items that should be considered when a diet for weight
reduction is planned are simplicity, availability, ease of
measuring and preparing the food, and economy,
A diet of skimmed milk and bananas has been suggested
and used in the treatment of obesity.

It was first found to

be an effective method of weight reduction in cases of
diabetes and has since been adopted by many with simple
obesity. In 1934 a member of the medical profession. Dr, 6, A.
60
Harrop of Baltimore, reported a study made using this diet.
He recommended the use of six large bananas and 1000 c.c.
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of skimmed milk to be eaten in three or more meals over a period
of ten to fourteen days.
It is the purpose of this paper to investigate further
the effect of a diet of skimmed milk and bananas on the human
body.

In judging its value and safeness for use as a reducing

diet for human subjects, measurements of the basal metabolic
rate, retention of calcium, phosphorus, and nitrogen, hemoglobin
and erythrocyte content of the blood, titratable acidity and
presence or absence of aceto-acetic acid in the urine, as well
■

-

'

•

■

.

as weight loss and general health observations will be used
as criteria.
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Experlmental Procedure
The subjects for this experiment were eighteen women who
wished to reduce in weight.
to fifty-seven years.

Their ages ranged from nineteen

The degree of overweight also varied

greatly, ranging from five to ten pounds to sixty-five pounds
above the average weight as given,by Wood for persons of their
age and sex.

Although in each case the person was in apparent

good health, there were two subjects (FB and MGS) who took
thyroid tablets during the experimental period.
■The general plan of the experiment was to restrict the
daily food intake of these subjects to the diet of six bananas
and one quart of skimmed milk, as recommended by Earrop, or to
the some diet enriched in protein by the replacement of part
of the bananas with lean beef, for a period of six days.
Measurements were made of the body weight, hemoglobin content
and erythrocyte count of the blood, urinary acidity, acetoacetic acid content of the urine, basal metabolic rate, and
the retention of calcium, phosphorus, and nitrogen, of each
subject during the experimental period.

General health ob

servations were made and such conditions as fatigue, headache,
nausea, constipation, gastric or intestinal distress recorded.
Each subject was given apparatus for the collecting of
excreta and weighing of food.

The food eaten was weighed

and recorded by the different subjects and aliquots brought to
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the laboratory for analysis■
each morning for tests.

They reported, to the laboratory

,

,
*

,

■

'

'

.

"

The women were weighed at approximately the game time each
morning In clothing of the same apparent weight, using a Fair
banks scales.
The usual procedure for basal metabolism, determination
was followed.

The women came to the laboratory In the morning

without breakfast, thus making It twelve to fourteen hour® after
the last meal.

One half to three quarters of an hour was al

lowed for rest before the test was taken.

Ho test was made if

the subject had not had the usual amount of sleep the preceding
night.

Tests of six minute duration were made using a Benedict

Roth Kymograph apparatus, the operation of which is based on
the Regnault-Rieset principle of measuring the oxygen used In
the body by absorbing the carbon dioxide with soda lime.

In

some cases two and three test periods were run in one morning,
but it was found that the results checked more closely if
tests were made on two consecutive mornings.

Measurements of

the basal metabolic rate were therefore made on the two
mornings preceding the experimental period and again on the
fifth and sixth days of the test period.

The lowest rate of

metabolism obtained was considered basal.
Blood samples were taken from the finger tips and hemo
globin measurements were made daily on each subject In the
m6rning.

The hemoglobin_content wee determined eolorimetrieally
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by diluting tb* blood with hydrochlorle acid and con^arlng
the color of the acid hematln with a standard Newcomer plate.
The erythrocyte count of the blood was made at the be
ginning of the period and again at the end, using the im
proved Neubauer Ruled Hemacytometer chambers and a Trenner
diluting pipette.
The urinary acidity was determined on each of the last
four days of the test period by making the twenty-four hour
sample up to a definite volume and titrating an aliquot with
standard NaOH.

Potassium oxalate was used to precipitate

the calcium.
The presence of ace to-acetic acid in the urine was in
dicated by the development of a Bordeaux red color on the
addition of a solution of ferric chloride to the sample.

As

with urinary acidity, the tests were made on each of the last
four days of the experimental period.
For the measurement of calcium, phosphorus, and nitrogen,
the six day period of diet was divided into a two-day foreperiod and a four-day balance period.

The food was weighed

and the excreta collected during the four-day balance period
only.

Carmine was given with the first meal of the third day

to mark the feces, which were collected from the time the
first marker was excreted until the second marker, taken the
evening of the sixth day, appeared.

The feces were preserved
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wlth toluene and hydrochloric acid and an aliquot of the total
amount excreted during the four days used for analysis.
aliquots of the feces were taken without drying.

The

A composite

sample of the four days urine was used in analysing for calcium,
phosphorus, and nitrogen.
The amount of nitrogen in the food, urine, and feces, was
determined by the Keldjahl process in which the organic material
is digested with concentrated sulphuric acid plus mercury and
potassium sulphate, the ammonia then liberated with saturated
MaOH and collected in standard acid.

By titration, the amount

of acid neutralised by the ammonia was determined and the nitro
gen and protein content of the sample then calculated.
For the calcium sad phosphorus analyses the aliquots of
food, urine, and feces were ashed, dissolved in hydrochloric
acid, and made up to volume with water.

Aliquots of these

solutions were then analysed for calcium and phosphorus.
Calcium was determined by the method of McCrudden which con
sists of precipitating the calcium as calcium oxalate and
titrating with standard potassium permanganate in the presence
of sulphuric acid.

Phosphorus was determined colorimetrleally

according to the method of Flake and Subbarrow using aminonaphthol-sulfonic acid as the reducing agent.
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Presentation and Discussion of Experimental Results
Food Intake, Energy Expenditure, Body Weight, and Basal Metabolism,
The record of the food intake, energy expenditure, body
weight, and basal metabolism of the different subjects are
given for those on milk and bananas alone in Table 1 and for .
those receiving meat in Table II.

.

Although one quart of skimmed milk and six bananas were
allowed each day, the actual amount consumed varied with the
different subjects from 666 to 1006 grams of skimmed milk and
from 357 to 706 grams of bananas per day.

Thus the total calories

in the food Intake ranged from 600 to 1037 per day.
The reduced food intake produced no definite change in
the basal metabolic rate of the subjects.

In those cases where

the final per cent of deviation was considerably lower than the
initial, the difference is attributed to a more complete re
laxation of the subject as she became adjusted to the apparatus.
When the tests were given two consecutive mornings before and
after the diet period the initial and final per cent deviations
were within the limits of experimental error.
The women who acted as subjects for the experiment were
either attending school or carrying on a profession and con
tinued their activities during the diet period, with a resulting
total energy expenditure of from 2243 to 3266 calories per day.
This expenditure far exceeded the energy Intake, therefore, a

TABLE I
Food Intake, Energy Expenditure, Weight Loss,
and Metabolic Rate Change of Human Subject®
on a Diet of Skimmed Milk and Bananas
(Six day Period)
Basal Metabolic Rate*

Dally
Energy
Subj.

Devla. fr. Standard

Body Weight

Dally Food Intake

Expend
iture Initial
cal.
Tbs.

Loss
lbs.

Initial
*

Final
%

152

5

-20

—22

169

164

4

-14

-19

3166

211

201

10

808

2680

137

131

6

:

-21

-20

706

1029

2614

161

146

5

!

-81

-21

798

664

952

2243

lE3i

118

5*

-5

-10

RLP

711

540

797

2958

139*

131*

8

-13

-16

ML

841

565

870

2350

142*

138

4*

-19

-19

LA

871

443

761

2 831

141$

134$

7

-14

-20

TH

666

357

600

2420

166

159*

6$

-20

-23

JHC

895

666

987

2426

167*

152*

5

-13

-16

RS

880

435

767

2843

147

142

5

-8

-10

Milk
gr.

Banana
gr.

Total
cal.

DS

963

642

993

2712

157

MEP

1006

673

1037

2542

FB

940

632

974

MCS

809

513

DS

899

EC

Final
lbs.

* Based on standards of Du Bois. Modified by Boothby and
Sandlford.

-6*5

'
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loss of body weight resulted.

The loss of weight induced

varied from four to-ten pounds for the period of six days*
It may be observed that the higher weight losses were coin
cidental with the greater energy expenditure in nearly every
case.

The greatest loss usually occurred on the first and.

second days, which was as much as five pounds in the ease of
FB.

During the third and fourth days the weight curve flatten®

showing smaller losses for some subjects and none at all for
others.

In general, the drop increased during the last two

*

'

;

■

-

■

■

1.

days, but did not equal the rate of loss occurring during
the first part of the period.

Theoretically, the differences

shown between the energy intake and expenditure were not suf
ficiently great to allow for losses In weight as large as the
ones recorded.

This is substantiated by the fact that in every

case, when the subject resumed, her normal diet, eating only an
amount calculated to maintain the body weight, there was an
increase of from one to three pounds.

Large losses of weight

during the first two days were obviously not due to reduction
"

'

. ••

of body fat alone. They must be attributed in a large per cent
'
to reduced contents of the intestinal canal and loss of water
,

from the body.
For four of the subjects whose diet was supplemented with
meat, two bananas were replaced by 200 grams of lean beef.

One

woman ate only 100 grams of meat and three bananas in addition
to the milk, while still another ate 75 grams of meat and one
egg in addition to the usual diet of six bananas and quart of

TABLE IX
Food Intake, Energy Expenditure, Weight Loss
and Basal Metabolism of Human Subjects
on a Diet of Skimmed Milk and Bananas
Supplemented with Meat
(Six day Period)

Sub.j.

Daily
Energy
Expend
iture

Daily Food Intake
Milk
gr.

Banana
gr.

Meat
gr.

Total
cal.

cal.

i

Basal Metabolism
Dev. frm. Standard

Body Weight
Initial
lbs.

Final
Tbs •

Loss
lbs.

Initial Final
*
--- %---

FD

968

577

72

1104

3223

205

198

7

-12

-13

MGS

821

373

185

961

2963

138

132

6

-17

-17

LA

941

365

187

992

2631

143

140

■"3

-16

-15

SM

1105

568

191

1269

2208

146

142

4

-25

-28

DS

808

298

179

873

2670

140#

138£

31

LA

958

224

103

737

2584

lS9t

135

ii__

*

Plus 43 gr. egg.

-9
**2.6

-18
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of akln»i®d milk.

For these persona, the energy intake was

slightly hlgh@p than with the strict diet, as is shorn tm •
Table II, and ranged from 737 to 1269 calories per day.
was little change in the energy expenditure.

There

The weight loss,

as a result, was not quite as great ab before, ranging from
three to seven pounds in comparison to a variation from four
to ten pounds for the first diet . /is with the unsupplemented
diet there was no significant change in the basal metabolic

v ■..■.

rate;-■■■'-■"

'

•
: \

While the satiety value of a food is usually attributable
...

..

-'

!
■
'

-

'

"

t

•-

,

.
'
--. ,

-

.

:

. . . .

-

-
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to its fat content, it is a matter of common observation that
the banana is a Rfilling’’ food even though it contains an al
most negliglble amount o f fat.

In every case the subj eats re

ported that the amount of food given was enough to allow for
a feeling of fullness.

Few foods possess a satiety value for

the average person comparable to that of bananas without con- "
taining relatively high proportions of fat with the resulting
high calorie value.

In addition, the subjects reported no

nausea, and headache only one® or twice.

They all expressed

a feeling of fatigue or weariness, a condition which commonly
accompanies a diet of restricted calorie content,

All but two

of the women reported discomfort caused by gas in the Intestinal
tract.

There were also five eases of constipation.

These

persons took mineral oil to relieve the condition.
The addition of meat to the diet added salt and flavor and

.-3
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did much to relieve the monotony.

The intestinal gas was de

creased and only one person reported a condition of constipation*
Urinary Acidity
From the results in Table III it can to® seen that the
titratatole acidity of the urine Airing the experimental period
was below that resulting from an average mixed diet*

There

was a range of from 0*63 e,c« *1H acid to 266 c.c. *1H base
at the beginning of the balance period or the third day of
the diet, and from 18 c.c. .1* base to 270 c*c* *1H base at
the end of six-days.

Since the normal range for acidity in

the urine is from 200 to 500 c*c. *1H base per day* the sub
jects on the experimental diet were all within the normal
limits or on the alkaline side of normal* Milk and bananas
- :
.
-; ,
...
: , .
i
' 59
both yield an alkaline residue when oxidized in the body*
Thus, these findings are not unexpected.

'

The urinary acidity of those subjects whose diet was
supplemented with meat* recorded in Table IV, ranged from

•, •.

168 c.c. ,1H base to 366 c*e* .111 base,at the begibrming of
the period and from 120 c.c. to 288 c.c. .11 base at the end
of the period.
%

In contrast to milk and bananas, meat yields

acid ash when oxidized in the body which explains the more

acid urine for these‘subjects.

However, they were all well

within the normal limits.
Tests were made daily during the balance period for the

TABLE III

Urinary Acidity of Human Subjecta
on A Diet of Skimmed Milk and Bananas

Subject

C.C. in HaOD Per 24 Hours
Srifl. day 4th day 5th day 6th day

DS

64

103

124

18

;MED

266

61

210

132

FB

240

258

207

670

MGS

243

136

136

120

EG

99

126

109

109

RLD

160

136

109

154

ML

90

53

82

74

1 LA

105

264

100

139

■ TH

37

33

57

49

JHO

120

S3

186

132

RS

it

39

90

84

*

.63CJ3.Ufc acid

Table IV
Urinary Acidity of Biman Subjects
on a Diet of Skimmed Milk and Bananas
;

Supplemented with Meat

c.c. ,1N HaOH per 24 Hours
Sub j .
3rd day

4th day

6th day

6th day

FB

366

366

319

288

MGS

270

198

186

174

SM

192

204

186

144

DS

168

244

224

236

_ LA

216

168

224

120

LA

248

176

156

120
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presence of aoeto-aoetlc acid in the urihe, but in no case,
with the strict diet nor with the supplementary meat, was the
test positive.

Since of the approximate 1000 calories con

sumed per day, 700 were carbohydrate, complete oxidation of
the fat would result and the absence of acetone bodies from
the urine is not surprising.
Hemoglobin Content and Erythrocyte Count of the Blood.
:

The erythrocyte count of the ’subjects eating milk and

bananas, given in Table V, shows no appreciable change in the
count taken at the beginning of the period and that at the
end.

All of the subjects were within the normal limits for

women, ranging from 4, 390,000 to 5,360,000 cells per eu. mm.
of blood.

Six days of the experimental diet apparently were

not sufficient to effect the number of erythrocytes in the
i •

1 - ••:

blood.

:

;

On the other hand, the content of hemoglobin in the blood
of the subjects on the diet of milk and bananas, also given in
Table.V, shows a definite change from the initial reading to
:
t
i
;
'
'
:
........... ;
the final, characterised by,a decrease in every case. The
:
'
'
.
"
.
:
fall in hemoglobin concentration in six days on the milk and
banana regime ranged from 0,82 grams to 2,74 grams per 100 c.e.
of blood.

Bananas contain 0,64 mg. of Iron per 100 grams of

fresh substance and skimmed milk 0.25 mg. of iron per 100 grams.
It is obvious from the results of this experiment that six
bananas and one quart ofi skimmed milk, furnishing approximately

TABLE V
Hemoglobin Concentration and Erythrocyte
Count in Blood of Human Subjects on A Diet
of Skimmed Milk and Bananas
(Six day Period)

Subj.
.....

Approx. Hemoglobin Concentration
Erythrocyte Count
Iron*
■ Intake
Final
Initial
Final Balance Initial
gr. per
No, per
gr. per gr. per No. per
g r.
100 cc. lOOec. cu. mm. ... cu. mm.
100c.c.

:

U i. o o

12.65

; 8.10
•
r
11.38

.0065
!
MGS ' ..0054

12.28

11.00

-1.28

15.89

12.50

-1.39

4.440.000

4.710.000

PC

.0062

14.05

11.29

-12.74

4,440.000

4,450,000

RLD

.0055

12.77

10.56

-2.41

4.640,000

4.450.000

ML

.0058

11.48

‘ 10.44

-1.04

4,450,000

4,370,000

LA

.0052

11.71

10.71

-1.00

5,260,000

5,080,000

TH

.0040

11.71

9.71

-2.00

5,230,000

4,920.000

JHC

.0065

11.82;

11.00

-0.82

5,510,000

4,719,000

as

.0052

11.94

10.52

-1.42

DS

.0056

9.10

MEP " ' :.0070
FB

'

'

-1.25

••• '' "
" -•.. ■ ■ ■

* Determined by calculations using tables prepared by Rose.

TABLE 71
Daily Record of Hemoglobin Concentration of Human Subjects
on a Diet of Skimmed Milk and Bananas
—

Supplemented with Meat

,

Grams Hemoglobin per 100 c.c. Blood
Sub.1.
■

1st day

2nd day

3rd day

4th day

5th day

6th day

MCS

12.63

11.64

10.62

12.05

12.77

12.77

SM

11.10

11.71

11.87 V

12.88

11*59

10.48

9.02

" 8.42

8.57

"

b

M

9.16

9.36

•

LA

9.36

10.52

10.62

9.16
12.91

v

-

10.03

-

' LA

14.03

13.53

FB

15.78

15.91

13.33

13.47
16.23
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6 mg. of iron per day, were not sufficient to allow for normal
-

1

■

hemoglobin formation of the blood.
Table VI shows that when meat was added to the diet the
hemoglobin content did not decrease as .it did with the milk
and banana alone.

The highest drop shown during the period

of six days was 9.16 to 8.42 grams, or 0.74 grams of hemoglobin
per 100 c.c. of blood.

The only other ease that showed any

decrease was one 0.56 grams per 100 c.e* of blood.

The daily

records of hemoglobin content of blood in which there was no

:

decrease, show a variation from day to day equal to these
losses.

Meat contains 2.4 mg. of iron per 100 grams.

By add

ing 200 grams of meat to the diet the total iron intake was an
increase from an approximate 6 mg. to an approximate 11 mg.
per day.
:

It is apparent that normal hemoglobin formation
:

'

\

"

•

:

'

took place when the food contains this amount of iron.
Calcium Metabolism
;

« '

’

'

‘

.

;
"

;

. •

-

’

The figures given in Table VII show the effect of a diet
of skimmed milk and bananas for a period of six days on the
t
- - " ‘ : .•_ •. .•/
calcium metabolism of eight subjects. All but two. women
showed a positive balance which ranged from 14 to 663 mg. of
calcium per day.

The two negative balances were only slightly

below zero, minus 27 and minus 19 mg. per day.

The intake of

calcium ranged from 951 mg. per day to 1260 mg. per day, while
the excretion varied from 410 mg. to 1205 mg. of calcium per
day.

Storage of above 100 mg. per day as shown by three sub-

TABLE

VII

Calcium Metabolism of Human Subjects
on A Diet of Skimmed Milk and Bananas
(Six day Period)

Total
mg .

Average
Daily
Calcium
Retention
mg

15

1182

4-78

946

90

1033

+131

1073

. 268

142

410

+663

57

955

820

118

939

+14

902

48

951

,87

978

-27

LA

1106

39

1146

891
.■
813

42

866

4718

TH

839

32

871

733

45

778

+92

JHC

1136

59

1186

1169

36

1205

-19

Subj .

Are. Daily Calc,, Intake

Are. Daily Calc, Exc.

Milk
mg

Banana
mg

Total
mg

DS

1203

57

1260

1165 '

FB

1128

36

1164

MCS

1027

46

EC

1013

RLD

Feces
mg

Urine
tag

-38-

jects is probably attributable to the inereased milk intake
during the experimental period over the usual daily con
sumption.

It is to be expected that this storage is, there

fore, of a temporary nature and that equilibrium would be
reached on a longer test period.
Phosphorus Metabolism.
Table VIII recording the phosphorus metabolism as
effected by a diet of skimmed milk and bananas for a period
of six days shows a phosphorus Intake which ranged from 749
to 1351 mg. per day and an excretion which ranged from 381
to 936 mg. per day, with a retention of from 29 to 379 mg.
of phosphorus per day.

As with the calcium retention, the

positive balance indicating storage is attributed to the in
creased Intake of milk.

A diet of milk and bananas therefore,

in contrast to the average mixed diet of the American people
contains enough calcium and phosphorus to satisfy the adult
requirement for these minerals and is therefore superior to
it in these respects.
Nitrogen Metabolism.
The effect of the experimental diet upon the nitrogen
metabolism is shown in Table IX.

Although from fourteen to

seventeen per cent of the total calorie# of the diet was de.
'^
.
23
rived from protein and the protein was of good quality, the
total protein intake varied from 3.86 grams to 6.85 grams of
nitrogen per day.

On the other hand, the total amount excreted

TABLE VIII
Phosphorus Metaholism of B m s n Subjects
on A Diet of Skimmed Milk and Bananas.
(Six day Period)

Subj.
i

Ave. Daily Phos
Milk
mg

Banana
mg

Intake
Total
mg

Are, Daily Phos. Exc.
Feces
mg

Urine
mg

Total
mg

Average
Dally
Phosphorus
Retention
mg

J3S

922

199

1121

562

265

827

1294

FB

902

196

1098

660

362

719

4379

EC

756

199

965

677

259

936

+29

RLD

682

167

850

631

174

804

+46

LA

836

180

1016

963

310

381

+637

TH

639

110

749

385

186

571

+178

JHC

859

206

1065

711

187

898

+167

TABLE IX
Nitrogen Metabolism of Human Subjects
on a Diet of Skimmed Milk and Bananas
(Six day Period)

Subj .

% Protein
calories'
in food
intake

DS

14

FB
ECS

'

Ave. Daily Nitr. Intake
Milk
gr.

Banana
gr.

Ave. Daily Nitr Exc.

Total
gr.

Feces
gr.

7.31

—1*54

.92

8.95 •

9.87

-3.02

.49

6.92

7.41

.96

5.77

1.70

16

5.59

1.26

6.85

15

4.69

5.40

17

4.45

EC .

17

5,67

.96

4:*63

ELD

15

3.55

.81

4.36

ML

16

4.54

1.13

5.67

LA

16

4.35

.66

5.01

TH

14

3.30

.53

JHC

16

4.47

ES

16

4.75

7.26

7.26

*
" -2.29

.97

5.20

6.18

•-1.55'

.28

5.38

5.66

6.36

6.36

-1.50
*
-0.69

.31

6.10

6.41

-1.40

3.86

.20

3.75

3.95

-0.09

.99

5.46

.49

6.45

6.94 "

-1.58

■S

DS

Total
gr.

6.74

4.81

.71
!.52

Urine
gr.

Average
Dally
Nitrogen
Retention
gr.

5.62

.23

3.90

4.10

41.52

-

4.97

* As calculated from urinary excretions.

—

__
V

1

Table X
Nitrogen Metabolism of Human Subjects
on A Diet of Skimmed Milk and Bananas
Supplemented with Meat
(Six day Period)

Subj .

Total cal.
from
Protein
*

Daily Nitrogen Intake

Daily Nitrogen Excr.

Retention
~ '''

Milk
gr

Banana
gr

Meat
-^

Total
gr

Feces
gr

7.84

.74

10.26

11.00

-3.16

Urine
gr

Total
gr

gr

PB

17

4.84

s'#

1.16

ECS

29

4.43

.74

6.29

11.46

.22

7.50

7.72

+3.74

SM

34

5.96

1.13

6.49

13.59

.23

6.30

6.53

f7.06

DS

21

4.36

.59

6.01

10.96

,34

6.38

6.72

LA

33

5.08

.73

6.38

12.19

.19

6.02 i 6.21

+5.98

LA

30

5.17

.44

3.52

9.13

.39

5.50

+3.24

...

-a- ,98 gr. from egg.

5.89
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ranged from 3.95 to 9,87 grams per day, which resulted In a
negative nitrogen balance for every subject except one.
Whether or not this loss is of a temporary nature is subject
to question.

A healthy full grown body tends to establish

nitrogen equilibrium by adjusting its rate of protein metabolism
25
within wide limits.
It has been shown that the time required
by the body for this adjustment depends mainly upon- the extent
25
to which the diet Is changed. Van Hoorden’o example of a
young woman who established a nitrogen equilibrium the second
day on a lowered protein intake Illustrates this point.

A

short period of loss of nitrogen from the body, therefore,
may be due simply to taking less than the usual amount, but a
persistent loss indicates that the diet is Insufficient to
enable the usual adjustment to take place.

Harrop reports that

on a diet of skimmed milk and bananas nitrogen balance was at
tained in six cases and only two lost nitrogen which was not
more than two grams per day after the tenth day.

The results

of the present experiment show a loss in nitrogen which varied
from 0.09 grams to 5.02 grams for all but one subject over a
period of six days.

The degree of this loss in nitrogen would

indicate that the diet did not contain protein in sufficient
amounts to satisfy the body1a requirement, for it is of too
high an order to be overcome by adjustment to a lowered intake.
Table X shows the metabolism of nitrogen when the diet
was supplemented with a food rich in protein.

In the eases

where 200 grams of meat replaced two of the bananas, there was

-40-

a positive balance.

The total nitrogen in the food intake

was increased from a range of 3*86 to 6.85 grams per day to
a range"of from 9.13 to 13.59 grams per day.

As a result, .

the retention of nitrogen varied from 3.24 to 7.06 grams per
day.

One subject, FB., showed a loss of nitrogen with a

balance of -3116 grams per day.

However, the food supplement

ing the milk and bananas consisted of only 75 grams of meat
and one egg per day which gave a total nitrogen intake of
7.84 grams per day.

As her body weight was near two hundred

pounds and her normal dally food habits included more meat
than is common for many women, this amount was not sufficient
for equilibrium.
From the results of this experiment it is concluded
that a diet of one quart of skimmed milk and six bananas
for a period of six days is effective both from the stand- point of weight reduction and satisfaction of the appetite.
It does not increase the acidity of the urine nor does It
produce acetone bodies.

Also, the calcium end phosphorus

content are sufficient to allow for maintainance of the
requirement for adults.

However, the diet contains insuf

ficient amounts of protein and iron which results in a loss
of nitrogen and a decrease in the hemoglobin concentration
of the blood.

It is reconanended that supplementary protein ,

be added and the number of bananas decreased to maintain the
total calorie intake at the same level.

If this protein is

added in a form which is also a good source of available

-41-

iron, such as loan meat or liver, the hemoglobin formation can
be increased at the same time.
If weight reduction on a diet of skiimed milk and bananas
is continued over a long period of time, it is recommended
that the vitamin content of the diet be supplemented.

By re

moving the cream from the milk a large per cent of the fat
soluble vitamins are lost and should be replaced in the diet
by addition of a concentrate of these vitamins.

Sine® the vita

min C content of milk is variable and that of bananas limited*
a good source of this vitamin should also be Included.

Vitamins

B. and G., while present in less limited mounts than the others
. .:
."
. - _
._ :- >y
should also be included in the supplementary foods.

Summary and Conclusions
The effect of a reducing diet consisting of approximately
one quart of ojclsaned milk and six bananas on human subjects
over a period of six days has been studied.
The diet produced a weight loss of from four to ten pounds.
It was found to be "filling", but produced Intestinal gas and
some constipation.
The urinary acidity was either normal or on the alkaline
side of normal.

'

.

Tests for the presence of aceto-aoetlc acid In the urine
were negative*
All subjects showed a decrease In the kemoglobln concen
tration of the blood ranging from 0.82 to 2.74 grams per 100 c.c.
of blood during the six day period.

There was no change in

the erythrocyte count of the blood.
Determinations of the metabolic rate showed no definite
change from the beginning of the period and the end.
Calcium balance experiments showed a retention approximat
ing zero or a slight storage.

There was a positive phosphorus

balance in all subjects, ranging from 29 to 379 mg. per day.
The storage In both cases is attributed to an increase In the
ordinary or customary consumption of milk. .

►45-.,

nitrogen balance experiments showed a loss of nitrogen
ranging from 0.09 grains to 5.02 grams per day in all but one
subject.
When 200 grams of lean beef replaced two of the six bananas
there was no loss of nitrogen and the hemoglobin concentration
remained the same.

The addition of meat also relieved the

monotony of the diet.

Less gas and fewer cases of constipation ’

were reported than when the unsupplemented diet was consumed.
It is concluded, therefore, that a diet .consisting of one
quart of skimmed milk and six bananas is effective from the
standpoint of weight reduction and satisfaction of appetite
and is adequate in its content of calcium and phosphorus; but
that it causes a loss of nitrogen and a decrease in the hemo
globin concentration of the blood.
It Is recommended that the diet of skimmed milk and bananas
be supplemented with lean meat in order to prevent a loss of
nitrogen and a fall in hemoglobin concentration.
the vitamins should also be added.

Sources of
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