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I  INTRODUCTION

The science of nutrition as we now understand owes
its foundation to the Lavolsier's epoch making discovery
on combustion in living beings. The fundamental purpose for
which people eat food is to use it as fuel to keep thelr
bodies going. The body needs energy to work, It must work
to live (Pyke,1973).

The determination of the energy requirements for the
popul ation group is important in the fleld of nutrition
sclence, Since energy expenditure for basal metabolism forms
a considerable proportion of total daily calorie expenditure,
it deserves speclal consideration. The results of determination
of basal calorie requirements can be taken as 8 guide for a
rational basis of recommendation of dletary calorie
allowances of the population groups (De and Nagchauwdhuri, 1976).
Several other research workers in different parts of this
country, at different times, attempted to compute the calorie
requirements in various population groups by measuring the
basal metabolic rate (BM) (Banerjee ot al,1963; Banerjee &
Bhattacharyan, 1964, 1967 and Devadas ¢t al,1975).

The energy needed by the body when it is at complete
rest 1s known as the basal energy requirement or energy at
rest (Apfebaun, 1971; Fulton,1972; Robinson,1972; Deguzman et al,
19733 Swaminathan, 1974; Varley,1973; Antia, 197% and Pyke, 1975).
Basal metabolism is the term used to describe biochemical



changes which takes place while the individual is lying
down still, relaxed and warm. The rate at which energy is
used up while the body is in this condition is defined as
the basal metabolic rate (BMR).

Malhotrs et al(1972) and Bogert et al (1973) put
forth that the basal energy needs are generally constant for
an individual but vary slightly at different times.

Many factors influence the internal work of the body
even when at rest, Body composition, shapre and size, age,
sex and growth, specific dynamic action, physiological state,

environmental temperature, food intake and degree of muscle
tension are a few examples (Dagley and Nicholson, 1970;

Pike and Brown, 1970 and Haleman, 1972),

Alolestence has been pointed out by many as a cause
for nutritional concern { Thomas & David, 1973). The health
related problem of adolescents have been so late in
attracting attention (Werld Health, 1976). The nutrient
requirements of adolescents are greater particularly during
the perlod of accelerated growth that precedes puberty
because of the increased energy expenditure (Reddy, 1976),
Energy eonsumption of adolescents appear to vary widely,
Banerjee gt al (1963) reported that calorie consumption pex
day by 12 girl students aged 1B to 22 years was poor
(1,438 K.cals). Devadas ot a] (1976) also reported inadequate
intake of energy by present day college women.



We must ask ourselves how the young people of today
and tomoxrrow are to be assured of a sound and healthy life,
When all is sald and done we should not forget that
adolescents who in many parts of the world constitute a
majority of the population today - represent the adult
soclety of tomorrow (World Health, 1976).

The present investigation is an attempt to measure
the BMR of adolescent girls and young adult women residing
in school and college hoastels, Singce the determination of
basal energy requirement is a gulde for recommendation of
total energy requirement and also since not much data ove
available regarding the BMR in different years in adolescence
and adulthood, this study was geared towards the same.



11 REVIEW OF LITERATURE

The literature pertaining to this study is given
under the following headingss

A, Higtorical review on energy metabolism

B. Need for energy

C, Energy at rest

D. Factors affecting basal metabolism

E. . Energy expenditure at various activities

F. Relation between energy metabolism and food intake

A. Historical review on enerqy metabolism:

Lavolsier (1743¢1794) was the first te disgcover the
importance of oxygen gas and to enuclate the principles of
combustion both outside and withCin the body (Wilson et 3l,1965).

Von Lie big's studies published in 1842 showed that it was not
garbon and hydroegea which burned in the body but carbohydrates,

fats and proteins (Beaton and Me Henry, 1964),

Reynault and Relset in 1849 definitely showed that
the value of the respiratory quitient depends on the nature of
the foods being oxidized and not on the specles &6f animal,
They planned to construct a human respiration chamber but did
not succeed (Davidson et al, 1973).

Boussigault (1902-1887) originated experimentation in
balance studles. Pettenkofer (1818-1901) constructed the first
respiration chamber in which a man could work, eat, or sleep



without discomfort., He and Voit performed many experiments
and contributed much to establish the fundamentals of
energy metabolism in Munich (Swaminathan, 1974).

Atwater (1944.1907) a pupil of Velt constructed the
first human respiration calorimeter at Middle town,
Connecticut (Beaten and Mc Henry, 1964). Rubner in Berlin,
and Johnson in Sweden (1880) extended the work of the Munich
school and lald many of the foundations of modern nutrtional
science (Davidson et al, 1973).

Rubner (1902) describaed the specific dynamic effect of
food, Lusk, after Rubner studied the metabolism of the
foodstuffs and on the specifi¢ dynamic effect of foods in
UeSeA, (Pike and Brown, 1970),

The names of Voit and Rubner symbolize the ocutstanding
progress during the last half of the nineteenth gentury in
the fleld of nutrition and energy metabolism in particular
(Beaton and M Henry, 1964),

In the early part of the present century, Benedict carried
out many studies on the energy metabolism in man and in
various specles of animals at the Nutrition Laboratory of
the Carnegie Institute of Wagshington at Boston, Massachusetts
(Beston and McHenry, 1964 ).

The Douglas bag was introduced by Douglas in 1911,
It 1s an instrument in which all the air explred by a subject



could be collected and kept for subsequent analysis and

for the measurement of volume, This bag is cumbersome for
experiments in the field and a new, light, portadble
respirometer«a gas meter with a byepass to take samples,
something like the original calorimeter of Voitewas developed
in Germany (Davidson et al, 1973), It has been used in a
number of experiment studies on energy expenditure, e.g.,

that on miners and clerks in Fife. A different type of
ingtrument, known as the Integrating Metor Pnounotnwehgqrnph
(IMP) has been developed in the Division of Human Physiology of
the National Institute for Medical Research, London by Wolff
for use over long periods. Its introduction had made possible
the systemic measurement of the energy used in a variety of
normal occupations as diverse as housework and coalmining.

It is more expensive and not so relisble under field
conditions (Hutchison, 1969 and Davidson gt al, 1973),

Among the prominent contributors to the many aspects of
energy metabolism during the past few decades are Sherman,
Mitchell, Forbes, Medel, Kriss, Mc Collum and Mayard
(Beaton and McHenry, 1964 ),

B. Need for enerqys

Energy is defined as the power to do work., Energy is
continuously available in the body., Potential energy transfered
to other forms accomplish the work of the body; for example,
mechanical energy for muscle contré}lon: osmotic snergy to
maintain the transport of fluids and nutrients, electrical



energy for the transmission of nerve impulses; chemical
enexgy as iR the synthesis of new compunds; and thermal
energy for heat regulation (Robinson, 1972 and Mathew, 1973).

In the body much energy is stored in the form of
chemical energy. This stored chemical energy is locked up
in the tissues of the body during its period of growth
(Bulletin, 1973) and comes from the oxidation of body tissues
(Oser, 1971)¢ This proicess of biologlcal *combustion' forms
part of the enormously complicated series of changes which
together comprige metabolism by which tissues grow and
repair themselves and aleo supplies energy for all work dene
by the body (Wilson et al, 196%; Aman, 1969 and Pyke,1975).

The internal work of the body never stops. The body
needs materlials and energy for repairing wear and tear of
its tissues, for the continuous up keep of the other vital
internal asctivities (Bogert et al, 1973) and for the heat
necessary to maintain body temperature (Brooke and Green,
1973 and Rutigshauser and Ingrid, 1973).

The immedlate source of energy for muscle contraction
is generally held to be the splitting of Adenosine Triphosphate
(ATP) which in turn can be quickly resynthesised by the
breakdown of Creatine Triphosphate (cp) (Park,1970; Dagley and
Nicholsen, 19703 Leroy, 19713 Howard and Bengt, 1972 and
Intengan, 1973), ATP is an energy rich compund, During

exercise, the turnover of these compunds in the muscle cell 1is



increased markedly. Energy in the form of ATP is obtained
from the oxidation of the carbohydrates, fats and proteins
of the diet,

C+ Enerqy at rests

The heat production under resting, fasting conditions
(BMR) is a measure of the rate at which body dubstance is
oxidized in order to support the continued maintenance of
life. (FAOQ/WHO,1973). Durnin and Passmore (1967) reported
that much of the energy is utilized by the body in the basal
or in the resting metabollism,

Studies on the BMR of Indians have been carried out
by Banerjee (1962) in different parts of India, His values
have been found to be lower by 7 to 2% per gent when compared
to the western standards. Banerjee et al (1963) reported the
BMR qf normal healthy girl students of Raj)esthan, of ages
varying between 9 and 120 years, He found, there was a low
BMR in these girls when compared to the Maye foundation,
BMR expressed in terms of unit body surface area of the
Indians was lower than the western standards, Patwardhan (1960)
viewed BMR of Indians, as only ‘apparent' and ‘not realt,
However the BMR ef'Indhq: works out to be the same as that of
the westerners, if the body Gell mass or lesrbody mass is
taken sas the blometric unit of expressien.



D. torg affecting ba olignm:

1. Physiological Factors:
8, Age and Sexi

Rabinson (1972) says that the basal metabolic rate
of human subjects varies greatly with age and sex.

wilson gt al (1965) says periods of rapid growth are
assoclated with an incresse in the basal metabolism, The
period of most rapid growth in childhood is in infancy, At
the end of the gsecond year of life or in the early part of
the third, the basal metabolic rate per square metre of body
surface {s the highest in the lifetime of an individual,
Best and Taylor (1969) stated the heat production per square
metre of body surface diminishes progressively from infancy
to oldd age, being about 50 ecals, per square metre per hour at
the age of ten to tweleve and about 32 cal..at 90 years.
The metabolism of the new bora Lis much lower than that of
infants,a few weeks older premature infants have a lower rate
than those born at full term. Hutchison (1969) determined,
the basal metabolism of infants, children and adolescents which
showed a very different plcture. It starts at about 30 galories
per metre and rapidly rises till at 6 years it reaches a peak
of 60 calories per square metre-a rate 50 per cent greater
than that of the adult. Thenece forth it falls fairly rapidly
at first and then more slowly till it reaches fhe adult figure
of 40,
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The BMR showed a progressive decline from 7 to 18
years, At all ages BMR of girls was lower than that of boys
by 5«8 per cent (ICMR-Annual report, 1972), The basal
metabolic rate was determined by De and Nagehaudhuri (1976) in
boys and girls belonging to the age group of T7-18 years.

The period of puberty was found to be between 10-1% years in
girls. The growth rate (height and weight) during this

period in girls are found to be less than that observed in the
preceding as well as succeeding years of adolescence, According
to Du Bois, there is a sound peak at or about the age of
puberty, When, some where in middle or advancing age, the
eoffect of diminishing muscular. activity id added to that of
the slow decline in basal metabolism, the result is
significant decrease in the number of food calories needed

per day. (Sherman, 1958),

Sex and age influence basal metabolism. It is lower
in the adult female, namely 37 calories per square metre per
hour or 1350 calorles for a women of 1.5 square metres of skin
area, though it makes no difference whether the lean body
belongs to a man or a women, since women generally have more
body fat than men (Krause, and Hunscher, 1972), De and
Nagachaudhuri (1976) reported that BM progressively decreased
with the increase in age in both the sexes.

Once a person has reached adult age the figure remains
very nearly constant, It does, however, fall gradually, till
in old age it has decreased by 10 per cent. This is true of both
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women and men and it presumably reflects that strophy of
muscle with ﬁdvancing age (Durnin and Passmore, 1967),.
Gopalan and Narasinga Rao (1971); Beck (1972) and Davindson
ot al (1973) point out that the expenditure of energy per
unit of body weight decreases slowly after the early twenties
in the basal metaboliec state and in the resting condition,

Antia (1975) reported with increasing age there is:
(1) a decline in physical activity and less strenuous employment;
(i1) decrease in the basal metabolic rate. It is therefore
recommended that beyond 2% years there should be decrease in
calories by 3 per cent per decade up to 45 years and 7.5 percent
there after upto 65 years.

b. Body Surface Areas

Heat is continously lost through the skin by radlation,
Since the heat loss is proportional to the skin surface,
the basal heat production ig directly proportional to the
surface area, (Shanmugam, 1972). A tall, thin person has a
greater surface area than an individual of the same weight who
is shert and fat, and the former therefore will have a higher
basal metabolism (Robinson, 1972).

Rubner is responsible for the concept that bassl
metabolism is directly proportional to body surface (Crampten
and Ljoyd, 1939). Matheson (1973) has pointed out
differences 1in metablic body size must be taken into account
in relating the energy. Malhotra gt al (1972) feported that
there is a linear relationship between energy expenditure and

body weight. Cramption and Lloyd(19%9) say heat produced by small
animals is greater than that produced
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by larger animals, william (1973) says, smaller persons of
each sex tend to hawve a higher rate of metabolism per unit

of surface area than larger persons,

C. Body gize and lean body masss

As Matheson (1975) has pointed out differences in
metabolic body size must be taken into asccount in relating
the energy requirements of 100 gram rats to those of 10 kilogram
children., Pyke (1975) says, that basal metabolism is related
to lean body mass, Wilson et al (1965) opines that the basal
metabolism of individuals of the same helight and age or people
of the same welght and age may differ or be influneced by the
variation in the body form of the individuals. The kinds of
tissue that make up the body have a direct influence on the
basal metabolism,

Ljunggren et al (1961) and Bogert ot gl (1973) say that
in the adult skeletal muscle is the largest component of the
non=bone lean mass and muscle has a relatively low resting
rate of metabolism, The brain, a very active tissue, increases
little in weight from infaney to adulthood. For purposes of
nutritional planning, it is sufficient to remember that the
basal energy requirement is greater in persons of large size
then in smaller persons of the same age and sex. Dagley and
Nicholeon (1970), Gopalsn and Narisingarao (1971), Apfebaun gtal
(1971) and WHO (1973) explain that women have a larger proportion
of fat in their bodies and hence their BMR is lowew than men.
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d, Pregnancy and Lactationg

Studles by Sunderman and Boener (19950) and Thompson and
Billewicz (1957) show that pregnancy and lactation involve
considerable increase of metabolically active tissues along
with other changes of the maternal system, The growth of the
fotus and placents, the enlargement and hypertrophy of the
organs of reproduction and lactation, the increase in the
volume of eirculating blood and body fluids are important
physiological changes during the period of gestation, whereas
the milk secreting organ becomes hyperactive during the perloed
of lactation,

The rapid increase in lean tissue mass of the developing
fetus was the chief cause for gain in weight during the third
trimester of pregnancy (Gruenwald, 1966 and Holliday,1971).
BMR increased 5 to 6 per cent during the third trimester
(Dakshayani and Ramamurthy, 1964). This rise in the BMR,
probably is explained by the rapid physiological changes
o¢ccuring in both maternal and fetal tissue (Fee and Well, 1963;
Parlow, 19663 Toassin gt al, 1967, Kaplan and Goumbach, 19673
Berg, 1967 and Rice and Ponthelir, 1968).

Basal energy expenditure of women has been repoxted
to increase by 13 to 37 per cent during pregnancy. The data on
pregnant adolescents given dy Seitchik (1967) and adult women
by Juen et al (1970) indicate that while basal energy expenditure
increases per unit time, the rate per unit body weight is
unchanged. It was found that the activity paterns of pregnant-
teen age women studied by Blacizburn and Calloway fin 1974 to be
sdhilar to those reported earlier by Huenemann gt al{1967) for



for nonepregnant girls in Celifornia,

ford
Banerjee found (1971) basal rate to be 27 per cent

higher but body weight only 13 per cent higher in pregnant
than in non-pregnant woman. As the composition of tissue
deposited through“out pregnancy is not constant (Hytten and
Leitch, 1971), differences between studies may reflact the
stage of gestation when measurements were made or differences
in fat end fluid accumulation. Banerjee (1971) determined
the oxygen censumptlodf;cnaln-dfsignificantly higher even
after delivery,

William (1973) says that the BM rises during the
lactation period, because milk production utilizes energy.
For a women produecing 500 to 600 calories in milk, the
provision of about 600 calories as available dietary energy
should be adequate (Thomson gt 8l,1970)«

e._Chemical subgtances:

Best and Taylor (1969) reported that caffelne, adrenaline,
thyroid extract or thyroxine, benedrine, and dinitrophenocl
ralse the basal metabolic rate. Smoking a cigarette, especlally
if the smoke i3 inhaled, increases the metabolism of most
subjects, the average increase being around 9 per cent,

£, Climatey

Pyke (1973) found that bassl metabolism is increased in
cold climates, resulting in increased heat production which
helps to maintain body temperature. Nakamura gt al (1969) detere
mined that therc was a characteristic lowering of basal
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metabolie rate in the severe cold season and a rise in the
spring. The basal metabolie rate of the physisal workers
might be influenced by the grade of their performance.

It seems possible, then that heavy phyeical work changes the
pattern of seasonal variation in basal metabolic rate. Masen
and Jacad (1972) reported there was no significant fall in
the BMR between troplcal and temperate climates.

2, Pathological factorss

Guyton (1966), Pike and Brown (1970) Oser (1971),
wright (1971) and Varley (1973), discussed some of the
pathological facters which affesct the basal metabolic rate.
In that, the conditions which increase the basal metabolice
rate are,

l. Hyperthyrodidism

2, Other endocrine disorders

3, Pregnancy

4, Fever

%, Hypertension

6. Myocardial insufficlensy and

7. Diabetes insipidus

The conditions which decrease the basal metabolic rate are,

1. Mypothyroidism

2. Endocrine Disorders
3. Nephrotic syndrome
4. Shoek

9. Malnutrition ond
6., Sleep.



E. Ener nditur t vario activiti

Beaton and MeMenry (1964) pointed that an individual's
energy expenditure for a specific physical activity or period
of work involves three factors; the energy cost of the
activity; the time spent in pursuit of the activity; and
the body size of the individual,

Gopalan (1970), Holmer (1972) and Howard and Bengt
(1972) have shown that the energy cost of a physical activity
ts related to three factors; the amount of work done, the
intensity of the work performed and the body size of the
individual., Different kinds of activity require different

amounts of energy.

work in India on energy expenditure in different
activities has been reviewed by Wwhedon (1959) and Banerjee
et al (1959, 1970 and 1972), Durnin and Passmore (1967) measured
the energy cost of different activities for Indians and found
them different from those reported for western subjects,
Deguzman gt al (1973) and Joseph gt al (1973) point out that
total energy expenditure are determined by internal and external
work of the body. Konishi (196%), Bradifield (1971), Villegas
at al (1971), Montoye (1971) and Astrand et al (1973) explain
that when external work 1s performed, energy expenditure is
equivalent to the heat produced plus the work done, Study on
energy intake and expenditure of selected manual labourers
engaged in building work was conducted by Devadas gt al (1975).
They found that occupational activities like carrying a bowl
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of stones consumed maximum energy per minute. Among non
occupational activities walking caused the maximum energy
expenditure per minute.

De Guzman gt gl (1974) studied the energy expenditure
for basic activities (sitting, standing and walking) of the
farmers, the shoemakers and the Jeepney drivers, The results
showed that the three groups have indentical mean expenditure
during eitting and standing. However, for walking,tho me an
energy expenditure of the Jeepney drivers which was 0,056 kg/
ming was found to be very much lower in comparison with the
mean energy expenditure of the shoemakers and the farmers
which was 0,071 and 0,072 k cal/kg/min; respectively,
Dhesi gt gl (1975) conducted experiments on energy expenditure
while sweeping with different types of brooms held in
different postures. They found that the energy expenditure
was higher in the standing-cum-bending posture and it was
lowest in the standing posture, Out of the three types of
brooms, the energy expenditure was the lowest while sweeping
with a brush, followed by the grass broom and bambooe-stick

broom,

Devadas et al (1977) studied the energy expenditure of
adolescent girls doing the Home Science Course, They found
that during the foods practical, activities like grinding
involved the maximum energy. Outside the class, activities like
ascending stairs involved maximum energy expenditure.
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Determination of the basal metabolic rate requires
that the subject be in the post absorptive state, that is,
without food for at least 12 hours prior to the test., The
reason for without holding food is that following ingestion
of food, heat production increases above the resting state.
This effect was first recognized by Rubner in 1902 and was
called the Speeific Dynamic effect of Food (SDA)(Pike and
Brown, 1970)¢

Food has an important effedt on energy expenditure
in that when taken by an individual at rest, there is an
increase in the production of energy (Joint FAO/WHO committee,
1973 and Mathews and Wells, 1973). Pyke (1975) stated that
the food has the effect of stimulating the metabolic rate,
while it 1s being metaboliged, thus causing increased utilisation

of calories.

Miller and Mumford (1967) and Miller et al(1967) have
suggested that enhanced dietary thermogenesls following
ingestion of food was the regulatory mechanism for increased
heat loss during perlod of over eating. In their studlies,
Miller and his collaborators have used both experimental
animals and human subjects. A study by Bray gt al(1974) reveal:
that the thermic effect of food on the resting metabolism of
normal young men was 10 per cent of thelr resting (not basal)
metabolism witﬁzbut food.
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In shhiler studies on humans Miller ¢t al (1967)
demonstrated that normal subjects on a low protein diet
could ingest large numhers of calories sbove their basal
diet without gaining the predicted amount of welght.
when diets were high in protein, howsver, the weight gained
was much closer to that expected from the number of extra
calories ingested., In an attempt to explain the difference
between a high and low protein diet, Miller gt al (1967)
have proposed that calories are wasted during activity in
the post prandial state,

Anderson (1972) points out that not all kinds of food
are oxidized with an equal effect on metabolism, Protein
stimul ates, 30 that greater amount of heat is produced in
its metabolism than in that of sdimllar quantitlies of fats
and carbohydrates. High protein diet containing 40 percent
of protein showed the largest SDA (Bourne, 1959)e



I1X EXPERIMENTAL PROCEDURE

The present study was designed to measure the BMR of
adolescent girls (13 to 16 years) and young adult women
(19 to 22 years).

The experimental procedure for the study included the
following steps:

A, Selection of the subjects
B, Determination of BM of the selected subjects

C. Mesasuring the skinfold thickness of the selected
subjects

D. Analysis of creatinine in urine of the selected
subjects :

E. Recording of the food intake of the selected subjects

and F, Calculation of the energy and protein intake of
the selected subjects

A, Selection of th tss

AMolescent girls and young adult women residing in
high school and college hostel were selected for the study,
Ten age groups=13 years to 22 years were considered. Six
subjects were chosen for each age group. On a total 60
subjects were chosen, after ensuring that the subjects wers
free from any clinical symptoms and respiratory troubles.

B. Determination of BMR of the gelected subjectsy

The BMR was determined for three consecutive days by
the closed circuit method using Benediest Roth apparatus
adopting the procedure of Oser (1971). This method which was
seleacted as ‘'Indirect calorimetry® 1s simple and relatively

imexpensive in operation (Shanmugam, 19723 Prabavathy, 1974
and Varley, 1975),
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To ensure success, the procedure and discipline
involved was explained to the subjects. The height- of the
subjects was taken (using a stadiometer) nearest to 0.1
centimeter: at the beginning of the determination of basal
metabolic rate., Weight was taken using the Avery welghing
balance nearest to 0.5 kg, The subject was tested before
breakfast after a 12 hour fast, The subject was made to
rest for half an hour before actually conducting the
experiment. To begin with, the subject's mouth temperature
and pulse rate wer~ observed, The apparatus was tested
for leaks and the gpirometer was filled with oxygen. The
mouth piece and nose ¢clip were applied and kymograph was
started, The temperature of the spirometer and barometric
pressure were recorded., The experiment was conducted for six
minutes. The body surface area was determined using the
nomogram for Indian females given by Banerjee (1962).

C. Measuring the skinfold thickness of the selected subiectel
Body fat is one of the important factor which affects
basal metabolic rate (Jelliffe,1966). Skinfold thickness is a
rellable index of total body fat (Speckman gt al, 1967).
Harpenden caliper was used to measure the triceps skinfold,
A pinch at the skin,clear from the subcutaneous muscul ature
was made at a spot chosen for mid arm circumference parallel
to the axis and held betwesen the thumb and fore fingures of
left hand, This is the most practical measurement (Jelliffe,
1966). The caliper was applied below the site of the pinch
releasing the handle of calipers to permit full presgure,
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The reading was noted to the nearest point of 0,1 millimetre .,

D. Analvsia of Creatnine in urine of the selacted subisctas
Excretion of urinary creatinine is determined

principally by lean body mass and since basal oxygen ¢onsumption

is rélated to active muscle (Arroyave 4963), the creatinine

excretion was determined for the stidy,

Urinary creatinine was anslysed by Folin's method
(Oser, 1963). The procedure followed is given in Appendix {I).

E. Bacoxding of the food intake of the selected subiectss

The intake of food by the selected subjects were
weighed and noted for those three consective days, when the
subjecte’ Dasal metabolic rate wae determined, The subjects
were allowed to eat at ad[ibitum and their food intakes were
recorded.
F. Calculation of the enexqv and protedn intake of the selected

subjects?
Energy and protein intake of the subjects were calcul ated

from raw equivalents using the food composition table of
Gopalan et al (1978).



IV RESULTS AND DISCUSSION

The results of the study are discussed under the
following headings:

A, Mean surface area of the selected subjects

B, Mean energy expenditure by the selected subjoetc
in the basal condition

Ce Mean skinfold thickness and urinary creatinine levels
of the selested subjects

D. Mean dally food intake of the selected subjects
and B, Mean daily energy and protein !.ntake of the selected

subjects
A. Mean surface arga of the selected subjectss

The surfase area of the selected subjects (60) was
determined knowing their heights and weights, The nomogram
for Indian females set by Banerjee (1962) was used for calculating
the surface area. Nomograms based on the femal set by Banerjee
and g¢o-workers should be used fox finding out the body surface
area (BSA) of children, adult males and adult females
(Banerjee, 1962), The mean surxface ares obtained for adolescents
(13«18 years) and young adults (19«20 years) is given in
Table, I,

“wn



TABLE I
MEAN SURFACE AREA OF THE SELECTED SUBJECTS

Age T T T T Thetoht T T Welght | surface Area
(years) (cm) (kg) (m2)

“Q'--._..‘Q‘.O*‘-.‘Q---.----Q.-

Xdalescent qirls

13 153,642,234 39,6744,81 1.48+0,10%
7] 192,542,580 40,50%1,32 1449+0,566
15 155,841,817 42,3331.47 1,5340,176
16 161,345,476 46,0 16.58 1,63+0,04%
17 154,645,476 45.83+2,4% 1,570,134
18 160,445,291 47,83+3.77 1.48+0,276
Mean 156,443,812 43,69+3,3% 145140,217
Young adult women

19 149,0545,476  34,92+1,37 1,45+0

20 148 .98+0 38.33+449% 1,420,123
21 150,2845,163  39.83+1.87 1.60+0,089
22 160,01+4,198  44,50+4,.81 1,340,276
Mean 192,08+3,709  39,39+3.2% 1.45+0, 122

- O B GG et H G NGB P DSBS DE e G w W

Comparison between adolescent girls and

young adult women for surface area (m

2)

s t = 0,2028

The table indicates that the mean surface area of

adolescents aged 13-18 years ranged from 1,48 - 1,63 square

metres, the mean being 1.91+0.217,

The mean surface areca of



adolsgent girls aged 17 years ls 1.5740,134, Devadas gt 3l
1977) studied the surface area of adolescent college girls
aged 17 years and they found the surface area to range from
1,42 to 1,60 square metres, The mean surface area of
adolescent girls ages 18 years (in the present study) was
1,4830,105, Devadas et al (1975) found the surface area of
girls aged 18 years engaged in building work to range from
1,40 to 1.78 squeare metres.

The mean surface area of 'the young adult college

women (19,22 years) ranged from 1,34+0.276 to 1.60+0,089

the mean being 1,45 +0.122 square metres. Mason et al (1963)
obtained similar values (1,426 square metres) when they
meagured the BMR of young women in Bombay. Banerjee (1962)
found the surface area of young adult women of 19-22 years
to range from 1.43 to 1,64 square metres, Probavathi (1974)
found the surface area of women to range from 1.38 to 1.54

square metre:s.

When the surface area of the adolescent girls and young
adult women were compared, the difference was not statistically
significant,

Be Mean g
bagal conditionj

» & (]

The mean energy expemnditure or the actual test calories
was expressed in terms of kilocalories per minute,kilocalories

per hour and in terms of kilocslories per square metre per hour,
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The mean values for the different age groups is given in
Table II and the individual values are given in Appendix.II,

TABLE II

MEAN ENERGY EXPENDITURE BY THE SELECTED
BASAL CONDITION

SUBJECTS IN THE

- e e e P @ W W % % W @ W @ W W W S W " @ @ T W W, W e e "W

Age K.cal/min, K.cal/kg/hour K.cal/mz/ Basal me

(Yaav®) hour abolism
(k.cals)

Adolegcent

5

13 0,704+0,436 0,92440,063 27,17+1.01% 1089

14 0.,066240,020 0.978+0.059 26.86%1.00% 957

13 0.687¢ 0,022 0,973+0,277 26.83%1,000 985

16 0.699+ 0,109 0,909+0,158 26,.14+1,030 1023

17 0.680t 0,069 0.881+0.181 26,01¢1.007 1017

18, 0.,62120.092 0.,935+0,083 25,71+1,010 919

Mean 0.676$0,12% 0,934+0,132  26,45+1.006 998

Younq adult

women

19 0.611+0.059 0,841+0.184 25,56+1.004 88$

20 0.382+0.,812 0.88940.087 25,32+1,010 6%

21 0.653+0,064  0,733+0.640 25,26+1.008 97!

22 0,576+0,036  0,985+0.119 23.18+1,001 82

Mean 0.60540.243 0,862+0.2%8 25.4341.006 84!

- e e S e ®E® e e eE e e R e . ... e w .o o

STt vomen for B (Real/mbAD) T ") b a aeere

#* Significant at one per cent level.



Banerjee (1962) studied the .n*.rgy cost of the college
girle (18-23 years), He found that dho mean energy expenditure
in the basal condition per minute to be 0,792:£0.,014. In the
present study per mlaute to be 0.795240.014. In the present
study the mean energy expenditure in the basal c¢ondition for
college girls aged 18422 yesrs ranged from 0,576140,036 to
0.65340,064 and thie is a little loweir than the values reported
by Banexrjee (1962), Banerjee (1962) ifound the meon energy
expenditure in the basal condition for 24 college girle (18-23
years) when edpressed in terms of body weight to be 0,912+7,060,
The present study indicates a mean expenditure in basal conditien
in terms of kilocalories per kilogram per hour to range from
0,733 $0,640 to 04978+0,059,

e maan B ot b o T T yeame e
expressed in terms of surfa¢e ares ranged, the mean BMR of 24
college girls to be 28,73 20,47, Deviadas gt al (1977)reported
the B')R of adolescent college girls to be 35,08 keals
per square metre per hour, “hen the BMR {(intcrms of surface ares)
of adolescent girls and young adult women were compared the
difference was significant M:&E :2?“ per cent level, The adolescent
girle had higher BM than the Dakshayani qt al (1962) compared
the BMR of adolecent girls with those of adult women and they
found the BMR to be higher in adolescent girls then in

adult womon,

The mean BMR of the selected aﬁbjaet. ~ere compared with the
figures set by Mayo Foundation (form#awby Boothby et al) and is

given in Teble.lII, ‘l



TABLE IIIX
COMPARISON OF BMR WITHTHE VALUES SET BY MAYO FOUNDATION

- W e W M W S = s W W W W Er e W W e W W W W W W W W

e Pregent Mayo Foundation Deviation
e study (x.cal/we/hr) Per cent,
(Kycal/
m“/hr
™ B WSS O e R B S P e P aR % B e w e ol ew e w
Adolescent
igirleg
" 13-18 26.4%+1.006 39.90 -31.56
Younq adult
women

The BMR of the adolescent girls and young adult women
deviated from that set by Maye Foundation by 31.%6 and 30.23

per cent respectively, Banerjee (1962) found their values
to deviate from Mayo Foundatlion for adelescent girls and adult
women by only 12,2 and 12,5 per cent respsctively,

C.
the selected subjectsgs

The mean values for skinfold |thickness and urinary
creatinine levels of the selected sybjects is given in
Table IV and the individual values 3r

e given in Appendix III,




TARLE IV

MEAN SKINFOLD THICKNESS AND URINARY CREATININE LEVELS OF THE

SELECTED SUBJECTS .

o M B B P W W B W B ® W W e S @ W E S e R %S % e

Age Mean skinfold 't value
(years) thickness(mm)

Mean levels ‘'t'value
of creatinine
(mg/100ml )

QQQ&OQ0.0Q.QO.--.--L-QQ*..QQOQ«.“

Adolescent

axrls

13 8438+0,64
14 84164057
L) 8,36+0.74
16 7.2543.46
17 8.,30+1.2%
18 7.83+1.55
Man. 7.99+1,36
Young adult 0.8%0
women

19 6.25:0,71
20 6284110
21 8«4 20,28
22 7.684+1.5%
Mean 7.15+1,40

W M WEm P W B D WD W W e P SN e

Jelliffe {1966) has estimated

37.87+1.140
41,75+0,985
41,24+1,382
36.,4021,682
34,10+1,077
40,08+2,731
38.5741.499
1.176

35,75+0,707
35,5840

34,4041,368
42,9145.458
37.16+1.883

- W W e e S eww w

the skinfold thickness of

girls aged 13«15 years, The values %tatmd for adolescent

girls 13-19 years in the present stuc
standards set by Jelliffe,

jly s 70 per cent of the
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The values reported by Jelliffe for adult women is 16,5 mm,
The value obtained in the present study is only 50 per cent of
the above. UVhen the skinfold thickness of adolescent girls
and young sdult women were e¢ompared, there was no significant
difference. The urinary eretinine level is low when

eompared with the standard set by Oser (1971). The difference
in urinary gsreatinine levels between adolescent girls and
young adult women was not significant.

D. n d food intake of th ed ect

The food intazke of all the selected adolescent girls
and young adult women was studied for three consecutive days
when their B!R was measured {Appendix IV), The mean daily
food intake is given in table V and the same is illustrated
in figures 1 and 2,
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The table indicates that all the selected subjecis
were on & vegetarian diet, None of the subjects who belonged
“to'the different age group of adolescence consumed adequate
amount of food except for milk and milk products, Similar
findings were reported by Nirmals et al {1968) and Devadas gt al
{1976 ) who studled food intake of hostel studeats of the same
collegey

i

The food intake of the adult college women were poorer
than the adolescentsy But they all consumed adequate amountg
of mu.kq
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Y

The dally energy and pretein intake of the selected

subjects was caleulated and is presented in Appendix.V.

The

mean values are given in table VI and the same is illustrated
in figures 3 and 4,

TABLE VI

MEAN DAILY ENERGY AND PROTEIN INTAKE OF THE SELECTED SUBJECTS

e B B 6 & 9 e @ W PP PSP OE e ETO® O e S e

Age
{Years)

Mean

Energy
(Kcals)

2013+263
17812 53
19162118
18464136
1916+ 84
18374161
18854136

17694417
18482152
17204166
1448 + 71
16964202

R.A®

2200

2200

Protein

R.A®

- @ W ® ® ®o = » & 0 e =

82.612.6
92,3+5,6
38.6+6.9
4le444,.1
30.7+8.6
34,8+2,9
41.7+45,0

39.6+2.4
31.622,0
31.943.1
32.1%2.6
32.412,5

50

45

® @ B S TS B PO e e YO R P G S O e ™ O e W

*.ARecomended Allowance of IC'R (1968) as eited by Gepalan

et a1 (1976),
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The mean energy intake of adolescents as a group was
below the recommended allowance (1885+£13%) and the mean
protein intaske was merginal (41.7+5,0). This finding is
ecomparable to that of Nirmals et al (1968) and Devadas et al
(1976) who studled nutrient intake of adelescent girls
residing in the same cellege hostebi. Nirmala et al (1968)
found the mean energy intake to be 1690 kilaTcelories and
protein to be 46 grams, Devadas et al (1976) found the mean
energy intake to be 1953 kila salories and the mean protein intake
to be 46 grams, The findings of the present study is also
comparable to the findings of Banerjec and Mahindran {1963)
who stuided the food intake of adolescent girls in several
hostels of India,

The mean energy intake of the young adult women was
poor (1969_4;202) and the mean intake of protfﬁ{iii also not
upto the recommended allowance {32.412.,5}, Probhavathi(1974)
has reported that adult women consume only 2000 ealeries per

day.
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MEAN DAILY PROTEIN INTAKE OF THE SELECTED SUBJECTS
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V  SUMMARY AND CONCLUS ION

This investigation was under taken to measure the
basal metabolism of adolescent girls and young adult college
women residing in school and céllogc hostels., Adolescent
g9irls from 1318 years and young adult women of 19«22 years
ware selected, Six subjects were selected for each age
group, The BMR was determined for three consecttive days.
The food intake, urinary ereiinim levels and skinfold
thickness were determined on the days when the BMR was

measured,
The findings of the investigation are as followss

1. The mean surface area of adolescent girls was
1.8140,217 and the mean surface area of young adult
women was 1.49+0,122, The difference in surface area
of adolescent girls and young adult women was not
statistically significant,

2. When BMR was expressed in terms of kilocslories per
ul.nutu,thu values were normal, Wwhen BMR was expressed
in terms of body weight the values were slightly high,
wWhen BMR was expressed in terms of surfage area, it was
below the standaxds set by Mayo Foundation and
Banerjee (1962), The mean BMR of adolescent girls was
26.4941.006 and for young adult women 25,33+1.,014.
There was a significant diffezence between the BMA of
adolescent girls and young adult women,



} v A0

3. The mean values for skinfold thickness for adolescent
girle uas 7.,991+1,36 and for young adult women um
7.150+1,41. The values obtained for adolescent
girls is 70 percent of the standards set by Jellife
(1966) and for young adult women, 1t is 30 per cent,
There was no significant difference between the
skinfold thickness of adolescent girls and young
adult women,

4, The mean urinary ereatinine per 100 millilitres for
adolescent girls was 38.57+1.,499 and for young adult
women it was 37.1641.883, The values cbtained were
low, The difference in urinary creatinine levels
between both the groups was not significant,

%, The food intake of all the selected subjects were poor
except for milk and milk products, The food intake
of young adult women were poorsr than that of the
adolescent girls,

6. The mean energy intake of the young adolescent girls
and young adult women were poor {188%+135 and 1969+202
respectively), The mean protein intake of the
adolescent girls and young adult women were marginal
(41.745,0 and 32,442,5 respectively).

7.The BMR obtained by the study for adolescent girls and
young adult women are low, The energy intake of these
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subjects vaé also Yow. Since all of them are
residing in the hostel they have probably got
acc@}tom@d to the dietary pattern and intakess

Recommendations:

is The BMR for the sbove mentioned age groups may be
done during the different periods of the year te
note fluctuations &f any,

2, All the indices of the body composition gan be

dealt to give a complete plcture and te establish
iffevenk
coafficlent of correlation bctweenAvariabliic

-

.
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APPERIEX X
RSTIMATION OF CREATININE IN URINE { FOLIN'S MEZTHONR

Beagent g

1, Ploo acldy 1% sclution was prepared in water using purified
plerio acid,
2, ¥ Soddmm lydrexide.

8y Stock crestinine solutiony ig of pure diy orestinine solutian
WV as dasolved in sufficient 0,1 ¥ jydrochlorie acid and the

volme was made wpte 1 litre (1 ng/nl),

PROCRIUREs

One mlof the urine was diluted with water %0 100 ml, aixed well

and S ml, (L. 04008 ml.urine) aliquot was pipettod out inte a test tube.

To thdg added 2,5 ml, plorie actd and 0,5 nl, of 0F soMum hydroxide,
The content were made upto ¥) ml. with water and the intensity of the
Mshogory red colour developed was read at B i in Mett Immerson
Odlorineter. A Blank was prepared using § ml. of vater instead of urine,

A staniard surve was prepared ly using orsatinine gtandard solution

(rance 0 %0 50 ng)« The mount of oreatinine 4n the ample was ocalealated
frm the standard grech,
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APPENIEX IXX

MEAN SXINFOLD THICKNESS AND URINARY CREATININE LW R.3 OF THE
SELECTRD JUBJROTS

PLOTOPPOPOROPOIIORIDOES P PPORPR BRI DOPOO®
- Sibjects Mean infald thicikness Mean Urinary Oreatinine
(=m) level (mg/100ml)

(0T ) N R e S
PP PPOPPODPO PPN NBUP DR IPNOT OOV P PRI SOe
Adcl es-  { 8,2 0,75
m ' 9'3 $.75
girls s 7.5 5,00
15 ¢ 8.0 % .26

5 845 40,00

) 8.8 %,50

1 7.9 41,50

4 8,0 40,00
b | $ 75 42,00

4 8.1 41,50

| 8.9 4%.00

[ 8.3 42,50

‘ 8.6 3.75

R 7.8 42,50
’ a 9.3 "m.m

4 7.8 41.70

] 8.1 42,00

¢ 9.0 41,50

l 5.8 &3.00

4 7«5 B.00

' 9.5 3.”
b ] 4 8,9 35,00

5 8.8 55,00

8 7.0 8,00

;3 7.0 35,50

4 0.0 52,00

7.8 55,50

4 9,4 38,50

8.1 ‘58,00
‘jt‘d‘dﬁs ------ st?‘”“‘""'r"%”-'

SR DB ORDRD PR OO OB e BRRDDRB Y G wm® e

contdyuuees



O RPPBOIPPOEIOTPOIBOPIPNOINBTVIONSPORase
7] Sbhjeats Maan skinfald Mean UDrinay oreati.
(yoarg)- - - - - -~ - - - - thickness-{mm) - - - nine leval {mg/1VOal)
r T R X REY R ERYE LS FFESE EYRY FEEEN YL EEYE R R B
8.2 42,50
2 2.8 57,0
' 804 &.m
18 4 79 45,00
8 8.7 42,50
8 8.5 57.50
Young - 6.1 %,00
adult 2 8.7 35,00
women ] 8.0 5.&
b - 4 8.0 35,50
8 8.9 3B.00
8 4.9 %7.00
4
1 5.2 57.@0
] Y £% 4 .00
] T4 55,50
2 4 5.0 5.0
| 6.9 55,00
8 5.8 54,00
1 8.4 36,00
8.5 55,00
3 7.8 $7.20
21 8.8 82,00
8 8,2 5% 20
8 8,9 34.00
1 Tel 45,42
2 6.2 43,50
3 T.4 4%.2
4 8p4 43,70
] 7.8 42,00
8 2,7 42,30

--------------- - - - -
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APPENDIX ¥

MEAN ENERGY AND PROTRIN INTAKE OF THE SELECTED SUBJECTS

U-.Q..‘....Q.....‘.Q-'-......Q.'...

Age  Subjecs Energy Protein Age Subject Energy Pretein

(years) k eal P (yesrs) k cal )
'S 2519 51.9 1 1485 30.4
2 1887 53 .4 ; :g?: ;;f;
13 2138 51.7 .
: 1806  49.3 AL ¢ 1866  33.3
3 1720 56.1 s 1921 39.3
6 2016 $3 ok é 1963 36,6
1 1779 53.0 1 1728 31.8
2 1923 43.0 2 1703 33.4
th 3 1819 55.9 \{ ] 3 1665 38.6
[ 1790 hT.7 b 1924 36.5
| 1802 36.6 3 1805 31.6
6 1659 58,2 6 1790 36.9
] 1916 95.4 ¥ 1591 28.9
2 2083 &3t ; :;gg ;:.;
3 1950 335.0 .
18 A 1841 33.8 20 4 2057 35,3
S 197h 46.6 S 1975 29.7
é 1783 36,1 (3 1822 22,0
1 1740 k3.2 ] 1814 27
2 1967 h7.3 2 1863 1.7
16 3 1597 43.0 21 3 1727 33.)
; & 1791 5t.9 [ 1607 36.6
3 2030 Bt s 16h2 31.9
4 1960 b3 é 1666 30,6
] 1937 30.86 1 1473 28,6
2 1947 35.33 2 1318 28,9
3 1804 38,50 3 14h6 = 30.1
1 ) 4 & 1953 27.6 22 A thss 29.7
5 1946 24,3 5 1466 36,0
6 1911 32.73 6 1332 33.0
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