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I  INTRODUCTION

Tha sc lance o f nu trition  as we now undorstand owos 

i t s  foundation to  the L a vo is ie r 's  epoch making discovary 

on combustion in  l iv in g  beings. Tha fundamental purposa fo r  

which paopla oat food is  to  usa i t  as fu o l to  kaap th a ir  

bodias going. Tha body naads anargy to  work. I t  must work 

to l lv a  (Pyke,1975).

Tha determination o f tha anargy requirements fo r  tha 

population group is  important in  the f la id  o f nu trition  

sclance. Since anargy expenditure fo r  basal metabolism forms 

a considerable proportion o f to ta l d a ily  c a lo r ie  expenditure, 

i t  deserves special consideration. Tha resu lts  o f determination 

o f basal c a lo r ie  requirements can be taken as a guide fo r  a 

ra tiona l basis o f recommendation o f d ie ta ry  c a lo r ie  

allowances o f the population groups (De and Nagehaudhuri,1976)• 

Several other research workers in d if fe re n t  parts o f th is  

country, at d if fe r e n t  times, attempted to  compute the c a lo r ie  

requirements in  various population groups by measuring the 

basal metabolic rate (BM*) (Banerjee ± t  1963} Banerjee & 

Bhattacharyan,1964,1967 and Devadas £ t a l . l9 7 b ).

The energy needed by the body when i t  is  et complete 

rest Is  known as the basal energy requirement or energy at 

res t (Apfebaun, 1971* Fulton, 19721 Robinson, 19721 Decuman e t a l. 

19731 Swamlnathan, 1974* Varley, 1975| Antla, 1975 and Pyke,1975). 

Basal metabolism is  the term used to  describe biochemical
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changes which takes piece while the ind ividual is  ly in g  

down s t i l l ,r e la x e d  and warn. The rate at which energy is  

used up while the body is  in th is  condition is  defined as 

the basal metabolic ra te  (BUR).

Malhotra et al (1972) and Bogert §t jtX (1973) put 

fo r th  that the basal energy needs arc genera lly  constant fo r  

an individual but vary s lig h t ly  at d if fe r e n t  tin es .

Many fac to rs  influence the internal work of the body

even when at res t*  Body composition, shapre and s it e ,  age,

sew and growth, sp ec ific  dynamic action, physio log ica l s ta te ,

environmental temperature, food Intake and degree o f muscle 
tension are a few examples (Dagley and N icholson,1970%

Pike and Brown, 1970 and Halsman, 1972),

Adolescence has been pointed out by many as a cause 

fo r  nu tritiona l concern (Thomas & David,1973), The health 

re la ted  problem o f adolescents havs been so la to  in 

a ttractin g  attention  (World Health, 1976), The nutrient 

requirements o f adoloscents ere greeter p a rticu la r ly  during 

the period o f  aecelorated growth that preeedos puberty 

because o f the increased energy expenditure (Reddy, 1976), 

Energy consumption o f adoloscents appear to very w idely, 

Banerjee £ t a l (1963) reported that c a lo r ie  consumption per 

day by 12 g i r l  students aged IB to 22 years was poor 

(1,438 K .ca ls ). Devsdas £ t a^ (1976) also reported inadequate 

intake o f energy by presont day co lle g e  women.
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We m itt ask ourselves how the young people o f today 

and tomorrow axe to bo assured o f a sound and healthy l i f e .  

When a l l  is  said and done we should not fo rg e t  that 

adolescents who In many parts o f the world eonstltu te  a 

m ajority o f  the population today -  represent the adult 

soc iety  o f tomorrow (World Health, 1976).

The present in vestiga tion  is  an attempt to  measure 

the BAR o f  adolescent g i r ls  and young adult women res id ing 

in  school and co lle g e  hostels* Since the determination o f 

basal energy requirement is  a guide fo r  recommendation o f 

to ta l energy requirement and also since not much data core 

ava ilab le  regarding the BfiR in  d if fe re n t  years In adolescence 

and adulthood* th is  study was geared towards the same.

i



n  REVIEW OF LITERATURE

The lite ra tu re  pertaining to  th is  study la  given 

under the fo llow in g  headingsi

A* H is to r ica l review  on energy metabolism

B. Need fo r  energy 

C* Energy at res t

D. Factors a ffe c t in g  basal metabolism

B* Energy expenditure at various a c t iv it ie s

F. Relation between energy metabolism and food Intake

a* Hlitgslftfll, rtvltw on aneauL -aatabollan

Lavo is ier (1743*1794) was the f i r s t  to  d iscover the

Importance o f oxygen gas and to  enuciate the p rin c ip les  o f

combustion both outside and w ithrin  the body (W ilson £& a l . 1965).

Von L ie  b lg *s  studies published in 1842 showed that i t  was not 
Carbon and hydrogen which burned in  the body but carbohydrates,

fa ts  and proteins (Beaton and Mb Henry,1964),

Reynault and Reiset in  1049 d e fin ite ly  showed that 

the value o f the resp ira to ry  qu ltlen t depends on the nature o f 

the foods being oxidised and not on the species 6f animal.

They planned to  construct a human resp ira tion  chamber but did 

not succeed (Davidson et a l, 1973).

Boussigault (1002*1087) orig inated  experimentation In 

balance studies* Pettenkofer (1010*1901) constructed the f i r s t  

resp ira tion  chamber in  which a man could work, oa t, o r  sleep
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without discom fort* He and Voit performed many experiments 

and contributed much to  estab lish  the fundamentals o f 

energy metabolism in  Munich (Swaminathan, 1974),

Atwater (1944*1907) a pupil o f v o lt  constructed the 

f i r s t  human resp ira tion  calorim eter at Middle town,

Connecticut (Beaten and Mb Henry, 1964), Rubner in  B erlin , 

and Johnson in  Sweden (1880) extended the work o f the Munich 

school and la id  many o f the foundations o f modern nutrtional 

science (Davidson e t  a l,  1973)*

Rubner (1902) described the sp ec ific  dynamic e f fe c t  o f  

food , Lusk, a fte r  Rubner studied the metabolism o f the 

foodstu ffs  and on the sp ec ific  dynamic e f fe c t  o f foods in 

U,S,A, (P ike  and Brown, 1970),

The names o f V o lt and Rubner symbolize the outstanding 

progress during the la s t  h a lf o f  tho ninoteonth eontury In 

the f ia ld  o f nu trition  and onergy metabolism in particu lar 

(Baaton and Ms Henry, 1964),

In tho ea rly  part o f tho present century, Benedict carried  

out many studios on the energy metabolism in  man and in  

various species o f animals at the Nutrition  Laboratory o f 

the Carnegie In s titu te  o f  Washington at Boston, Massachusetts 

(Beaton and McHenry,1964)*

The Douglas bag was Introduced by Douglas in  1911,

Zt is  an instrument in  which a l l  the a ir  expired by a subject
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could be co llec ted  and leapt fo r  st&sequent analysis and 

fo r  tho measurement o f volume. This bag Is  cumbersome fo r  

experiments in  the f ie ld  and a new* lig h t*  portable 

respirom eter«a gas meter with a by-paat to  take samples* 

something l ik e  the o r ig in a l calorim eter o f Volttwas developed 

in  Germany (Davidson et a l . 1973)* I t  has been used in  a 

number o f experiment studies on energy expenditure* e*g«* 

that on miners and clerks in F ife *  A d if fe r e n t  type o f 

instrument* known as the In tegrating Motor Pneumotachograph 

(IMP) has been developed in  the D iv ision  o f Human Physiology of 

the National In s titu te  fo r  Medical Research* London by W olff 

fo r  use over long periods* I ts  introduction had made possib le 

the systemic measurement o f the energy used in a va r ie ty  o f 

normal occupations as d iverse as housework and coalmining*

Xt is  more expensive and not so r e lia b le  under f ie ld  

conditions (Hutchison* 1969 and Davidson a l, 1973)*

Among the prominent contributors to  the many aspects o f 

energy metabolism during the past few decadet ere Sherman* 

M itchell, Forbes* Medal* K r ls t , Me Collurn and Mayard 

(Seaton and McHenry* 1964),

B* Need fo r  energyl

Energy i t  defined as the power to  do work. Energy ie  

continuously ava ilab le  In the body* Poten tia l energy transfered 

to other forms accomplish the work o f the body* fo r  example* 

mechanical energy fo r  muscle con tr it ion ) osmotic energy to  

maintain the transport o f flu id s  and nutrients* e le c t r ic a l
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energy fo r  tho transmission o f norvo Impulsost chemical 

energy as ilk tho synthesis o f new compundsj and thermal 

energy fo r  heat regu lation  (Robinson, 1972 and Mathew,1973).

In  the body much energy is  stored in  the form o f 

chemical energy* This stored chemical energy is  looked up 

in  the tissues o f the body during i t s  period o f  growth 

(B u lle t in , 1973) and comes from the oxidation o f body tissues 

(Oser* 1971)* This process o f b io lo g ica l ♦combustion* forms 

part o f the enormously complicated series o f changes which 

together comprise metabolism by which tissues grew and 

repa ir themselves and also supplies energy fo r  a l l  work done 

by the body (Wilson e t a l, 19651 Aman,1969 and Pyke,1975)«

Tho Internal work o f the body never stops* The body 

needs m aterials and energy fo r  repairing wear and tear o f 

i t s  tissues, fo r  the continuous up keep o f the other v i t a l  

Internal a c t iv i t ie s  (Bogert ejt _al, 1973) and fo r  the heat 

necessary to  maintain body temperature (Brooke and Green,

1973 and Rutlabourer and Ingrid , 1973).

The immediate source o f energy fo r  muscle contraction 

is  genera lly  held to  be the s p lit t in g  o f Adenosine Triphosphate 

(ATP) which in turn can be quickly resynthesised by the 

breakdown o f Creatine Triphosphate (ep ) (P a rk ,1970j Degley and 

Nicholson, 1970f Leroy,1971* Howard and Bengt,1972 and 

Intengan,1973)* ATP is  an energy r ich  compund, During 

exercise, the turnover o f  these compunds in  the muscle c e l l  is



increased markedly* Energy in  the for®  o f ATP 1* obtained 

from the oxidation o f the carbohydrates, fe te  and proteins 

o f the d ie t*

C* Energy at res tt

The heat production under resting* fa s tin g  conditions 

(BMFt) is  a measure o f the rate at which body Oubstance is  

oxidized In order to  support the continued maintenance o f 

l i f e *  ( FAQ/WHO*1973)« Duxnin and Passmore (1967) reported 

that much o f the energy is  u t ilis ed  by the body in  the basal 

or in  the restin g  metabolism*

Studies on the BMl o f Indians have been carried out 

by Banerjee (1962) in d if fe r e n t  parts o f India* His values 

have been found to  be lower by 7 to  a  per cent when compared 

to  the western standards* Banerjee £ t al (1963) reported the 

BWl o f normal healthy g i r l  students o f Rajesthan* o f ages 

varying between 9 and ^20 years* He found* there was a low 

BSR in these g i r l s  when compared to  the Mays foundation*

BMl expressed in  terms o f unit body surface area o f the 

Indians was lower than the western standards* Patwardhan (1960) 

viewed B**l o f  Indians* ss only 'apparent* and 'not r e a l ' •

However the BMt o f Indians works out to  bo the tame at that o f 

tho weetorners* i f  the body s e l l  m s s  or leaf^body mass is  

takon as tho biom etric unit o f expression*



D. Factors a f fecting basal metabolism

1* Physiological Factors:

«•  Ago and Sox»

9

Rabin son (1972) says that the basal metabolic ra te  

o f human subjects varies  g rea tly  with age and sex.

Wilson &  al (1965) says periods of rapid growth are 

associated with an increase in  the basal metabolism. The 

period o f most rapid growth In childhood is  in  infancy. At 

the end o f the second year o f l i f e  or In the early  part o f 

the th ird , the basal metabolic ra te  per square metre o f body 

surface is  the highest in the l i fe t im e  o f an individual*

Best and Taylor (1969) stated the heat production per square 

metre o f body surface diminishes progressively  from infancy 

to  old age, being about 50 cals* per square metre per hour at 

the age o f ten to  tweleve and about 32 caL.at 90 years*

The metabolism o f the new born is  much lower than that o f 

Infants, a few weeks older premature In fants have a lower ra te  

than those bom at fu l l  term* Hutchison (1969) determined, 

the basal metabolism o f In fants, children and adolescents which 

showed a very d if fe r e n t  p icture* Xt s tarts  at about 30 ca lo r ies  

per metre and rap id ly  r is e s  t i l l  at 6 years i t  reaches a peak 

Of 60 ca lo r ies  per square metre*a rate SO per cent greater 

than that o f the adult* Thence fo r th  i t  f a l l s  f a i r ly  rap id ly  

at f i r s t  and then more slow ly t i l l  i t  reaches the adult figu re  

o f 40*
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The BftR showed a progressive declin e frost 7 to  IB 

years. At a l l  ages BftR o f  g i r ls  was lower than that o f  hoys 

by 5*8 per cent ( ICMR*Annual report, 1972)• The basal 

metabolle ra te  was determined by Do and Nagchaudhuri (1976) in 

boys and g i r ls  belonging to the age group o f 7 -IB years.

The period o f ptiberty was found to be between 10*15 years in 

g i r l s .  The growth rate (he igh t and M ig h t ) during th is  

period In g i r ls  are found to be less  than that observed In the 

preceding as w ell as succeeding years o f adolescence. According 

to  Du Bolsv there is  a sound peak at or about the age o f 

puberty. When, some where In middle or advancing age, the 

e f fe c t  o f diminishing muscular, a c t iv ity  lb  added to  that o f 

the slow dec lin e  in basal metabolism, the resu lt is  

s ign ifica n t decrease In the number o f food ca lo r ie s  needed 

per day (Sherman, 1958).

Sex and age influence basal metabolism. I t  Is  lower 

in  the adult female, namely 37 ca lo r ies  per square metre per 

hour or 1350 ca lo r ies  fo r  a women o f 1*5 square metres o f skin 

area, though i t  makes no d iffe rsn ee  whether the loan body 

belongs to  a man or a woman, since women genera lly  have more 

body fa t  than men (Krause, and Hunsehsr, 1972), De and 

Nagachaudhurl (1976) reported that BMl p rogressive ly  decreased 

with the increase in  age in both the sexes.

Once a person hss reached adult age the figu re  remains 

very nearly constant. I t  does, however, f a l l  gradually, t i l l  

in  eld age i t  has decreased by 10 per cent* This Is  true o f both
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women and man and i t  presumably r e f le c ts  that atrophy o f 

muscle with advancing age (Dumln and Passmore* 1967)*

Gopalan and Marasinga Rao (1971)| Beck (1972) and Davlndson 

et al (1973) point out that the expenditure o f energy per 

unit o f  body weight decreases slow ly a fte r  the ea rly  twenties 

in  the basal metabolic sta te  and In the restin g  condition .

Antla (1976) reported with Increasing age there 1st 

(1 )  a d ec lin e  in  physical a c t iv ity  and le ss  strenuous employmentt 

( i i )  decrease in  the basal metabolic ra te . Xt is  th erefore  

recommended that beyond 25 years there should be decrease in 

ca lo r ies  by 3 per cent per decade up to  45 years and 7.5 percent 

there a fte r  upto 65 years.

b . Body Surface Area:

Heat is  contlnously lo s t  through the skin by rad ia tion . 

Since the heat loss  is  proportional to  the skin surface* 

the basal heat production is  d ir e c t ly  proportional to  the 

s u r f^ e  area. (Shanmugan* 1972). A t a l l ,  th in  person has a 

greater surface area than an individual o f the same weight who 

is  short and fa t .  and the former therefore w i l l  have a higher 

basal metabolism (Robinson. 1972).

Rubner is  responsible fo r  the concept that basal

metabolism is  d ir e c t ly  proportional to body surface (Crampton

and L$oyd* 1959). Mathsson (1975) has pointed out

d ifferen ces  in met M l ic  body e lse  must be taken in to account

in  re la tin g  the energy. Malhotra £ t  ĵ L (1972) Reported that

there is  a lin ea r  rela tionsh ip  between energy expenditure and

body weight. Cramptlon and L loyd {l959) say heat produced by small 
animals is  greater than that produced
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by la rger animals, M il11an (1973) says* smallar persons o f 

each sex tend to  have a Higher ra te  o f metabolism per unit 

o f  surface area than la rger persons,

C, Body fl.xe .^nd ,lgan bqdy

As Mat he son (1975) has pointed out d iffe ren ces  in 

metabolic body s ize  must be taken in to account in re la tin g  

the energy requirements o f 100 gram rats to those o f 10 kilogram 

children, Pyke (1975) says* that basal metabolism is  rela ted  

to  lean body mass, Wilson et (1965) opines that the basal 

metabolism o f individuals o f the same height and age or people 

of the same weight and age may d i f f e r  or be influneced by the 

va ria tion  in the body form o f the ind iv iduals. The kinds o f 

tissu e that make up the body have a d ire c t  Influence on the 

basal metabolism,

tjunggren gt ^  (1961) and Bogart e t (1973) say that 

In the adult ske le ta l muscle Is  the la rges t component o f the 

non-bone lean mass and muscle has a r e la t iv e ly  low res tin g  

ra te  o f metabolism, The brain* a very active  tissue* increases 

l i t t l e  in weight from Infancy to  adulthood. For purposes o f 

nu tritiona l planning* i t  is  su ffic ien t to  remembor that the 

basal energy requirement Is  greater in persona o f largo also 

then In smaller persons o f the same age and sex, Dagley and 

Nicholson (1970)* Gopalan and Narlalngarao (1971)* Ap^ebaun e t a l  

(1971) and WHO (1973) explain that women have a la rger proportion 

o f fe t  in th e ir  bodies and hence th e ir  BMR is  lower than men.
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d* Pregnancy and Lactationi

Studies by Sunderman and Boanar (1950) and Thompson and 

B lllew lcz  (1957) stow that pregnancy and la c ta tion  invo lve 

considerable increase o f m etabolica lly  ac tive  tissues along 

with other changes o f the maternal system* The growth o f the 

fa tas  and placenta* the enlargement and hypertrophy o f the 

organs o f reproduction and la c ta tion , the increase in  the 

volume o f c ircu la tin g  blood and body flu id s  are Important 

physio logica l changes during the period of gesta tion , whereas 

the milk secreting organ becomes hyperactive during the period 

o f lactation*

The rapid increase in lean tissue mass o f the developing 

fetus was the ch ie f cause fo r  gain in  weight during the th ird  

trim ester o f pregnancy (Gruenwald, 1965 and H o llid a y ,1971).

BMl increased 5 to  6 per cent during the th ird  trim ester 

(Dakshayani and Ramanurthy, 1964)* This r is e  in the BMl, 

probably is  explained by the rapid physio log ica l changes 

occuring in  both maternal and f e t a l  tissue (Fee and W e ll,1963; 

Farlow, 1966i Toassln e t a l. 1967, Kaplan and Goumbach,1967j 

Berg, 1967 and Rice and Pontheir, 1968)*

Basal energy expenditure o f women has been reported 

to increase by 13 to 37 per cent during pregnancy* The data on 

pregnant adolescents given by Seltch lk (1967) and adult women 

by Juen et (1970) Indicate that while basal energy expenditure 

Increases per unit time, the ra te  per unit body weight is  

unchanged* I t  was found that the a c t iv ity  patterns o f pregnant- 

toen age women studied by BlactT burn and Calloway In 1974 to be 

s im ilar to  those reported e a r l ie r  by Huenemann sX « l (  1967) fo r
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fo r  non-pregnant g ir ls  in  C a lifo rn ia *

Banerjee found (1971)a basal ra te to  be 27 per cent 

higher but body weight only 13 per cent higher in pregnant 

than in non-pregnant woman. As the composition o f tissue 

deposited throughout pregnancy is  not constant (Hytten and 

Leitch , 1971), d ifferen ces  between studies may r e f le e t  the 

stage o f gesta tion  when measurements were mode or d iffe ren ces  

in  fa t  and f lu id  accumulation. Banerjee (1971) determined
3 Hr -

the oxygen consumption, remained s ign ific a n tly  higher even 

a fte r  d e live ry .

William (1973) says that the BAR r is e s  during the 

la c ta tion  period, because milk production u t i l iz e s  energy*

For a women producing 500 to 600 ca lo r ies  in milk, the 

provision o f about 600 ca lo r ie s  as ava ilab le  d ie ta ry  energy 

should be adequate (Thomson £& a l. l9 7 0 )«

e . Chemical substancest

Best and Taylor (1969) reported that ca ffe in e , adrenaline, 

thyroid extract or thyroxine, benedrine, and cUnitrophenol 

ra is e  the basal metabolic rate* Smoking a c iga re tte , espec ia lly  

i f  the smoke is  inhaled, increases the metabolism o f most 

subjects, the average increase being around 9 per cent,

f# Climate*

Fyke (1975) found that basal metabolism is  increased in 

cold clim ates, resu lting  in increased heat production which 

helps to  maintain body temperature. Nakamura al (1969) deter­

mined that there was a characteristic  lowering o f basal
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metabolic ra te  in  the severe cold season and a r is e  in  the 

spring. The basal metabolic ra te o f the physical workers 

night be influenced by the grade o f th e ir  performance.

Zt seems possib le, then that heavy physical work changes the 

pattern o f seasonal va r ia tion  in  basal metabolic ra te . Mason 

and Jacob (1972) reported there was no s ign ifica n t f a l l  in  

the BUI between trop ica l and temperate climates*

2* Pathological fa c to rs i

Guyton (1966), Pike and Brown (1970) Oser (1971),

Wright (1971) and Varley (1975), discussed some o f the 

pathological fa c to rs  which a ffe c t  the basal metabolic rate*

In that, the conditions which increase the basal metabolic 

ra te  are,

1. Hyperthyrodldism

2* Other endocrine disorders

3* Pregnancy

4 , Fever

5* Hypertension

6* Myocardial in su ffic ien cy

7. Diabetes insipidus

The conditions which decrease the basal metabolic ra te  are, 

1* Hypothyroidism 

2* Endocrine Disorders

3. Nephrotic syndrome

4. shock

5* Malnutrition <*̂ <1 

6* Sleep
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E. Entrgy expend Itura at various a c t iv it ie s i

Beaton and MeMenry (1964) pointed that an in d iv idu a l'a  

energy expenditure fo r  a sp ec Ifle  physical a c t iv ity  or period 

o f work Involves three fa c to rs ) the energy cost o f the 

a c t iv ity ) the time spent in pursuit o f the a c t iv ity ) and 

the body s ize  o f the ind iv idua l.

Gopalan (1970)# Holmer (1972) and Howard and Bengt 

(1972) have shown that the energy cost o f  a physical a c t iv ity  

is  re la ted  to three fa c to rs ) the amount o f work done* the 

in ten s ity  o f the work performed and the body s ize  o f the 

ind ividual. D iffe ren t kinds o f a c t iv ity  requ ire d if fe r e n t  

amounts o f energy.

Work in India on energy expenditure in  d if fe r e n t  

a c t iv it ie s  has been reviewed by Whedon (1959) and Banerjee 

et (1959* 1970 and 1972). Durnin and Passmore (1967) measured 

the energy cost o f d if fe r e n t  a c t iv i t ie s  fo r  Indians and found 

them d if fe r e n t  from those reported fo r  western subjects•

Deguzman sJk $1 (1973) and Joseph £ t j l  (1973) point out that 

to ta l energy expenditure are determined by Internal and external 

work o f the body. Konishl (1965 ), Brad i f  ie ld  (1971)* V illegas  

aX 2k (1971)^ Montoya (1971) and Astrand £ t  $1 (1973) explain 

that when external work is  performed* energy expenditure is  

equivalent to  the heat produced plus the work done. Study on 

energy intake and expenditure o f selected manual labourers 

engaged in bu ild ing work was conducted by Dev ad as £ t a l (1975). 

They found that occupational a c t iv it ie s  l ik e  carrying a bowl
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o f stones consumed maximum energy per Minute* Among non 

occupational a c t iv it ie s  walking caused the maximum energy 

expenditure per minute*

De Guzman jrt ^  (1974) studied the energy expenditure 

fo r  basic a c t iv it ie s  (s it t in g *  standing and walking) o f the 

farmers, the shoemakers and the Jeepney d rivers* The re s u lts  

shewed that the three groups have indentleal mean expenditure 

during s it t in g  and standing* However, fo r  walking^the mean 

energy expenditure o f the Jeepney d rivers  which was 0*056 kg/ 

mint was found to  be very much lower in comparison with the 

mean energy expenditure o f  the shoemakers and the farmers 

which was 0*071 and 0*072 k eal/k$/®lni respective ly*

Dhesl s & 3 k  (1975) conducted experiments on energy expenditure 

while sweeping with d iffe ren t  types o f brooms held In 

d if fe r e n t  postures* They found that the energy expenditure 

was higher in the stand ing-cum-bending posture and I t  was 

lowest in  the standing posture* Chit o f the three types o f 

brooms, the energy expenditure was the lowest while sweeping 

with a brush, followed by the grass broom and bamboo-stick 

broom*

Devadas et jJL. (1977) studied the energy expenditure o f 

adolescent g i r ls  doing tho Home Science Course* They found 

that during tho foods p ra c tica l, a c t iv it ie s  l ik e  grinding 

involved the maximum energy* Outside the class, a c t iv i t ie s  l ik e  

ascending s ta irs  Involved maximum energy expenditure*



F, Halation between energy metabolism and food Intake:

Determination o f the basal netabolic ra te  requ ires 

that the subject be in  the post absorptive state# that is# 

without food fo r  at lea s t 12 hours p rio r to  the t e s t# The 

reason fo r  without holding food is  that fo llow in g  ingestion 

o f food# heat production increases above the restin g  state*

This e f fe c t  was f i r s t  recognised by Rubner in 1902 and was 

ca lled  the S p ec ific  Dynamic e f fe c t  o f Food (8DA)(?ike and 

Brownff 1970)#

Food has an important e f fe d t  on energy expenditure 

In that when taken by an individual at rest# there is  an 

increase in  the production o f energy (Jo in t FAG/hHO committee# 

1973 and Mathews and '/tolls# 1973)* Pyke (1975) stated that 

the food has the e f fe c t  o f stimulating the metabolic rate# 

while i t  is  being metabolised# thus causing Increased u t il is a t io n  

o f ca lories*

M iller  and Mumford (1967) and M iller  e t  a lt 1967) have 

suggested that enhanced d ie ta ry  thermogenesis fo llow ing  

ingestion o f food was the regu latory  mechanism fo r  increased 

heat loss  during period o f over eating* In th e ir  studies#

M iller and h is collaborators have used both experimental 

animals ami human subjects* A study by Bray j&  alt 1974) revea l 

that the thermic e f fe c t  o f food on the re s t in g  metabolism o f 

normal young men was 10 per cent o f th e ir  res tin g  (not basa l) 

metabolism withjaut food*
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In s M ila r  studies on humans M illar £ t jal (1967) 

demonstrated that normal s in jec ts  on a lew  prote in  d ie t  

eould Ingest la rge  numbers o f ca lo r ie s  above th e ir  basal 

d ie t  without gaining the predicted amount o f  weight*

When d ie ts  were high In prote in , however, the weight gained 

was much c lo se r  to  that expected from the number o f extra 

C alories ingested* In an attempt to  explain the d iffe ren ce  

between a high and low protein  d ie t ,  M ille r  £ t |1 (1967) 

have proposed that ca lo r ie s  are wasted during a c t iv ity  In 

the post prandial state*

Anderson (1972) jo in ts  out that not a l l  kinds o f  food 

are oxidized with an equal e f fe c t  on metabolism* Protein  

stimulates* so that greater amount o f heat i s  produced in  

i t s  metabolism than in that o f s te l la r  quantities o f fa ts  

and carbohydrates* High protein  d ie t  containing 40 percent 

o f protein  showed the la rges t SDA (Bourne* 1969)#



I l l  EXPERIMENTAL PROCEDURE

Tht present study was designed to  measure the BMl o f 

adolescent g i r ls  (13 to  16 years) and young adult women 

(19 to 22 years ).

The experimental procedure fo r  the study Included the 

fo llow ing  steps:

A* Selection  o f the subjects

B. Determination o f Bttl o f the selected subjects

C. Measuring the skinfold thickness o f the selected 
subjects

D. Analysis o f creatin ine in urine o f the selected 
subjects

E. Recording o f the food intake o f the selected subjects

f . Calcu lation o f the energy ami protein  intake o f 
the selected subjects

A. Selection  o f the subjectsi

Adolescent g i r ls  and young adult women resid ing in 

high school and co llege  hostel were selected fo r  the study.

Ton ago groups-13 years to  22 years were considered. Six 

subjects were chosen fo r  each age group. On a t o ta l ,60 

subjects were chosen, a fte r  ensuring that the subjects were 

fre e  from any c l in ic a l symptoms and resp ira tory  troubles*

B. Determination o f BUR o f the selected subjectsi

The BAR was determined fo r  three consecutive days by 

the closed c irc u it  method using Benedict Roth apparatus 

adopting the procedure o f Oeer (1971)* This method which was 

selected as 'In d ire c t  calorim etry* is  simple and r e la t iv e ly  

inexpensive In operation (Shanmugam. 1972| Prabavathy,1974 

and Varley,1975)•
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To ensure success, the procedure and d is c ip lin e  

involved was explained to the subjects. The height' o f the 

subjects was taken (using a stadiometer) nearest to 0,1 

centimeter- at the beginning o f the determination o f basal 

metabolic ra te , Weight was taken using the Avery weighing 

balance nearest to  0,5 kg. The subject was tested before 

breakfast a fte r  a 12 hour fa s t .  The subject was made to 

res t fo r  h a lf an hour before actua lly  conducting the 

experiment. To begin w ith, the su b ject's  mouth temperature 

and pulse rate wer<* observed. The apparatus was tested 

fo r  leaks and the spirometer was f i l l e d  with oxygen. The 

mouth piece and nose c l ip  were applied and kymograph was 

started . The temperature o f the spirometer and barometric 

pressure were recorded* The experiment was conducted fo r  six  

minutes. The body surface area was determined using the 

nomogram fo r  Indian females given by Banerjee (1962),

C, Measuring .the skinfold thickness of Jthe selected subjectsi

Body f i t  i t  one o f  the important fa c to r  which a ffe c ts  

basal metabolic ra te  ( J e l l I f f e » 1966), Skinfold thickness is  a 

r e l ia b le  index o f to ta l body fa t  ( Speckman e t a l. 1967), 

Harpenden ca lip er was used to measure the tr icep s  sk in fo ld ,

A pinch at the skln^clear from the subcutaneous musculature 

was made e t a spot chosen fo r  mid arm circumference p a ra lle l 

to  the axis and held between the thumb end fo re  flngures o f 

l e f t  hand. This is  the most p ractica l measurement ( J e l l I f f e ,  

1966). The ca lip e r  was applied below the s ite  o f the pinch 

releasing the handle o f ca lip ers  to permit fu l l  pressure.
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The reading was noted to  the nearest point o f 0,1 m illim etre •

D. Analysis o f toaatinlna In urine o f the e le c t e d  subjects*

Excretion o f urinary creatin ine la  determined 

p rin c ip a lly  by lean body mats and since basal oxygen consumption 

is  rela ted  to active  muscle (Arroyave 4963), the creatin ine 

excretion was determined fo r  the study*

Urinary creatin ine was analysed by F o ltn ’ s method 

(Osert 1965). The procedure follow ed is  given in Appendix { I h

E, Recording o f  the food Intake jtt the selected subjectsi

The Intake o f food by the selected subjects ware 

weighed and noted fo r  those three consecutive days, when the 

subjects’ basal metabolic ra te  was determined* The subjects 

were allowed to  oat at ad(£lbltum and th e ir  food intakes were 

recorded*

F* C a lcu la tion .o f the energy and protein  Intake o f the selected 
subjectst

Energy and protein  Intake o f the subjects were calculated 

from raw equivalents using the food composition tab le o f 

Gopalan et (1976)*



XV RESULTS AND DISCUSSION

The resu lts  o f ths study are discussed under the 

fo llow ing headingsi

A* Mean surface area o f the selected subjects

B, Mean energy expenditure by the selected subjects 
In the basal condition

C, Mean skinfold thickness and urinary creatin ine le v e ls  
o f the selected subjects

Dk Mean d a lly  food Intake o f the selected subjects

cvad B# Mean d a ily  energy and prote in  Intake o f the selected
subjects

A. Mean surface area of the selected subjects»

The surface area o f the selected subjects (60) was 

determined knowing th e ir  heights and weights* The nomogram 

fo r  Indian females set by Banerjee (1962) was used fo r  ca lcu lating 

the surface area* Nomograms baaed on the femal aet ty Banerjee 

and co-workers should be used fo r  find ing  out the body surface 

area (BSA) o f  children* adult males end adult females 

(Banerjee* 1962), The mean surface area obtained fo r  adolescents 

(13*18 years) and young adults (19*20 years) Is  given In 

Tab le ,I*
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TABLE 1

KEAN SURFACE AREA CF THE SELECTED SUBJECTS

Age
(years )

Height
(cm)

Weight
(k g )

Surface Area 
( « 2)

Adol cscrn t-fliy la

13 153*8t2*234 39*67+4*51' 1.48+0*105

14 152*512*580 40.50+1.32 1*4910.566

15 155*811*817 42*33+1.47 1.53+0.176

18 181*^5*476 46*0 +6.58 1,63+0*045

17 154.6+5*476 45.83+2.45 1*57+0*134

18 160*4+5*291 47,83+3.77 1,48+0,278

Mean 156.4+3.812 43*6913*35 1*5^+0*217

Touno adult women

19 149*05+5.476 34.92+1.37 1*4510

20 148*98+0 38*33+4*95 1*42^0*123

21 150.28+5*163 39*8311*87 1.80+0,089

22 160,01+4,198 44.50+4.81 1*3410*278

Mean 152,06+3.709 39.39+3.25 1*4510.122

Comparison between adolescent g i r ls  and «
2 | t  •  0*2828

young adult women fo r  surface area ( ki ) Q

The tab le  ind icates that the mean surface area o f 

adolescents aged. 13*18 years ranged from 1*48 •  1*83 square 

metres, the mean being 1*51^0,217, The mean surface area o f
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adol scent g i r l *  aged 1? years is  1.57+0*134, Devadas 

1977) studied the surface ares o f adolescent co lleg e  g i r ls  

aged 17 years and they found the surface area to  range from 

1,42 to  1*60 square metres* The mean surface area o f 

adolescent g i r ls  ages 18 years (In  the present study) was 

1*48+0*105* Devadas £ t .&L (1975) found the surface area o f 

g i r l s  aged 18 years engaged In bu ild ing work to range from 

1*40 to  1*78 square metres*

The mean surface area o f the young adult co lle g e  

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 e t al (1963) 

obtained sim ilar values (1*426 square metres) when they 

measured the BMR o f young women in  Bombay* Banerjee (1962) 

found the surface area o f young adult women o f 19-22 years 

to  range from 1*43 to  1*64 square metres* Prabavathi (1974) 

found the surface area o f women to  range from 1.38 to  1.54 

square metre*.

When the surface area o f the adolescent g ir ls  and young 

adult women were compared, the d iffe ren ce  was not s ta t is t ic a l ly  

s ign ifican t*

B* Maan energy expenditure bv the se lec ted subjecta In the 
basal condition!

Tha msan energy expenditure or the actual te s t  ca lo r ies  

was expresssd In terms o f k llo c s lo r ls s  per m inute^kilocalories 

per hour end in terms o f  k ilo ca lo r ie s  per square metre per hour*
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The mean values fo r  the d if fe r e n t  09# groups is  given in  

Table XI and the individual values are given in Appendix,XI*

TABU IX

M2 AN ENERGY EXPENDITURE BY THE SELECTED SUBJECTS IN THE
BASAL CONDITION

0 m  m  m  m  m, m
Age K.cal/min. K .c a lA o A °u r  K.cal/m / Basal me
Vase* hour abol ism

(k .c a ls )

Adolescent 
6 i r is

13 0*704+0*436 0.924+0.063 27,17+1.015 1089

14 0.0662+0.020 0.978+0.059 26.86+1.00% 957

15 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 1025

17 0.68Of 0*069 0.881£0* 181 26*01^1.007 1017

18. 0*62^+0,092 0.935+0,053 25*7^1*010 919

Mean 0.676+0*125 0,934+0.132 26*45+1*006 998

Youna
women

adult

19 0*611+0*059 0,841+0.184 25,56+1.004 889

20 0*582+0*812 0.889+0.087 25.32+1.010 694

2 1 0.653.+0.064 0.733+0,640 25.26+1.008 973

22 8.576+0*036 0.985+0.119 25.18+1,001 82*

Mean 0.605+0.243 0.86^+0.258 25.43+1.006 84«

Comparison between adolescent f l r l s  and young 1
adult women fo r  BMl (Kcal/m2A r )  J  t  *  4.867*

S ign ifican t at one per cent le v e l*
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Banerjee (1962) studied the energy cost o f  the co lleg e  

g i r ls  (19*23 years)* He found that the mean energy expenditure 

in  the basal condition per minute to  be 0 , 7 6 2 *̂ 0*0 14 ,  Xa the 

present study per minute to be 0*762j£>,014* Zn the present 

study the mean energy expenditure in  the basal condition fo r  

co lle g e  g i r l s  aged 18*22 years ranged from 0*676+0*036 to
i

0*663+0*064 and th is  is  a l i t t l e  lower than the values reported 

by Banerjee (1962), Banerjee (1962) found the mean energy 

expenditure in  the basal condition fo r  24 co lle g e  g i r l s  (10*23 

years) when expressed in  terns o f body weight to  be 0*912+0.060. 

The present study indicates s mean expenditure in basal condition 

in  terns o f  k ilo ca lo r ie s  per kilogram per hour to  range from 

0*733 +0.640 to  0*978+0.069.

The nean BW* o f the co lle g e  g i r ls  (18*22 years) when
•̂-tenn A«j. U ± '-0° -6 <SS-ni I-OIO. Jmnafjcc flYfco) Yn̂ ovlcd)

expressed In terms o f surf set ares ranged^ the mean BM1 o f 24 

co lle g e  g i r ls  to  bo 28,76 +0 ,4 7 . Deviadas ft ĵ L (1977)reported 

the BUR o f adolescent co lle g e  g i r l s  to  bs 36*08 k a ils  

per square metre per hour, ’hen the 0 f*l (In tern e  o f surface area) 

o f adolescent g i r l s  end young adult women were compared the 

d iffe ren ce  wee s ign ifica n t i t  one per cent le v e l .  The adolescent
odUdt" uio-rne-o

g i r l s  hod higher BMl than thaA Dak shay sni ft (1962) compared 

the BUB o f adolecent g i r ls  with those1 o f adult women and they 

found the BWl to  be higher in  adolescent g i r ls  than in  

adult women*

The neon BMt o f the selected subjects were compared with the 

figu res  set by Mayo Foundation (fom u jetedby Boothby ft and le  

given in  Table*ZZZ*
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TABLE I I I

COMPARISON OF BHA WIT^THE VALUES SElJ BY MAYO FOUNDATION

*9# Present
study 
(Kysal/ 
m /hr)

Mayo Found 
( k. c at/ffc,

ation
/hr)

Deviation 
Per cent.

Adolescent

13-18

Young adult 
women

1 9 - 2 2

26.45+1.006 3S.90 -31.56

25.43+1.006 36.46 —30*25

The BMl o f the adolescent g i r ls  and 

deviated Iren  that set by Mayo Fount 

per cent resp ec tiv e ly . Banerjee ( l  

to  devia te from Mayo Foundation fo r  

women by on ly 12.2 and 12.5 per ceni

young adult women 

ation by 31.56 and 30.25 

1^62) found th e ir  values 

adolescent g ir ls  and adult 

resp ec tiv e ly .

C. Mean ak ln fo ld  thickness and urinary creatin ine le v e ls  of
the se le c ted  subjects!

The mean values fo r  skinfold 

creatin ine le v e ls  o f the selected si 

Table IV and the individual values

thickness and urinary 

Objects is  given  in 

ir e  given in  Appendix I I I .
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table tv

KCAN SKINFOLD THICKNESS AHD URINARY fcRSATINlNE LEVELS OF THE
SELECTED SUBJECTS

Aga Mean skinfold
(years ) thlekneas(mm)

•t* ¥SlUS Mean le v e ls  
of creatin ine 

(»g/lOOml)

•t*value

Adolescent
S S E l

13 8*38+0.64 37*87+1*140

14 8*16+0*57 41.75+0.985

15 8*36+0.74 41.24+1.382

16 7.25+3.46 36,40+1.682

17 8.30+1.25 34.10+1.077

18 7.53+1.55 40.08+2.731

man* 7.99+1*36 38.57+1.499

Young adult 0.850
women

19 6.25+0*71 35.75+0.707

20 6.28+1*10 35.58+0

2 1 8*4 J-0.28 34,40+1.368

22 7.68+1*55 42.91+5 .458

Mean 7.15+1*40 37.16+1.883

1.176

J a i l I f f e  (1966) has setlasted  

9 i r i s  aged 13*15 years* The values 

g i r ls  13*15 years in  the present stia 

standards set by J e l l i f  fe.

the sk in fold  thickness o f 

Obtained fo r  adolescent 

y is  70 per cent o f the
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The value* reported by J e l l I f f e  fo r  adult women i t  16*5 mm*

The value obtained In the present study is  on ly 50 per sent o f 

the above, when the sk in fold  thickness o f adolescent g i r ls  

and young adult women were Compared, there was no s ign ifica n t 

d iffe ren ce* The urinary creatinine le v e l is  low when 

compared with the standard set by Oser (1971)* The d iffe ren ce  

in  urinary creatin ine le v e ls  between adolescent g i r ls  and 

young adult women was not s ign ific a n t.

D, Mean d a ily  food intake o f the selected subjects»

The food intake o f a l l  the selected adolescent g ir ls  

and young adult women was studisd fo r  three consecutive days 

when th e ir  Bffl was measured (Appendix IV )* The mean d a ily  

food intake la  given in  tab le  V and tha same la  illu s tra ted  

in figu re *  1  and 2 *
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The tab le indicates that a l l  the selected subject* 

were on •  vegetarian d ie t*  None o f the subject* who belonged 

t *  the d if fe r e n t  age group o f adolescence consumed adequate 

amount o f food except fo r  milk and milk products* S im ilar 

find ings were reported toy Nlrmal* ££ (1968) and Devadas &t

(1976) who studied food Intake o f hostel student* o f the *ame 

co lleges

The food intake o f the adult co lle g e  women were poorer 

than the adolescents# But they a l l  consumed adequate amount* 

* f  milk*

I
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*• Mean dally tBtrav and nrotala intake of the selected sublaaft

The dally energy and prataIn Intaka ef tha salactad 

subjects wat calculated and la praaarttad in Appendix.V. The 

naan valuaa are given in table VI and the aane la llluatrated 

in figurea 3 and 4*

TABLE VZ

KEAN DAILY ENERGY AND PROTEIN INTAKE OP THE SELECTED SUBJECTS

Age
(Yeara)

Energy
(Kcala)

R.A* Protein R.A*

Adolescent
tilxla

13 2013+263 52.6+2.6

14 178H 32.3+5.6

15 1916+118 38.6+6.3

16 1846+136 41.4+4.1

IT 1916+ 84 30.7+8.6

It 1837+161 34.8+2.5

Man 1885+136 2200 41.7+5,0 50

Youna Mult 
women

IT 1769+417 39.6+2.4

20 1848+152 31.6+2.0
21 1720+166 31.9+3,1
22 1448+.71 32.1£2.6

Mean 1696+202 2200 32.4+2.5 45

«R.A.Recommended Allowance o f IC>« (1968) aa c ited  by Gopalan 
S i s i  (1976). "
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The mean energy intake o f adolescent* as a group was 

below the recommended allowance (1885+13$) and the mean 

protein  intake was marginal (41*7+5,0)* This find ing  Is  

comparable to  that o f Nlrmala £ t al (1968) and Devadas £ t al 

(1976) who studied nutrient intake o f adolescent g i r ls  

resid ing in  the same co lleg e  hostebi* Nlrmala £ t al (1968) 

found the mean energy intake to  be 1690 kUoG ealorles and 

protein  to  be 46 grams* Devadas at a l (1976) found the mean 

energy intake to  be 1555 k llflQ salories and the mean protein  intake 

to  be 46 grams* The find ings o f the present study is  also 

comparable to  the find ings o f BanerJee and Mahindran (1963) 

who stulded the food intake o f adolescent g i r l s  in several 

hostels o f Ind ia,

The mean energy intake o f the young adult women was 

poor (1969.+202J and the mean intake o f protein  was also not 

up to the recommended allowance (32-»4*2y5}r Probhavathi(1974) 

has reported that adult women consume only 2000 ca lo r ies  per 

day.
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V SUMMARY AND CONCLUSION

This in vestiga tion  was undertaken to  measure the 

basal metabolism o f adolescent g ir ls  and young adult* co lleg e  

women res id ing  in school and co lle g e  h oste ls . Adolescent 

g i r ls  from 13*18 years and young adult women o f 19*22 years 

were se lected . Six subjects were selected fo r  each age 

group* the BMI was determined fo r  three consecutive days.

The food intake* urinary c re tin in e  le v e ls  and skin fold  

thickness were determined on the days when the 8181 was 

measured.

The find ings o f tho in vestiga tion  ere as fo llow s !

1 .  The mean surface area o f adolascant g i r l s  was 

l.&J£p»217 and the mean surface area o f young adult 

woman waa 1 .4 5+0 * 1 2 2 , Tha d iffe ren ce  in turface area 

o f adolescent g i r l e  and young adult women wae not 

s ta t is t ic a l ly  e ign iflean t*

2. When BUR wee expressed in  terms o f k ilo ca lo r ie s  per 

minute,the values wars normal, when BMR. was expressed 

In terms o f body weight,the values were s l ig h t ly  high* 

When BMR was expressed in  terms o f  su rfset area^it was 

below tho standairde set by Mayo Foundation and

Sanerjee (1962)* The mean SMI o f adeloeeont g i r ls  was 

26.45+1.006 and fo r  young adult woman 25.33+1*014* 

Thera was a s ign ifica n t d iffe ren ce  between the BMl o f 

adolescent g i r ls  end young adult women*



3. Dm mean values fo r  sk in fo ld  thickness fo r  adolescent 

g i r ls  uas 7.991+1*36 and fo r  young adult women 

7.150+1.41. Dio values obtained fo r  adolescent 

g i r l s  Is  70 percent o f the standards set by J e l l i f e  

(1966) and fo r  young adult women^It Is  50 per cent. 

There was no s ign lfle a n t d iffe ren ce  between the 

sk ln fold  thickness o f adolescent g i r l s  and young 

adult women.

4* The mean urinary crea tin in e  per 10 0  m i l l i l i t r e s  fo r  

adolescent g ir ls  was 38.57+1*499 and fo r  young adult 

women I t  was 3 7 . 1 6 4 1 .8 8 3 . The values obtained ware 

lew . The d iffe ren ce  in  urinary creatin ine le v e ls  

between both the groups was not s ign ific a n t.

5. The food intake of e ll  the selected subjects were peer 

except for milk end milk products. The feod Intake

of young adult women were poorer than that of the 

adolescent g ir ls .

6 . The mean energy Intake o f  the young adoloecent g ir ls  

and young adult woman were poor (1885+135 and 1969+202 

r e s p e c t iv e ly ).  The mean protein  intake o f the 

adolescent g ir ls  and young adult women were marginal 

(41.7+5.0 and 32.4+2.5 re s p e c t iv e ly ).

7.The BMft obtained by the study fo r  adolescent g i r ls  and

young adult women are lew. The energy intake o f these
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subjects Uai also low . Since a l l  S f then are 

resSSIng in the hostel they have probably got 

accustomed to the d ie ta ry  pattern and intakes*

Recommendations-.

1* The fo r  the above mentioned age groups may be 

done during the d if fe r e n t  periods o f the year is  

note fluctuations i f  any.

2« A ll the indices o f the body composition san be 

d e a lt  to  f i v e  s complete picture and t#  estab lish
&̂e-Ysn)r

c o e ff ic ie n t  s f  co rre la tion  between variab les*
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APPBIHX X

83HNA1X0V or CHSATOTNE Iff UKTffE (TCLXN*S M!!TTOJ|

1* Picrto add! It solution was prepared la  water using purf-fied 
piorlo mold*

g* ID I  9od±aa hrdnoad.de.

8* Stock oreatirdna solution! Ig of pure dxjr oreatinlne solution 
V as dissolved In sufficient 0*1 V hrdrochloris add and the 
volume was aide opto 1 lit r e  (1  mg/al),

PHDGBDDRHi

One a lo f the urine waa diluted with water te  DO ml, sized well

and 8 al. (1.# 0*05 al.urine) aliquot was pipetted eat la te a teat tube* 

ta tide added 16 al* p letle aoid and 0*6 a l* of D f  so diva hr dread, de*

The content were Bade upto D  a l* with water and the intensity e f the 

Mahogoiy red odour dor el oped was read at 88) a^tla l&ett 3wa arson 

(gloria after. A blank waa prepared using 8 a l* e f water Instead of urine*

A standard curve was prepared hr using oreatinlne Standard solution

( range 0 to 50 ag  • the anount of oreatinlne la  the sample waa aal eel acted 

free the standard graoh*
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APPSHCX m
If BAN 31CRTOLD THICKNESS AMD UHtNAHT GRSAIININS L9T 3>S OF 1HB

SELSGTBD 3ZBJB0TS

Scbjsots*P
♦  ♦  *  «* *  ♦  *► ♦  «► *  ♦  4# 4» *

Adolm-oaat
girls15

Msaa Sktnfold thickness 
(« )

Mesa Oiinsuy Orestlaine 
lsrsl <«g/»C*l)

«•*► 4» .» *W «**»*»..«•<• 4» «»

I 8*2 59.75t 9*5 93*755 7*5 95*00
4 8*0 98*955 8*5 40.006 8*8 99,50
1 7*t 41.50> 8*0 40.00i 7.5 42.004 8*1 41*50t 8*9 45.00• 9*5 42.50

8*6 59*75« 7*6 42.509 9*5 40.004 7*6 41*70• 8*1 42.00• 9*0 41.50
1 5*8 40.00S 7.5 98.009 9*5 9B.404 0,9 55.005 6*8 35.006 7.0 58.00
1 7.0 35.50« 10*0 52.00
$ 7.6 53,504 9.4 53.50i 9.1 98.006,7 - ............. r  - - 34. D

« * « * # » <*«*«*•«*■ • • * m ♦ — •* m <
eontd*
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» Afcj«efcs m«n skinfold Moan Urlnaiy oraati-
(ra«ra) * - thiakneos (ns) - - - nine level (ag/XKMl)
<•» * «► 4 4, *(fr 4* * 4* *fr <*.*4t.»4»4»4l»4»4»4»4»«»<

t 6.2 42.50
C 9.8 3 7 .0 0
< 8.4 ®.oo

10 4 7.9 45.00
8 6.7 42.50
6 6.5 ar.so

Young * 6.1 38.00adriLt 2 . «.T 35.00
vans S 6.0 38.00
® 4 6.9 35.808 6*9 38.006 4̂ 37.00

f

i 6.2 37.00
» . 7.7 96.00
s 7 A 35.5009 48 5.0 98.006.9 98.006 5.6 54.00
1 8.4 55.00t 8.5 95.008 7.8 37.2021 4 8.8 32.008 8.2 33.208 8.9 34.00
1 7.1 45.422 8.9 45.508 7.4 48.304 8.4 43.708 7.6 42.008 9,7 42.50

• «»«»* • « * m <* mV♦ «► m * «*♦• *
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appendix t

MEAN ENERGY AND PROTEIN INTAKE OP THE SELECTED SUBJECTS

AS* SttbjMt 9 * * W Prota la AS* Subj*et tears r Prata la
(jr * «* * ) k «a l s (y * * * * ) k ca l s

1 2919 3 1 . 9 1 1493 30.4
2 1997 33.4 « 19 6 6 31.7

13 3 2133 31.7 18 3 1818 39.3
* 1806 49.3 4 1866 39.3
3 1?80 36*1 5 1921 39.3
6 2016 33.4 6 1963 36.6

1 1779 33.0 1 17 2 8 31.8
2 1923 43.0 t 1703 33.4

1 % 3 1919 33.9 ♦9 3 1663 38.6
% 1790 47.7 4 1924 36.5
9 1802 96*6 9 1805 3 1 . 6
6 1639 58.2 6 1790 36.9

1 19 16 33.4 t 1391 28.9
2 2093 43.1 2 1739 29.7

1# 3 1930 33.9 20 3 1884 34.7
1841 39.9 4 2037 33.3

9 1976 46.6 9 1973 29.7
6 1793 36.1 6 1822 22.0

1 1740 43.2 1 1814 27.4
2 1967 47.3 » 1863 31.7

§ £ 3 1597 43.0 2 1 3 1727 33.3t l 4 1791 31.9 4 1607 36.6
9 2030 41.1 9 1642 31.9
6 I 960 41.3 6 1666 3 0 .6

1 1937 30.96 1 1473 28.6
2 19 4 7 35.33 « 1313 28.9
3 1804 38.30 3 1446 . 30.1

IT 4 1933 27.6 22 4 1435 29.7
3 1946 24*3 9 1466 36.0
9 1911 32.73 6 1332 33.0

M  v  sa


