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I N T R O D U C T I O N

G oo d n u t r i t i o n  a n d  go o d  h e a l t h  is a f u n d a m e n t a l  h u m a n  right

a n d  s h o u l d  be the p r i o r i t y  of all d e v e l o p m e n t a l  s c h e m e s .  A n y

investment, as D e v a d a s  (1987) p o i n t s  out t o w a r d s  i m p r o v i n g  the

nutritional s t a t u s  of an individual is an i n v estment for the
«

wealth of the nation.

C e r t a i n  s e g m e n t s  of our p o p u l a t i o n  such as i n f artts, y ou ng 

children, p r e g n a n t  w o m e n  and n u r s i n g  m o t h e r s  are v u l n e r a b l e  from 

the n u t r i t i o n a l  s t a n d p o i n t  t h a n  a r e  o t h e r s  ( G r i j a l v a  &t  a l ,  

1986). C h i l d h o o d  is p e r h a p s  the m o s t  c r i t i c a l  a n d  v u l n e r a b l e  

p e r i o d  a n d  it is d u r i n g  t h i s  p e r i o d  t h a t  w e  w i t n e s s  a h i g h  

i ncidence of m o r t a l i t y  a n d  m o r b i d i t y  due to ma n y  f a c t o r s  and one 

of the mo s t  important c o n t r i b u t i n g  factor is faulty w e a n i n g  or 

s u p p l e m e n t a t i o n  (Bhat, 1985).

C h i l d h o o d  is the p e r i o d  of r a p i d  g r o w t h  and c h i l d r e n  

b e l o w  the a g e  of 5 y e a r s  are c o n s i d e r e d  to be the most 

v u l n e r a b l e  from the n u t r i t i o n  s t a n d  p o int and m a l n u t r i t i o n  is 

one of the m a j o r  p u b l i c  h e a l t h  n u t r i t i o n a l  p r o b l e m  of rural 

presc h o o l  c h i l d r e n  in I n d i a  (Bhat a n d  Umapathy, 1986). Severe 

p r o t e i n  e n e r g y  m a l n u t r i t i o n  c a u s e s  s t u n t e d  p h y s i c a l  g r o w t h ,  

mental r e t a r d a t i o n ,  g a s t r o i n t e s t i n a l  tract a t r o p h i c  c h a n g e s  ana 

also r e d u c e s  life e x p e c t a n c y .

S u p p l e m e n t a r y  foods are g e n e r a l l y  i n t r o d u c e d  b e t w e e n  5 to 9 

months. The ne e d  for p r o v i d i n g  s u p p l e m e n t a r y  food is that, by
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the t i m e  a c h i l d  r e a c h e s  t h e  a g e  o f  a b o u t  6 m o n t h s  or e v e n  

earlier, the d e v e l o p m e n t  of the c h i l d  r e t a r d s  due to d e c r e a s e  in 

m i l k  y i e l d  a n d  i n c r e a s e  in the r e q u i r e m e n t  of t h e  c h i l d .  A 

p r o t e i n  s u p p l e m e n t  has to be  p r o v i d e d  for m a k i n g  g o o d ,  th e 

d efic i e n t  n u t rients. T h e r e  is thus an u r g e n t  need to d e v e l o p  

s a t i s f a c t o r y  c h e a p  i n f a n t  f o o d s  w h i c h  c a n  b e  p r e p a r e d  f r o m  

locally a v a i l a b l e  r e s o u r c e s  in the c o m m u n i t y  for use a m o n g  the 

poor s o c i o  e c o n o m i c  classes.

In India, the food that is int e n d e d  as a s u p p l e m e n t  to fie

diet of v/eaned c h i l d  s h o u l d  be fa i r l y  high in p r o t e i n  content «;te­

at the same time s h o u l d  p r o v i d e  e n o u g h  v i t a m i n s  a n d  mineral*, for 

the proper g r o w t h  of the c h i l d  (Jelliffie, 1975). In d e v e l o p i n g  

c ountries, an a p p l i c a t i o n  of a m i x t u r e  of v e g e t a b l e  p r o t e i n s  may 

b e  s u i t a b l e  in t h e  p r e p a r a t i o n  o f  s u p p l e m e n t a r y  f o o d s  

(Fashakin, 1986).

C e r e a l s  a n d  p u l s e s  a r e  the m a j o r  s o u r c e s  of p r o t e i n  in 

India b e c a u s e  animal p r o t e i n  is e x p a n s i v e  and a large part of the 

p o p u l a t i o n  is v e g e t a r i a n  ( N a i k  e t  a 1, 1 9 8 8 ) .  T h e  h i g h e r

a v a i l a b i l i t y  a n d  lower cost of v e g e t a b l e  p r o t e i n s  c o m p a r e d  with 

animal p r o t e i n  m a k e  the former m o r e  s u i t a b l e  as new s o u r c e s  or to 

increase the p r o t e i n  c o n t e n t  or n u t r i t i o n a l  v a l u e  of e x i s t i n g

foods (Con Con, 1976). This can be a c h i e v e d  t h r o u g h  m i x t u r e  of

v e g e t a b l e s  w i t h  c o m p  1 e m e n t a r y  a m i n o a c i d  p a t t e r n  or t h r o u g h  

v e g e t a b l e  p r o t e i n s  w i t h  a go o d  a m i n o a c i d  score, such as s o y a b e a n
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protein. Hence, the n u t r i t i o n a l  p o t e n t i a l  of s o y a b e a n  in this 

cont e x t  is c o n s i d e r a b l e  (Sulbeli, 1988).

The s o y a b e a n  b e i n g  rich in p r o t e i n  a n d  e n e r g y  is c o n s i d e r e d  

to be a "Wonder Bean", to s o l v e  the p r o t e i n  e'nergy gap in 

d e v e l o p i n g  c o u n t r i e s .  A m o n g  d i f f e r e n t  v e g e t a b l e  p r o t e i n s ,  

s o y a b e a n  is the c h e a p e s t  s o u r c e  w i t h  its 40 per cent p r o t e i n  and 

20 per cent oil, c h a r a c t e r i s t i c  of a g o o d  p r o d u c t  h a v i n g  high 

p r o t e i n  e n e r g y  r a t i o  ( G a n d h i  e t  a l ,  1 9 8 6 ) .  M o r e  o v e r ,  t h i s  

p r o t e i n  w h e n  p r o c e s s e d  p r o p e r l y  is of high n u t r i t i o n a l  quality. 

S o y a b e a n  p r o t e i n s  s u p p l y  all the e s s e n t i a l  a m i n o  a c i a s  excup 

m e t h i o n i n e ,  the lim i t i n g  a m i n o  acid, but they are g o o d  s o u r c e s  of 

lysine and t h r e o n i n e  and s u p p l e m e n t  e f f e c t i v e l y  cereal p r o te in s 

(Swaminathan, 1986). N o w  this p r o d i g i o u s  bean is seen by some 

as a w e a p o n  a g a n i s t  m a l n u t r i t i o n  in the t h ird w o r l d  c o u n t r i e s  

o w i n g  t o  i t s  v e r y  h i g h  c o n t e n t  o f  q u a l i t y  p r o t e i n

(Aswathi e t  a l ,  1991).

It h a s  t h e  a d d i t i o n a l  a d v a n t a g e  in b e i n g  c o m p a r a t i v e l y  

less e x p e n s i v e  than o ther oil s e e d s  a n d  is g e n e r a l l y  r e c o m m e n d e d  

for f o r t i f y i n g  p u r p o s e s  (Arv i n d  e t  a l ,  1994). A d d i t i o n  of 15

per cent soya flour to d e g e r m e d  c o r n  meal and s o r g h u m  meal not. 

only i m proved the n u t r i t i o n a l  q u a l i t y  of the s o r g h u m  flour but 

a l s o  i m p r o v e d  its k e e p i n g  q u a l i t y  ( J a y a l e k s h m i  e t  a l ,  1 9 8 7 ) .  

Ble n d s  of soya flour wi t h  c e r e a l s  such as corn, wheat,

s o r g h u m  a n d  o a t s  a r e  w i d e l y  u s e d  in t h e  wot la f e e d  i ng

p r o g r a m m e s  (Book Walter, 1978).
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C o n s i d e r i n g  all t hese p o s s i b i l i t i e s ,  a s t u d y  on " E v a l u a t i n g  

the n u t r i t i o n a l  q u a l i t y  of s o y a  b a s e d  s u p p l e m e n t a r y  foods" was

s e l e c t e d  wi t h  the f o l l o w i n g  o b j e c t i v e s .

(1) To d e v e l o p  s u p p l e m e n t a r y  f o o d  m i x e s  b a s e d  o n  d e f a t t e d  

soyaflour, r o a s t e d  p a r b o i l e d  ri c e  flour a n d  g r o u n d n u t  flour;

(2) T o  a s c e r t a i n  t h e  q u a l i t y  of t h e  s u p p l e m e n t a r y  f o o d  m i x  

t h r o u g h  s u i t a b l e  l a b o r a t o r y  e x p e r i m e n t s ;  and

(3) To a s c e r t a i n  the q u a l i t y  of the d e v e l o p e d  s u p p l e m e n t a r y  food 

mix t h r o u g h  s u i t a b l e  field studies.
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1. P r e v a l e n c e  and c a u s e s  of m a l n u t r i t i o n  a m o n g  p r e s c h o o l  children.

2. Age and t r end in w e a n i n g  or s u p p l e m e n t a t i o n .

3. S u p p l e m e n t a r y  food - A s t r a t e g y  to o v e r c o m e  m a l n u t r i t i o n .

4. I m p o r t a n c e  of s o y a b e a n  as a s u p p l e m e n t a r y  food.

1. P r e v a l e n c e  a n d  c a u s e s  of m a l n u t r i t i o n  a m o n g  p r e s c h o o l  

ch ildren

C h i l d r e n  lay the f o u n d a t i o n  for f u t u r e  h e a l t h y  s t at u s  or 

the n a t i o n  ( G e e t h a  a n d  D e v a d a s , 1 9 8 6 ) .  N u t r i t i o n a l  s t a t u s  of

c h i l d r e n  is a c r u cial indicator in d e t e r m i n i n g  the q u a l i t y  of 

life of p e o p l e  and is linked w i t h  the h e a l t h  status. (Mugula, 

1992).

M a l n u t r i t i o n  is a c o n d i t i o n  w h e n  o n e  or m o r e  n u t r i e n t s  are 

less or are in e x c e s s  in the body. M a l n u t r i t i o n  is the major 

he a l t h  p r o b l e m  of our c o u n t r y  a n d  it is a c u t e  and w i o e  sp rea d 

( A l e x a n d e r ,  1 9 8 5 . )  M a l n u t r i t i o n  at  t h e  s o c i a l  l e v e l  is a 

c o n s e q u e n c e  of the r e l a t i o n  of p e o p l e  w i t h  food (UNICEF, 1384).

A c c o r d i n g  to G o s h  ( 1 9 8 6 )  m a l n u t r i t i o n  r e s u l t s  f r o m  the 

inter a c t i o n  of several factors. T h e y  are poor s o c i o  e c o n o m i c  

c o n d i t i o n s ,  p a r e n t a l  i g n o r a n c e  a n d  i l l i t e r a c y ,  r e p e a t e d  

infections, large families, c l o s e l y  s p a c e d  f a m i li e s and low b ■> r t h
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w e i g h t .  P r o t e i n  c a l o r i e  m a l n u t r i t i o n  a m o n g s t  c h i l d r e n  is 

p r e v a l e n t  in so m e  p a r t s  of the c o u n t r y  (S u b r a m a n i a n , 1983).

S h u k l a  ( 1 9 8 2 )  h a s  s t a t e d  t h a t  t h e  m a i n  c a u s e s  for 

m a l n u t r i t i o n  in I n d i a  include n o n a v a i l a b i l i t y  of food, poverty, 

p o p u l a t i o n  g r o w t h ,  c u s t o m s ,  c o n d i t i o n i n g  w h i c h  i n f l u e n c e s  

so cio e c o n o m i c  status, edu c a t i o n ,  i n f l u e n c e  of i n d u s t r i a l i s a t i o n ,  

u r b a n i s a t i o n  and m o d e r n i s a t i o n .  S r i k a n t i a  (1983) in di ca te d  that 

o n e  o f  t h e  m o s t  i m p o r t a n t  c o n t r i b u t i n g  f a c t o r s  f o r  t h e  

d e v e l o p m e n t  of infant m a l n u t r i t i o n  is the poor infant feeding 

pract i c e s .

O m o t o l a  a n d  A k i n y e l e  (1986) c o n d u c t e d  a s t u d y  on the infant 

f e e ding p r a c t i c e s  of u r b a n  low income g r o u p  in I b d a n . The survey 

indicated that the n u t r i t i o n a l  s t a t u s  of c h i l d r e n  is 'influenced 

by the s o c i o  e c o n o m i c  s t a t u s  of t h e  f a m i l y  a n d  is d i r e c t l y  

r e l a t e d  to t h e  level of m a t e r n a l  e d u c a t i o n ,  w h e r e a s  c u l t u r a l  

p r a c t i c e s  h a v e  no s i g n i f i c a n t  i n f l u e n c e  o n  i n f a n t  f e e d i n g  

behaviour. V o b e c k y  et a/. (1986) c o n c l u d e d  that t h ere is an

i m p o r t a n t  r e l a t i o n s h i p  a m o n g  e a r l y  e a t i n g  b e h a v i o u r ,  e a t i n g  

p a t t e r n s  later in life a n d  h e a l t h  status. The s t u d y  s h o w e d  that 

nu t r i t i o n a l  p a t t e r n s  at age three, are a f f e c t e d  by time at which 

solid foods are i n t r o d u c e d  to the infant a n d  this is r e f l e c t e d  ■n 

several familial and e n v i r o n m e n t a l  factors.

A c c o r d i n g  V i j a y a 1a k s h m i  et a7. ( 1 9 7 5 ) ,  t h e  c a u s e s  f o r

m a l n u t r i t i o n  in p r e s c h o o l  c h i l d r e n  a r e  low intake of nutrients,
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low income, lack of kno w l e d g e ,  infections, improper s e l e c t i o n  and 

p r e p a r a t i o n  of fo o d s ,  p o o r  w e a n i n g  p r a c t i c e s  a n d  f a u l t y  f o o d  

beleifs. T a y l o r  a n d  T a y l o r  (1976) has listed the c a u s e s  for 

m a l n u t r i t i o n  a s  lack of e m p l o y m e n t ,  a g r i c u l t u r a l  f a c t o r s ,  

e c o n o m i c  f a c t o r s ,  c u l t u r a l  f a c t o r s ,  i n a d e q u a t e  h e a l t h  a n d  

n u t r i t i o n a l  services, p h y s i o l o g i c a l  factors, levels of a c t i v i t y  

a n d  i n f e c t i o n s .  G o s h  ( 1 9 7 6 )  r e p o r t e d  t h a t  p r o l o n g e d  b r e a s t  

f e e d i n g  a n d  late i n t r o d u c t i o n  of s e m i s o l i d s  to the chi Ids results 

in m a l n u t r i t i o n .  A s t u d y  c o n d u c t e d  by C a l i e n d o  e t  a l .  (1977) 

a m o n g  p r e s c h o o l  c h i l d r e n  of N e w  y o r k  c i t y  r e v e a l e d  t h a t  t h e  

q u a l i t y  of diet of y o u n g  c h i l d r e n  a r e  i n f l u e n c e d  by sex, ordinal 

p o s i t i o n  of the family, m o t h e r s  e m p l o y m e n t  status, e d u c a t i o n  and 

n u t r i t i o n a l  kno w l e d g e .

R a v i n d r a n  ( 1 9 8 4 )  h a s  l i s t e d  t h e  m a i n  d e t e r m i n a n t s  w h i c h  

i nfluence the n u t r i t i o n a l  s t a t u s  of the c o m m u n i t y .  In a d d i t i o n  to 

poverty, land t e n u r e  and land fertility, low f a m i l y  income, large 

f a m i l y  s i ze, h i g h  c o s t  a n d  s c a r c i t y  of p r o t e i n  r i c h  f o o d s ,  

ina d e q u a t e  d i s t r i b u t i o n  and m a r k e t i n g  system, intra familial food 

d i s t r i b u t i o n  w h i c h  is u n f a v o u r a b l e  to child r e n ,  food c u s t o m s  ar.d 

taboos, poor e d u c a t i o n  and l iteracy level of the p a r e n t s  were 

found to be important. S h a r m a  (1979) has r e p o r t e d  that the socio 

e c o n o m i c  f a c t o r s  p l a y  an i m p o r t a n t  r o l e  in t h e  o c c u r e n c e  of 

m a l n u t r i t i o n  and inc l u d e d  poor h e a l t h  of the mother, poverty, 

s c a r c i t y  of n u t r i t i o u s  foods at the c r i t i c a l  s t a g e s  of g r o w t h  and 

d e v e l opment, ignorance, s o c i o  c u l t u r a l  f a c t o r s  such as w e a n i n g



taboos and p r e j u d i c e s ,  d i s c r i m i n a t i o n  a g a i n s t  g i rls and faulty 

c o o k i n g  p r a c tices.

S h a h  ( 1 9 7 9 )  c o n c l u d e d  t h a t  t h e  m a i n  f a c t o r s  p l a y  a n  

important role in the o c c u r a n c e  of m a l n u t r i t i o n  a n d  the poor 

health of the m o t h e r  a r e  poverty, s c a r c i t y  of n u t r i t i o u s  food at 

the cri t i c a l  s t a g e s  of g r o w t h  a n d  d e v e l o p m e n t ,  ignorance, s o c i o ­

c u l t u r a l  f a c t o r s  s u c h  a s  w e a n i n g  t a b o o s  a n d  p r e j u d i c e s ,  

d i s c r i m i n a t i o n  a g a i n s t  g i rls and fa u l t y  c o o k i n g  practices.

Shah (1979) c o n c l u d e d  that the ma i n  fact o r s  w h i c h  leads to 

m a l n u t r i t i o n  a m o n g  y o u n g  c h i l d r e n  include late i n t r o d u c t i o n  of 

s e m i s o l i d  foods d u r i n g  infancy, d i l u t e d  s u p p l e m e n t a r y  feeding, 

d a i l y  w a g e s  of m o t h e r ,  n u c l e a r  a n d  l a r g e  f a m i l i e s ,  s h o r t e r  

intervals b e t w e e n  two p r e g n e n c i e s ,  j o b l e s s  p e r i o d  o f parents, 

p r e f e r e n c i a l  c a r e  of boys and poor a n t i n a t a l  care.

The r e s u l t s  of the s t u d y  c o n d u c t e d  by L u w a n g  (1980) a m ong 

500 presc h o o l  c h i l d r e n  of s e v e n  v i l l a g e s  in M a n i p u r  i ndicate that 

the o c c u r a n c e  of p r o t e i n  e n e r g y  m a l n u t r i t i o n  w a s  not d u e  to birth 

order but age, sex and r e l i g i o n  of the children. A c c o r d i n g  to an 

I n t e r n a t i o n a l  c o n f e r e n c e  Re p o r t  on N u t r i t i o n  (1992), m a l n u t r i t i o n  

a m o n g  c h i l d r e n  is m o r e  l i k e l y  to r e s u l t  f r o m  i g n o r a n c e  a b o u t  

h y g i e n e  and the d i e t r y  needs of c h i l d r e n  than from s h o r t a g e  o f  

f o o d .

By i n t r o d u c i n g  s u p p 1e m e n t a r y  f o o d  of g o o d  q u a l i t y  a n d  

q u a n t i t y  at right time and in right p r o p o r t i o n s ,  the incidence of
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p r o t e i n  c a l o r i e  m a l n u t r i t i o n  can be p r e v e n t e d  to a large extent 

( D e s i k a c h a r ,  1982). T o  c o m b a t  p r o t e i n  e n e r g y  m a l n u t r i t i o n ,  

s u p p l e m e n t a t i o n  of C e r e a l s  w i t h  legumes in the d a i l y  d i e t s  of 

the p e o p l e  has b e e n  e m p h a s i s e d  by A h m e d  e t  a l .  (1993).

D e s p a n d e  and D e s p a n d e  (1991) r e v e a l e d  that the c h i l d r e n  

from r e l a t i v e l y  hi g h e r  s o c i o  e c o n o m i c  s t a t u s  w e r e  heav i e r  and 

taller from b i r t h  u p t o  five years. A c c o r d i n g  to S a l u n k h e  and 

D e s p a n d e  (1991) mo s t  of the c h i l d r e n  in d e v e l o p i n g  c o u n t r i e s  had 

m o d e r a t e  to s e v e r e  m a l n u t r i t i o n  d u r i n g  t r a n s i t i o n  fr o m  breast 

f e e d i n g  to a d ult diet, o w i n g  to the c o m b i n e d  e f f e c t  of inadequate 

diet and infection. Vast m a j o r i t y  of the c o m m o n  d i s e a s e s  and 

m a l n u t r i t i o n  s y n d r o m e s  like m a r a s m u s ,  K w a s h i o r k o r  and under 

n u t r i t i o n  w e r e  o b s e r v e d  to o c c u r  p r e d o m i n a n t l y  in p r e s c h o o l  

c h i l d r e n  (Bressani, 1991).

A c c o r d i n g  to H a n c o c k  e t  a l .  (1990), a fam i l y  g r e a t e r  than 

s e v e n  c h i l d r e n  r e s u l t  in h i g h e r  i n c i d e n c e  of  p r o t e i n  e n e r g y  

m a l n u t r i t i o n .  A s t u d y  by A h m e d  e t  a l .  (1993) s h o w e d  that 57 per 

cent of the c h i l d r e n  w h o  d i e d  u n der the age of five y e ar s had 

i m m a t u r i t y  or n u t r i t i o n a l  d e f i c i e n c y  a s  a p r i m a r y  a s s o c i a t e d  

c a u s e  of death. A c c o r d i n g  to R e d d y  (1992) s e v e r e  p r o t e i n  en e r g y  

m a l n u t r i t i o n  is a s s o c i a t e d  w i t h  i n f e c t i o n ,  e s p e c i a l l y  of th e 

lower r e s p i r a t o r y  tract and w i t h  m a r k e d  fluid a n d  e l e c t r o l y t e  

d i s t u r b a n c e s  as a result of dia r r h o e a .



Infant m o r a l i t y  is d e f i n e d  as the nu m b e r  of d e a t h s  under 1 

year of age per 1,000 live - b o r n  babies. St u a r t  a n d  G e r a l d i n e  

(1992) r e p o r t e d  that the i n c i d e n c e  of i n f e c t i o u s  d i s e a s e s  are 

h i g h  in i n f a n t s  a n d  y o u n g  c h i l d r e n .  A c c o r d i n g  t o  t h e  

p r o v i s i o n a l  e s t i m a t e s  of S a m p l e  R e g i s t r a t i o n  S y s t e m  (1989), the 

Infant M o r t a l i t y  Rate, an index to m e a s u r e  the p h y s i c a l  q u a lity 

of life in any g i v e n  p o p u l a t i o n ,  was as low as 22 in K e r a l a  

This is the lowest in the c o u n t r y  and has been b r o u g h t  do w n  from 

the level of 28 in 1988. The In f a n t  M o r a l i t y  R a t e  (IMR) in urban 

a r e a s  in K e r a l a  is c o m p a r a t i v e l y  lower than that in rural ar eas 

a n d  the f e m a l e  I M R  is f o u n d  t o  b e  l e s s  t h a n  t h a t  of malfj 

( D i r e c t o r a r t e  of H e a l t h  S e r v i c e s  Report, 1991). D e m o g r a p h i c  and 

E v a l u a t i o n  cell r e p o r t s  (1991) r e v e a l e d  that the c h i l d  m o r a l i t y  

rate both in the age g r o u p  of 0 - 4  a n d  5-9 w e r e  the lowest in 

K e r a l a  w i t h  ve r y  little rural - u r b a n  d i f f e r e n c e s .  The National 

F a m i l y  W e l f a r e  P r o g r a m m e  in K e r a l a  ( 1 9 9 4 )  r e p o r t e d  t h a t  t h e  

Infant M o r a l i t y  R a t e  in K e r a l a  was 17 d u r i n g  the year 1992 and it 

was r e d u c e d  to 13 in the year 1993.

The adults, infants and o lder c h i l d r e n  a r e  all a d e q u a t e l y

nourished, but the 1-5 year o l d  c h i l d r e n  s h o w  e v i d e n c e  of curr ent  

gr o w t h  r e t a r d a t i o n  and i n c r e a s e d  m o r a l i t y  rates, p o s s i b i l i t y  due 

to their no longer b e i n g  p r o t e c t e d  by b r e a s t  f e e d i n g  (Stuart and 

Ger a l d i n e ,  1992). Under n u t r i t i o n  is the c o n t r i b u t i n g  c a u s e  in 

one third of the m i l l i o n  c h i l d  d e a t h s  in the w o r l d  (Grant, I988).

Beevi (1989) r e p o r t e d  that c h i e f  k i l l e r s  of this age g r o u p  were
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s e v e r e  forms of p r o t e i n  e n e r g y  m a l n u t r i t i o n  s u c h  as K w a r s h i o r k o r  

and M a r a s m u s  and other n o n - n u t r i t i o n a 1 diseases.

U N I C E F  (1988) has p o i n t e d  out that 33 per cent of c h i l d r e n  

under five in I n d i a  w e r e  s u f f e r i n g  from m i l d  to s e v e r e  forms of 

m a l n u t r i t i o n .  U N I C E F  (1990) has r e p o r t e d  that in terms of age 

groups, the i n c i d e n c e  of s e v e r e  m a l n u t r i t i o n  a n d  d e a t h  rates 

a p p e a r e d  to be hi g h e r  a m o n g  c h i l d r e n  of 0-3 y e a r s  than in other 

gro u p s  in al m o s t  all states.

S r i k a n t i a  (1989) ha v e  r e p o r t e d  that two i m m e d i a t e  c a u s e s  

for c h i l d  d e a t h  a r e  i n s u f f i c i e n t  f o o d  i n t a k e  a n d  i n f e c t i v e  

m o r b i d i t y .  S i g n s  of m a l n u t r i t i o n  b e g i n s  t o  m a n i f e s t  d u r i n g  

w e a n i n g  p e r i o d  and u l t i m a t e l y  r e s u l t s  in long te r m  d e f e c i e n c i e s  

in p h y s i c a l ,  m e n t a l  a n d  t o t a l  d e v e l o p m e n t  o f  o u r  c h i l d r e n  

( S r i k a n t i a  1 9 8 3 ) .  D e a t h s  d u r i n g  t h e  p e r i o d  o f  w e a n i n g  in 

d e v e l o p i n g  c o u n t r i e s  a r e  f i f t e e n  t i m e s  h i g h e r  t h a n  t h a t  in 

i n d u s t r i a l i s e d  c o u n t r i e s  (Haxton, 1984). Semwal e t  a l .  (1986) 

found that in Delhi u r b a n  s l u m s  45 to 47 per cent of c h i l d r e n  

b e l o w  2 y e a r s  we r e  u n der nourished.

U N I C E F  (1991) r e v e a l e d  a s u b s t a n t i a l  d e c l i n e  in the Infant 

M o r t a l i t y  R a t e  in I n d i a  o v e r  t h e  y e a r s  a n d  t h i s  a c h i e v e m e n t  

s h o w e d  p r o n o u n c e d  d i s p a r i t i e s  b e t w e e n  t h e  s t a t e s  f r o m  28 in 

K e r a l a  to 123 in U t t e r p r a d e s h . P a r e z  Gil a n d  U f n e n k e r  (1987) 

s t u d i e d  the n u t r i t i o n a l  s t a t u s  of  8 9  p r e s c h o o l  c h i l d r e n  f r o m  

rural r e g i o n  in the S i e n a  N a r k e  de Pretha, M e x i c o  a n d  found that 

21 w e r e  n o r m a l ,  2 9  s h o w e d  s l i g h t  m a l n u t r i t i o n ,  31 s h o w e d



m o d e r a t e  m a l n u t r i t i o n  a n d  8 s h o w e d  s e v e r e  m a l n u t r i t i o n  

A c c o r d i n g  to Sa t a  P a t h y  e t  a l .  (1984) in lower s o c i o  e c o n o m i c  

gro u p s  in B r a h a m p u s  in South Orissa, 42 per cent of the c h i l d r e n  

w e r e  u n d e r  n o u r i s h e d  d u e  to p o o r  q u a l i t y  f o o d  a n d  d e l a y e d  

wean i n g .

G e e t h a  and D e v a d a s  (1986) c o n d u c t e d  a s u r v e y  in C o i m b a t o r e  

and r e p o r t e d  that p r o t e i n  e n e r g y  m a l n u t r i t i o n  was p r e s e n t  in 

44 per cent of the children. she a l s o  f o u n d  that iron d e f i c i e n c y  

a n a e m i a  and V i t a m i n  A d e f i c i e n c y  w e r e  w i d e l y  p r e v alent. In a 

report of I n t e r n a t i o n a l  c o n f e r e n c e  on n u t r i t i o n  (1992) it was 

shown that n e a r l y  13 m i l l i o n  c h i l d r e n  u nder 5 die e v e r y  year 

from i n f e c t i o n s  a n d  as a d i r e c t  or indirect re s u l t  of hunger and 

m a l n u t r i t i o n .  It a l s o  i n d i c a t e d  that lack of prote i n s ,  v i t a m i n s  

and m i n e r a l s  leads to m a l n u t r i t i o n  w h i c h  has its g r e a t e s t  impact 

on the young, e s p e c i a l l y  b e t w e e n  12 - 24 months. D e v a d a s  and 

J a y a  ( 1 9 8 8 )  c o n d u c t e d  a s t u d y  o n  p r e s c h o o l  c h i l d r e n  in 

Coimb a t o r e .  T h e  r e s u l t s  i n d i c a t e d  that 49 per cent had p r o t e i n  

e n e r g y  m a l n u t r i t i o n ,  7 . 5 0  per cent had v i t a m i n  A defici e n c y ,  

15.90 per cent had r e s p i r a t o r y  i n f e c t i o n s  a n d  15.60 per cent 

had g a s t r o e n t e r i t i s .  U N I C E F  (1985) r e p o r t e d  that c h i l d r e n  under 

six is the most v u l n e r a b l e  g r o u p  of p o p u l a t i o n  for they lay the 

f o u n d a t i o n  for future h e a l t h  st a t u s  of the nation. T h e y  also 

c a r r i e d  out a s t u d y  to a s s e s s  the q u a n t u m  of u n d e r  nutrition, 

m a l n u t r i t i o n  and i n f e c t i o u s  d i s e a s e s  a m o n g  p r e s c h o o l  c h i l d r e n  of 

C o i m b a t o r e .  T h e  r e s u l t s  s h o w e d  t h a t ,  t h e  s e v e r e  f o r m  of



m a l n u t r i t i o n  was found to be m o r e  in the a g e  g r o u p  of 2 - 3 

y e a r s .  M o r b i d i t y  p a t t e r n  s h o w e d  g r e a t e r  p r e v a l a n c e  of 

r e s p i r a t o r y  t r a c t  i n f e c t i o n s ,  p r o t e i n  e n e r g y  m a l n u t r i t i o n ,  

a n a e m i a  and V i t a m i n  A d e f i c i e n c y .

M o r e  than 10 m i l l i o n  b a b i e s  in I n d i a  are r e p o r t e d  to suffer 

from m a l n u t r i t i o n  e v e r y  year. It has been further s t a t e d  that 

15 per cent of our c h i l d r e n  a d m i t t e d  to any h o s p i t a l  sh ow  frank 

n u t r i t i o n a l  d e f i c i e n c i e s  and a bout 90 per cent p r e s c h o o l  c h i l d r e n  

s u f f e r  f r o m  g r o w t h  r e t a r d a t i o n .  T h e  m o s t  i m p o r t a n t  

c h a r a c t e r i s t i c  of m a l n u t r i t i o n  is i n a d e q u a t e  intake of e n e r g y  

and p r o t e i n  over a p e r i o d  of time (Alexander, 1985).

Out of 5 6 8  s t u d i e s  c o n d u c t e d  a m o n g  u n d e r  5 c h i l d r e n  in 

Tamil Nadu, a c c o r d i n g  to G o m e z  c l a s s i f i c a t i o n  of m a l n u t r i t i o n ,  

have s h own that 19 per cent w e r e  normal, 4 9 . 1 0  per cent sh o w e d  

m i l d  m a l n u t r i t i o n ,  m o d e r a t e  and s e v e r e  m a l n u t r i t i o n  w a s  found to 

b e  2 6 . 6 0  p e r  c e n t  a n d  5 . 3 0  p e r  c e n t  r e s p e c t i v e l y

(Kakker e t  a l ,  1987). U N I C E F  (1988) has r e p o r t e d  that

11.50 m i l l i o n  infants in the w o r l d  is c u r r e n t l y  d y i n g  e a c h  year 

due to m a l n u t r i t i o n .  A c c o r d i n g  to G r a n t  (1988) of about 

34 m i l l i o n  c h i l d r e n  born in S o uth A s i a  each year ar o un d

4 m i l l i o n  d i d  n o t  s u r v i v e  t h e i r  f i r s t  b i r t h d a y .

Kakker e t  a l .  (1987) has o b s e r v e d  that in India, y o u n g  c h i l d r e n  

r e m a i n e d  the mo s t  v u l n e r a b l e  g r o u p  in the p o p u l a t i o n  w i t h  40 per 

cent of all d e a t h s  o c c u r i n g  in 0 - 4  year groups. U N I C E F  (1990) in 

an a n a l y s i s  on c h i l d r e n  a n d  w o m e n  in I n d i a  h a s  r e p o r t e d  t h a t



m o r t a l i t y  r a t e s  of i n f a n t s  a n d  c h i l d r e n  u n d e r  5 y e a r s  s t i l l  

r e m a i n e d  at  l e v e l s  w h i c h  a r e  u n a c c e p t a b l y  h i g h .  

P a s s m o r e  e t  a l . (1986) p o i n t e d  out that n u t r i e n t  d e f i c i e n c i e s ,

whet h e r  d i e t a r y  or m e t a b o l i c  in origin, ha v e  long be e n  k n o w n  to 

c a u s e  l e a r n i n g  d i s a b i l i t i e s  a n d  c o g i n i t i v e  d i s o r d e r s .  A'fter 

c o n d u c t i n g  a c o m p a r a t i v e  s t u d y  b e t w e e n  2 d i f f e r e n t  s o c i a l l y  

d e v e l o p e d  s t a t e s  like K e r a l a  and U t tar P r adesh, G o s h  (1986) has 

f o u n d  th a t  m o r t a l i t y  a m o n g  t h e  0 - 4  y e a r  f e m a l e  c h i l d r e n  w a s  

c o n s i s t e n t l y  higher in both K e r a l a  and Uttar Pradesh.

A c c o r d i n g  to U N I C E F  (1990), the c a u s e s  of infant m o r t a l i t y  

we r e  c o m m u n i t y  e n v i r o n m e n t ,  a v a i l a b i l i t y  of social am enities, 

h o u s e h o l d  e n v i r o n m e n t ,  lack of p h y s i c a l ,  s o c i a l  a n d  e c o n o m i c  

s u p p o r t ,  i n a d e q u a t e  i n f a n t  c a r e  at b i r t h  a s  w e l l  a s  at t h e  

p r enatal and p o s t n a t a l  stages. O t h e r  f a c t o r s  i n f l u e n c i n g  infant 

m o r t a l i t y  w e r e  r e p o r t e d  to be  n u t r i t i o n  o f  m o t h e r ,  a g e  at 

m a r r i a g e  and b i r t h  s p a c i n g  (UNICEF, 1990). E l s i e  (1965) has 

s t a t e d  the r e a s o n  for low infant m o r t a l i t y  in K e r a l a  was m a i n l y  

due to e x p a n d e d  m e d i c a l  f acilities, a v a i l a b i l i t y  of i m m u n i z a t ion 

pr o gramme, u t i l i z a t i o n  of h e a l t h  services, high li t e r a c y  rate 

p a r t i c u l a r l y  a m o n g  fe m a l e  and i m p r o v e m e n t  in the s o c i o  e c o n o m i c  

c o n d i t i o n  of the po o r e r  s e c t i o n  of the people.

2 A g e  a n d  t r e n d  in w e a n i n g  or s u p p l e m e n t a t i o n

Infant f e e d i n g  p r a c t i c e s  are s t r o n g l y  a s s o c i a t e d  wi t h  the 

c u l t u r e  of the society. W e a n i n g  is a c r u cial e v e n t  in the life 

of an i n f a n t .



One of the m a j o r  issue c o n c e r n i n g  w e a n i n g  is the age at 

w hich s u p p l e m e n t a r y  foods s h o u l d  be i n t r o d u c e d  (Srikantya, 1983). 

A c c o r d i n g  to W H O  report (1981) infants are g i v e n  s u p p l e m e n t a r y  

foods from an e a r l y  a g e  and t h e r e  m a y  be a p r o l o n g e d  p e r i o d  of 

m i x e d  b r e a s t  a n d  s u p p l e m e n t a r y  f e e d i n g  u n t i l  t h e  i n f a n t  is 

w e a n e d  c o m p l e t e l y  from the breast.

D e v a d a s  e t  a l .  ( 1983) h a v e  p o i n t e d  o u t  t h a t  s u i t a b l e  

s u p p l e m e n t a r y  foods s h o u l d  be i n t r o d u c e d  to c o m p l e m e n t  breast 

milk d u r i n g  first year of life. S r i k a n t i a  (1983) has r e p o r t e d  

that s u p p l e m e n t a t i o n  is to be i n i t i a t e d  a f ter the t h i r d  m o n t h  to 

p r e vent m a l n u t r i t i o n  a n d  r e l a t e d  c o m p l i c a t i o n  due to infection 

and infestation. F r o m  the p o i n t  of v i e w  of custom, practice, 

f e a s i b i l i t y  and cost, it is o b v i o u s  that it w o u l d  be c o n v e n i e n t  

for the m o t h e r  to feed the infant on an e a r l y  m o d i f i e d  diet 

(Devadas e t  a l ,  1983).

A c c o r d i n g  to M i t z e r  e t  a l .  (1984), c o m p l e m e n t a t i o n  may be 

a d v i s a b l e  as e a r l y  as 2 - 4 m o n t h s  a f ter b i r t h  d e p e n d i n g  upon 

the q u a n t i t y  of m o t h e r s  milk, b a b i e s  a b i l i t y  to suck, m o t h e r s  

h e a l t h  a n d  a c t i v i t i e s  or h e r  a v a i l a b i l i t y  t o  b r e a s t  !'eed. 

G o v i n d a n  k u t t y  (1984) has r e p o r t e d  that a f t e r  the a g e  of 3 or 4 

months, b r e a s t  milk is not s u f f i c i e n t  to s a t i s f y  the n u t r i t i o n a l  

r e q u i r e m e n t  of an infant.

D e v a d a s  e t  a l .  (1984) s t a t e d  that from the fourth m o n t h  of 

infancy a l o n g  w i t h  br e a s t  m i l k  the infants s h o u l d  be g r a d u a l l y



int r o d u c e d  to liquid and s u p p l e m e n t a r y  food. R a o  (1989) r e p o r t e d  

that low cost w e a n i n g  foods is to be i n t r o d u c e d  to the infants 

from 4 - 6  m o n t h s  o n w a r d s  b a s e d  on the c o n c e p t  of m u l t i m i x e s .

In Ethio p i a ,  Nigeria, Z a i r e  and P h i l i p i n e s ,  r o u g h l y  1/3 rd 

of  r u r a l  i n f a n t s  w e r e  r e p o r t e d  t o  b e  r e c e i v i n g  r e g u l a r  

s u p p l e m e n t s  by the age of 2 - 3 months, wi t h  a higher rate of

56 per cent of infants in chi 1 lie (WHO, 1981).

A c c o r d i n g  to a s t u d y  c o n d u c t e d  by B r o w n  e t  a l .  (1382) in a 

p r e d o m i n a n t l y  r u r a l  a r e a  of N o r t h e r n  T h a i l a n d ,  n u t r i t i o n a l  

q u a l i t y  of t h e  s u p p l e m e n t a r y  d i e t  w a s  h i g h ,  p r o v i d i n g  a w i d e

v a r i e t y  of foods in the s e c o n d  half of the first year of life.

The s t udy a l s o  r e v e a l s  that all infants r e c e i v e d  p r o t e i n s  of 

animal o r i g i n  from the age of 9 m o n t h s  onwards.

R a m a c h a n d r a n  ( 1 9 8 4 )  h a s  c o n d u c t e d  s t u d i e s  a m o n g  t h e  m o r e  

t r a d i t i o n a l  u r b a n  p o o r  in H y d e r a b a d  a n d  f o u n d  t h a t  t h e  

i n t r o d u c t i o n  of semi s o l i d  s u p p l e m e n t  b e g i n s  by a b o u t  6 m o n t h s  

after birth. In m a n y  rural c o m m u n i t i e s  in India, w e a n i n g  d o e 3 

not start until 2 y e a r s  and in so m e  c a s e s  up to 4 years. W h e r e a s  

in u r ban c o m m u n i t i e s  w e a n i n g  s t a r t s  m u c h  e a r l i e r  a n d  a d d i t i o n a l  

foods are s o m e t i m e s  g i ven w h e n  the infant is o n l y  a few m o n t h s  

old (Dube, 1986).

An i n v e s t i g a t i o n  d o n e  by O m o t o l a  e t  a l .  (1986) s h o w e d  that 

in north, east a n d  s o u t h  I b dan the a g e  at w h i c h  s o l i d  foods given 

varied, but the type of s o l i d  food s u p p l e m e n t  u s e d  in each area
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w a s  s i m i l a r  a n d  c o n s i s t e d  p r i m a r i l y  of  l e g u m e s .  A s u r v e y  

c o n d u c t e d  by D e v a d a s  and G e e t h a  (1986) in C o i m b a t o r e  r e v e a l e d  

that on l y  9 per cent of the infants w e r e  b r e a s t  fed b e y o n d  one 

year. It was a l s o  found that no s p e cial w e a n i n g  foods w e r e  given 

and s u p p l e m e n t a r y  f e e d i n g  s t a r t e d  b e y o n d  7 m o n t h s  w i t h  cereals. 

Semval e t  a l .  (1986) s t u d i e d  the f e e d i n g  a n d  w e a n i n g  p r a c t i c e s  in 

D e l h i  u r b a n  s l u m s .  It w a s  f o u n d  t h a t  for 4 3 . 3 0  p e r  c e n t  of 

children, s u p p l e m e n t s  w e r e  i n t r o d u c e d  at 4 months, w h i l e  in 

23 .3 0 per cent, p r o l o n g e d  b r e a s t  f e e d i n g  and d e l a y e d  w e a n i n g  at 

one year w e r e  pra c t i s e d .

A s t u d y  c o n d u c t e d  by T h o m a s  (1989) on the e f f e c t  of btrth 

o r d e r  a n d  s p a c i n g  a n d  the n u t r i t i o n a l  s t a t u s  of m o t h e r s  a n d  

p r e s c h o o l  c h i l d r e n  in V e l l a y a n i ,  T h i r u v a n t h a p u r a m  D i s t r i c t  

s h o w e d  that m a j o r i t y  of the m o t h e r s  had i n t r o d u c e d  s u p p l e m e n t a r y  

foods from 3 m o n t h s  of age. A s t u d y  d o n e  by B r o w n  e t  a l .  (1989) 

about infant f e e d i n g  p r a c t i c e s  in M a l a y s i a ,  K e n y a  and M e x i c o  

c o n c l u d e d  that, o n l y  11 per cent of infants under 4 m o n t h s  of age 

w e r e  e x c l u s i v e l y  bre a s t  fed. In Peru, 12 per cent of infants 

we r e  e x c l u s i v e l y  br e a s t  fed at 1 m o n t h  of a g e  a n d  in East Java 

22 per cent. A s u r v e y  c o n d u c t e d  by Kaur (1888) has r e v e a l e d  

that most m o t h e r s  in L u d h i a n a  i n t r o d u c e d  m i l k  s u p p l e m e n t  from 6 

m o n t h s  of age.

A c c o r d i n g  to U n d e r w o o d  e t  a l .  (1982), I n t e r n a t i o n a l  guide 

l i n e s  on i n f a n t  f e e d i n g  p r a c t i c e s  d i s c o u r a g e  s u p p l e m e n t a r y  

feeding b e f o r e  the a g e  of a b o u t  4 m o n t h s  due to the h a z a r d s  of



m i c r o b i a l  c o n t a m i n a t i o n ,  the p o t e n t i a l l y  inferior nutrit i o n a l  

c o m p o s i t i o n  of s u p p l e m e n t a r y  foods c o m p a r e d  w i t h  br e a s t  milk and 

the p o s s i b i l i t y  that e a r l y  s u p p l e m e n t a r y  f e e d i n g  m a y  lead to 

e a r l y  t e r m i n a t i o n  of br e a s t  feeding. F o o d  intake a c c o r d i n g  to 24 

hour recall of the m o t h e r s  s h o w e d  that m o r e  than 80 per cent of 

en e r g y  come from br e a s t  milk or mi l k  f o r m u l a  at 4 months. Breast 

fed infants had lower intakes of e n e r g y  a n d  iron than those 

h a v i n g  s u p p l e m e n t s  ( H o f f m a n s  et  a l ,  1987),

W i t h  t h e  i n c r e a s e  in b o t t l e  f e e d i n g  in I n d i a ,  u s

i n f l u e n c e d  by c h a n g e s  in s o c i o  e c o n o m i c  c o n d i t i o n s ,  c o m p o s i t i o n a l  

s t a n d a r d s  for infant f o r m u l a  ha v e  be e n  u p d a t e d  and r e s e a r c h  has 

b e e n  d i r e c t e d  at d e v e l o p i n g  n u t r i t i o n a l l y  i m p r o v e d  f o r m u l a e  

( T h o m p k i n s o n  e t  a l ,  1989).

G a r f i e l d  ( 1 9 9 0 )  h a d  s t a t e d  t h a t  in t h e  l o w  i n c o m e  

p o p u l a t i o n  c h i l d r e n  w e r e  fed by a small q u a n t i t y  of adult diet 

A c c o r d i n g  to I r v i n  (1994) in rural I n d i a  i n t r o d u c t i o n  of food 

s u p p l e m e n t s  is u s u a l l y  d e l a y e d  and in m o r e  than 90 per cent of 

the c h i l d r e n  c o m p l e t e  w e a n i n g  takes p l a c e  o n l y  t o w a r d s  the end 

of the third year. Custom, practice, taboos, f e a s i b i l i t y  and

cost, i n f l uence infant f e e d i n g  p r a c t i c e s  (Shizuko, 1994).

3 S u p p l e m e n t a r y  f o o d - A  s t r a t e g y  to o v e r c o m e  m a l n u t r i t i o n .

P r o t e i n  a n d  e n e r g y  m a l n u t r i t i o n  c a n  b e  o v e r c o m e  w i t h

p r o t e i n  and e n e r g y  rich s u p p l e m e n t s  (Annie e t  a l ,  1985). The 

c h i l d  needs a higher c o n c e n t r a t i o n  of p r o t e i n  a n d  c a l o r i e s  in



f o o d  t h a n  a d u l t  ( U N I C E F ,  1986). T h e  q u a l i t y  a n d  q u a n t i t y  of 

s u p p l e m e n t s  p r o v i d e d  a t  t h e  w e a n i n g  a g e  d e t e r m i n e s  t h e  

n u t r i t i o n a l  s t a t u s  of c h i l d r e n  (Udani, 1990).

To s a v e  time a n d  energy, r e a d y  to cook or r eady to eat 

m i x e s  need to be d e v e l o p e d  for s u p p l e m e n t a r y  feeding 

(Udani, 1990). IC M R  (1984) r e a l i s e d  the ur g e n t  need to deve l o p  

s a t i s f a c t o r y ,  c h e a p  i n f a n t  w e a n i n g  f o o d s  a n d  m a k i n g  t h e m  

a v a i l a b l e  for c h i l d r e n  as an important m e a s u r e  in the control 

and p r e v e n t i o n  of P r o t e i n  E n e r g y  M a l n u t r i t i o n .

A s i m p l e  p r o c e s s  i n v o l v i n g  o p t i m a l  r o a s t i n g  o f  t h e  

i n g r e d i e n t s  like cereals, legumes a n d  o i l s e e d  flours, g r i n d i n g  

a n d  b l e n d i n g  in s u i t a b l e  p r o p o r t i o n s  w a s  d e v e l o p e d  b y  

C h a n d r a s e k h a r a n  e t  a l .  (1988). L o w  cost w e a n i n g  foods using 

cereal and p u l s e  p r o t e i n s  ha v e  be e n  d e v e l o p e d  by v a r i o u s  workers. 

(Khedar and Rao, 1987 a n d  G u p t a  and S e h g a l , 1991).

It is w e l l  k n o w n  t h a t  t h e  n u t r i t i v e  v a l u e  o f  l e g u m e  

p r o t e i n s  can be s i g n i f i c a n t l y  e n h a n c e d  by c o m p l e m e n t a t i o n  with 

cereal p r o t e i n s  due to mutual s u p p l e m e n t a r y  e f f e c t  (Yadav and 

Leiner 1978). The high lysine c o n t e n t  of p u l s e  p r o t e i n  has a 

b e n e f i c i a l  c o m p l e m e n t a r y  e f f e c t  o n  c e r e a l  p r o t e i n s  a n d  th e 

m e t h i o n i n e  and c y s t e i n e  c o n t e n t  of cereal p r o t e i n s  c o m p l e m e n t s  

the p u l s e  p r o t e i n s  (Ashraf e t  a l ,  1988).

A c c o r d i n g  t o  U N I C E F  ( 1 9 8 3 )  in t h e  f o r m u l a t i o n  of 

s u p p l e m e n t a r y  foods m a n y  f a c t o r s  ha v e  to be c o n s i d e r e d  such as



n u t r i t i v e  v a l u e ,  e a s y  a v a i l a b i l i t y ,  s u i t a b l e  c o n s i s t e n c y ,  

cultural a c c e p t a b i l i t y ,  c u l i n a r y  f e a s i bility, or d i g e s t a b i 1 i t y , 

frequency, q u a n t i t y  and volume.

C h a n d r a s e k h a r  e t  a l .  (1988) c o n d u c t e d  f e e d i n g  tr i a l s  over a 

pe r i o d  of six m o n t h s  u s i n g  m a l t e d  w e a n i n g  foods b a s e d  on low cost 

locally a v a i l a b l e  foods on infants a n d  f o und th e m  to be taller 

and h e a vier than their c o u n t e r  p a r t s  in the c o n t r o l  group.

P o p u l a r i z i n g  s o y a b e a n  in the diet will h e l p  in c o m b a t i n g  

P r o t e i n  C a l o r i e  M a l n u t r i t i o n  in c h i l d r e n  t o  a c e r t a i n  e x t e n t  

( K a n c h a n a  and N e e l a k a n t a n ,  1994). I n c r e a s e d  use of s o y a b e a n  in 

h u m a n  d i e t  is of i m p o r t a n c e  in v i e w  o f  t h e  p r e v a l e n t  P r o t e i n  

C a l o r i e  M a l n u t r i t i o n  (Krishna, 1993).

S o y a b e a n  has great p o t e n t i a l  in o v e r c o m i n g  P r o t e i n  C a l o r i e  

M a l n u t r i t i o n  on a c c o u n t  of its higher p r o t e i n  (38 - 42 per cent) 

c o n t e n t s  ( C h a u h a n  a n d  B a i n s ,  1 9 8 5 ) .  S o y a b e a n  h a s  a g r e a t  

p r o m i s e  to combat m a l n u t r i t i o n  in the t h ird w o r l d  c o u n t r i e s  o wing 

to its very high c o n t e n t  of q u a l i t y  p r o t e i n  (Aswathi e t  a l ,  1991). 

N u t r i t i o n a l  s t u d i e s  c o n d u c t e d  b y  v a r i o u s  d e p a r t m e n t s  a n d  

I n d u s t r i e s  h a v e  p r o v e d  t h a t  s o y a m i l k  is a n  e c o n o m i c a l  a n d  

n u t r i t i o u s  food for s e v e r e l y  m a l n o u r i s h e d  c h i l d r e n  (Manjhi, 1985).

4 I m p o r t a n c e  of s o y a b e a n  as  a s u p p l e m e n t a r y  food

Since 1961, c o n s i d e r a b l e  a m o u n t  of w o r k  has be e n  c a r r i e d  

out by v a r i o u s  w o r k e r s  in d e v e l o p i n g  p r o t e i n  s u p p l e m e n t s  b ased on 

o i l s e e d  m e a l s  and legumes s u i t a b l e  for s u p p l e m e n t i n g  the diets of



c h i l d r e n  in d e v e l o p i n g  c o u n t r i e s  ( S c r i m s h a w  e t  a l ,  1 9 6 1 ) .  

<3raham et  a l .  ( 1977) r e p o r t e d  that g r o w t h  of y o u n g  c h i l d r e n  on 

soy p r o t e i n  of lysine f o r t i f i e d  w h i t e  flour is q u i t e  good, even 

when fed at a r e l a t i v e l y  low p e r c e n t a g e  of p r o t e i n  and calories. 

In t h e  U n i t e d  S t a t e s  in 1 9 7 5 ,  it w a s  e s t i m a t e d  t h a t  

a p p r o x i m a t e l y  10 per cent of f o r m u l a  fed infants w e r e  b e i n g  fed 

f o r m u l a e  w i t h  p r o t e i n  f r o m  s o y p r o t e i n  i s o l a t e s .  F o r  s o m e  

infants, a f o r m u l a  b a s e d  on soy p r o t e i n  isolate s e r v e d  as f he 

s o l e  s o u r c e  of p r o t e i n  for at l e a s t  6 m o n t h s  ( F o m o n ,  1 9 7 5 ) .  

A c c o r d i n g  to J e l l i f f e e  ( 1 9 6 6 )  s i n c e  t h e  a n i m a l  p r o t e i n  e r e  

ina d e q u a t e  and m o r e  costly, it is of great i m p o r t a n c e  to m a k e  the 

best p o s s i b l e  use of all locally a v a i l a b l e  plant p r o t e i n  foods. 

P ract i c a l  o b s e r v a t i o n s  had s h o w n  that so m e  p lant foods a p p e a r e d  

to b e  l e s s  c o m m o n l y  a s s o c i a t e d  w i t h  t h e  d e v e l o p m e n t  of 

K w a s h i o r k a r . V e g e t a b l e  p r o t e i n  f o o d s  a r e  v i a b l e  e c o n o m i c

a l t e r n a t i v e  to animal p r o t e i n  foods a n d  n u t r i t i o n a l  a c c o r d i n g  to 

R o t r u c k  and S e l i g o n  (1978).

S h a r m a  ( 1 9 8 3 )  h a d  r e p o r t e d  t h a t  in v i e w  of  s h o r t a g e  of 

p r o d u c t i o n  of milk, egg, meat and fish, the d e f i c i e n c i e s  in the 

d i e t  wi l l  h a v e  to b e  m a d e  up b y  t h e  i n c l u s i o n  of l o c a l  iy

a v a i l a b l e  low cost foods of v e g e t a b l e  origin.

M u d a m b  i et a l .  (1986) had s t a t e d  that there is u r g e n t  need to 

c o n s e r v e  food to d e v i c e  m a x i m u m  b e n e f i t  from a v a i l a b l e  foods by

u t i l i s i n g  e d i b l e  p a r t s  of all a v a i l a b l e  p l a n t s  and animal food.

S o y a b e a n s  w e r e  i n t r o d u c e d  in I n d i a  d u r i n g  m i d  s i x t i e s



(Sandeep e t  a l ,  1993). The s o y a b e a n  has long be e n  r e c o g n i z e d  not 

o n l y  as a v a l u a b l e  s o u r c e  of a n  e d i b l e  o i l  b u t  a l s o  a s  an 

e x c e l l e n t  s o u r c e  of p r o t e i n  for f e e d i n g  b o t h  a n i m a l  a n d  m a n .  

(Irvin, 1994).

T h e  A m e r i c a n  f a r m e r s  c o n s i d e r e d  s o y a b e a n  " T h e  c i n d r e l  la 

c r o p  b e c a u s e  of its h i g h  y i e l d s  w i t h  l i t t l e  i n v e s t m e n t  a n d  

minimal ca r e  (I s w a r m u r  th i , 1988). S o y a b e a n  grov/s n e a r l y  in all

types of s o ils but the best r e s u l t s  are o b t a i n e d  in sandy and 

c l a y  lo a m  s o i l s  c o n t a i n i n g  a f a i r  a m o u n t  of p o t a s h  l i m e  a n d  

p h o s p h o r i c  a c i d s  (Mitchel, 1983). It is a p l a n t  mo s t  su i t e d  to 

w a r m  t e m p e r a t u r e  or t e m p e r a t e  regions. V e r y  s e v e r e  w i n t e r  and 

e x c e s s i v e  heat a r e  d e t r i m e n t a l  to its g r o w t h  (Kale, 1985).

S o y a b e a n  is a n a t i v e  of East A s i a  in w h i c h  s e v eral s p e c i e s  

are g e n e r a l l y  recogn i s e d ,  n a m e l y  G l y c i n e  s o j a ,  i n c l u d i n g  the wild 

forms G l y c i n e  g r a c i l s ,  c o v e r i n g  the i n t e r m e d i a t e  s e m i c u l t i v a t e d  

forms and G l y c i n e  h i s p i d a  w h i c h  includes the typical c u l t i v a t e d  

forms and G l y c i n e  max. The s o y a b e a n  s e e d  v a r i e s  in size, shape, 

colour, from pa l e  or s t r a w  y e l l o w  to jet b l a c k  c o v e r i n g  about 

1500 v a r i e t i e s  a n d  is g r o w n  m a i n l y  a s  a f o o d  c r o p  in C h i n a ,  

Japan, M a n c h u r i a  East and S outh and S o u t h  Asia

(Cowan e t  a l ,  1977).

T a m i l  N a d u  w a s  f o u n d  to p r o v i d e  p o t e n t i a l  for c o n t i n u e d  

crop s o w i n g s  a l m o s t  t h r o u g h o u t  the year e x c e p t  in the m o n t h s  of 

O c t o b e r  and N o v e m b e r  w h e r e i n  y i e l d  was low. A m o n g  the v a r i t i e s  

Co. 1 r e l e a s e d  by the T a m i l  N a d u  A g r i c u l t u r a l  U n i v e r s i t y  w a s



Of the total m e a l  p r o d u c e d ,  o n l y  a b o u t  3 p e r  c e n t  is b e i n g  

d i r e c t l y  us e d  as h u m a n  food (Singh, 1989).

A c c o r d i n g  to S i n h a  and N a w a b  (1993), use of w h e a t  or rice 

and m e d i u m  fat s o y f l o u r  b l e n d  for m a k i n g  t r a d i t i o n a l  food items 

can offer an u n i q u e  o p p o r t u n i t y  for c o m b a t i n g  p r o t e i n  c a l o r i e  

m a l n u t r i t i o n  p r e v a i l i n g  a m o n g  our masses. T h e r e  a r e  an u n l i m i t e d  

number of w h o l e s o m e  s n a c k s  for c h i l d r e n  that can be p r e p a r e d  from 

s o y a b e a n  (Das, 1992). S o y a b e a n ,  w h i c h  is a v a i l a b l e  at a low 

p r i c e  and in plenty, w o u l d  be a p o t e n t i a l  s u b s t i t u t e  for snack 

foods (Subba Rao, 1989). S o y a b e a n  has a b out 20 per cent oil and 

40 per c e n t  p r o t e i n ,  w h i c h  is t w i c e  t h e  p r o t e i n  c o n t e n t  of 

c o m m o n  p u l s e s  a n d  a ve r y  little s t a r c h  (CFTRI, 1992).

F a s h a k i n  e t  a l .  ( 1 9 8 6 )  c o n c l u d e d  t h a t  in d e v e l o p i n g  

c o u n t r i e s  an a p p l i c a t i o n  of a m a x i m u m  of v e g e t a b l e  p r o t e i n s  may 

be s u i t a b l e  in t h e  p r e p a r a t i o n  of w e a n i n g  f o o d s .  I n o r d e r  to 

p r o d u c e  an a c c e p t a b l e  product, the s o y a b e a n  flour level in the 

m i x t u r e  s h o u l d  not e x c e e d  40 per cent ( K e r e g e r o  e t  e l ,  1988). 

E x p e r i m e n t s  h a v e  s h o w n  t n a t  C a s e i n o  p h o s p h o p e p t i d e , 

s u p p l e m e n t a t i o n  of s o y a b e a n  d i e t  e n h a n c e d  i n t e s t i n a l  c a l c i u m  

s o l u b i l i t y  and a b s o r p t i o n  (Yuan a n d  Kitts, 1991).

S w a m i n a t h a n  (1977) b a s e d  on the i n v e s t i g a t i o n s  c a r r i e d  out 

at C e n tral F o o d  T e c h n o l o g i c a l  R e s e a r c h  I n s t i t u t e ,  Myso r e ,  had 

shown that infant foods p r e p a r e d  fr o m  b l e n d s  of g r o u n d n u t  and 

s o y a b e a n  p o s s e s s e d  high n u t r i t i v e  value.



found to be the best not o n l y  for high yield, but a l s o  for its 

high q u a l i t y  oil and p r o t e i n  flour ( P a l a n i y a p p a n , 1987).

A c c o r d i n g  t o  B a l y a n  a n d  M o h t h a  ( 1 9 8 5 )  s e e d  y i e l d  of 

s o y a b e a n  i n c r e a s e d  f r o m  2 . 3 1  to 2 . 4 5  t / h a  a n d  2 . 5  t / h a  w i t h  

increased plant d e n s i t y  from 2.4 and 6 lakh plant / h a .

The p r o d u c t i o n  of legume in I n d i a  is e s t i m a t e d  as 

55g per ca pu t per day. The p r o d u c t i o n  of p u l s e s  in 1981 - 88 was 

56 . 8 3 g  p e r c a p u t  per day. In world, I n d i a  p r o d u c e s  about

24.5 per cent of the total p u l s e  p r o d u c t i o n  w h i l e  in a c r e a g e  

I n d i a  s t a n d s  f i r s t  a c c o u n t i n g  for a b o u t  3 3 . 8  p e r  c e n t  of t h e 

w o r l d  p u l s e  a r e a .  B u t  t h e  y i e l d  l e v e l s  is 5 2 9  k g / h a  

(Mundinamani e t  a l ,  1989).

C o n s i d e r a b l e  i n t e r e s t  h a s  b e e n  s h o w n  in I n d i a  s i n c e  th e  

late 30 ’ s on the c u l t i v a t i o n  of s o y a b e a n  as a food cr o p  in view 

of i t s  h i g h  p r o t e i n  a n d  o i l  c o n t e n t  ( S u b r a m a n i a n  , 1 9 8 0 ) .

S o y a b e a n  is o n e  of the c h e a p e s t  s o u r c e s  of  p r o t e i n  a v a i l a b l e  

today (Jayalakshmi e t  a l ,  1987).

S o y a b e a n  ( G l y c i n e  m a x ) is a n  i m p o r t a n t  c r o p  in M a d h y a  

P r a d e s h  and a few o t her s t a t e s  in India, the annual p r o d u c t i o n  

b e ing a bout 2 - 2 . 4  m i l l i o n  to n n e s  (Anon, 1992).

The total p r o d u c t i o n  of d e f a t t e d  meal, a p r o t e i n  rich by 

p r o d u c t  has i n c r e a s e d  in recent y e a r s  (Singh a n d  Singh, 1993).



A s o y - w h e y  w e a n i n g  food c o n s t i t u t e d  by g r i n d i n g  the s o y w h e y  

mixture, oil and oil s o l u b l e  v i t a m i n s  was s t a n d a r d i s e d  by Kapoor 

a n d  G u p t a  ( 1 9 8 1 ) .  It h a s  b e e n  d e m o n s t r a t e d  r e p e a t e d l y  t h a t  

p r o p e r l y  p r o c e s s e d  s o y a b e a n  products, p r o v i d e  a n u t r i t i o u s  so u r c e  

of protein, e s s e n t i a l l y  e q u i v a l e n t  to m i l k  protein, p a r t i c u l a r l y  

if s u p p l e m e n t e d  wi t h  s u l p h u r  c o n t a i n i n g  a m i n o  a c i d  (Irvin, 1994). 

Most c o m m e r c i a l l y  a v a i l a b l e  s o y b e a n  p r o d u c t s  int e n d e d  for human 

c o n s u m p t i o n  s u c h  as s o y  m i l k ,  s o y  b a s e d  i n f a n t  f o r m u l a e ,  s c y  

p r o t e i n  isolates and c o n c e n t r a t e s ,  a n d  t e x t u r e d  meat analogs, 

have r e c e i v e d  s u f f i c i e n t  heat t r e a t m e n t  to c a u s e  i n a c t i v a t i o n  of 

atle a s t  80 per cent of the t r y p s i n  inhibitor a c t i v i t y  p r e s e n t  in 

raw s o y a b e a n s  (Di P i e r t o  e t  a l ,  1989).

A l t h o u g h  s o y a b e a n  has so m e  u n d e s i r a b l e  c o n s t i t u e n t s  like 

trypsin inhibitors, the i n f o r m a t i o n  a v a i l a b l e  on p r o c e s s i n g  of 

s o y a b e a n  for food use c o u l d  be j u d i c i o u l s y  a d o p t e d  to get rid of 

t h e s e  f a c t o r s  a n d  to h a v e  d e l i c i o u s  f o o d  i t e m s  ( K a n c h a n a  a n d  

N e e l a k a n t a n ,  1994). N e l s o n  e t  a l .  ( 1 9 8 6 )  h a v e  s u g g e s t e d  t h e  

s u b j e c t i o n  of s o y a b e a n  to a t e m p e r a t u r e  of 135°C for 30 seco n d s  

for r e d u c i n g  the a n t i n u t r i t i o n a 1 factors.

A c c o r d i n g  t o  M a n o r a m a  a n d  S a r o j i n i  ( 1 9 8 2 )  p u f f i n g ,  

roasting, soaking, boiling, in water s t e a m i n g  u n der 15/lb are the 

v a r i o u s  m e t h o d s  u s e d  for i n h i b i t o r  i n a c t i v a t i o n .  P r e s s u r e  

c o o k i n g  was e f f e c t i v e  in t r y p s i n  inhibitor inactivation, but 

so a k i n g  and s t e a m i n g  under p r e s s u r e  was best f o l l o w e d  by s o a king



and boiling, p u f f i n g  and roasting. A c c o r d i n g  to

C h a r a n j e e t  e t  a l ,  (1993) a m o n g  all t r e a t m e n t s ,  r o a s t i n g  is the 

best in l o wering the p h y t a t e  c o n t e n t  of foods.

R a w  full fat s o y a b e a n  c o n t a i n s  n u m e r o u s  a n t i n u t r i t i o n a  1 

factors, the most important of w h i c h  are the t r y p s i n  inhibitors. 

C a r e f u l  a p p l i c a t i o n  of h e a t  r e p e a t e d l y  d e s t r o y s  t h e  t r y p s i n  

i n h ibitors a n d  i mproves the f e e d i n g  q u a l i t y  of full fat soyabean. 

The d e f i n e d  heat t r e a t m e n t  c o n d i t i o n s  w e r e  s u f f i c i e n t  to have 

r e d u c e d  the a c t i v i t i e s  of the a n t i n u t r i t i o n a 1 fact o r s  to safe 

level (Herkelman, 1991). T h e r e  has b e e n  g e n e r a l  a g r e e m e n t  that 

heat t r e a t m e n t  i n a c t i v a t e s  t r y p s i n  inhibitor, h a e m a g g l u t i m n , 

s a p o n i n  a n d  o t h e r  g r o w t h  i n h i b i t o r s  a n d  g r e a t l y  e n h a n c e s  t h e  

n u t r i t i v e  v a l u e  of s o y a b e a n s  ( F r i e d m a n  e t  a l ,  1984). The typical 

'beany' flavour of s o y a b e a n s  can be c o m p l e t e l y  p r e v e n t e d  by water 

b l a n c h i n g  w h o l e  s o y a b e a n s  ( L e gume s e e d s  Sym p o s i u m ,  1975). Heat 

treatment improved the p r o t e i n  b i o a v a i l a b i l i t y  of s o y abeans. The 

p r o t e i n  q u a l i t y  of s o y a b e a n s  w a s  f u r t h e r  i m p r o v e d  b y  s u l p h u r  

a m i n o  a c i d  s u p p l e m e n t a t i o n  ( L o w g r e n ,  1 9 8 8 ) .  A l l  l e g u m e s  a r e  

c o n s u m e d  o n l y  a f t e r  t h e y  h a v e  b e e n  s u b j e c t e d  to s o m e  f o r m  of 

p r o c e s s i n g  such as heating, roasting, soaking, s p r outing, and 

a u t o c l a v i n g .  All t h e s e  m e t h o d s  a r e  k n o w n  to i m p r o v e  t h e i r  

p a l a t a b i 1 i t y , d i g e s t a b i 1 i t y , r e d u c e  a n t i n u t r i t i o n a  1 f a c tors and 

convert vital c o n s t i t u e n t s  of p u l s e  into s i m p l e r  c o m p o u n d s  w h ich 

a r e  b e n e f i c i a l  n u t r i t i o n a 11y ( C h a n d r a s e k h a r  e t  a l ,  1 9 8 1 ) .  

O l o g h o b o  and F e t u g a  (1984) i n d i c a t e d  that cooking, a u t o c l a v i n g
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and s o a k i n g  w e r e  e f f e c t i v e  in low e r i n g  the p h y t a t e  c o n t e n t  of 

s o y a b e a n  and thus impro v i n g  its n u t r i t i o n a l  value.

S h e i k h  e t  a l .  ( 1 9 8 6 )  d e v e l o p e d  a w e a n i n g  f o o d  ’s o y l a c ’ 

b a s e d  o n  b l e n d  of  r i c e ,  w h e a t  a n d  s o y a b e a n .  B i o l o g i c a l  

e v a l u a t i o n  s h o w e d  th a t  it w a s  of h i g h  n u t r i t i o n a l  v a l u e  a n d  

c o n f o r m e d  to F A O / W H O  P r o t e i n  A d v i s o r y  g r o u p  s p e c i f i c a t i o n  for 

w e a n i n g  foods. T h e  s t u d y  a l s o  i n d i c a t e d  that it had a better 

n u t r i t i v e  v a l u e  t h a n  th a t  of o t h e r  w e a n i n g  f o o d s  b a s e d  on 

cereals, s k i m m e d  m i l k  po w d e r  a n d  legumes.

A l t h o u g h  live s t e a m  t r e a t m e n t  (to a s t i n g )  of s o y a b e a n s  is 

the most c o m m o n l y  e m p l o y e d  m e t h o d  for i n a c t i v a t i n g  the t r y p3 in 

i n h i b i t o r ,  o t h e r  m o d e s  of h e a t  t r e a t m e n t  h a v e  p r o v e n  e q u a l l y  

effective. T h e s e  include b o i l i n g  s o y a b e a n s  in water, dry w a s t i n g  

(Faldet e t  a l ,  1992), d i e l e c t r i c  heating, m i c r o w a v e  i rradiation 

(Hafez e t  a/, 1983), g a m m a  i r r a d i t a t i o n  and in f r a r e d  r a d i a t i o n

(Konzeh e t  a l ,  1993). G e r m i n a t i o n  has been r e p o r t e d  to improve 

the n u t r i t i o n a l  q u a l i t y  of legumes by i n c r easing v i t a m i n  c o n tent 

and r e d u c i n g  the a n t i n u t r i t i o n a 1 f a c t o r s  ( M a r e r o  e t  a l ,  1981),

S o y a b a a n  a n d  its p r o t e i n  p r o d u c t s  c o n t a i n  h i g h e r  a m o u n t s  of 

q u a l i t y  p r o t e i n  a n d  are a b u n d a n t l y  rich in lysine (Synder, 1987). 

I n c o r p o r a t i o n  of d e f a t t e d  s o y a f l o u r  in d i e t s  w i l l  n o t  o n l y  

e n h a n c e  tne p r o t e i n  c o n t e n t  of t h e  d i e t  b u t  a l s o  r a i s e  its 

n u t r i t i v e  value, t h e r e b y  h e l p i n g  in c o m b a t i n g  m a l n u t r i t i o n  

(Anita e t  a l , 1994).



A c c o r d i n g  to D e s i k a c h a r  (1983), as the i m p o r t a n c e  of e n e r g y  

in p r e v e n t i n g  m a l n u t r i t i o n  is now well r e c o g n i s e d ,  there is a 

n e e d  f o r  n u t r i t i o n a l l y  b a l a n c e d ,  e n e r g y  d e n s e  a n d  e a s i l y  

d i g e s t i b l e  w e a n i n g  foods. He a l s o  a d d e d  that legumes c o u l d  be 

used to p r o d u c e  e n e r g y  d e n s e  w e a n i n g  foods.

S o y a b e a n  is b e i n g  w i d e l y  us e d  in v a r i o u s  food p r e p a r a t i o n s  

in C h i n a ,  J a p a n ,  I n d o n e s i a ,  Sri L a n k a  a n d  W e s t e r n  c o u n t r i e s .  

A t t e m p t s  a r e  a l s o  b e i n g  m a d e  to p o p u l a r i s e  s o y a b e a n  in I n d i a  

(S i n g h , 1987).

S o y a b e a n  c o n t a i n s  h a r d l y  a n y  s t a r c h  b u t  it c o n t a i n s  

c a r b o h y d r a t e s  in small m o l e c u l e s ,  that is a b out 30 - 32 per cent 

c a r b o h y d r a t e  (Kale, 1985). It is a n  e s t a b l i s h e d  f a c t  t h a t  

s o y a b e a n s  c o n t a i n  m o r e  p r o t e i n  wh e n  c o m p a r e d  to meat, egg, dhals 

a n d  gram. It is the b e s t  s o u r c e  o f  p r o t e i n  f r o m  v e g e t a b l e  

k i n g d o m  (Bhat, 1985). S o y a b e a n  p r o t e i n  is found to be rich in 

' L y s i n e’ an e s s e n t i a l  a m i n o  a c i d  that is 6.1 per cent of total

protein, w h i c h  is g e n e r a l l y  d e f i c i e n t  in most cereal and millet

p r o t e i n  and it can e a s i l y  be o v e r c o m e  by the i n c l u s i o n  of cereal

p r o t e i n  in the diet (Singh, 1987).

C e r e a l s  and p u l s e s  are the m a j o r  s o u r c e s  of p r o t e i n  in 

India b e c a u s e  animal p r o t e i n  is e x p e n s i v e  and a large part of the 

p o p u l a t i o n  is v e g e t a r i a n  ( N a i k  a n d  G l e a s o n ,  1 9 8 8 ) .  A m o n g  

d i f f e r e n t  v e g e t a b l e  p r o t e i n s  s o y a b e a n  is the c h e a p e s t  s o u r c e  and 

it a s s u m e s  the most p r e d o m i n a n t  p o s i t i o n  in s o l v i n g  the food



s h o r t a g e  c r e a t e d  b y  t h e  e v e r  e x p a n d i n g  p o p u l a t i o n  in I n d i a  

(Gandhi a n d  Ali, 1986).

S o y a b e a n  p r o t i e n s  s u p p l y  all t h e  e s s e n t i a l  a m i n o  a c i d  

e xcept m e t h i o n i n e ,  the limiting a m i n o  acid, but they are good 

sources of L y s i n e  and T h e r o n i n e  a n d  s u p p l e m e n t  e f f i c i e n t l y  cereal 

p r o t e i n  (S w a m i n a t h a n , 1990).

V i t a m i n  A is p r e s e n t  in the fo r m  of p r e c u r s o r  ' c a r o t e n e 1 

w h ich is c o n v e r t e d  into v i t a m i n  A in the intestine. The q u a n t i t y  

present is ve r y  low. V i t a m i n  E is p r e s e n t  to a level of 1.4 m g \ g  

a n d  p r e v e n t  the o x i d a t i o n  of f a t t y  a c i d s .  G e r m i n a t i o n  of 

s o y a b e a n  b r i n g s  a s u f f i c i e n t  i n crease in c o n c e n t r a t i o n  of B group 

v i t a m i n s  and a s c o r b i c  a c i d  (Singh, 1987).

S o y a b e a n  is rich not o n l y  in p r o t e i n  a n d  fat but a l s o  in

iron. Iron in s o y a b e a n  is c o n c e n t r a t e d  in the se e d  coats. As

much as 20 per cent of the iron of the w h o l e  se e d  is in the hull 

wh ere as its m a s s  is less than 10 per cent of the w h o l e  s e e d  mass 

(Shizuko, 1 9 9 4 ) .

Sch r o d e r  at  a l .  (1973) has c o n c l u d e d  that s o y a b e a n  p r o t e i n

is u n i q u e  a m o n g  plant p r o t e i n s  by v i r t u e  of their r e l a t i v e l y  high

bio l o g i c a l  v a l u e  and e s s e n t i a l  a m i n o  a c i d  pattern. 

B u r n e t t  ( 1 9 8 1 )  p o i n t e d  out t h a t  p r o p e r l y  p r e p a r e d  s o y a b e a n  

p r o d u c t  is e q u a l  or s u p e r i o r  to e g g  a l b u m i n .  F u n c t i o n a l  

p r o p e r t i e s  of s o y a b e a n  c o n s t i t u t e  to s t r u c t u r a l  p r o p e r t i e s  such



as foaming, e m u l c i f i c a t i o n , binding, t h ickening, d i s p e r s i b i l i t y  

and g e l l i n g  in food (Circle, 1972).

A s t u d y  c o n d u c t e d  by Eka (1978) i n d i c a t e d  that the n u trient 

status of pa p s  and p o r r i d g e s  s u p p l e m e n t e d  w i t h  s o y a b e a n  milk or 

flour was c o m p a r a b l e  wi t h  that of cerelac, a c o m m e r c i a l  w e a n i n g  

food. It was e s t i m a t e d  that 100g of an infant w e a n i n g  food from 

s o y a b e a n  and c h e e s e  w h e y  s u p p l y  the m i n i m u m  d a i l y  r e q u i r e m e n t s  of 

all n u t r i e n t s ,  e x c e p t  c a l o r i e s  for c h i l d r e n  u p t o  4 y e a r s  o l d  

(Kapoor e t  a l ,  1988).

The D i g e s t i b i l i t y  C o - e f f i c i e n t ,  P r o t e i n  E f f i c i e n c y  R a tio 

and Net P r o t e i n  R a t i o  of f e r m e n t e d  s o y a b e a n s  is c o m p a r a b l e  with 

s k i m m e d  milk. M o r e o v e r , d i e t r y  f i bre i n c r e a s e d  on f e r m e n t a t i o n  

of s o y a b e a n s ,  p h y t a t e  c o n t e n t  d e c r e a s e d  a n d  i r o n  a b s o r p t i o n  

increased (Igbedioh, 1991). Bre s s a n i  (1978) a t t e m p t e d  to treat 

K w a s h i o r k o r  in c h i l d r e n  in U g a n d a  by f e e d i n g  them a m i x t u r e  of 

c o o k e d  s o y a b e a n s  a n d  banana. T h e  m a j o r i t y  of ths c h i l d r e n  wer e 

r e l i e v e d  of the s i g n s  of K w a s h i o r k o r  a n d  g a i n e d  weight.

D e f a t t e d  s o y a f l o u r  i3 a c o m m o n  fo r m  in w h i c h  s o y a b e a n  

can be i n c o r p o r a t e d  in v a r i o u s  food p r e p a r a t i o n s  

(Chauhan e t  a l ,  1985). 'S o y a v e n’ is a n u t r i t i o u s  low cost infant

formula b a s e d  on oa t s  and soyabean. It was u s e d  in M e x i c o  to 

a l l e v i a t e  m a l n u t r i t i o n .  T h e  p r o c e s s i n g  a n d  p r o d u c t i o n  of 

s o y a b e a n  h a s  w o n  t h e  1 9 8 3  I F T  F o o d  T e c h n o l o g y  I n d u s t r i a l  

A c h i e v e m e n t  A w a r d  ( M e r m e 1s t e i n , 1983).



S t u d i e s  h a v e  s h own that a d d i t i o n  of 15 per cent s o y a f l o u r  

to d e g e r m e d  co r n  meal and s o r g h u m  meal s e p a r a t e l y  i n c r eased the 

P r o t e i n  E f f i c i e n c y  R a t i o .  T h e  s t u d y  a l s o  s h o w e d  t h a t  

i n c o r p o r a t i o n  of the s o y a f l o u r  not o n l y  im p r o v e d  the n u t r i ti on al  

q u a l i t y  of the s o r g h u m  f l o u r  b u t  a l s o  i m p r o v e d  its k e e p i n g  

q u a l i t y  ( j a y a l a k s h m i  e t  a l ,  1987).

P r o t e i n  q u a l i t y  of w e a n i n g  foods can be o p t i m i z e d  by a d d i n g  

l e g u m e s  ( b e a n s ,  p u l s e s )  on the b a s i s  o f  t h e i r  l y s i n e  c o n t e n t  

(Nout, 1993). S t u d i e s  c a r r i e d  out by s e v eral w o r k e r s  ha v e  shown 

that the g r o w t h  a n d  n u t r i t i o n a l  s t a t u s  of c h i l d r e n  s u b s i s t i n g  on 

p o o r  c e r e a l  d i e t s  c o u l d  b e  c o n s i d e r a b l y  i m p r o v e d  b y  

s u p p l e m e n t a t i o n  w i t h  oil s e e d s  and legumes ( S w a m i n a t h a n , 1973).

S o y a f l o u r  is mo s t  a t t r a c t i v e  in price, q u a l i t y  a n d  q u a n t i t y  and 

has b e e n  e x t e n s i v e l y  s t u d i e d  a n d  g e n e r a l l y  r e c o m m e n d e d  for 

f o r t i f y i n g  p u p o s e  (Gupta e t  a l ,  1991). B l e n d s  of s o y a f l o u r  with 

ce r e a l s  such as corn, wheat, s o r g h u m  a n d  oa t s  a r e  w i d e l y  u s e d  in 

w o r l d  f e e d i n g  p r o g r a m m e s  (Book Walter, 1978).

S o y a b e a n  fits all w h o  e a t s  it, fr o m  b a b y  in ar m s  to the 

a g e d  and infirm (World H e a l t h  O r g a n i z a t i o n , 1984). S o y a b e a n  in

the f o r m  of s o y a f l o u r ,  s o y  c o n c e n t r a t e  a n d  s o y  i s o l a t e  is 

c u r r e n t l y  u s e d  in infant f o r m u l a e  a n d  food e n t e r n a l  formulae, 

be v erages, cereal s i m u l a t e d  milk, t e x t u r e d  meat a n a l o g s  a n d  meat 

e x t e n d e r s  (Duke, 1987). A s o y a  r a g i  m u l t i m i x  f o r m u l a t e d  by  

V i j a y a  1 ak s h m  i e t  a l .  ( 1985) w a s  r e c o m m e n d e d ,  a s  a low c o s t ,  

n u t r i t i o u s  multimix, u s e d  as a p r e s c h o o l  chi Ids s nack and also  a



r e m e d i a l  a n d  p r e v e n t i v e  m e a s u r e  a g a i n s t  p r o t e i n  e n e r g y  

m a l n u t r  it i o n .

S o y a b e a n  c a n  d o u b l e  the n u t r i t i o n a l  c o n t e n t  of b r e a d  at no 

e x t r a  c o s t  ( M a n j h i ,  1985). T h e  b e a n  is v e r y  u s e f u l  in t h e  

p r e p a r a t i o n  of bread, biscu i t s ,  cakes, p a s t r i e s ,  soups, omlettes, 

s p r o u t s  and s o m e  Indian, Ch i n e s e ,  E u r o p e a n  a n d  J a p a n e s e  di s h e s  

(Kale, 1985).

S t u d i e s  h a v e  b e e n  i n i t i a t e d  to u t i l i s e  s o y a b e a n  flour as a

p r o t e i n  rich i n g redient in b alahar, p r o t e i n  b e v e r a g e  a n d  so on.

The s o y a b e a n  c a k e  w h i c h  r e m a i n  a f t e r  oil e x t r a c t i o n  is a l s o  very 

r i c h  in p r o t e i n  a n d  m i n e r a l  s a l t s  a n d  is v e r y  v a l u a b l e  as 

f e r t i l i s e r s  for soil a n d  as a feed l i v e s t o c k  for animal 

(Sharma, 1983). For the p r e p a r a t i o n  of r o t i , s o y a f l o u r  c o u l d  be 

b l e n d e d  w i t h  s o r g h u m  f l o u r  o n l y  u p t o  3 0  p e r  c e n t  l e v e l .  

S o y a b e a n  e n r i c h e d  wheat flour for use in c h a p p a t h i  is a c c e p t a b l e  

(Rathod e t  a l , 1983).

A c c o r d i n g  to J a y a l a k s h m i  e t  a l .  (1987) b e c a u s e  of the e x tr a

o r d i n a r y  b e a n y  flour of soyabean, it is not a c c e p t e d  by people.

This can be o v e r c o m e  by b l e n d i n g  s o y a f l o u r  to a c e r t a i n  ext e n t  

wi t h  c e r e a l s  or m i l l e t  flours. S o y a b e a n  oil r e s e m b l e s  b u t t e r  in 

its p r o p e r t i e s  and a r e  u s e d  for c o o k i n g  p u r p o s e s  (Kale, 1985).

V a r i o u s  o t h e r  f e r m e n t e d  a n d  c o a g u l a t e d  p r o d u c t s  a r e  

a v a i l a b l e  in the w o r l d  market. A m o n g  th e m  soya p a n e e r  is one of
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the most p r o m i s i n g  item. S o y a p a n e e r  w h i c h  is k n o w n  as tofu can 

even r e p l a c e  mi l k  p a n e e r  ( S w a m i n a t h a n , 1987).

The e f f e c t  of f o r t i f y i n g  two s n a c k  items wi t h  d e s s l c a t e d

c o c o n u t  a n d  s o y a f l o u r  w a s  i n v e s t i g a t e d .  T h e  l e v e l  of 

f o r t i f ic a t ion was 30 per cent. The p r o d u c t s  w e r e  h i g h l y  a c c e p t e d  

a n d  lends i t s e l f  to cot t a g e  l e v e l  p r o c e s s i n g ,  t h u s  it w a s  

s u g g e s t e d  as an ideal v e h i c l e  for n u t r i t i o n  f o r t i f i c a t i o n  

( G o n z a l e s , 1983).

N u m e r o u s  s o y  p r o d u c t s  h a v e  b e e n  d e v e l o p e d  in I n d i a  a n d  

abroad. T h e s e  include ful- fat so y a  flour (Mishra, 1992), soy 

m i l k  ( R e d d y  a n d  M i t a l  1 9 9 2 ) ,  s o y  p a n e e r  o r  t o f u ,  s o y  

spaghetti, soy c h u n k s  and s o y a b e a n  oil (Patil and All, 1990). 

S o y a b e a n  p r o t e i n s  h a v e  been u t i l i s e d  in m a n y  k i n d s  of t raditional 

o r iental foods, i n c l u d i n g  so y a  sauce, s o y a b e a n  p a s t e  and oth er?  

over the c o u n t r i e s  ( Y u k a k o  e t  a l ,  1994).

The c o n s u m p t i o n  of s o y a b e a n  food p r o d u c t s  is b e i n g  p r o m o t e d  

the w o r l d  over, s i n c e  s o y a b e a n  p r o t e i n s  a r e  not o n l y  an e c o n o m i c  

r e s o u r c e ,  b u t  a l s o  h a v e  h i g h  n u t r i t i o n a l  q u a l i t i e s  

( A n a n t h a n a r a y a n a n  et a l ,  1992).

A m o n g  oilseeds, s o y a b e a n  is c o n s i d e r e d  as a m a j o r  s o u r c e  of 

e d i b l e  oil (Om K u m a r  e t  a l .  1992). S o y a f l o u r  is w i d e l y  u s e d  for 

m a k i n g  soy idli ( Akolkar and Parekh, 1983), c h a p a t h i  (Bhat and 

V i v i a n ,  1980), b r e a d  a n d  a l s o  f o r  e x t e n d e d  s o y  r i c e  p r o d u c t s  

(Chauhan and Bains, 1985). The f o r t i f i e d  s o y f l o u r  is al s o  used



for m a k i n g  a number of soy f o r t i f i e d  food items such as biscuits, 

b read and c o o k i e s  (Patil and Ali, 1990).

S o y a b e a n s ,  b e i n g  r i c h  s o u r c e  o f  l y s i n e  a r e  u s e d  f o r  

d e v e l o p i n g  products, such as high p r o t e i n  b e v e r a g e s ,  ba b y  food 

f o r m u l a t i o n s  a n d  b r e a k f a s t  f o o d s  ( S i n g h  a n d  C h a u h a n , 1 9 8 9 ) .

D e f a t t e d  s o y a f l o u r  is w i d e l y  us e d  for p r e p a r i n g  v a r i o u s  e x t e n d e d  

r i c e  p r o d u c t s  ( C h a u h a n  a n d  B a i n s ,  1 8 8 9 ) .  In r e c e n t  y e a r s  

s o y a b e a n  has be e n  r e c o g n i s e d  a n d  e x p l o i t e d  as a rich s o u r c e  of 

food and feed (Gandhi e t  a l ,  1985).

V a l l e  and V i s c o n t i  (1983) t a b u l a t e d  the n u t r i e n t  c o n t e n t  of 

fo r t i f i e d  bread, p e a n u t  butter, soy e x t e n d e d  wi t h  soft c h e e s e  and 

s o y a  a n a l o g u e  c h i r i z a  (d r y  s a u s a g e )  u s e d  in M e x i c a n  s c h o o l  

b r e a k f a s t  p r o gramme. M i l k  po w d e r  in v a n i l l a  a n d  c h o c o l a t e  ice 

c r e a m  w e r e  p a r t i a l l y  s u b s t i t u t e d  by s o y a f l o u r  at 1 0 , 20 and

30 per c e n t  a n d  s t o r e d  at 100°F fo r  t h r e e  h o u r s .  It w a s  

c o n c l u d e d  from the s t u d y  that the ice c r e a m  was a c c e p t a b l e  at 10 

p e r c e n t a g e  level of i n c o r p o r a t i o n  (El D e e b  and Salam, 1984).

S o y a f l o u r  is of great i m p o r t a n c e  in d i a b e t i c  dietary. Its 

st a r c h  c o n t e n t  b e i n g  q u i t e  n e g l i g i b l e  a n d  its s a c c h a r i d e s  low, ic 

is most s u i t e d  to d i a b e t i c  patients. S o y a b e a n  c o n t a i n s  a b u n d a n c e  

of p h o s p h a t e s  so that it can be u s e d  wi t h  a d v a n t a g e ,  for the one 

of n e r v o u s  system. Some m e d i c a l  a u t h o r i t i e s  ha v e  u s e d  th e m  for 

the o n e  of r i c k e t s ,  p u l m o n a r y  d i s e a s e s ,  a n a e m i a  w i t h  g r e a t  

success. (Kale, 1985).



A s t u d y  was c o n d u c t e d  d u r i n g  1985 by 50 c h i l d r e n  a d m i t t e d  

with a c u t e  d i a r r h o e a .  O n e  g r o u p  was fed wi t h  c o w s  m i l k  a n d  other 

g roup with soy b a s e d  f o r m u l a  - s o y a l . The s t u d y  s h o w e d  that 

i n f a n t s  fed w i t h  s o y  b a s e d  f o r m u l a  h a v e  a s h o r t e r  p e r i o d  of 

illness and a s h o r t e r  s t a y  in hos p i t a l  (Singh, 1987).

The role of soy p o l y s a c c h a r i d e  in low e r i n g  post prandial 

p l a s m a  g l u c o s e  in d i a b e t i c s  individual was obser v e d .  Soy p r o t e i n  

c a u s e s  d e c r e a s e d  s t e r o l  c o n c e n t r a t i o n  a n d  t h i s  m i g h t  b e  of 

imp o r t a n c e  s i n c e  high faecal s t e r o i d  c o n c e n t r a t i o n  h a v e  been 

i m p l i c a t e d  as r i s k  f a c t o r  for c a n c e r  of  t h e  l a r g e  i n t e s t i n e  

( R e d d y  e t  a l ,  1985). T h e  c o n c l u s i o n  is t h a t  t h e  n u t r i t i o n a l  

q u a l i t y  of is o l a t e d  s o y a p r o t e i n s  is high a n d  this p l a n t  p r o t e i n  

can s e r v e  as the so l e  s o u r c e  of e s s e n t i a l  a m i n o  a c i d  a n d  n i t r o g e n  

for p r o t e i n  m a i n t a n a n c e  in a d u l t s  ( Y o u n g  e t  a l ,  1 9 8 4 ) .  F o r  

a t o p i c  diseases, soya m i l k  can be g i v e n  b e c a u s e  it is s i m i l a r  in 

c o m p o s i t i o n  to h u m a n  mi l k  (Birch and P a r k e r , 1980).

S o y a b e a n  has an important m e d i c i n a l  q u a l i t y  in the fact that 

u n l i k e  meat, fish, egg, c e r e a l s  a n d  p u l s e s  w h i c h  p r o d u c e  a c i d i t y  

in b l o o d  t i s s u e s ,  s o y a b e a n  is a l k a l i n e  in i t s  e f f e c t  a n d  

t h e r e f o r e  n e u t r a l i s e  a c i d i t y  in the blood. P r o t e i n  from meat 

increases the a m o u n t  of u r i c  a c i d  in the s y s t e m  a n d  thus c r e a t e s  

ki d n e y  t r o u b l e s  a n d  gout, a n d  that from s o y a b e a n  n e u t r a l i s e s  uric 

ac i d  and does not p r o d u c e  any d i s e a s e  (Sharma, 1983).



In a short te r m  rat s t u d y  b y  H e n d r i c h  e t  a l .  (1994) h e p a t i c  

h y d r o p e r o x i d e  a c t i v i t y  was i n c r e a s e d  by f e e d i n g  a soy iso f l a v o n e  

e x t r a c t .  T h e s e  f i n d i n g s  m a y  b e  a l t e r n a t i v e  m e c h a n i s m s  of 

i n h i b i t i o n  o f  i r o n  - h o r m o n e  r e l a t e d  t u m o r i g e n e s i s  b y  s o y  

i s o f l a v o n e .

F r o m  the e p i d i m o  1o g i c a 1 d a t a ,  c o n s u m p t i o n  o f  s o y a b e a n s  

c o n t r i b u t e  to the low i n c i d e n c e  of b r e a s t  ca n c e r  

( A d l e r c r e n t z  e t  a l ,  1991). A s i m i l a r  result was f ound in the 

i n v e s t i g a t i o n  on d i e t a r y  s o y a b e a n  c o n s u m i n g  p e o p l e  wi t h  lower 

b reast c a n c e r  risk in S i n g a p o r e  (Lee a n d  Lee, 1991).

B e s i d e s  b e i n g  n u t r i t i o u s ,  s o y a m i l k  is free from lactose, 

c h o l e s t r o l  a n d  is low in fat and h e n c e  is r e c o m m e n d e d  for p e o p l e  

s u f f e r i n g  fr o m  m a l n u t r i t i o n ,  a l l e r g i e s  and d i s e a s e s  a s s o c i a t e d  

with s a t u r a t e d  fat - rich d i e t s  ( N a r a y a n a n  e t  a l ,  1992). The 

i so f l a v o n e  c o m p o u n d s  in s o y a b e a n  seeins to act as ant icarc inogens 

by e x c i t i n g  a b i o l o g i c a l  a n t i o x i d a n t  (Me s s i n a  a n d  Barnes, 1991). 

T h e  u s e  of s o y a b e a n s  h a s  i n c r e a s e d  in t h e  U n i t e d  S t a t e s  to 

d e c r e a s e  the risk of d i s e a s e s  ( M e s s i n a  a n d  M essina, 1991). The 

s o y a b e a n  and s o y a b e a n  foods a r e  c o n s u m e d  in s i g n i f i c a n t  a m o u n t s  

in A s i a n  c o u n t r i e s  b e c a u s e  of t h e r e  i n e x p e n s i v e  h i g h  q u a l i t y  

p r o t e i n  and a n t i c a r c i n o g e n i c  e f f e c t s  (Wang a n d  M u r phy, 1994).



MATERIALS & METHODS



3 M A T E R I A L S  A N D  M E T H O D S

T h e  s t u d y  o n  " E v a l u a t i n g  t h e  n u t r i t i o n a l  q u a l i t y  of  

s o y a b a s e d  s u p p l e m e n t a r y  foods" was c o n d u c t e d  in the D e p a r t m e n t  of 

Home Science, C o l l e g e  of A g r i c u l t u r e ,  V e l l a y a n i  d u r i n g  the p e r i o d  

from August 1992 to A u g u s t  1994.

Pl a n  of a c t i o n

Plan of a c t i o n  of the s t u d y  c o m p r i s e d  of

3.1 F o r m u l a t i o n  of d i f f e r e n t  c o m b i n a t i o n s  of nutritious, 

low cost a n d  a c c e p t a b l e  s u p p l e m e n t a r y  food.

3.2 C o m p u t a t i o n  of a m i n o a c i d  s c o r e s  a n d  c h e m i c a l  s c o r e s  of

d i f f e r e n t  c o m b i n a t i o n s  of s u p p l e m e n t a r y  food mixes.

3.3 A s c e r t a i n i n g  the a c c e p t a b i l i t y  of the s u p p l e m e n t a r y  foods 

d e v e l o p e d  through:

e s t i m a t i o n  of n u t r i t i o n a l  c o m p o s i t i o n  

w o r k i n g  out cost a n a l y s i s  and 

a s s e s s m e n t  of the o r g a n o l e p t i c  q u a l i t i e s  

B a s e d  on the a b o v e  p a r a m e t e r s ,  the best c o m b i n a t i o n  of the 

s u p p l e m e n t a r y  f o o d  m i x  w a s  s e l e c t e d  for f u r t h e r  s t u d y .

3.4 A s s e s s m e n t  of the n u t r i t i o n a l  q u a l i t y  o f  t h e  s e l e c t e d  

c o m b i n a t i o n  b y  e s t i m a t i n g  t h e  m a j o r  n u t r i e n t s  t h r o u g h  

ch e m i c a l  analy s i s .

3.5 A s c e r t a i n i n g  the p h y s i o l o g i c a l  u t i l i s a t i o n  of the s e l e c t e d  

s u p p l e m e n t a r y  food t h r o u g h  s u i t a b l e  animal e x p e r i m e n t s .
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3.6 T e s t i n g  the impact of the s e l e c t e d  s u p p l e m e n t a r y  food by 

c o n d u c t i n g  s i x  m o  n t h s  f e e d i n g  t r i a l  a m o n g  s e l e c t e d  

p r e s c h o o l  children.

3.7 A s c e r t a i n i n g  the s h e l f l i f e  q u a l i t i e s  of the s u p p l e m e n t a r y  

food d e v e loped.

3.1 F o r m u l a t i o n  of d i f f e r e n t  c o m b i n a t i o n s  of n u t r i t i o u s  low cost 

a n d  a c c e p t a b l e  s u p p l e m e n t a r y  food

The b a s i c  i n g r e d i e n t s  s e l e c t e d  for d e v e l o p i n g  s u p p l e m e n t a r y  

foods we r e  d e f a t t e d  soy a f l o u r ,  p a r b o i l e d  ri c e  a n d  g r o undnut.

3.1.1 J u s t i f i c a t i o n  for the s e l e c t e d  I n g r e d i e n t s

D e f a t t e d  S o y a f l o u r  as  p r o t e i n  s u p p l e m e n t :

S i n c e  animal p r o t e i n s  are in short s u p p l y  a n d  costly, plant 

p r o t e i n s  ha v e  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n  by v i r t u e  of their 

a v a i l a b i l i t y ,  low c o s t  as w e l l  a s  n u t r i t i o n a l  a n d  f u n c t i o n a l  

attri b u t e s .  A m o n g  d i f f e r e n t  v e g e t a b l e  p r o t e i n s ,  s o y a b e a n  is the 

c h e a p e s t  s o u r c e  of protein, s u p p l y i n g  4 0 - 5 C g / I Q O g . S o y a b e a n  has 

a great p r o m i s e  to c o m b a t  m a l n u t r i t i o n  o w i n g  to its ve r y  high 

c o n t e n t  o f  p r o t e i n ,  e x c e p t  s u l f u r  c o n t a i n i n g  o n e s  

(Gandhi e t  a l ,  1991). It is well k n o w n  that n u t r i t i v e  v a l u e  of 

legume p r o t e i n s  can be s i g n i f i c a n t l y  e n h a n c e d  by c o m p l e m e n t a t i o n  

wi t h  cereal p r o t e i n s  due to mu t u a l  a m i n o  a c i d  s u p p l e m e n t a t i o n .  

D e f a t t e d  s o y a f l o u r  h a s  t h e  a d d i t i o n a l  a d v a n t a g e  in b e i n g



c o m p a r a t i v e l y  less e x p e n s i v e  than o t her pulses; the cost b e i n g  

R s .12 per kilogram.

P a r b o i l e d  r i c e  a s  a s t a p l e  cer e a l  ingredient:

R i c e  is a v i t a l  f o o d  m a t e r i a l  for m o r e  t h a n  h a l f  t h e  

w o r l d’s p o p u l a t i o n  and p a r b o i l e d  rice is n u t r i t i o n a l l y  better 

c o m p a r e d  to raw rice. Again, p a r b o i l e d  ri c e  is the p r e f e r r e d  

s t a p l e  c e r e a l  a m o n g  m a j o r i t y  of  K e r a l i t e s .  D a n u r  ( 1 9 8 5 )  h a d  

p o i n t e d  out that the m i n e r a l  c o n t e n t  of rice w e r e  f o und to have 

i ncreased as a result of p a r b o i l i n g .

U s u a l l y  r i c e  or w h e a t  is u s e d  a s  t h e  c e r e a l  b a s e  for 

s u p p l e m e n t a r y  foods. The p u r p o s e  is to d i l u t e  the p r o t e i n  and 

p r o v i d e  the calories. At the s a m e  time they p r o v i d e  d e s i r a b l e  

c h a r a c t e r i s t i c s  like s m o o t h n e s s  of the r e c o n s t i t u t e d  product, 

d e s i r a b l e  flavour, c o l o u r  a n d  taste.

G r o u n d n u t  flour:

Oil s e e d s  a r e  p r o d u c e d  in large q u a n t i t i e s  in rr.any of 

d e v e l o p i n g  cou n t r i e s .  Oil s e e d s  like g r o u n d n u t  is i n e x p e n s i v e  

a n d  at the s a m e  t i m e  is a c o n c e n t r a t e d  s o u r c e  of  e n e r g y  a n a  

p r o t e i n  and a l s o  go o d  s o u r c e  of m i n e r a l s  a n d  vitamins.

3.1.2 F o r m u l a t i o n  of s u p p l e m e n t a r y  f o o d s  ( M u l t i m i x )

For the p r e p a r a t i o n  of m u l t i m i x ,  g o o d  q u a l i t y  p a r b o i l e d  

r i c e  w a s  p u r c h a s e d  f r o m  t h e  l o c a l  m a r k e t  a n d  w a s  c l e a n e d  to



r emove all the impurities. It w a s  then f u lly d r i e d  in shade. 

D r i e d  rice was roasted, powdered, s i e v e d  a n d  kept in c l e a n  air 

tight c o n t a i n e r s .  D e f a t t e d  s o y a f l o u r  w a s  p u r c h a s e d  and r o a s t e d  

just b e f o r e  p r e p a r a t i o n  of the food mix. G r o u n d n u t  was p u r c h a s e d  

f r o m  local m a r k e t ,  s k i n  r e m o v e d ,  r o a s t e d  a n d  p o w d e r e d .  T h e  

a b ove three p o w d e r e d  i n g r e d i e n t s  w e r e  w e i g h e d  a n d  m i x e d  together. 

W i t h  t h ese t h ree ingredients, ten c o m b i n a t i o n s  of multirnix we r e  

f o r m u l a t e d .

3. 2  C o m p u t a t i o n  o f  a m i n o  a c i d  s c o r e s  a n d  c h e m i c a l  s c o r e s  of

d i f f e r e n t  c o m b i n a t i o n s  of s u p p l e m e n t a r y  fo o d  m i x e s

J a n s e n  a n d  H a r p e r  ( 1 9 8 5 )  h a v e  r e p o r t e d  t h a t  a m i n o  a c i d  

s c o r e s  p r o v i d e  a u s e f u l  e s t i m a t e  of  t h e  p r o t e i n  q u a l i t y  of 

b l e n d e d  foods and is an a c c e p t a b l e  s u b s t i t u t e  for b i o l o g i c a l  

a s s a y s .

T h e  a m m o  a c i d  s c o r e s  w e r e  w o r k e d  o u t  u s i n g  t h a  F o o d  

C o m p o s i t i o n  T a b l e s  of I C M R , 1991. U s i n g  t h e s e  v a l u e s  ch e m i c a l

sc o r e s  w e r e  w o r k e d  out f r o m  the r a t i o  b e t w e e n  the c o n t e n t  of the 

most l i miting a m i n o  a c i d  in the test p r o t e i n  to the c o n t e n t  of 

the sa m e  a m i n o  a c i d  in e g g  p r o t e i n  e x p r e s s e d  as p e r c e n t a g e .  Five 

c o m b i n a t i o n s  w e r e  s e l e c t e d  w h i c h  h a d  c h e m i c a l  s c o r e s  a b o v e  

75 per cent for further i n vestigation.
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3.3 A s c e r t a i n i n g  the a c c e p t a b i l i t y  of the s u p p l e m e n t a r y  food 

d e v e l o p e d

3.3.1 E s t i m a t i o n  of n u t r i t i o n a l  c o m p o s i t i o n

T h e  n u t r i e n t s  p r e s e n t  in t h e  f i v e  c o m b i n a t i o n s  w e r e  

c a l c u l a t e d  u s i n g  the F o o d  C o m p o s i t i o n  T a b l e  of I C M R  (1981).

3 . 3.2 Cost a n a l y s i s  of the S u p p l e m e n t a r y  food

The cost of i n g r e d i e n t s  of the s e l e c t e d  five c o m b i n a t i o n s  

we r e  c a l c u l a t e d .  The total cost of 1kg of s u p p l e m e n t a r y  food was 

found out by a d d i n g  the cost of d i f f e r e n t  i n g r e d i e n t s  and 

ten per cent of total cost was a d d e d  as p r o c e s s i n g  charges.

3 .3.3 A s s e s s m e n t  o f  t h e  o r g a n o l e p t i c  q u a l i t i e s  o f  t h e  

s u p p l e m e n t a r y  food

T h r o u g h  a t r i a n g l e  test 25 panel m e m b e r s  w e r e  s e l e c t e d  for 

the e v a l u a t i o n  of o r g a n o l e p t i c  q u a lities.

The a c c e p t a b i l i t y  tr i a l s  w e r e  d o n e  by u s i n g  a s c o r e  card. 

( Details p e r t a i n i n g  to s c o r e  c a r d  a r e  p r e s e n t e d  in A p p e n d i x  I). 

The m a jor q u a l i t y  a t t r i b u t e s  in c l u d e d  in the s c o r e  c a r d  v/ere 

a p p e a r a n c e ,  f l a v o u r ,  t a s t e  a n d  t e x t u r e .  T h e  t e s t i n g  w a s  

c o n d u c t e d  in the a f t e r n o o n  b e t w e e n  3 to 4 pm, s i n c e  this time was 

c o n s i d e r e d  as the ideal time for c o n d u c t i n g  the a c c e p t a b i l i t y  

s t u d i e s  ( S w a m i n a t h a n , 1975).



3 . 3.4 S e l e c t i o n  of the m o s t  a c c e p t a b l e  f o r m u l a  of s u p p l e m e n t a r y  

food:

On the b a s i s  of a m i n o  a c i d  scores, c h e m i c a l  score, cost 

and o r g a n o l e p t i c  e v a l u a t i o n ,  the mo s t  a c c e p t a b l e  f o r m u l a t i o n  with 

p a r b o i l e d  ri c e  flour (85g), s o y a f l o u r  (10g) a n d  g r o u n d n u t  flour 

(5g) was s e l e c t e d  for d e t a i l e d  i n v e s t i g a t i o n s .

3.4 A s s e s s m e n t  of t h e  n u t r i t i o n a l  q u a l i t y  o f  t h e  s e l e c t e d  

c o m b i n a t i o n  of s u p p l e m e n t a r y  food

T h e  n u t r i t i o n a l  q u a l i t y  of t h e  s e l e c t e d  c o m b i n a t i o n  of 

s u p p l e m e n t a r y  food was a s c e r t a i n e d  by e s t i m a t i n g  m a j o r  n u t r i e n t s  

by the f o l l o w i n g  s t a n d a r d  methods.

SI.No. E s t i m a t i o n s  R e f e r e n c e s

I C a l o r i e s  ( S w a m l n a t h a n , 1984)

II P r o t e i n s  (Hawk a n d  O s e r , 1865)

III M i n e r a l s
(Calcium, Iron (Jackson, 1973)
and p h o s p h o r u s )

3.5 A s c e r t a i n i n g  the p h y s i o l o g i c a l  u t i l i s a t i o n  of the s e l e c t e d  

f o r m u l a t i o n  of s u p p l e m e n t a r y  food

3.5.1 P r o t e i n  E f f i c i e n c y  R a t i o  (PER):

T h e  P r o t e i n  E f f i c i e n c y  R a t i o  ( P E R )  w h i c h  m e a s u r e s  t h e  

w eight gain per g r a m  of p r o t e i n  c o n s u m e d  was d e t e r m i n e d  a c c o r d i n g  

to the rat g r o w t h  m e t h o d  of O s b o r n e  (1919).



4 3

W e a n l i n g  m a l e  a l b i n o  r a t s  ( S p r a g u e  D a w l e y  S t r a i n )  of 28 

days age w e r e  u s e d  for the e x p e r i m e n t .  A n i m a l s  of m o r e  or less 

u n i f o r m  w e i g h t s  (29g + 4g) w e r e  s e l e c t e d  a n d  d i v i d e d  into three 

gr o u p s  of two rats ea c h  a n d  fed the r e s p e c t i v e  d i e t s  as d e t a i l e d  

in Tables 1 a n d  2. C o m p o s i t i o n  of v i t a m i n  m i x t u r e  a n d  m i n eral 

m i x t u r e  u s e d  for the e x p e r i m e n t  a r e  d e t a i l e d  in T a b l e s  3 a n d  4.

T a b l e  1 

C o m p o s i t i o n  of C o n t r o l  Diet

I n g r e d i e n t s Q u a n t  i ty

S k i m m e d  milk powder 2 6 . 30g

G r o u n d n u t  O i 1 9 .00m 1

Starch 5 8 . 70g

M i n e r a l  m i x t u r e 4.00ml

V i t a m i n  m i x t u r e 2 .00ml

T a b l e  2

C o m p o s  i t ion of E x p e r i m e n t a l  Diet

I n g r e d i e n t s Q u a n t i t y

S u p p l e m e n t a r y  food 5 0 . OOg

G r o u n d n u t  o i 1 9.00ml

Starch 3 5 . OOg

M i n e r a l  m i x t u r e 4.00ml

V i t a m i n  m i x t u r e 2 .00ml



C o m p o s i t i o n  of v i t a m i n  m i x t u r e

T a b l e  3

Q u a n t i t y  

2000 I.U 

2 0 0  I.U

10 I.U 

0. 5  m g  

0 . 5  mg 

0 .8 mg 

0.5 m g

4 .0 mg

4 . 0  m g

1 0 . 0  m g

10.0 mg

40.0  nig

0 . 2  mg

3.0 mg 

20 0 .0 mg

I n g r e d i e n t s

V i t a m i n  A 

V i t a m i n  D 

V i t a m i n  E 

V i t a m i n  K 

Th iamine 

R i b o f l a v i n  

Pyr idox ine

C a l c i u m  p a n t o t h e n a t e  

N i ac i n 

Inos i to 1

Pa r a  a m i n o  b e n z o i c  a c i d  

Biot in 

F o l i c  ac i d  

V i t a m i n  B12 

C h o l i n e  c h l o r i d e

(NIN, 1983)
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C o m p o s i t i o n  of m i n e r a l  m i x t u r e

T a b l e  4

I n g r e d i e n t s  Q u a n t i t y  (g)

C a l c i u m  c a r b o n a t e 3 8 . 1 4 0 0

Co b a l t  c h l o r i d e 0 . 0 0 2 3

C u p r i c  s u l p h a t e 0 . 0 4 7 7

F e r r o u s  s u l p h a t e  

M a g n e s i u m  s u l p h a t e

0 . 7 0 0 0

5 . 7 3 0 0

M a n g a n e s e  s u l p h a t e 0 . 4 0 1 0

P o t a s s i u m  iodide 0 . 0 7 9 0

P o t a s s i u m  p h o s p h a t e  m o n o b a s i c 3 8 . 9 0 0 0

S o d i u m  c h l o r i d e 13.9300

Zinc s u l p h a t e 0 . 0 5 4 8

(NIN, 1983)

The rats w e r e  h o u s e d  in individual c a g e s  w i t h  w i r e  me s h  

floor (-Plato 1 ) . F i f t e e n  g r a m s  of the s e l e c t e d  m i x t u r e  was fed 

to the animals. W ater was al s o  provi d e d .  The left ever food was 

c o l l e c t e d  d a i l y  and we r e  d r i e d  and weighed. The food c o n s u m p t i o n  

was c a l c u l a t e d  b y  s u b s t r a c t i n g  the left over from the q u a n t i t y  

served. The b o d y  w e i g h t s  of the a n i m a l s  w e r e  r e c o r d e d  on c e  in 3 

d a y s  d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d  ( P l a t e  £ )  . D u r i n g  t h e  

e x p e r i m e n t a l  p e r i o d  c o n d i t i o n s  w e r e  m a i n t a i n e d  a s  u n i f o r m  a s  

possible. The rats w e r e  m a i n t a i n e d  on the r e s p e c t i v e  d iets for 

28 d a y s .





The PER was C a l c u l a t e d  u s i n g  the f o r m u l a  ( S w a m i n a t h a n , 1975)

G a i n  in b o d y  w e i g h t
P E R  = ---------------------------------

P r o t e i n  intake

3 . 5.2 B i o l o g i c a l  V a l u e  (BV)

M a l e  a l b i n o  rats ( S p r a g u e  D a w l e y  s t r a i n )  w e r e  d i v i d e d  into 

two g r o u p s  of two each. The a n i m a l s  w e r e  h o u s e d  in individual 

m e t a b o l i c  c a g e s  (Plate 30. The w h o l e  e x p e r i m e n t  w a s  d i v i d e d  into 

3 periods. D u r i n g  the first p e r i o d  of four days, all the rats 

w e r e  f e d  w i t h  n o n - p r o t e i n  d i e t  t o  m e a s u r e  t h e  e n d o g e n o u s  

nitrogen. The c o m p o s i t i o n  of n o n - p r o t e i n  diet is g i v e n  T a b l e  5.

T a b l e  5

C o m p o s i t i o n  of n o n - p r o t e i n  diet 

I n g r e d i e n t s  N o n - p r o t e i n  di e t  S tock diet

Starch (g) 85 85

G r o u n d n u t  oil (ml) 9 9

Mine r a l  m i x t u r e  (ml) 4 4

V i t a m i n  m i x t u r e  (ml) 2 2

P a r b o i l e d  ri c e  (g)

Soya flour (g) -

G r o u n d n u t  (g)

C a s e i n  (g) - 26.3



D u r i n g  the s e c o n d  p e r i o d  of two days, the rats we r e  fed 

w i t h  stock diet. D u r i n g  the t h i r d  p e r i o d  of four days, the rats 

in o n e  g r o u p  w a s  fed w i t h  the e x p e r i m e n t a l  diet a n d  the other one 

w i t h  c o n t r o l  d i e t .  T h e  a n i m a l s  w e r e  g i v e n  1 5 g  o f  t h e  

e x p e r i m e n t a l  diet. The am o u n t  of food given, the q u a n t i t y  of 

left over food a n d  actual c o n s u m p t i o n  w e r e  r e c o r d e d  everyday.

D u r i n g  the f i r s t  a n d  t h i r d  p e r i o d s  o f  t h e  e x p e r i m e n t ,  

s t o o l s  and u r i n e  s a m p l e s  w e r e  c o l l e c t e d .  Two d r o p s  of t o l u e n e  

was a d d e d  to u r i n e  s a m p l e  as a p r e s e r v a t i v e .  St o o l s  of each 

g roup c o l l e c t e d  for three days w e r e  p o o l e d  tog e t h e r  for n i t r o g e n  

e stim a t i o n .  U r i n a r y  and faecal n i t r o g e n  was e s t i m a t e d  b y  the 

m i c r o k j e l d h a l  m e t h o d  (Hawk and O s e r , 1965). The n i t r o g e n  c o n t e n t

of  t h e  f o o d  m i x t u r e s  w a s  a l s o  e s t i m a t e d  u s i n g  t h e  s a m e  

p r o c e d u r e .

B i o l o g i c a l  v a l u e  w a s  c a l c u l a t e d  u s i n g  t h e  f o r m u l a  

(S w a m i n a t h a n , 1975)

In - (Fn - Fe) - (Un - Ue) x 100
Bv = -------------------------------------------------  w h e r e ,

In - (fn - Fe)

In = N i t r o g e n  intake

Fn = N i t r o g e n  in faeces

Fe = E n d o g e n o u s  faecal n i t r o g e n

Un = N i t r o g e n  in u r i n e  of p r o t e i n  diet

Ue = N i t r o g e n  in u r i n e  of p r o t e i n  free diet.



3 . 5 . 3  D i g e s t i b i l i t y  C o - e f f i c i e n t  (DC)

D i g e s t i b i l i t y  c o - e f f i c i e n t  (DC) w a s  c a l c u l a t e d  u s i n g  the

formula ( S w a m i n a t h a n , 1975)

In - (Fn - Fe)
D C  -  X 100

In

3 . 5 . 4  Net P r o t e i n  U t i l i s a t i o n  (NPU)

T h e  e x t e n t  of u t i l i s a t i o n  of p r o t e i n  o f  t h e  c o m b i n a t i o n  

s e l e c t e d  w a s  e s t i m a t e d  by  s t a n d a r d  e x p e r i m e n t a l  p r o c e d u r e s  

s u g g e s t e d  by M i t c h e l l  (1924).

Net p r o t e i n  u t i l i s a t i o n  was c a l c u l a t e d  u s i n g  the f o r m u l a

Bv  x Dc
N P U  = ---------------- where,

100

Bv = B i o l o g i c a l  v a l u e

Dc = D i g e s t i b i l i t y  c o - e f f i c i e n t

3 .5.5 F o o d  E f f i c i e n c y  R a t i o  (FER)

F o o d  E f f i c i e n c y  R a t i o  (FER) of t h e  r a t s  w a s  c a l c u l a t e d

us ing the form u l a  (Swaminathan, 1975)

G a i n  in b o d y  w e i g h t
F E R  =  x 100

F o o d  intake

3.6 A s s e s s m e n t  of the impact of the s e l e c t e d  s u p p l e m e n t a r y  food

The impact of the s e l e c t e d  s u p p l e m e n t a r y  food w a s  te s t e d  by 

c o n d u c t i n g  a f e e d i n g  t r i a l  f o r  s i x  m o n t h s  a m o n g  p r e s c h o o l

4%
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children. The f e e d i n g  trial for six m o n t h s  was c o n d u c t e d  among 

15 p r e s c h o o l  c h i l d r e n  w h o  w e r e  s e l e c t e d  from creche, C o l l e g e  of 

Agr iculture, V e l l a y a n i .  E v e r y d a y  the s u p p l e m e n t a r y  food was made 

at the l a b o r a t o r y  and was fed to the p r e s c h o o l  c h i l d r e n  under 

the direct s u p e r v i s i o n  of the invest i g a t o r . (Flfe4>e.~£>) . R e c o r d s  of 

the d a ily a t t e n d a n c e  and food intake was m a i n a t a i n e d .  B e f o r e  

s t a r t i n g  t h e  f e e d i n g  t r i a l s  a n t h r o p o m e t r i c  m e a s u r e m e n t s  w e r e  

taken s i n c e  a n t h r o p o m e t r y  has been a c c e p t e d  as an important tool 

for a s s e s s m e n t  of n u t r i t i o n a l  q u a l i t y  of f o o d s ,  p a r t i c u l a r l y  

a m o n g  g r o w i n g  c h i l d r e n .  A c c o r d i n g  to C h e n  e t  a l ,  ( 1 9 7 8 )  

a n t h r o p o m e t r i c  m e a s u r e m e n t s  are the i n t e r n a t i o n a l l y  a c c e p t e d  

s y s t e m  for c l a s s i f y i n g  P r o t e i n  E n e r g y  M a l n u t r i t i o n  w h i c h  

a c c u r a t e l y  p o r t r a y  the nature, s e v e r i t y  and p r e v a l e n c e  of the 

problem. In this s t udy b o d y  weight, height, a r m  c i r c u m f e r e n c e ,  

h e a d  a n d  c h e s t  c i r c u m f e r e n c e  w e r e  m e a s u r e d .  A n t h r o p o m e t r  i c 

m e a s u r e m e n t s  of all p r e s c h o o l  c h i l d r e n  w e r e  c a r r i e d  out every 

m o nth for a p e r i o d  of six months. (-P > a t e 5-7) .

3.7 A s c e r t a i n i n g  the s h e l f l i f e  q u a l i t i e s

T h e  s h e l f l i f e  q u a l i t i e s  of s e l e c t e d  c o m b i n a t i o n  of t h s  

s u p p l e m e n t a r y  m i x t u r e  was a s c e r t a i n e d  by m o n i t o r i n g  the q u a l i t y  

a t t r i b u t e s  like c h a n g e  in odour, colour, t e x t u r e  and a p p e a r a n c e  

( P l a t e ). D u r i n g  s t o r a g e  m i c r o b i a l  c o n t a m i n a t i o n  of t h e  

d i f f erent c o m b i n a t i o n s  w e r e  a s s e s s e d  by serial d i l u t i o n  m e t h o d  

d e t a i l e d  b e l o w  (Mehrotra, 1980).



T h e  m e d i u m  u s e d  for m i c r o b i a l  e x a m i n a t i o n  w a s  p o t a t o  

d e x t r o s e  agar m e d i u m  a n d  n u t r i e n t  agar medium. A s a m p l e  of two 

g r a m s  was first w a s h e d  w i t h  m e r c u r i c  c h l o r i d e  s o l u t i o n  a n d  then 

in s t e r i l e  water. The s a m p l e  was then p l a c e d  on the s o l i d i f i e d  

m e d i a  in the p e t r i d i s h .  It w a s  kept at r o o m  t e m p e r a t u r e  and 

o b s e r v e d  a f t e r  4 8  h o u r s .  A f t e r  t h e  f o r m a t i o n  o f  v i s i b l e  

m i c r o b i a l  growth, the g r o w t h s  w e r e  t r a n s f e r r e d  to agar s l a n t s  and 

id e ntified under a m i c r o s c o p e .

3.8 S t a t i s t i c a l  a n a l y s i s

Data g e n e r a t e d  in the s t u d y  w a s  d o c u m e n t e d  and a n a l y s e d  

a p p l y i n g  s u i t a b l e  s t a t i s t i c a l  t e c h n i q u e s  ( P a n n s e  a n d  

Sukhalme, 1967).
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4 R E S U L T S  A N D  D I S C U S S I O N

R e s u l t s  of the p r e s e n t  i n v e s t i g a t i o n  e n t i t l e d  '’E v a l u a t i n g  

the n u t r i t i o n a l  q u a l i t y  of s o y a  b a s e d  s u p p l e m e n t a r y  food" are 

p r e s e n t e d  under the f o l l o w i n g  headings.

4.1 F o r m u l a t i o n s  of d i f f e r e n t  c o m b i n a t i o n s  of n u t r i t i o u s ,  low 

cost and a c c e p t a b l e  s u p p l e m e n t a r y  food.

4.2 C o m p u t a t i o n  of a m i n o  a c i d  s c o r e s  and c h e m i c a l  s c o r e s  of 

d i f f e r e n t  c o m b i n a t i o n s  of s u p p l e m e n t a r y  food mixes.

4.3 A s e r t a i n i n g  the a c c e p t a b i l i t y  of the s u p p 1a m e n t r y  foods 

d e v e l o p e d  through:

4.3.1 a n a l y s i s  of n u t r i t i o n a l  composition.^-

4.3.2 e s t i m a t i o n  of cost.

4.3.3 test for o r g a n o l e p t i c  qualities.--'

4.4 N u t r i t i o n a l  q u a l i t y  of s e l e c t e d  c o m b i n a t i o n  of s u p p l e m e n t a r y  

food. '

4.5 P h y s i o l o g i c a l  u t i l i s a t i o n  of the s e l e c t e d  s u p p l e m e n t r y  food.

4 . 6  I m p a c t  of s e l e c t e d  s u p p l e m e n t a r y  f o o d  o n  t h e  g r o w t h  of 

p r e s c h o o l  children.

4.7 Shelf life q u a l i t i e s  of the s e l e c t e d  s u p p l e m e n t a r y  food.-

4.1 F o r m u l a t i o n  of d i f f e r e n t  c o m b i n a t i o n s  of n u t r i t i o u s ,  low 

cost a n d  a c c e p t a b l e  s u p p l e m e n t a r y  food

The b a s i c  i n g r e d i e n t s  s e l e c t e d  for the p r e s e n t  s t u d y  we r e  

d e f a t t e d  s o y a f l o u r ,  p a r b o i l e d  r i c e  a n d  g r o u n d n u t .  T e n



c o m b i n a t i o n s  o f  t h e  f o o d  s u p p l e m e n t  w e r e  f o r m u l a t e d .  T h e  

p r o p o r t i o n  of the ten c o m b i n a t i o n s  of the food s u p p l e m e n t  are 

p r e s e n t e d  in T a b l e  6 .

T a b l e  6

C o m p o s i t i o n  of the food ing r e d i e n t  in the d i f f e r e n t  

c o m b i n a t i o n s  of s u p p l e m e n t a r y  food

I n g r e d i e n t s ( g ) C o m b i n a t I o n s

1 2 3 4 5 6 7 8

j
CD o

P a r b o i l e d  r ice 90 85 80 75 70 65 60 55 50 50

S o y a f 1 our 5 10 15 20 25 30 35 40 45 50

G r o u n d n u t  flour 5 5 5 5 5 5 5 5 5 0

As i n d i cated in T a b l e  6 p a r b o i l e d r ice was a d d e d in the

p r o p o r t i o n  r a n g i n g f r o m 5 0 t o 9 0  p e r  c e n t in d i f f e r e n t

c o m b i n a t i o n s  of f o o d  s u p p l e m e n t .  R i c e ,  t h e  s t a p l e  c e r e a l  of

K e r a l i t e s  was the m a j o r  ingredient in the s u p p l e m e n t a r y  food mix

in the form of r o a s t e d  p a r b o i l e d  rice powder. P a r b o i l e d  rice is 

m o r e  n u t r i t i o u s  c o m p a r e d  to r a w  r i c e  ( N a t i o n a l  I n a t i t u t s  of 

N u t r i t i o n ,  1993). A c c o r d i n g  to R a j a l e k s h m i  ( 1 9 8 4 )  t h e  I r o n  

co n tent i n c r e a s e d  as a result of p a r b o i l i n g  w h e n  c o m p a r e d  to 

raw rice. The s t o r a g e  q u a l i t y  of p a r b o i l e d  rice is a l s o  high

when c o m p a r e d  to raw rice ( S a i k i a  a n d  Bains, 1993).

S o y a b e a n  p r o t e i n  is k n o w n  to b e  r i c h  in ‘l y s i n e ’ an

e s s e n t i a l  a m i n o a c i d  ( t hat is 8 . 1  p e r  c e n t  o f  t o t a l  p r o t e i n ) ,  

w h i c h  is g e n e r a l l y  d e f i c i e n t  in c e r e a l  a n d  m i l l e t  p r o t e i n s



( S i n g h ,  1 9 8 7 ) .  D e f a t t e d  s o y a f l o u r ,  w h i c h  is t h e  p r o t e i n  

s u p p l e m e n t  was a d d e d  (5 to 45 per cent) in d i f f e r e n t  p r o p o r t i o n s  

of s u p p l e m e n t a r y  food. A d d i t i o n  of e v e n  small q u a n t i t y  improves 

the p r o t e i n  c o n t e n t  of the food s u p p l e m e n t .  In the c o m b i n a t i o n  

c o n t a i n i n g  5 per cent s o y aflour, the q u a n t i t y  of p a r b o i l e d  rice 

a d d e d  w a s  9 0  per c e n t .  In t h e  9 t h  c o m b i n a t i o n ,  4 5  p e r  c e n t  

d e f a t t e d  s o y a f l o u r  was in c l u d e d  as the a m o u n t  of p a r b o i l e d  rice 

w a s  o n l y  5 0  p e r  c e n t .  T h e  a m o u n t  o f  p a r b o i l e d  r i c e  in 

c o m b i n a t i o n s  9 a n d  10 are the sa m e  (50 per cent) but the q u a n t i t y  

of s o y a f l o u r  was 45 a n d  50 p e r c e n t  r e s p e c t i v e l y .

G r o u n d n u t ,  the t h i r d  i n g r e d i e n t  in t h e  f o o d  s u p p l e m e n t  

f o r m u l a t e d  w a s  a d d e d  in 5 p e r  c e n t  l e v e l  s i n c e  it is a. 

c o n c e n t r a t e d  s o u r c e  of e n e r g y  and p rotein. It is a l s o  a good 

sou r c e  of m i n e r a l s  and vitamins. In c o m b i n a t i o n  10, p a r b o i l e d  

rice and s o y a f l o u r  was in the equal p r o p o r t i o n  of 50 per cent. 

In this c o m b i n a t i o n ,  g r o u n d n u t  flour w a s  not added.

4 . 2  C o m p u t a t i o n  of a m i n o  a c i d  s c o r e s  a n d  c h e m i c a l  s c o r e s  of the 

s u p p l e m e n t r y  food

The a m i n o  a c i d  s c o r e s  was w o r k e d  out are p r e s e n t e d  in Table 

7. Che m i c a l  s c o r e s  of the ten c o m b i n a t i o n s  of the s u p p l e m e n t a r y  

f o rmulae are p r e s e n t e d  in T a b l e  8 .

As i n d i c a t e d  in T a b l e  7, the lowest a m i n o  a c i d  s c o r e  (31.0) 

was o b t a i n e d  for c o m b i n a t i o n  10. The h i g hest a m i n o  a c i d  s c ore



A m i n o  a c i d  s c o r e  of d i f f e r e n t  c o m b i n a t i o n s  of

s u p p l e m e n t a r y  food

T a b l e  7

I n g r e d i e n t s  (g) C o m b i n a t  ions

1 2 3 4 5 6 7 8 9 10

P a r b o 1 led r ice 90 85 80 75 70 65 60 55 50 50

S o y a f 1 our 5 10 15 20 25 30 35 40 45 50

G r o u n d n u t  flour 5 5 5 5 5 5 5 5 5 0

A m i n o  ac i d  
s c o r e

36 . 8 36.2 35 . 5 34.,9 34.2 33.5 32.8 32.2 3 1 . 6 31 .0



C h e m i c a l  S c o r e  of d i f f e r e n t  c o m b i n a t i o n s  of s u p p l e m e n t a r y  food

T a b l e  8

I n g r e d i e n t s  (g) C o m b  inat ions

1 2 3 4 5 6 7 8 9 10

P a r b o i l e d  rice 90 85 80 75 70 65 60 55 50 50

S o y a f l o u r 5 10 15 20 25 30 35 40 45 50

G r o u n d n u t  flour 5 5 5 5 5 5 5 5 5 0

C h e m i c a l  s c o r e 98 .2 97 .5 94.4 92.6 9 0 . 8 88.8 74.8 72.8 70. 8 6 8 . 4



(36 . 8 )  w a s  o b t a i n e d  for c o m b i n a t i o n  1, w h i c h  c o n t a i n  m a x i m u m  

a mount of p a r b o i l e d  rice (90 per cent).

M a j o r  c r i t e r i o n  for s e l e c t i n g  a c o m b i n a t i o n  from the ten 

f o r m u l a t i o n s  w a s  t h e  c h e m i c a l  s c o r e  o f  t h e s e  m i x t u r e s .  As 

i n d i c a t e d  in T a b l e  8 , t h e  l o w e s t  c h e m i c a l  s c o r e  6 8 . 4 0  w a s  

o b t a i n e d  for c o m b i n a t i o n  1 0 , c o n t a i n i n g  equal a m o u n t  of p a r b o i l e d  

rice and d e f a t t e d  s o y aflour. T h e  h i g h e s t  c h e m i c a l  s c o r e  (98.20) 

w a s  o b t a i n e d  f o r  c o m b i n a t i o n  1. O n l y  s i x  c o m b i n a t i o n s  

( c o m b i n a t i o n s  1 - 6 )  s h o w e d  c h e m i c a l  s c o r e s  a b o v e  75 per cent. 

The first five c o m b i n a t i o n s  w i t h  h i g h e s t  c h e m i c a l  s core were 

s e l e c t e d  for further study.

4.3 A c c e p t a b i l i t y  of the s u p p l e m e n t a r y  f o o d s  d e v e l o p e d

The a c c e p t a b i l i t y  of the s o y a b e a n  s u p p l e m e n t a r y  food was 

a s c e r t a i n e d  w i t h  the h e l p  of d e t e r m i n a n t s  v i z . ,  n u t r i t i o n a l  

quality, cost a n d  o r g a n o l e p t i c  q u a lities.

4.3.1 N u t r i t i o n a l  q u a l i t y

In the s e l e c t e d  f i v e  c o m b i n a t i o n s  t h e  n u t r i e n t s ,  viz. 

protein, c a l a ries, m i n e r a l s  and B - c o m p l e x  v i t a m i n s  w e r e  w o r k e d  

out and the da t a  are p r e s e n t e d  in T a b l e  9.

As r e v e a l e d  in the table, the p r o t e i n  c o n t e n t  of the five 

c o m b i n a t i o n s  of s u p p l e m e n t a r y  food r a n g e d  b e t w e e n  9.3 to 16.6Gg 

per cent. T a b l e  9 a l s o  s h o w e d  that c o m b i n a t i o n  5 had the highest 

p r o t e i n  c o n t e n t  of 16.60g. Th i s  is e x p l a i n e d  by the a d d i t i o n  of



N u t r i t i o n a l  q u a l i t y  of five s e l e c t e d  c o m b i n a t i o n s  of 

s u p p l e m e n t a r y  food m i x  (100g)

T a b l e  8

Nutr ients C o m b  i n a t i o n s

1 2 3 4 5

9 0 : 5 : 5 8 5 : 1 0 : 5 8 0 : 1 5 : 5 7 5 : 2 0 : 5 7 0 : 2 5 : 5

P r o t e i n  (g) 9. 30 1 1 .00 12 .90 14 . 70 16.60

E n e r g y  (kcals) 36 1 . 5 0 3 6 5 . 8 0 3 7 0 . 1 0 3 7 4 . 4 0 3 7 8 . 7 0

C a l c i u m  (mg) 2 4 . 0 0 3 5 . 6 0 47. 10 5 8 . 7 0 7 0 . 2 0

P h o s p h o r u s  (mg) 181.70 2 0 9 . 0 0 2 3 6 . 4 0 2 6 3 . 7 0 2 9 1 . 1 0

Iron (mg) 1 .60 2 . 10 2 . 6 0 3 . 10 3. 5 0

T h i a m i n e  (mg) 0 . 20 0 . 3 0 0. 30 0 . 3 0 0 . 4 0

R i b o f l a v i n  (mg) 0 . 10 0 . 10 0 . 10 0 . 10 0 .2 0

N i a c i n  (mg) 4 .60 4 . 6 0 4 . 6 0 4 . 6 0 4. 70



25 per cent s o y a f l o u r  to the s u p p l e m e n t a r y  food mix. C o m b i n a t i o n  

1 had the lowest p r o t e i n  c o n t e n t  of 9 . 3 0 g / 1 0 0 g .  F r o m  the table 

it is very c lear that as the q u a n t i t y  of s o y a f l o u r  increased, the 

p r o t e i n  c o n t e n t  of t h e  f o o d  a l s o  i n c r e a s e d  c o r r e s p o n d i n g 1 y . 

Table 9 i n d i c a t e d  that the a d d i t i o n  of s o y a f l o u r  at 5 per cent 

level can inc r e a s e  the n u t r i t i o n a l  q u a l i t y  of the food.

The c a l o r i f i c  v a l u e  of the food s u p p l e m e n t s  w e r e  in ths 

range of 3 6 1 . 5 0  K c a l s  to 3 7 8 . 7 0  K c a l s  per 100g. As i n d i c a t e d  :n 

the table, the first c o m b i n a t i o n  p r o v i d e d  the lowest am o u n t  of 

e n e r g y  3 6 1 . 5 0  Kcals. C o m b i n a t i o n  5 had the m a x i m u m  c a l o r i f i c  

v a l u e  ( 3 7 8 . 7 0  K c a l s )  w h i c h  c o n t a i n s  t h e  h i g h e s t  a m o u n t  of 

soyaflour (25 per cent) a m o n g  the d i f f e r e n t  c o m b i n a t i o n s  tried. 

This s h o w e d  that d e f a t t e d  s o y a f l o u r  is a go o d  s o u r c e  of energy.

The amo u n t  of calcium, p h o s p h o r u s  and iron w e r e  a l s o  found 

to be the h i g h e s t  in c o m b i n a t i o n  5. It p r o v i d e d  7 0 . 2 0 m g  of 

calcium, 2 9 1 . 1 0 m g  of p h o s p h o r u s  a n d  3 . 50 m g  of iron. C o m b i n a t i o n  

1 h a d  the low e s t  m i n e r a l  c o n t e n t  ( 2 4 . 0 0 m g  c a l c i u m .  1 8 1 . 7 0 m g  

p h o s p h o r u s  and 1 .60mg iron per 100g r e s p e c t i v e l y ) .  The v i t amin 

c o n tent of d i f f e r e n t  c o m b i n a t i o n s  of s u p p l e m e n t r y  food mix was 

f o u n d  to be the h i g h e s t  in c o m b i n a t i o n  5 ( t h i a m i n e  0 . 5 0 m g , 

r i b o f l a v i n  0 . 2 0 m g  and n i a c i n  4.70mg).

All the five c o m b i n a t i o n s  of s u p p l e m e n t a r y  foods w e r e  found 

to c o n t a i n  a d e q u a t e  a m o u n t s  of protein, energy, m i n e r a l s  and



5 y

B - c o m p l e x  v i t a m i n  to meet the r e q u i r e m e n t s  for a cereal b a sed 

s u p p l e m e n t a r y  food.

4 . 3 . 2  Cost a n a l y s i s  of the s u p p l e m e n t a r y  food

T h e  c o s t  o f  i n g r e d i e n t s  

s u p p l e m e n t a r y  foods a r e  p r e s e n t e d

T a b l e

C o s t  a n a l y s i s  of the

S 1. No P R  DSF

1 90 5

2 85 10

3 80 15

4 75 20

5 70 25

in s e l e c t e d  c o m b i n a t i o n s  of 

in T a b l e  10.

10
s u p p l e m e n t a r y  food

G N F  Co s t  (Rs.)

5 1 .09

5 1 . 10

5 1.12

5 1.13

5 1.14

PR - P a r b o i l e d  rice 
DSF - D e f a t t e d  s o y a f l o u r  
GNF - G r o u n d n u t  flour

T h e  c o s t  o f  s u p p l e m e n t a r y  f o o d  m i x  in d i f f e r e n t  

c o m b i n a t i o n s  w e r e  w o r k e d  out by a d d i n g  the cost of i n g r e d i e n t s  

and o v e r h e a d  charges. The cost of 1kg of s u p p l e m e n t a r y  food in 

d i f f e r e n t  p r o p o r t i o n s  w e r e  alm o s t  the same. The cost is ve r y  low 

as it is on l y  R s . 10.00 per k i l o g r a m  of the food m i x  and it is

very e c o n o m i c a l  e s p e c i a l l y  for low income groups. S i n h a  e t  al .  

(1 9 9 3 )  h a s  r e c o m e n d e d  s o y a  f l o u r  a s  an  i d e a l  s u b s t i t u t e  for





e x p e n s i v e  i n g r e d i e n t s  like n o n - f a t  dry milk there by o f f e r i n g  

n u t r i t i o n a l l y  be t t e r  food at lower cost.

4 . 3 . 3  O r g a n o l e p t i c  q u a l i t i e s  of the s e l e c t e d  s u p p l e m e n t a r y  food

O r g a n o l e p t i c  i n v e s t i g a t i o n  w a s  c a r r i e d  out by a g r o u p  of 

judges s e l e c t e d  by t r i a n g l e  test. In the t r i a n g l e  test three 

sets of sugar s o l u t i o n s  of d i f f e r e n t  c o n c e n t r a t i o n s  w e r e  used. 

Of the three samples, two w e r e  of identical c o n c e n t r a t i o n s  and 

the s u b j e c t s  we r e  a s k e d  to i d entify the t h i r d  s a m p l e  w h i c h  is of 

d i f f e r e n t  c o n c e n t r a t i o n .  On the b a s i s  of the test 25 judges were 

s e l e c t e d  f o r  c o n d u c t i n g  o r g a n o l e p t i c  e v a l u a t i o n  of  t h e  

s u p p l e m e n t a r y  food (Plat e V ) .

R e c i p e s  v i z., p o r r i d g e  s w e e t e n e d  w i t h  j a g g e r y ,  p o r r i d g e  

w i t h  sugar and laddu w i t h  sugar in d i f f e r e n t  p r o p o r t i o n s  were 

s t a n d a r d i s e d  u s i n g  5 c o m b i n a t i o n  of food mix.

A c c e p t a b i l i t y  of p o r r i d g e  s w e e t e n e d  w i t h  j a g g e r y

P o w d e r s  of p o r r i d g e  w a s  p r e p a r e d  w i t h  r o a s t e d  p a r b o i l e d  

rice, d e f a t t e d  s o y a f l o u r  and g r o u n d n u t . J a g g e r y  was a d d e d  as 

s w e e t e n i n g  agent. The r e s u l t s  of the o r g a n o l e p t i c  e v a l u a t i o n  of 

p o r r i d g e  s w e e t e n e d  with j a g g e r y  are g i v e n  in T a b l e  II and the 

s c o r e s  g i v e n  b y  t h e  j u d g e s  w e r e  s u b j e c t e d  t o  s t a t i s t i c a l  

analysis. S i m p l e  (ANOVA) m e t h o d  a n a l y s e d  on C R D  was done.

O r g a n o l e p t i c  e v a l u a t i o n  of t h e  s e l e c t e d  c o m b  i n a t i o n s  of 

s u p p l e m e n t a r y  food p r e p a r e d  in the form of p o r r i d g e  wi t h  jaggsry



T a b l e  11

O r g a n o l e p t i c  e v a l u a t i o n  of p o r r i d g e  s w e e t e n e d  w i t h  j a g g e r y

SI . 
No.

I n g r e d i e n t s  
P R : D S F : G N F

M e a n  S c o r e s Total
M e a n
s c o r eA p p e a r a n c e F l a v o u r T a s t e T e x t u r e c o l o u r

1 8 5 : 1 0 : 5 3.40 + 1 .80 3 .40 +_ 1 .20 3 . 3 0  + 1 .40 3 . 4 0 + 1 .90 2 . 8 0  + 1 . 1 0 16.30

2 8 0 : 1 5 : 5 3. 5 0  + 1 .30 3 . 4 0 + 1 . 20 3 . 2 0  + 1 .50 3 . 4 0 + 0 . 8 0 3 . 0 0  + 1.10 16.50

3 7 5 : 2 0 : 5 3 . 4 0  + 1 . 70 3. 10 + 1 .00 3 . 2 0  + 1 . 10 3 . 4 0 + 1 .60 3 . 0 0  + 1.00 18. 10

4 70 : 2 5 : 5 3. 2 0  + 1 . 70 2 . 8 0 + 1 .30 3 . 3 0  + 1 .00 3 . 5 0 + 1 . 1 0 3. 2 0  + 1.30 16.00

5 6 5 : 3 0 : 5 3. 3 0  + 1 .50 3 . 2 0 + 1 .20 3 . 2 0  + 1 . 10 3 . 4 0 + 0 . 7 0 3 . 1 0  + 2.00 16.20

CD (0 .0 1 ) 0 .165 0 .204 0 .163 0 . 196 0 . 2 1 8

PR - P a r b o i l e d  Rice 
DSF - D e f a t t e d  Soya Flour 
GNF - G r o u n d n u t  Flour



s h o w e d  the h i g h e s t  m e a n  s c o r e  for c o m b i n a t i o n  2 (16.50) f o llowed 

by c o m b i n a t i o n s  1,5,3 and 4. T h e  total m e a n  s c o r e s  w e r e  16.30, 

16.20, 16.10 and 16.00 r e s p e c t i v e l y .  T h e  total m e a n  s c o r e  was 

lowest for p r o p o r t i o n  4 (16.00). But the m e a n  s c o r e  o b t a i n e d  for 

taste was h i g h e s t  for this p r o p o r t i o n  (3.30). In the c a s e  of 

appea r a n c e ,  the m e a n  s c o r e  was m a x i m u m  for p r o p o r t i o n  2. The 

p r o p o r t i o n s  1 and 2 o b t a i n e d  a m a x i m u m  s c o r e  of 3. 4 0  for the 

q u a l i t y  a t t r i b u t e ,  f l a v o u r .  T h e  s c o r e s  o b t a i n e d  for t e x t u r e  

r a n g e d  from 3. 4 0  - 3.50. The m e a n  s c o r e  o b t a i n e d  for co l o u r  was 

h i g h e s t  for p r o p o r t i o n  4 ( 3 . 2 0 )  a n d  l o w e s t  for p r o p o r t i o n  1

(2.80).

S t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  r e v e a l e d  t h a t  a 

s i g n i f i c a n t  d i f f e r e n c e  e x i s t e d  b e t w e e n  c o m b i n a t i o n  2 and 4 and 

b e t w e e n  c o m b i n a t i o n  2 a n d  5 w h e r e a s  t h e  d i f f e r e n c e  w a s  not 

s i g n i f i c a n t  b e t w e e n  c o m b i n a t i o n  2 a n d  1. In the c a s e  of q u a l i t y  

flavour, a s i g n i f i c a n t  d i f f e r e n c e  e x i s t e d  b e t w e e n  c o m b i n a t i o n  1 

and 3 and b e t w e e n  c o m b i n a t i o n  1 and 4. But the d i f f e r e n c e  was 

not s i g n i f i c a n t  b e t w e e n  c o m b i n a t i o n  1 a n d  2. For the q u a l i t i e s  

taste and texture, the d i f f e r e n c e  was found not to be s i g n i f i c a n t  

a m ong the d i f f e r e n t  c o m b i n a t i o n s .  S i g n i f i c a n t  d i f f e r e n c e  e x i s t e d  

b e t w e e n  c o m b i n a t i o n  1 and 4, a n d  b e t w e e n  c o m b i n a t i o n  1 and 5 for 

the quality, co l o u r  ( D etails p e r t a i n i n g  to this are p r e s e n t e d  in 

A p p e n d  i x II ) .



3. 3 . 1 . 2  A c c e p t a b i l i t y  s t u d y  of p o r r i d g e  s w e e t e n e d  w i t h  sugar

R o a s t e d  pow d e r  of p a r b o i l e d  rice, d e f a t t e d  s o y a f l o u r  and 

g r o u n d n u t  was m i x e d  w i t h  sugar s y r u p  a n d  steamed. T h e  result of 

a c c e p t a b i l i t y  te s t  o b t a i n e d  is p r e s e n t e d  in T a b l e  12. T h e  

r e s u l t s  s h o w e d  t h a t  t h e  c o m b i n a t i o n  1 w a s  m o r e  a c c e p t a b l e  

c o m p a r e d  to o t her c o m b i n a t i o n s  a n d  the total m e a n  s c o r e  o b t a i n e d  

for the sa m e  was 17.40. The total m e a n  s c o r e  for c o m b i n a t i o n  2 

and 3 w e r e  17.20 and 17.10 r e s p e c t i v e l y  and for the c o m b i n a t i o n s  

4 and 5 w e r e  16.90 and 16.80 r e s p e c t i v e l y .  The m e a n  s c o r e s  for 

the q u a l i t y  a t t r i b u t e s  of the c o m b i n a t i o n  8 5 : 1 0 : 5  w a s  3 . 4 0 ,  

3.40, 3.70, 3 . 5 0  and 3.40.

The less a c c e p t a b l e  c o m b i n a t i o n  w a s  6 5 : 3 0 : 5  w i t h  a total 

me a n  s c o r e  of 16.70. T h i s  c o m b i n a t i o n  o b t a i n e d  a m e a n  s c o r e  of 

3.30 for a p p e a r a n c e ,  3.20 for flavour, 3. 2 0  for taste, 3. 4 0  for 

te x ture and 3. 6 0  for colour. A c c o r d i n g  to R a n g a n n a  (1984) in the 

v a r i o u s  q u a l i t y  a t t r i b u t e  tests, the first e v a l u a t i o n  g o e s  to the 

taste f o l l o w e d  by flavour, a p p e a r a n c e ,  t e x t u r e  a n d  colour.

S t a t i s t i c a l  a n a l y s i s  of the data r e l a t e d  to the a p p e a r a n c e  

a n d  f l a v o u r  r e v e a l e d  th a t  the d i f f e r e n c e  w a s  n o t  s i g n i f i c a n t  

a m o n g  the d i f f e r e n t  c o m b i n a t i o n s .  For the q u a l i t y  taste, the 

d i f f e r e n c e  b e t w e e n  c o m b i n a t i o n s  1 a n d  3 w a s  f o u n d  to  b e  not 

si g n i f i c a n t  w h e r e a s  a s i g n i f i c a n t  d i f f e r e n c e  e x i s t e d  b e t w e e n  the 

c o m b i n a t i o n s  1 and 2; b e t w e e n  c o m b i n a t i o n s  1 and 4; and b e t w e e n  

c o m b i n a t i o n  1 and 5. The d i f f e r e n c e s  a m o n g  c o m b i n a t i o n s  2, 3, 4
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O r g a n o l e p t i c  e v a l u a t i o n  of p o r r i d g e  s w e e t e n e d  w i t h  sugar

SI . 
No.

P r o p o r t i o n  of 
i n g r e d i e n t s  
P R : D S F : G N F

M e a n S c o r e s T o t a l
M e a n
S c o r eA p p e a r a n c e F l a v o u r T a s t e T e x t u r e C o l o u r

1 8 5 : 1 0 : 5 3 . 4 0  + 1 .40 3 . 4 0 + 1 .30 3 . 70 +_ 1 .40 3 . 5 0  + 1 .00 3 . 4 0  ± 1 .70 17 .40

2 8 0 : 1 5 : 5 3 . 2 0  + 1 . 70 3 . 4 0 + 1 .40 3.40 + 1 .90 3 . 6 0  + 1 .50 3 . 4 0  + 1 .20 17.00

3 7 5 : 2 0 : 5 3 . 4 0  + 1 .20 3 .30 + 1 .80 3.50 + 0. 8 0 3 . 4 0  + 1 .00 3 . 5 0  ± 1 .20 17 . 10

4 7 0 : 2 5 : 5 3 . 4 0  + 1 . 10 3 . 2 0 +_ 1 .00 3.30 _+ 1 . 10 3 . 4 0  + 1 .20 3 . 6 0  ± 1 .00 16.90

5 6 5 : 3 0 : 5 3 . 3 0  + 1 .30 3 . 2 0 + 0 . 4 0 3.20 + 1 .70 3 . 4 0  + 1 . 10 3 . 6 0  + 1 . 10 16.70

CD (0.01) 0 . 2 1 3 0 .263 0 .250 0. 253 0. 281

PR - P a r b o i l e d  Ri c e  
DSF - D e f a t t e d  S o y a  Flour 
GNF - G r o u n d n u t  Flour



and 5 w e r e  not s i g n i f i c a n t .  T h e r e  w a s  no s i g n i f i c a n t  d i f f e r e n c e  

a m o n g  d i f f e r e n t  c o m b i n a t i o n s  for the q u a l i t i e s  t e x t u r e  and colour 

(Details p e r t a i n i n g  to this are p r e s e n t e d  in A p p e n d i x  III).

The r e s u l t s  of a c c e p t a b i l i t y  t e s t s  of p o r r i d g e  s w e e t e n e d  

w i t h  j a g g e r y  and sugar s h o w e d  that the s u p p l e m e n t a r y  food m a d e  

with sugar was of m o r e  a c c e p t a b l e  q u a l i t y  w h i l e  the s u p p l e m e n t a r y  

food m a d e  of j a g g e r y  was of u n d e s i r a b l e  colour. C h a l k y  m o u t h f e e l  

was p r o m i n e n t  in s a m p l e s  m a d e  w i t h  jaggery. The r e c i p e s  made 

wi t h  sugar, in general, w e r e  found to be d e v o i d  of b e a n y  flavour, 

The overall a c c e p t a b i l i t y  was the h i g h e s t  for the s u p p l e m e n t a r y  

food s w e e t e n e d  wi t h  sugar. A c c o r d i n g  to F e r g u s  (1993) colour 

i n f l u e n c e s  o t h e r  s e n s o r y  c h a r a c t e r i s t i c s  a n d ,  in t u r n  f o o d  

a c c e p t a b i l i t y ,  c h o i c e  a n d  p r e f e r e n c e .  Its ro l e  has an effect on 

t he t otal c o n t r i b u t i o n  to f o o d  q u a l i t y .  S t u d i e s  r e v i e w e d  by 

C l y d e s d a l e  (1984) found that c o l o u r  a f f e c t e d  the p e r c e p t i o n  of 

o t h e r  s e n s o r y  c h a r a c t e r i s t i c s  s u c h  a s  s w e e t n e s s ,  s a l t  a n d  

f l a v o u r .

On the b a s i s  of the a b o v e  o b s e r v a t i o n s ,  sugar was s e l e c t e d  

as a c c e p t a b l e  s w e e t e n e r  in the s u p p l e m e n t a r y  f o o d .  A s t u d y  

c o n d u c t e d  by G u p t a  e t  a l  in 1982 s h o w i n g  that a d d i t i o n  of sugar 

improved the s e n s o r y  s c o r e  and is in a g r e e m e n t  wi t h  the results 

of the c u r r e n t  exper i m e n t .



3 . 3 . 1 . 3  A c c e p t a b i l i t y  of laddu s w e e t e n e d  w i t h  sugar

T h e  r o a s t e d  p o w d e r e d  i n g r e d i e n t s  w e r e  m i x e d  w i t h  s u g a r  

s y r u p  a n d  m a d e  into b a l l s .  T a b l e  13 s h o w s  t h e  m e a n  s c o r e s  

o b t a i n e d  in the s e n s o r y  e v a l u a t i o n  of laddu. F r o m  the data, it 

is clear that c o m b i n a t i o n  1 o b t a i n e d  the m a x i m u m  total m e a n  score 

of 2 0 . 1 0 ^  f o l l o w e d  by c o m b i n a t i o n  3 ( 1 7 . 8 0 ) ,  c o m b i n a t i o n  2

(17.50), c o m b i n a t i o n  4 (17.10) a n d  c o m b i n a t i o n  5 (17.00). The 

d a t a  t h u s  s h o w e d  that the s u p p  1 e m e n t a r y  f o o d  p r e p a r e d  in t h e  

c o m b i n a t i o n  8 5 : 1 0 : 5  was s u p e r i o r  in all q u a l i t y  a t t r i b u t e s  except 

flavour wh e n  c o m p a r e d  to other c o m b i n a t i o n s  selected.

Stati s t i c a l  a n a l y s i s  of the da t a  r e v e a l e d  that c o m b i n a t i o n  

1 was s i g n i f i c a n t l y  d i f f e r e n t  from the rest of the c o m b i n a t i o n s .  

The d i f f e r e n c e  a m o n g  c o m b i n a t i o n s  2, 3 a n d  4 w e r e  not s i g n i f i c a n t  

f o r  t h e  q u a l i t y  f l a v o u r .  C o m b i n a t i o n  3 w a s  f o u n d  to  b e  

s i g n i f i c a n t l y  d i f f e r e n t  from rest of the c o m b i n a t i o n s  w h i l e  the 

d i f f e r e n c e s  a m o n g  c o m b i n a t i o n s  1, 2, 4 a n d  5 w e r e  n o t

s i g i n i f i c a n t . T h e r e  e x i s t e d  a s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  

c o m b i n a t i o n  2 and 4 w h e r e a s  the d i f f e r e n c e  was not s i g n i f i c a n t  

a m o n g  the r e s t  of the c o m b i n a t i o n s  for t h e  q u a l i t y  c o l o u r  

(Details p e r t a i n i n g  to this are p r e s e n t e d  in A p p e n d i x  IV).

A c c o r d i n g  to Shanti (1986) several S outh I n d i a n  d i s h e s  like 

baji, p a k o d a  and boonthi w e r e  p r e p a r e d  p a r t i a l l y  s u b s t i t u t i n g  

s o y a b e a n  f l o u r in the r e c i p e s  a n d  t h e  a c c e p t a b i l i t y  o f  t h e s e  

dishes w e r e  found to be good. N e e l a k a n t a n  e t  a 7.( 1987) c o n d u c t e d
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O r g a n o l e p t i c  e v a l u a t i o n  of l addu s w e e t e n e d  w i t h  s ugar

P r o p o r t i o n  of M e a n  S c o r e s  T o tal
SI. i n g r e d i e n t s  --------------------------------------------------------------------------------------------- M e a n
No. P R : D S F : G N F  A p p e a r a n c e  F l a v o u r  T a s t e  T e x t u r e  C o l o u r  S c o r e

1 8 5 : 1 0 : 5  4 . 5 0 + 1 . 0 0  3 . 4 0 + 1 . 1 0  4 . 1 0 + 0 . 4 0  4 . 5 0 + 1 . 2 0  3 . 6 0 + 1 . 3 0  2 0 . 1 0

2 8 0 : 1 5 : 5  3 . 3 0 + 0 . 8 0  3 . 4 0 + 0 . 4 0  3 . 4 0 + 1 . 4 0  3 . 7 0 + 1 . 0 0  3 . 7 0 + 1 . 1 0  17.50

3 7 5 : 2 0 : 5  3 . 3 0 + 1 . 2 0  4 . 2 0 + 1 . 0 0  3 . 4 0 + 1 . 3 0  3 . 4 0 + 1 . 4 0  3 . 5 0 + 1 . 0 0  17.80

4 7 0 : 2 5 : 5  3 . 5 0 + 1 . 4 0  3 . 2 0 + 1 . 0 0  3 . 4 0 + 0 . 9 0  3 . 7 0 + 1 . 0 0  3 . 3 0 + 1 . 0 0  17.10

5 6 5 : 3 0 : 5  3 . 4 0 + 0 . 9 0  3 . 3 0 + 1 . 5 0  3 . 4 0 + 1 . 1 0  3 . 4 0 + 1 . 0 0  3 . 5 0 + 1 . 2 0  17.00

PR - P a r b o i l e d  Ri c e  
D SF - D e f a t t e d  Soya Flour 
G N F  - G r o u n d n u t  Flour

<n
N
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s t u d i e s  on the a c c e p t a b i l i t y  of s o y a - s o r g h u m  b l e n d s  in a f e w  

S o u t h  I n d i a n  d i s h e s  a n d  f o u n d  t h a t  t h e  d i s h e s  w e r e  w e l l  

accepted. R e s u l t s  of the s t u d i e s  in s i m i l a r  lines (Pallavi e t  a l ,  

1991) s h o w e d  that in the p r e p a r a t i o n  of s o m e  t r a d i t i o n a l  foods, 

d e f a t t e d  s o y a f l o u r  can be i n c o r p o r a t e d  to the e x t e n t  of 100 per 

cent w i t h o u t  s i g n i f i c a n t l y  a f f e c t i n g  their t e xtural properties. 

M o r e over, its a d d i t i o n  i n c r e a s e d  the p r o t e i n  c o n t e n t  to a great 

e x t e n t .

To  i d e n t i f y  the s u i t a b l e  s u p p l e m e n  t a r y  f o o d  u n d e r  the 

present i n v e s t i g a t i o n  u s i n g  soyabean, the m e a n  s c o r e s  of the five 

c o m b i n a t i o n s  in e a c h  r e c i p e  was w o r k e d  out. The s u p p l e m a n t a r y  

food with the high e s t  m e a n  s c o r e  was i d e n t i f i e d  as the s u i t a b l e  

one. S e n s o r y  e v a l u a t i o n  s t u d i e s  i d e n t i f i e d  the 8 5 : 1 0 : 5  b l e n d  of 

s u p p l e m e n t a r y  food in the form of laddu s w e e t n e d  wi t h  sugar as 

sup e r i o r  (2 0 . 1 0 ) for its q u a l i t y  a t t r i b u t e s  a n d  this c o m b i n a t i o n  

was s e l e c t e d  for d e t a i l e d  i n vestigation.

4 . 4  A s s e s s m e n t  of t h e  n u t r i t i o n a l  q u a l i t y  o f  t h e  s e l e c t e d

c o m b i n a t i o n  of s u p p l e m e n t a r y  food

T h e  n u t r i t i o n a l  q u a l i t y  of t h e  s u p p l e m e n t a r y  f o o d  w i t h  

r e f e r e n c e  t o  c a l o r i e s ,  p r o t e i n  a n d  m i n e r a l  c o n t e n t  w e r e  

d e t e r m i n e d  t h r o u g h  s u i t a b l e  lab o r a t o r y  t e c h n i q u e s  and the data 

are p r e s e n t e d  in T a b l e  14.



G ?

T a b l e  14

Nutr i t ional q u a l i t y  of the s e l e c t e d  c o m b i n a t i o n  of

s u p p l e m e n t a r y f o o d  ( 1O O g )

Nutr ients Q u a n t  ity

E n e r g y 3 8 8 . 5 0  + 1.54 K c a l s

P r o t e  i n 11.20 + 1.60 g

C a 1c i urn 3 2 . 8 0  + 1.30 mg

Iron 1.90 + 0 . 8 0  mg

P h o s p h o r u s 2 0 0 . 0 0  + 1.10 mg

As o b s e r v e d  f r o m  T a b l e  14, t h e  c a l o r i f i c  v a l u e  of t h e  

s e l e c t e d  s u p p l e m e n t a r y  food was found to be 3 6 8 . 5 0  kcals. The 

p r o t e i n  c o n t e n t  of the food was found to be 1 1 . 2 0  g / 100g and the 

calcium, iron and p h o s p h o r u s  c o n t e n t s  w e r e  f ound to be 3 2 . 8 0  mg, 

1.90 mg and 2 0 0 . 0 0  mg r e s p e c t i v e l y .  F r o m  the t a b l e  it is clear 

that by i n c l usion of this s u p p l e m e n t a r y  food d a i l y  in the diet of 

y o u n g  children, a d e q u a t e  a m o u n t  of protein, e n e r g y  and m i n e r a l s  

c o u l d  e a s i l y  be p r o v i d e d  for their pr o p e r  d e v e l o p m e n t .

Kapoor and G u p t a  (1981) e s t i m a t e d  that 100g of an infant 

food f r o m  s o y a b e a n  a n d  c h e e s e  w h e y  s u p p l y  t h e  m i n i m u m  d a i l y  

r equ i r erne nt of all the n u t r i e n t s  for c h i l d r e n  u p t o  4 y e a r s  age.



4.5 P h y s i o l o g i c a l  u t i l i s a t i o n  

s u p p l e m e n t a r y  food

R i t c h e y  and Taper (1981) 

way to a s s e s s  the n u t r i t i o n a l  

f e e d i n g  t r i a l s .  S e v e r a l  b i o l o g i c a l  m e a s u r e m e n t s  h a v e  b e e n  

p r o p o s e d  as ind i c a t o r s  viz, P r o t e i n  E f f i c i e n c y  R a t i o  (PER), Food 

E f f i c i e n c y  R a t i o  (FER) and n i t r o g e n  b a l a n c e  studies. F r o m  these 

indices of p r o t e i n  quality, true d i g e s t a b i 1 ity c o - e f f i c i e n t  and 

b i o l o g i c a l  v a l u e  w e r e  w o r k e d  out.

S w a m i n a t h a n  (1989) has a l s o  r e p o r t e d  that q u a n t i t a t i v e  data 

r e g a r d i n g  the r e l a t i v e  d i g e s t a b i 1 ity co e f f i c i e n t  a n d  n u t r i t i v e  

v a l u e  of p r o t e i n s  c o u l d  be o b t a i n e d  o n l y  t h r o u g h  e x p e r i m e n t s  on 

a n i m a l s  or h u m a n  b e i n g s .  T h r e e  m e t h o d s  n a m e l y ,  P r o t e i n  

E f f i c i e n c y  R a t i o  (PER), Net P r o t e i n  U t i l i z a t i o n  (NPU) and Net 

Prot e i n  R a t i o  (NPR) ha v e  be e n  w i d e l y  u s e d  as s u i t a b l e  m e t h o d s  for 

the e v a l u a t i o n  of q u a l i t y  d i e t a r y  proteins.

4.5.1 P r o t e i n  E f f i c i e n c y  R a t i o  (PER)

The P r o t e i n  E f f i c i e n c y  R a t i o  (PER) of the e x p e r i m e n t a l  and 

c o n t r o l  di e t  w e r e  w o r k e d  out. A c c o r d i n g  to t h e  s t u d i e s  of 

F a s h a k i n  e t  a l .  (1 9 8 6 ) ,  a m i x t u r e  of v e g e t a b l e  p r o t e i n  d i e t  

including soyabean, m e l o n  a n d  c o w p e a  c o m p a r e d  f a v o u r a b l y  with the 

milk powder b a s e d  c o n trol diet in terms of g r o w t h  rate, P r o t e i n  

E f f i c i e n c y  R a t i o  (PER) and Net P r o t e i n  R a t i o  (NPR).

of the s e l e c t e d  c o m b i n a t i o n  of

r e p o r t e d  that the mo s t  r e l i a b l e  

q u a l i t y  of p r o t e i n s  is t h r ough
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In this e x p e r i m e n t ,  P r o t e i n  E f f i c i e n c y  R a t i o  (PER) o b t a i n e d  

for the e x p e r i m e n t a l  g r o u p  was c o m p a r e d  w i t h  the c o n t r o l  group. 

Pr o t e i n  E f f i c i e n c y  R a t i o  of the e x p e r i m e n t a l  g r o u p  was o b s e r v e d  

to be 2.5Q, w h i c h  w a s  s i g n i f i c a n t l y  hig h e r  than the v a l u e  of 2.10, 

the r e q u i r e m e n t  s p e c i f i e d  for s u p p l e m e n t a r y  foods by the p r o t e i n  

a d v i s o r y  g r o u p  of F A O  (1971). As per the r e s u l t s  of the study 

c o n d u c t e d  by Lee (1970), a s u p p l e m e n t a r y  food b a s e d  on s o y a b e a n  

and sweet p o t a t o  had a P r o t e i n  E f f i c i e n c y  R a t i o  of 2. 6 3  a n d  was 

found n u t r i t i o n a l y  c o m o p a r a b l e  to the s t a r c h  a n d  mi l k  b a s e d  diet. 

In a n o t h e r  e x p e r i m e n t  G u p t a  e t  a l ,  (1982) o b s e r v e d  that a 

s u p p l e m e n t a r y  food b a s e d  on Jowar and s o y a b e a n  s h o w e d  P r o t e i n  

E f f i c i e n c y  R a t i o  (PER) b e t w e e n  2 . 1 0 a n d  2.60- The s o y - w h e y  w e a n i n g  

fo o d  d e v e l o p e d  by  the N a t i o n a l  D a i r y  R e s e a r c h  I n s t i t u t e  w a s  

e v a l u a t e d  for P r o t e i n  E f f i c i e n c y  R a t i o  (PER) and it was found 

that the P r o t e i n  E f f i c i e n c y  R a t i o  of b l a n c h e d  s o y a b e a n  was 2.10 

and s o y a - w h e y  p o w d e r  was 2 . 3 0  (Kapoor, 1981).

In this e x p e r i m e n t ,  ga i n  in b o d y  w e i g h t  in 4 w e e k s  were 

found to be higher in c o n trol g r o u p  w h i c h  w a s  g i v e n  the m i l k  diet 

than the e x p e r i m e n t a l  g r o u p  in w h i c h  the rats w e r e  fed with 

s o y a b e a n  as the p r o t e i n  source.

S t a t i s t i c a l  a n a l y s i s  u s i n g  ' t’ test was e m p l o y e d  to find 

out the a s s o c i a t i o n  b e t w e e n  e x p e r i m e n t a l  a n d  cont r o l  g r o u p . The 

P r o t e i n  E f f i c i e n c y  R a t i o  (PER) of  t h e  e x p e r i m e n t a l  g r o u p  w a s  

f o u n d  to be 2 . 5 0  w h e r e a s  the P r o t e i n  E f f i c i e n c y  R a t i o  of t h e  

control g r oup was higher than that of the e x p e r i m e n t a l  group



P r o t e i n  E f f i c i e n c y  R a t i o  (PER) of the s u p p l e m e n t a r y  f o o d

T a b l e  15

E x p e r  imental g r o u p C o n t r o l  g r o u p

W e e k s A v e r a g e  
p r o t e i n  
intake (g)

A v e r a g e
w e i g h t

( a )

A v e r a g e  
we i g h t  

g a i n / w e e k  

(9)

A v e r a g e
p r o t e i n
intake

( g )

A v e r a g e
w e i g h t

( g )

A v e r a g e
w e i g h t
g a i n / w e e k

( a )

* t ’ 
v a l u e

Initial 
we i ght

- 5 4 . 5 0  + 1 .60 - - 6 8 . 5 0  + 1.40 -

End of 1st 
week 8 . 4 0  + 1.30 5 6 . 7 0  + 1 .30 2 . 2 0  + 0 . 3 0 9 . 3 0  + 1 . 10 7 1 . 2 0  ± 0 . 6 0 2 . 7 0  + 0 . 8 0

End of 2nd 
week 8 . 7 0  ± 0 . 9 0 5 9 . 2 0  ± 1 . 00 2 . 5 0  + 0 . 3 0 9 . 6 0  + 0 . 7 0 7 7 . 2 0  + 0 . 7 0 6 . 0 0  + 0 . 10 7 .07

End of 3rd 
week 9 . 4 0  ±  0 . 6 0 6 6 . 5 0  + 0 . 5 0 7 . 3 0  + 0 . 5 0 9 . 9 0  + 0 . 9 0 9 3 . 2 0  + 1.30 16.00 + 0 . 6 0

End of 4th 
week 9 . 7 0  + 0 . 9 0 7 7 . 3 0  + 1 . 10 10.80 + 0. 6 0 10 .0 0 + 1.60 1 0 1 . 2 0  + 0 . 4 0 8 .0 0 + 0 . 9 0

A v e r a g e  w e i g h t  g a i n  2 2 . 8 0  3 2 . 7 0
in one m o n t h
P r o t e i n  E f f i c i e n c y  R a t i o  2.50 3 . 3 0

** S i g n i f i c a n t  at 1 per cent level.



(3.30). The r e s u l t s  s h o w e d  that t here is s i g n i f i c a n t  d i f f e r e n c e

b e t w e e n  the e x p e r i m e n t a l  a n d  c o n trol g r o u p s  at 1 per cent

l e v e 1 T a b l e  15).

4 . 5 . 2  B i o l o g i c a l  V a l u e  (BV)

B i o l o g i c a l  V a l u e  (BV) of a p r o t e i n  is the f r a c t i o n  of its 

n i t r o g e n  r e t a i n e d  in the b o d y  for g r o w t h  a n d  m a i n t e n a n c e  of cell 

s y n t h e s i s .  T h e  B V  of p r o t e i n s  c a n  b e  d e t e r m i n e d  b y  N i t r o g e n

b a l a n c e  e x p e r i m e n t s  ( S w a m i n t h a n , 1975).

O s b o r n e  ( 1 9 6 4 )  d e v e l o p e d  a m e t h o d  for d e t e r m i n i n g  t h e  

b i o l o g i c a l  v a l u e  of p r o t e i n s .  T h e  b i o l o g i c a l  v a l u e  of t h e  

d e v e l o p e d  rice so y a  s u p p l e m e n t a r y  food as well as m i l k  po w d e r  was 

t e s t e d  in g r o u p s  of 28 d a y s  o l d  m a l e  a l b i n o  r a t s .  In t h i s  

exper i m e n t ,  the b i o l o g i c a l  v a l u e  of the c o n t r o l  diet was higher 

w h e n  c o m p a r e d  t o  t h e  e x p e r i m e n t a l  d i e t  ( T a b l e  16 ) .  T h e  

bio l o g i c a l  v a l u e  of the supp l e m e n t a r y  food was 77.80 per cent, 

w h e r e  as the b i o l o g i c a l  v a l u e  ( B V )  o f  c o n t r o l  d i e t  w a s  8 7 . 6  

percent. In a s t udy c o n d u c t e d  by Ifon (1980), the b i o l o g i c a l  

v alue of s o y a b e a n  m i l l e t  p o r r i d g e  was f o und to be 7 8.93 +. 1.01 

per cent. The p e r c e n t a g e  of n i t r o g e n  e x c r e t e d  t h r o u g h  faeces was 

higher than t hose e x c r e t e d  t h r o u g h  u r i n e  in b o t h  the groups. 

The p e r c e n t a g e  of p r o t e i n  in s o y a b e a n  is ve r y  m u c h  hi g h e r  than 

the p r o t e i n  c o n t e n t  of al m o s t  all v e g e t a b l e s .  ( M a r g a r e t a  e t  a l ,  

1989).
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The b i o l o g i c a l  v a l u e  of the c o n trol g r o u p  was 8 7 . 6 0  and 

that of the e x p e r i m e n t a l  g r o u p  was 77.80. S t a t i s t i c a l  a n a l y s i s  

of the da t a  s h o w e d  that the b i o l o g i c a l  v a l u e  of the c o n trol group 

was s i g n i f i c a n t l y  higher than e x p e r i m e n t a l  g r o u p  at 1 p e r cent 

l e v e l .

T a b l e  16

B i o l o g i c a l  V a l u e  (BV) of the s e l e c t e d  c o m b i n a t i o n  of 

s u p p l e m e n t a r y  food

SI.No. G r o u p BV ' t ’ V a l u e

1 E x p e r i m e n t a l  G r o u p 7 7 . 8 0
X*

2 C o n t r o l  G r o u p 8 7 . 6 0 47 . 20

** S i g n i f i c a n t  at 1 per cent level

4.5 D i g e s t a b i 1 ity c o - e f f i c i e n t  (DC)

D i g e s t a b i 1 ity c o - e f f i c i e n t  of a p r o t e i n  is d e f i n e d  as the 

ratio of food n i t r o g e n  intake to food n i t r o g e n  absor b e d .  The 

d i g e s t a b i 1 ity c o - e f f i c i e n t  w a s  c a l c u l a t e d  in r a t s  w h i c h  w e r e  

g i v e n  the s o y a b e a n  s u p p l e m e n t a r y  f o o d  a n d  m i l k  b a s e d  c o n t r o l  

diet. E x p e r i m e n t  w i t h  rats ha v e  s h o w n  high d i g e s t a b  i 1 i ty for 

s o y a b e a n  and h e a t e d  s o y a b e a n  was found to be m o r e  d i g e s t a b i e  than 

the u n h e a t e d  s o y a b e a n  meal (Carol 1 e t  a l ,  1952).

In the p r e s e n t  s t u d y  the d i g e s t a b i  1 i ty c c - e f f i c i e n t  w a s  

found higher in the control diet than the e x p e r i m e n t a l  diet. The 

d i g e s t a b i 1 ity c o - e f f i c i e n t  of the s u p p 1e m e n t a r y  food was o b s e r v e d



to be 8 5 . 9 0  per cent and that of c o n trol diet was 9 2 . 8 0  per cent. 

The r e s u l t s  s h o w e d  that there is s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  

e x p e r i m e n t a l  and c o n t r o l  g r o u p s  at 1 per cent level (Table 17).

T a b l e  17

O i g e s t a b i 1 ity c o - e f f i c i e n t  (DC) of the s e l e c t e d  

c o m b i n a t i o n  of s u p p l e m e n t a r y  food

SI . NO G r o u p DC * t ’ Valu e

1 Exper i m e n t a 1 85. 90
X X

2 C o n t r o 1 9 2 . 8 0 57.69

** S i g n i f i c a n t  at 1 per cent level

4 . 5 . 4  Net P r o t e i n  U t i l i s a t i o n  (NPU)

Net P r o t e i n  U t i l i s a t i o n  (NPU) is the r a t i o  of n i t r o g e n  

r e t a i n e d  t o  t h e  t o t a l  n i t r o g e n  i n t a k e  a n d  d e t e r m i n e d  f r o m  

Biological V a l u e  (BV) and D i g e s t a b i 1 ity C o - e f f i c i e n t  (DC) and the 

data are p r e s e n t e d  in T a b l e  18.



Net P r o t e i n  U t i l i s a t i o n  of ra t s  fed o n  e x p e r i m e n t a l

a n d  c o n t r o l  diet

T a b l e  18

G r o u p s N P U t v a 1ue

Exper i m e n t a 1 6 6 . 8 3
MX

Control 81 .29 94.87

** S i g n i f i c a n t  at 1 per cent level

F r o m  T a b l e  18 it is s e e n  that Net P r o t e i n  U t i l i s a t i o n  (NPU)

of rats in the c o n trol g r o u p  was high (81.28) w h e n  c o m p a r e d  to

the e x p e r i m e n t a l  g r o u p  (66.83). S t a t i s t i c a l  a n a l y s i s  of the data 

r e v e a l e d  t h a t  t h e  N e t  P r o t e i n  U t i l i s a t i o n  ( N P U )  o f  t h e  

e x p e r i m e n t a l  a n d  the control g r o u p s  was s i g n i f i c a n t l y  different. 

In a s t u d y  c o n d u c t e d  b y  I f o n  ( 1 9 8 0 )  o n  r a t s  f e d  w i t h  m i l l e t  

so y a b e a n  porridge, the Net P r o t e i n  U t i l i s a t i o n  of rats w e r e  found 

to be 6 7 . 5 6  + 1 .2 0 .

4 . 5 . 5  F o o d  E f f i c i e n c y  R a t i o  (FER)

In the p r e s e n t  i n v e s t i g a t i o n  a n i m a l  f e e d i n g  e x p e r i m e n t s  

w e r e  c o n d u c t e d  t o  e v a l u a t e  t h e  q u a l i t y  o f  t h e  d e v e l o p e d  

s u p p l e m e n t a r y  food. The r e s u l t s  of F o o d  E f f i c i e n c y  R a t i o  (FER) 

study are g i v e n  in T a b l e  19.

The g a i n  in b o d y  we i g h t  of the e x p e r i m e n t a l  g r o u p  in four

w e e k s  was 2 2 . 8 0  g and the ga i n  in b o d y  w e i g h t  of the control



F o o d  E f f i c i e n c y  R a t i o  (FER) of t h e  s u p p l e m e n t a r y  food

T a b l e  19

E x p e r i m e n t a l  g r o u p C o n t r o l  g r o u p

W e e k s A v e r a g e
food
intake

( a )

A v e r a g e
w e i g h t

( a )

A v e r a g e  
w e i g h t  

g a i n / w e e k  

( a )

A v e r a g e
food
intake

( a )

A v e r a g e
w e i g h t

(a)

A v e r a g e
w e i g h t
g a i n / w e e k

(a)

* t’
v a l u e

Ini t ial 
we i ght

- 5 4 . 5 0  ± 0 . 7 0 - - 6 8 . 5 0  + 0 . 7 0 -

End of 1st 
week 6 3 . 6 0  + 1.60 5 6 . 7 0  ± 1 .50 2 . 2 0  + 0 . 8 0 7 0 . 0 0  + 2 . 1 0 7 1 . 2 0  ± 1.20 2 . 7 0  + 0 . 5 0

End of 2nd 
week 6 5 . 7 0  + 0 . 9 0 5 9 . 2 0  + 1.30 2 . 5 0  + 0 .2 0 7 1 . 7 0  + 0 . 7 0 7 7 . 2 0  ± 2. 1 0 6 .0 0 + 0 . 9 0

X *

9 5 . 4 0

E nd of 3rd 
week 7 0 . 8 0  + 1.30 6 6 . 5 0  + 1 .60 7 . 3 0  + 0 . 3 0 7 4 . 2 0  + 1.90 9 3 .20 + 1.80 18.00 + 0 . 3 0

End of 4th 
week 7 2 . 8 0  ± 1 .20 7 7 . 3 0  + 0 . 9 0 10.80 ± 0 . 7 0 7 5 . 0 0  + 1.80 1 01.20 + 1.90 8 . 0 0  + 0 . 1 0

tverage w e i g h t  gain 
n one m o n t h  
:ood E f f i c i e n c y  R a t i o

2 2 . 8 0

3 3. 40

32 . 70 

4 4 . 9 0

'* S i g n i f i c a n t  at 1 per cent level.

"4
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group was 3 2 . 7 0  g. T h e  food intake of the e x p e r i m e n t a l  g r o u p  in 

the first week was h i g h e r  wh e n  c o m p a r e d  w i t h  the c o n trol group, 

but in the rest of the week the food intake was found higher in 

the control group. F r o m  the d a t a  o b t a i n e d  (Table 19) the Food 

E f f i c i e n c y  R a t i o  (FER) of b o t h  the e x p e r i m e n t a l  a n d  c o n t r o l  g r o u p  

w e r e  c a l c u l a t e d .  The F o o d  E f f i c i e n c y  R a t i o  of the rats w h ich 

w e r e  g i v e n  s o y a f l o u r  as the p r o t e i n  s o u r c e  was 3 3 . 4 0  a n d  that of 

control g r o u p  was 44.90. The food intake of the rats w h i c h  were 

g i ven the e x p e r i m e n t a l  diet w e r e  less w h e n  c o m p a r e d  w i t h  the rats 

which we r e  g i v e n  c o n trol diet wi t h  mi l k  powder.

T h e  d a t a  w a s  s u b j e c t e d  to 't' t e s t  s o  a s  to t e s t  its 

s i g n ificance. The F o o d  E f f i c i e n c y  R a t i o n  of the e x p e r i m e n t a l  

g r o u p  w a s  3 3 . 4 0  a n d  the F o o d  E f f i c i e n c y  R a t i o  o f  t h e  c o n t r o l  

g r o u p  was 44.90. The r e s u l t s  s h o w e d  s i g n i f i c a n t  d i f f e r e n c e  in 

FER b e t w e e n  the e x p e r i m e n t a l  a n d  c o n t r o l  g r o u p s  at 1 per cent 

1 eve 1 .

4.6 Impact of the s e l e c t e d  s u p p l e m e n t a r y  fo o d  o n  the g r o w t h  of

p r e s c h o o l  c h i l d r e n

T h e  s u i t a b i l i t y  o f  t h e  s e l e c t e d  c o m b i n a t i o n  o f  t h e  

s u p p l e m e n t a r y  food was a s s e s s e d  by c o n d u c t i n g  a 6 m o n t h s  f e e ding 

trial and b e n e f i c a r i e s  of the f e e d i n g  e x p e r i m e n t  w e r e  p r e s c h o o l  

c h i l d r e n  a t t e n d i n g  the c r e c h e  r u n  b y  t h e  d e p a r t m e n t  of H o m e  

s c i e n c e .  T h e  s e l e c t e d  p r e s c h o o l  c h i l d r e n  w e r e  g i v e n  t h e
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d e v e l o p e d  s u p p l e m e n t r y  food for six da y s  in a we e k  a n d  the trial 

was c a r r i e d  out for a p e r i o d  of six months, w i t h o u t  break.

A p r e l i m i n a r y  c l i n i c a l  e x a m i n a t i o n  of 30 p r e s c h o o l  c h i l d r e n  

was done by a q u a l i f i e d  p h y s i c i a n  to e l i m i n a t e  the o r e - s c h o o l  

c h i l d r e n  w i t h  c l i n i c a l  s i gns of n u t r i t i o n a l  d e f e c i e n c i e s . Out of 

30 p r e s c h o o l  c h i l d r e n ,  15 p r e - s c h o o l  c h i l d r e n  w i t h  s i m i l a r  

s o c i o e c o n o m i c  and h e a l t h  b a c k g r o u n d  w i t h i n  the a g e  g r o u p  of 3 - 5 

y ears we r e  s e l e c t e d  for the f e e ding trial.

T a b l e  20

A g e  w i s e  d i s t r i b u t i o n  of the p r e s c h o o l  c h i l d r e n

A g e ( y e a r s ) N u m b e r  of p r e s c h o o l  
c h i l d r e n

Per cent

3 - 4 5 3 3 . 3 3

4 - 5 10 66 .6 7

Total 15 100.00

D u r i n g  ten day p r e - t e s t i n g  peroid, the s e l e c t e d  p r e s c h o o l  

c h i l d r e n  w e r e  g i v e n  t h e  s u p p l e m e n t a r y  f o o d  t o  t e s t  i t s  

a c c e p t a b i l i t y  b y  t h e  c h i l d r e n .  T h e  s e l e c t e d  c o m b i n a t i o n  of 

s u p p l e m e n t a r y  mix was s w e e t e n e d  w i t h  sugar, m a d e  into b a l l s  and 

were g iven to the child r e n .  130g of food m i x  w a s  m a d e  into 

sweet b a lls and was g i v e n  to ea c h  c h i l d  so as to me e t  the p r o t e i n  

r e q u i r e m e n t  (14g) as s p e c i f i e d  u n der ICDS norms. In the pilot 

s t u d y  c o n d u c t e d ,  it w a s  o b s e r v e d  t h a t  w i t h i n  t w o  d a y s  t h e  

p r e s c h o o l e r s  w e r e  a d j u s t e d  to the n e w  food mix.
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4.6.1 G r o w t h  p a t t e r n  of the s e l e c t e d  p r e s c h o o l  c h i l d r e n

T h e  i m p a c t  of t h e  f e e d i n g  t r i a l  u p o n  p r e s c h o o l  c h i l d r e n  

we r e  a s s e s s e d  by ta k i n g  a n t h r o p o m e t r i c  m e a s u r e m e n t s .  (D e t a i l s  of 

a n t h r o p o m e t r i c  m e a s u r e m e n t s  a r e  p r e s e n t e d  in A p p e n d i x  V). Body 

m e a s u r e m e n t s  are o f t e n  us e d  as i n d i c a t o r s  of b o d y  c o m p o s i t i o n

(Robert, 1993). As i n d i c a t e d  by S c r i m s h a w  (1967), IC M R  (1972), 

N a tional I n s t i t u t e  of N u t r i t i o n  (1973) a n d  G o p a l d a s  (1975), a 

w e l l  a c c e p t e d  p r o c e d u r e  f o r  e v a l u a t i n g  t h e  i m p a c t  of

s u p p l e m e n t a r y  f e e d i n g  is to m e a s u r e  a b s o l u t e  w e i g h t  g a i n s  and 

s i g n i f i c a n t  g r o w t h  diff e r e n c e s .

T h e  s e l e c t e d  p r e s c h o o l  c h i l d r e n  w e r e  w e i g h e d  a n d  t h e i r  

cr own heel length (Height) w e r e  r e c o r d e d  at the intial and final 

stages of the e x p e r i m e n t .  After r e m o v i n g  the s h o e s  ea c h  c h i l d  

was a l l o w e d  to s t a n d  on the p l a t f o r m  of a w e i g h i n g  b a l a n c e  with 

equal we i g h t  on bo t h  the legs. The s u b j e c t  was not a l l o w e d  to 

touch a n y t h i n g  e l s e  and the a c c u r a t e  w e i g h t  was recorded.

Each c h i l d  was a l l o w e d  to 3tand e rect on to a wall with

heels t o gether a fter r e m o v i n g  the shoes. He was a l l o w e d  to look

str a i g h t  w i t h  head c o m f o r t a b l y  e rect and arms h a n g i n g  at the 

side. The buttocks, s h o u l d e r s  a n d  back of the h e a d  w a s  kept on 

the same line. After k e e p i n g  the hair p r e s s e d  the actual height 

was m a r k e d  on the wall a n d  the hei g h t  of the c h i l d  was m e a s u r e d  

with a tape.



T h e  head, c h e s t  a n d  u p p e r  a r m  c i r c u m f e r e n c e  w e r e  a l s o  

m e a s u r e d  d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d .  T h e  m a x i m u m  

c i r c u m f e r e n c e  of the f o r e h e a d  w a s  r e c o r d e d  by u s i n g  a m e a s u r i n g  

tape. The c hest c i r c u m f e r e n c e  w a s  m e a s u r e d  at the level of the 

n i p p l e s  m i d  w a y  b e t w e e n  i n s p i r a t i o n  a n d  e x p i r a t i o n  w i t h  a 

m e a s u r i n g  tape. The m i d a r m  c i r c u m f e r e n c e  g i v e s  an a s s e s s m e n t  of 

m u s c l e  m a s s ,  s u b c u t a n e o u s  t i s s u e  a n d  h e n c e  i n d i r e c t l y  t h e  

n u t r i t i o n a l  s t a t u s  (Beegum, 1991). Upper a r m  c i r c u m f e r e n c e  was 

m e a s u r e d  at the m i d  p o int of the upper a r m  k e e p i n g  the a r m  flexed 

at the elbow. The c i r c u m f e r e n c e  was m e a s u r e d  by p a s s i n g  a tape 

a r o u n d  the m i d  upper a r m  w i t h o u t  d i s t u r b i n g  the c o n t o u r s  of the 

arm. M e a s u r e m e n t  of c h e s t  and u pper a r m  c i r c u m f e r e n c e  reveal the 

p r o t e i n  c a l o r i e  d e f e c i e n c y  s t a t e  of t h e  p r e s c h o o l  c h i l d r e n  

r e f l e c t i n g  i n d i r e c t l y  on b o d y  c o n s t i t u t i o n  wi t h  r e f e r e n c e  to the 

fat c o n t e n t  in soft tissues.

A n t h r o p o m e t r i c  m e a s u r e m e n t s  in the b e g i n n i n g  and c o m p l e t i o n  

of feeding trial are f u r n i s h e d  in T a b l e  21.

T a b l e  21 r e v e a l e d  that the m e a n  height a n d  wei g h t  of the 

s e l e c t e d  p r e s c h o o l  c h i l d r e n  i n c r e a s e d  a f t e r  the feeding trial. 

(Details p e r t a i n i n g  to a n t h r o p o m e t r i c  m e a s u r e m e n t s  are p r e s e n t e d  

in A p p e n d i x  V). M o r o t e l l  a t  a J ,  (1980) had r e p o r t e d  that g r e ater 

sup p l e m e n t  intake was c l e a r l y  a s s o c i a t e d  wi t h  be t t e r  g r o w t h  in 

height and weight. Vaid e h i  (1990) f o und that a s o y a b e a n  prod u c t  

p r o d u c e d  s a t i s f a c t o r y  r a t e s  of g r o w t h  in y o u n g  c h i l d r e n  a n d  

r e c o m m e n d e d  its w i d e s p r e a d  use as a s u p p l e m e n t a r y  food.



A n t h r o p o m e t r i c  m e a s u r e m e n t s  of p r e s c h o o l  c h i l d r e n  

d u r i n g  the f e e d i n g  trial

T a b l e  21

SI . 
No. P a r a m e t e r s

M e a n
I n i tial

v a 1u e s
Final • t’va l u e

X X

1 Height( cms) 1 0 2 . 10 + 2 . 9 0 104.60 + 2.71 2.41
X X

2 W e i g h t  (kg) 14.20 + 1 .30 17. 10 + 1 . 10 2.93

3 H e a d  C i r c u m f e r e n c e
(cms ) 5 0 . 2 0 + 1 .30 50. 70 1 .30 0. 781

NS
4 C h e s t  c i r c u m f e r e n c e 5 3 . 4 0 1 .60 5 4 . 4 0 + 0 . 3 0 1 . 149

(cms) NS

5 U pper a r m  c i r c u m f e r ­ X X
e n c e  (cms) 16. 30 0 . 5 0 17.20 + 0. 70 3 . 18

** - S i g n i f i c a n t  at 1 per cent level 
NS - Not s i g n i f i c a n t

The d a t a  on the m e a n  v a l u e s  of height, weight, head, chest 

and upper a r m  c i r c u m f e r e n c e  w e r e  s t a t i s t i c a l l y  t e s t e d  to find out 

the s i g n i f i c a n c e  of in c r e a s e  in a n t h r o p o m e t r i c  m e a s u r e m e n  ts by­

u s i n g  p a i r e d  't' test.

S t a t i s t i c a l  a n a l y s i s  of the d a t a  r e v e a l e d  that t h ere was a 

s i g n i f i c a n t  i m p r o v e m e n t  in h e i g h t ,  w e i g h t  a n d  u p p e r  a r m  

c i r c u m f e r e n c e .  The d i f f e r e n c e  was not s i g n i f i c a n t  in the ca s e  of 

head and c h est c i r c u m f e r e n c e .  A c c o r d i n g  to B h a t i a  (1994) c h i l d  

g a ins about two kg e v e r y  year b e t w e e n  the ag e s  of 3 a n d  7 years 

and 5 cm inc r e a s e  in hei g h t  e v e r y  year, until the a g e  of ten 

ye a r s .  T h e  p r e s e n t  s u p p l e m e n t a r y  f o o d  f o r m u l a  w a s  a b l e  to



a c h i e v e  i m p r o v e m e n t  in t h e  h e i g h t  a n d  w e i g h t  o f  p r e s c h o o l  

ch i 1d r e n .

A c o m p a r i s i o n  of f inal h e i g h t  a n d  w e i g h t  d a t a  o f  t h e  

s e l e c t e d  p r e s c h o o l  c h i l d r e n  w i t h  s t a n d a r d s  a r e  p r e s e n t e d  in 

T a ble 22.

T a b l e  2 2

C o m p a r i s o n  o f  t h e  m e a n  h e i g h t  a n d  w e i g h t  o f  t h e  

p r e s c h o o l  c h i l d r e n  w i t h  I C W i  s t a n d a r d s

A n t h r o p o m e t i c  IC M R
m e a s u r e m e n t s  Final S t a n d a r d  't* V a l u e

He i g h t  104.38 104.10 0 . 1 8
NS

Wei g h t  17.11 17.08 0. 0 6
NS

NS - Not sign i f i c a n t .

As r e v e a l e d  in T a b l e  22, the m e a n  w e i g h t  a n d  height of 

c h i l d r e n  w e r e  s l i g h t l y  h i g h e r  t h a n  t h e  s t a n d a r d  r e c o m m e n d e d  

however the two m e a s u r e m e n t s  w e r e  s t a t i c a l l y  not sign i f i c a n t .

4 . 6 . 2  W e i g h t  for a g e  p r o f i l e  of the p r e s c h o o l  c h i l d r e n

T h e  m o s t  r e c o g n i s e d  i n d i c a t o r  o f  p r o t e i n  e n e r g y  

m a l n u t r i t i o n  is w e i g h t  for age (Jellifee, 1966). A c o m p a r i s o n  of 

t h e  f i n a l  w e i g h t  o f  t h e  p r e s c h o o l  c h i l d r e n  w i t h  s t a n d a r d s  

r e c o m m e n d e d  at the c o r r e s p o n d i n g  a g e s  will help to d e t e r m i n e  the 

d e g r e e  of u n d e r w e i g h t .  A c c o r d i n g  to G o p a l d a s  a n d  S e s h a d r 1 (1987)

9 1



this index is e f f e c t i v e l y  u s e d  to d e t e r m i n e  the c u r r e n t  s t a t e  of 

n u t r i t i o n a l  s t a t u s  of children.

D e t a i l s  of the final b o d y  w e i g h t  of the p r e s c h o o l  c h i l d r e n  

w e r e  a n a l y s e d  a n d  c o m p a r e d  w i t h  the s t a n d a r d s .  A n t h o r p o m e t r i c  

m e a s u r e m e n t s  d e v e l o p e d  by G o s h  (1986) w a s  u s e d  in the p r e s e n t  

study for c o m p a r i s o n .  W e i g h t  for a g e  p r o f i l e  of the presc h o o l  

c h i l d r e n  a c c o r d i n g  to d i f f e r e n t  a g e  c l a s s e s  in c o m p a r i s o n  with 

s t a n d a r d s  are p r e s e n t e d  in T a b l e  23.

T a b l e  2 3

W e i g h t  for a g e  p r o f i l e  of the p r e s c h o o l  c h i l d r e n  in 

c o m p a r i s o n  w i t h  s t a n d a r d s

Age
(Years)

F inal m e a n  w e i g h t  
(kg)

S t a n d a r d ( k g )  't' v a l u e  
(Shanti Gosh, 1986)

3 - 4 16.00 14.70 1.24
NS
X X

4 - 5 18. 70 16.50 31 4 . 8 3

** S i g n i f i c a n t  at 1 per cent level.

As i n d i c a t e d  in T a b l e  23, m e a n  w e i g h t  (final) for a g e  of 

c h i l d r e n  b e l o n g i n g  to d i f f e r e n t  a g e  g r o u p s  w e r e  f ound to range 

b e t w e e n  16.7 kg to 17.5 kg. The final m e a n  w e i g h t  for c h i l d r e n  

in the age g r o u p  3 - 4  was f o und to be hig h e r  than the standard. 

But the m e a n  w e i g h t  of the c h i l d r e n  b e l o n g i n g  to the a g e  g roup 

4 - 5  was found to be s l i g h t l y  lower than the standard.



Wh e n  the da t a  was t e s t e d  s t a s t i c a l l y  it w a s  f o u n d  that the 

me a n  w e i g h t  for a g e  of the p r e s c h o o l  c h i l d r e n  b e l o n g i n g  to the 

age g r o u p  4 - 5  was s i g n i f i c a n t l y  h i g h e r  than the standards. 

However, it was f ound to be not s i g n i f i c a n t  w i t h  the s t a n d a r d  in 

the s e c o n d  a g e  c l a s s  (3 - 4).

4 . 6 . 3  H e i g h t  for a g e  p r o f i l e  of the c h i l d r e n

H e i g h t  f o r  a g e  p r o f i l e  s h o w s  t h e  s t a t e  o f  c h r o n i c  

m a l n u t r i t i o n  or s t u n t i n g  in c h i l d r e n  ( G o p a l d a s  a n d  S e s a d r i ,1987). 

The ex t e n t  of he i g h t  d e f i c i t  in r e l a t i o n  to age, as c o m p a r e d  to 

standards, can be r e g a r d e d  as a m e a s u r e  of the past n u t r i t i o n a l  

h i s t o r y  of a subject.

M e a n  ' h e i g h t  f o r  a g e ’ o f  t h e  s e l e c t e d  c h i l d r e n  in 

c o m p a r i s o n  w i t h  the s t a n d a r d s  are p r e s e n t e d  in T a b l e  24.

T a b l e  24

C o m p a r i s o n  of m e a n  h e i g h t  f o r  a g e  p r o f i l e  o f  t h e

p r e  school c h i l d r e n  w i t h  s t a n d a r d

Age
(years)

F i n a 1 m e a n  
h e i g h t  (cm)

S t a n d a r d ( c m )  ’t ’ va l u e
(Shanti Gosh, 1986)

3 - 4 102.86 9 6 . 9 0

4 - 5 106.67 104.90

NS - Not s i g n i f i c a n t



Final m e a n  he i g h t  for a g e  of the c h i l d r e n  r a n g e d  b e t w e e n  

100.40 cms to 108.50 cms. The final m e a n  he i g h t  for a g e  of the 

p r e s c h o o l  c h i l d r e n  s e l e c t e d  for the s t u d y  w a s  f o und to be higher 

than the s t a n d a r d s  for all groups. C h a n d h a  (1980) s t a t e d  that a 

s o y a b e a n  f o r t i f i e d  d i e t  to a s e t  of  m a l n o u r i s h e d  p r e s c h o o l  

c h i l d r e n  c a u s e d  an  i n c r e a s e  in w e i g h t  a n d  m a j o r i t y  of  t h e  

c h i l d r e n  w e r e  r e l i e v e d  of the sign of K w a s h i o r k o r .

Wh e n  the da t a  was tested s t a t i s t i c a l l y  it w a s  f o und that 

the h e i g h t  for a g e  w a s  n o n  s i g n i f i c a n t  w h e n  c o m p a r e d  to t h e  

s t a n d a r d  for the c h i l d r e n  of the a g e  g r o u p  3 - 4  a n d  4 - 5 .

4 . 8 . 4  So d y  M a s s  I n d e x  of the s e l e c t e d  p r e s c h o o l  c h i l d r e n

Body M a s s  I ndex of the p r e s c h o o l  c h i l d r e n  w e r e  w o r k e d  out 

a n d  t h e  d e t a i l s  a r e  p r e s e n t e d  in T a b l e  2 5 .  A c c o r d i n g  to 

V i s w e s w a r a  R a o  a n d  S ingh (1970), w e i g h t  in k i l o g r a m  d i v i d e d  by 

height in c e n t i m e t r e  s q u a r e  r a t i o  is n o r m a l l y  a b o u t  0 . 0 0 1 5  or 

0 . 0 0 0 1  for p r e s c h o o l  c h i l d r e n .  T h e  r a t i o  is r e d u c e d  if t h e  

weight of the c h i l d  d e c r e a s e s  to a g r e a t e r  e x t e n t  in p r o p o r t i o n  

to his height. If the r a t i o  falls b e l o w  0.0013, it indic a t e s  the 

p r e s e n c e  of low w e i g h t  or under n u t r ition.



SC fe

W e i g h t / H e i g h t  r a t i o  of t h e  p r e s c h o o l  c h i l d r e n

T a b l e  25

P r e s c h o o l  c h i l d r e n

G r a d e  of I n i tial F inal
m a  m u c r u i o n  -

N u m b e r Per ce n t N u m b e r  Per cent

N o r m a l  ( > 0 . 0 0 1 5 )  3 2 0 13 8 8 . 6 7

M o d e r a t e  m a l n u t r i t i o n  
(0. 0 0 . 1 3  - 0 . 0 0 1 4 )  12 80 2 13.33

Total 15 100 15 100.00

As r e v e a l e d  by the T a b l e  25, 80 per cent of the s e l e c t e d

p resc h o o l  c h i l d r e n  w e r e  d e p i c t i n g  s y m p t o m s  of m i l d  m a l n u t r i t i o n  

d u r i n g  the initial s t a g e  of the e x p e r i m e n t .  On c o m p l e t i o n  of the 

study, 87 per cent w e r e  found to b e c o m e  normal w h e n  the r atio of 

W e i g h t / H e i g h t  was applied.

2
W e  i g h t / H e  ight is a n  i n d e x  u s e d  to d e t e c t  t h e

m a l n o u r i s h e d  child r e n .  In the p r e s e n t  e x p e r i m e n t ,  it was seen 

that m a j o r i t y  of t h e  p r e s c h o o l  c h i l d r e n  h a d  a t t a i n e d  b e t t e r  

h e a l t h  s t a t u s  a f ter the f e e d i n g  trail.

4.7 A s s e s s m e n t  o f  t h e  s h e l f l i f e  q u a l i t y  o f  t h e  s u p p l e m e n t a r y  

food

S h e l f l i f e  q u a l i t i e s  a r e  e s s e n t i a l  p a r a m e t e r s  to be a s s e s s e d  

s i nce they d e t e r m i n e  the s u i t a b i l i t y  of the p a r t i c u l a r  product. 

Hen c e ,  the s e l e c t e d  p r o p o r t i o n  o f  s u p p 1e m e n t a r y  f o o d  m i x
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(85:10:5 - P a r b o i l e d  r i c e :S o y a f l o u r : G r o u n d n u t  flour) was a s s e s s e d  

for its s t o r a g e  qua l i t i e s .  I n d i c a t o r s  s e l e c t e d  for a s s e s s i n g  

s h e l f l i f e  w e r e  a p p e a r a n c e ,  flavour, taste, t e x t u r e  a n d  colour. 

T h e  m i c r o b e s  of t h e  s a m p l e  w e r e  i d e n t i f i e d  a p p l y i n g  s e r i a l  

d i l u t i o n  techniques.

The d e v e l o p e d  s u p p l e m e n t a r y  food mix ( 100g e ach) w a s  p a c k e d  

in s t e r i l e  g l a s s  b o t t l e s  and kept in a c h a m b e r  of a c u p b o a r d  at 

room t e m p e r a t u r e .  M o n t h l y  o b s e r v a t i o n s  w e r e  m a d e  for c h a n g e s  in 

a p p e a r a n c e ,  f l a v o u r ,  t a s t e ,  t e x t u r e  a n d  c o l o u r  b y  u s i n g  a 

s u i t a b l e  s c o r e  c a r d .  D e t a i l s  p e r t a i n i n g  t o  s c o r e  c a r d  a r e  

p r e s e n t e d  in A p p e n d i x  VI. S c o r i n g  w a s  d o n e  by s e l e c t e d  judges. 

T h e  s c o r e s  g i v e n  by  t h e  j u d g e s  w e r e  s u b j e c t e d  t o  s t a t i s t i c a l  

a n a l y s i s  u s i n g  s i m p l e  A N O V A  method.

D u r i n g  the first month, the s a m p l e  s c o r e d  h i g h e s t  for all 

the q u a l i t y  a t t r i b u t e s  s u c h  as  a p p e a r a n c e ,  f l a v o u r ,  t a s t e ,  

texture, a n d  colour. The m e a n  s c o r e s  w e r e  4.50, 3.90, 4.00, 4.30 

a n d  4 . 5 0  r e s p e c t i v e l y .  T h e  m a x i m u m  s c o r e  w a s  o b t a i n e d  for 

a p p e a r a n c e  (4.50) and col o u r  (4.50) in the first month. Other 

a t t r i b u t e s  such as taste, flavour and t e x t u r e  w e r e  a l s o  good. 

St u d i e s  on the s t o r a g e  s t a b i l i t y  of s u p p l e m e n t a r y  foods b a s e d  on 

pulses have s h o w n  that t hese foods w o u l d  be s t o r e d  up to 2 to 5 

m o n t h s  d e p e n d i n g  on the m o i s t u r e  c o n t e n t  of the food a n d  the type 

of c o n t a i n e r  (Malleshi e t  a l , 1989).



M e a n  S c o r e s  o b t a i n e d  for the s u p p l e m e n t a r y  f o o d  at d i f f e r e n t  s t o r a g e  p e r i o d s

T a b l e  20

S t o r a g e  p e r i o d
M e a n s c o r e s

A p p e a r a n c e F l a v o u r T a s t e T e x t u r e C o l o u r

End of
1st m o n t h 4 . 5 0  ± 1 .20 3 . 9 0  + 1 .30 4 . 0 0 + 1 . 70 4 . 3 0  + 3.20 4. 5 0  + 1.40

End of
2nd m o n t h 4. 2 0  + 1 .30 3 . 5 0  + 1 .60 3 . 9 0 ± 1 .00 3 . 9 0  + 2.10 3. 8 0  + 1.90

End of
3rd m o n t h 3.70 + 1 .80 3 . 2 0  + 1 .40 2 . 8 0 ± 1 .30 3 . 8 0  ± 1.40 3 . 3 0  ± 0 . 8 0

End of
4th m o n t h 2.40 + 1 . 70 1 .60 + 1 .00 1 .40 ± 1 . 4 0 3 . 2 0  ± 3.00 2 . 9 0  ± 1.10

CD  (0.01) 0. 146 0. 150 0. 159 0 . 2 6 3 0 . 2 4 3

<Q
c/
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In c o m p a r i s o n  w i t h  the first month, the q u a l i t y  a t t r i b u t e s  

of the s a m p l e  s l i g h t l y  d e c r e a s e d  d u r i n g  the s e c o n d  month. The 

me a n  s c o r e s  o b t a i n e d  for a p p e a r a n c e ,  flavour, taste, t e x t u r e  and 

colour was 4.20, 3.50, 3.90, 3 . 9 0  a n d  3 . 8 0  r e s p e c t i v e l y .  T here 

was no c o n s i d e r a b l e  c h a n g e  in a p p e a r a n c e ,  t a s t e  p n d  t e x t u r e  on 

the s e c o n d  m o n t h  of analy s i s .  S i n h a  a n d  Ali (1993) f ound that 

m e d i u m  fat s o y a f l o u r  can be s t o r e d  in m e t a l l i c  c o n t a i n e r s  and 

p o l y t h e n e  ba g s  for a p e r i o d  of 4 m o n t h s  under r o o m  condit i o n s .

However, d u r i n g  the t hird month, t h e r e  w a s  a c o n s i d e r a b l e  

d e c r e a s e  in the s c o r e  v a l u e s  on c o m p a r i s o n  w i t h  the first two 

months. The m e a n  s c o r e s  r e p r e s e n t i n g  a p p e a r a n c e ,  flavour, taste, 

t e x t u r e  a n d  c o l o u r  w e r e  3 . 7 0 ,  3 . 2 0 ,  2 . 8 0 ,  3 . 8 0  a n d  3 . 3 0

respec t i v e l y .  The s c o r e  for t a ste w a s  d e c r e a s e d  c o n s i d e r a b l y  due 

to r a n c i d i t y  of peanuts. S t o r a g e  s t a b i l i t y  of r o a s t e d  p e a n u t s  

u n d e r  a t m o s p h e r i c  c o n d i t i o n s  w a s  c r i t i c a l l y  d e p e n d e n t  u p o n  

m o i s t u r e  c o n t e n t  a n d  s h e l f l i f e  o n l y  d o u b l e d  w h e n  s t o r a g e  

t e m p e r a t u r e  w a s  r e d u c e d  by 15°C (Orgul, 1993). A s h a r p  increase 

in p e r o x i d e  v a l u e  d u r i n g  s t o r a g e  o f  p e a n u t s  c o n f i r m s  t h e  

d e v e l o p m e n t  of r a n c i d i t y  (Fourie, 1989).

The q u a l i t y  a t t r i b u t e s  m a r k e d l y  d e c r e a s e d  in the fourth 

m o n t h  wh e n  c o m p a r e d  w i t h  the first, s e c o n d  a n d  t hird months. The 

mean s c o r e s  o b t a i n e d  d u r i n g  the fo u r t h  m o n t h  w e r e  2.40, 1.60,

1.40, 3.20 a n d  2 . 9 0  r e s p e c t i v e l y .  The r e d u c e d  s h e l f l i f e  of the 

s u p p 1 e r n e n t a r y  f o o d  w a s  d u e  t o  t h e  r a n c i d i t y  o f  g r o u n d n u t .
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S h e l f l i f e  of p e a n u t s  is i n f l u e n c e d  b y  t h e  v a r i e t y ,  m a t u r i t y ,  

market g r a d e  a n d  q u a l i t y  of the raw s t ock ( M o z l n g o  o t  a l ,  1988).

Thus m e a n  v a l u e s  o b t a i n e d  for t h e  s u p p l e m e n t a r y  f o o d s  at 

d i f f e r e n t  s t o r a g e  p e r i o d s  " V e r e  s t a t i s t i c a l l y  c o m p a r e d  a m o n g  

t h e m s e l v e s  and the d e t a i l s  a r e  p r e s e n t e d  in A p p e n d i x  VII.

The m e a n  v a l u e s  for a p p e a r a n c e ,  flavour, t e x t u r e  a n d  colour 

was found s i g n i f i c a n t l y  d i f f e r e n t  fr o m  the first m o n t h  onwards. 

The d i f f e r e n c e  w a s  not s i g n i f i c a n t  for the a t t r i b u t e  taste dur i n g  

the first month. However, t h ere e x i s t e d  a s i g n i f i c a n t  d i f f e r e n c e  

from the s e c o n d  m o n t h  onwards. A fter 4 m o n t h s  of storage, the 

s a m p l e s  c o m p l e t e l y  d e t e r i o r a t e d  s h o w i n g  c h a n g e s  in c o l o u r ,  

a p p e a r a n c e ,  f l a v o u r  a n d  t a s t e  a n d  w e r e  s u b j e c t e d  to e x a m i n e  

m i c r o b i a l  c o n t a m i n a t i o n .  The result s h o w e d  that t h e r e  w e r e  only 

fungal attack. No yeast and b a c t e r i a  w e r e  found. The fungal 

c o l o n y  w a s  t r a n s f e r r e d  t o  a s l i d e  a n d  i d e n t i f i e d  u n d e r  

m icroscope. The fungus i d e n t i f i e d  in the s a m p l e  was 

A s p e r o l  1 l u s  n i a e  r . T h e  s t o r a g e  s t a b i l i t y  t e s t  o f  t h e  

s u p p  1 e m e n t a r y  f o o d  d e v e l o p e d  b y  A l i n  a t  a l ,  ( 1 9 8 5 )  on  r i c a ,  

s o y a b e a n  and s e s a m e  s h o w e d  that the total p l a t e  count, c o l i f o r m  

c o u n t  a n d  b a c t e r i a l  c o u n t  of t h e  i n g r e d i e n t s  w a s  q u i t e  low. 

H o w e v e r ,  a f t e r  30 a n d  6 0  d a y s  s t o r a g e ,  t h e  c o u n t s  for t h e  

s u p p l e m e n t a r y  f o o d  b a s e d  on r i c e ,  f i s h ,  s o y a b e a n  a n d  s e s a m e  

i n c r e a s e d  a n d  w e r e  h i g h e r  a t  r o o m  t e m p e r a t u r e  t h a n  at 

refr-igerated tem p e r a t u r e .  A s t u d y  c o n d u c t e d  by Ka p o o r  a t  a l ,  

(1978) s h o w e d  that the s t o r a g e  life of low cost s o y a b e a n  w e a n i n g
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food p a c k e d  in ca n s  was 8 m o n t h s  at 5°C a nd  6 m o n t h s  at 30°C. 

D r i e d  s o y a b e a n  p r o d u c t  c o u l d  be s t o r e d  in p o l y t h y l e n e  ba g s  for 

m o r e  than 20 da y s  at 37°C w i t h o u t  d e t e r i o r a t i o n  (Gupta a t  a 7, 

1991). A n a l y s i s  at r e g u a l r  i n t e r v a l s  for p h y s i c a l  a n d  chemical 

p r o p e r t i e s  i n d i c a t e d  that the s o y - w h e y  w e a n i n g  fo o d  c a n  be st o r e d  

for 4 m o n t h s  at a t e m p e r a t u r e  of 30 + 1°C in p o l y e t h y l e n e  bags

and in tins w i t h o u t  N i t r o g e n  for 6 m o n t h s  (Kapoor a t  a l ,  1981).

F r o m  t h e  a b o v e  o b s e r v a t i o n s  a n d  f i n d i n g s  t h e  d e v e l o p e d  

s u p p l e m e n t a r y  f o o d  is f o u n d  to b e  l o w  c o s t  a n d  n u t r i t i o u s .  

M o r e o v e r  it is e a s y  to p r e p a r e  at h o m e  level a n d  has got a good 

shelf!ife. S i n c e  the r i c e - s o y a  s u p p l e m e n t a r y  food is hig h l y

a c c e p t e d  by the p r e s c h o o l  children, it can be p o p u l a r i s e d  as a 

food s u p p l e m e n t  to e r a d i c a t e  m a l n u t r i t i o n  in the com m u n i t y .



SUMMARY



S U M M A R Y

A s t u d y  on " E v a l u a t i n g  t h e  n u t r i t i o n a l  q u a l i t y  o f  a o y a  

b a s e d  s u p p l e m e n t a r y  foods" was c o n d u c t e d  w i t h  the m a j o r  o b j e c t i v e  

to d e v e l o p  a n u t r i t i o n a 1 ly b a l a n c e d  s o y a b e a n  s u p p l e m e n t a r y  food 

for p r e s c h o o l  c h i l d r e n .  Ten f o r m u l a t i o n s  of s u p p l e m e n t a r y  food 

w e r e  d e v e l o p e d  w i t h  p a r b o i l e d  r i c e ,  d e f a t t e d  s o y a f l o u r  a n d  

g roun d n u t  flour.

T h e  a m i n o a c i d  s c o r e  a n d  c h e m i c a l  s c o r e  o f  t h e s e  10 

c o m b i n a t i o n s  of s u p p l e m e n t a r y  food w e r e  w o r k e d  out a n d  the 6 

c o m b i n a t i o n s  w h i c h  had che m i c a l  s c o r e s  a b o v e  75 per cent were 

s e l e c t e d  for f u r t h e r  s t u d y ,  t h e  s e l e c t e d  c o m b i n a t i o n s  w i t h  

Rice, D e f a t t e d  s o y a f l o u r  and G r o u n d n u t  flour w e r e  90:5:5, 

85:10:5, 80:15:5, 75:20:5, and 70:25:5. The c h e m i c a l  s c o r e s  of 

t h e s e  c o m b i n a t i o n s  of s u p p l e m e n t a r y  f o o d  w e r e  9 8 . 2 0 ,  9 7 . 5 0 ,

94.40, 9 2 . 6 0  and 9 0 . 8 0  per cent r e s p e c t i v e l y .

T h e  n u t r i t i o n a l  c o m p o s i t i o n  of t h e  5 c o m b i n a t i o n s  of 

s u p p l e m e n t a r y  food w e r e  w o r k e d  out and the r e s u l t s  r e v e a l e d  that 

the calories, protein, calcium, p h o s p h o r u s  a n d  iron in the fifth 

c o m b i n a t i o n  ( 7 0 : 2 5 : 5 )  w a s  f o u n d  h i g h e r  a s  t h e  p e r c e n t a g e  of 

soyaf l o u r  a d d e d  was high (25 per cent).

Cost a n a l y s i s  of the s u p p l e m e n t a r y  food r e v e a l e d  that the 

cost of 1Kg of the d e v e l o p e d  s u p p l e m e n t a r y  food c o s t s  Rs 10 and 

it is found ve r y  c h e a p  and e c o n o m i c a l  for low income groups.



O r g a n o l e p t i c  q u a l i t i e s  of t h e  d e v e l o p e d  f o r m u l a e  w a s  

a s s e s s e d  b y  s e l e c t e d  p a n e l  m e m b e r s .  F i v e  c o m b i n a t i o n s  of 

s u p p l e m e n t a r y  f o o d  w h i c h  h a s  g o t  h i g h  c h e m i c a l  s c o r e s  w e r e  

s e l e c t e d  and p r e p a r e d  in the form of p o r r i d g e  a n d  laddu s w e e t e n e d  

with j a g gery a n d  sugar s e p a r a t e l y .  The p a r a m e t e r s  t e s t e d  under 

o r g a n o l e p t i c  s t u d i e s  w e r e  a p p e a r a n c e ,  flavour, taste, t e x t u r e  and 

colour. B a s e d  on the a b o v e  o b s e r v a t i o n ,  sugar w a s  found as the 

a c c e p t a b l e  s w e e t n e r  for the s u p p l e m e n t a r y  f o o d .  A m o n g  t h e  

r e c ipes tested, the 8 5 : 1 0 : 5  b l e n d  in the form of laddu w i t h  sugar 

was s c o r e d  h i g h e s t  as a most a c c e p t a b l e  s u p p l e m e n t a r y  food.

The s e l e c t e d  c o m b i n a t i o n  of s u p p l e m e n t a r y  food was a n a l y s e d  

for its nut r i e n t  c o n t e n t  a n d  found that it c o n t a i n e d  11.20g of 

p r o t e i n  and 3 6 8 . 5 0  k c a l s  /100g. The a m o u n t  of m i n e r a l s  such as 

calcium, iron and p h o s p h o r u s  was found to be 32.80mg, 1.90 m g  and

200mg r e s p e c t i v e l y .

Animal e x p e r i m e n t  c o n d u c t e d  r e v e a l e d  that PER, NPU a n d  FER 

of the s u p p l e m e n t a r y  food was 2.50, 6 6 . 8 3  and 3 3 . 4 0  re s p e c t i v e l y .  

The B i o lo gi ca l V a l u e  and D i g e s t a b i 1 ity C o - e f f i c i e n t  w e r e  found 

to be 77.80 and 8 5 . 9 0  per cent r e s p e c t i v e l y .

A f e e d i n g  t r ial w a s  c o n d u c t e d  to a s s e s s  t h e  n u t r i t i o n a l  

qu a lity of the r i c e - s o y a  s u p p l e m e n t a r y  food. The f e e d i n g  trial 

wa s  c o n d u c t e d  for a p e r i o d  of 6 m o n t h s  a m o n g  15 p r e s c h o o l  

c h i l d r e n  s e l e c t e d  t h r o u g h  a p r e l i m i n a r y  c l i n i c a l  e x a m i n a t i o n  by 

a q u a l i f i e d  p h y s i c i a n  to e l i m i n a t e  the p r e s c h o o l  c h i l d r e n  with



clinical s i g n s  of n u t r i t i o n a l  d e f e c i e n c i e s . 130g of food mix in

the form of laddu was g i ven to ea c h  child. D u r i n g  the 0 m o n t h s  

p e r i o d ,  the h e a l t h  s t a t u s  of t h e  p r e s c h o o l  c h i l d r e n  w e r e  

a s c e r t a i n e d  t h r o u g h  a n t h r o p o m e t r i c  m e a s u r e m e n t s  v i z ;  h e i g h t ,  

weight, c h est c i r c u m f e r e n c e , upper a r m  c i r c u m f e r e n c e  a n d  head 

c i r c u m f e r e n c e .  The a n t h r o p o m e t r i c  m e a s u r e m e n t s  w e r e  r e c o r d e d  

b e f o r e  s t a r t i n g  the e x p e r i m e n t  as well as a fter c o m p l e t i o n  of 

the e x p e r i m e n t .

A c o m p a r i s o n  b e t w e e n  the initial and final a n t h r o p o m e t r i c  

m e a s u r e m e n t s  of the p r e s c h o o l  c h i l d r e n  r e v e a l e d  a s i g n i f i c a n t  

improvement in height, w e i g h t  and u p p e r a r m  c i r c u m f e r e n c e . The 

d i f f e r e n c e  w a s  n o n  s i g n i f i c a n t  in t h e  c a s e  of  h e a d  a n d  c h e s t  

c i r c u m f e r e n c e .  A c o m p a r i s o n  of the final he i g h t  for a g e  r e v e a l e d  

that this was found to be s t a t i s t i c a l l y  non s i g n i f i c a n t  for 

c h i l d r e n  in the age g r o u p  3 - 4  and was f o und to be s i g n i f i c a n t  

for those in the age c l a s s  4 - 5. A c o m p a r i s o n  of the final 

w e i g h t  f o r  a g e  r e v e a l e d  t h a t  t h e  d i f f e r e n c e  w a s  n o t  

s i g n i f i c a n t  for both the age groups. The final hei g h t  and weight 

were c o m p a r e d  wi t h  the s t a n d a r d s  and they r e v e a l e d  that the two 

m e a s u r e m e n t s  w e r e  s t a t i s t i c a l l y  sig n i f i c a n t .  An a s s e s m e n t  of the 

Bo d y  M a s s  Index of the p r e s c h o o l  c h i l d r e n  s h o w e d  that d u r i n g  the 

b e g i n n i n g  of the e x p e r i m e n t  80 per cent w e r e  d e p i c t i n g  s y m p t o m s  

of m a l n u t r i t i o n .  But after the c o m p l e t i o n  of the f e e d i n g  trial 

it was r e d u c e d  to 13 per cent a n d  87 per cent of the c h i l d r e n  

were found to b e c o m e  normal. A s i g n i f i c a n t  i m provement in the



a n t h r o p o m e t r i c  m e a s u r e m e n t s  r e v e a l e d  that it can be u s e d  as a 

food s u p p l e m e n t  for p r e s c h o o l  children.

S h e l f l i f e  q u a l i t i e s  o f  t h e  s e l e c t e d  c o m b i n a t i o n  of 

s u p p l e m e n t a r y  food was a s s e s s e d  w i t h  r e f e r e n c e  to appearance, 

f l a v o u r ,  t e x t u r e ,  t a s t e ,  c o l o u r  a n d  m i c r o b i a l  s t a t u s .  A n  

a s s e s s m e n t  of  s h e l f l i f e  r e v e a l e d  t h a t  t h e  m a i n  c h a n g e s  of 

d e t e r i o r a t i o n  w e r e  c h a n g e s  in t aste and off f l a vour d e v e l o p e d  due 

to rancidity. The p r o d u c t  r e t a i n e d  its q u a l i t y  upto 

4 months. The m i c r o b i a l  s t u d y  r e v e a l e d  the p r e s e n c e  of 

f u n g u s  A s p e r a i 11 us n i g e r  w h i c h  o c c u r e d  a f t e r  4 m o n t h s .  T h e  

s u p p l e m e n t a r y  food was found to be u n a f f e c t e d  by b a c t e r i a  and 

yeast .

F r o m  the a b o v e  o b s e r v a t i o n s  a n d  f i n d i n g s  t h e  d e v e l o p e d  

s u p p l e m e n t a r y  f o o d  is f o u n d  to  b e  l o w  c o s t  a n d  n u t r i t i o u s .  

M o r e o v e r  it is e a s y  to p r e p a r e  at h o m e  level and has got a good 

shelflife. S i n c e  the r i c e - s o y a  s u p p l e m e n t a r y  food is found to be 

h i g h l y  a c c e p t a b l e  b y  t h e  p r e s c h o o l  c h i l d r e n ,  it c a n  be 

p o p u l a r i s e d  as a food s u p p l e m e n t  to e r a d i c a t e  m a l n u t r i t i o n  in the 

co m m u n  i t y .
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ABSTRACT



A B S T R A C T

A s t u d y  on ' E v a l u a t i n g  the n u t r i t i o n a l  q u a l i t y  o l s o y a b e a n  

s u p p l e m e n t a r y  f o o d s’ was c o n d u c t e d  by s e l e c t i n g  d i f f e r e n t  food 

i n g r e d i e n t s  like p a r b o i l e d  r i c e ,  s o y a f l o u r  a n d  g r o u n  Inut to 

d e v e l o p  a n u t r i t i o n a l l y  b a l a n c e d  s u p p l e m e n t a r y  food for p ischool 

ch i 1d r e n .

The a m i n o a c i d  s c o r e  and c h e m i c a l  s c o r e  of ten f o r m u l a t i o n s  

of s u p p l e m e n t a r y  f o o d  w e r e  w o r k e d  o u t  a n a  f i v e  c o m b i n a t i o n s  

w h i c h  had c h e m i c a l  s c o r e s  a b o v e  75 per cent w e r e  s e l e c t e d  for 

further study.

N u t r i t i o n a l  c o m p o s i t i o n  and o r g a n c l e p t i c  q u a l i t i e s  of the 

f i v e  c o m b i n a t i o n s  of s u p p l e m e n t a r y  f o o d  w e r e  a s c e r t a i n e d  a n d  

b a s e d  o n  t h e s e  a s p e c t s  p a r b o i l e d  r i c e  : d e f a t t e d

s o y a f l o u r  : g r o u n d n u t  f l o u r  in t h e  p r o p o r t i o n  8 5 : 1 0 : 5  w a s  

s e l e c t e d .

T h e  s e l e c t e d  c o m b i n a t i o n  o f  s u p p l e m e n t a r y  f o o d  w a s  

a n a l y s e d  for its nu t r i e n t  c o n t e n t  and f ound that it c o n t a i n e d  

11 .20g of p r o t e i n  and T 6 8 . 5 0  kcals/ 1 0 0 g .  R e a s o n a b l e  amount of 

m i n e r a l s  s u c h  as iron a n d  p h o s p h o r u s  w a s  a l s o  p r e s e n t  in the 

s e l e c t e d  com b i n a t i o n .  The P r o t e i n  E f f i c i e n c y  Ratio, Net P r o t e i n  

U t i l i s a t i o n  a n d  F o o d  E f f i c i e n c y  R a t i o  w a s  f o u n d  to b e  2 . 5 0 ,

66.83 and 3 3 . 4 0  r e s p e c t i v e l y .

The f e a s i b i l i t y  of this c o m b i n a t i o n  as a food s u p p l e m e n t  

was a s c e r t a i n e d  by c o n d u c t i n g  a f e e d i n g  trial for a p e r i o d  of 6

J - l - J



m onths a m o n g  15 p r e s c h o o l  c h i l d r e n  a n d  the r e s u l t s  r e v e a l e d  a 

s i g n i f i c a n t  i m p r o v e m e n t  in a n t h r o p o m e t r i c  m e a s u r e m e r  .3 . T h e  

d e v e l o p e d  s u p p l e m e n t a r y  food m a i n t a i n e d  its s h elf life c.ial ities 

upto 4 months. The m i c r o b i a l  s t u d y  r e v e a l e d  the p r e s e n c e  of 

fungus A s p e r q i 1 lus n i aer w h i c h  o c c u r e d  a f ter four months. The 

s u p p l e m e n t a r y  food was found to be u n a f f e c t e d  by bacter :a and 

y s a s t .

Fr o m  the a b o v e  o b s e r v a t i o n s  and f i n d i n g s  the d e v e l o p e d  food 

s u p p l e m e n t  is found to be low cost a n d  n u t r i t i o u s .  M o r e o v e r  it 

is easy to p r e p a r e  at ho m e  and has got a go o d  shelf life. Since 

the r i c e - s o y a  s u p p l e m e n t a r y  food is a c c e p t e d  by the preschool 

children, it can be p o p u l a r i s e d  as a food s u p p l e m e n t  to e r a d i c a t e  

m a l n u t r i t i o n  in the c o m munity.


