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1. INTRODUCTION

The family is the basic social unit where a child is reared and nurtured 

(UNICEF, 2000). Just as a strong foundation is necessary for a tall skyscraper, 

healthy children are vital for the formation o f  ideal families, which can contribute 

towards the progress o f  society.

The national policy for children declares that children are supremely 

important asset o f  a  nation. Investing in children is the best investment a 

government can make. No country has m ade the leap into meaningful and 

sustained development without investing significantly in its children (UNICEF, 

2000).

According to World Bank (1993), one o f  the  reasons that countries o f  East 

Asia were so m uch m ore successful than those o f  sub-Saharan Africa in economic 

development towards the end o f  the twentieth century, was that they had invested 

heavily in children in the preceding decades. They were reaping the harvest o f  

seeds sown in the fertile soil o f  children’s health, nutrition and education. On the 

other hand, infants and children are the m ost vulnerable victims o f  natural or 

human induced emergencies.

Assuring the best for children throughout their l ives depends on assuring them 

the best beginning. Early initiation o f  breast feeding and introduction o f  

supplementary foods at right time in right quantity is the apt way to improve and 

maintain child’s nutritional status (Nagi, 2000).

Breast milk is perhaps the greatest gift that nature has given to a child and 

it is nature’s rule that every baby should first and foremost be  fed with m other’s 

milk.

Paintail (2003) has reported that breast milk o f  a well nourished mother is 

nutritionally adequate to support the growth o f  her infant; however studies from 

developing countries have shown that growth faltering occurs in infants after six
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months o f  age indicating that infants were not receiving sufficient amount o f  

breast milk.

Abraham  (1997) had indicated that there is a reduction in the quantity o f  

breast m ilk  secreted after six months; while Moloya et al. (2003) are o f  the 

opinion that after six months the need for nutrients increases and this increase 

cannot b e  fulfilled by breast milk alone, as the rate o f  growth o f  the infant is rapid.

Interrupted breast feeding and inappropriate complementary feeding 

hightens the risk o f  malnutrition, illness and mortality (W H O, 2002).

NIN, (1994) confirms that by six months the baby weighs about six 

kilogram, i.e, the birth weight is doubled. N C H S (2001) has proclaimed that the 

birth height o f  an infant is about 50.5 cm and by one year it becomes 76 cm. 

Further Abraham  (1997) has indicated that the num ber o f  brain cells increases 

m ost rapidly during infancy. Moreover, healthy infants are very active, alert and 

busy exploring the environment and they need extra energy (600 kcals o f  energy 

per day) because their metabolic rate is high for growth and for activity.

Therefore, it is essential to introduce complementary foods, when the child 

is six m onths old. Complementary foods are any foods whether manufactured or 

locally prepared, suitable as a complement to mother’s milk when it becomes 

insufficient to  satisfy the growing nutritional requirement o f  the infant after six 

months o f  age as explained by  Gupta etal. (2001).

W eaning age is perhaps the most critical and vulnerable period demarked 

with high incidence o f  mortality and morbidity. However, it is a transitional 

phase, since new foods are introduced at this stage.

As rightly observed by  Swamy and Jayaprakash (2003) introduction o f  

appropriate complementary food which is o f  high biological value, calorie dense, 

low in dietary bulk and cost effective is o f  paramount importance in reducing the 

nutritional problems associated with weaning age.



Irrespective o f  purchasing power m other’s are depending on commercial 

weaning foods which are highly expensive while the traditional complementary 

foods used for feeding infants are bulky, viscous and are less calorie dense.

Hence it is essential to develop simple, nutritious, easily digestible 

complementary foods from locally available food material, having low viscosity 

and bulk.

As stated by N em a (2003) rice is one o f  the leading food crops in the 

world, that sustains two-third o f  the world population. Archeological evidences 

suggest that rice has been cultivated for over 5000 years, and has no cholesterol 

and has minimal sodium  and contains almost all essential amino acids. Moreover, 

rice is the staple food o f  Kerala and is most socially acceptable indigenous item 

that is introduced into the dietaries o f  children, from the age o f  six months 

onwards. Rice combined with pulse and processed suitably would give a product 

o f  high biological value that helps to enhance growth o f  children. Addition o f  

mineral, vitamin and energy giving foods to this would further enhance the 

nutritive quality. W ith this concept an attempt was m ade to develop a rice based 

nutritious complementary food suitable for feeding infants between six m onths to 

nine months o f  age.
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2. R E V I E W  O F  L I T E R A T U R E

W e b s te r ’s D ic t io n a ry  d e f in e s  w e a n in g  as “a c cu s to m in g  a young  

m am m al to tak e  food  o th e rw ise  than  by  n u rs in g ” . W ean in g  has  been  

fu rther  defined  as the  t im e  w h en  a  b a b y  s tops  b rea s t fe e d in g  and gets  all 

nu tr i t ion  from  sou rces  o th e r  than  b rea s t  (E m erso n ,  2002). G u p ta  et al.

(2001) are  o f  the  o p in io n  that  in t ro d u c tio n  o f  any no n -b reas t  m ilk  food  o r  

nu tr i t ious  food  to  yo u n g  ch ild ren  in  a d d it io n  to b reas t  feed ing  is w ean ing .

A c co rd in g  to E lizab e th  (1998 )  w e a n in g  is the  sy s te m a t ic  p rocess  o f  

in troduc tion  o f  s u i ta b le  food  at r igh t  t im e  in ad d it io n  to m o th e r ’s m ilk  in 

o rder  to p ro v id e  n eed ed  n u tr ie n ts  to th e  baby . A s  p e r  P i tca irn  (1971)  

w ean in g  m ean s  c h a n g in g  a  b a b y ’s food  from  a m ilk  d ie t ,  w h ich  h e /sh e  has  

ob ta ined  by  su c k in g ,  to a d ie t  c o n ta in in g  so lid  food , w h ich  h e /sh e  has  to 

ea t by  c h e w in g  and  b iting . S inha  and  P an d ey  (2000 )  have  s ta ted  tha t  

w ean ing  is the  s ta g e  o f  b a b y ’s l ife  w h en  the  b a b y ’s t ra n s i t io n  from  b reas t  

m ilk  to o ther  so u rc e s  o f  n o u r ish m en t  tak e  place . W h ile  L o k e sh w a r  (2005)  

has  s ta ted  th a t  w e a n in g  is the  p ro ce s s  th a t  b eg in s  w h en  b rea s t  feed ing  

s ta r ts  to be  re p la c e d  b y  a m ix ed  d ie t  and he  h a s  fu r th e r  repo r ted  tha t  

w ean ing  m ea n s  to  ceases  to be  sucked . F id le r  and  C o s te l la  (1995 )  have  

op ined  th a t  w e a n in g  is  a  t ra n s i t io n  f ro m  b re a s t  m ilk  to  so lid  food  and it is 

d iv ided  into fo l lo w in g  stages

S tage  1: B aby  is u su a l ly  ready  to s ta r t  on  so lid  foods  b e tw e en  4-6  m on ths  

Stage 2 : 6 - 9  m o n th s  

S tage  3 : 9 -  12 m o n th s

A braham  (1997 )  rev iew s  w ean ing  as the  p rocess  by w h ich  an in fa n t ’s 

d ie ta ry  pa tte rn  is g rad u a lly  chan g ed  from  liqu id  food l ike  b reas t  m ilk  and 

subs ti tu te  m ilk  p rep a ra t io n s ,  to co o k e d  so lid  foods. M o reo v e r  acco rd ing  

to h im  it is the  p rocess  by  w h ich  an in fan t g rad u a lly  b ecom es  accus tom ed  

to adu lt  diet. As per  the  in te rna t iona l  o p in io n  U N IC E F  (1984 )  defines
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w ean ing  as the  sy s tem at ic  p ro ce s s  o f  in tro d u c tio n  o f  su itab le  food at r igh t 

t im e  in add it ion  to m o th e r 's  m ilk  in o rder  to p ro v id e  n eed ed  nu tr ien ts  to 

the  baby. A c c o rd in g  to V yas (2 0 0 4 )  w ean ing , is the  p rocess  w h e n  the  bab y  

takes  semi so lid  food in a d d it io n  to  b reas t  m ilk  and she  ge ts  n u tr ie n ts  from  

sources  o ther  than  b reas t  m ilk . M itz n e r  et al. (1984) have  s ta ted  that 

w ean ing  p rocess  is the  t ra n sm is s io n  from  a d ie t  o f  b reas t  m ilk  to a diet 

th a t  inc ludes  b rea s t  m ilk  and o th e r  foods and  f ina lly  to a fam ily  diet.

A s  a g lobal p u b l ic  h ea lth  rec o m m e n d a tio n  in fan ts  shou ld  be 

ex c lu s iv e ly  b rea s t fe d  fo r  the  f irs t  s ix  m o n th s  o f  l ife  to a c h ie v e  o p tim al  

g row th , d e v e lo p m en t  and  h ea lth .  T h e rea f te r ,  to m ee t  th e i r  ev o lv in g  

nu tr i t iona l  r e q u irem e n ts ,  in fan ts  sh ou ld  rec e iv e  n u tr i t io n a lly  ad e q u a te  and 

sa fe  c o m p le m e n ta ry  food  w h i le  b rea s t fe e d in g  c o n tin u e s  up to  tw o  years  o f  

age o r  beyond  (W H O , U N IC E F , 2003) .

C om plem entary Foods and C om plem entary Feeding

A c c o rd in g  to  G u p ta  et al. (2001 )  c o m p le m e n ta ry  food m eans  any  

food, w h e th e r  m an u fa c tu red  or lo ca l ly  p repared , su itab le  as a c o m p le m e n t  

to m o th e r ’s m ilk ,  w hen  i t  b e c o m e s  in su f f ic ien t  to sa tis fy  the  g ro w in g  

nu tr i t iona l  req u irem en t  o f  the  in fa n ts  afte r  s ix  m o n th s  o f  age.

K ing  et al. (2000 )  h a s  s ta ted  tha t  an in fan t food  is ve ry  special 

b e c au se  it is in ten d ed  to  be  u sed  as the  so le  so u rce  o f  n o u r ish m en t  from  

six m o n th s  o f  life. It m u s t  m ee t  all o f  an in fa n t ’s nu tr i t iona l  n e e d s  ove r  

p ro lo n g ed  c ri t ica l  period .

W H O  (1996 )  has  dec la re d  tha t  in the  second  h a l f  o f  f irst year o f  

l ife ,  a ch ild  can  take  a m o re  va r ied  d ie t ,  once  a  ch ild  is ea ting  the  cerea l 

po rr idge ,  cooked  leg u m e s  and  o th e r  vege tab les  can  be  m ix ed  w ith  ce rea ls  

o r  g iven  separa te ly . N ew  i tem s  sh o u ld  be  added  to the  d iet  one  at a t im e. 

In cen tral  and so u th  A m e ric a  and the  C a r ib b ean  coun tr ies  the re  is a 

renew ed  in terest in the  ro le  that  p ro cessed  c o m p le m e n ta ry  food can play
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in p ro v id in g  a n u tr i t io n a l ly  c om ple te  in fan t and  to d d le r  food as s ta ted  by 

L u t te r  (2004).

M a lle sh i  (1995 )  has  s ta ted  tha t  th ree  im p o r tan t  aspec ts  sh o u ld  be 

co n s id e red  w h i le  d e v e lo p in g  w ean ing  foods viz., shou ld  be  m ad e  from  

loca l ly  a v a i lab le  foods;  sh o u ld  con ta in  low  leve l  o f  f ibe r  and  o th e r  

m a te r ia ls  that  are  d if f icu l t  to d iges t;  and that  it s h o u ld  be  ready-to -ea t .

N a ir  (2 0 0 4 )  is o f  the  v iew  that  in fan ts  are  v u ln e ra b le  d u r in g  the  

t ra n s i t io n  p e r io d  w h en  c o m p le m e n ta ry  feed ing  beg ins .  T hus  

c o m p le m e n ta ry  fo o d  sh o u ld  be  g iven  in t im e  and  in  adequate  a m oun ts ,  

w h ich  p ro v id e s  su ff ic ie n t  energy , p ro te in  and  m ic ro n u tr ie n t  and  sh o u ld  be  

safe , ie, sh o u ld  b e  h y g ien ic a l ly  s to red  and  p repa red  and  s h o u ld  be 

p ro p er ly  fed.

G u p ta  et al. (2001 )  have  s ta ted  th a t  c o m p le m e n ta ry  food shou ld  b e  

p repa red  from  ce rea ls  l ike  r ice , w hea t ,  m aize ,  m ilk  and  roo t s ta p le s  like  

p o ta to e s  and  v a r ie ty  shou ld  be  in tro d u ced  by  ad d in g  foods such  as pu lses ,  

m ea t ,  egg, fish, v e g e ta b le s  and  f ru its ,  o i ls ,  fat and  sugar. B o rn e m a n n

(2002 )  is  o f  the  v iew  that  good  c o m p le m e n ta ry  foods  are  en e rg y  r ich ,  

n u tr ie n t  r ic h  and  loca l ly  a ffo rdab le .  R o s ie r  et al, (2003) rep o r ted  that 

c o m p le m e n ta ry  food  g iven  to the  in fan ts  and  yo u n g  ch ild ren  sh o u ld  be 

su ff ic ien t  in qu an ti ty ,  n u tr i t io n a l ly  adequate ,  h y g ien ic a l ly  p rep a re d  and  

shou ld  be  fresh . M o re o v e r  she  p ro c la im e d  th a t  sem iso lid  foods sh o u ld  be 

easy  to d ig es t  and h a v e  h igh  energy  va lue . A c c o rd in g  to N a ir  et al. (2003)  

c o m p le m e n ta ry  food  shou ld  be  p repa red  w ith  lo ca l ly  av a ilab le  ing red ien ts  

us ing  s u i ta b le  sm all  sca le  p ro d u c t io n  te c h n o lo g ie s  in c o m m u n ity  se tt ings .  

T h is  can  h e lp  to m ee t  the  nu tr i t iona l  n eed s  o f  o ld e r  in fan ts  and young  

ch ild ren ..  K a liya r  and Priya  (2002 )  rep o r ted  that  co m m o n  food 

su p p lem en ts  used  in V aranas i  w ere  sago , r ice  w ith  m ashed  po ta to ,  

v eg e tab le s  and dhal..

W H O  and U N IC E F  (2002 )  have  de c la re d  th a t  ideal c o m p lem en ta ry  

food shou ld  be ad e q u a te  in quan ti ty  and foods tha t  are r ich  in energy



shou ld  be c o m b in e d  w ith  those , w h ich  are  good  sou rces  o f  p ro te ins ,  

m in e ra ls  and v i tam ins .

K u m a r  (2001 )  has obse rved  that  in in fan ts ,  the  n u tr ie n t  in take  is 

l im ited  by  a c o m b in a t io n  o f  in ad e q u a te  m a s t ic a t in g  and  sw a l lo w in g  ab il i ty  

and  sm all  s to m a c h  capacity . H ence  the  w e a n in g  fo o d  m ust  supp ly  

a d e q u a te  am o u n t  o f  m e ta b o liz ab le  ene rgy  and p ro te in .  C o n se q u e n tly  a 

h ig h e r  energy  and nu tr ien t  concen tra t ion  is req u ired  in  a w e a n in g  food.

E nergy  req u ired  from  c o m p le m e n ta ry  food  is e s t im a ted  to be 

ap p ro x im ate ly  275  Kcal at 6-8 m on ths ;  4 5 0  K cal at 9-11 m o n th s  and 750 

K cal be tw een  12-23 m o n th s  and  the b e s t  in d ic a to r  o f  e n e rg y  ad eq u acy  will 

b e  the  g row th  o f  the  in fan t (W H O , 1998).

G up ta  et al. (1990) have  n o ted  tha t  the  u se  o f  c o m m erc ia l  m ilk

fo rm u la  had d e c l in ed  from  31 in 1980 to 12 p e r  cen t  in  1990 in c o n tra s t  to
*

th e  fact that  u se  o f  co m m erc ia l  w e a n in g  fo rm u la  had  b e e n  ex ten d ed  to 26 

p e r  cen t as rep o r ted  b y  K u sh w ah a  (2002).

A c c o rd in g  to  M allesh i  (1995 )  a w e a n in g  food  sh o u ld  be  rich  in 

ca lo r ie s  and a d e q u a te  in p ro te in ,  v i tam in s  and  m in e ra ls  and  shou ld  p ro v id e  

p ro te in  o f  h igh  b io log ica l  value. H e  is o f  the  v iew  th a t  the  food  w hen  

prepared  shou ld  be  so ft  in cons is tency , easy  to sw a llow , low  in d ie ta ry  

bu lk  and  v iscos i ty .  He has  fu rthe r  a sce r ta in ed  that  it sh ou ld  be  easily  

d ig es t ib le ,  free  f ro m  a n tinu tr i t iona l  fac to rs , a rt i f ic ia l  c o lo u rs  and f lavours .

G o ldm an  (2002) has a lso  p o in te d  ou t that  the  ce rea l  based  infan t 

food  shall be  in the  form  o f  p ow der ,  sm all  g ran u la r  o r  f lakes  f ree  from  

lum ps and shall be  un ifo rm  in appearance .  It shall  b e  free  from  d ir t  and 

ex tra n eo u s  m a t te r  and devo id  o f  p re se rv a t iv e s ,  added  f la v o u r  and  added  

co lou rs .  It shall  be  free from  to x ic  m a te r ia ls  and b a c te r ia  th a t  are  ha rm fu l  

to h um an  health .

Mall esh i  and A m la  (1988)  have  s ta ted that  the  d e v e lo p e d  w ean ing  

foods shou ld  be  easi ly  d igest ible ,  nu t r i t iona l ly  ba lanced ,  low in dieta ry



bulk , high in ca lo r ic  d e n s i ty  and sh o u ld  be  sold at a p rice  a ffo rd ab le  to 

low incom e g ro u p  o r  even  b e  p roduced  at the  hou seh o ld  or at co m m u n ity  

level.

K u lkarn i  et al. (1991 )  fo rm u la ted  low -cos t ,  n u tr i t iv e ,  b u lk -re d u c e d  

w ean ing  foods  u s in g  so rg h u m  m alt,  g reengram  m alt  and  sesam e flour.

G u p ta  and Sehgal (1 9 9 2 )  dev e lo p ed  w e a n in g  foods from  loca lly  

a va ilab le  foods  viz., ba rley , ba jra , g reen g ram , a m aran th ,  j a g g e ry  us ing  

h ou seh o ld  te c h n o lo g ie s  such  as ro as t in g  and  m alting .

R a m a sa ra n y a  and K a n ja n a  (2003 )  fo rm u la ted  c o m p le m e n ta ry  

b isc u i ts  w i th  loca l ly  a v a i lab le  cos t  e ffe c t iv e  in d ig en o u s  foods. W heat,  

g reen  gram  and  soya  w ere  inco rp o ra ted  in  d if fe ren t  p ro p o rt io n s  w h ere in  

four  p e r  cen t o f  sk im m ed  m ilk  w as  a lso  seen  inc luded .

W a rg o v ich  (1999) po in ts  o u t  that  “ B aby  first B i te ” is the  c o u n try ’s 

f irs t  w e a n in g  food  m a d e  from  o rg an ica l ly  g row n  food  g ra ins  and is 100 

per  cen t v ege ta rian .  T he  p ro d u c t  c u rren tly  a va ilab le  in fo u r  co m b in a tio n s ,  

w hea t,  ragi and  dhal c o m b in a t io n ,  r ice  and dha l,  w h e a t  and  apple.

M a lh o t ra  (2003 )  fo rm u la ted  w e a n in g  m ix e s  w ith  w hea t  flour, 

roas ted  b e n g a lg ram , s k im m e d  m ilk  p ow der ,  a m a ran th  and ja g g e ry  in 

va r io u s  p ro p o rt io n s .  T he  d e v e lo p e d  w e a n in g  food  had  69-73  to  435 .8 8  m g 

ca lc ium , 2 5 5 .7 4  to  440 .2 5  m g  p h o sp h o ru s  and  4 .53 to  6 .98 m g  iron  per 

100 g.

K era la  A g r icu l tu ra l  U n iv e rs i ty  had  d e v e lo p e d  severa l w ean in g  

foods u s in g  loca l ly  a v a i lab le  and tra d i t io n a l ly  accep ted  m ate ria ls .  

C h e l lam m al  and  P rem a  (1 9 9 7 )  had  d e v e lo p e d  a w e a n in g  food w ith  tap io ca  

f lour , soya  f lou r ,  g ro u n d n u t  f lou r  and  sk im  m ilk  pow der .  C h e llam m al 

(1995) has a lso  d e v e lo p e d  a sw ee t po ta to  based  w e a n in g  food w ith  sw eet 

po ta to  flour, so ya f lou r ,  g ro u n d n u t  f lou r  and sk im  m ilk  pow der.

Rice based  s u p p le m e n ta ry  food deve loped  by Sai laxmi (1995)  

con ta ined  rice,  soyabean  and  g roundnu t  Hour,  wh i le  Jacob  (1997)  had



fo rm u la ted  a r ice-soya  based  su p p le m e n t  w ith  raw  r ice , defa tted  soya, 

a m a ran th  leaves  and sk im m ilk  p ow der ,  w h ile  Ph ilip  (1987 )  had deve loped  

a rag i based  w e a n in g  food w ith  rag i ,  g reeng ram , sesam e , tap ioca  and 

sk im m ilk  p o w d e r .  P rasad  (1988 )  had  fo rm ula ted  a b a n a n a  based

su p p lem en t  co n ta in in g  b anana , h o rse g ra m , sesam e  and sk im m ilk  pow der.

T ra d it io n a l  w ean ing  fo o d s  are  b a sed  on  local s ta p le s ,  u sua lly  a 

cerea l  and is m a d e  e ither  in to  th ick  p o rr id g e  or in to  l iqu id  gruel. T hese

g ruels  are unp a la tab le ,  bu t  a lso  are  too v iscous  for a  c h i ld  to sw allow .

L iq u id  g ruels  added  w ith  la rg e  a m o u n t  o f  w a te r  re su l ts  in d i lu tion  o f  

nu tr ien ts .  T h is  a long  w ith  lo w  fee d in g  f requenc ie s  lea d s  to  low  food 

in tak e  and c o n seq u e n t ly  to  lo w  n u tr ien t  in take. T h o u g h  several

co m m erc ia l  w e a n in g  fo rm u la e  a re  a va ilab le  in  m arke t  w h ic h  seem s to 

o f fe r  an a l te rn a t iv e  bu t th e y  a re  e x p e n s iv e  and to  ca te r  to the  needs  o f  

on ly  sm all a f f lu en t  segm en t o f  the  soc ie ty  as  r igh tly  p o in te d  ou t by  M eh ta  

(2000).

Need for C om plem entary Feeding

G ogoi (2003 )  had re p o r te d  th a t  th e  nu tr i t iona l  req u irem e n t  p e r  un it  

b o d y  w e igh t  o f  in fan ts  and p re s c h o o le r s  is m uch  h igher  th a n  th a t  o f  adu lts ,  

h e n c e  ad a p ta t io n s  are  n eed ed  frequen tly .  A f te r  the  age  o f  six m on ths  

h o w e v e r  the  need  for n u t r ie n ts  in c re ase s  and th is  in c re ase  c anno t  b e  

fu lf i l led  b y  b rea s t  m ilk  a lo n e  as the  ra te  o f  g row th  o f  an  in fan t  is rap id  

(M o lo y a  et a l ., 2003).

G up ta  et al. (2001)  have  s ta ted  that  b reast  feed ing  a lone  is 

su ff ic ien t  for th e  f irst six m o n th s .  R a m a sa ran y a  and K a n ja n a  (2003) are 

o f  the  v iew  that  70  per cen t o f  ene rgy  requ irem en t  o f  a ch ild  is m et by 

b reas t  m ilk  a lone . But as  the  ch ild  g row s, b reas t  m ilk  a lo n e  w ill  not be 

ab le  to p ro v id e  adequate  a m o u n t  o f  all nu tr ien ts  n e e d ed  to m ain ta in  

g row th . H ence  at th is  s tage  c o m p le m e n ta ry  feed ing  is to be  in it ia ted  to 

e n su re  ad e q u a te  g row th  and to p reven t  m a ln u tr i t io n  and s tu n t in g  w hich  is 

ve ry  com m on  in the  age g ro u p  o f  six m o n th s  to 24 m onths .
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K ushw aha  (2002 )  is o f  the  v iew  that  p ro te in  ca lo r ie  m aln u tr i t io n  is 

p rev a len t  in m a n y  parts  o f  Ind ia  and it is m ain ly  d u e  to  in ap p ro p r ia te  

feed ing  p rac t ices  and  ig n o ra n c e  o f  m other .  H ence  it is  n ecessa ry  to find 

ou t,  v iab le  w e a n in g  food w h ic h  are  n u tr i t io n a l ly  s ig n if ic a n t  and m ore  

su itab le  for in fan ts .

Y egam m ai et al. (2002) had quo ted  that  Ind ia  acco u n ts  for 40  pe r  

cen t o f  w o r ld ’s m a ln o u r ish e d  ch ild ren  w ith  less  than  20  p e r  cen t o f  g lobal 

ch ild  popu la tion .

M ridu la  and  M ish ra  (2004 )  had o p in ed  that, d u r in g  first six m o n th s  

b rea s t  m ilk  is w e ll  d o c u m e n ted  b u t  ex c lu s iv e  b reas t  fee d in g  a f te r  six 

m o n th s  canno t m ee t  the  nu tr i t io n a l  d e m a n d s  o f  the  in fan ts  for o p t im al  

g row th . E p idem io log ica l  s tu d ie s  ca rr ied  o u t  in  Ind ia  have  rev e a le d  that 

e x c lu s ive  b rea s t  feed ing  b ey o n d  six m o n th s  is c u s to m a ry  in poor-  

e conom ic  c o m m u n it ie s .  T h is  is o n e  o f  the  m a jo r  fac to rs  re sp o n s ib le  for 

ch ild  hood m a ln u tr i t io n  ea r l ie r  in  Ind ian  and  o ther  d ev e lo p in g  co u n tr ie s .  

T h e y  have  fu r th e r  o p in ed  th a t  th o u g h  con tin u ed  b rea s t  feed ing  is 

advoca ted  the p rac t ic e  o f  p ro lo n g ed  b rea s t  feed ing  w i th  la te  w e a n in g  

cou ld  be the  m a jo r  cause  o f  m a ln u tr i t io n .

M aln u tr i t io n  is  im p l ic a te d  in m o re  than  h a l f  o f  ch ild  dea th  

w or ldw ide . E ach  year  s ix  m il l io n  c h i ld ren  in  d e v e lo p in g  coun tr ies  d ie  

f rom  causes  th a t  a re  e i th e r  d i re c t ly  or in d ire c t ly  a t t r ib u ted  to  m aln u tr i t io n  

(U N IC E F , 2003). T he  in te rn a t io n a l  c o n fe re n ce  on  n u tr i t io n  (1992)  

repo r ted  that  m a ln u tr i t io n  a m o n g  ch ild ren  is  m ore  l ik e ly  to resu lt  f rom  

ign o ran ce  abou t hyg ien ic  and d ie ta ry  n eed s  o f  ch ild ren . FA O  (1992) has 

s ta ted  that  m a ln u tr i t io n  “ th e  m an  m ad e  d i s a s te r ” is an a v o id ab le  t ragedy  

w ith  eno rm ous  soc ia l  and e c o n o m ic  p o ten t ia l .  It a f fec ts  g row th  and  

rep roduc tion  and u n d e rm in es  h ea lth ,  lea rn in g  and  w o rk in g  capac i ty  and 

o vera ll  qua li ty  o f  l ife  and w ell be ing . O n the  o th e r  hand  W haley  (2003)  

h a s  ascerta ined  th a t  su p p le m e n ta ry  feed ing  is repor ted  to have  s ign if ican t  

e ffec t  on w eight ga in  and on  m o to r  dev e lo p m en t.



W H O  and U N IC E F  (2 0 0 3 )  have  jo in t ly  repo r ted  that  m a lnu tr i t ion  has 

been  re sp o n s ib le ,  d irec tly  o r  ind irec t ly  for 60  p e r  cen t  o f  the  10.9 m il l ion  

dea th s  a n n u a lly  a m ong  c h i ld ren  u n d e r  five. T w o  th ird  o f  these  dea th  

w h ich  are  o f ten  assoc ia ted  w ith  in ap p ro p r ia te  feed ing  p rac t ic e s  d u r in g  the  

f irs t  yea r  o f  l ife.

A c c o rd in g  to M ichae lsen  and F iri is  (1993) the  g ro w th  o f  ch ild ren  

in d e v e lo p in g  coun tr ies  o f ten  d ec lin es  w ith  th e  in tro d u c tio n  o f

su p p le m e n ta ry  foods tha t  a re  nu tr i t io n a lly  in ad eq u a te .  T hese  g row th  

d e f ic i ts  a re  a c com pan ied  b y  de layed  d e v e lo p m en t  and in c re ase d  m o rb id i ty  

and m o rta li ty .

B egum  (1991 )  had fu r th e r  s ta ted  that  a  ch ild  w h o  h a s  fa i led  to g row  

d u r in g  the  p resch o o l  pe riod  m a y  no t m ak e  u p  the  lo ss  in  g row th  even  w ith  

an  e x c e l le n t  d ie t  in la te r  yea rs .  Thus  su p p le m e n ta ry  fo o d  shou ld  be  g iven  

to im p ro v e  physica l ,  m enta l  and social d e v e lo p m en t  o f  th e  ch ild . It is the

o p in io n  o f  U N IC E F  (2000)  h ea lth  r isk  th a t  o f te n  a r ise  d u r in g  tran s i t io n

from  b rea s t  m ilk  to c o n su m p tio n  o f  usual fam ily  food  can  be  a vo ided  by 

ap p ro p r ia te  c o m p le m e n ta ry  fee d in g  p rac tices

U dan i  (1990 )  has  s ta ted  th a t  the  q u a n ti ty  and q u a l i ty  o f

su p p le m e n ts  p ro v id e d  at w e a n in g  age  d e te rm in e s  the  nu tr i t io n a l  s ta tus  o f  

c h ild ren . H e n c e  he  o p ined  th a t  the  inc idence  o f  m a ln u tr i t io n  cou ld  be 

p rev e n ted  b y  food  su p p le m e n ts  in troduced  to th e  d ie t  o f  ch ild ren  at 

d if fe re n t  s tages  o f  d e v e lopm en t.

S u r ia k a n th i  (1991)  had  obse rved  that  the  su p p le m e n ta ry  foods 

g iven  by  the  rura l m o thers  are  found to be  m ain ly  co o k e d  cerea l  foods; 

b isc u i ts ,  b a n a n a  and these  fo o d s  do not su pp ly  all th e  n u tr ie n ts  need ed  by 

c h ild ren . A s  a resu lt,  c h i ld ren  suffe r  from  e ith e r  m a ln u tr i t io n  o r  unde r  

n u tr i t ion .  H e n c e  m aln u tr i t io n  can be  so lved  b y  p ro v id in g  s im ple  

n u tr i t io u s  su p p le m e n ta ry  foods  from loca l ly  a v a i la b le  food m ateria l,  

w h ich  are  a lso  cheap .



C au lf ie ld  et al. (1999) had s ta ted  that  e ff ica c y  trial and  p ro g ram m es  

in fou rteen  coun tr ies  show ed  that  ch ild  g ro w th  cou ld  be  im proved  by  0 .10  

to 5 .0  s tandard  dev ia t ion  th rough  in c re ase d  d ie ta ry  in take .  T h is  range  o f  

im p ro v e m e n t  in g row th  w o u ld  red u ce  p rev a len c e  o f  u n d e rn u tr i t io n  at 

tw e lv e  m o n th s  by  1 to 19 per  cent.

A c co rd in g  to  A nn ie  et al. (1993 )  p ro te in  energy  m a ln u tr i t io n  can  be 

p rev e n ted  w ith  p ro te in  and ene rgy  r ich  rea d y - to -c o o k  and ready-to -ea t  

m ix e s  dev e lo p ed  for su p p le m e n ta ry  feed ing .

A ge o f  introduction o f  com plem entary food

R am asa ran y a  and K an jana  (2003 )  r e p o r ts  that  70 p e r  cen t o f  energy  

re q u ire m e n ts  o f  a  ch ild  is  m et b y  b rea s t  m ilk  a lone . B u t as  the  ch ild  

g ro w s ,  b reas t  m ilk  a lo n e  w ill  no t  b e  ab le  to  p ro v id e  a d e q u a te  a m o u n t  o f  

all n u tr ie n ts  needed  to m a in ta in  g ro w th  a f te r  six m o n th s .  A t th is  s tage 

w e a n in g  is to  b e  in it ia ted .  G radual m e th o d  o f  w e a n in g  is  e m phas ized  

a m o n g  the  c o m m u n it ie s  to con tro l  p sy c h o g ic a l  s tre ss  and s tra in  in ch ild ren  

(S in h a  and P anday , 2000). G ood  n u t r i t io n  in  the  early  m o n th s  o f  l ife  is 

m o re  u su a l ly  d e te rm in e d  b y  feed ing  p rac t ic e s ,  w h e th e r  the  r igh t  food  is 

g iv en  a t  the  r igh t  t im e  and in the  r igh t  w a y  and by  the  r igh t  frequency  

(S a ad e h ,  1998). T he  in tro d u c tio n  o f  so lid  fo o d s  shou ld  b e  the  b e g in n in g  o f  

a p ro lo n g e d  p rocess  by  w h ich  the  in fa n t  goes  th ro u g h  a sm o o th  tran s i t io n  

from  b rea s t fe e d in g  to  the  reg u la r  fam ily  d iet .  W e an in g  shou ld  beg in  

g rad u a l ly  f rom  the s ix th  m on th  o f  l ife  (W H O , 1996). H o w e v er  G h o sh  

(1998 )  has s ta ted  that  su p p le m e n ta ry  food  d u r in g  4-6  m o n th s  o f  l ife  is 

co n s id e red  to be  the ap p ro p r ia te  age  fo r  in t ro d u c tio n  o f  s e m i-so l id  food .

But the  in te rna t iona l  o rg an iz a t io n  W H O  and U N IC E F  (2000 )  insis t  

th a t  b y  six m o n th s  o f  age, all in fan ts  s h o u ld  s ta r t  c o m p le m e n ta ry  foods. 

B reas t  feed ing , h o w e v e r  shou ld  s ti l l  be  a m a jo r  so u rce  o f  nu tr ien ts .  

T a n e ja  and S a lkar  (2001) s ta ted  that  a f te r  the  age o f  six m o n th s  the need 

for nu tr ien ts  increases  and th is  in c rease  c a n n o t  be  fu lf il led  by b reas t  m ilk  

a lo n e  as the  ra te  o f  g row th  is rapid . T h e re fo re  it is essen tia l  to supp lem en t
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the c h i ld ’s d ie t  w ith  l iqu id  o r  se m i-so l id  food from  the age  o f  four  to six 

m on ths ,  o th e rw ise  the  c h ild  is  l ike ly  to go in to  m aln u tr i t io n .  S harm a and 

Sharm a (2004 )  rep o r ted  that  s in g le  in g red ien t  food shou ld  be  in troduced  

in it ia l ly  and  new  foods  sh o u ld  b e  o ffe red  at in te rva ls  o f  no t less than  

abou t 5-7 days. G u p ta  et al. (2001 )  h a v e  a sce r ta in ed  tha t  c o m p le m e n ta ry  

foods s h o u ld  be  g iven  tw o  to  th re e  t im e s  a day w h e n  bab ies  are  s ix  to nine 

m on ths  o ld  and  th ree  to f ive  t im es  a  day w hen  they  are  n ine  to tw e lve  

m on ths  o ld. Y arn ing  et al. (2003 )  a re  o f  v iew  that  w e a n in g  sh o u ld  start 

w ith  the  in t ro d u c tio n  o f  sm all  q u a n t i ty  o f  a sm oo th ,  b land  cerea l.  A m u n a  

et al. (2000 )  says  th a t  w e a n in g  is  th e  in tro d u c tio n  o f  so lid s .  S o lid  foods 

are  f irs tly  in tro d u c ed  in to  the  d ie t  as a s lo p p y  gruel a long  w ith  m ilk  and 

then  p ro g re ss iv e ly  in  to  a m o re  so l id  consis tency . T h e  f irs t  so lid  food 

given  to ch ild  s h o u ld  be  so ft  and  sh o u ld  not have  a  s trong  sp ic y  f lavour. 

I f  a ce rta in  ce rea l  is  the  s tap le  food  o f  the  c o m m u n ity  it sh o u ld  be  used  to 

m ake  the  f irs t  fo o d  fo r  an in fan t (W H O , 1996).

W H O  (1996 )  had  s ta ted  tha t  in  the  second  h a l f  o f  the  f irs t  y ea r  o f  l ife  

cooked  le g u m in o u s  and o ther  v e g e ta b le s  cou ld  be m ix ed  w ith  ce rea ls  and 

g iven  to the  in fa n ts .  G ra d u a lly  the  q u an ti ty  sh o u ld  be  in c re ase d  bu t the 

child  sh o u ld  n e v e r  be  fo rced  to  ea t m ore  than  w ha t h e  accep ts .  G opa ldas  

and D e sh p a n d e  (1 9 9 5 )  h a v e  s ta ted  tha t  reason  for s ta r t ing  m ix e d  feed ing  is 

to ensu re  an ad e q u a te  in tak e  o f  iron. She  has  fu rthe r  s ta ted  that  iron 

d e fic iency  w il l  b e  p rev e n ted  in  th e  fu ll  te rm  in fa n t  w hen  m ix e d  feed in g  is  

in troduced  by  the  age  o f  four  to f ive  m on ths .  95 per  cen t o f  in fan ts  have  

had tea  in tro d u c e d  by  the age o f  tw e lv e  m onths . T ea  is c o m m o n ly  g iven  

from  the age  o f  tw o  to th ree  m o n th s  o f  age  in b o t t le s  w ith  added  sugar. 

The p o lypheno l  co n ten t  o f  tea  in h ib i ts  iron abso rp t ion , and  ends  up  w ith  a 

m ore  se rious  p rob lem  w h e n  the o v e ra l l  diet o f  c h ild ren  from  six  to tw e lv e  

m on ths  w o u ld  a p p e a r  to  con ta in  in su ff ic ien t  iron  as ob se rv ed  by  Laura and 

C aro line  (1999). T h e y  h a v e  fu r th e r  s ta ted  tha t  fru its  and v e g e ta b le s  shou ld  

be  in troduced  at four  to six m o n th s  as c o m p le m e n ta ry  food, as  they  w ould  

p rov ide  v i tam in  C, w h ich  w ou ld  he lp  in the  ab so rp t io n  o f  iron. M ost o f  the



m others  are  o f  th e  v iew  tha t  f ru i ts  a re  good  for w ean ing , bu t the  cos t  was 

p ro h ib i t iv e  e sp ec ia l ly  at t im es  o f  food  insecurity . E l izabe th  (1 9 9 8 )  is o f  

v iew  that  at abou t  six m o n th s  a n o rm a l  in fan t  b e g in s  to use  iron s to re s  and 

that is  p ro b ab ly  an ap p ro p r ia te  t im e  to s ta r t  so lid  foods e sp ec ia l ly  i ron  -  

co n ta in in g  ones .

T h e  age  at w h ic h  c o m p le m e n ta ry  feed ing  shou ld  be  s ta r ted  has  been 

deba ted  a g rea t  deal and  w as  found  to va ry  f ro m  four to  s ix  m o n th s  

(H uffm an , 2 0 02 ) .  S h a rm ila  (2002 )  has  s ta ted  that  in  A m rav a th i  a f te r  six 

m o th s  78 p e r  cen t m o th e rs  w e re  g iv ing  su p p le m e n ta ry  m ilk  feeds  w ith  or 

w ithou t  b re a s t  m ilk .  Sem i so lid  su p p le m e n ta ry  foods w ere  r e p o r te d  to be 

g iven  b e fo re  s ix  m o n th s  and so lid  su p p le m e n ta ry  foods w e re  s ta r ted  a f te r  

the  age  o f  n in e  m o n th s  o r  12 m o n th s .  D ah iya  and Sehgal (2 0 0 2 )  h a v e  

s ta ted  th a t  in H a ry a n a  sem i-so l id  and  so lid  su p p le m e n ta ry  foods  w ere  

in tro d u ced  b e fo re  s ix  m o n th s  b y  m a jo r i ty  o f  w o rk in g  m o thers ,  w h e re a s  the  

n o n -w o rk in g  m o th e rs  w e re  g iv ing  th ese  foods o n ly  be tw een  6-9  m o n th s  o f  

age.

A c c o rd in g  to Ishe rw ood  and D e m o n d  (1998 )  in B an g lad esh ,  l iqu id  

s u p p lem en ts  w e re  u su a l ly  in tro d u c ed  w ith in  the f irs t  th ree  m o n th s .  M ean  

age o f  in t ro d u c tio n  o f  so lid s  to in fan ts  w as  3.5 m on ths .

S inha  and  P an d ey  (2000 )  h a v e  s ta ted  tha t  w ean ing  foods  w ere  

in tro d u ced  to yo u n g  ch ild ren  b e tw e en  12-18 m o n th s  o f  age  by  4 6 .5 0  per 

cen t m o th e rs  in B ihar  fo llow ed  by  35 .00  p e r  cen t m o th s  w ho  

su p p le m e n te d  the  c h i ld ’s d ie t  be tw een  8-12 m o n th s  o f  age. In m any  parts  

o f  K era la  cerea l  foods  w ere  in troduced  only  afte r  the  r ice  g iv in g  c e re m o n y  

and it m ay  b e  de layed  till all th e  c irc u m stan c e s  b e c o m e  fav o u ra b le  (N air ,  

2004). H o w e v e r  K u m a r  (2003)  is o f  v iew  tha t  in Ind ia  31.5 p e rcen t  in fan ts  

rece ive  b re a s t fe e d in g  p lu s  c o m p le m e n ta ry  food at 6-9 m o n th s  o f  age. 

W ean ing  plays  an im p o r tan t  ro le  in d e v e lo p m en t  o f  c h e w in g  and th is  

appears  to be  a fa ir ly  c rit ica l t im e  for the  in troduc tion  o f  so lid s  by six 

m on ths  to e n su re  no rm al c h e w in g  d e v e lo p m en t  as ob se rv ed  by



(L o k e sh w a r ,  2005). U nde rw ood  (1992 )  op ined  that  there  is no ru le  as to 

w hen  to  in troduce  th ickened  foods, bu t it is b e tte r  no t to  in troduce  

c o m p le m e n ta ry  feed b e fo re  four  m o n th s .

E a r ly  in tro d u c tio n  o f  add it io n a l  food cou ld  a d v e rse ly  affec t the  

am o u n t  o f  b re a s t  m ilk  b e c au se  the  b a b y  will be  less h u n g ry  and will suck  

the  b reas t  less o ften  and red u ce  the  am o u n t  o f  m ilk  sec re tio n  (S ilver,

1997). H o w e v er  it is an accep ted  fac t  that  a f te r  the  f irs t  year,  a ch ild  is

u su a l ly  a b le  to  eat the  food  p rep a re d  for the  fam ily . In o th e r  w ords  he 

s ta r ts  s h a r in g  the fam ily  d ie t  as a n n o u n c ed  b y  Sm ith  and  Skyes (1995). 

G n a n a su n d a ra m  (1994)  has a lso  s ta te d  th a t  by  o n e  year  in fa n t  can  b e  g iven  

fam ily  d ie t ,  s l igh t ly  m o d if ied ,  in  sm all  quan ti t ie s  bu t at f re q u e n t  in te rva ls  

(4  to 5 t im es) .  F ie ld  s tu d ie s  have  a lso  show n that  c o m p le m e n ta ry  foods  

in tro d u c ed  b e tw e en  fo u r  and six m o n th s  o f  age  rep la ce  n u tr ie n ts  from  

b rea s t  m ilk  and con fe r  no  a d v an tag e  o n  g row th  or d e v e lo p m e n t  (W H O , 

1995).

D eveloping com plem entary foods

O n e  o f  the  p rinc ipal  s tra teg ies  fo r  d irec tly  im p ro v in g  the  nu tr i t ion  

o f  yo u n g  ch ild  in the  low er  s o c io -e co n o m ic  p o p u la t io n  o f  d e v e lo p in g  

c o u n tr ie s  d u r in g  the w e a n in g  p e r io d ,  as  ob se rv ed  b y  M itz n e r(1 9 8 4 )  is 

d e v e lo p in g  and  p ro m o tin g  h o m e  and v i l lage  p repared  w e a n in g  foods

.So lank i  (1986) fee ls  that  there  is  an u rgen t need  to d e v e lo p  low cost

R e a d y  -T o-  Eat m ixes  to im p ro v e  the  nu tri t iona l  s ta tu s  o f  ch ild ren . 

M a lle sh i  (1995) has suggested  th a t  o n e  o f  the  im p o r tan t  q u a li ty  o f  a 

c o m p le m e n ta ry  food  sh ou ld  be tha t ,  it is Ready- T o  -Eat.

A  v a r ie ty  o f  p ro cessed  w e a n in g  foods  and su p p le m e n ta ry  foods based  

on ce rea ls ,  legum es and o ilseed  m ea l  h a v e  been  dev e lo p ed  in India Jacob  

(1997). M a lle sh i  (1995 )  has  p o in te d  ou t that foods sh o u ld  be  p repared  

us in g  loca l ly  ava ilab le  raw  m a te r ia ls  and shou ld  be rich  in nu trien ts .  

A cco rd ing  to T h iru m aran  (1993) the  in troduc tion  o f  loca l ly  p rocessed  and 

p rese rved  n u tr i t io u s  ready  to use  foods  will reduce  th e  t im e  spend  in
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d rudgery  by  the w om an a lo n g  w ith  in c o m e  g e n e ra t io n  and im proved  

nu tr i t iona l  s tanda rds  .A sh le sh a  and V ali (1997 )  have  obse rved  that 

com m erc ia l  R e a d y  - T o -  Eat in fan ts  food a re  ve ry  e x p e n s iv e  and m others  

b e long ing  to low  incom e g ro u p s  c anno t  a ffo rd  to buy  them  as p o in ted  out 

by  Jacob  (1997 )  in  o u r  c o u n try  c o m m e rc ia l ly  a v a i lab le  w e a n in g  foods are 

expensive ,  w h i le  m ost  o f  the  t rad i t iona l  fo o d s  h a v e  h ig h  d ie ta ry  bu lk  and 

low  ca lo r ie  d e n s i ty  as rep o r ted  b y  G a h a la w a t  and  Sehga l (1993).

T h e re fo re  th e re  is  need  to  d e v e lo p  in d ig e n o u s  c o m p le m e n ta ry  food  

o f  low bu lk , h ig h  in  ca lo r ie  d en s ity ,  n u t r i t io n a l ly  a d e q u a te  and  accep tab le  

to the  c l ien te le  viz> the  in fan ts .  T h e re fo re  a n  a t te m p t  has  b e e n  m ad e  in  th is  

s tu d y  to d e v e lo p  a c o m p le m e n ta ry  food w i th  r ice  as bas ic  ing red ien t  w ith  

added  legum es and g reen  lea fy  v e g e ta b le s  and  e m p lo y in g  ex trus ion  

technology .

S r ilak shm i (2002) h a s  o p in ed  th a t  r ice  is an im p o r ta n t  cerea l  and 

is  the  s tap le  for m o re  than  h a l f  o f  w o r ld ’s p o p u la t io n .  It is  p r in c ip a l ly  

consum ed  in  A s ia  S even ty  p e r  cen t  o f  the  w o r ld  d ie ta ry  energy  is 

repor ted  to o b ta in ed  from  th is  s tap le  food  as n o ted  by  Pai (1997). Lucas  

(1997)  has a lso  rep o r ted  tha t  r ic e  is  th e  c h ie f  so u rc e  o f  ca rbohyd ra te s  and 

b e in g  a s tap le  food , r ice  is rep o r ted  to p ro v id e  80 p e r  c e n t  o f  the  ca lo r ie  

req u irem en t  o f  the  diet. E ven  th o u g h ,  r ice  is a m a in  sou rce  o f  

ca rbohyd ra te ,  it a lso  has  the  h ig h es t  d ig e s t ib i l i ty  c o e ff ic ien t  b io log ica l  

v a lu e  a m ong  all ce rea ls  (W a rg o v ic h ,  1999).

S r i lak shm i (2002)  has  a lso  repo r ted  th a t  the  p ro te in  con ten t  o f  rice  

is seven  per  cent, w hich  is m u c h  lo w e r  th a n  that  o f  w hea t.  B u t the 

b io log ica l  v a lu e  o f  r ice  p ro te in  is  o f  h igh  o rd e r  be ing  su p e r io r  to that  o f  

the  w hea t and o th e r  cereal p ro d u c ts .  T h e  r ic e  p ro te in  is r ic h e r  in a rg in ine  

w hen  com pared  to  o ther  cerea l  p ro te in s .  T h e  b io lo g ica l  v a lu e  o f  rice  

p ro te in  is 80 w h ereas  that  o f  w h ea t  is 66.

The  c o m p le m e n ta ry  food fo rm ula ted  by  add ing  p ro te in ,  vi tamin ,  

minera l  and ene rgy  supp lem en t  was  p roces sed  by e x t ru s io n  method .  As
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poin ted  out by G arc ia  (2003), for com m erc ia l  p repara tion  o f  com plem en tary  

food the  m o s t  c o m m o n ly  used  m eth o d  are  ro lle r  d ry ing  and e x tru s ion  

cook ing . Fu r the r ,  M allesh i  (1995 )  has  op ined  that  e x tru s io n  c o o k in g  is  a 

ve rsa t i le  p ro ce s s  as  the  p ro d u c t  is  fu lly  cooked  and is “ re a d y - to -e a t” , and 

that  it m ix e s  easily  w ith  m ilk  o r  w ater.  Liu and  M a g a  (1993 )  have  

rem a rk e d  th a t  low  cos t  food  e x tru d e rs  are  be ing  u sed  for p rep a ra t io n  o f  

c o m p le m e n ta ry  foods.

E x tru s io n  is  a p o p u la r  m ea n s  o f  p repa r ing  R e ad y -T o -E a t  p roducts  

(Jha  and  P rasad , 2003). A c c o rd in g  to Sm ith  and S in g h  (1996 )  p ro tease  

in h ib i to rs  a re  inac t iva ted  in the  e x tru s io n  cook ing , w h ic h  in c re ase s  the  

d ig es t ib i l i ty  o f  p ro te in ,  a l th o u g h  th ese  is  o f ten  lo ss  o f  e ssen t ia l  am in o  acid  

and c ro ss  l ink ing  w h ich  o c c u r  on  hea ting . H ow ever ,  ly s ine  red u c t io n  is 

leas t  at h igh  e x tru s ion  tem p e ra tu re .  S ou tha rd  and  M a g a  (1 9 9 3 )  h a v e  s ta ted  

that  d u e  to  h igh  p ressu re  and  re su l t in g  tem pera tu re ,  e x tru s io n  p rom o tes  

m o re  a c c e p ta b le  f lavou r  by  the r ap id  ex p an s io n  o f  the  ex tru d e d  p roduct.

D ev ad as  (1983)  had o p in ed  that  d e v e lo p m en t  o f  c o m p le m e n ta ry  

food  sh o u ld  b e  g overned  b y  ce rta in  p r inc ip le :  She  rep o r ts  tha t  

su p p le m e n ts  sh o u ld  have  h igh nu tr i t io n a l  v a lu e  and good  su p p le m e n ta ry  

value, h igh  accep tab il i ty ,  e a s in e s s  to p repa re ,  low  in c o s t  and sh ou ld  b e  

m ad e  f ro m  loca l ly  av a ilab le  m a te r ia ls  and that  it s h o u ld  have  a low  s h e l f  

life  o f  at lea s t  4 -6  m o n th s  in a trop ica l  e nv ironm en ts .  T h e re fo re  in th is  

s tu d y  the  dev e lo p ed  r ice  b a sed  c o m p le m e n ta ry  food w as e v a lu a te d  fo r  its 

nu tr i t io n a l  adequacy , accep tab i l i ty ,  cos t  and s h e l f  l ife  as e n v isa g e d  in the 

ob jec t iv e  o f  the  study.
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3. M A T E R IA L S AND M ETH O D S

T he  m a te r ia ls  and  m e th o d s  em p loyed  in  the  s tudy  en ti tled  

“ D e v e lo p in g  r ice  b ased  c o m p le m e n ta ry  food  fo r  in fa n ts ” are  de ta iled  in 

th is  chap ter.

3.1 F O R M U L A T I O N  OF B A S I C  M IX

W e an in g  food  w h ic h  has  o n ly  two ing red ien ts  is ca lled  as the  bas ic  

m ix  and m o st  o f  the  b a s ic  m ix e s  co n ta in  a  cerea l  or a ro o t  m ix ed  w ith  a 

p u lse  (M i tz n e r  et al., 1984).

In the  p re se n t  s tu d y  r ice  w as  se lec ted  as the  b a s ic  cereal and was 

a d m ix ed  w ith  c o m m o n ly  a v a i la b le  p u lse s  in  d i f fe re n t  p ro p o rt io n s  to  

fo rm u la te  bas ic  m ixes .

As env isaged  in the  o b je c t iv e  o f  the  s tu d y  r ice  w as spec ia lly  

se lec ted  as the  b a se  m ateria l  b e c a u s e  it is the  s tap le  for m a jo r i ty  o f  A s ian  

p o p u la t io n  (L ucca ,  1999) and  is  th e  c h ie f  so u rce  o f  ca rbohydra te  

sup p ly in g  80 per  cen t o f  the  ca lo r ie  req u irem en t  o f  Ind ian  d ie t  (Potty , 

2004). A m o n g  the  d if fe ren t  ty p es  o f  r ice  av a ilab le  in  the  m arke t  the  one  

hav ing  low  s tick iness  a f te r  b o i l in g  w as se lec ted  for p ro ce ss in g  the  

su p p le m e n t .  P u lses  such  as b la c k g ra m  dhal,  benga l g ram  dhal,  g reengram  

dhal,  c o w p e a ,  peas ,  red  g ram  dha l  and  soya  w ere  se lec ted  to be  com bined  

w ith  r ice , s ince  they  are  c u l t iv a te d  ex ten s iv e ly  and  a re  consum ed  by 

m ajo r i ty  o f  pop u la t io n  in India . T hese  pu lses  a re  a lso  fam ilia r  to 

K era li tes .

D if fe ren t  co m b in a tio n s  o f  bas ic  m ixes  w ere  w o rk ed  out by  vary ing  

the p ro p o r t io n s  o f  r ice  and va r io u s  pu lses . H o w e v er  ca re  w as  taken  to see  

that r ice  co n tr ib u ted  not less  than  50 per  cent o f  the  bas ic  m ix , s ince  the  

o b jec t iv e  o f  the  s tu d y  is to d e v e lo p  a r ice  based  c o m p le m e n ta ry  food.

Ini t ia l ly  com b ina t ions  w e r e  worked  out  so as to contain r ice  and 

one  pulse .  Thus  64 c o m b in a t io n s  w e re  fo rm ula ted  va ry ing  the proport ion



and type o f  p u lse  used . In these  c o m b in a t io n s  th e  quan ti ty  o f  p u lse  added 

to r ice  varied  from 10 to 50 per  cent.

In o rder  to se lec t  an ideal bas ic  m ix  f ro m  am ong  64  com bina tions  

am ino  acid score  and chem ica l  sco re  w e re  w orked  out u t i l iz ing  the 

fo llow ing  fo rm ulae .

m g  o f  am ino  ac id  in 1 g  test  p ro te in
A m in o  ac id  sco re  =  ---------- — ------------——------------   x 100

m g  o f  am ino  ac id  in the  req u irem e n t  
pa tte rn  ( l ike  e g g /m ilk )

L im iting  am in o  ac id  co n te n t  o f  the  
tes t  p ro te in

C h em ica l  sco re  = ----------------------------------------------------------------x 100
Content o f  the same amino acid in egg

A m ino  acid and  chem ica l  sco re  w e re  c o m p u te d  s ince  they  would  

g ive  an ind ica tion  to the  p ro te in  q u a li ty  w h ic h  can  b e  used  as a p ro x y  for 

b io log ica l  assays.

T he  am ino  ac id  and chem ica l  sco res  o f  th e  a b o v e  co m b in a t io n s  are 

g iven  in A ppend ix  I.

O ut o f  64 c o m b in a t io n s  11 c o m b in a t io n s  that  had h igh chem ical 

score  (above  80) w ere  iden tif ied  at the  p r im a ry  level to  be  used  as bas ic  

mix. Jan sen  and H a rp e r  (1985) have  rep o r ted  th a t  an ideal basic  m ix , to be 

used  as w ean ing  food shou ld  have  a c h em ica l  s c o re  o f  60.

T h e  chem ica l  sco re  o f  the  se lec ted  e lev en  co m b in a t io n s  w ith  their  

c o m p o s i t io n  are  p resen ted  in T ab le  1.

T he  am in o  acid score  w as not used  fo r  the  se lec tion  s ince  these  

va lues  varied  c o n s id e rab ly  be tw een  c o m b in a t io n s  and also  because  the 

am ino  ac id  sco re  and  chem ica l  sco re  o f  the  c o m b in a t io n s  d id  not tally  

w ith  each o ther.



T ab le  1. C o m p o s it io n  and chem ica l  score  o f  basic  m ix e s  c o n ta in in g  one 

cereal and  o n e  pu lse

S I  No. Ing red ien ts  in bas ic  m ix Propo rt ion C h e m ic a l  score

1 R ice  + G reen  gram 80:20 86

2 R ice  + G re e n  gram 65:35 85

3 R ice  + G re e n  gram 60:40 87

4 R ice  + G reen  gram 70:30 84

5 R ice  +  B engal gram 75:25 83

6 R ice  + B engal gram 85:15 84

7 R ice  + B engal g ram 70:30 85

8 R ice  +  B engal gram 90:10 84

9 R ice  + B lack  gram 70:30 86

10 R ice  + B lack  gram 80:20 87

1 ! R ice  + B lack  gram 65:35 86



3.2 FORMULATION OF MULTIMIX

M ix es  c o n ta in in g  m ore  than  two item s have  been d es ig n a ted  as 

m u l t im ix e s  by  M itz n e r  et al. (1984 )  and are  rep o r ted  to be  m ore  su i ta b le  

for ch ild ren  in the  la te r  m on ths  o f  the  w ean ing  period . T h e re fo re  p r im ary  

m u lt im ix e s  w ere  fo rm u la ted  by  add ing  o ther  ing red ien ts  to the  bas ic  

co m b in a t io n s  in tw o  d if fe ren t  w ays.

in t h e  f i r s t  m e th o d  a s e c o n d  c e re a l  w a s  i n t r o d u c e d  a lo n g  w i th  

r ic e  to the  b a s ic  m ix .  T h u s  108 c o m b in a t io n s  c o n ta in in g  e i t h e r  rag i  or 

w h e a t  as  an a d d i t io n a l  c e re a l  h a v in g  v a r y in g  p r o p o r t io n s  w e re  

f o rm u la te d  a n d  t h e i r  a m in o  a c id  s c o re  a n d  c h e m ic a l  s c o re  w e re  

w o r k e d  o u t .

In th e  s e c o n d  m e th o d  an  a d d i t io n a l  p u l s e  w as  a d d e d  to  the  b a s ic  

m ix  .In th is  c o n te x t  139 c o m b in a t io n s  c o n ta in in g  tw o  d i f f e re n t  p u ls e s  

w e re  a d d e d  to  r ic e  in  d i f f e re n t  p r o p o r t io n s  and  th e i r  c h e m ic a l  s c o re  an d  

a m in o a c id  s c o re  w e re  a lso  c o m p u te d  and  a re  g iv e n  in A p p e n d ix  II.

A m o n g  t h e s e  2 4 7  (1 0 8  +  139) m u l t im ix e s  th o s e  h a v in g  a 

c h e m ic a l  s c o r e  a b o v e  e ig h ty  w e re  id e n t i f i e d .  F ro m  th e s e ,  e le v e n  

m u l t im ix e s  w e r e  t a k e n  b y  lo t .  E l e v e n  s u c h  m u l t im ix e s  w e re  s e le c te d  

p u r p o s e f u l l y  as  t h e r e  w e re  e le v e n  b a s ic  m ix e s .  T h u s  e le v e n  b a s ic  

m ix e s  a n d  e le v e n  m u l t im ix e s  w e re  s e le c te d  fo r  f u r th e r  s tu d y .  T h e  

s e le c te d  e le v e n  p r im a r y  m u l t im ix  c o m b in a t io n s  a lo n g  w i th  th e i r  

c h e m ic a l  s c o r e  a re  g iv e n  in T a b le  2.

As in d ic a te d  in T a b le  2 four  o f  the  m u lt im ix e s  w e re  found to 

con ta in  rag i as an add it iona l  cerea l  a long  w ith  r ice  and  seven  

co m b in a t io n s  had an add it iona l  pulse .



T a b le  2. C hem ica l  sco re  o f  se lec ted  m u lt im ix es

Si. No. Ingred ien ts  in the  m u lt im ix e s P ropo rt ion C hem ica l  score

1 R ice  + Ragi + G reen  g ram 65 :1 5 :2 0 96

2 R ice  + Ragi + G reen  g ram 75:10 :15 93

3 R ice  + Ragi + B engal gram 75:10; 15 95

4 Rice + Ragi + B lack  gram 65:15 :20 86

5 R ice  + B lack  g ram +  B engal g ram 6 0 :2 0 :2 0 83

6 Rice + B lack  g ram +  B engal gram 65:15 :20 83

7 R ice  + B lack gram  + B engal g ram 55:15 :30 82

8 R ice  +  B lack  g ram  + G re e n  g ram 60 :2 0 :2 0 84

9 R ice  + B engal gram  + G reen  g ram 6 5 :15 :20 84

10 R ice  + B engal gram  + G reen  g ram 60:30 :10 83

1 1 R ice  + B engal gram  + G reen  gram 70:15 :15 84



3.3 S E L E C T IO N  OF O T H E R  IN G R E D IE N T S  T O  F O R M U L A T E  A

C O M P R E H E N S IV E  M U L T IM IX  B A S E D  O N  TH E P R IN C IP L E  OF

“ F O O D  S Q U A R E ”

As p e r  the  co n cep t  o f  “ food  sq u a re ” suggested  by  PA G  (1975 )  fou r  

c o m p o n e n ts  a re  e ssen t ia l ly  need ed  to fab r ica te  a c o m p le m e n ta ry  food 

su itab le  for feed ing  an infant, a s tap le , a p ro te in  food, a v i tam in -m ine ra l  

supp lem en t  and an ene rgy  supp lem en t.

A c co rd in g ly  as the  s tap le  and the p ro te in  c o m p o n e n ts  are  a lready  

ava ilab le  in  th e  b as ic  m ix e s  and  in  the  p r im a ry  m u lt im ix e s ,  v i ta m in  -  

m inera l  su p p le m e n ts  and energy  su p p le m e n ts  had  to be se lec ted  and added  

to the  p r im ary  m ix e s  to m ak e  them  e ffe c t iv e  m u lt im ixes .

T h e re fo re  loca l ly  used  g reen  lea fy  v eg e tab le s  viz, am aran th  

/d ru m stick  leaves  w ere  se lec ted  as v i ta m in  -  m inera l  su pp lem en t.  S ugar  

and c oconu t  oil w ere  se lec ted  as energy  su p p le m e n ts  be ing  subs tances  o f  

h igh ca lo r ie  c o n te n t  and i tem s  o f  u n iv e rsa l  use  in  K era la . T he  ing red ien ts  

se lec ted  in the  s tu d y  to  fo rm u la te  the  c o m p le m e n ta ry  food  b a sed  on  “ food 

squa re” p r in c ip le  are  sh o w n  in Fig. 1.

Fig. 1 Food  square

A
STAPLE

(R ice, R ag i)

B
PR O TEIN  FOOD  
SUPPLEM EN TS

(B en g a lg ram  dha l,  G reeng ram  
dha l,  B lackg ram  dhal,  Soya)

BR EA ST M ILK

C D
VITA M IN  AND M IN ER A L  

SUPPLEM EN TS
(A m aran th ,  D rum stick  leaves)

ENERGY
SUPPLEM EN TS

(C oconu t  o il,  Sugar)



T h e  n u tr i t iv e  va lue  o f  the  a b o v e  22 co m b in a t io n s  w e re  w ork ed  out 

us ing  N u tr i t iv e  v a lu e  tab le  o f  IC M R  (1 9 9 1 )  and the d e ta i ls  are  p resen ted  

in A p p e n d ix  II. T he  overa ll  p ic tu re  rev e a le d  that  the  se le c te d  m ixes  had 

p ro te in  co n ten t  rang ing  from 8 -  12 g p e r  100 g. But an idea l  cereal based 

w ean ing  food  sh o u ld  supp ly  at least  14 g o f  p ro te in  per 100 g. as per  IS 

1656 -  1969 reco m m en d a tio n .  B e ing  a n o n -m ilk  fo rm u la t io n ,  in o rder  to 

m eet s ta n d a rd  IS req u irem e n ts  fo r  p ro te in ,  soya  w as a lso  chosen  as an 

ing red ien t  o f  the  m ultim ix .

3.4 P R O C E S S IN G  OF M U L T IM IX E S

T he  m e th o d o lo g y  a dop ted  fo r  co n v e r t in g  raw  in g re d ien ts  into 

m u lt im ix e s  a re  sh o w n  in the tw o  f low  charts  Fig. 2 and F ig .3 .

3.5 S T A N D A R D IZ A T IO N  A N D  P R E P A R A T IO N  O F R E C IP E

T h e  m ix e s  a re  to  b e  c o n v e r t e d  in to  a r e c ip e  in o r d e r  to  f e e d  th e  

s a m e  to  an  i n fa n t .  A s  s u g g e s te d  b y  M a l le s h i  (1 9 9 5 )  th e  c o m p l e m e n t a r y  

fo o d  g iv e n  to a  c h i ld  s h o u ld  fo rm  a  s lu r r y  o r  s e m i - s o l id  m a s s  o f  so f t  

c o n s i s t e n c y  in  o r d e r  to  e n a b le  th e  c h i ld  to  s w a l lo w  it e a s i ly .

B ased  on  the above  c r i te r ia  the  m u lt im ix e s  w ere  fu r th e r  p rocessed  

in d iv id u a l ly  in to  th ick  p o rr idges  s u i ta b le  for spoon  feed ing  o f  in fa n ts  o f  

six to n ine  m o n th s  o f  age .

F o r  c o n v e r t in g  the  d e v e lo p e d  m u l t im ix e s  in to  a p o r r id g e  

p r o c e d u r e  u s e d  by  G o p a ld a s  and  D e s h p a n d e  (1 9 9 5 )  w as  a d o p te d  w i th  

r e q u i r e d  m o d i f i c a t i o n s  and  w as  s t a n d a r d iz e d .  T h u s  tw e n ty  f iv e  g ram  

o f  m u l t im ix  w a s  m a d e  in to  a s lu r r y  w i th o u t  lu m p s  by  a d d in g  150 ml to  

175 m l w a te r .  F i f te e n  g ra in s  o f  s u g a r  w a s  a lso  a d d e d  an d  c o o k e d  o v e r  

f la m e  b y  c o n s ta n t  s t i r r in g  in o r d e r  to  p r e v e n t  lu m p  f o r m a t io n  or 

c h a r r in g .  A f te r  c o o k in g  th re e  d ro p s  o f  c o c o n u t  oil w as  a d d e d .



Fig. 2. P r o c e s s in g  o f  m u l t im ix e s  (R ic e  w i th  o n e / tw o  p u lse s )



Fig . 3. P r o c e s s in g  o f  m u l t im ix e s  c o n ta i n in g  tw o  c e r e a l s  a n d  one  p u ls e



3.6 O RGA N OLEPTIC  EVALUATION

In o r d e r  to  id e n t i fy  the  m o s t  s u i ta b le  p r o d u c t  f ro m  the  22 

c o m b in a t io n s  an  a t te m p t  w as  m a d e  to  e v a lu a te  the  a c c e p ta b i l i t y  th ro u g h  

o r g a n o le p t i c  e v a lu a t io n  u s in g  a s c o re  ca rd  g iven  in A p p e n d ix  IV. T h e  

o v e ra l l  a c c e p ta b i l i t y  sc o re  o f  e ach  re c ip e  w as  fo u n d  o u t  s e p a r a te ly  by 

a d d in g  the  i n d iv id u a l  sc o re s  fo r  s ix  c h a ra c te r s  g iv e n  in  th e  sc o re  card , 

su ch  as a p p e a r a n c e ,  c o lo u r ,  f la v o u r ,  c o n s is te n c y ,  t a s te  a n d  d o n e n e ss .  

T he  o r g a n o le p t i c  e v a lu a t io n  w a s  d o n e  b y  a  p ane l  o f  te n  e x p e r t  j u d g e s  

u s in g  s ta n d a rd  p r o c e d u r e  u n d e r  r e c o m m e n d e d  c o n d i t io n s .

T he  m a x im u m  sco re  for a re c ip e  as per  sco r in g  sys tem  a d op ted  was 

30 and the  m in im u m  w as 5. T he  o v e ra l l  a ccep tab i l i ty  sco res  o f  the  22 

m u lt im ix e s  w e re  c o m p ared  and ten  m ix e s  hav ing  the h ig h es t  accep tab i l i ty  

sco res  w ere  se lec ted  for large  sca le  p rocess ing .

3.7 L A R G E  S C A L E  PR O C E S S IN G  F O R  C O M M E R C IA L  E X PL O IT A T IO N

A n a t te m p t  w as  m ade  to p ro cess  the  se lec ted  ten  m ix e s  on  a large  

sca le  for c o m m erc ia l iza t io n .

All the  ten  m u lt im ix e s  w ere  fu r th e r  d ive rs if ied  in to tw o  g roups  o f  

ten  each, one  set con ta in ing  a m a ran th  and o ther  set c o n ta in in g  d ru m stick  

as the  m inera l  and v itam in  su p p le m e n t  so as to find ou t w h ic h  is m ore  

e ffe c t iv e  and  accep tab le .  Thus  th e re  w ere  20 m u lt im ix e s  for la rge  scale  

p ro ce ss in g  for co m m erc ia l  e x p lo i ta t io n  and the c o m p o s i t io n  is g iven  in 

T a b le  3.



T ab le  3. C o d e  n u m b er  and c o m p o s i t io n  o f  m u lt im ix es

SI.
No.

C o d e  n u m b e r  
o f  m u lt im ix In g red ien ts P ro p o rt io n s

1 1A /1D S R ic e  + rag i + b lac k g ram  + soya + 
a m a ra n th /d ru m s t ic k

5 5 :1 0 :1 5 :1 5 :5

2 2 A /2 D S
R ice  + b lac k g ram  +  soya + 
a m a ra n th /d ru m s t ic k

70 :10 :15 :5

3 3A /3D S R ice  + Ragi + g reeng ram  + soya 
+ a m a ra n th /d ru m s t ic k

6 0 :1 0 :1 0 :1 5 :5

4 4A /4D S R ice  + g ree n g ra m  + soya + 
a m a ra n th /d ru m s t ic k 60 :2 0 :1 5 :5

5 5A /5D S R ic e  + b e n g a lg ra m  + soya  + 
am a ra n th /d ru m s t ic k 75 :5 :15 :5

6 6A /6D S R ice  + b la c k g ra m  + benga lg ram  
+ soya  + a m a ran th /d ru m s tic k

60 :1 0 :1 0 :1 5 :5

7 7A /7D S R ic e  +  b e n g a lg ra m  + soya + 
a m a ra n th /d ru m s t ic k 70 :1 0 :1 5 :5

8 8A /8D S R ice  + b la c k g ra m  + soya + 
a m a ra n th /d ru m s t ic k 55 :2 5 :1 5 :5

9 9A /9D S R ice  + b e n g a lg ra m  + soya + 
a m a ra n th /d ru m s t ic k 65 :1 5 :1 5 :5

10 10A /10D S R ice  + B engal g ram  + greengram  
-t soya  + a m a ran th /d ru m s tic k 50 :2 5 :5 :1 5 :5

A: A m aranth ,  D S : D ru m stic k

3.7.1 D R U M  D R Y IN G

O ne  o f  the  m os t  c o m m o n l y  employed  m odern  m e th o d s  o f  

process ing  o f  w ean ing  foods,  viz,  d rum  dry ing  was  ini t ial ly  env isaged  for 

c omm erc ia l  large sca le  p roce s s ing  o f  the mul t im ixes .  H ow ever  the  process



failed  d u e  to ge la t in isa t io n  o f  m ix es  w h ile  feed in g  th e  m ateria l  in to the 

ro lle r  d rum s. H ence  th e  p rocess  w a s  ab an d o n ed  and ex tru s ion , a n o th e r  

m o d ern  food  p ro ce s s in g  techno logy , w as  a dop ted  to p ro ce s s  the 

c o m p le m e n ta ry  food.

3.7 .2  E X T R U S IO N

A lab o ra to ry  m odel  o f  Lamonferrina an I ta l ian  e x tru d e r  w as used  

for p ro c e s s in g  the  m u lt im ixes .

T h e  s tep s  invo lved  in e x tru s io n  o f  m u l t im ix e s  are  show n  in Fig.4. 

E x tru s io n  o f  m ix e s  a re  g iven  in p la te s  1 and  2.

3.8 S E L E C T IO N  O F B E S T  C O M B IN A T IO N

As th e re  w ere  20  m u lt im ixes ,  it w as  essen tia l  to iden tify  b e s t  m ix es  

fo r  la rge  s c a le  p ro d u c t io n .  T h erefo re ,  the  ex tru d e d  m ixes  w ere  m a d e  in to  a 

p o rr id g e  o f  spoon  feed ing  cons is tency , ad o p tin g  a  s tandard  p ro ce d u re ,  and  

w ere  su b je c ted  to o rg an o lep tic  e v a lu a t io n ,  by  a pane l  o f  10 ex p e r t  ju d g e s  

us ing  sc o re  card  m e th o d .  B ased  on o rg a n o le p t ic  scores , the  tw e n ty  m ixes  

w ere  ranked . B ased  on  the rank ing , four  m u lt im ix e s  w ere  se lec ted  for 

fu rther  d e ta i le d  ana lys is ,  viz., c h em ica l ,  physica l  and rh eo lo g ica l ,  

n u tr i t io n a l ,  san ita ry  and s h e l f  l ife  fo r  id en t ify in g  the  m o s t  s u i ta b le  

m ult im ix .

3.9 A S S E S S M E N T  OF C H E M IC A L  C O M P O S IT IO N  OF T H E  

M U L T IM IX E S

T he  chem ica l  co m p o s i t io n  o f  the  s e le c te d  four m ix e s  w ere  

asce r ta ined  by  e s t im a t in g  se lec ted  n u tr ie n t  and  n o n -n u tr ien t  co n te n t  u s in g  

s tandard  lab o ra to ry  m ethods  sh o w n  in T a b le  4.



M U L T I M I X

Steam in j^ (5  m ts)

s i

i
L oad ing  in to  the  e x tru d e r  

A d d i t io n  o f  w a te r  (150 -200  m l)  ^

K nead ing  (15 m ts)

1
E xtru s ion

1
S team ing  (5 m ts )

1
D ry ing  in ho t a ir oven  (150°C )  

( 2 - 3V2 hours)

1
P u lv e r iz in g

1
Sieving  (60  wi th  m esh )

1
Pack ing

Fig. 4. Steps involved in extrusion



Plate 2. Extruded mixes



Tabic 4. Methods used for estimation o f  nutrient and non-nutrient content o f  

multimixes

C o m ponen ts M eth o d s  used  (R efe rences)

Tota l p ro te in Jackson  (1 9 7 3 )

Fat S adas ivam  and  M an ik am  (1992)

T o ta l  ca rbohyd ra te S adas ivam  and  M an ik am  (1992)

Iron Jackson  (1 9 7 3 )

C alc ium T andon  (1 9 9 3 )

Sodium T andon  (1 9 9 3 )

P o tass ium Ja ckson  (1 9 7 3 )

M ois tu re A O A C  (1 9 8 4 )

C ru d e  fibre S adas ivam  and M an ik am  (1992)

Total ash A O A C  (1 9 8 4 )

T r ip l ic a te  sam p les  o f  each  o f  the  four  m u lt im ix e s  w e re  ana lysed  for 

o b ta in in g  re l ia b le  data.

3 .10 A S S E S S M E N T  O F P H Y S IC A L  A N D  R H E O L O G IC A L

C H A R A C T E R IS T IC S  O F T H E  F O U R  M U L T IM IX E S

Phys ica l  and rheo log ica l  c h a ra c te r is t ic s  are  one  o f  the  im portan t  

c ri te r ia  w h ich  d e te rm in es  the a ccep tab i l i ty  o f  a p roduct .  T he  

c h a rac te r is t ic s  such  as b u lk  density , v iscos i ty ,  p a r t ic le  s ize , y ie ld  ra t io  and 

ease  o f  p rep a ra t io n  w ere  asce r ta ined  u t i l iz in g  the m e th o d o lo g ie s  de ta iled  

below .

3.10.1 B ulk  Density

B ulk  dens ity  is the  ra t io  o f  the  w e igh t  o f  the  sam p le  to that  o f  an 

equal vo lu m e  o f  w ater. Bulk  dens ity  is  used as an index  for c o m p a r in g  the 

vo lu m e  o f  d iffe ren t foods. T he  s a m p le  w as taken at a h e igh t  o f  20  ml in a 

250 ml g radua ted  m ea su r in g  cy linder .  It was leve lled  w ithout 

com press ing . The w eigh t o f  the  s a m p le  w ith  the cy lin d e r  w as recorded .



T he  sam p le  w as  then  rem oved  from  the  m easu r in g  cy linder  and  w a te r  was 

fil led  to the  sam e  level (20  m l).  The w eigh t o f  the  w a te r  w ith  the 

m ea su r in g  cy lin d e r  was reco rd e d  and  bu lk  dens ity  w as c a lcu la ted  using  

the fo rm u la

W eig h t  o f  the  sam ple
Bulk  D en s i ty  = - — -----------------------    — -----

W eig h t  o f  equa l vo lum e o f  w ater

3.10.2 V iscosity

T he  v iscos i ty  o f  fo u r  m ix e s  w ere  m easu red  u s in g  R ap id  V isco  

A n a ly se r  (R V A ).

F ive  g ram s o f  the  sam p le  w as  w eighed  into the C a n n e s te r  and 25 g 

o f  w a te r  w as  added . T he  p a d d le  w as in troduced  in to  the  C a n n e s te r  and 

w as a ttached  to  the  R V A . T he  in s t ru m e n t  w as s ta r ted  and p ro g ra m m e d  for 

the  run. S a m p le  w as h e a ted  from  50-95°  C (@  12 deg ree  p e r  m in u te )  and 

a llow ed  to s ta n d  for fo u r  m in u te s  a t  95° C. It w as then  c oo led  b a c k  to 

50°C  and a llow ed  to s tand  for an o th e r  two m inu tes .  T he  v isco s i ty  was 

m easu red  at reg u la r  in te rva ls .

3.10.3 Particle  Size D istribution

The partic le  size o f  the  m ultim ixes  were evaluated by  passing  the 

m ultim ixes  through a standard  s ieve  as suggested by  K u lkam i et al. (1991).

3.10.4 Y ield  Ratio

A p ro d u c t  after  p ro ce ss in g  and  p repara tion  shou ld  have  m ax im u m  

yield  and m in im u m  p ro ce ss in g  loss. T he re fo re  the  p ro ce ss in g  loss  and 

yield  ra t io  w ere  ca lcu la ted .

3.10.4.1 Processing Loss (Raw Ingredients)

T he  d if fe ren ce  b e tw e en  the  w eigh t o f  the  ing red ien ts  "as  

p u rch ased "  (A P w eigh t)  and tha t  o f  the  'e d ib le  p o r t io n 7 (EP w eigh t)  g ives  

the  p ro ce ss in g  loss. T he  p ro ce ss in g  loss  was ca lcu la ted  us ing  the form ula .



AP w eigh t  -  EP w eigh t
P ro cess in g  loss = — -------------------- — .------

AP w eigh t

3.10.4.2 Yield Ratio

To d e te rm in e  the  y ie ld  ra t io , y ie ld  o f  the  raw  m u lt im ix e s  as well as 

that  o f  the  rec ipe  p repa red  from  it w ere  analysed .

3.10.4.2.1 Yield Ratio o f  Raw Ingredients

Y ield  ra t io  o f  the  raw  ing red ien ts  w as de te rm in e d  by  f ind ing  out 

the  ratio  be tw een  f ina l  w e igh t  and in it ia l  w e igh t  o f  the  raw  ing red ien ts  

u s in g  the fo llo w in g  fo rm u la .

F inal w eigh t
Y ie ld  ra t io  = .......................... - .............. ............. .

In itia l  w e ig h t  o f  raw  ing red ien ts

3.10.4.2.2 Yield Ratio (recipe)

The yield  ra t io  o f  the  rec ip e  w as  co m p u ted  u s in g  the  fo rm u la  g iven

below .

C o o k e d  w e ig h t
Y ie ld  ra t io  = — — ----— ........... ....... . ..........

W e ig h t  b e fo re  co o k in g

3.10.4.3 Ease o f  preparation (recipe)

T he  t im e  requ ired  for p ro ce ss in g  the  m u lt im ix  in to  a rec ipe  
(po rr idge)  w as de te rm in e d  to f ind ou t the  ease  o f  p repara tion .

3.11 A S S E S S M E N T  O F N U T R IT IO N A L  A D E Q U A C Y

To d e te rm in e  the nu tr i t io n a l  a d eq u acy  ca lo r if ic  v a lue ,  p ro te in  

energy  ra tio , c h em ica l  sco re  and am in o  acid sco re  o f  the  four  m u lt im ix es  

were  co m p u ted  us ing  the m e th o d s  desc r ibed  below .



3.11 .1  C a lo r i f ic  V a lu e

T he  ca lo r if ic  va lue  o f  m u lt im ix e s  w ere  c a lc u la te d  us ing  energy  

con ten t  o f  the  raw  ing red ien ts  in the  m u lt im ix  as g iven  in “ N u tr i t ive  value  

o f  Indian fo o d s” ( IC M R , 1991).

3.11.2 Protein Energy Ratio

T h e  p ro te in  energy  ra t io  o f  the  p ro d u c t  w as com puted  

(S w a m in a th an ,  1984).

3.11.3 C hem ical and Amino Acid Score

C hem ica l  and am in o  ac id  sc o re  w ere  de te rm in e d  u s in g  the fo rm ula  

g iven  u n d e r  3.1.

3 .12 P R O D U C T  Q U A L IT Y  IN D E X

P ro d u c t  qua li ty  index  for chem ica l ,  phys ica l  and  rheo log ica l  and 

nu tr i t iona l  a d eq u acy  w ere  c a lc u la te d  to find ou t the  m o s t  accep tab le  

p ro d u c t  w ith  respec t  to the  above  th ree  p a ram ete rs  u s in g  th e  fo rm u la  g iven  

below .

A d e q u a c y  index

P ro te in  co n ten t  in food x 4
P ro te in  energy  ra tio  = x 100

E nergy  v a lu e  o f  food

o f  i lh p roduct

K = n u m b er  o f  charac te rs  under  r e sp e c t iv e  pa ram ete rs  

Xjj = v a lu e  o f  j ,!l cha rac te r  o f  1th p ro d u c t  

Sj = s tandard  v a lu e  for j th ch a rac te r  

(Tj = s tandard  dev ia t ion  for j lh c h a ra c te r



3.13 S A N I T A R Y  Q U A L I T Y  OF M U L T I M I X E S

T he  san ita ry  q u a li ty  o f  the  m u lt im ix e s  w ere  assessed  by 

e n u m e ra t in g  the to ta l bac te r ia l  c o u n t  and  tes t ing  the p re se n c e  o f  E. coli, i f  

any. T he  fo u r  m u lt im ix e s  w ere  a sse ssed  for th e ir  to ta l  bac te r ia l  coun t  by 

seria l d i lu t io n  p la te  tech n iq u e  re c o m m e n d e d  by  M e h ro tra  (1980).  They  

w ere  a lso  eva lua ted  for the  p re se n c e  o f  Coliform  b a c te r ia  using the 

p re su m p tiv e  test exp la ined  b y  C o l l in s  and  P a tr ic ia  (1976).

3 .14  S H E L F  LIFE OF M U L T IM IX E S

T o  de te rm ine  the s h e l f  l ife ,  the  m u lt im ix e s  w e re  pack ed  in 

p o ly e th y len e  covers  and w ere  s to red  for a pe riod  o f  th ree  m on ths .  T he  

p ro d u c ts  w ere  opened  and e x a m in e d  fo r  chem ica l ,  phys ica l ,  m ic ro b ia l  and 

o rg an o le p t ic  q u a li ty  p a ram ete rs  a f te r  a period  o f  90  days.

3.14.1 C hem ical Parameters

C h em ica l  charac te rs  o f  th e  m u lt im ix  w ere  ana ly sed  a f te r  a pe riod  o f  

90  days  by  e s tim a ting  p e ro x id e  v a lu e  (S a d as iv a m  and M an ikam , 1992) and 

m o is tu re  co n ten t  (A O A C , 1984).

3.14.2 Physical Parameters

E xtend  o f  dam age  by  in se c t /p e s ts  in the  fo u r  m u l t im ix e s  w ere 

found  o u t  by  v isual  exam ina t ion .

3.14.3 Total Bacterial C ount

T ota l  bacteria l  coun t  o f  the  m u lt im ix e s  a f te r  90  days  w ere  also 

ana ly sed  by  seria l d i lu tion  (M eh ro tra ,  1980) m ethod .

3.14.4 O rganoleptic Evaluation

O rg a n o le p t ic  qua li ty  o f  the  fo u r  m u lt im ix e s  w ere  a lso  ana lysed  by a 

panel o f  10 judges afte r  the  s to rage  p e r io d .



3.15 C O M P A R IS O N  OF D E V E L O P E D  P R O D U C T  W ITH  IS: 

S T A N D A R D  A N D  C O N T R O L

T he  four d e v e lo p e d  p ro d u c ts  w ere  c o m p ared  w ith  IS standard  

s p ec if ica tio n  s t ip u la ted  u n d e r  1656-1969  for p ro ce sse d  cerea l  w ean ing  

foods. T he  p ro d u c ts  w e re  a lso  com pared  w ith  a con tro l  w h ic h  is a pop u la r  

c o m m erc ia l  c o m p le m e n ta ry  food  used for feed ing  in fan ts  in K era la  i.e., 

N es tu m . M oreo v e r ,  N e s tu m  w as se lec ted  as contro l b e c au se ,  it is a r ice  

based  p roduct  and  is g iv en  to in fan ts  o f  age  g ro u p  6-12 m on ths .  The 

p a ra m e te rs  used  for c o m p a r in g  the  dev e lo p ed  p ro d u c ts  w i th  the IS 

s tandard  w ere  m o is tu re ,  to ta l p ro te in ,  fat, to ta l ca rb o h y d ra te ,  ca lc ium , 

iron, to ta l ash , ac id  in so lu b le  ash  and  fibre .

3.15.1 Cost

C o s t  o f  the  m u lt im ix e s  w ere  co m p u ted  acco rd in g  to the  ex is t ing  

m ark e t  p r ice  o f  in d iv id u a l  in g re d ien ts  used  in  the  fo u r  deve loped  

fo rm u la t io n s  and by  ad d in g  20  per  cen t as o v e rh e a d  charges .  T h is  was 

c o m p ared  w ith  th a t  o f  the  co m m erc ia l  fo rm u la  ‘N e s tu m 7.

3 .16  P R E F E R E N C E  T E S T  F O R  S E L E C T E D  M U L T IM IX E S

P re fe ren ce  tes t  fo r  se le c te d  m u lt im ix e s  w ere  a sse ssed  u s in g  hedon ic  

ra t ing  sca le  su g g es ted  by  S r ilak shm i (2002). T en  m o th e rs  o f  ch ild ren  

a ttend ing , A nganw ad i  C e n t r e - 19 at P o o n k u lam  w ere  c h o sen  as ju d g e s  to 

find ou t the  m ost p re fe rred  fo rm ula tion .

3.17 S T A T IS T IC A L  A N A L Y S IS .

T he  da ta  g e n e ra te d  w ere  com piled ,  tabu la ted  and analysed  

s ta t is t ica lly  us ing  s im p le  s ta t is t ica l  tools.



{KesuCts



4. R E S U L T S

T he  resul ts  o f  the inves t igat ion  ent i t led “ Deve lop ing  rice based 

c om plem en ta ry  food for in fant s” are presented  in this  chapter .

4.1 F O R M U L A T I O N  OF BA SIC MIX

Accord ing  to Lokeshwar  (2005)  a basic  mix  for an infant  formula 

compr ises  o f  two ingred ien ts  namely a cereal  and  a pulse.

In the present  s tudy r ice formed the cereal  com p o n e n t  and pulses  such 

as black g ram  dhal,  bengal  gram dhal,  green g ram  dhal ,  red gram dhal.  

cowpea.  peas  and  soya were selected to formula te  the basic  mix.

Sixty four com b ina t ions  o f  basic  m ix es  were  formula ted with 

different quan t i t i es  o f  pulse  added to rice and it var ied  from ten to fifty per 

cent ;  while  rice con tr ibu ted  not  less than fifty per  cent  o f  the basic  mix.

In order  to ident i fy  a basic  mix that  has an ideal  adm ix tu re  o f  rice 

and pulse , am ino  acid score and  chemica l  score were w orke dou t  as they 

would give an indicat ion to protein quality.

A m ino  acid and chemica l  scores  o f  the above  c o m bina t ions  are given 

in Append ix -1 .

A m ong  the s ixty four com bina t ions  e leven co m b in a t io n s  that had 

high chemica l  score ( above  80)  were  ident i f ied al the p r im ary  level to be 

used as basic  mix. The  eleven combina t ions  arc given in Table  1. The 

combina t ions  having rice and  green gram in the rat io o f  80 : 20,  65 : 35, 60 : 

40 and 70 : 30 were found to have a che mica l  score o f  86, 85, 87 and 84 

respect ively.

The basic mixes with rice and bengal gram in the proportion of  / s  25. 85 

: 15. 70 ; 30, 90 : 10 had chemical scores of  83, 84. 85 and 84 respectively.



Based on the resul t presented in f ab le  1. it is obse rved  that rice  ̂

green gram com bina t ion  and rice ■+■ black gram c om bina t ion  in the 

proport ion o f  60 : 40  and  80 ; 20 respect ive ly have high chemica l  score. 

i.e.. 87. wh ile  r ice t benga l  gram in the ratio o f  75 : 25 has  the least 

chemical  score o f  83.

4.2 F O R M U L A T I O N  OF M U L T IM IX

M ul t im ixes  were formula ted  by add ing  o ther  ingred ien ts  to the basic 

mix in two different  ways,

in the first m ethod ,  a second cereal  w'as added to the basic mix.  Ragi 

or wheat  were c hosen  as second  cereal  ; and 108 com bina t ions  were 

formulated and their  amino  acid and chemical  score were calculated.

In the second  m ethod ,  an addi t ional  pulse  was  added  to the basic  mix.  

Thus 139 com bina t ions  hav ing  two pulses  added  to rice in var ious 

proport ions  were worked  out  and  chemical  score and am ino  acid score o f  

these com bina t ions  were computed .  A m o n g  these 247 (108 t 139) 

combina t ions  those having  chemical  scores  above  80 were fur ther  ident if ied.  

The selected m utt im ix  com bina t ions  along  with their  chemica l  score are 

given in f ab le  2 ,

The c om bina t ions  con ta in ing whea t  were exc luded  s ince  rice 1 wheat  

1 pulse  c om bina t ions  are very common.

M ult imixes  con ta in in g  r ice +- ragi + green gram in the propor t ion  of  

65 : 15 : 20 and 75 : 10 : 15 were found to have  a chem ica l  score o f  96 

and 93, While  r ice t- ragi + bengal  gram and rice +- ragi + black gram in 

the proport ion o f  75 : 10 : 15 and 65 : 15 : 20 had a chemica l  score o f  

95 and 86 respec t ively .

Rice and black gram combinations exhibited a chemical score o f  86. 87. 86 for

combinations 70 :30. 80 ; 20 and 65 :35 respectively.



As far as the rice +- black gram + bengal  g ram  com bina t ions  o f  60 : 

20 : 20 , 65 : 15 : 20 and 55 : 15 : 30 were concerned ,  they had a 

chemical  score o f  83, 83 and 82 respect ively while,  r ice f  black gram - 

green gram in a propo rt ion  o f  60 : 20 : 20 had a chemica l  score o f  84. 

It was also no ted  that  r ice  + bengal  gram + green g ram  in the rat io o f  65 : 15 

: 20. 60 : 30 ; 10 and 70 : 15 ; 15 had a chemica l  score o f  84. 83 and 84 

respectively.  Hence  from the data ,  it was clear that rice -t- ragi ■ green gram 

in the proport ion  o f  65 : 15 : 20 have the highest  che mica l  score o f  06

4.3 S E L E C T I O N  OF O T H E R  IN G R E D I E N T S  T O  F O R M U L A T E  A 

C O M P R E H E N S I V E  M U L T IM IX  B A S E D  O N  T H E  P R IN C IP L E  OF 

" FOO D SQ U A R E ,"

The concep t  o f  "Food Square"  system has been  adop ted for 

fo rmula t ion o f  a  com prehens ive  mul t im ix .  To m ake  an ideal  com plem en ta ry  

food four co m p o n e n t s  are essent ia l ly  needed  : a basic  s taple ,  an energy 

rich supp lem en t ,  a pro tein  supp lem en t  and a v i tamin-minera l  supp lement  

which has been i l lustrated in a "Food Square"  suggested by PA G 11975).

It may be noted  that  the s taple  and the pro tein c o m p o n e n t s  are a lready 

avai lable  in the basic  mixes  and in the pr imary  m u l t im ixe s  given  in Tables  1 

and 2 (Chapte r :  3).

Further,  fo l lowing  the  pr inciples  o f  "Food Square"  amaran th  leaves 

were selected to be incorpora ted  into the mixes  as  v i tam in  - mineral 

supp lement  and suga r  and coc onut  oil were selected as ene rgy supplements .  

Thus. 22 c om bina t ions  o f  m ult im ixes  as per  "Food Square"  were 

formulated.  However ,  when the nut r i t ive value was  ca lcu la ted ,  it was seen 

that the m ix es  suppl ied  only 8 to 12 g rams  o f  protein,  and hence  

powdered soya c hunks  was  added  to all m ix es  so as  to enhance  t h e  protein 

value as per  IS requi rements .  The com pos i t ion  o f  the c om prehens ive  

mul t im ixes  thus fo rm ula ted  arc given in Table-5.



5. Composit ion o f  mult imixes based on “Food Square”

>de, No. Ingredients Quantity in grams

Al
A2

Rice + Green gram + Soya + Amaranth 
Rice + Green gram +Soya f- Amaranth

____ 70_: 10 :15 : 5
5 5 : 2 5 : 1 5 : 5

A3 Rice + Green gram +Soya + Amaranth 50: 30:15:5

A4 Rice + Green gram + Soya + Amaranth 60:20:15 :5

A5 Rice t Bengal gram + Soya + Amaranth 65; 15:15:5

A 6 Rice r Bengal gram + Soya + Amaranth 75:5:15:5

A 7 Rice + Bengal gram + Soya -+ Amaranth 60:20:15:5

A 8 Rice + Bengal gram + Soya + Amaranth 70:10:15:5

A9 I Rice ■ Black gram + Soya r Amaranth 70:10:15:5

A 10 Rice +- Black gram -t Soya t Amaranth 60:20:1 a :5

A T f Rice +- Black gram + Soya + Amaranth 55:25:

A12 ^ Rice+ Ragi + Green gram + Soya + 
Amaranth

55:10:1 5:15:5

A 1 3 Rice +- Ragi + Bengal gram + Soya + 
Amaranth

60:10:10:15:5

A14 Rice + Ragi + Greengram + Soya + 
Amaranth

60:10:10:15:5

A! 5 Rice + Ragi + Black gram + Soya + 
Amaranth

55:10:15:15:5

A16 Rice + Black gram + Bengal gram + Soya 
+- Amaranth

50:15:15:15:5

A 1 7 Rice + Black gram + Bengal gram t Soya 
Amaranth

55:10:15:15:5

Al 8 Rice +- Black gram + Bengal gram + Soya 
-+ Amaranth

60:1 0:10:1 a. 5

A19 Rice + Black gram + Green gram + Soya + 
Amaranth

50:15:15:15:5

A20 Rice + Bengal gram + Green gram + Soya 
t- Amaranth

55:10:15:15:5

A21 Rice + Bengal gram + Green gram + Soya 
+ Amaranth

50:25:5:15:5

A22 Rice + Bengal gram t- Green gram + Soya 
J- Amaranth

60:10:10:15:5



4.4 P R O C E S S I N G  O i ; M U I . T I M I X

The  twenty two m ult im ixes  were p rocessed init ial ly using cot tage 

level techn iques .  In the case o f  m ult im ix es  conta in ing rice with one or two 

pulses ,  r aw  rice was c leaned,  washed,  sun dr ied and  sub jec ted  to mil l ing  to 

obtain rice flour. Th is  Hour was fur ther roasted and s ieved (60 microns 

mesh s ize) to obtain Fine f lour  hav ing  even  par ticle size.  F lours  using pulses 

(dhals)  were also prepared fol lowing the same  procedure .  In the case of  

amaranth and  d rum st ick  leaves,  fresh leaves were  separa ted  f rom the stalk, 

shriveled and spoi lt  ones  were d iscarded .  The sound  leaves were washed in 

running water  and sun dried.  These  were fur ther oven  dr ied, pounded ,  sieved 

and made  into a fine powder .  Rice and pu lse  f lours  a long  with amaran th  or 

drumst ick  leaves po w d e r  were blended  toge the r  in p resc r ibed  proport ion 

after addi t ion  o f  powdered  soya chunks.  These  b lends  were sieved 

independent ly  us ing  s ieve o f  60 m m  mesh size to get twen ty  two mull imix 

formulat ions.  The  same  procedure was fo l lowed  in the p repara t ion  o f  

m ult im ix es  wi th  two cereals  and  one pulse .  The  second  cereal  ragi was 

cleaned, dr ied and mil led  and made  into f lour  which w a s  fur ther  roas ted and 

sieved.  O ther  three c o m pone n t s  (rice, pulse , am aran th /d rum s t i ck  leaves)  

were prepared by the same  m ethod  as in the fo rmer  case. Rice, ragi and 

pulse  Hours were m ixed  with amaran th  or d rumst ick  pow der  and sieved.

Through  the above  process ,  22 differen t  w'eaning m ix es  in the form o f  

"Blended Hours"  having  fine consis tency,  a tt ract ive c ream co lou r  and even 

part icle size o f  60 mm size were obtained.  In order  to ut i l ize the mixes a s  a 

complemen tary  food, the Hours  had to be convert ed  into a ‘rec ipe ’ 

suitable for  feed ing  an infant o f  six to nine  m on ths  o f  age.

Therefore ,  each o f  the 22 mixes  were processed into a " P o r r id g e ” 

suitable for spoon feeding  o f  an infant ,  adop t ing  the procedure 

r ec om m e nde d  by Gopa ldas  and Deshpande  (1995) .  These  por r idges  were



.subjected to o rgano lep t i c  evaluat ion by a panel o f  ten jud g es  us ing  the score 

card method  to select acceptab le  mixes.  The m ean  acceptab i l i ty  scores  o f  the 

porridge made  from the mixes  arc given in Table  6 . The  acceptab i l i ty  scores 

ass igned by the jud g es  are given in A ppendix-V .

Table 6 . The  m ean  acceptabi l i ty  score o f  selected m ult im ix es



A t

From the total score, it was seen  that m u l t im ix  A15 had secured the 

highest score (25.6)  whereas ,  least score was  lo r  A10 (21.0) ,  Ten mixes  

(marked* in the table) had scores  above  23.5 out  o f  30. These  mul t im ixes  

were cons ide red  as m os t  acceptab le  and were obse rved  to contain 

amaran lhus  as the v i tamin-minera l  supplement .  As drumst ick  is a cheap  and 

easily ava i lable  green leafy vege tab le  avai lable  in plenty,  10 more  mixes 

were processed  rep lacing  amaran th  with drumst ick .  The  twenty  m ix es  (10 

containing amaran th  and 10 conta in ing  d rumst ick  leaves)  were t h e n  

redesignated and were given  code  num bers  ranging from 1 to 10 based on 

the ranking  order  and  the suff ixes  ' A '  or  ' D S ‘ were given  depend ing  on the 

presence o f  a m aran th  or  d rum st ick  leaves in the  m ul t im ix .  These  were 

further p rocessed for large scale  c om m erc ia l  exploi ta t ion .

4.5 L A R G E  S C A L E  P R O C E S S I N G  FO R C O M M E R C I A L  E X P L O IT A T IO N

One o f  the m os t  c o m m on ly  pract iced m odern  m e th o d  o f  processing  

weaning food. viz., d rum  drying,  was envisaged  for large scale  p rocess ing  o f  

rice based com ple m e n ta ry  food. But due to the ge la t in izat ion  this process  

could not he employed .  Mence the most  modern  food process ing  technology,  

i.e.. Ext rusion  was adopted.  Thus  m ul t im ixes  were processed  by ex trusion as 

per the method  given in Fig. 4.

Qual i ty  o f  these m ix es  were eva lua ted based  on four  parameters ,  viz.. 

yield ratio,  nutr i t ive value,  cost  and organo lept ic  quali ty.

4.5.1 Y ie ld  R a t io

Yield rat io o f  the 20 m ult im ixes  are given  in Table  7. Yield ratio o f  

both m ul t im ixes  with amaran th  and d rumst ick  were found to range between  

0.61 to 0,73. 9DS was found  to have the highest  yield rat io 0.73 while 3A. 

7A. 9A. 3 OS and 6 DS had a value o f  0 .71. The tab le  fur ther gives  the lac!



fable 7. Yield ratio o f  20 multimixes

(hat m u l t im ixcs  6A and 5DS were found to have  the lowes t  yield rat io of

0.61.

Vlultimixes Yield ratio Multimixcs Yield ratio

1A 0.68 IDS 0.68

2 A 0.70 2DS 0.67

3A 0.71 3DS 0.71

4 A 0.67 4DS 0.63

5 A 0.68 5DS 0.61

6 A 0.61 6DS 0.71

7A 0.71 7DS 0.68

8A 0.68 8DS 0.62

9A 0.71 9DS 0.73

10A 0.64 10DS 0,70

4.5.2 N utritive V alue

The nutr i t ional  superior i ty  o f  the m ixes  were eva lua ted  based on the 

content  o f  major  nu tr i en ts  such as ca rbohydra te ,  p ro tein and  fat and the 

values  are presented in T able 8 . T he energy  conten t  o f  the m ix es  were also 

calculated and recorded.

From the table  it was  found that  a m ong  twenty m u l t im ixe s .  5DS had 

the highest  energy  conten t  o f  394 kcals  and  2A secured the lowes t  value o f  

314 kcals.  While  carbohydra te  content  was high in the multimi.x 3 IDS {70.55 

g) and low in 10A (60 .47  g). Protein and fat content  o f  the twenty 

mult im ixcs  were  calcula ted and from the data  it was  found that  protein



content  was highest  in 6DS (18.92 g) and  it was  low in 5DS (14.49  g) and 

the fat conten t  ranged  from 4.93 g (7A) to 3.01 g (8DS).

fable  8, Nut r i t ive  value o f  20 m u lt im ixes  per 100 gram

SI.No

L

Mult imixe

S
Energy (Kcal)

Nutrients

Carbohydrate

(g)

Protein

(g)
Em ig>

1 1A 341 62,59 17.45 4.79

' 2 A 314 63,87 18.32 4.32

3 3A ........... 3 3 9 ........ 70.23 _ 7 8 . 1 6 4.76

r 4
■ ■■

4A 341 61.70 15.17 3.32

5 5A 392 65.08 16.32 3.10

6 r 6A 352 62.03 18.42 4.62

[' 7 " 7A ” 345 64.16 16.42 ’ 4 9-

8 ”  8 A 343 ”  60.85” " T7"50 ' 1.91 “

9 ; ' 9 A

10 !()A

347 6 3 1 1 ”  16.37 4.0!

349 60.47 15.48 3,01

i r " IDS 343 62.9 [ 17.37 7 . 0 4

12 21)S 316 64.19 18.14 4.62

13 3DS 342 ^  70.55 18.26 4.56

14 4DS 343 62.02 15.18 3.01

15 5DS 394 65.40 ~  7 4 A 9 - 3 19

16 6DS 356 62.35 18.92 4.52

I D S 347 64.48 16.31 4.86

18 Y d s 345 6 i . l 7 7 7 4 0 3.01

9DS i 349 63.4 3 16.39 4.39

20 | 10DS ..........3 5 ! .............. 60.79 " 74 .69
L_..........

3.73



A b

The cost  o f  the m ul t im ixes  were ca lcu lated  on  the basis  o f  market  

value o f  the ingred ien ts  used to process  one  ki logram, to which  20  per cent 

was added  as  ove rhead  charges .Cos t  o f  20 m u l t im ixcs  is p resent ed  in the 

Table 9.

4.5.3 Cost

fable  9. Cos t  o f  20 m ul t im ixes  per  ki logram

Mult imixes Cost M ult imixes C o .,1

1A 23.00 1 DS 18.00

2A 27.00 2DS 22 .00

3 A 32.00 3DS 22 .00

4A 30.00 4DS 24.00

5 A 24.00 5DS 18.00

6 A 35.00 6 DS 29,00

7 A 34.00 7DS 29.00

8 A 29.00 8DS 23.00

9A 23.00 9DS 18.01)

10A 23.00 I0D S 18.00

The cost  o f  m u l t im ixes  var ied from 18 Rs pe r  k i lo g ram  to 35 Rs per 

ki logram. A no the r  feature  which  was  clear f rom the tab le  w as  that the mixes 

containing d rum st ic k  leaves had a lower cost ( ranging from Rs.18 to 29 per 

kg} when com pared  to those conta in ing  amaran th  leaves (23 to 35 Rs). It 

was further  not iced that a m ong  the mixes con ta in ing  d rum st ic k  leaves IDS. 

5DS.  9DS and 10DS were lower in cost (Rs.18 per  kg)  when  com pared  to 

other mixes:  w h i le  6 DS and 7DS had higher  cost  (29 Rs per  kg). 11 was also



noticed that m ix es  con ta in in g  amaranth leaves 1A. 9A and 10A were lower 

o f  cost Rs.23 per  kg while  6 A was found to cost  Rs. 35 per  kg. being the 

costliest.

4.5.4 O rganoleptic E valuation

All the twenty  m ult im ix es  were subjected to o rgano lep t i c  evaluat ion 

using a score card  by a panel  o f  ten expert  ju d g e s  and s ix character is t ics  

namely, appearance ,  colour ,  f lavour ,  consis tency ,  tas te and  doncness  were 

evaluated. The  m ea n  scores  were tabula ted  and the resul ts  are presented  in 

Table 10.

In the ease o f  appearance ,  the mean  score was found to range from 

2,7 for the m ult im ix  9A to 4.3 for the mul l im ix  8A out  o f  a m a x i m u m  score 

o f  5.0. Scoring  for co lour  revealed that the highest  score was recorded for 

8A (4.3) and lowes t  was for 9A (2.7).  Three  mul t im ixes ,  viz.. 2I)S. 2A and 

iODS had the m ax im u m  scores  o f  3.9 for f lavour ,  whi le  6 A had the 

m in im um  score o f  2.9, whi le  scoring for cons is tency the values  were (bund 

to vary from 3.0 ( 6 A) to 4.7 (3A). For taste,  10DS w as  found to have the 

highest score o f  3.8 and 10A and 6 A were recorded  to have the lowest  score 

o f  2.7. When doneness  was cons idered  the score w'as found to range from a 

m in im um  o f  3.7 (6 DS) to a m a x i m u m  o f  4.7 ( 8DS).

Signif i can t  d i ffe rence  at one pe rcent  level w'as found with respect  

to appearance  and cons is tency be tw een  the va r ious  mixes ,  wh ile  in the case 

o f  colour,  the di ffe rence  wras s ignif icant  at five per  cent  level.  For  the rest o f  

the qual i ty  pa rameters ,  the di ffe rence  were found to be nonsigni f ieau l

The  m ean  score obtained for six cha rac te r is t ic s  o f  individual  mixes 

were added up to find the total m ean  score.  Here the m ea n  score o f  those 

mixes in DS stream (drumsti ck  leaves added mixes)  ranged  from 19,9 (6 DS) 

to 24.6 (8 DS) and that o f  A (am aran th  leaves added m ixes )  ranged  from 18.6 

(6A) to 24 (3A)  out o f  a m a x i m u m  at ta inab le  score o f  30. Signif icant  

difference (at five percen t  level)  were obse rved  be tw een  the different 

mul t im ixes  as far as their  total accep tabi l i ty  scores  were concerned.



Table 10. Mean acceptability score for different organoleptic characteristics o f  the mult imixes

SI.
No

M u l t i 
m ix es

Appearance C o l o u r F la v o u r Consistency T a s te D o n e n e s s Tota l  m e a n  score

DS A DS A DS A DS A DS A D S A
D S .  A

Mean Rank Mean Rank

1 1 3.9 3.7 3.9 3.7 3.8 3.5 4.2 4.5 3.3 3.4 4.1 4 .4 23.2 23 .2

2 2 3.8 3.3 3.1 3.3 3.9 3.9 4.3 3.4 3.7 3.3 4.4 4.5 231 21.7

3 3 4.2 4.1 3.8 4.1 3.7 3.4 4.5 4.7 3.1 3.5 4.2 4.2 24.1 II 24.0 III

4 4 3.6 3.1 3.8 3.1 3.6 3.6 3.7 3.3 3.2 3.1 4.3 4.3 22 .2 20.5

5 5 3.4 4.0 3.7 4.0 3.5 3.3 4.0 3.9 3.4 3.0 4.1 4.3 22.1 22.5

6 6 3.1 2.8 3.4 2.8 3,1 2.9 3.7 3.0 2.9 2,7 3.7 4.4 19.9 18.6

7 7 3.3 3.8 3.4 3.8 3.5 3.4 3.9 4.2 3.2 3.6 4.5 4.3 21 .8 23.1

8 8 4.1 4.3 4.2 4.3 3.5 3.3 4.5 4.0 3.6 3.0 4.7 4.4 24 .6 I 23.3 IV

9 9 3.2 2.7 3.2 2.7 3.7 3.7 4.1 3.8 3.5 3.0 4.5 4.4 22.2 20.3

10 10 3.3 3.2 3.3 3.2 3.9 3.4 4.1 3,7 3.8 2.7 4.5 4.3 22.9 20.5

F va lue 3 .3 37** 1.744* 1 .323NS 2 .7 43** 1 , 2 8 0 ns 0 . 9 9 8 ns 1.93*

CD 0.71 0.76 0.64 0.77 0 .80 0 .59 0.52
NS -  Not  s ignif icant ,  * S ign if icant  at  5 per  cent level , ** Signif i can t  at  1 per  cent  level



Based on the total acceptabi l i ty  scores,  the twenty m ix es  were ranked.  

Based on rank ing ,  m u l t im ixes  8 DS. 3DS.  3A and 8A were found to occupy 

the first four  posi t ions,

As acceptab i l i ty  is one  o f  the most  impor tan t  charac te r is t ic s  for 

select ion o f  a food,  these mixes  that had  high rank order,  W;., 3 A. 3DS.  8 A 

and 8 DS were se lec ted  for fur ther detai led analysi s  for ident i fy ing m u s t  

suitable mult im ix .  The composi tion o f  the four mult imixcs selected are given in 

Table 11.

fable 11. Composit ion o f  the four selected mult imixes

M ult imixes

3 ACIDS

L Ragi  

| Greengram  dhal 

Soya

A m aran th /D rum s t i ck  

leaves 

Rice

Pr opor t ion  (g) 

60

8 A /8 IDS

Black g ram  dhal 

Soya

A m a ra n th /D rum s t i c k

leaves

10

T o "

15

5

55"

25"

I T

5

As indicated in table 11 the mult imix 3A and 3DS contained rice. ragi. 

green grant . soya and amaranth in the proportion o f  60 per  cent, 10 per  cent, 10 

per cent. 15 per cent and 5 per cent respectively. The only difference that existed 

between 3 A and 3DS was that 3DS had drumstick leaves in the place o f  amaranth 

added to 3 A. The multimixes 8A and 8DS had 55 per cent o f  rice, 25 per cent of  

black gram dhal. 15 per cent o f  soya and 5 per cent o f  the green leafy vegetable. 

While 8A had amaranth.  8DS contained drumstick leaves.



In order to analyze the suitability o f  four multimixes for feeding infants 

they were further subjected to chemical,  physical and rheological.  nutritional, 

sanitary quality evaluation and for shelf  stability test. The results obtained from 

the above investigations arc detailed below.

4.6 T1 If; CHHMICAL COMPOSITION OF Ml JLTIMIXHS

In order to assess the chemical nature o f  the selected four mult imixes,  they 

were subjected to chemical analysis. They were analyzed for their moisture, total 

protein, fat. total carbohydrate, crude fibre, iron, calcium, sodium, potassium, loial 

ash and acid insoluble ash content through standard laboratory techniques and the 

results obtained are presented in the Table 12. They are the mean values o f  

triplicate samples  analyzed,

fable 12. Chemical Composit ion o f  the selected mult imixes

Components/lOOg 
of the

Multimix
3A 3DS

IV

8A

lultimix

8DS F
1

CD

Moisture (g) 3.75 2.99 2.83 2.38 17.419** 0.5338 1

Total Protein (g) 

Fat (g)

i 17.45 16.35 16.50 15.80 41.810** 0.41660

4.10 4.00 j 3.10 2.20 23.470** 0.7376 ■

Total Carbohydrate 
(g)

68.00 70.50 54.00 56.50
i 1 

179.777** 1 2.404 1
L  .. .. L

Total Ash (g) 0.0785 0.0745 0.093 0.084 1 22.849** 6.9405 j

Acid Insoluble Ash

(e)

0.0034 0.0034 0,0038 0.0038 0.439 NS 1.517 j

Crude Fibre (g) 1.525 1.97 0.7 0.825 29.099** 0.436 |

Calcium (mg) 320 340 240 180 27.33** 55,52 1

Sodium (mg) 0,013 0.009 0.011 0.008 716.298** 3.101 1t
Potassium (mg) 0.064 0.050 0,067 0.056 782.216** 8.7426.... j

Iron (mg) ]10 .5 11.75 6.75 8.75 100.777** 0.8499
* *  Significant at I percent level , N S  Not Significant

As shown in Table 12, the moisture content o f  the mult imix 3A was 3.75 g 

whereas 3f)S contained 2,99g and 8A and 8 0 S  were found to contain 2.83 g and



2.38 g o f  moisture per  lOOg o f  the sample. As revealed from the table multimix 

8DS had the lowest moisture content while 3A had the highest value. The data 

also revealed that there was significant difference between the four samples, a s  far 

as the moisture content was concerned.

Total protein content o f  the mult imixcs ranged from 15.80g to I7.45g and 

highest protein content was observed in mult imix 3A while 8DS had the lowest 

value o f  15.80g per lOOg. 3DS and 8A had a protein content o f  16.35g and 16.50g 

respectively.

Fat content was found to be high in the mult imix 3A i.e., 4.1 g while 8 DS 

recorded the lowest value (2.20 g). The estimated value for fat was 4.00 g and

3.10 g lor 3DS and 8A respectively. Significant difference was observed between 

the samples and the difference was significant at one percent level.

The total carbohydrate content wrcre 68.00g, 70.50g 54.00g and 56.50g for 

the mult imixes 3A. 3DS. 8A and 8DS respectively.

The total ash content varied from 0.074g to 0.093g for the four 

combinations. Acid insoluble ash content o f  the multimixcs w'erc 0.0034g.

0.0034g. 0 .0038g and 0.0038g for 3A, 3DS, 8A and 8DS respectively. However 

the difference in this component  among the mixes was not significant.

The lowest content o f  crude fibre was observed in mult imix 8A i.e.. 0.70g 

followed by multimix 8DS (0,825g); where as 3A and 3DS contained higher fibre 

content compared to 8 A and 8DS. The fibre content o f  3A and 3DS were found to 

be 1,52g and 1.97 respectively per 100 g o f  the sample.

T he mult imix 3DS had the highest calcium content  o f  340 mg out o f  the 

four samples tested .The combinations 3A, 8A and 8DS contained 320mg.  240mg, 

180mg of  calcium respectively.



The sodium content o f  the four multimixes ranged from O.OOSmg to 0.013 

mg. The highest sodium content was found in the multimix 3A and lowest was for 

8DS.

As shown in ' fable12. the content o f  potassium in the lour multimixes 

were 0.064 mg.  0.056mg, 0 .067mg and 0.050 mg in 3A . 3DS.  8A and XDS 

respectively ,

The iron content  was found to be highest in the multimix 3DS being 

11.75mg/100g. while 8A contained lowest iron content o f  6.75 mg/lOOg among 

the four mixes analyzed. 3A and 8DS contained 10.50mg and 8.75mg of  iron 

respectively in lOOg o f  the sample.

In a nutshell, from the data presented in Table 12, it was observed that 3A 

was found to contain highest amounts  o f  protein and fat. While considering the 

content o f  minerals such as iron and calcium 3DS was found to be superior to 

other three combinations. While analyzing the trace element  content  in the four 

combinations it was found that 8DS had the lowest value lor sodium and 

potassium.

The over all picture revealed that as far as the chemical  composition was 

concerned there was significant difference between the four mixes.

Vitamin C content were calculated and the 3A and 3DS found to be 4.9 mg 

per 100 g while 3DS and 8DS gave a value of  11 mg. Vitamin A content o f  the 

developed products W'as from 350.5 to 417.7 IU per 100 g. Thiamine and 

riboflavin content o f  the developed products ranged from 0.23 to 0.25 mg per 100 

g and 0.14 to 0.155 mg per 100 g respectively.

4.6.1 Product Quality Index based on Chemical Composition

The product quality index based on chemical composition was worked out 

to identify the best mix.



In order to determine the quality index based on chemical composition, 

eleven characters such as moisture, total protein, fat. total carbohydrate, crude 

fibre, iron, calcium, sodium, potassium, total ash and acid insoluble ash content of  

four multimixes were taken into account. The quality indices obtained for the four 

products are presented in Table 13.

Table 13. Product quality index based on chemical composi tion

L ________
M ultim ixes Index value R a n k

3 A 76754.02 li

3DS 76267.53 Ml

8A 85717.00 1

8DS 72071.32 IV

As shown in Table 13, the multimix 8A was found to secure the highest 

index value o f  85717.00 and the least index value was for 8DS, 72071.32. 3A and 

3DS were found to have values o f  76754.02 and 76267.53 respectively.

4.7 PHYSICAL A N D  RHEOLOGICAL CHARACTERISTICS OF THL 

SHLKCTl 'D MUI.TIMIXHS

Nutritional requirement is not the only prerequisite in formulating 

complementary food for an infant. It should also have other favourable qualities, 

that makes it suitable to feed a child. Therefore physical qualities like yield, ease 

o f  preparation, particle size and rheological properties such as bulk density and 

viscosity were ascertained. Moreover  process loss and yield were also estimated 

to assess commercial  and economic viability o f  the products.

4.7.1 Yield o f the M ultim ixes

Yield o f  c om plem en ta ry  food bo th  after  p roce s s ing  and while 

convert ing  the same into a recipe is a major  factor  that  de te rmines  the 

suitabil ity o f  mixes  for large scale p rocess ing  and com m erc ia l iza t io n .  The 

ingredients  o f  the m ix es  shou ld  give a m ax im u m  yield both after  processing 

and during prepara t ion .  Keeping  this in view,  p rocess in g  loss  and yield ratio



5 '4

4.7,1.1 Processing Loss and Yield Ratio

Processing loss and yield ratio o f  raw ingredients are given in Table 14. 

Tabic  14. Process  loss and  yield o f  raw ingredients

o f  m ult im ixes  dur ing  process ing  and yield rat io after  cook ing  were worked

out.

r Mult imix A P ( g ) HP (g) Process  loss Yield

3 A 1 1000 6130 0.44 0.55

3DS 11000 7400 0.32 0.67

8A 9000 4340 0.51 0.48

8 DS 9000 5610  ̂ 0.37 0.62

Process loss  was found to range from 0.32 to 0.51 and it was loun

be high in m ull im ix  8A and low in mix 3DS and  the o ther  two mixes had a 

loss o f  0.37 ( 8DS)  and  0.44 (3A).

The  data  revealed that  the highest  p roduct  yield was  observed  for the 

mix 3DS fol lowed by 8DS and 3A,  while  8A recorded  the lowes t  yield.

4.7.1.2 Y ield R atio (recipe)

Yield ratio o f  different  supp lem ents  w:hi le c onve r t ing  the mult imix 

into a recipe were worked  out  and detai ls  are given in ' f ab le  15.

Table  15. Y'ield rat io ( recipe)

Mult imix  

3A 

3DS 

8 A 

8 DS

Yield ratio 

5.80

6.67

6.52

6.00



The da ta  revea led  that  3DS has the highes t  yield while  3A was lbund 

to be a poor  yielder.  W hile  convert ing  the dry mix into a recipe,  yield ratio 

of  8A and 8 DS were close  to each other.

f r o m  the above  detai ls  it was c lea r  that  p roduct  31)S has high 

process  yield,  low p rocess ing  loss as  wel l as high yield rat io during  cooking,  

when compared  to o ther  three mixes.

4.7.2 Ease o f Preparation

The lime spent for processing the mull imix into a recipe (porridge) was 

used to determine the case o f  preparation and the result obtained are depicted in 

fable 16.

fable 16. Time needed for preparation

M ult imixes

3 A

Tim e  (minutes)

3.20

3DS

8 A

3.00

3.10

8DS
L_.

3.10

From fab le  16 it was  unders tood  that  the t ime requi red  for the 

prepara t ion o f  a su i table  recipe from these  four  m ix es  is app ropr ia te ly  same

i.e.. a round 3 minu tes ,

4.7.3 Particle size distribution

The part icle  size o f  four  mixes  were found to be s im i la r  because  they 

were all s ieved th rough  a s tandard s ieve o f  60 mm mesh  size.

4.7.4 Bulk densitv

Bulk density o f  the mullimixes are presented in Table 17.
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iab le  17. Bulk density  o f  the m ultim ixes

Multimixes Bulkdensity (g/ml)
3A 0.082

3DS 0.084

8A 0.075

8 DS 0.078

The bulk density varied from 0.77 for 8A to 0.85 for 3A. Therefore 

from this point of  view. 8A is superior to other mixes since a complementary food 

should have lesser bulk.

4,7.5 Viscosity

Viscosity o f  four mult imixes were measured with the intention of  

ascertaining the suitability o f  mixes to feed an infant o f  six to nine months o f  age 

and the details are represented in fable 18.

Table 18. Viscosity o f  mult imixes

Viscosity 
! (cp)

Mult imixes

3A 3DS 8A 8DS

i 1627 1638 1577 1586

Viscosity o f  four mult imixes were analysed using Rapid Viscu Analyser 

and 8A showed lower viscosity o f  1577 cp and the multimixes 3DS, 3 A and 8 0 S  

had a viscosity o f  1638 cp. 1627 cp and 1586 cp respectively and are presented in 

fig. 5.

4.7.6 Product Quality Index based on Physical and Rhcological character

A product quality index based on physical and rheological characters were 

worked out to identify the mix that is most suitable for feeding infants. Four 

parameters, i.e.: bulk density, viscosity, yield ratio and ease o f  preparation were 

taken into account to work out the product quality index. The quality index for 

physical and rheological characters o f  the four mult imixes are presented in the 

Table 19.
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! able 19. Product quality index for physical and rheological characters

Multimixes T  Index value

478.1483A

3DS

8A

8DS

Rank

IV

502.833

544.202

518.648 II

The values presented in Table 19 shows that the multimix 8A has the 

highest score for physical and rheological characters, ie; 544.202. The multimix 

8I)S had an index value o f  518.648 which was next to 3DS (502.833) and 3A had 

the index value o f  478.148, which was the lowest.

The above details reveals the fact that 8A has superior physical and 

rheological qualities when compared to other three mixes.

4.8 N U T R I T I O N A L  A D E Q U A C Y

The nutritional adequacy o f  the four mult imixes were assessed on the basis 

o f  four characters such as, calorific value, protein energy ratio, chemical score and 

amino acid score and the details are presented in Table 20.

Table  20. Nu tr i t iona l  adequacy o f  the m ult im ixes

Pa rameters

Calori f ic  value (kcal)  

Protein energy  ratio

M ult imixes

3A 3DS 8A 8 DS

339 343 1 342 'J-t

21.42 21.35 20 .40 20.17

Chemica l  score 

! Amino acid score

95

87

| 80 

J . . A 2
The  calor if ic  va lue  for  m ul t im ixes  when co m p u te d  revea led  that 3A 

would supply 339 kcal o f  energy and 3DS,  8A and 8DS w e re  found to supply 

343 kcal,  342 kcal and 345 kcal  o f  energy respect ive ly.  The  calor i f ic  value 

o f  mult imix  8DS (345)  was found to be the highest  and that  o f  3A was the 

lowest  (339) when com pared  be tween  the mixes.



H ow ever  the prote in  energy  ratio was found to be high in 3A (21.42)  

and it was s l ight ly  low in 3DS (20.17).  8A and 8DS had still lower  values  o f  

20.40 and 20 .17  respectively.

Chemica l  score o f  3A and 3DS were 95 while  8A and 8 DS had lower 

values o f  86 each. The am ino  acid score was found to be 87 for  3 A and 3DS 

and 82 for 8A and 8DS,

Klizabcth (1998)  reports that  by five m on ths  o f  age weight  o f  the 

child doubles  and becom es  a round six ki logram and the baby  needs 600 to 

700 calor ies  per  day. 600 ml o f  breast  milk can supply  400 calor ies .  Rest of  

the r equ i rem en t  (about  300)  is to be fulf il led up by the supp lem en ta ry  food. 

Here the deve loped  mixes  supply  339 calor ics  to 345 ca lor ies  per  100 gram. 

This indicates  that  all the four mixes can effec t ively  meet  the energy 

requi rements  o f  an infant.  As far as energy supply by prote in  is concerned,  

the protein energy  ratio suggests  that  the four mixes have  adequate  amount  

o f  protein and energy,  ICMR (1991)  has s ta ted that  the diet  o f  an infant 

should have a prote in  energy  rat io not less than 6 .8 . Here all the mixes  have 

the protein energy  ratio above  20, M oreover ,  the pro tein qual i ty  o f  m ix es  arc 

found to be o f  excel len t  na ture ,  as the chemical  score o f  3A. 3DS were 95 

and that o f  8A, 8DS were 8 6 . Mallesh i  (1995)  has s ta ted that  a wean ing  food 

should have a chemica l  score above  60.

Hence  based  on the above  f indings all the four  m ix e s  are found to be 

nutri t ionally  adequate .

4.8.1 Product Quality Index based on Nutritional adequacy

To find out nutritional adequacy index o f  four mult imixes four parameters 

were taken into account such as the calorific value, protein energy ratio, chemical 

score and amino acid score. The quality index for nutritional adequacy and quality 

are showm in the fable 21 .
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Table 21. Quality index Tor nutritional adequacy

Multimixes Index value Rank

3A 38.25 I

3DS 37.31 II

8A 33.84 IV

8DS 33.93 in

As shown in Table 21 the index for nutritional adequacy and quality varied 

from 33.84 to 38.25 and 3A had the highest index value while 8A secured the 

lowest index seore.

4.9 S A N I T A R Y  Q U A L IT Y  OF M U L T IM IX E S

In order  to ensure  that  the mixes  are safe  for feeding  infants an 

at tempt  was m ade  to assess  the total bacteria l  count ,  and  also to find out  the 

presence o f  E. col i  con tam ina t ion ,  i f any. These  two would  give an insight 

into the sani tary qual i ty  o f  the mixes  and the detai ls  are p resented  in the 

Table  22.

Table  22, Total bacteria l  coun t  o f  the mul t im ixes

M ult imixes E value Cl)
Parameter

3A 3DS 8A 8DS

Total  bacteria l  
count  (1 0 0  g"1)

1425 1225 2275 650 190.3** 2,40

**Signif i can t  at 1 per  cent  level

Total bacter ia l  coun t  o f  m ul t im ixes  3A.  3DS.  8A and 8 0 S  were 

found to be 1425, 1225, 2275 and  650 respect ively.  The  low'er bacterial  

count  was obse rved  in 8 DS. Though  these values  indicate  that  the mixes  are 

not abso lutely  s ter ile,  the values  are m uch  be low the adm iss ib le  levels 

suggested by BIS (5000  per  g) and the resul t  revea led  that s ignif icant  

difference was obse rved  at one per  cent level be tw een  the different  mixes.  

Further,  the p resence  o f  E. coli  when assessed  revea led  that  it was absent  in



4.10 SH ELF LIFE

In the process  o f  asce r ta in ing the s h e l f  life, the m ul t im ixes  were 

packed in po lyethy lene  covers  and  s tored for a per iod o f  three m on ths  under  

ambient  condi t ions .

Storage  s tabi li ty  o f  the mixes were assessed by su i table  chemica l ,  

physical  and mic rob io logica l  methods.  Pr imari ly  the perox ide  value and 

moisture  con tent  af ter  a period o f  three months  o f  s to rage  were assessed.  

Moreover ,  the var ia t ion in the total bacter ia l  count  was assessed  by serial 

di lut ion t echn ique  and the extend  o f  damage  by insec ts /pcs ts  were also 

assessed by visual  examinat ion.  The resul ts o f  the above  t ria ls  are detai led 

in l'ahlc 23.

Table 23. S h e l f  life qual i ty  o f  m ult im ix es

all o f  the four  mul t im ixes ,  indicat ing the absence  o f  faecal con tamina t ion ,

ensuring the sani tary quali ty o f  the mixes.

M u l t i m i x e s

F va lue C DParamete r s 3 A 3 D S 8 A 8 D S

P e r o x i d e  v a l u e  
( m e q  / lOOg)

0 .7 0 .7 0 .7 0 .8 M ) . 3 3 ns 0 . 2 1 8

M o i s t u r e  
c o n t e n t  ( g / 1 OOg)

3 .9 3.5 3.7 3.5 2 4 . 7 2 ns 0 . 1 5 7

B a c t e r i a l  c o u n t
(g/  lOOg)

1 725 1575 2 4 2 5 1 100 1 0 4 . 9 2 * * 1.64

In sec t  a n d  pe s t  
i n f es t a t i o n

A b s e n t A b s e n t A b s e n t A b s e n t

**S ign ifican i at I per cent level

The perox ide  value o f  m ult im ixcs  after  s to rage  for three mon th s  were 

found to be 0.7 for 3A,  3DS and 8A. 8DS s how ed  a va lue  o f  0.8 which 

indicates that  chemica l  change  due to ox ida t ion  o f  fat e i the r  by air  or by 

microorgan ism has set in the mixes  in a mild way.  Highes t  pe rox ide  value



In the initial stage, moisture content o f  mult imix as shown in t able 12 

was found to be lower than s tored product  (Table  23). The  m ois tu re  content  

o f  the s tored products  were 3.9 g. 3.5 g, 3.7 g and 3.5 g for m u l l in u s e s  TV 

3f)S,  8 A and 8DS. whi le  the mois tu re  con tent  in the init ial  s tage was  3.75 g. 

2.99 g, 2.83 g, 2 .38 g respect ively.  This  picture  ind ica tes  that  all the mixes 

have absorbed moisture from the atmosphere since there is a increase in the 

moisture content  in ail samples.

Bacter ia l  coun t  was  taken before  and  after  s tor ing the product  for 

three months .  Initial  bacteria l  coun t  o f  the m ult im ixcs  as shown in the fable  

20 were lower than that  o f  s tored products .  When  the product  was  s tored for 

3 months  the bacteria l  coun t  were 1725, 1575. 2425,  ] 100. but  in initial stage 

it was 1425. 1225, 2275 and 650 for 3A.  3DS,  8A and 8 DS respect ively.  

This indicates  that  there  is an increase in bacterial  coun t  in all the mixes;  

while  m ax im u m  increase was  observed in 8 A fo l lowed by 3A and 3 l )S .The  

least increase  w as  recorded  in 8DS. H ow ever  increase in total bacterial  

count  was still wi th in the acceptab le  range suggested  by IS I. Signif icant  

difference was obse rved  at one per  cent  level for bacteria l  count .  But  for 

peroxide value and mois ture  content ,  the d i ffe rence  were (bund to be 

nonsignif icant .

No pest or mould in festat ions were obse rved  in any o f  the four 

samples  when s tored in polyethylene covers  for a pe r iod  o f  three months  

under ambient  condi t ion.

After  s to rage  o f  three months  the m ul t im ixcs  were eva lua ted using a 

score card by a panel o f  10 expert  judges  for de te rm in ing  the organolep t ic  

quality. The total mean scores  are p resented  in Tabic  24.

was observed in 8DS when compared  to other  mixes  wh ich  showed  s imilar

values.



"able 24. Mean  total  accep tabi l i ty  scores  o f  m ul t im ixes  after  s torage

M ultim ixes Quality e v a lu a t io n Rank

3A 23.5 III

3DS 23.5 111

8 A 26.5 I

8 DS 24.5 11

M a x i m u m  sc or e :  40

From  the  above  table it is c lear  that  8A had the highes t  score (26.5).  

while  3A and  3DS secu red  s im ila r  scores  o f  23.5 and  8 DS ob ta ined  a score 

o f  24.5. The  above  data  indicated that  8A is the m os t  accep tab le  one  even 

after  s torage as per  j u d g m e n t  given by the experts .

4.11 C O M P A R I S O N  OF D E V E L O P E D  P R O D U C T S  W IT H IS S T A NDA RD 

A N D  C O N T R O L

In order  to j ust i fy  the qual i ty  o f  the deve lo ped  products  with a goal to 

cheek the su i tabi l i ty  o f  the mater ia l  for c om m erc ia l  exp lo i ta t ion t h e  

charac ter is t ics  o f  the mixes  were compared  with IS s tandard speci f icat ion 

for "processed cereal  wean ing  food" s tipulated under  IS 1656 to 1 9 6 6 .  T h e s e  

products  were  also com pared  wi th  a control  which  is a po p u la r  commerc ia l  

rice based com ple m e n ta ry  food used for feed ing  infants  in Kerala ,  i.e.. 

Nestum. The pa ram ete rs  used for com par ing  the deve lo ped  products  with the 

IS specif ica t ion were the moisture ,  total protein,  fat, total ca rbohydra te ,  

calc ium, iron, acid insoluble  ash and  f iber  w'hich asce r ta ined  through 

chemica l  analysi s  and the resul ts of  such compar ison  are  given in f ab le s  25 

to 33.

4.11.1 M o is tu re

Mois tu re  con tent  o f  m ult im ixes  were com pared  with IS s tandard and 

that o f  control  and the detai ls  are presented in f ab le  25.



Table 25. Moisture content o f  multimixes in comparison with IS standard and
control

Multimixes Moisture (g /100 g)

3A 3.75

3DS 2.99

8A 2.83

8DS 2,38

Control 4,15

Standard 10 (maximum)

V value 502.07 **

CD 0.438

** Significant at 1% level

The maximum  permissible moisture content o f  a weaning mix as per IS 

specification is 10 g per 100 g. The moisture content o f  the developed products 

ranged from 2,38 to 3.75g. While the moisture eontenl o f  control (Neslurn) sample 

was 4.15. Hence form the data it is clear that all the developed products and control 

satisfied the standard recommendation however, significant difference in the moisture 

content between the standard and the different product was observed to exist.

4.11.2 T o ta l  P ro te in

1'otal protein content o f  multimixes in comparison with IS standard and 

control arc presented in fable 26.

fable 26. Protein content o f  mult imixes compared with IS standard and control

Multimixes
3 A

Total Protein (g /100 g)
17.45

3D S 16.35

8A 16.50

8DS 15.80

Cont ro l 6.85

Standard 14,00 (m in im u m )

P value 854,57*'"

C D 0.463

** Significant at 1% level
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Though the min imum amount  o f  protein a cereal based complementary 

food should contain as per the IS standard is 14g /lOOg the mult imix 3A has a 

protein content o f  17.45g while 3DS, 8A and 8DS have a protein level o f  16.35g, 

16.50 g and 15.80 g respectively. It is o f  special interest to note that the control 

was analysed to contain only 6.85 g /100 g.Hence all the developed mixtures were 

found to satisfy the standard requirement for protein. But  the control do not even 

supply half o f  the requirement.

4.11.3 Fat

Fat eontent o f  mult imixes and control samples in comparison with IS 

recommendat ion are presented in Table 27.

Table 27. Fat content o f  mult imixes compared with IS standard and control

Mult imixes

3 A 

3DS 

8A 

8 DS 

Control

Standard

F value 

CD

F a t ( g  /100 g)

4.1

4.0

3.1

3.2

0.7

7.5 (maximum)

208.8**

0.549

**Signifieant at 1% level

The maximum content o f  fat as recommended by standard specification is 

7.5g. The developed products contained fat in the range o f  3.1 to 4.1g/100g. The 

fat content o f  control was found to be 0.7 g / 100 g which is too low a level, 8A 

and 3A have fat content o f  about 3.1g and 4.1g respectively. Between the samples 

significant difference could be observed as per the data presented in fable 27

4.11.4 Total Carbohydrate

Carbohydrate content o f  multimixes were compared with IS standard and 
control and the details are given in ' fable 28.



Table 28, Carbohydrate content ol 'multimixes in comparison with IS standard and
control

Multimixes Total carbohydrate (g /100 g)

3 A 68

3DS 70

8A 54

8DS 56

Control 66

Standard 45 (minimum)

F value 1 56.7**

CD 2.735
nificant at 1% level

The amount  o f  carbohydrate when estimated revealed that 3DS has a value 

of  70 and it was the highest among the mixes. Products 8DS, 8A and 3A were 

found to have 56. 54, 68 g o f  carbohydrate respectively per 100 g o f  sample. The 

total carbohydrate content o f  control sample was found to be 66 g while the 

minimum requirement as per the IS requirement is 45 g. Hence, all the developed 

products and control samples were found to have a high carbohydrate content and 

significant difference was observed between the products as far as their 

carbohydrate content was concerned.

4.11.5 C a lc ium

Calcium content o f  the test and control samples are given in fable 29, 

Higher calcium content w'as estimated in the mult imix 3DS i.e., 340 mg. while 

8DS had a value o f  180 mg. 3 A  and 8 A had calcium content  o f  about  320 mg and 

240 mg respectively. But the standard requirement for calcium is 1000 mg. I Ience 

it is evident that none o f  the products are eligible to meet  the standard 

recommendation. The control also has a low calcium content  i.e.. 250 mg and 

significant difference was observed between the samples  at one per cent level.
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Table 29. The calcium content o f  multimixes in comparison with IS standard and
control

M ultim ixes C a lc ium  (m g /100 g)

3 A 320

3DS 340

8A 240

8DS 180

Control 250

Standard 1000 (maximum)

F value 529.1**

CD 0.423

** Significant at 1% level

4,11.6 Iron

Iron content o f  multimixes are presented in Table 30 

Table 30. Iron content o f  multimixes are compared with IS standard and control

Multimixes
3A

[ ________ 3DS_
_8A

__8D S_ 
Control 

Standard 
| F value

L 1  C D
** Significant at 1% level.

Iron (mg 100/ g)
 j 0 . 5  _  _

_ 1 T 7 5 _
 6 / 7 5 _____

8.75
14,25 

10.00 {minimum) 
157.59** 

0.706

In the case o f  Iron, the recom mended level was 10.00 mg. Tw o o f  the mixes had 

Iron values below standard viz.: 8DS (8,75 mg), 8A (6.75 mg). 3DS and 3A were 

estimated to satisfy the standard requirement. But the control had a high Iron 

content, i.e.. 14,25 mg. This also causes imbalance in the commercial sample.



Ash content ol'multimixes and control samples are presented in Table 3 1. 

Table 31. Total ash content o f  multimixes compared with IS standard and control

4.11.7 Total Ash

•
Multimixes Total ash (g /100 g)

3A 0.0785

3DS 0.0745

8A 0.0930

8 0 S 0.0845

Control 1.3500

Standard 5.0000 (maximum)

h value 1034.7**

CD 0.2119

* *Significant at 1% level

It has been stipulated that the total ash content o f  the complementary food 

should not exceed 5g as per the IS recommendations. The total ash content o f  the 

multimixes were 0.0785. 0.0745. 0.0930 and 0.0845 for 3A, 3DS, 8A and 8DS 

respectively; while the total ash content o f  control was found to be l.35g which 

also falls below the maximum limit. Significant difference would be noticed 

between the products as far as their ash content was concerned.

4.11.8 Acid Inso lub le  Ash

Acid insoluble ash content in the samples tested in comparison with the 

standard specification arc shown in Table 32. In the case o f  acid insoluble ash. the 

maximum recommended level was 0.0500 g while all the developed products had 

ash content around 0.003 g per lOOg which is an acceptable low level. The 

insoluble ash content o f  control was 0,085 g. which is higher than dial o f  the 

recommended value. However, between the mixes no significant difference was 

observed.
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I'ablc 32. Acid insoluble ash content o f  mult imixes in comparison with IS
standard and control

Multimixes
3A

3DS
8A_

8DS
C o n t r o l

I-
I Standard 

F value

Acid insoluble ash (g /100 g)
0.0034
0.0034
0.0038

JT003J
0.0830

0.0500 (maximum)
284.8 NS

7.147
\ s Non Significant

4.11.9 Fibre

Fibre content o f  multimixcs are presented in Table 33 along with that of 

the control.

fable 33. Fibre content o f  multimixcs in comparison with IS standard and control

M ultim ixes

3 A

3DS 

8 A 

8DS 

Control

Fiber (g /100 g)

1.525

Standard 

F value 

CO

1.97

0.70

0.825

1.35

1.00 (maximum)

26.54 ** 

0.3216
L _

** Significant at 1% level.

The fibre content o f  3DS was estimated to be 1,97g while 8A had 0.7g o f  

fiber which had the lowest fiber content among the developed mixes. The fibre 

content o f  the control was 1.35g. But the standard recommendation for fibre was

1.0 g (maximum). Hence, except the multimix 8A and 8DS others have higher 

fibre content compared to recommended level. And the mixes showed significant



difference at one per cent level, as far as their fibre content was concerned. It may 

also be pointed out that the control commercial sample has high level o f  fibre 

which is not an acceptable trend. Comparison o f  developed products with IS 

standard and control with respect to selected parameters are shown in fig . 6 to 14.

From the chemical and microbial analysis o f  the mixes and control sample. 

Nestum for the different parameters suggested by IS 1656 to 1969 the following 

salient features were observed. The moisture content o f  the control and developed 

mixes were found to be lower than the maximum  permissible limit. But the mixes 

had higher content o f  protein w'hile the control w'as highly deficient in protein 

(50%). However the fat content w'as found to be low' in both the control and 

developed multimixes. In the case o f  carbohydrate, both the mixes and control 

were seen to satisfy the standard requirement. But in the ease o f  calcium neither 

the mixes nor the control do not seem to satisfy even the m inim um  requirement. 

But for iron, two o f  the developed products and control were estimated lo satisfy 

the standard requirement. The ash content (total as well as acid insoluble ash) o f  

the mixes were within the stipulated range, but the control sample had higher 

value. Analysis o f  fibre content revealed that two o f  the developed mixes along 

with the control had values higher than the IS standard. The overall picture reveals 

that the developed mixes were capable o f  meeting the requirement o f  all the major 

nutrients except calcium. Moreover they were found to be low in antinulritional 

factors such as fibre and ash. It is also o f  interest to note that the commercial 

formula is highly deficient in the most essential nutrient required to ensure growth 

o f  children, viz.. protein and it has higher levels o f  fibre and ash than the 

permissible level which makes it nutritionally less acceptable to feed infants.

4.11.10 Cost

Cost o f  the multimixes were computed according to the existing market 

price o f  individual ingredients used in the four developed formulations and 

overhead charge o f  twenty per cent was also added lo ensure additional expenses 

related to production and it was compared with that o f  commercial formula



(Nestum). The cost wise difference between the mixes and control are presented

in Tabic 34.

fable 34. Cost o f  multimixes in comparison with commercial formula

Multimixcs
Cost of 

ingredients
(Rs)

Overhead at 20 
% level (Rs)

Total c o s t / Rounded 
kg (Rs) value

31.92 32.00. 3 A 26.60 5.32

3DS 18.00 3.60 21.60 22.00

8 A 23.70 4.74 28.44 28.50

8DS 19.00 3.80 22.80! 23.00

control
- - 142.50 142.50

i

The cost o f  multimixes 3A, 3DS, 8A and 8DS were Rs.32, 22, 28.50 and 

23 respectively, while cost o f  control was Rs. 142.50 for one kilogram. Hence 

control was found to be costlier than the developed multimixes. Am ong the four 

multimixes 3DS was found to be the least-cost formulation, while 3A was found 

to be the costliest and are given in Fig. 15.

4.12 ACCEPTABILITY AND PREFERENCE

Even if  a food supplement satisfies all the nutritional requisites, it will not 

be popular if  it lacks consumer acceptability. Therefore acceptability was 

assessed by the experts while preference along with acceptability was assessed by 

hedonic rating by mothers o f  infants. The acceptability o f  four mixes and their 

mean scores are given in Table 24. The result indicated that 8A secured the 

highest score o f '26.5 out o f  30 even after a storage period o f  three months. While 

the other three samples had values ranging from 24,5 to 23.5 which also indicates 

the fact that all the four mixes are acceptable. Preference lbr the selected 

multimixes in comparison with control after a period o f  three months o f  storage 

was assessed by 10 mothers o f  children attending a nearby anganwadi centre and 

the mean scores o f  preference are given in fable 35



3A 3DS 8A 8DS

Fig. 15. Cost o f multimixes in comparison with control

Control



Table 35. Preference score o f  multimixes alter storage

Multimixes Preference score Rank

3A 74 IV

3DS 69 V

8A 88 I

8DS 80 H

Control 78 III

F value 2.87**

_  CD . .
11.91

L..
Significant at 1% level.

f rom  the data it is clear that 8A was highly preferred by the mothers 

followed by 8DS. The least preferred multimix was 3DS. It was also further 

observed that the control sample has a lower preference score o f  78 when 

compared to 8A (88) and 8DS (80). Analysis o f  data presented in Table 35 has 

also revealed the fact that there is significant difference between the four 

multi mixes and the control when preference was measured.

4.13 OVKRALL A D EQ U A C Y  /SUITABILITY INDEX OF M ULTIM IX

An overall adequacy/suitability index was worked out to find out the most 

suitable combination among the four multimixes. An overall adequacy/suitability 

index was developed based on chemical (11 characters), physical and rheological 

(4 characters), nutritional (4 characters), organoleptic (6 characters), preference 

score and cost. The index value obtained are given in Table 36.

Table 36. Overall adequacy index o f  selected multimixes

r Multimixes

3 A

3DS

8A

8DS

Index value

19.064

18.373

24.453

23.214

Rank

III

IV



The result indicated that adequacy index o f  8A was found to be the 

highest (24.453} followed by 8I)S (23.214} while 3A and 3DS had lower values 

(19.064 and 18.378) when compared to other two mixes. Hence 8A is considered 

lo be the best one among the four developed multimixes.

The ultimate result o f  the study revealed that the formulation designated 

as 8A can be used as an adequate mullimix that can be used as a complementary 

food suitable for feeding an infant aged between six to nine months. This 

formulation contains rice, blackgram dhal. soya and amaranth in the proportion o f  

55:25:15:5. This was processed in two stages. The first stage consisted o f  

cleaning, drying and milling to obtain rice flour. This flour was further roasted and 

sieved to obtain a fine flour o f  even consistency. Blackgram dhal Hour was also 

prepared following the same procedure. In case o f  amaranth leaves, fresh leaves 

were separated, cleaned, dried, powdered and sieved. The above three mixes were 

blended 15 per cent soya chunks powder together in prescribed proportion These 

were further sieved through 60 mm mesh size sieve to obtain a mix of even 

particle size. The blend was subjected to extrusion, followed by oven drying, 

powdering and sieving. This gave a soft, fluffy, cream coloured powder o f  

uniform particle size. This when made into a thick porridge suitable for spoon 

feeding, was observed to have high acceptability as proclaimed by expert judges. 

High preference for the mix in comparison with a commercial formula was also 

confirmed by mothers o f  infants. The products seems to be highly viable for 

commercial exploitation, since it satisfies nine out o f  eleven parameters prescribed 

by IS 1656 - 1969. Its nutritional adequacy can be further enhanced if  vi tarn in

mineral premixes are added during commercial processing. Shelf  life can also he 

improved if  modern packaging technology is adopted.
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5. DISCUSSION

T he  resu lts  ob ta ined  in the  p re se n t  s tu d y  en t i t le d  “ D eve lop ing  rice  

based  c o m p le m e n ta ry  food for in fa n ts” are  d isc u sse d  in th is  chap ter.

In an infant fo rm u la  tw o  ing red ien ts  are  need ed  to form  a bas ic  mix 

e.g., cereal and pulse . In th is  s tu d y  en ti t led  “ D e v e lo p in g  r ice  based 

c o m p le m e n ta ry  food fo r  in fa n ts” r ice  fo rm ed  the  cerea l  co m p o n en t  and 

p u lse s  su ch  as b lackg ram  dhal,  b e n g a lg ram  dhal,  g ree n g ra m  dhal,  redgram  

dhal,  cow pea , pea , soya  w ere  se lec ted  to fo rm u la te  the  b as ic  mix.

T h e re  are  va rious  rea sons  to  fo rm u la te  the  bas ic  m ix  w ith  r ice  as 

the  b a se  ing red ien t  o th e r  than  the fact tha t ,  it w as  the  o b je c t iv e  o f  the 

study . M a n ay  and S h a d a k sh a ra sw a m y  (2002 )  has  rep o r ted  that  r ice  p ro te in  

is o f  good  qua li ty  and its  ca rbohyd ra te s  a re  ea s i ly  d iges ted .  A m o n g  the 

ce rea ls  it has  a  c o m p a ra t iv e ly  h igh  co n ten t  o f  e ssen tia l  am ino  acid as 

reported  by  Roy (1992). M o reo v e r ,  K e lly  et al. (1 9 8 9 )  has  s ta te d  that  

cooked  and m ashed  r ice  o r  even  r ice  gruel  can  be  used  for feed ing  in fan ts ,  

as such. M o reo v e r  R a ja lak sh m i (1982 )  has  rep o r ted  that  r ice  is u sua lly  

used  as the  cereal base  for c o m p le m e n ta ry  foods. P o t te r  and H o tchk iss

(1996 )  is o f  the  v iew  th a t  r ice  has  been  reco g n ized  as a food m ate ria l  o f  

m o re  than  h a l f  o f  the  w o r ld ’s p o p u la t ion . A part  f rom  the  above  fac ts  it has 

been  well recogn ized  that  r ice  is ca p ab le  o f  im parting  des irab le  

ch a rac te r is t ic s  like f lavour, co lour, and tas te  in reco n s t i tu ted  p roducts  

(P rince  et al., 1994),

H o w ev er  Po tte r  and H o tchk iss  (1996)  has  o p in ed  that  r ice  has  a 

low  total p ro te in  con ten t  and g en e ra lly  low level o f  lysine . T hese  short 

com ings  can be o v e rco m e  by  ap p ro p r ia te  b len d in g  w ith  pu lses . M anay  and 

S h a d a k sh a ra sw a m y  (2002) have  fu rthe r  s ta ted  th a t  pu lses  can p lay  an 

im portan t  ro le  in b r idg ing  the p ro te in  gap. India  d ep en d s  g rea tly  on pu lses  

to meet its dem and  o f  p ro te in , and are  said  to be  “ P o o r  m a n ’s m e a t” .



4 A

H e n c e  by b len d in g  r ice  w ith  d if fe ren t  pu lses, 64 c o m b in a t io n s  o f  

bas ic  m ix e s  w ere  tried out. A s  the o b jec t iv e  o f  the  s tu d y  w as to deve lop  

rice  based  c o m p le m e n ta ry  food , r ice  form ed 50 p e r  cen t o f  the  bas ic  

m ate ria l  o f  the  m ix , w h i le  the  p u lse  co n tr ib u ted  10 to 50 p e r  cen t  o f  it.

T o  se lec t  the  m o s t  ap p ro p r ia te  bas ic  mix chem ica l  sco re  and  am ino  

acid sc o re  o f  the  c o m b in a t io n s  w ere  w orked  ou t b ecause  it w o u ld  g ive  an 

ind ica tion  to the  p ro te in  q u a l i ty  w h ich  can be used  as a p ro x y  for 

b io log ica l  assays.

M u lt im ix e s  w ere  a lso  fo rm u la ted  by  add ing  a  second  ce rea l  to  the 

bas ic  m ix  because  as rep o r ted  b y  E lizabe th  (1998 ) ,  m o n o  cereal 

p rep a ra t io n  a re  p refe rred  in i t ia l ly  for feed ing  in fa n ts  and a re  to  be 

fo llow ed  b y  m u tl ice rea ls  and c e re a l-p u lse  com bina tions .  Fu r the r ,  she  had  

s ta ted  that  ce rea ls  l ike  rag i,  r ice , w h e a t  are  good for w e a n in g  and had  also 

op ined  th a t  ce rea l-pu lse  c o m b in a t io n  is b e tte r  fo r  w e a n in g  d u e  to 

fo r t if ica t io n  o f  am ino  ac id s  as  ce rea ls  g en e ra lly  lack ly sine  and p u lse  lack  

m eth io n in e .  H ence  rag i  an d  w hea t  w ere  chosen  to fo rm u la te  m u l t im ix e s .  

T h u s  108 co m b in a t io n s  w e re  fo rm u la ted  w ith  tw o  c e rea ls  and o n e  pu lse ,  

and th e i r  am inoac id  and c h em ica l  sco re  w ere  ca lcu la ted .  H o w e v e r  

c o m b in a t io n s  co n ta in in g  w h e a t  w e re  exc luded  from  th is  s e lec tio n  b e c au se  

r ice  + w h e a t  + pu lse  c o m b in a t io n s  a re  q u i te  co m m o n . G o p a ld a s  and 

D e sh p a n d e  (1995), CFTR1 (1997 ) ,  R a m a sa ran y a  and K a n ja n a  (2003 ) ,  had  

a lready  d e v e lo p e d  such  p ro d u c ts  and the nam es su ch  as M il to n e  and 

B a lahar  are  w ell  k now n  nam es  o f  y e s te r  years. M oreo v e r ,  L aura  and  

C aro lin e  (1999 )  reported  that  in tro d u c tio n  o f  w hea t  c o n ta in in g  p roducts  

early  in life  have  som e n eg a t iv e  e ffec ts  because  the in fa n t ’s in te s t in e  is 

no t s u f f ic ie n t ly  dev e lo p ed  u n ti l  6-8 m on ths  to deal w ith  th is  p ro te in  and 

the ch ild  m ay  have p ro b le m s  o f  d ig es t in g  the w hea t w h ic h  can  resu l t  in 

d ia rrhoae .  H ow ever ,  as the  o b je c t iv e  o f  the  s tudy  w as to deve lop  

s u p p le m e n ta ry  food for in fan ts  o f  age  g roup  6-9  m o n th s  and as w hea t  has



A braham  (1997 )  has s ta ted  that  r ice  is o u r  s tap le  food  and ragi is a 

good source  o f  ca lc ium  and  iron  w h en  com pared  to  rice. In fact the  

ca lc ium  co n ten t  o f  ragi is 34 t im es  m o re  than  that  o f  r ice . H ence  an e ffo rt  

was m ad e  to in co rp o ra te  rag i as the  second  cereal for d ev e lo p in g  

co m p lem en ta ry  food  in ad d it io n  to r ice  and pulse . A n o th e r  set o f  139 

p r im ary  m u lt im ix e s  c o n ta in in g  an e x tra  pu lse  w ere  a lso  co n s ti tu ted  and 

their  am ino  ac id  and chem ica l  sc o re  w ere  ca lcu la ted . A m o n g  these  11 

c o m b in a tio n s  w ere  se le c te d  at ran d o m .

A s su g g es ted  b y  GOI (2 0 0 4 )  b a b y  n e e d s  all foods from  six m o n th s  

onw ards  food  such  as cerea ls ,  p u lse s ,  v e g e ta b le s  pa r t icu la r ly  green  leafy  

vege tab les ,  f ru its ,  m ilk  and m ilk  p ro d u c ts ,  egg, m ea t  and fish ( i f  non -  

vege ta rian ) ,  o i l /g h ee ,  suga r  and  io d ized  salt  can be  g iven  in ad d it io n  to 

b reas t  m ilk . In o rd e r  to e n su re  th e  in c lu s io n  o f  va rious  food item s in the  

d iet  o f  in fan ts ,  w h i le  fo rm u la t in g  the  c o m p le m e n ta ry  food the co n cep t  o f  

“ food sq u a re ” as su g g es ted  by  P A G  (1975 )  w as  adop ted  in the  p resen t  

study. In “ food  sq u a re ” four  c o m p o n e n ts  are  essen t ia l ly  need ed  in  add it ion  

to b reas t  m ilk ,  v iz . ,  s tap le ,  p ro te in  food supp lem en t,  v i ta m in  and m inera l  

su p p lem en t  and energy  su p p lem en t.

As the s tap le  and p ro te in  c o m p o n e n ts  are  a lread y  ava ilab le ,  

v i tam in -m in e ra l  su p p le m e n t  and ene rgy  supp lem en ts  w ere  to be  added  to 

the  bas ic  m ix . H ence  as ‘v i ta m in -m in e ra l  s u p p le m e n t’ am aran th  leaves  

w ere  se lec ted  b ecause  as s ta ted  b y  B row n  et al. (2004) green leafy 

vege tab les  shou ld  be  in tro d u ced  at fo u r  to six m on ths  as  c o m p le m e n ta ry  

food; they  p ro v id e  v i ta m in  C w hich  he lps  in the  abso rp t ion  o f  iron.

T o  su p p le m e n t  energy , c o c o n u t  oil and suga r  w ere  se lec ted . 

M alho tra  (2003) had reported  that  o n e  w ay  to increase  the energy  con ten t 

o f  the food p rep a ra tio n  is to in c rease  the  fat con ten t;  for fat has a h igher  

ca lo rie  density . M in is try  o f  H um an  R esource  D eve lopm en t (2004) lias

the  p rob lem  o f  d iges t ib i l i ty  the  c o m b ina t ions  con ta in ing  wheat  were

exc luded.



s ta ted  that  fat is a concen tra ted  source  o f  energy  and it su b s tan t ia l ly  

increases  ene rgy  co n ten t  o f  food w ith o u t  inc reas ing  the bulk. T he  report  

from  the  a b o v e  ag en cy  has fu rthe r  s ta ted  tha t  the  false  b e l i e f  in the  

c o m m u n ity  that  yo u n g  child  c anno t  d iges t  fat has  to be d ispe l led  w ith  by 

in fo rm ing  th a t  a yo u n g  infant d ig es ts  fat p re se n t  in b reas t  m ilk  and in all 

o ther  foods like c e rea ls  and p u lse s  and that  there  is no reason  to feel tha t  a 

child  c anno t  d iges t  v is ib le  fat w h e n  added  to food. M o reo v e r  suga r  can 

also p ro v id e  h igh  am o u n t  o f  energy . T he  ene rgy  con ten t o f  one  gram  o f  

sugar  is 3 .98  kca ls  (IC M R , 1991). M in is try  o f  H um an  R eso u rce  

D e v e lo p m e n t  (2004 )  has  repo r ted  that ch ild ren  need  m ore  energy  and 

hence  ad e q u a te  am o u n t  o f  suga r  or j a g g e ry  shou ld  be added to the  c h i ld ’s 

food.

T h u s  22 co m b in a t io n s  o f  m u lt im ix e s  as p e r  “ food sq u a re ” p r in c ip le  

were  fo rm u la ted ,  bu t w hen  n u tr i t iv e  v a lu e  w as  ca lcu la ted  the m ix e s  w ere  

found to su p p ly  o n ly  e igh t to 12 g o f  p ro te in  hence  soya  f lo u r  w as  a lso  

added  to  all m ixes  so as to e n h an ce  the  p ro te in  value. D ah iya  and Sehgal

(2002) are  o f  v iew  th a t  soya p ro te in  is a h igh  qua li ty  p lan t  b a sed  p ro te in  

that  has  been  show n  to he lp  bu ild  and m a in ta in  m usc le  m ass  and lean body  

t issue . U s ing  the in te rn a t io n a l ly  recogn ized  p ro te in  d iges t ib i l i ty  co rrec ted  

am ino  ac id  m eth o d  o f  p ro te in  q u a li ty  ev a lu a tio n , soya p ro te in  is a ss ig n ed  

a sco re  o f  1.0 w h ich  is  the  h ighes t  sco re  that  a pro te in  can  h a v e  and  is 

found to be  equal in p ro te in  q u a li ty  to m eat,  m ilk  and egg. M o re o v e r ,  the  

above  au th o rs  have  fu rthe r  exp la ined  tha t  soya  p ro te in  m eets  the  essen t ia l  

am ino  ac id  req u irem en t  o f  ch ild ren  and it h e lps  to m ain ta in  n i trogen  

b a lance  w hen  fed as the  so le  p ro te in  sou rce  at m in im um  in take  level. 

H ence  soya  w as added  at 15 per  cent to all the  22 se lec ted  m ix e s  so as to 

enhance  the  pro te in  va lue  as per  IS requ irem en t.

T he  raw  ing red ien ts  had to be  p rocessed  em p lo y in g  re levan t 

m ethods  so as to m ake  it su itab le  for feed ing  infants. M allesh i  (1995) 

reports  that g ra ins  shou ld  be c leaned  , pow dered  , cooked  and d ried  so that



sort  pas te  is o b ta in ed  w hen the  d ried  food is m ixed  o f  reco n s t i tu ted  with 

m ilk  or water. F u r the r  he exp la in s  that m ate ria ls  sh o u ld  be  p ro cessed  or 

h ea t- trea ted  in such  a w ay  so as to  read ily  get cooked  w hen  they  are  m ixed  

with  w a te r  and o r  bo i led  for a few  m inu tes .  M o re o v e r  w ean ing  foods 

shou ld  be  free from  a n tinu tr i t iona l  fac to rs . H ence  c lean ing , w ash ing , 

dry ing , m il l ing ,  ro as t in g  and s iev ing  w ere  d o n e  for ce rea ls  and p u lse s  and 

for am aran th  leaves  fresh  leaves  w ere  separa ted ,  c leaned , w ashed , sun 

d r ied /  oven  d r ied ,  g round  and s ieved . P a m er  (2003 )  is o f  v iew  that  both 

ro as t in g  and sun  d ry ing  s ig n if ic a n t ly  reduces  the  ph y tic  acid and 

p o lypheno l  co n ten t  o f  pu lses. M oreo v e r ,  he  e x p la in ed  that  cook ing  and 

sun  d ry ing  reduces  the  a n t inu tr i t iona l  co n ten t  o f  p u lse s  th e re b y  im p ro v in g  

the p ro te in  and s ta rch  d iges tib ili ty .  R o a s t in g  fo llow ed  by  m il l in g  and 

s ie v in g  in the  case  o f  cerea ls  and pu lses  red u c e s  the  co n ten t  o f  f ib re , and 

m akes  the  m ate ria ls  sm oo th  and eas i ly  d iges t ib le .

In o rder  to m a k e  use  o f  th e  m u lt im ix e s  as a c o m p le m e n ta ry  food 

they  shou ld  b e  conve rted  into a su i ta b le  rec ip e  to  feed  an in fan t.  H ere  the  

m u lt im ix e s  w ere  m ad e  in to  p o r r id g e  fo rm  add ing  w a te r ,  se rv in g  the  sam e  

to  th e  in fan t  at the  sp o o n -fe e d in g  c o n s is ten c y  w ith  few  d ro p s  o f  coconu t  

o il.  T h is  rec ipe  w a s  chosen  b e c au se  as s ta ted  by  V inas  and M o n d k a r  

(2 0 0 3 )  a young  in fan t  p a rt icu la r ly  d u r in g  s ix  to n ine  m o n th s  requ ires  th ick  

b u t  sm o o th  m ix tu re s  and  hard  p ieces  in the  so lid  food m a y  cause  c h o ck in g  

i f  sw a llow ed . T h e  po rr idge  m ad e  from  the m ixes  w e re  o rg an o le p t ic a l ly  

e va lua ted  by ten  expert  ju d g e s .  A s  sta ted  by  S m ith  (2000), o rgano lep tic  

ev a lu a t io n  is the  m ost im p o r tan t  c r i te r ia  used for id en tify in g  the 

su itab il i ty  o f  the  p roduct.  T h u s ,  the  overa ll  a c ce p tab i l i ty  o f  the  deve loped  

p ro d u c ts  w ere  de te rm ined  and ten m u lt im ix e s  w ith  h igh  sco res  (ab o v e  

23 .5 )  w ere  se lec ted  from the 22 c o m b in a t io n s  for la rge  sca le  p rocess ing .

T he  se lec ted  10 m u lt im ix e s  w ere  fu rthe r  d ive rs if ied  in to  tw o  g roups  

o f  ten each; one  set co n ta in in g  d ru m st ic k  leaves and the o ther  set



T h o u g h  severa l s tud ies  have  been  carr ied  ou t reg a rd in g  the 

p rep a ra tio n  and  use  o f  h o m e  m a d e  w e a n in g  foods, ve ry  few  e ffo r ts  have 

been  m ad e  for the  c o m m e rc ia l iza t io n  o f  th ese  p ro d u c ts .  H ence  in the 

p resen t s tu d y  w e a n in g  foods w e re  fo rm u la ted  u s in g  loca l ly  ava ilab le  

ing red ien ts  and  w ere  p ro ce sse d  by  n o v e l  and  m odern  m ethod .

D rum  d ry in g  is the  m o s t  c o m m o n ly  adop ted  m e th o d  fo r  p rocess ing  

w ean ing  foods. M ost o f  the  c o m m e rc ia l  w e a n in g  foods  m ark e te d  in India 

are  p rep a red  b y  th is  techn ique . H o w e v er ,  th is  p rocess  w a s  a fa i lu re  in the  

p resen t s tu d y  due  to the  g e la t in iz a t io n  o f  p roduct.  T h e re fo re  ex trus ion  

m eth o d  w as  adop ted . M allesh i  (1995 )  h a s  p ro c la im e d  th a t  ex trus ion  

cook ing  is the  m o s t  m odern  food  p ro ce ss in g  te c h n o lo g y  a d op ted  to 

p roduce  w e a n in g  foods. It is the  p ro ce s s  by  w h ich  m o is ten e d ,  expansib le ,  

s ta rchy  o r  p ro te n a c io u s  m a te r ia ls  are  p la s t ic ize d  in  a tube  by  a 

c o m b in a tio n  o f  p ressu re ,  hea t  and m ec h a n ic a l  shear  (L iu  and  M aga , 1993). 

A w ho le  r an g e  o f  p ro d u c ts  w ith  d if fe re n t  tex tu res ,  fo rm s  and dens it ie s  can 

be dev e lo p ed  th rough  ex tru s ion  (M alle sh i  1995).

T he  ex tru d e d  m ixes  w ere  p u lv e r ize d  and s ieved  to get un ifo rm  

products .  T h e s e  20  b lends  w ere  su b je c ted  to chem ica l  and physica l  tes ts  

fo llow ed by  eva lu a t io n  o f  th e ir  nu tr i t io n a l  adequacy , a ccep tab i l i ty  and 

sh e lf  l ife  s ince  all th ese  c h a rac te r is t ic s  are  to be  sa tis f ied  b y  an ideal 

c o m p le m e n ta ry  food. A t the  sam e  t im e, the  cost o f  the  p roduct  sh ou ld  be 

a ffo rdab le  to the  co m m o n  m an . M oreo v e r ,  a new  p roduct  that  is floated 

into the m ark e t  shou ld  be  in a po s it io n  to com pe te  w ith  the p ro d u c ts  o f  a 

s im ila r  na tu re .  T h e re fo re ,  the  m ix e s  w e re  com pared  w ith  LN e s tu m ’ a rice  

based cerea l  w ean ing  food for its c o m p o s i t io n .  A p ro cessed  food i f  it is to 

be accep ted  by  the co n su m ers  as a q u a l i ty  p roduct ,  it sh o u ld  sa tis fy  certain  

sp ec if ica tio n s  s t ip u la ted  by  law, IS  1656 to 1969 had desc r ibed  such  

spec if ica tions .  To en d o rse  such q u a li ty  a tt r ibu tes ,  are  also p resen t in the

con ta in ing  a m a ran th  leaves as v i t a m in -m in e ra l  supp lem en t  to find out

which  is m o r e  accep tab le  and e ffec t ive.  T h u s  there  were  20  m ul t im ixes .



c o m p le m e n ta ry  m u lt im ix e s  u n d e r  the  study , c o m p a ra t iv e  e v a lu a t io n  o f  the 

q u a li ty  p a ra m e te rs  m ix e s  w ith  th o se  s t ipu la ted  under  IS r e c o m m e n d a t io n  

w as a lso  done . As a f irst s tep  the  chem ica l  c o m pos i t ion  o f  the  se lec ted  

m ixes  w e re  a sce r ta in ed  by  e s t im a t in g  the m a jo r  nu tr ien ts  p re se n t  in  it 

u s ing  s tan d a rd  lab o ra to ry  m e th o d s  because  as s ta ted  b y  S a x e n a  (2 0 0 3 )  a 

c o m p le m e n ta ry  food g iven  to an in fan t shou ld  be n u tr ien t  d e n se  and 

lab o ra to ry  ana lys is  is o n e  o f  the  best m ethods  to assess  the  q u a n ti ty  o f  

d if fe ren t  n u tr ie n ts  p resen t  in  the  p roducts .  T he  m u lt im ix e s  w ere  ana ly sed  

for the ir  to ta l  p ro te in s ,  fat , to ta l ca rbohydra te ,  iron, ca lc ium , so d iu m  and 

p o ta s s iu m  con ten ts .  N o n  n u tr ie n ts  such  as to ta l  ash, c rude  f ib re  and acid 

in so lu b le  ash  co n ten t  w e re  a lso  es t im a ted  a long  w ith  the m o is tu re  leve l ,  in 

o rder  to  f ind ou t the  c o m p o s i t io n  o f  the  m ateria l.

T he  m o is tu re  co n ten t  o f  m u lt im ix e s  ranged  from  2.38 to  3 .75  g pe r  

100 g. T he  p e rm iss ib le  m o is tu re  con ten t  (m a x im u m )  as p e r  IS] 

rec o m m e n d a tio n  for p ro ce sse d  ce rea l  w ean ing  food  in 10 g p e r  100 g. 

T h e re fo re  all th e  fo u r  d e v e lo p e d  m ixes  w ere  ob se rv ed  to have  a m o is tu re  

co n ten t  m u c h  b e lo w  the  m ax im u m  level. T h is  low  m o is tu re  level is o f  

added  a d v a n ta g e  b e c au se  as the  m o is tu re  co n ten t  increases  th e  s h e l f  

s tab i l i ty  o f  the  dev e lo p ed  p ro d u c t  w ou ld  decrease , b ecause  m o is tu re  is  one  

o f  the  im p o r ta n t  p a ra m e te rs  w h ic h  de te rm ines  the s h e l f  s tab i l i ty  o f  any 

food p ro d u c t .  M ost  s to red  p ro d u c ts  are  cons ide red  to b e  safe  in s to ra g e  at 

p a r t icu la r  m o is tu re  co n ten t ;  and low  m o is tu re  level is h igh ly  im p o r ta n t  for 

longer  s to rage  pe riod  as rep o r ted  b y  S hankar  (1993).

A w e a n in g  b iscu it  dev e lo p ed  for in fan ts  c on ta in ing  10 p e r  cen t soya 

f lou r  and w hea t  f lou r  d e v e lo p e d  by  R am asa ranya  and K a n ja n a  et al. 

(2003) w as  reported  to c o n ta in  2.2 g o f  m o is tu re  in 100 g, w h i le  the 

m o is tu re  co n ten t  o f  the  d e v e lo p e d  rice  based  c o m p le m e n ta ry  food  in the 

p resen t s tu d y  ranged  from  2.38 g to 3.75 g w hich  ind ica tes  so m ew h at  

s im ila r  trends;  low  level.



The p ro te in  con ten t  o f  the  fo u r  deve loped  p ro d u c ts  w ere  17.45 g, 

16.35g, 16.50 g and 15.80 g for 3A, 3D S , 8A and 8DS respec tive ly .  T he  

m in im u m  s tan d a rd  rec o m m e n d a tio n  fo r  pro te in  for an ideal p rocessed  

cereal w e a n in g  food  is 14 .00-g /100  g (IS: 1656-1969). T h is  ind ica tes  that 

all d eve loped  p ro d u c ts  can  sa tis fy  the  p ro te in  req u irem e n t  o f  in fan ts ,  i f  

fed in ad e q u a te  quan ti ty .  But w hen  con tro l  sam ple  w as ana lyzed  for its 

p ro te in  co n ten t ,  it w as found to have  o n ly  6 .85 g w h ich  c lea rly  p o in ts  out 

that such  co m m erc ia l  m ixes  do  no t sa tis fy  even h a l f  o f  the  requ irem en t.

C o m m it te e  on  N u tr i t io n  (2003 )  has  s ta ted  that  in fan t  fo rm ulae  

shou ld  su p p ly  an  ad e q u a te  a m o u n t  o f  p ro te in ,  w h ic h  is n ecessa ry  for 

in fa n t ’s g row th . In su ff ic ien t  am o u n t  o f  p ro te in  m ay  lead  to  s low  grow th  

rate, m a ln u tr i t io n  and d im in ish e d  im m u n e  response . On the o ther  hand  

o v e r  ab u n d an ce  o f  p ro te in  m ay  lead to c o n s tipa tion , co lic  and  dehydra tion . 

T he  p ro te in  co n ten t  o f  the  se lec ted  fo u r  m u lt im ix e s  w as seen to be 

adequate . T he  q u a li ty  o f  the  p ro te in  is a lso  expected  to be  good. T he  

reason  is tha t ,  tw o  o f  the  m u lt im ix e s  i.e., 3A  and 3D S c o n ta in s  two cerea ls  

(r ice  and rag i)  and two pu lses  (g re e n g ra m  and soya), w h i le  the  o ther  two 

m ixes  8A and  8D S had one  cerea l  ( r ic e )  and tw o  p u lse s  (b lack g ram  and 

soya). It m ay  be  seen  that  the  m utua l  su p p lem en ta tio n  o f  am in o  ac id s  o f  

ce rea l-pu lse  c o m b in a tio n  has  he lp ed  to  enhance  p ro te in  c o n te n t  as w ell  as 

quality . T h is  fac t  has  been  co n f i rm e d  by  M oh an ram  (1997 )  w ho  has  s tated 

that  cereal and pu lses  c o m b in a t io n s  w o u ld  give a h igh  q u a li ty  p ro te in  

p roduct. It h a s  been  fu rthe r  obse rved  th a t  cereal grains  are  re la t iv e ly  low 

in to ta l p ro te in  and are g en e ra lly  low  in lysine  and ce rta in  o ther  am ino  

acids. T hese  sh o r tc o m in g s  can  be o v e rc o m e  by app rop ria te  b len d in g  w ith  

legum es. T he  m ost o bv ious  resu l t  o f  su ch  b lend ing  is that  the  m ix tu re  is 

h igher  in p ro te in  than in the  cerea l  com ponen t  a lone. B eyond  this, 

how ever, legum es  im prove  the  q u a li ty  o f  cereal p ro te in s  by su p p lem en tin g  

them  with  l im it in g  am ino  acid such  as lysine. T h is  is called  pro te in  

su p p lem en ta tio n .  On the o th e r  hand , legum es w hich  are  de fic ien t  in 

m eth ion ine ,  can be supp lied  by cereal grains , w hich  arc  not defic ien t  in



this am ino  acid . Such m utual ba lanc ing  o f  each  o th e r  am in o  acid is know n  

as p ro te in  co m p le m e n ta t io n  (S ri lak shm i 2 0 02 ) .  T h is  m utua l  

su p p le m e n ta t io n  has been  e ffe c t iv e ly  d o n e  in the  fo rm ula tion  o f  the 

c o m p le m e n ta ry  food in the  p re se n t  study. M oreo v e r ,  in o rd e r  to enhance  

the  p ro te in  con ten t,  15 g o f  soya  had been  added  in ten tiona lly  to the 

m u lt im ix e s  in o rder  to a t ta in  the  h igh  p ro te in  co n ten t  as per  IS 

req u irem en t.  T h is  was done  because ,  soya  p ro te in  is a h ig h  qua li ty  p lan t 

based  p ro te in  that  has been  sh o w n  to help , b u i ld  and m ain ta in  m u sc le  

m ass  and lean  b o d y  tissue  (V e n k a ta m a u ja m , 2002).

T he  fat con ten t  o f  the  fo u r  m u lt im ix e s  w ere  4.1 g, 4 .0  g, 3.1 g, 2.2 g 

for 3A, 3D S , 8A and 8DS re sp e c t iv e ly  bu t the  m a x im u m  p e rm iss ib le  lim it 

for fat as per  IS sp ec if ica tio n  is 7 .50  g per  100 g. T h is  ind ica tes  tha t  all 

the  fo u r  m ix e s  had low er  fat con ten t.  T h is  m ay  be  b e c au se  ce rea ls  and 

p u lse s  w h ic h  form s the bas is  o f  the  c o m p le m e n ta ry  m ix e s  in genera l 

con ta in  v e ry  sm all am oun t o f  fat i.e., for cerea l  the  fat co n ten t  is 1 g  / 100 

g as g iven  in nu tr i t ive  v a lu e  o f  Ind ian  foods ( IC M R , 1991). A c tua lly  the  

a d d it io n  o f  soya  shou ld  h a v e  su pp lied  a d e q u a te  p ro te in  as  w ell  as fat. But 

in the  fo rm u la t io n s  soya c h u n k s  w as added  in very  lo w  a m o u n ts  (15 g /100  

g). T hough  the  fat con ten t o f  the  m ixes  are  low , it has  been  enhanced  by  

add ing  few  d rops  o f  c oconu t  oil to the  co o k e d  m u lt im ix  ju s t  b e fo re  

feed ing . T h e  add it ion  o f  co co n u t  oil in ju s t i f ie d  b y  Y e m in g  (2003), w ho  

h a s  p ro c la im e d  that c oconu t  oil a typical m ed iu m  ch a in  t r ig lyce ride  is 

p re fe rred  for use  in food e spec ia l ly  w h e n  the re  a re  d iso rders  in the  

d iges t ion , abso rp t ion  and tran sp o rt  o f  food fats. She  has fu rther  

asce r ta ined  tha t  for the  sam e  reason  it f inds  a p la c e  in in fan t feed ing  

fo rm u lae  e spec ia l ly  for the  t re a tm e n t  o f  m a ln u tr i t io n .

M oreover ,  T ham pan  (1994 )  had op ined  that  co c o n u t  oil d iffers  from  

m ost o th e r  fats and o ils  in co n ta in in g  a h igh  p e rc e n ta g e  o f  sa tu ra ted  fatty  

ac ids , in pa rt icu la r,  lauric  and m yris tic  ac ids  w ith  n o ta b le  p roportion  o f  

still low er  fatty  acids. M o reo v e r  coconu t o il,  w h ic h  is endow ed  with an



ab u n d a n ce  o f  short  and  m ed iu m  cha in  fatty  ac ids , is th e re fo re  a very 

va luab le  fat so u rce  for in fan t feed ing . T he  above  fact ju s t i f i e s  the  use  o f  

co co n u t  oil in  o rd e r  to  e n h an ce  fat co n ten t  o f  the  c o m p le m e n ta ry  food.

W hen  fat co n ten t  o f  the  con tro l  w as  analysed  it w as found  to be  0.75 

g /100  g, w h ich  do  not s u p p ly  even  10 pe rcen t  o f  the  level requ ired .  H ighe r  

fat co n ten t  can  lead to ran c id ity  in the  p roducts  the reby  lo w e rin g  i ts  s h e l f  

l ife  and accep tab il i ty . H ence  in o rd e r  to enhance  the k e e p in g  q u a li ty  o f  

the  p ro d u c t  the  fat co n ten t  m ig h t  have  been  ju d ic io u s ly  lo w e re d  by the 

c o m m e rc ia l  m an u fac tu res .  H o w e v e r  this is a m a jo r  d raw b a ck  o f  the 

c o m m e rc ia l  fo rm ula ,  s ince  it d o es  no t su p p ly  requ ired  a m o u n t  o f  fat and 

p ro te in ,  w h ic h  a re  tw o  m a jo r  and  e ssen t ia l  nu trien ts .

S a x e n a  and A ggarw al  (2003 )  have  co n firm ed  that  c a rb o h y d ra te  p lay  

a m a jo r  ro le  in the  overa ll  d e v e lo p m en t  o f  c h i ld re n ’s b o d y  and  health . 

S tu d ie s  have  show n  that  a d e q u a te  d ie ta ry  ca rb o h y d ra te  m u s t  be  consum ed  

on a d a ily  b as is  to re s to re  leve ls  o f  ca rbohyd ra te  (g lycogen )  s to red  in the 

body  m u sc le s  and liver, w h ich ,  ac ts  as the  p referred  fuel. K in g  et a!. 

(2000 )  has  fu rthe r  s ta ted  th a t  an o p t im u m  diet  shou ld  h a v e  at lea s t  55 per 

cen t o f  to ta l  ene rgy  co m in g  from  ca rbohyd ra te s  d e r iv e d  f rom  a v a r ie ty  o f  

food  sources .

T he  deve loped  fo u r  m u l t im ix e s  w ere  found  to  co n ta in  su ff ic ien t  

q u an ti ty  o f  carbohydra te .  T he  s tandard  IS  r e c o m m e n d a t io n  for 

ca rbohyd ra te s  in cereal b a sed  c o m p le m e n ta ry  foods is 4 5 .0 0  g /1 0 0  g b e in g  

the m in im u m  level. T he  c a rb o h y d ra te s  con ten t  o f  four  m ix e s  w e re  68 .0  g,

70.5 g, 54 .0  g and 56.5 g fo r  3A, 3D S , 8A and 8D S. T h u s  all the 

dev e lo p ed  m ix e s  are  e ffe c t iv e  in sa tis fy ing  the  req u irem e n t  for 

ca rbohyd ra te .  T he  total ca rb o h y d ra te  con ten t  o f  con tro l  s a m p le  w as found 

to  b e  66 g. A s  the  con tro l  is a r ice -b ased  p roduct th e  c a rb o h y d ra te  con ten t  

is l iab le  to be  high. C a rb o h y d ra te  con ten t  o f  dev e lo p ed  m u lt im ix e s  are 

a lso  found  to be high, because ,  r ice  has been  used as the  base  m ate ria l  for 

d e v e lo p in g  the m ix . A c c o rd in g  to M anay  and S h a d a k sh a ra sw a m y  (2002)



rice is a good  so u rce  o f  ca rb o h y d ra te  c o n ta in in g  78 per  cen t o f  

carbohydra te .  As r ice  in the  a b o v e  m ix e s  co n s t i tu te s  55 to 60 per  cent that 

i t s e l f  ensu res  a d e q u a te  su p p ly  o f  ca rbohydra tes .

In th is  c o n te x t  it is o f  in te res t  to no te  that  c o m p le m e n ta ry  m ixes  

dev e lo p ed  in th is  s tu d y  has c o m p a ra t iv e ly  h igh ca rb o h y d ra te  con ten t  and 

low fat con ten t.  T h is  fact se em s  to be a dvan tageous  s ince  Yarn ing  el al. 

(2003) has  e m p h as ized  that  a d ie t  h igh  in ca rb o h y d ra te  as com pared  to 

that h igh  in fat red u c e s  the  l ik e l ih o o d  o f  d e v e lo p in g  obesity . T he  au thors 

have  fu rthe r  s ta ted  that  ca rb o h y d ra te -c o n ta in in g  foods  are  r ich  sou rce  o f  

m ic ro n u tr ien ts  and p h y to ch e m ic a ls .  C a rb o h y d ra tes  are a lso  repo r ted  to 

he lp  in the  m a in te n a n c e  o f  g lycem ic  h o m eo s ta s is  and gas tro in tes tina l  

in teg r i ty  and func t ion . T h e re fo re  th e  s ligh tly  h igh  ca rb o h y d ra te  con ten t  

found in the  m ix e s  can be  tak en  as a p o s i t iv e  f ac to r  tha t  w ou ld  help  to 

m ain ta in  the  hea lth  o f  th e  in fa n t  w h o  rec e iv e s  it.

A  w heat b a sed  w e a n in g  b isc u i t  dev e lo p ed  b y  R a ja p ak sa  (2003) was 

repo r ted  to  co n ta in  75 -78  g /1 0 0  g o f  carbohydra te .  A  rice  soya based 

w ean ing  food d e v e lo p e d  b y  Ja co b  (1997) c la im s  to have  ca rbohyd ra te  

con ten t o f  71 g w h i le  in the  p re se n t  s tu d y  ca rb o h y d ra te  con ten t  ranged  

be tw een  54 .0  g to 70.5 g p e r  100 g. H o w e v er  it m ay  be  ob se rv ed  that 

Sw am y and  Jay ap rak ash  (2003)  had  dev e lo p ed  a  su p p le m e n ta ry  food for 

infants  w ith  v e g e ta b le  sangar i  c o n ta in in g  ca rb o h y d ra te  as  low as 32.3 

g /100  g. It is o f  specia l s ig n if ic a n ce  he re  that  the  least  fo rm u la t io n  viz., 

8A con ta ins  ju s t  54 per  cen t o f  ca rbohyd ra te s ,  w h ic h  is an o p t im u m  level 

viz., 10 per  cent above  the  m in im u m  level recom m ended .

M allesh i  (1995 )  has s ta ted  th a t  the  in d ig es tib le  f ibre  con ten t  o f  a 

co m p lem en ta ry  food sh o u ld  be  low , because  the  f ibre  m ay  in te r fe re  with 

the abso rp t ion  o f  nu tr ien ts .  T h e  f ib re  con ten t  o f  the  deve loped  m u lt im ix e s  

w ere  1.97 g, 0 .82 g, 0 .70  g and 1.52 g p e r  100 g o f  the  sam ple , w hile  the 

m ax im um  pe rm iss ib le  f ibre  con ten t  is 1.00 g as per  IS reco m m en d a tio n  for 

100 g. It was c lear  that am ong  the  deve loped  m u lt im ix e s  3DS and 3A



(1 .97 and 1.52) have  h igher  f ibre  con ten t  than  that  o f  the  reco m m en d ed  

value. T h is  is b ecause  these  tw o  m u lt im ix e s  con ta ined  rice, ragi, 

g reeng ram , soya and  d ru m st ic k /a m a ra n th ,  w h ich  are  good sou rces  o f  fibre. 

D ru m stick  leaves  w as  found  to h a v e  h ig h e r  f ib re  con ten t  w hen  com pared  

to a m a ran th  i.e., 1.9 g and 1.0 g / 100 g respec tive ly .  A w heat based  

p roduct  d e v e lo p e d  by R a ja p ak sa  (2003)  had  a f ibre  con ten t  o f  1-2 g /

100g.

T he  f ib re  con ten t  c o u ld  have  been  b ro u g h t  d o w n  i f  ragi and 

g reen g ram  w e re  used  in the  m a l te d  form  as A fo ak w a  (2003)  has  s ta ted  that 

add it ion  o f  cerea l  m alts  o f  w e a n in g  food  cou ld  change  the  p h y s ic o 

chem ica l  p roper t ie s .

C o m m it te e  on  N u tr i t io n  (2003 )  has  s ta ted  that  the  am o u n t  o f  

m in e ra ls  in  infant fo rm ulae  m ust  be  h igh ly  regu la ted ,  b ecause  low  m ineral 

level m a y  lead to irr i tab il i ty ,  l is t le s sn ess ,  a n a em ia  and r icke ts  w h ile  high 

level o f  m inera l  m ay  lead to dehydra t ion , b lo a t in g  and renal overload . 

H ence  the dev e lo p ed  p roduct  w as  des igned  in such  a  w ay  to p rov ide  

o p t im u m  m in e ra ls  to  th e  in fan t.

T h e  s tandard  rec o m m e n d a tio n  for iron in cerea l  based  w e a n in g  food 

is a m in im u m  o f  10.00 m g / 100 g bu t tw o  o f  the  d e v e lo p e d  p ro d u c ts  w ere  

found to have  v a lu e  below  the  rec o m m e n d e d  v a lu e  i .e .,  8A (6 .50) and 8DS 

(8 .50) w h ile  the  o ther  tw o  m ix e s  3A (10 .50) and 3D S (12 .00 )  w ere  found 

to sa tis fy  the  iron requ irem en t.  In m u lt im ix  3A  and 3D S ragi w as used  as 

an add it iona l  cereal. Ragi is cons ide red  to be  a good  source  o f  iron (3 .9  

m g /1 0 0  g). H ence  w hen ragi w as added  at 10 per  cent level the  iron 

con ten t  o f  the  m u lt im ix  is b o u n d  to be  h igher  than  that  o f  8A and 8DS. 

M a lho tra  (2003)  dev e lo p ed  w h ea t  based  w ean in g  m ixes  and  the iron 

con ten t  ranged  from 4,53 m g  to 6 .98  m g per  100 g w h ile  in a w e a n in g  mix 

dev e lo p ed  by Jacob  (1997) the  iron con ten t  w as found  to be as low as 4.2 

m g /100  g. In genera l  r ice  based  p roducts  are p o o r  sou rce  o f  iron and their  

b io av a i lab i l i ty  is a lso  poor. H ow ever  in the  c o m p le m e n ta ry  food



d e v e lo p e d  the iron con ten t  has been e leva ted  to the  des ired  level by the 

ad d it io n  o f  ragi and green  leafy  vege tab les .

T h e  de v e lo p e d  m u lt im ix e s  had  th e ir  c a lc ium  co n ten t  as 320  m g, 

340  mg, 240  m g  and 180 m g pe r  100 g w h i le  the  s tan d a rd  IS req u irem en t  

is a m ax im u m  o f  1000 m g. As the m ixes  a re  n o n -m ilk  cereal based 

c o m p le m e n ta ry  foods the  c a lc ium  con ten t  w as found  to be  ve ry  low. T he  

ca lc ium  con ten t  o f  3A  and 3D S w ere  found to b e  h ig h e r  than  tha t  o f  8A 

and 8DS b ecause  3 A an d  3DS c on ta ined  r ic e  (60  pe r  cen t)  and  ragi (10  per  

cen t)  as the  cerea l  c o m p o n en ts ,  w h ile  in 8A and 8D S r ice  a lone  w as the  

cerea l  com ponen t;  h en ce  the ca lc ium  w as fou n d  to  be  ve ry  low. A braham

(1997) has  repo r ted  tha t  ragi con ta in s  m o re  c a lc ium  and iron  and that  the 

c a lc ium  con ten t  o f  ragi is 34 t im es  h ig h e r  th an  tha t  o f  rice. A s  reported  by 

H an ch a le  (2005) c a lc ium  is an essen tia l  m in e ra l  in b u i ld in g  and 

m a in ta in in g  b o n e  m ass , as well as co n tro l l in g  m u sc le  func t ions .  It is 

c r i t ica l  to have  enough  ca lc ium  rich  foods d u r in g  c h i ld h o o d  to bu i ld u p  

ad e q u a te  b one  m ass .

T h e  ca lc ium  con ten t  o f  w ean ing  food  d e v e lo p e d  by  M alh o tra

(2003 )  w ith  w h ea t  w as found to  con ta in  255 .74  to  4 4 0 .2 5  m g  w h ile  in  the  

p resen t  s tu d y  the  ca lc ium  ranged  be tw een  180 m g  and  340  m g  per  100 g. 

T hough  an  a ttem p t had  been  m ade  to e n h an ce  the  c a lc iu m  con ten t  by 

in co rp o ra t in g  ragi and green  leafy  vege tab les  w h ic h  a re  g o o d  sources  o f  

above  e lem en t,  the  resu l t  ob ta ined  h a v e  rev e a le d  th a t  c a lc ium  con ten t 

needs  fu rthe r  enhancem en t .  T h is  can be done  by in c re as in g  the quan ti ty  

o f  ragi and green  leaves  w ithou t  a l te r in g  its accep tab i l i ty .  T he  ca lc ium  can 

a lso  be  increased  i f  m ilk  pow d er  is added  o r  i f  m ilk  is u sed  w h i le  co o k in g  

the  mix in to  a porridge .

T he  sod ium  and po tass iu m  con ten t  o f  m u l t im ix e s  ranged  from  0.08 

to 0.01 m g  and 0 .05  -  0 .06  m g respec tive ly .  M in im u m  am o u n t  o f  sod ium  

and po tass ium  are  requ ired  for a w ean ing  food , b e c au se  excess  o f  these 

m inera ls  m ay  lead to increase  in renal load o f  in fa n t 's  kidney.



The v i tam in  con ten t  o f  m ix e s  w ere  a lso  ca lcu la ted  and v itam in  C 

con ten t o f  3 A and  8A w ere  found  to be  4 .9  m g / 100 g w h i le  3DS and 8D S 

gave a v a lu e  o f  11 m g. T h is  m a jo r  v a r ia t io n  is due  to the  fact that  in 3A 

and 8A a m a ran th  is  the  in g red ien t  added  as v i tam in -m in e ra l  supp lem en t,  

w hich  is repo r ted  to supp ly  99 m g  o f  v i ta m in  C per  100 g, w h ile  d rum stick  

leaves are  n o ted  to su p p ly  220  m g, w h ic h  is inc luded  in 3D S and 8DS. A 

w ean in g  m ix  d e v e lo p e d  by Jacob  (1997)  h ad  a v i tam in  C  con ten t  o f  8.40 

m g  and IS req u irem en t  fo r  v i ta m in  C is 25 m g. H ence  none  o f  the  

dev e lo p ed  p ro d u c ts  w ere  found  to sa tis fy  the  req u irem en t  o f  v i ta m in  C. 

H o w ev er  the  con tro l  w as n o t iced  to su p p ly  65 m g  o f  th is  v i tam in  w hich  

cou ld  be  a t t r ib u ted  to the  a d d it io n  o f  v i ta m in  and m inera l  m ixes  to the 

p roduct ,  b e in g  a c om m erc ia l  fo rm ulae .

T h e  range  o f  v i tam in  A in the d e v e lo p e d  m u lt im ix e s  w as from

350.5  to 417 .7  IU/lOOg. B u t the  IS rec o m m e n d a t io n  for this v i tam in  in a 

c o m p le m e n ta ry  food  is  1500 IU /100  g. H o w e v e r  the  v i ta m in  A co n te n t  o f  

contro l w as 1332 IU. H ence  it is n o t iced  th a t  v i ta m in  A con ten t  o f  the  

deve loped  p ro d u c ts  canno t sa tis fy  the  req u irem e n t  o f  an in fan t.  V i tam in  A 

con ten t can  be  e leva ted  in tw o  ways. A d d i t io n  o f  ex tra  am o u n t  o f  

d rum stick  o r  a m a ran th  leaves  to  the  m u lt im ix  o r  inc lu s ion  o f  Red P a lm  Oil 

(R PO ) to the  r ec ip e  in stead  o f  co co n u t  o il  w ou ld  ta k e  care  o f  this 

defic iency . E l izab e th (1 9 9 8 )  s ta ted  that  R ed  Palm  Oil (R P O ) is a r ich 

sou rce  o f  b e ta  c a ro ten e  up to  800  m cg/g . H o w e v er  ad d it io n  o f  ex tra  

q u an ti t ie s  o f  green  leafy  v e g e ta b le  shou ld  b e  d o n e  w ith  ca re  so as not to 

affec t the  a ccep tab i l i ty  and also  to k eep  the f ibre  con ten t  at the  ad m iss ib le  

lim it.

T h ia m in e  and r ibo f lav in  con ten t  o f  dev e lo p ed  p ro d u c ts  ranged  from  

0.23 to 0 .25 m g /1 0 0  g and 0 .142  to 0 .1 5 5 -m g /1 0 0  g respec tive ly .  But the 

IS m in im u m  req u irem en t  for th ia m in e  is 0 .50  m g / 100 g and tha t  o f  

r ibo f lav in  is 0 .6 0  m g /100  g. But con tro l  w as show n  to have  a th iam ine  

and r ibo f lav in  va lue  o f  0 .55 m g /100  g and 0 .36 m g /1 0 0  g respective ly .



H ence  it is no ted  that  n o n e  o f  the d e v e lo p e d  p ro d u c ts  sa tis f ie s  the  

requ irem en t  o f  th ia m in e  and r ibo f lav in  w h i le  the  con tro l  sam ple  supp lies  

a d e q u a te  am o u n t  o f  th ia m in e ,  w h i le  it is d e f ic ie n t  in  r ibo f lav in .

To co n c lu d e  w h en  m a jo r  nu trien ts  are  c o n s id e red  m u lt im ix  3D S  

(70 .5  g) had h igh  ca rb o h y d ra te  con ten t,  w h i le  p ro te in  con ten t  w as found  

m ax im u m  in m u lt im ix  3 A (17 .45  g) w h ereas  for fat 3A (4 .50  g) secu red  

h ighes t  va lue  and for m in e ra ls  such  as iron and  c a lc ium  3D S w as fou n d  to 

be  b e tte r  than  the o ther  th re e  co m b in a tio n s .  To id en tify  the  best m ix , the  

p ro d u c t  q u a li ty  index  on c h e m ica l  c o m p o s i t io n  w as w o rk e d  out b a sed  on 

e leven  ch a rac te rs  such as m o is tu re ,  to ta l p ro te in ,  fat, to ta l  ca rbohydra te ,  

crude  fibre, iron , ca lc ium , so d iu m , po tass iu m , to ta l ash  and  acid in so lu b le  

ash  (co n s id e r in g  m in im u m  and  m ax im u m  va lue )  and the  h ighes t  index  w as  

found  to secu red  by  m u lt im ix  8A.

H ence  by  c o n s id e r in g  the  chem ica l  c o m p o s i t io n  o f  the  m u lt im ix  8A 

can be a d judged  as the  m o s t  nu tr i t io u s  one  a m o n g  the fo u r  m ixes .

N ex t  to c h em ica l  c o m p o s i t io n  rheo log ica l  p ro p e r t ie s  o f  the  m ix e s  

w ere  eva lua ted  to f ind the s u i ta b i l i ty  o f  the  m ixes  to feed  an in fan t o f  6-9  

m o n th s  and a lso  to se lec t  th e  m o s t  su itab le  one. Physica l  and rh eo log ica l  

cha rac te rs  are  one  o f  the  im portan t  c r i te r ia  th a t  d e te rm in es  the  

accep tab i l i ty  o f  a p ro d u c t .  A c co rd in g  to K u lkarn i  et al. (1991)  

c o m p le m e n ta ry  foods  sh o u ld  h a v e  favourab le  physica l  qua li t ie s  l ike  even  

d es irab le  pa rt ic le  size, low  v isco s i ty  and bu lk  and h igh  energy  d e n s i ty  in 

o rd e r  to have  the des ired  c o n s is ten c y ,  n u tr ien t  con ten t  and  pa la tab il i ty .

P ar t ic le  s ize  is an im p o r ta n t  ch a ra c te r  o f  any g ran u la r  m ix  that 

requ ires  reco n s t i tu t io n  w ith  w a te r  as op ined  by  K u lkarn i  (1991). A n  

o p t im u m  d is t r ib u t io n  o f  p a r t ic le  s ize  is e ssen tia l  in o rd e r  to get a food that 

is even in its cons is tency .



Since  all the  fo u r  m u lt im ix e s  w ere  s ieved  th rough  a s tandard  s ieve  

o f  60  mm m esh  s ize  the  pa rt ic le  s ize  o f  all th e  four m ixes  w ere  found to be 

the same.

The c o n s is te n c y  o f  the  deve loped  p ro d u c t  w as sm o o th  in tex tu re  

and was su itab le  for feed ing  the  in fan ts  w ith  a spoon. T he  above  fac t  is 

confirm ed th ro u g h  o rg an o le p t ic  eva lua tion . T he  o rg an o le p t ic  eva lua tion  

for consis tency  as show n  in T ab le  7 revea led  that 3A, 3D S , 8A and 8DS 

had  all scored  h igh  va lues  o f  4 .1 , 4 .5 , 4 .0  and  4.5 re sp e c t iv e ly  aga in s t  a 

m ax im um  sco re  o f  ‘5 \  T hese  w ere  the m ean  sco res  as ju d g e d  by 10 e x p e r t  

ju d g e s  o f  a ta s te  pane l.  T he re fo re  it c le a r ly  ind ica tes  th a t  c o n s is ten cy  o f  

the  m ixes  was a c ce p tab le  w h ich  can  b e  a t t r ib u te d  also  to  p a r t ic le  size.

M allesh i  (1 9 9 5 )  has  s ta ted  that  a w e a n in g  food shou ld  not ad so rb  

too m uch w a te r  and  shou ld  no t be c o m e  b u lk y  w hen the m ix  is s tirred  up 

and cooked  w ith  w a te r  o r  m ilk . T he  d e v e lo p e d  p ro d u c ts  w as found to h a v e  

a bulk  dens ity  ran g in g  from  0 .77  to  0 .85  g/lOOg. T he  m ax im um  bulk 

dens ity  was fo u n d  in m u lt im ix  3DS and  leas t  w as  o b se rv e d  in 8A.

G opa ldas  and  D e sh p a n d e  (1995) as a sce r ta ined  that  a child  f in d s  it 

d iff icu lt  to m eet h is  o r  h e r  nu tr i t iona l  req u irem en t,  i f  the  food is bu lky  and 

she  has fu rther  p ro c la im e d  th a t  d ie ta ry  b u lk  can  be reduced  by  the add it ion  

o f  A R F or by  m al t in g .  But in the  p re se n t  s tudy  even  though  the bulk 

dens ity  ranged  from  0 .77  to 0 .85 g/lOOg. It w as  q u ite  su itab le  for sp o o n 

feed ing  and the  c o n s is ten c y  w as a lso  p e rfe c t ly  accep tab le . H ence  add it ion  

o f  A R F or m a l t in g  o f  ce rea ls  w as not re so r ted  to.

The m ost  co m m o n  p rob lem  o f  h o m em a d e  as well as com m erc ia l  

co m p lem en ta ry  foods are  h igh  ‘'v isc o s i ty ” (M allesh i ,  1995). To p rov ide  

adequate  ca lo r ie  these  foods are  m ade  w ith  a h igh  so lid  concen tra t ion  and 

hen ce  they be c o m e  too th ick  and v iscous  m ak in g  it d if f icu l t  for a young  

ch ild  to c o n su m e  in adequate  quan ti ty . W h en  these  are  d ilu ted  it he lps  the  

ch ild  to sw a llow  it easily . But at the sa m e  t im e  th is  p rocess  reduces  the



ene rgy  co n ten t  conside rab ly .  M ore  over feed ing  m ak e s  a t im e  c o n sum ing  

procedu re  as obse rved  by G ogo i (2003).

T h e  v iscos i ty  o f  the  fo u r  m u lt im ix e s  w e re  ana ly sed  using  R ap id  

V isco  A nalyser .  V iscosi ty  o f  th e  four  m u l t im ix e s  w ere  1627 cp, 1638 cp, 

1577 cp and  1586 cp re sp e c t iv e ly  for 3A, 3D S , 8A and 8DS. F orm ula tion  

8A w as found  to have  the  low est  v isc o s i ty  h o w e v e r ,  G opaldas  and 

D esh p an d e  (1995)  has rep o r ted  1000 cp  as th e  a c ce p tab le  v iscosity , w hen  

m ea su red  by  a B rook -fie ld  v iscom ete r .

T h o u g h  the  v iscos i ty  is  h igher ,  as p e r  the  ana lysed  va lue  the 

c o n s is ten c y  o f  the  p ro d u c t  w h en  m ad e  in to  a p o r r id g e  w as h igh ly  su itab le  

and accep tab le  fo r  feed ing  in fa n ts  as in d ic a te d  b y  the  accep tab i l i ty  score  

for c o n s is ten cy  (T a b le  24)  and  the  p refe rence  sc o re  (T ab le  35).

T he  high v iscos i ty  m ay  be  due to th e  p re se n c e  o f  cerea ls  and 

legum es in the  fo rm ula t ions .  M osha  and S v a n b e rg  (1 9 9 0 )  have  repo rted  

that  the  h ig h  v isco s i ty  o f  g ruels  p repared  f rom  ce rea l  and legum e f lours  is 

due  to the  p re se n c e  o f  s tarch  and pro te in . M a lle sh i  (1995 )  has s ta ted  that 

g e rm in a t io n ,  m alt ing  and a d d it io n  o f  A m y lo se  -  R ich  Food  (A R F ) o r  

a lpha  am ylase  enzym e w o u ld  reduce  v isc o s i ty  o r  d ie ta ry  bulk  o f  the  

p roduct .  T h o u g h  such  m e a su re s  reduce  v isc o s i ty  a re  w e ll  know n, they  

w ere  not em p loyed  in the  p rocess ing  o f  the  d e v e lo p e d  com plem en ta ry  

foods, b ecause  senso ry  e v a lu a t io n  conduc ted  at d if fe re n t  leve ls /  s tages  d id  

no t reveal the  v iscous  na tu re  o f  the  p ro d u c t  .M o re o v e r  the  consis tency  w as  

e s tab l ished  to be  the m ost accep tab le  th o u g h  th eo re t ic a l ly ,  the  va lues  for 

v iscos i ty  w e re  above  the o p t im u m  valve o f  1000 cp.

T he physica l  c h a rac te r is t ic s  fu rther  rev e a le d  that  m u ltim ix  8A  has 

low est v isco s i ty  and bulk  d e n s i ty  this im p o r tan t  p ro p e r t ie s  that m akes  the 

c o m p le m e n ta ry  food accep tab le  and su itab le  to feed  an infant. P roduc t  

q u a li ty  index  based  on physica l  and rheo log ica l  c h a ra c te rs  w hen w orked  

out based  on yield  ratio , ease  o f  p repara tion , bulk  d e n s i ty  and v iscosity



the m u ltim ix  8A w as found to have  the h ighest  index  sc o re  (544 .2 0 2 )  

m ak in g  it m ost  su itab le  a m ong  the four  fo rm u la t ions .

Infant fo rm u la  is a  ve ry  specia l func t iona l  food p ro d u c t  because  it 

is in tended  to be  used  as the  so u rce  o f  n o u r ish m en t  f rom  a ve ry  yo u n g  age  

o f  six m on ths  o f  life. It m ust m ee t  all the  nu tri t iona l  needs  o f  an in fan t  

o v e r  a p ro longed  c rit ica l pe riod  w ith o u t  any harm fu l in ad e q u a c ie s  or 

excess .  T h e re fo re  its c o m p o s i t io n  is c ruc ia l  to the  in fa n t ’s h ea lth  as s ta ted  

by  L o k esh w ar  (2005 ).  T he re fo re  it w as  essen t ia l  to e v a lu a te  the  nu tr i t iona l  

su p e r io r i ty  o v e r  and  above  its chem ica l  c o m p o s i t io n  re v e a le d  in tab le  12. 

In o rd e r  to a sse ss  the  nu tr i t io n a l  adequacy , ca lo r if ic  v a lu e ,  p ro te in  en e rg y  

ratio , chem ica l  sco re  and am in o  ac id  sco re  o f  the  m ix e s  w e re  w o rk ed  out,  

apart  from the  ana lys is  co n d u c ted  for e s t im a t in g  the n u tr ien t  co n ten t  o f  

the  four  m u lt im ix es .

C au lf ie ld  et al. (1999) repo r ted  th a t  c o m p le m e n ta ry  food m ust  be 

adequa te ly  d e n se  in energy  to  m ee t  the  req u irem en t  o f  an  infant. T he  

ca lo r if ic  v a lu e  o f  the  dev e lo p ed  m ix e s  varied  from  339 to 345  kcals .

As s ta te d  b y  W H O  (1998)  ca lo r ie  requ ired  f ro m  c o m p le m e n ta ry  

food  is e s t im a ted  to  be  a p p ro x im a te ly  275 k c a ls  at 6-8 m o n th s ,  4 5 0  kca ls  

at 9-11 m o n th s  and  750 kca ls  be tw een  12-23 m o n th s  o f  age. A s  the  

dev e lo p ed  p ro d u c t  is  found  to su pp ly  3 3 9 -345  kca ls  and  the  ca lo r ie  

requ irem en t  at 6-8 m o n th s  is  275  kcals  all th e  four m ix e s  w ill  sa t is fy  the  

energy  needs  o f  a ch ild .

M allesh i  (1995 )  has  repo r ted  that  o n e  w ay  to in c rease  the ca lo r ie  

c o n ten t  is to in c rease  the fat con ten t;  for fat has a h ig h e r  ca lo r ie  density . 

A second  p o s s ib i l i ty  is to  g ive  the ch ild  m ore  solid  food  i.e., a food  

h av ing  less w a te r  such  as cooked  w h o le  rice. The th ird  p o ss ib i l i ty  is to 

p a rt ia l ly  b rea k d o w n  the s tarch  so that it w ill  not abso rb  m uch  w ate r  w h ile  

cook ing .



In the p re se n t  s tu d y  a f te r  p repar ing  the m u lt im ix e s  into a p o rr idge  

su itab le  to spoon  feed  the  c h ild ,  few  drops o f  coconu t oil w as added  w hich  

w ou ld  enhance  the  energy  con ten t .  It w a s  a lso  found to  im p ro v e  the 

f lavou r  as well as  the  cons is tency .

T he  ra tio  be tw een  p ro te in  and energy  w as a lso  com puted . T he  

p ro te in  energy  ra t io  will ind ica te  w h e th e r  the  food can fulfill  the  pro te in  

needs. P ro te in  ene rgy  ratio  o f  four  dev e lo p ed  m ixes  (3 A ,3 D S ,8 A ,8 D S )  

w ere  2 1 .4 2 ,2 1 .3 5 ,2 0 .4 0  and 20 .17 .

P ro te in  q u a li ty  o f  a  food  can  be  eva lua ted  in chem ica l  te rm s  by  

co m p ar in g  its am in o  acid c o n te n t  w ith  th a t  o f  a re fe rence  pro te in . T he  

am ino  acid sco re  and  c h em ica l  sco re  o f  m ix e s  3A and 3D S w ere  95 w h ile  

that  o f  8A and 8D S w ere  86.

M ult im ix  3D S had  se cu re d  h igh  ca lo r ie  con ten t  and the p ro te in  

e ne rgy  ratio  w as found  m ax im u m  in the ca se  o f  3A. C hem ica l  and am ino  

acid sco re  w as a lso  found  to b e  h igh . In o rd e r  to  f ind out the  best p roduct 

based  on nu tr i t iona l  a d e q u ac y  an index  w as  w orked  out based  on 

p a ram ete rs  l ike  ca lo r if ic  va lue , p ro te in  ene rgy  ratio , chem ica l  sco re  and 

am ino  acid sc o re  and it w as  n o t iced  that  3A  secured  the h ighes t  index  

va lue  com pare  to o th e r  p roducts .

Setty  (1989 )  had d e f in e d  th a t  for an a v e rag e  c o n su m e r  the concep t  

o f  food q u a li ty  re la tes  to the  senso ry  c h a rac te r is t ic ,  w hich  m ay  be 

c lass if ied  in a c co rd a n ce  w ith  the hum an  senses  o f  p e rcep tio n  as 

appearance ,  k in es th e t ic s  ( tex tu re )  od o u r  and taste . A ssessm en t  o f  

o rgano lep tic  q u a li t ie s  w as ca rr ied  out m a in ly  to d raw  conc lu s ion  abou t 

o n e  p a r t icu la r  fo rm u la t io n  f ro m  th e  four  co m b in a t io n  th rough  se lec tion  o f  

a l im ited  num ber  o f  pane l m em bers .  O rg a n o le p t ic  ev a lu a t io n  w as done  by 

10 expe r t  ju d g e s  us ing  sco reca rd  m ethod  and the  resu lt  revea led  th a t  8A 

was the m ost a c ce p tab le  one  because  o f  its fair  appearance  co lo u r  taste  

and consis tency .



A ccord ing  to T h iru m aran  (1993 )  the  in troduc tion  o f  locally  

processed  and p rese rv ed  n u tr i t ion  ready -to -u se  food w ill  reduce  the  t im e 

and spen t in p ro ce ss in g  and p rese rv in g  in fan t food. Rosado  et at. (2000)  

had op ined  that  the  p roduction  p rocess  for the  su p p le m e n ts  shou ld  be  as 

s im ple  and cheap  as p o ss ib le  so that  it a llow s the  su p p lem en ts  to be 

p roduced  in d if fe ren t  reg ions  o f  the  coun try  fac i l i ta t in g  their  d is tr ibu t ion .

O ne  o f  the  m ajo r  c r i te r io n  rec o m m en d ed  by  IC M R  (1970) for 

ju d g in g  the a c c e p ta b i l i ty  o f  dev e lo p ed  su p p le m e n ts  is tha t  the  m ethod  o f  

p repar ing  the su p p le m e n t  sh o u ld  be  s im ple  and it sh o u ld  no t take m ore  

than  15 m in u te s .  H uffm an  (2002 )  has  rem ark ed  that  an idea l  

sup p lem en ta ry  food w o u ld  o n ly  need  a cook ing  pe riod , w h ich  w ou ld  save  

m o th e r ’s t im e  and e n ab le  the  food  to be  cooked  each t im e  ju s t  b e fo re  it is 

served.

T he  t im e  tak en  for the  p rep a ra tio n  o f  the  p o rr id g e  for the  m ix  was 

th ree  m inu tes .  H ence  the t im e  tak en  for p rep a ra tio n  can  be  c o n s id e red  as 

a ccep tab le  as per  rec o m m e n d a tio n  o f  IC M R  (1970)  w h ich  d ec la re s  th a t  the 

p roduct is ready  to cook and m akes  the  jo b  o f  the  p rep a ra t io n  ve ry  easy  

and less t im e  taken ing .

W atts  et al. (1989 )  have  reported  that  d u r in g  the d e v e lo p m en t  o f  

new food  p ro d u c ts  or the  re fo rm u la t io n  o f  ex is t ing  p roducts  like  

iden tif ica t ion  o f  changes  caused  b y  p ro ce s s in g  m e thod , by  s to rage  or by 

the use  o f  new ing red ien ts ,  the ir  a ccep tab i l i ty  shou ld  be  assessed  by 

c o n duc ting  p re fe re n c e  test on a large num ber  o f  co n su m ers .  T hey  have 

also  s ta ted  that p re fe ren ce  s tud ied  are  des igned  to  d e te rm in e  c o n s u m e r 's  

su b jec t iv e  reac tions  to ex te rna l  ph en o m en a  and the ir  rea sons  for hav ing  

them . H ence  the fo u r  su p p lem en ts  and the  con tro l  sam p le  (N es tum ) w ere  

g iven  to ten m o thers  o f  ch ild ren  to know  the ir  p refe rence . High 

p refe rence  w as g iven  to 8A (88) fo llow ed  by 8DS (80). T h is  is due to the 

fact that the p o rr id g e  m ade  from w hich  had an a t t rac t iv e  fluffy and so It 

tex tu re , sm oo th  and free f low ing  cons is tency , d e lic io u s  f lavour and



b e f i t t in g  taste . These  fo rm u lae  a t t r ib u te  cou ld  be due  to the  p resence  o f  

r ice  and b lack g ram  w hich  are  fam il ia r  and f requen tly  c o n su m e d  foods o f  

loca l i ty  and  th e ir  ju d ic ia l  b lend ing  w ith  soya  and g reen  leafy  vege tab les .  

T h e  e x tru s io n  p ro ce d u re  a lso  m ig h t  h a v e  co n tr ib u ted  to  th e  a ro m a  and 

c o n s is ten c y  o f  the  p roduct.

T he  yield  o f  the  m ixes  both  d u r in g  p ro ce ss in g  and p repara tion  

(rec ipe )  is an im portan t  factor. The w e igh t  loss  d u r in g  p ro c e s s in g  shou ld  

be  m in im u m  in o rd e r  to fac i l i ta te  m ax im u m  ou t pu t o r  y ield . T he  

p ro ce ss in g  loss  and y ie ld  ra t io  o f  the  su p p le m e n ts  w ere  w o rk ed  out.

T he  p rocess  loss  w as found  to b e  h ighes t  in 8A  (0 .51). T h is  was 

m a in ly  b e c au se  o f  the  low yield  o f  a m a ran th  p o w d e r  d u r in g  p rocess ing . 

T he  q u a n ti ty  o f  am aran th  p o w d e r  o b ta in e d  f rom  fresh  leav es  w as  found to 

be v e ry  low . S im ila r  resu lts  w as o b se rv e d  in the  p ro c e s s in g  o f  r ice  soya 

b a sed  su p p le m e n t  deve loped  by  K era la  A gricu ltu ra l  U n ivers i ty  as a food 

su pp lem en t  under  1CDS (Thom as, 2001).

In o rder  to ve rify  the  sa fe ty  o f  m u lt im ix e s  for feed ing  young  

in fan ts ,  the  to ta l m icrob ia l  coun t  o f  the  m u lt im ix e s  w e re  asce r ta ined  by 

seria l d i lu t io n  techn ique .

T he  h ig h es t  bac te r ia l  coun t  w as seen  in 8A (2200 )  fo l lo w e d  by  3A 

(1400).  8D S  w a s  found  to  con ta in  low es t  n u m b e r  o f  b ac te r ia .  T h ough  all 

the  sa m p le s  w ere  found  to co n ta in  few  b ac te r ia ,  the  coun t  w as  m uch  be lo w  

the  l im it  spec if ied  b y  1ST, i.e., 5000 /g  (m ax im u m ) ind ic a t in g  that all the 

su p p le m e n ts  are  sa fe  to be  fed to ch ild ren .

It w as fu rthe r  g ra tify ing  to no te  that  even  a f te r  s to rage  in 

p o ly e th y len e  covers  for th ree  m o n th s  the  increase  in bac te r ia l  coun t  was 

on ly  m in im u m . H ow ever ,  it w as  tak en  in to  acco u n t  th a t  the  control 

sa m p le s  w ere  free  o f  co n tam in a t io n . T h is  in d ica te s  that  com m erc ia l  

sam p le  has  been p rocessed  under  s tr ingen t  a sep tic  co n d it io n s  and are



stored in vacu u m  sealed lam in a ted  p o u ch es  w h ich  are  fu rthe r  enc losed  in 

s trong  lam ina ted  ca rdboa rd  cartons .

As the in it ia l  va lues  o f  the  dev e lo p ed  p roducts  a re  low , the  san ita ry  

qua li ty  can  be  fu rthe r  im p ro v ed  by  ca re fu l  h a n d lin g  o f  m a te r ia ls  at all 

levels  o f  p ro ce ss in g  and s to rage . A part  f rom  the s tr ingen t  p rocess ing  

p rocedu res ,  m o d ern  pack ag in g  tec h n iq u es  are  to be ap p lied  to ensu re  the 

safe ty  o f  the  p ro d u c ts  deve loped  u n d e r  the  study.

T he  su p p le m e n ts  w ere  a lso  assessed  for the  p resence  o f  E. coli and it 

w as found to be  absen t in all th e  fo u r  su p p le m e n ts  w h ich  in d ica te s  that  the  

supp lem en ts  h a v e  been  p repa red  u n d e r  hy g ien ic  cond it ions .  W a lte r  (1973) 

has  s ta ted  th a t  p re fe ren ce  o f  co lifo rm  o rg a n ism  d e te rm in e s  the  san ita ry  

qua li ty  o f  a p roduct.  P resence  o f  E. coli is an index  for excretal 

co n tam in a t io n ;  w h ic h  m ay  c o n ta in  d ise a se  p ro d u c in g  m ic ro o rg a n ism  too. 

The d e v e lo p e d  m ix e s  are  free  o f  faecal  con ta m in a t io n ,  and th e re fo re  can 

be  g iven  to the  ch ild ren  safely.

W e an in g  m ix  deve loped  b y  S h en g  (2 0 0 5 )  w ith  soya  f lo u r  (defa tted  and 

roasted)  w as repo r ted  to con ta in  no  co lifo rm  bac te ria .

A part  f rom  the  ch e m ica l ,  n u tr i t io n a l ,  m ic ro b ilo g ic a l ,  physica l  and 

rheo log ica l  p ro p er t ie s  the  p ro d u c t  sh o u ld  have  good s h e l f  l ife  and high 

accep tab il i ty .

K u m a r  (2001) has  s ta ted  th a t  s h e l f  l ife  can  be  de f ined  as the  leng th  o f  

tim e that  a p a ck ag e  o r  a m ate ria l  in a c o n ta in e r  will rem a in  in a  sa leab le  or 

accep tab le  c o n d it io n  u n d e r  sp ec if ied  co n d it io n s  o f  s to rage . Varsanyi 

(1993) had ob se rv ed  that s to ra g e  o f  food has  been  so co m p lex  that an 

en tire  in d u stry  has  been  de v e lo p e d  to sa tis fy  the  needs  o f  co nsum ers .  The 

m ech an ism  and k in e t ic s  o f  food d e te r io ra tio n  can  be  co n tro l led  b y  s torage  

techn iques  app lied .

T he re fo re  the deve loped  m u l t im ix e s  were  packed  in po lyethy lene  

covers  and were s tored for  a per iod  o f  th ree  m on ths  under  ambient



cond it ions .  T he  s to rage  s ta b i l i ty  o f  m ixes  w ere  analysed  by  m ea su r in g  the 

pe rox ide  va lue , m o is tu re  co n ten t  and ex ten t  o f  da m a g e  by in sec t /pes t .  

S ha rm a  (2004 )  has s ta ted  that  m o s t  o f  the  p recooked  deh y d ra ted  in stan t  

foods are  h igh ly  s u sce p t ib le  to ox id a t io n  lead ing  to d e v e lo p m en t  o f  

u n d e s ira b le  f lavour. The n a tu re  and ex ten t o f  au to  o x id a t io n ,  de g ra d a t io n  

dep en d s  on  the  ex ten t o f  u n sa tu ra t io n  o f  l ip ids  p resen t in ce rea ls  o r  pu lses .

T he  p e ro x id e  va lue  o f  fo u r  m u lt im ix e s  a f te r  a pe riod  o f  th ree  m o n th s  

s to rage  ran g e d  from 0.7 to 1.0 meq/lOOg. H ighes t  p e ro x id e  v a lu e  was 

o b se rv ed  in m u lt im ix  3D S. P e ro x id e  va lue  rang ing  from  0 to 5 .00  m eq /k g  

in a w e a n in g  m ix  afte r  a s to ra g e  pe riod  o f  42  days  w as  rep o r ted  by 

So lank i (1996 ) ,  w h ile  p e ro x id e  v a lu e  o f  15.92 m eq /k g  in s to red  m u lt im ix  

w as rep o r ted  by  Inam dar  (1991 ) .  G u p ta  and Sehgal (1992) have  re p o r te d  a 

va lue  o f  7 .20  m eq /k g  in rag i b a s e d  w ean ing  m ix  afte r  a s to rage  pe riod  o f  

28 days.

W h e n  com pared  to the  above  data , the  pe rox ide  v a lu e  o b ta in e d  in 

the  p re se n t  s tu d y  seem s to be  v e ry  low . T h is  is a pos it ive  fea tu re  g iv in g  an 

ind ica tion  o f  b e tte r  s to ra g e  s tab i l i ty  o f  the  dev e lo p ed  w e a n in g  m ix e s .  T he  

low p e ro x id e  va lue  m ay  be  due  to low fat con ten t  o f  m ix e s  as w ell  as 

b e tte r  s to ra g e  cond it ions .

M o is tu re  con ten t  o f  the  p ro d u c t  w ill  e ffec t  the  s h e l f  l ife  be c au se  

as s ta ted  by  Sagar  and R o y  (1997 ) ,  by  red u c in g  the w a te r  co n ten t  o f  food , 

s h e l f  l ife  can  be  im proved . T he  m o is tu re  con ten t  o f  m u lt im ix e s  at the 

initia l  s tage  ranged  from  2 .3g  to 3.7g, w h ile  afte r  s to rage ,  the  m o is tu re  

w as increased , ie, it ranged  from  3 .5g  to 3.9g. This  p ic tu re  in d ica te s  that 

all the  m ix e s  h a v e  abso rbed  m o is tu re  from  the  a tm osphe re  s ince  the re  w as  

increase  in m o is tu re  con ten t  and g rea te r  increase  w as ob se rv ed  in3A  and 

8A.

B ac ter ia l  count w as a lso  reco rded  a f te r  three m o n th s  o f  s to ra g e  to 

find out s to ra g e  stab ili ty . A c c o rd in g  to Leela  et af. (1993), p rocessed  

foods and o tiicr  food m a te r ia ls  p rov ide  am ple  scope for c o n tam in a t io n



w ith  spo ilage  and pa thogen ic  m ic ro o rg an ism , thus  n ecess i ta t in g  

m ic rob io log ica l  q u a li ty  a sse ssm e n t  as an integral part. In the  present 

study , low er  bac te r ia l  coun t w as  seen  in in itia l  s tage  than  in the  stored 

p roduct.  H ow ever ,  the  increase  in to ta l  bac te r ia l  coun t is s ti l l  w ith in  the 

accep tab le  range  suggested  b y  BIS. H ow ever ,  a s se ssm en t  o f  inc idence  o f  

insec t/pes t  in s tored  p roduct  revea led  th a t  there  was no in sec t  in fes ta t ion  

in the  p roduct b e c au se  they  w ere  s to red  in a ir t igh t  p o ly e th y le n e  covers. 

A cco rd ing  to Leela  et al. (1993 ) ,  in sec t  has  m ore  p re fe re n c e  for m ois t  

p roducts . S ince  the  deve loped  m ix e s  w ere  ex truded  at ve ry  h igh  

tem pera tu re s  and lo w e rin g  the  m o is tu re  con ten t  to a g rea t  e x ten t  by 

m echan ica l  d ry ing , the  insec t  /pes t  in fe s ta t io n  was found  to be to ta lly  

absent.

A fac to r  tha t  a tt rac ts  c o n s u m e r  to a p roduct  is i ts  low  cos t  and high 

accep tab il i ty . H ere  the  cost o f  one  k i lo g ram  o f  the  m u lt im ix e s  in c lu s iv e  o f  

tw en ty  p e r  cen t o v e rh e a d  charges  w ere  a lso  ca lcu la ted  to a sce r ta in  the cost 

o f  w ean ing  food. T he  cost o f  o n e  k i log ram  o f  c o m b in a tio n  ranged  from  

Rs.18 to 28 .4 4 , w h i le  the  cos t  o f  co m m erc ia l  w ean ing  food  w as  142.50 

Rs/kg. M allesh i  (1995 )  reports  that  m a n y  o f  the  p roprie ta ry  w e a n in g  food 

are qu ite  e x p e n s iv e  and beyond  the pu rch as in g  p o w e r  o f  th e  paren ts  

be long ing  to  m id d le  and lo w e r  in co m e  group. T h e  h ig h e r  cos t  o f  

com m erc ia l  w e a n in g  food  can be a t t r ib u ted  to  several fac to rs  such  as cost 

o f  pack ag in g  m a te r ia ls  (a lu m in iu m  fo il , ca r tons ,  tin), e x p e n se  invo lved  in 

the  ad v e r t isem en t  o f  the  p roduc t ,  o v e rh e a d  charges  etc. R am asa ran y a  and 

K an jana  (2003 )  p roc la im ed  that  cost o f  deve loped  w e a n in g  b iscu i t  was 

R s .24 /kg  w h ich  is very  low  w hen  c o m p ared  to the  com m erc ia l  b rands.

Sandhu  and Joshi (1995)  rep o r ted  tha t  qua li ty  eva lu a t io n  is th e  m ain  

criteria  to find the a ccep tab i l i ty  o f  any p roduct.  The overa ll  accep tab i l i ty  

o f  the  m u lt im ix c s  w ith  d iffe ren t c o m b in a t io n  revealed  that m u lt im ix  8A 

scored  high. T he  h igh score  for overa ll  accep tab i l i ty  for th is  com b ina tion



w as due  to the  high score  for the  p a ram ete rs  l ike  appearance ,  co lou r ,  

f lavour, ta s te ,  cons is tency  and  doneness .

D u r in g  the  d e v e lo p m en t  o f  new  food  p ro d u c ts  or re fo rm a tio n  o f  

ex is t in g  p ro d u c ts ,  the  id en tif ica t io n  o f  changes  caused  by  p rocess ing  

m e thod , by  s to rage  or by the  use  o f  n e w  ing red ien ts ,  the ir  accep tab i l i ty  

cou ld  b e  assessed  by co n d u c tin g  p re fe ren ce  test (W atts  et a l., 1989). 

H ence  in the  p resen t study , the  p re fe re n c e  sc o re  am ong  m others  for 

de v e lo p e d  p ro d u c ts  w as con d u c ted  and m u lt im ix  8A show ed  the high 

p re fe ren ce ,  w h ile  low er p re fe re n c e  w as show n  for 3D S. T h is  is be c au se  

ap p e a ra n ce  and co lo u r  o f  3A  and 3D S w e re  no t accep tab le .

W h e n  overa ll  index  w as d e te rm in e d  to  id en tify  the  bes t  m ix  am ong  

the  four  b le n d s  8A w as n o t iced  to have  h ighes t  index  v a lu e  as 8A secu red  

h igh  sc o re  fo r  charac te rs  such  as c h em ica l ,  phys ica l  and reheo log ica l,  

o rg a n o le p t ic  and p refe rence  test. H ence  8A can  be  c o n s id e red  as the  best 

one.

T h u s  based on c h em ica l ,  phys ica l  and re h e o lo g ic a l ,  o rgano lep tic  

and p re fe ren ce  tes t  m u ltim ix  co n ta in in g  r ice  (55 p e r  cent) , b lack g ram  (25 

per  cent) , so y a  (15 per cen t)  and am aran th  (5 p e r  cen t)  w as  found to be  the 

m ost  a c ce p tab le  one. The m ixes  w as found  to s a t is fy  the  req u irem en t  for 

the  m a jo r  n u tr ie n t  such as ca rb o h y d ra te ,  p ro te in  and  fat and  it w as noted  

to be  an en e rg y  rich  su p p le m e n ta ry  food. T he  m ix  w as  fou n d  to be  h igh ly  

accep tab le  w hen  evalua ted  th rough  sco r in g  tech n iq u e .  T h is  w as a lso  found  

to be  sa fe  to  feed ch ild ren  even  a f te r  s to r in g  the sam e  for th ree  m on ths . 

S ince  it w as  found to free from  E. coli and in sec ts  and pests 

c on ta m in a t io n .  T he  m ateria l w as accep tab le  to rura l m o th e rs  o f  in fan ts ,  

w hich  cou ld  be due  to the  fact that  it is m ad e  from  loca l ly  ava ilab le  

fam ilia r  m a te r ia ls  like rice, b lac k g ram  and a m a ran th  leaves. The 

c o n su m e r  p refe rence  for the  sam e w ou ld  be  a lso  h igh b ecause  it is very 

cheap  co m p ared  to the  c u s to m a ry  c o m p le m e n ta ry  m ixes  sold in K era la . It 

can easily  find a place in m arket b ecause  it w as  found  to sa tisfy  nine



c r i te r ia  out o f  11 p a ram ete rs  s t ip u la ted  by IS 1656 to 1969 for cereal 

based  w e a n in g  food.

M alle sh i  (1995)  from  C F T R I has  reported  that  th re e  im portan t  

aspec ts  sh ou ld  b e  cons ide red  w h ile  d ev e lo p in g  the w e a n in g  food. F irstly , 

basic  raw  m ate r ia l  o f  the  w e a n in g  food  shou ld  be loca l ly  a v a i lab le  food 

grain . S e c o n d ly  the  food shou ld  co n ta in  low level o f  f ib re  and o ther  

m ate ria ls  tha t  are  d if f icu l t  to d igest .  T h ird ly , the  food sh o u ld  be ready  to 

eat and sh o u ld  e n ab le  the  m o th e r  to p rep a re  the g ruel or p a s te  from  them  

at the  t im e  o f  feeding . The r ice  b a sed  c o m p le m e n ta ry  food  in th is  s tudy  

sa tis f ie s  all th e  above  req u irem e n ts  and h en ce  it can  b e  c la im e d  as an 

accep tab le  s u p p le m e n t  to  an in fan t in the  age g roup  o f  six to  n in e  m onths .



Summary
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6. S U M M A R Y

T he  s tu d y  en ti t led  “ D e v e lo p in g  rice based  c o m p le m e n ta ry  food for 

in fa n ts” w as  ca rr ied  ou t w ith  an ob jec t iv e  to d e ve lop  and ev a lu a te  the 

chem ica l ,  physica l ,  nu tr i t iona l  and  s h e l f  life q u a li t ie s  o f  a r ice  based  

c o m p le m e n ta ry  food su itab le  for feed ing  in fan ts  o f  six to n ine  m o n th s  o f  

age.

S ix ty  fo u r  co m b in a t io n s  o f  b a s ic  m ixes  w ere  w orked  o u t  b y  va ry ing  

the p ro p o rt io n s  o f  r ice  and d if fe ren t  pu lses . T he  am in o  a c id  sco re  and 

chem ica l  sco re  o f  these  c o m b in a t io n s  w ere  c a lcu la ted  and  11 

c o m b in a t io n s  that  had  the  h ighes t  c h em ica l  score  (above  80) w e re  se lec ted  

for fu rthe r  study.

M u lt im ix e s  w ere  fo rm u la ted  f rom  the bas ic  m ixes  b y  ad d in g  o ther  

ing red ien ts  in  tw o  d if fe ren t  ways. In the  f irst m e th o d  a second  cerea l  was 

in troduced . T h u s  108 co m b in a tio n s  co n ta in in g  e i th e r  ragi o r  w h e a t  as an 

add it ional  cerea l  h a v in g  vary ing  p ro p o rt io n s  w ere  fo rm u la ted .  In the  

second  m e th o d  on  add it iona l  p u lse  w as  added  to the  bas ic  m ix  and thus  

139 c o m b in a t io n  w ere  w orked  out. A m o n g  these  247  (108  + 139) 

m u lt im ixes  an equal n u m b er  o f  c o m b in a t io n  (i.e., 11) as th a t  o f  the  

bas ic sm ix es  h a v in g  chem ica l  score  a b o v e  80 w ere  se lec ted  at random . So 

that th e re  w e re  e leven  bas ic  m ixes  and  11 m u lt im ix es .

F u r th e r  to fo rm u la te  a c o m p re h en s iv e  m u lt im ix  the “ fo o d  sq u a re ” 

concep t w as  adop ted  inorder  to m ak e  an ideal c o m p le m e n ta ry  food. As 

per  th is  co n cep t  four  c o m p o n e n ts  a re  e ssen t ia l ly  needed ; a bas ic  s tap le , a 

p ro te in  s u p p le m e n t ,  a v i tam in  -  m inera l  su pp lem en t  and an energy  

supp lem en t.  As the  s tap le  and p ro te in  com ponen ts  a re  a lready  ava i lab le  in 

the p r im ary  m ixes  a v i ta m in -m in e ra l  supp lem en ts  and an energy  

supp lem en t  had to be  added. T h e re fo re  am aran th  w as se lec ted  as v itam in



m inera l  supp lem en t  w h ile  suga r  and coconut oil w e re  se lec ted  as energy  

su p p lem en ts .

H ow ever ,  w hen  the  n u tr i t iv e  va lues  o f  the  22 c o m b in a t io n s  (11 + 

11) w e re  w orked  out the  p ro te in  co n ten t  was obse rv ed  to ranged  from  8 to 

12 g. A s  an ideal cereal based  w e a n in g  food shou ld  con ta in  a tleast  14 g o f  

p ro te in  per  100 g, soya w as  a lso  ch o o sen  and used  as a n o th e r  ingred ien t 

tha t  w o u ld  supp ly  good q u a li ty  pro te in .

E ach  o f  the  ing red ien ts  w e re  p rocessed  in i t ia l ly  b y  co ttage  level 

tec h n iq u e s  such as c le a n in g  sund ry ing , m illing , ro as t in g ,  and  s iev ing  and 

w ere  b len d e d  in se lec ted  p ro p o r t io n s  to fo rm u la te  the  22 c o m p reh en s iv e  

m u lt im ix .

E ach  o f  the  m ixes  w as in d iv id u a l ly  co n v e r ted  in to  a rec ip e  su itab le  

for fee d in g  an infant, i.e., p o rr id g e  o f  spoon fee d in g  cons is tency . They  

w ere  e v a lu a te d  for the ir  a c ce p tab i l i ty  by  ten expe r t  ju d g e s  w ith  the  help  o f  

a scoreca rd .  T he  total scores  w e re  com pared  and ten  m ixes  ( from  the 22 

m ixes)  hav ing  h ighes t  a ccep tab i l i ty  scores w ere  se lec ted  for fu rther  

e v a lu a tio n .  All these  m u lt im ix e s  con ta ined  a m a ran th  as the  v itam in  -  

m inera l  supp lem en t.  A s  d ru m s t ic k  is  a cheap  and  eas i ly  ava i lab le  green  

leafy  veg e tab le s ,  10 m o re  m u lt im ix e s  w e re  p ro cessed  re p la c in g  am aran th  

by  d ru m st ic k .  The ten m u lt im ix e s  with am aran th  w e re  de s ig n e d  with a 

su ff ix  A  w hile  those  w ith  d ru m s t ic k  had  the su ff ix  DS.

T h e se  w ere  fu rthe r  p ro cessed  for la rg e sca le  com m erc ia l  

ex p lo i ta t io n .  Tw o m odern  m e th o d s  viz., d rum  d ry ing  and e x tru s io n  were 

tried ou t.  As d rum  d ry ing  p rocess  fa i led  due  to  g e la t in iz a t io n ,  ex trus ion  

m eth o d  w as adop ted . T h u s  20 read y - to -co o k  m u lt im ix e s  o f  f ine  qua li ty  

w ere  ob ta ined .

In o rder  to iden tify  the  bes t  inu lt im ixes  a m o n g  the 20 , they  w ere  

fu rther  ranked on the b as is  o f  o rg an o le p t ic  quali ty . O n th is  accoun t  8 DS 

and 3 DS w ere  ranked as P 1 and 2 ,KV As these  tw o  con ta ined  d rum stick
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leaves on the  v i tam in -m in e ra l  su pp lem en t.  C o rresp o n d in g  co m b in a tio n s  

c o n ta in in g  am aran th  viz., 3A and 8A w ere  a lso  se lec ted  for further 

analysis.  M o reo v e r  3A had secu red  the th ird  rank  also. O ut o f  these 

fo rm u la t io n s  3A had  rice , ragi, g ree n g ra m , soya  and am aran th ,  at the  rate  

o f  600  g, 100 g, 100 g, 150 g and 50 g re sp e c t iv e ly  per  kg. 3 D S also  had 

the sam e  c o m p o s i t io n  excep t  for the  fact th a t  it had d rum stick  leaves in 

the  p lac e  o f  am aran th . T he  m u lt im ix  8 A  w as  com prised  o f  r ice  (550  g), 

b lackg ram  (250  g), soya {150 g) and a m a ran th  (50  g) w h ile  in 8 DS 

a m aran th  w as rep laced  by  d ru m stick .

In o rd e r  to f ind ou t the  b e s t  o n e  a m o n g  the  above  fo u r  b le n d s  they  

w ere  su b je c ted  to chem ica l  and phys ica l  ana ly s is .  M o re o v e r  the ir  sh e lf  

s tab ili ty , cos t,  san ita ry  q u a li ty  w as  assed . T h e  accep tab i l i ty  and  p re fe rence  

scores , a ss igned  by  e x p e r ts  and m o th e rs  o f  c h i ld ren  w ere  a lso  cons ide red  

for se lec ting  the b e s t  m ix .

T h e  chem ica l  c o m p o s i t io n s  o f  the  se lec ted  four  m ix e s  w ere  

a sce r ta ined  by  e s t im a t in g  se le c te d  n u tr ie n ts  ( to ta l p ro te in ,  fat, total 

ca rbohyd ra te ,  ca lc ium , sod ium , p o ta s s iu m  and iron) and n o n  nu tr ien ts  

(m ois tu re ,  to ta l ash, acid in so lu b le  ash, c ru d e  fibre) u s in g  s tandard  

labo ra to ry  techn iques .  P ro d u c t  q u a l i ty  index  based  on  chem ical 

c o m pos i t ion  was w o rk ed  ou t and 8A  secu red  the  h ighes t  index  score .

Physica l  and  rheo log ica l  q u a l i t ie s  l ik e  y ie ld , ease  o f  p repara tion , 

part ic le  s ize , bu lk  d e n s i ty  and v isc o s i ty  w e re  then  asce r ta ined . H ere  again 

the m u lt im ix  8A secured  the h ighes t  index  value .

N u tr i t iona l  a d eq u acy  o f  fo u r  m u l t im ix e s  w as  assessed  on the  basis  

o f  four  charac te rs  su ch  as ca lo r if ic  va lue , p ro te in  energy  ra tio , chem ical 

score  and am ino  acid score . H ere  ag a in  the  ad eq u acy  scores o f  the  four 

c o m b in a t io n s  w ere  w o rk ed  out. T h e  c o m p a r iso n  o f  the  index  values  

revea led  that  3A w as the m ost a d e q u a te  one  (38 .25 )  fo llow ed by 3DS 

(37 .31 ), 8 DS (33 .93) and 8A (33 .84 ).



To ensu re  th a t  the  m ix e s  a re  safe  for feed ing  in fan ts ,  bacteria l 

coun ts  as w ell  as the  p re su m p tiv e  test to a sce r ta in  the p re se n c e  o f  E. coli 

c o n ta m in a t io n  w e re  carr ied  out. T he  total bacteria]  coun t  ind ica ted  that  the 

m ixes  a re  no t a b so lu te ly  s te r ile  bu t the  coun ts  w ere  m u c h  be low  the 

a dm iss ib le  level su g g e s te d  by  BIS . The p e rm iss ib le  l im it  w as 5000  pe r  

gram  bu t the  sa m p le s  had to ta l bac te r ia l  coun t  b e tw e en  600  to 2200  pe r  

gram . T he  p resence  o f  E. coli w hen  assessed  rev e a le d  th a t  E. coli was 

absen t in all th e  fo u r  m u lt im ix e s  ind ic a t in g  the a b sen c e  o f  faecal 

con tam ina t ion .

Y oung  m o th e rs  a re  tem p ted  to  p u rch a se  co m m erc ia l  m ixes  m ain ly  

for two reasons ,  s h e l f  s tab i l i ty  and  easiness  to p rep a re  the  feed. T h erefo re  

s h e l f  s tab i l i ty  and t im e  requ ired  to p repa re  the  m ix  in to  a  su itab le  rec ipe  

to feed  an in fan t o f  6 -9  m o n th s  o f  a ge  w ere  a sce r ta in ed  s h e l f  l ife  qua li t ies  

o f  the  m u lt im ix e s  w e re  a sce r ta in ed  th rough  c h em ica l ,  physica l and 

m ic rob io log ica l  m e th o d s  afte r  s to r in g  the m ix e s  in p o lye thy lene  covers  for 

th ree  m on ths .

T he  m o is tu re  co n ten t  o f  s to red  p ro d u c t  w as  found  to b e  h igher  than 

that  at in it ia l  s tage . T h is  ind ica ted  tha t  all m ix e s  had  ab so rb ed  m o is tu re  

from the  a tm osphe re .  T he  p e ro x id e  va lue  o f  the  m ix e s  a lso  ind ica ted  that 

chem ica l  change  d u e  to  o x id a t io n  o f  fat e i th e r  by  a ir  o r  b y  m ic ro o rg a n ism s  

has  set in the  m ix e s  in a m ild  way. B ac teria l  coun t  w as a lso  found  to be 

h ig h e r  in s tored  p ro d u c ts  w h en  co m p ared  to tha t  at the  initia l  stage. 

H ow ever ,  bacteria l  coun t  w as fo u n d  to be  still w ith in  the  pe rm iss ib le  

lim its  approved  by  BIS. M o re o v e r  even  a f te r  th ree  m o n th s  no pest or 

m ould  in fe s ta t io n  w as obse rved  in the  m ixes . O rg a n o le p t ic  q u a li ty  o f  four 

m ixes  w ere  a lso  eva lua ted  a f te r  s to rage  o f  th ree  m o n th s  and  all the  m ixes  

w ere  h igh ly  a c ce p tab le  and the m o s t  accep tab le  m u lt im ix  w as  found to be 

8A,

To ju s t i fy  the  qua li ty  o f  the  deve loped  p ro d u c t  for com m erc ia l  

ex p lo i ta t io n  the cha ra c te r is t ic s  o f  the  m ixes  w ere  com pared  w ith  those



spec if ied  u n d e r  IS 1659-1969. To assess  the  co m m erc ia l  v iab i l i ty  o f  the 

p roduct  thus  m ix e s  w ere  a lso  c o m p ared  w ith  selec ted  c h a ra c te r is t ic s  o f  a 

c o m m erc ia l  in fan t fo rm u la  (N es tum ). T h is  exerc ise  revea led  the  fact that 

all th e  p ro d u c ts  w ere  e ffec tive  in supp ly ing  adequate  a m o u n ts  o f  the  tw o 

m ajo r  n u t r ie n ts  n am e ly  ca rb o h y d ra te  and pro te in . T hey  w e re  all found to 

be low in fact co n ten t  but that  de fic i t  has been  o v e rco m e  by  the  add it ion  

o f  coconu t  oil w h i le  p repa r ing  the rec ipe. As far as the  m in e ra l  con ten t  

w as co n c e rn e d ,  3D S and 3A  w e re  found  to su p p ly  adequate  a m o u n t  o f  iron  

w h ile  o th e r  tw o  (8A  and  8D S) w ere  capab le  o f  m ee ting  60 p e r  cen t  o f  the  

q u an ti ty  o f  iron  rec o m m en d ed  b y  BIS. It w as a lso  seen  th a t  the  m ixes  

cou ld  m ee t o n ly  30  per  cen t o f  the  ca lc ium  req u irem en t  so d iu m  and 

po tass iu m  co n ten t  o f  the  m u lt im ix e s  w ere  found  to be ve ry  lo w  20-30 , 25- 

27 per  cent. T h is  cou ld  be  tak en  as a p o s i t iv e  qua li ty  b e c a u s e  e x cess  o f  

these  m in e ra ls  m ay  lead to increase  in rena l  load  o f  in fa n t ’s k idney .

As far  as  v i ta m in s  w ere  concerned , the  m u lt im ix e s  cou ld  m ee t  on ly  

20  to 44  p e r  cen t o f  the  c requ irem en t,  w h i le  v i tam in  a co n ten t  o f  the  

m u lt im ix e s  ran g e d  be tw een  350  to 413 p , w h ich  is ca p ab le  o f  m ee t in g  

on ly  23 to 27 p e r  cen t o f  the. T h ia m in e  and r ibo f lav in  c o n te n t  o f  the 

m u lt im ix e s  ranged  b e tw e en  0 .235 to 0 .250  m g  and 0 .142  to  0 .155 m g 

resp ec tiv e ly  But the  s tandard  m in im u m  req u irem en t  for th ese  v i tam in s  in 

in fan t fo rm u la  are  0 .50  and 0 .60  m g  respec tive ly .

H o w e v e r  add ing  com m erc ia l  v i tam in -m in e ra l  m ix e s  to  the  b lends  

w hile  p ro ce ss in g  the m ateria l  on a large scale , w h ich  is an accep tab le  

p rac t ice  fo l lo w e d  in p repa r ing  p ro p r ie ta ry  in fan t fo rm u lae  can  m ak e  up 

such de f ic ie n c y  in m in e ra ls  and v i tam in s  so ld  in open  m arke t.  T he  v itam in  

A and C co n ten t  o f  the  m u lt im ix e s  cou ld  be im proved  by  ad d in g  add it iona l  

am oun t o f  green  leafy  vege tab les  also.

T he  IS s tandard  had also  s t ipu la ted  that the  m ix e s  shou ld  not 

con ta in  E.coli and that  the  total shou ld  not exceed  5000 per  gram  o f  the 

sam ple . The resu l t  ob ta ined  revea led  that  all the  four p roducts  w ere  free o f
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E.coli and had a to ta l bac te r ia l  coun t 20 -50  per cen t be low  the perm iss ib le  

l im it and there fo re  a re  sa fe  to be  fed to infan ts .

A no the r  im p o r ta n t  fea tu re  tha t  was h ig h ly  n o t iceab le  w as  the  cost. 

T he  dev e lo p ed  p ro d u c ts  can  b e  p repa red  at a  cos t  rang ing  from  18 to 24 Rs 

per  kg  w h ile  N es tum  is so ld  at the  ra te  o f  R s .5 7 p e r4 0 0 g .T h is  fact ind ica tes  

that the  dev e lo p ed  m ixes  are  cheap  and are  m ad e  w ith  loca lly  ava ilab le  

reso u rces  and is a ffo rd ab le  and accep tab le  to m o th e rs  b e lo n g in g  to low 

so c io e c o n o m ic  sta tus.

A food to be g iven  to a child  i r re sp e c t iv e  o f  all th e  above  

m en tioned  fea tures  sh o u ld  b e  accep tab le  to  m o thers  because  they  would  

d e c id e  w ha t  is to  b e  g iv en  to the ir  ch ild ren . H e n c e  a p re fe ren ce  test was 

conduc ted  am ong  ten  m o th e rs  o f  in fan ts  u s in g  a  h edon ic  ra t ing  sca le  and it 

revea led  that  m u lt im ix  8A w as the  m ost p re fe rred  one  fo llow ed  by  8DS.

T he  su itab il i ty  o f  m ix e s  and their  a d e q u ac y  had been  inves tiga ted  

th ro u g h  several in d ica tions ,  i.e., chem ica l ,  nu tr i t io n a l ,  o rgano lep tic  and 

p re fe re n c e  score . B ut an overa ll  p ic tu re  w a s  needed  to id en tify  the  m ost 

su itab le  m ix . H ence  an overa ll  ad eq u acy  index  w as  deve loped . T h is  index  

v a lu e  revea led  that  8A is  m o s t  s u i ta b le  one, s in c e  it had the  h ig h es t  score.

T h u s  based  on c h e m ica l ,  physica l  and th eo lo g ica l ,  o rg an o lep tic  and 

p refe rence  test the  m u lt im ix  c o n ta in in g  55per  cen t rice, 25 per cent b lack  

g ram dha l,15  per  cen t soya  and  5 per  cen t a m a ran th  w as  found  to  be  the 

m ost accep tab le  c o m b in a t io n  for p repa r ing  an in fan t fo rm ula .  T h is  could  

be  reco n s t i tu ted  easily  w i th in  th ree  m inu tes  in to  a po rr idge ,  w hich  has a 

d es irab le  c o n s is ten cy  for spoon  feeding . T h is  r ice  based  c o m p lem en ta ry  

food w as found to  be  n u tr i t io n a l ly  adequate  to m ee t the  req u irem e n t  o f  the 

m ajo r  nu trien ts  o f  an in fan t aged be tw een  s ix  to n ine  m on ths .  H ow ever, it 

w as found to be s l igh t ly  d e f ic ie n t  in ca lc ium  and m icro  v i tam ins ,  w hich 

could  be am elio ra ted  i f  a m in u te  q u an ti ty  o f  v i tam in -m in e ra l  mix is added  

to the  b lend  w hile  p ro ce s s in g  it. The  fo rm u la  had h igh accep tab i l i ty  as 

revea led  by o rg an o lep tic  c h a rac te r is t ic s  and p re fe ren ce  sc o re  given is i t 's



by  m o thers  o f  in fan ts  and expert  ju d g e s .  T h is  accep tab i l i ty  m a y  be due  to 

the  use o f  in d ig en o u s  m ate ria ls  and a lso  the tec hno logy  adopted . T he  

m ateria l  can  be  s to red  for an  y ea r  i f  s to red  in  vacuum  sea led  lam ina ted  

pouches. T he  m o s t  im portan t  fea tu re s  w o r th  m en t io n in g  easiness  to 

p repa re  and its low cost. T he  p ro d u c t  can  be  m ark e te d  i f  it can  be 

p opu la r ized  th ro u g h  app rop ria te  m e thod .
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A B S T R A C T

A study entitled ' ‘Developing rice based complementary food for infants" 

was conducted to formulate a weaning food with rice suitable for feeding infants 

o f  six to nine months o f  age.

Sixty four combinations o f  basic mixes were worked out combining rice 

with different pulses in varying proportions. Out o f  these, eleven combinations 

having high chemical score (above 80) were selected for formulation o f  

multimixes by adding ingredients in two different ways. In the former method ragi 

or wheat was added to the basic mix as a second cereal and in the later method an 

additional pulse was added. Thus 247 combinations w ere  formulated. From these, 

eleven combinations having chemical score above eighty were selected at random. 

Thus there were eleven basic mixes and eleven multimixes. These 22 mixes 

(11+11) were used in the preparation o f  a comprehensive multimix based on 

“ food square” concept suggested by Protein Advisory Group (1975), which would 

contain a staple o f  the locality and a food that would supply protein, a mineral and 

vitamin supplement and an energy supplement.

As the staple and protein components are already present in the 22 primary 

mixes, amaranth leaves were added as vitamin-mineral supplement. Sugar and 

coconut oil were added as energy supplements. W hile  calculating the nutritive 

value o f  the 22 combinations, the protein content was found to be very low; hence 

soya was also included as an additional ingredient to formulate complementary 

food.

The selected ingredients in the multimixes were processed separately by 

common cottage level techniques and were blended in specified proportions to 

formulate the 22 comprehensive multimixes. These w ere converted into a recipe 

suitable to feed an infant. They were evaluated organoleptically by ten expert 

judges with the help o f  a score card. The total scores were compared and ten 

mixes having highest acceptability scores were selected. These inuftimixes



contained amaranth as vitamin-mineral supplement. As drumstick leaves is also a 

cheap and easily available green leafy vegetable, ten m ore multimixes were 

processed replacing amaranth with drumstick leaves. The multimixes with 

amaranth were designated with a suffix ‘A ’ while those containing drumstick 

leaves had the suffix ‘D S’ along with their serial number.

These 20 (10+10) multimixes were processed by “extrusion” to facilitate 

large scale production for commercial exploitation. These were then evaluated for 

their yield, nutritive value, organoleptic quality and cost.

In order to identify some o f  the best multimixes from the above 20, they 

were further ranked on the basis o f  organoleptic score. Thus 8DS and 3DS were 

ranked as first and second respectively. Corresponding combinations containing 

amaranth, viz., 8A and 3A were also selected for further analysis to find out the 

best multimix. In order to achieve the mulimixes were subjected to chemical, 

physical, nutritional and sanitary quality analysis and were evaluated for their 

shelf  stability, acceptability and preference. Several parameters were used to 

evaluate chemical, physical, nutritional quality o f  the four mixes. As these 

parameters varied widely, comprehensive indices were worked out using 

appropriate statistical tools.

Thus the product quality index for chemical, physical and rheological 

qualities and nutritional adequacy were worked out. The multimix 8A secured the 

highest index value for chemical, physical and rheological characters, while 3A 

secured the highest score for nutritional adequacy.

To identify the most acceptable multimix, an overall adequacy index was 

also worked out and the index value revealed that 8A is the  most suitable one 

since it had the highest index score.

Total bacterial count and E. coli contamination i f  any also ascertained to 

ensure that the multimixes are safe for feeding infants. Eventhough all the four 

mixes were not absolutely sterile, the counts were much below the admissible 

level suggested by BIS. It was further gratifying to note that E. coli was



Shelf  stability evaluation o f  the multimixes were carried out through 

chemical, physical and microbiological methods after storing the mixes for three 

months in polyethylene covers. Eventhough after storage the peroxide value and 

bacterial count were within acceptable limits, there was marginal increase in 

above parameters. Despite o f  the above variation, the acceptability o f  the mixes 

remained unaltered, which confirms the shelf  stability.

Organoleptic and preference test conducted after storage also indicated 8A 

as the most acceptable multimix.

In order to justify the quality o f  the product the characteristics o f  the four 

mixes were further compared with those specified under IS 1659-1969 standard. 

From this exercise, it was found that the products were effective in supplying 

adequate amount o f  two major nutrients namely, carbohydrate and protein. 

However the fat content was found to be low, but this was overcome by the 

addition o f  coconut oil at the time o f  serving the mix in the form o f  a porridge. 

Vitamin and mineral contents were also found to be low, but such deficiency can 

be m ade up by adding commercial vitamin-mineral pre-mixes to the blends while 

processing the material, which is an acceptable practice followed in preparing 

infant formulae.

To assess the commercial viability o f  the products, further, the mixes were 

also compared with selected characteristics o f  a commercial rice based infant 

formula (Nestum-control). When nutritional adequacy was tested , the commercial 

formula was found to be ill-balanced. This control sample was noted to contain 

excess amount o f  carbohydrate and very low amount o f  protein and fat when 

compared to BIS recommendation. It is o f  special interest to note that this 

commercial fonnula was not adequate even to meet ha lf  o f  the protein 

requirement o f  a young infant, while the developed four mixes had a balanced 

proportion o f  the three major nutrients {after addition o f  coconut oil to Ihc recipe). 

Another important feature was that the control sample had higher proportion o f

com pletely absent in all the four m ultim ixes, giving further assurance to sanitary

quality.



minerals especially sodium and potassium which again introduces another 

element o f  i 11-balance, which m ay endanger the kidney function o f  the infant on 

prolonged use. However the multimixes developed had low levels o f  minerals and 

vitamins. These, i f  necessary, could be made upto desired level by adding 

vitamin-mineral pre-mixes in specified amounts while processing the blends.

Another most important feature that was highly noticeable was the cost. 

The developed mixes were very cheap (18 to 34 Rs/kg) when compared with 

commercial infant formula (147 Rs/kg).

The study revealed that the developed product 8A containing rice (550 g), 

black gram dhal (250g), soya (150g) and amaranth (50g) was found to meet the 

requirements specified by IS (1659-1969) for majority o f  the characteristics (nine 

out o f  eleven) and hence could be proclaimed as a  nutritious complementary food 

for infants o f  Kerala being indigenous, low cost and easy to prepare and feed.
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APPENDIX - 1

Chemical and amino acid scores of 64 combinations

Rice (g) 55 60 65 70 75 80 85 90
Black gram (g) 45 40 35 30 25 20 15 10
Chemical score 83 84 86 86 85 87 84 84
Aminoacid score 82 83 85 84 83 84 83 83
R ice(g) 55 60 65 70 75 80 85 90
Bengal gram (g) 45 40 35 30 25 20 15 10
Chemical score 73 75 77 85 83 79 84 84

Aminoacid score 86 86 87 85 85 85 80 83

Rice (g) 55 60 65 70 75 80 85 90
Green gram (g) 45 40 35 30 25 20 15 10
Chemical score 78 87 85 84 83 86 84 86
Aminoacid score 84 84 85 84 84 84 85 84
Rice (g) 55 60 65 70 75 80 85 90
Cowpea (g) 45 40 35 35 25 20 15 10
Chemical score 83 84 85 85 86 86 87 87
Aminoacid score 77 75 79 78 82 78 77 75
Rice (g) 50 55 60 65 70 75 80 85
Khesari dhal (g) 50 45 40 35 35 25 20 15
Chemical score 74 73 75 77 78 80 82 83
Aminoacid score 77 75 79 78 77 78 78 77
Rice (g) 50 55 60 65 70 75 80 85

Peas(g) 50 45 40 35 35 25 20 15

Chemical score 77 78 80 81 82 83 84 85

Aminoacid score 84 84 77 78 77 82 83 82

Rice (g) 50 55 60 65 70 75 80 85
Red gram (g) 50 45 40 35 35 25 20 15
Chemical score 66 68 68 73 75 77 80 82
Aminoacid score 78 82 82 84 82 82 83 S3

Rice (g) 50 55 60 65 70 75 80 85

Soya bean (g) 50 45 40 35 30 25 20 15
Chemical score 88 88 88 88 88 88 88 88
Aminoacid score 83 83 84 85 84 83 83 83



APPENDIX - II

Chemical and aminoacid scores of 247 combination

Rice (g) 50 50 60 65 70 75 80 85 90
Ragi (g) 25 20 20 15 15 10 10 10 5
Green gram (g) 25 30 20 20 15 15 10 5 5
Chemical score 88 87 88 96 88 93 88 95 88
Aminoacid score 86 85 86 86 85 84 84 84 84
Rice (g) 50 50 60 65 70 75 80 85 90
Ragi (g) 25 20 20 15 15 10 10 10 5
Bengal gram (g) 25 30 20 20 15 15 10 5 5
Chemical score 87 88 88 86 88 95 88 92 84
Aminoacid score 86 85 84 85 85 84 85 85 84
Rice (g) 50 50 60 65 70 75 80 85 90
Ragi (g) 25 20 20 15 15 10 10 10 5
Black gram (g) 25 30 20 20 15 15 10 5 5
Chemical score 85 96 85 86 88 87 84 85 84
Aminoacid score 86 85 84 86 87 84 84 85 85
Rice (g) 50 50 60 65 70 85 80 85 90
Ragi (g) 25 20 20 15 15 10 10 10 5
Red gram (g) 25 30 20 20 15 15 10 5 5
Chemical score 85 85 85 83 85 83 85 84 82
Aminoacid score 86 85 84 86 87 84 88 84 85
Rice (g) 50 50 60 65 70 85 80 85 90
Ragi (g) 25 20 20 15 15 10 10 10 5
Khesari dhal (g) 25 30 20 20 15 15 10 5 5
Chemical score 85 85 85 83 85 83 84 82 83
Aminoacid score 86 85 83 84 85 84 85 83 85
Rice (g) 50 50 60 65 70 85 80 85 90
Ragi (g) 25 20 20 15 15 10 10 10 5
Soya bean (g) 25 30 20 20 15 15 10 5 5
Chemical score 93 94 93 93 93 92 93 93 92
Aminoacid score 91 91 93 92 93 92 93 93 92
Rice (g) 50 50 60 65 70 85 80 85 90
Wheat (g) 25 20 20 15 15 10 10 10 5
Green gram (g) 25 30 20 20 15 15 10 5 5
Chemical score 85 86 88 87 88 87 86 88 87
Aminoacid score 86 85 83 84 83 83 84 82 83
Rice (g) 50 50 60 65

15~
70 85 80 85 90

Wheat (g) 25 20 20 15 10 10 10 5
Bengal gram (g) 25 30 20 20 15 15 10 5 5
Chemical score 88 87 86 85 86 87 88 87 88
Aminoacid score 86 85 83 84 82 83 86 87 85
Rice (g) 50 50 60 65 70 85 80 85 90



APPENDIX II Continued

Wheat (g) 25 20 20 15 15 10 10 10 5
Black gram (g) 25 30 20 20 15 15 10 5 5
Chemical score 85 83 85 83 82 83 81 82 81
Aminoacid score 84 82 84 83 84 82 84 83 84
Rice (g) 50 50 60 65 70 85 80 85 90
Wheat (g) 25 20 20 15 15 10 10 10 5
Red gram (g) 25 30 20 20 15 15 10 5 5
Chemical score 85 83 85 84 85 83 84 83 85
Aminoacid score 84 82 83 84 85 83 84 85 82

Rice (g) 50 50 60 65 70 85 80 85 90
Wheat (g) 25 20 20 15 15 10 10 10 5
Soya bean (g) 25 30 20 20 15 15 10 5 5
Chemical score 84 85 83 84 85 83 84 85 86
Aminoacid score 83 4 85 84 85 84 85 84 85
Rice (g) 50 50 60 65 70 85 80 85 90
Wheat (g) 25 20 20 15 15 10 10 10 5
Khesari dhal (g) 25 30 20 20 15 15 10 5 5
Chemical score 82 83 83 84 85 85 86 86 85
Aminoacid score 81 81 82 83 84 85 84 85 84

Rice (g) 50 50 50 55 55 55 60 55 60 60 65 65 65 65 70 70 75 75 80
Cowpea (g) 25 20 30 25 30 15 20 20 30 10 20 15 25 10 20 10 15 10 10
Red gram 
(g)

25 30 20 20 15 30 20 25 10 30 15 20 10 25 10 20 10 15 10

Chemical
score

75 73 76 77 78 73 77 75 81 74 80 78 81 76 82 78 82 81 83

Aminoacid
score

82 83 83 83 83 83 83 82 83 83 84 84 85 84 83 83 83 83 83

Rice (g) 50 50 50 55 55 55 60 55 60 60 65 65 65 65 70 75 75 80
Black
gram(g)

25 20 30 25 30 15 20 20 30 10 20 15 25 10 20 15 10 10

Soya bean 
(g)

25 30 20 20 15 30 20 25 10 30 15 20 10 25 10 10 15 10

Chemical
score

86 86 85 86 90 87 86 86 85 87 91 87 86 87 86 87 92 87

Aminoacid
score

83 84 83 83 83 84 84 83 84 84 85 85 85 85 83 83 83 84

Rice (g) 50 50 50 55 55 55 60 55 60 60 65 65 65 70 75 75 80
Black
gram(g)

25 20 30 25 30 15 20 20 30 10 15 20 10 20 10 to 10

Green 
gram (g)

25 30 20 20 15 30 20 25 10 30 20 15 25 10 20 15 10

Chemical
score

80 80 81 81 82 80 82 81 83 81 82 83 82 84 83 84 85



APPENDIX -  II Continued

Aminoacid
score

84 84 84 83 84 84 84 84 85 85 85 85 85 84 84 84 84

Rice (g) 50 50 50 55 55 55 60 55 60 65 65 65 70 70 70 80
Black
gram(g)

25 20 30 25 30 15 20 20 10 15 20 10 20 10 10 10

Bengal 
gram (g)

25 30 20 20 15 30 20 25 30 20 15 25 10 20 15 10

Chemical
score

82 76 78 79 80 77 80 78 73 80 81 79 83 81 78 84

Aminoacid
score

89 85 85 85 80 85 85 85 85 86 81 86 84 85 75 85

Rice (g) 50 50 50 55 55 55 60 55 60 60 65 65 65 65 70 70 75 75 80
Soya bean 
(g)

25 20 30 25 30 15 20 20 30 10 20 15 25 10 20 10 15 10 10

Green 
gram (g)

25 30 20 20 15 30 20 25 10 30 15 20 10 25 10 20 10 15 10

Che.score 83 82 84 84 85 82 84 83 86 82 85 84 86 83 86 84 86 85 86
Aminoacid
score

84 85 84 83 84 85 84 84 71 85 85 85 85 85 83 84 83 83 84

Rice (g) 50 50 50 55 55 55 60 55 60 60 65 65 65 65 70 70 75 75 80
Bengal
gram(g)

25 20 30 25 30 15 20 20 30 10 20 15 25 10 20 10 15 10 10

Soya bean 
(g)

25 30 20 20 15 30 20 25 10 30 15 20 10 25 10 20 10 15 10

Chemical
score

80 82 78 80 78 83 82 82 78 85 82 83 80 85 82 85 83 85 85

Aminoacid
score

85 85 84 85 84 80 85 85 85 85 86 81 86 86 85 84 80 84 84

Rice (g) 50 50 50 55 55 55 60 55 60 60 65 65 65 65 70 70 75 75 80
Bengal
gram(g)

25 20 30 25 30 15 20 20 30 10 20 15 25 10 20 10 15 10 10

Green 
gram (g)

25 30 20 20 15 30 20 25 10 30 15 20 10 25 10 20 10 15 10

Chemical
score

75 75 74 76 75 77 77 76 76 78 78 79 78 80 80 81 81 82 83

Aminoacid
score

85 86 85 85 85 81 85 85 85 86 86 81 86 86 85 85 80 84 85

Rice (g) 50 50 50 55 55 55 60 55 60 60 65 65 65 65 70 70 75 75 80
Bengal
gram(g)

25 20 30 25 30 15 20 20 30 10 20 15 25 10 20 10 15 10 10

Redgram(g) 25 30 20 20 15 30 20 25 10 30 15 20 10 25 10 20 10 15 10
Chemical
score

80 82 78 80 78 83 82 82 78 85 82 83 80 85 82 85 83 85 85

Aminoacid
score

84 83 84 84 84 83 84 84 85 83 86 85 86 85 84 83 84

rri 
^

___

84



APPENDIX -  111

Nutritive value of 22 combinations

Ingred ien ts P ropo rt ion
E n erg y
(kcal)

C arbohyd ra te
(g)

P ro te in
(g)

Fat
(g)

R ice 80
342 73 .90 10.24 0.66

G reengram 20
Rice 65

341 76 .54 12.82 0.78
G reengram 35
R ice 60 340 69.00 12.00 0 .80
G reengram 40
Rice 70

341 71.00 11.00 0.42
G reengram 30
R ice 75

325 73.10 9.00 1.70
B engal gram 25
R ice 85

350 75.00 8.00 1.20
B enga lg ram 15
R ice 70 354 71.00 11.00 1.70
B engalgram 30
Rice 90

347 76.00 8 .00 1.00
B enga lg ram 10
R ice 70

345 72.00 11.00 1.00
B lackgram 30
R ice 80

345 74.00 10.00 1.30
B lackgram 20
R ice 65

345 71.00 12.00 1.00
B lackgram 35
R ice 65
R agi 15 340 75.00 9 .00 0.70
G reengram 20
R ice 75
Ragi 10 347 74 .00 8 .00 1.30
B engalgram 15
R ice 75
Ragi 10 347 74 .00 8.00 0.70
G reengram 15
Rice 65
Ragi 15 342 79.00 10.00 0.80
B lackgram 20
Rice 60
B lackgram 20 388 75.00 12.00 2.20
B engalgram 20



APPENDIX -  III Continued

Ing red ien ts P ropo rt ion E nergy
(kcal)

C arbohydra te
(8)

P ro te in
(8)

Fat
(g)

R ice 65
B lackgram 15 331 77.60 12.00 1.70
B engalg ram 20
Rice 55
B lackgram 15 354 68.00 12.00 2.10
B enga lg ram 30
R ice 60
B lackgram 20 343 70.00 11.00 0 .80
G reeng ram 20
R ice 65
B enga lg ram r is 347 77 .00 12.00 1.40
G reengram 20
R ice 60
B enga lg ram 30 352 69.00 12.00 2.10
G reengram 10
R ice 70
B engalg ram 15 347 72.21 11.00 1.00
G reengram 15



APPENDIX-IV

S C O R E  CA RD

Sl.No Quality parameters Score
1 A P PE A R E N C E

Excellent 5
Veiy good 4
Good 3
Fair 2
Poor i

2 C O L O U R
Excellent 5
Very good 4
Good 3
Fair 2
Poor 1

3 FLA V O U R
Very acceptable 5
Acceptable 4
Moderately acceptable 3
Less acceptable 2
Not acceptable 1

4 C O N SIST E N C Y
Good consistency 5
Slightly thick 4
Slightly thin 3
Watery with lumps 2
Thick and sticky 1

5 TA STE
Excellent 5
Very good 4
Good 3
Fair 2
Poor 1

6 DONN ENESS
Well cooked 5
Cooked 4
Moderately cooked 3
Raw taste 2
Charred 1



APPENDIX - V 

Organoleptic score of twenty two multimixes

Multimix-1
Appearence Colour Flavour Consistency Taste Donneness

4 4 3 4 5 4
3 3 2 4 4 4
3 3 5 4 4 4
4 4 4 5 4 5
4 4 3 4 5 5
3 4 4 5 4 5
4 4 5 4 3 3
4 4 5 3 4 4
4 4 5 4 5 3
4 3 3 5 4 5

3.7 3.7 3.9 3.6 3.6 4.2

Multimix-2
Appearence Colour Flavour Consistency Taste Donneness

4 4 2 3 3 4
4 3 3 4 3 4
4 4 3 4 3 4
3 3 3 5 3 5
4 4 4 5 4 4
4 4 3 5 2 4
4 3 4 3 3 4
4 5 2 3 3 4
4 3 5 5 3 5
5 3 4 2 3 5

Mu timix-3
Appearence Colour Flavour Consistency Taste Donneness

4 5 3 4 2 4
4 4 3 4 3 4
4 4 5 3 5 5
4 5 3 4 3 5
5 2 3 2 3 4
5 2 4 4 4 5
4 4 3 4 3 4
4 4 3 3 3 n 4
4 5 3 3 3 4
5 5 3 4 3 5

4.3 4.0 3.3 3.5 3.2 4.4



A PPEN D IX  -  V C ontinued  
Multimix-4

Appearence Colour Flavour Consistency Taste Donneness
4 3 4 5 4 2
4 4 4 5 3 3
3 4 3 5 5 4
5 4 4 5 5 5
4 5 5 5 3 4
3 5 4 5 5 4
3 4 3 5 4 3
3 4 5 5 r " 4 4
4 4 5 4 5 3
4 5 4 4 5 3

3.7 4.2 4.0 4.8 4.3 3.5

Multimix-5
Appearence Colour Flavour Consistency Taste Donneness

3 4 4 4 4 4
4 4 5 4 4 3
4 5 4 3 3 4
5 5 5 4 5 4
3 5 5 5 3 4
4 3 5 4 5 2
4 2 4 4 1 3
4 3 4 5 5 4
4 4 4 5 r  3 3
4 3 4 4 4 4

3.9 3.8 4.4 4.2 3.7 3.5

Multimix-6
Appearence Colour Flavour Consistency Taste Donneness

3 3 4 4 4 5
4 4 4 4 5 5
4 4 4 5 4 5
4 5 5 5 4 5
4 4 5 4 5 5
4 2 5 3 5 5
4 2 4 4 4 4
4 4 4 5 4 4
2 2 4 4 4 2
4 4 4 4 4 4

3.7 3.4 4.3 4.2 4.3 4.4



APPENDIX -  V Continued

Multimix-7
Appearence Colour Flavour Consistency Taste Donneness

3 2 3 3 2 4
4 3 2 4 3 4
3 5 4 3 5 5
4 3 3 4 3 5
2 3 3 2 3 4
4 4 4 4 4 5
4 3 4 4 3 4
3 3 4 3 3 4
3 3 4 3 3 4
3 5 4 5 3 5

3.3 3.4 3.5 3.5 3.2 4.4

Multimix-8
Appearence Colour Flavour Consistency Taste Donneness

5 4 3 5 2 4
4 3 4 5 3 5
4 4 3 5 4 5
5 4 5 5 5 5
3 4 3 5 4 5
2 4 2 5 4 5
4 3 2 4 3 4
4 4 4 5 4 5
5 3 4 5 3 4
5 4 4 3 3 4

4.1 3.7 3.4 4.7 3.5 4.6

Mu timix-9
Appearence Colour Flavour Consistency Taste Donneness

5 4 4 4 4 4
4 5 3 3 4 4
5 5 3 4 4 5
5 4 4 4 4 5
5 4 5 4 3 3
3 2 4 5 5 5
3 4 3 4 4 4
4 5 3 5 4 4
4 5 5 5 5 5
3 5 3 5 5 5

4.1 4.3 3.7 4.3 4.2 4.4



APPENDIX -  V Continued

Multimix-10
Appearence Colour Flavour Consistency Taste Donneness

5 4 3 5 3 4
3 3 3 3 4 4
2 3 2 3 3 5
4 4 3 4 5 5
4 4 4 4 3 4
2 4 2 2 2 5
3 3 3 3 2 4
3 4 4 3 4 5
3 3 3 3 3 4
4 3 3 4 4 4

3.3 3.5 3.0 3.4 3.3 4.5

Multimix-11
Appearence Colour Flavour Consistency Taste Donneness

4 4 2 4 2 4
4 4 3 4 3 5
4 4 3 4 5 4
5 4 4 4 2 5
5 5 3 5 3 5
5 4 3 5 3 5
4 4 4 4 3 4
4 5 4 4 4 4
4 5 3 4 3 4
4 4 4 5 2 4

4.3 4.3 3.3 4.3 3.0 4.4

Multimix-12
Appearence Colour Flavour Consistency Taste Donneness

3 3 4 4 3 4
4 4 3 5 4 4
3 3 4 4 4 4
4 4 4 5 5 5
2 2 4 5 4 5
4 4 2 5 2 5
3 4 3 4 2 4
4 3 4 5 4 5
4 3 3 4 2 4
4 4 4 4 4 4

3.5 3.4 3.5 4.5 3.4 4.4



APPENDIX -  V Continued

M ultimix-13
Appearence Colour Flavour Consistency Taste Donneness

4 3 3 3 2 4
4 4 3 4 3 4
4 4 5 4 3 5
5 3 3 3 3 5
3 3 3 3 3 3
5 4 4 4 4 5
4 4 3 4 3 4
4 4 3 4 3 4
4 4 3 5 3 4
5 4 3 5 3 5

4,2 3.7 3.3 3.9 3.0 4.3

M ultimix-14
Appearence Colour Flavour Consistency Taste Donneness

4 5 3 4 4 5
3 4 3 4 2 5
4 4 3 5 4 3
5 5 4 5 4 5
5 2 4 4 3 5
4 2 3 5 4 5
4 4 4 4 3 4
4 4 3 4 4 5
4 5 4 5 4 5
4 5 4 5 4 5

4.1 4.0 3.5 4.5 3.6 3.7

M ultim ix-15
Appearence Colour Flavour Consistency Taste Donneness

4 4 5 5 4 5
4 4 3 5 3 5
4 3 4 4 4 5
4 4 5 5 4 5
4 5 4 5 4 5
4 4 5 5 3 5
4 4 4 4 3 4
4 5 5 4 4 4
4 5 5 3 3 4
5 4 5 5 4 5

4.1 4.2 4.5 4.5 3.6 4.7



APPENDIX -  V Continued

Multimix-16
Appearence Colour Flavour Consistency Taste Donneness

4 4 3 4 4 4
4 3 3 4 3 4
3 4 2 3 2 3
4 4 3 5 5 ■ 5
5 3 3 5 4 5
2 4 2 4 4 5
3 3 2 5 3 4
5 5 5 5 4 5
4 4 4 4 4 4
4 4 3 4 4 5

3.8 3.8 3.0 4.3 3.7 4.4

Mu timix-17
Appearence Colour Flavour Consistency Taste Donneness

3 3 3 4 4~ 4
4 3 3 4 3 4
3 2 4 3 2 3
4 3 5 4 4 4
5 4 3~ 4 4 5
4 2 4 5 2 5
3 2 4 4 2 4
5 3 r 4 4 5 4
4 4 4 4 4 4
4 4 4 5 3 4

3.9 3.0 3.8 4.1 3.3 4.1

Multimix-18
Appearence Colour Flavour Consistency Taste Donneness

4 4 1 4 5 4 4
4 3 3 5 4 5
4 4 3 4 4 5
4 5 5 5 4 4
3 5 5 5 5

r _  _

3 4 4 5 5 3
3 4 r 4 4 2
5 4 4 4 4 3
4 4 3 3 4
5 4 5 4 3

3.9 4.1 3.7 4.5 4.2 3.8



APPENDIX - V  Continued

Multimix-19
Appearence Colour Flavour Consistency Taste Donneness

5 4 5 5 4 5
4 3 4 5 2 4
3 3 2 4 2 5
4 5 4 5 2 5
5 5 4 5 5 5
4 4 2 5 5 4
4 3 3 4 3 3
4 4 3 4 4 4
3 3 3 3 4 4
4 3 4 3 4 3

4.0 3.7 3.4 4.2 3.5 4.2

Multimix-20
Appearence Colour Flavour Consistency Taste Donneness

4 5 5 4 2 4
3 3 3 4 3 5
4 5 2 3 3 5
4 4 4 4 4 5
5 4 4 5 3 5
4 2 2 4 2 5
4 3 3 4 3 4
4 3 4 4 4 4
4 3 J 3 3 2
4 4 3 4 3 4

4.0 3.5 3.3 3.9 3.0 4.3

Multimix-2I
Appearence Colour Flavour Consistency Taste Donneness

4 5 4 4 3 3
4 3 4 5 4 4
3 5 4 5 4 4
4 5 5 5 3 3
5 4 5 5 4 3
4 3 5 5 4 4
3 4 4 4 3 4
4 4 4 4 3 4
3 j 3 3 4 4
4 3 4 4 3 4

3.8 3.9 4.2 4.4 3.5 3.7



APPENDIX -  V Continued

Multimix-22
Appearence Colour Flavour Consistency Taste Donneness

4 4 2 4 4 5
4 5 3 4 3 3
5 4 4 3 3 4
5 5 3 4 4 4
4 5 3 5 4 4
4 5 2 4 4 5
4 3 3 4 3 4
5 3 4 4 4 4
3 4 3 4 3~ 4
3 4 3 4 4 4

4.1 4.2 3.0 4.0 3.6 4.1


