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Hunger s t i l l  s ta lk s  the g lob a l horison and trio world 

fo o d  problem w i l l  ramain on# o f  th o  most complex and in tra ­

c ta b le  problems during tho f in a l  quarter o f  th is  century 

(Khenna, 1982)• P rotein -energy m alnutrition , according to  

Francis (1980) i s  tho commonest n u tr it io n a l d isorder in  tho ... _ 

Third-w orld and most frequ en tly  occu rs  in ch ild ren  o f  weaning 

age.

U ndem utrit ion i s  one o f  tho major p u b lic  health 

problems o f  our country (Mathur, 1981), though c l in i c a l  

forms o f  protoin -energy  m alnutrition  are teen in on ly  2 to  3 

per cent o f  preschool population , more then SO percent o f  the 

ch ild ren  in  th is  group have body weight fo r  age, le s s  than 

75 per cent o f  w e ll-to -d o  Indian ch ild re n , ,

Reo fc l .. (1980) has reported  that m alnutrition  i s  a 

seriou s  s o c ia l  problem in In c la , Therefore, e f f o r t s  should 

be made to  lr r e d lc e te  i t  with the help o f  lo w -co s t  n u trien t 

r ic h  fo o d  sou rces, Green le a fy  vegetab les are the chea pest 

o f  a l l  the vegetab les w ithin  the reach o f  poor man, being 

r ic h e s t  in tn s ir  n u tr it ion a l va lu e, Murthy (1979) s ta tes  that 

in reoent years, s c ie n t is t s  have been toying  with the loea  

o f  developing what are c a lle d  "sp e c ia l protein  con cen tra tea ".

They a re  try in g  to  ex tra ct  p rote in  from uncommon, n on -tra d i­

t io n a l sources l ik e ,  greanleaves, which are not e d ib le  otherw ise.
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Protein—energy m alnutrition  in ch ildren  can e a s ily  be cured 

com pletely by g iv in g  them cd d ition a l f o o c i  using common 

fo o o s tu ffs  l ik e  rice#  wheat or Jover# combined with del and 

jaggery*

J e l l 1f l e e  (1976) reported  that weening aultlm ixes# 

whether dom estica lly  prepared or  produced oo m ercia lly  at low-, 

ca s t  w il l  be bcsad on the "p r in c ip le s  o f  multimixas"# i*e* 

based on the mutually complementary e f f e c t  o f  p lant p rote in  

mixtures# e s p e c ia lly  ce re a ls  and legumes*

One o f  the most e f f e c t iv e  end su ccessfu l approach to  

increase the p rote in  food  sup »ly# in  most o f  the world# has 

been to  blend legumes and gra in s  to  p rov ide  the proper amino 

s le d  balance (M tachul# 197S)* According to Jesweni (1979)#

In Indie several "seed legumes" commonly known as pu lses 

have been tra d it io n a l supplements to  sta p le  cerea ls*  In Indie# 

recen t in te re s ts  has centred  erouno p ro te in s  from oilseeds#  

with soyabeans having e sp e c ia l p lace  in  the n u tr it io n a l pro* 

grammes* Central Food T echnological lie search In stitu te  (cFTal) 

has developed several lowwooet n u tr it io u s  w eaning-fooa supple­

ments besoo on l o  a l ly  a va ila b le  ce re a ls  end legumes to  combat 

m alnutrition  among in fan ts end ch ildren*

bevadas and co-w orkers (1974) have developed several 

lo w -co s t  l o c a l ly  a v a ila b le  vegetable food  m ixtures end 

"Kuzhanohai Avtudhu* was one such e f f o r t  and was geared to
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the aeaBM ie r«eeh o f  tha rural fa m ilie s . Levadas and ‘'-o-work- 

Kart (1977) have a lso  a r t n a i w i y  worked on l « a f  p rote in s  aa 

BXegLmmnt*  to  tha d ie t s  o f  peu-echoal c h l t o w .  The le a f  p ro . 

ta in  has bean found to  improve n itrogen  re ten tion  in  in fanta  

and on ch ild ren  (Kamel ena then ^  1969y Devedaa. 1979)*

Introduction  o f  low .coa t com m ercially manufactured v e g a - ' 

ta b le  p rotein  weening mixture a w i l l  fu rth er help  in E ra d i­

ca tin g  the problem o f  PXM in developing cou n tr ies  (Asia* 1930)* 

The oo^aarcia l msnufacturea should aim at the usage o f  low co s t  

p ro te in  r ich  form ulations to  be in corporated  in the weaning 

in fa n t foo© m ixtures, modern tech n o log ica l advancement  in the 

f i e l d  o f  food s  and n u tr it ion  has made i t  p o ss ib le  t o  manufacture 

v a r ie t ie s  o f  commercial food  mix ta r  aa s p e c ia lly  designed to r  

in fanta  and pra» snhonlers (uosh and fTanOiew i 1981 )•

On one e ice . tha s c ie n t is t s  have evolved  raveral such 

weaning m ixtures, but tha commercial firm s have not o n e  forward 

t o  use th e ir  tarrtinnlfiqlrril know how t o  pupal a**4 these n u tr i­

t io u s  mixtures* On the other hand, many a commercial t im e  are 

today coming ou t with new food  form ulations fo r  the in fa n ta . 

There i s  an urgent need to  s tr ik e  a happy balance in blending 

both  sc ien ce  and technology together and f lo o d  I h i  market w ith 

n u tr it io u s  foods w ithin ths reach o f  the o o a o n  man.
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The present study on the evaluation  o f  p rote in  qu a lity  

o f  in fan t iorm uletions developed by a commercial firm  was

con sid ered  to  ba o£ worthwhile tor  in i onset ion along these
\

lin e s*  i t  s p e c i f i c a l ly  a las at evaluating the p rote in  qu a lity  

o f  e ig h t oo.uneroially formula ted in fant loaning m ixtures as 

comp red to  casein  through ra t assays*
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L iteratu re  p erta in in g  to  th is  study on "evaluation  o f  

p rota  in  qu a lity  o f  in fant form ulations davalopad toy a commercl a l 

f i r  to" is  reviow to under tha fo llow in g  haadai

A, prevalence o f  p rote in  «nerg> m alnutrition  in ina ia

B. s tra te g ie s  to  a l le v ia te  p rote in  m alnutrition

C# Meaning and importance o f  pro ta in  q u a lity

D, evaluation  o i  p rote in  qu a lity  through ra t  assays

a .  prevalence o f  p rote in  ifre fqv  rtelhutrlU gn in  iB^.lai.

Population exp losion  i s  one o f  the most v i t a l l y  important 

cause o f  protein -energy  m alnutrition  (Singh, 1975)* Tha rapid 

increase o f  the worlds population  and the consequently tha 

increasin g  cemand on a v a ila b le  food  sourcea present a seriou s  

problem (sukhla, 1975, dour *£  * 1 . ,  1977, baa and Banerjee, 1979)*

According to  tha «HO estim ates (1981) approxim ately 125 

m illio n  babies are born each year, indeed i t  i s  estim ated 

that on e -th ird  o f  tha population  o f  the year 2000 ia  yat to  

the born. The number o f  p re -sch oo l ch ild ren  (0  to  6 years) i s  

estim ated to  reach 122 m illio n  at tha c lo s e  o f  th is  century 

(Hobart afr 1982),

P ossib ly  es many as 450 m illio n  to  s b i l l i o n  persons in 

t t e  w orld do not rece iv e  enough food  and most o f  them l iv e  in 

enveloping co u n tr ie s• Tha world population  grew by 60 percent 

from 1950 to  1975 and 90 percent o f  th is  growth was in the 

developing cou n tr ies  1977)*
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The problem o f  p rov id in g  food  fo r  fu ture in  even more 

vexing i f  the r unsway o f  growth in  world population  is  rscock - 

ened ege ln st the le g  in  food  production  (Gobber, 1975)* Con­

sequently# i f  n u tr it io n a l p r o f i le  o f  the population  i s  con­

sidered  the p ic tu re  i s  even gloomy#

Protein  energy m alnutrition  i s  one o f  the d is tre ss in g  * 

n u tr it io n a l d isord ers o f  ch ildhood  in  the developing cou n tries 

(^evades £& a l .*  1971) end is  p a r ticu la r ly  c r i t i c a l  among 

weaning in fants and p re -sch oo l ch ild ren  (Mitre* 1972)•

In Inula, the incidence o f  t svcre  forms o f  p ro te in - 

c a lo r ie  m alnutrition  (PCM) l ik e  ‘ Kwashiorkor* end "Marasmus” 

has been e etim ated t o  be around 1 to  2 per cent o f  e l l  ch ilc re n  

in the age range o f  1 to  5 years («* o , 1971| Copalan, 1972# 

S trik a n tla , 197 Sr imvadas $JL## 1978# *addy, 1979)*

One o f  the major cause o f  high in fa n t end young c h i ld  

m orta lity  In our country i s  c a lo r ie s  p rote in  m alnutrition  

( Levadas# 1974)# I t  i s  estim ated that there are about 72 m illio n  

ch ild ren  In the age group o f  one to  f iv e  years (hagarajan# 1976)# 

surveys ca rr ied  out in  the d if fe r e n t  p a rtso f the country 

In d ica te  that out o f  s eventy f iv e  m illio n  ch ild ren  in the ego 

group o f  zero to  f i v e  years# about f i f t y  per cen t su ffe r  from 

PCm# fo r ty  per cent o f  e l l  death occur in ch ild ren  below the 

ege o f  f i v e  years (iyevadas, 1974# Gopalan# 1976 end Devadas# 1976)#
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Further according to  surveys o f  ptofcoin Advisory Groups (1977) 

m alnutrition  i s  b e liev ed  to  bo underlying or  associa ted  causa, 

to r  a high proportion  o f  doatha o f  ch ild ren  unoar l iv e  years 

o f  ago in  enveloping co u n tr ie s , ^evades (1977) s ta tes  tnat 

ins aequate intake o f  c a lo r ie s  and proteins# ex cess iv e  depen­

dence on cerea ls#  etaschy foods# low consumption o f  animal 

food s  and p ro te c t iv e  foods such as fresh  green lee fy  vegetables 

and fru its#  wrong methods o f  food  preparation# undesirable 

customs and taboos ere respon sib le  fo r  n u tr it io n a l d i f ic le n c ie a  

evidenced among the pro school ch ild ren .

According to  Mathur (1981)# undarnutrltion  i s  one o f  the 

major p u b lic  health problem o f  our c o u n try , ’ Though c l in i c a l  

forms o i  p rote in  energy m alnutrition  ( fsn) ere seen in on ly  2 

to  3 percent o f  preschool population# more than SO per cent 

o f  the ch ild ren  in th is  group have body weight f o r  age# lo se  

then 75 per cent o f  w e ll-to -d o  Indian ch ild ren . The ex isten ce  

o f  widespread hunger end m alnutrition  i s  perhaps the most 

obvious end the most d istu rb in g  symptom o f  unoer development 

( paQ# 1977# nevadas gt  e l . .  1978, end Boerme# 1977) end i s  

a seriou s  s o c ia l  problem cr ip p lin g  the growing generation 

(Gopala Jftao £& el»* 1930),

In a c l in i c a l  survey ca rr ie d  out in Tamilnadu by the 

Tamil Nadu N u trition a l study (19 73 ), I t  was revea led  that 96,4 

per cent had mild p rote in  c a lo r ie  m alnutrition  syndrome# w hile 

the . avers PCM incidence wee 0,7 per cen t .
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According t o  a rep ort by tha United N ation 's  Children 

Fund on tha N s ta te  o f  tha Mori o ' a ch ild ) an in  1981-82", tha 

l i v e s  o f  * other 1? m illio n  ch ild ren  born in  1982, are threate­

ned* I f  adequate care i s  not taken, 12 m illio n  may d ie  be fore  

th e ir  f i r s t  b ir th  day and over 5 m illio n  before  they are f iv e  

years o ld  (Tha Hindu, i^ecember 19th, 1981}*

B. S tra teg ies  to  A llo v ia ta  y r o t e jn ^ ln u t r l t i o n

Tha s tra te g ie s  th a t ar*t being advocated more and more 

to  a l le v ia te  p rote in  m alnutrition  in  recent y~are have been 

not on ly  tha production  o f  more p ro te in s , but a lso  morj high 

q u a lity  p ro te in s  in  foo cs  f o r  ch ildren  from b ir th  to  tha age 

o f  three or lour*

Production and u t i l iz a t io n  o f  inexpensive and ind ige­

nous p rote in  r ich  sources in  proper combination w il l  help 

to bridge the p rote in  gap in  developing cou n tr ies  l ik e  Inula 

(HIM, 1972, sukhatme, 1972, Gupta, 1972 and Gopalan, 1972, 

1976)*

Several stu d ies  hove bean ca r r ie d  out by various 

la b o ra to r ie s , n u tr it io n  s c ie n t is t s  and other agencies to  

e s ta b lish  s tra te g ie s  t o  a l le v ia te  p rote in  m alnutrition  with 

tha help o f  indigenous vegetable p rote in  mixture* <-awe ran 

at al»* (1972) evaluated the p rote in  q u a lity  o f  two se le c te d  

vegetable  p rote in  m ixtures based on maise. Banger g r s a n d  

groundnut through Pc.ft, and n itrogen  balance using a lb ln orate*
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uevades a l . .  (1973) op in es that tharo was highly 

s ig n if ic a n t  increase in  the growth o f  rats* whan low  coa t 

balanced iooas  bs»ed on ce re a ls . cotton  seed or paanat flo u r  

and Bengal gram f lo u r  rep laced  SO per cent o f  the r i c e  in  the 

d ie t .  In view o f  t m  acuta shortage o f  m ilk and other p rote in  

r ic h  fooca  o f  animal o r ig in , there is  an urgent need fo r  .<<uch 

la rg e r  production  o f  low c o s t ,  balanced probe in supplements 

fo r  feed in g  babies, weaned in fanta and p re -sch oo l ch ild ren  

(swaminathan a l .«  1973).

Daniel e l « .  (1970) reported  the e ffe c t iv e n e s s  o f  a 

low  c o s t  balanced food  based on blends o f  grain or maize, 

groundnut. Bengal gra^, soyabean-flour and sesame flo u r  f o r t i ­

f i e d  with lim it in g  amino acids on weaned in fa n ta . Gopalen and 

S rlkantia  (1975) form ulated p rote in  m ixtures both w ith Bengal 

gram f lo u r , groundnut f lo u r  anc setame flo u r  In various pro­

p ortion s  as s supplement f o r  Kwashiorkor ch ild re n .

Fooo legumes are important end econom ical sources o f  

p ro te in s  and c a lo r ie s  ea w all as certa in  m inerals and vitam ins 

e s s e n t ia l  to  human n u tr it io n . In cassava based d ie t s ,  legumes 

provide p rotein  in which the methionine and cy s tin e  content ere  

im portant (h u lse  end Kachie. 1977).

vegetable protein  s p e c ia lly  legmu s o f f e r s  the tnoft 

p ra c t ica l means o f  so lv in g  the problem o f  p rote in  shortage in 

India lot th e  present (Chandrasekhar and Jayalakshmi. 1978).
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Increasing fo o o  psoductIon pnd laptovenent o f  the q u a lify  o f  

rood according to  Pevadat ^1 a ! » ,  11973) ara long tarn  plant

lmmedlrte need murt be thus net by improving the e x is t in g  meal 

pattern  with low co s t  lo c a l  food*

Leaf p rote in  ie  a promising source o f  fo o d  fo r  meeting 

the growing demands fo r  food  p rote in s  in the world (<eo |1 £j^*, 

1972)* Judaen and Jenson, 1976» Porter fit aJL*, 1973), because 

i t  is  a low c o s t  food  end In p eren n ia lly  a va ila b le  (Indian 

vegetarian  congress, 1975, and Kamelonathen A l.., 1909)*

Modern food  technology has mads p o ss ib le  the production  o f  many 

high b io iO g ioa l value, low co s t , p rote in  products from o i l  

seeds up to  u n ice llu la r  p rote in s  (H idalgo Ait JlL*# 1972)*

J e l l i f f e  (1973) reported  that vegetable  m ix tu re  alone ara 

papeble o f  supplying young ch ild ren  during weening p eriod s , with 

d ie ts  contain ing adequate p ro te in , w ith e l l  e s se n tia l amino acids 

and c a lo r ie s .  This approach has been advocated et v i l la g e  

le v e l  fs the "p r in c ip le  o f  m ulti*m ixes” end has bean employed in 

th e  preparation  o f  low c o s t  tra n s it io n a l fo o ts  f o r  young ch ildren* 

fu rth er  the author s tress  h is  op in ion  that, weaning m ultim ixes, 

whether dom estica lly  prepared or produced co im a rcia lly  a t low 

coa t w i l l  be based on the * p r in c ip le a  o f  m ulti mixes* i*e* 

the mutually complementary e f f e c t  o f  p lant p rotein  m ixture, 

e s p e c ia lly  ce re a ls  an© legumes. M ixtures o f  covpes with maize 

were round to  give higher protein  e f f ic ie n c y  r a t io s  than d ie ts  

contain ing  a ly h ter  com.onent alone (scrimshaw £^*, 1973)*
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Again# fending t r ia l s  on weaning foods based on flagi and green 

gram have been reported  to  1m  b e n e fic ia l  (CFTfUt# 1930)•

C. Weaning end Imuortaace o f  P rotein  ..fiaftUty

Protein  q u a lity  i s  e term used to  denote the e f f ic ie n c y  

w ith which a p rote in  i s  u t i l iz e d  fo r  growth end fo r  maintenance. 

The lower the le v e l  at which a d ietary  p rote in  can support 

maximum growth o r  n itrogen  balance# the higher in ru a lity  that 

p rote in  i s  sa id  to  be ( Altaechui# 1974).

The q u a lity  o f  p ro te in  from food  depencx e s s e n t ia lly  on 

i t e  a b i l i t y  to  meet the body*s requirements fo r  smlno a c id s . 

Although the chem ical compos I t  ion or amino a c id  an a lysis  o f  ,

c ie te ry  p rote in  may g iv e  an elegant representation  o f  the 

value o f  a protein# i t  i s  necessary to  v e r ify  i t s  value by 

actual b io lo g ic a l  experiment. ®*nce, p ro te in -q u a lity  has to  

be measured in the animal or human system d ir e c t ly  w ith resp ect 

to  growth, t issu e  repa ir or maintenance and oth er b io lo g ic a l  

c r i t e r ia  (Henson# 1974). The concept o f  p rote in  q u a lity  evalua­

t io n  has p ra c t ic a l  a p p lica tion  in  over coming theproblem o f  

PCM amon,; ch ilo re n  (FM># 197 3 ) . The minimal quantity nece eery 

to  maintain balance in a normal person series accord in g ly  to  

the p rote in  q u a lity . Therefore# the q u a lity  o f  a p a rticu la r  

p rote in  has a s ig n if ic a n t  ro le  to  p lay in human n u trition (H id a lgo  

at a l .«  1972). A new p r io r ity  which emphasizes the importance o f  

p rote in  q u a lity  and i t s  eva lu ation  i s  the growing imbalance



between world food su pplies and population  growth (p e l l e t t  

and Young, 1930). Nearly a l l  tha currant a f f o r t s  to  produce 

Improved v a r ie t ie s  o f  cora ls*  (r ic e *  wheat* corn  and sorghum) 

legumes* (common b ans* cow peas* grams* pigeon peas* soybeans* 

and sim ilar e d ib le  sp ioes ) and ro o t  crops (P otatoes and cesseve) 

include evaluation  o f  p rote in  q u a lity  (banish  a t &!.»• 1930)*

nae methoos a va ila b le  f o r  evaluation  o f  prota ln  qu a lity  

by ra t assays may be d iv ided  in to  the fo llow in g  categories*

1* Methoos based on Growth and body weight changes

2. Methoes bes^d on carcass n itrogen  an a lysis

3* Methods based on n itrogen  balance

4.  Methods bas d on regeneration  o f  b lood  and l iv e r  
con stitu en ts*

3* t e r m in a t io n  o f  a v a ila b i l i t y  o f  amino acids 

6* Chemical scorin g  meet hods

7* M iscellaneous methods

1* Methods based on

a*

•t Vi IK and body weight changes

Protein  e i f lc la n c v  r a t io  (Eefei

*>*€( 1930) d e fin e s  Pttil as tha r a t io  between body weight 

vein  and p rote in  consumed. Protein  e f f ic ie n c y  r a t io  represents 

the sim plest iaet‘ ooo logy  (Pariher jfci.*, 1976) and has the 

advantages o f  req u ir in g  e minimal work in  put (S ch illin g *  1975)<
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For the determ ination o f  the prote in  q u a lity  o f  a f  c a de s ta f  f  

the te s t  d ie ts  should be form ulated at 10 per cen t le v e l

1963, 1980 and Womack £&. a l.*  1976)* Chapmen £& £1.*, 

(1959) and America A ssocia tion  o f  O f f ic ia l  A gricu ltu ra l 

chem ists have described  standardised procedures using ra ts  

eg id 21-28 days with an experim ental period  o f  28 days*

The variou s fa c to r s  which a f fe c t  the PIH are*

1* Level o f  p rote in  (Tasker £& a!.*, 1960f
Svamlnathan, 1972) ^

11* Age o f  rat (Chapman a l»« 1959r Middleton ^  Al# 
I960)* ,

i l l *  varia tion  o f  food  intake (M itch e ll and Beadles* 
1930, Marts &L* 1947, hurt g & d L ,, 1975)*

iv* Length o f  assay p eriod  (Svamlnathan, 1937,
Chapman At jJL* * 19 59*, Joseph st, &k»# I960,
MAC, 1963*

v* Physical environment namely heating and v e n tila t io n  
m oisture, odour, dust, l ig h t  and noise  (P orter , 
1963)*

b .  Bet Protein  Ratio (BPP) ,

A m od ifica tion  o f  the PiSA method, Let Protein  ftatlo (MPA) 

was introduced by binder and L o e li (1957)* This c o n s is ts  o f  

feed in g  s group o f  weanling ra ts  on a d ie t  contain ing 10 per 

cent o f  tha te s t  p rotein  and another comparable co n tro l group 

on a eon p rote in  d ie t  fo r  a p eriod  o f  10 days* Tha MPA la  

ca lcu la te d  by using the formula*
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-  Q«ln In u e i h t i a )  o l d e s t  *rou? » Lot* .IflW aiCftUg) 
o l  non-x>rotein group

Protein  intake (g )

C. Gross P rotein  Value .

the yroes p rote in  value o f  a supplementary protein  is  

ca lcu la te d  as the extra  growth obtained  w ith supplementary 

p rote in  end expressed as the percentage o f  the corresponding 

fig u re  obtained  with casein  as te s t  supplement( Rao mL*»

1964)• The le v e l  o f  p rote in  in the r a t io  i s  kept low so that 

te a t  may be a c r i t i c a l  one. A co n tro l one. A con tro l group 

i s  fed  on a d ie t  p a r t ia l ly  lack ing  in ly s in e  and based on a 

ce re a l provid ing 8 pax cent p rote in  in the d ie t  fo r  a period  

o f  2 weeks w hile the experimental group re ce iv e s  the same 

o ie t  supplemented w ith 3 per cen t t e s t  p ro te in , the ca lcu la ­

ted  value is  then expressed as a percentage o f  the co rre s ­

ponding fig u re s  obta ined  w ith casein  as the t e s t  supplement.

d . m  frtplttfrton tfattefl.-
Xn the r e t  rep le tion  method developed by Cannon ££

i
(19 34) the n u tr it iv e  value o f  d if fe r e n t  p rote in s  ie  estim ated  

by studying th e ir  r e la t iv e  e f f ic ie n c y  to  promote weight 

recovery  in  p rote in  depleted  adult ra ts . This method have 

been m odified  by vsnkat Kao al  U 964) by using p rote in

dep leted  young rata . Xn th is  method young a lb in o  rate were 

dep leted  o f  body p rote in  by feed in g  a prote in  free syn th etic
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d ie t  f o r  • p eriod  o f  10 days. i‘he depleted rate were then 

rep la ted  on the experimental cAets contain ing  the d i f f e r  n t 

p ro te  in c f o r  a period  o f  10 bays* and the in crease  in weight 

per great protean consumed wee considered  as an index o f  the 

n u tr it iv e  value o f  p ro te in ,

•• d itrooen  Growth Indlx

This procedure* developed by A llison  a l . ,  (1942) 

c o n s is ts  o f  feed in g  a lb in o  rata* d ie ts  at d if fe r e n t  le v e ls  

o f  the same p rote in  over a p eriod  o f  28 days* The n itrogen  

intakes are p lo tta o  againat gain in  body weight and a curve 

ia  thus obta in ed , venkat tt*o jq!,** 41944} terui the elope
4

o f  the l in e  r e la t in g  growth ra te  to  n itrogen  in ta k e ‘over e 

p er iod  o f  23 days* as the n itrogen  growth index*

2. Methoda based on carcass h ltrogen  Anal va le

s .  ttittftqtn ihtfftttftB-fta&Jafl

M reten tion  percentage, gl^.,.ia..teg^V Pelh) .  10o2 “  k ”  intake ( J  **

I t  la  a ctu a lly  the percentage o f  n itrogen , reta in ed  

in  the body and i t  con sid ers  growth as w ell as n itrogen  

balance (Shunk&re and Mccolum* 1929)*

b* f t n  fCTttlJ) V U lU iV toiR .
H ille r  and Bender (19S5) developed th is  method baaed

on the p r in c ip le  o f  evaluating p ro te in  qu a lity  by a b io lo g ic a l  

te a t  o f  n itrogen  u t i lis a t io n *  According to  th is  method*
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ona group o£ r o t  i s  fe d  on non p rote in  d ie t  while tha remaining 

groups or© tad p ro te in s  at 10 percent le v e l  to r  10 days* Tha 

food  intakes o f  animals are measured* Tha animals are k i l l* a  

a t the and o f  10 days and body H d f t e r w ln e b y  Jtjeldhal method 

on a eample o f  d ried  ano powdered carcase*

HffU m B io lo g ica l value X i> iy e s t ib l i ity  (SfC« 1963)*

3* MethodE Based on Nitrogen Balanos 

a . Nitrogen Balance,
The n itrogen  balance i s  simply tha re la tion sh ip  between the 

intake and excretion  o f  n itrogen  by an animal (A lbenese, 1963)* 

M itch ell (1924) sta tes  that tha o ld e s t  method used t o  evaluate tha 

n u tr it iv e  value o f  d ie ta ry  protein  i s  to  determine tha Nitrogen 

balance l .a *  tha d iffe r e n c e  between n itrogen  intake and n itrogen  

a ccretion *  Nitrogen balance is  determined from the equation*

B * 1  -  (U ♦ T)

hihsre ft i s  the balance* I  tha Nitrogen intake and U and r# 

the n itrogen  excreted  in urine and faeces resp ectiv e ly *

b* i i ia e a t ib i l l t y
A measurement o f  d ig e s t ib U ity  C o -e f f ic ie n t  o f  d ie ta ry  

p rote in  i s  an e s s e n tia l pert o f  the n itrogen  balance method* 

b ig e s t ib i l l t y  c o e f f i c i e n t  o f  a p rote in  i s  defined  asi

fo o d  Nitrogen afctotfc*ja_
**■' *  rood Nitrogen intake

• Nitrogen lnt* * e -t fa e c a l  n ltroosn  -  4fiqQgti)W  glMEMSal
Nitrogen intake
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where fea ca l n itrogen  ie  excreted  in the feecea  daring e 

p eriod  o f  p rote in  feeding end endogenous n itrogen  ie  th e  amount 

o f  n itrogen  excreted  in the feeaee on a n itrogen  fre e  d iet*

'*'■ 17

C. B io lo g ica l value

The concept o f  b io lo g ic a l  value was f i r s t  introduced by 

Thoraa* in 1909 interras o f  percent o f  d lg esta b le  n itrogen  from 

a t e s t  food  which was retained  by the adult human M itcheiK  1924) 

m odified  the method fo r  the frowing ra t thus includ ing  the 

requirements fo r  both growth end maintenance*

The formulae used to  ca lcu la te  the b io lo g ic a l  values i s  

as fo llo w s

B .v -  rood  n itrogen  u t i l is e d .  
Food n itrogen  absorbed 100

Nitrogen intake (fa e c a l  nitrogan«endogenous fa e ca l
n itrogen  -  urinary nitrogen-endogenous urinary nlU oflan 
N itrog«> intake ( fa e c a l  nitrogen-endogenous fa e ca l n itrogen )

d . frttrggtg f u l l e s t  .t e s t o -
H elnich end C o v g ill (1937) stu d ied  the minimum amount o f  

d ie tary  p ro te in  n itrogen  necessary to  maintain n itrogen  e q u i l i ­

brium by p lo t t in g  n itrogen  intake against n itrogen  balance in 

the region  o f  n itrogen  equilibrium * in terp la tin g  to  the jo in t  

o f  exact n itrogen  equ ilibriu m , A llison  j^,** (1945) fu rth er 

m od ified  th is  technique* end showed that i t  is  p o ss ib le  to  p lo t  

absorbed n itrogen  against n itrogen  balance to  obtain  e s tra ig h t 

l in e .  The equation to  get the balance index to o f  n itrogen  ie  

as fo llow s*
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K m &mBo 9 where B i s  the n itrogen  balance, A i s  tne 
A

absorbs a n itrogen  ana Bo i s  th» ex cre tion  o f  n itrogen  when e 

p rote in  fre e  d ie t  i s  given end X i s  the elope o f  the l in e  

repr senting the n itrogen  balance index o f  n itrogen  absorbed*

4.  Methods based on regeneration  o f  b lood  and l iv e r  coneU tgafAB

Henry a l . .  (1961) developed a procedure on the ba sis  

that the s e n s it iv ity  w ith which the n itrogen  content o f  the 

l i v e r  responds to  d if fe r e n t  d ie ta ry  problems fo r  determining 

n u tr it iv e  value o f  p ro te in s . The concentration  o f  urea in b lood  

was almost u n iv era lly  p roportion a l to  the b io lo g ic a l  value o f  the 

d ie ta ry  p ro te in s  l i s t e d  and hence proved to  be a good o r i t e r ia  

fo r  evaluation  o f  p rote in  q u a lity  (P r io r  £& $1.., 1975. K o s te r lir tx , 

I960)*

5. i *tarm* nation o f  A va ilab ility , o f  M l M  AfiAflff

ik icrob id loy lca l aethoos (F ern ell and rtosln, 1956) ensymlc 

methods (Mauron, 1973) and chem ical methods are the a v a ila b le  

methods fo r  determ ination o f  a v a ila b i l i t y  o f  amino acids ( Venkat 

Rao bJL 1964).

6* Chemical scorin g  H fttbofli-
Carpenter and BJarnason (1973) and URC (1980) rep orts  that 

the b io lo g ic a l  value o f  many protein  foods co rre la te d  q u ite  w ell
l

with the chemical scores o f  the foods ca lcu la ted  from th e ir
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amino acid  a n a ly s is , hew p r in c ip le s  fo r  scorin g  prote in  value 

from chem ical com position have been in /estim ated  by regression  

an a lysis  o f  data from n itrogen  balance stu d ies in man (K ofranyl 

J& 197 3) •

a .

Block and M itch e ll (1945) express the content o f  each o f  

the e s s e n tia l amino acid* score can be ca lcu la ted  when both 

t o t a l  n itrogen  or p rote in  and the concentration  o f  the f i r s t  

llm it in g  amino a c id  are know ( faO/UN« 1975).

A .A ., s co re  -  Mo o f  A.A. in  a o f  te a t  p rote in  x 100
Mg o f  A*A in g re fe ren ce  protein

>>• ftg t fW tt ll , B
E ssentia l amino a c id  indad (SAA inoad) i s  d efin ed  as the 

geom etric mean o f  tha r a t io s  o f  the e ssen tia l « d n o  acids In s 

p rote in  to  those o f  standard* usually  egg protein  (Osser* 1951).

7 .

A new methodology* termed the com plete p rote in  evaluation  

(CPk) procedure# has been presented by S h elling  (1975 ). The 

n u tr it iv e  value o f  d ietary  p rote in  depends upon the pattern  and 

quantity o f  e s se n tia l amino acida i t  presents to  the body a fte r  

absorption  from the in te s t in e . Assuming that chemical an a lysis  

o f  d ie ta ry  p rote in  revea ls tha pattern  by femino acid  l ib e ra te d  

in and absorbed by the g a stro* in tes tin a l tract*  an a n im a te

f '̂rr
i-<( L i b r a r y •> -* \ ) oj zn

ATOHE



can be mace o f  the n u tr it iv e  value o f  p rote in  by coopering  

the acaino e c ic  pattern  derived  from chemical an a lysis  with 

that o f  the re fe ren ce  p ro te in . Bloch and M itch ell 

suggested the use o f  egg p rote in  as a re feren ce  protein* a ssig ­

ned a maximum score  o f  100 ana -ve lved  e chemical rcorin g  

method fo r  assessing  the r e la t iv e  n u tr it iv e  value o f  food  

p ro te in . Latin (1973) has reported  the evaluation  o f  p rote in  

q u a lity  by dye binding procedure. Fr ank £ t ^ . *  1197 5) has 

proposed a simple and p r a c t ic a l  methou, useful* e s p e c ia lly  

f o r  screening purpose* u t i l is in g  the phagotophlc protoesen* 

s i l i c a t e  letrehysiene. h i stopat t o lo g lc a l  atuoiaa have been 

w isely  used to  evaluate prote in  q u a lity  baaed on the changes 

taking p la ce  in the h is to log y  o f  various t is su e s  ( « * Jan* 1975* 

Kangaswaay f l  1979). '



XXX EXPdftXKEIlTAL PMlCEbURS

The mathooology p erta in in g  to  th is  study on "Evaluation 

o f  p rote in  q u a lity  o f  in fant form ulations davalopad by a 

commercial firm " i s  o u tlin ed  unoar the fo llow in g  headingai

A. S e le ct ion  o f  the camples 

8* Formulation o f  the d a t a  

C. s e le c t io n  and grouping o f  the animala 

I>* Evaluation o f  p rotein  qu a lity

Seven in fa n t form ulations developed by a commercial 

firm  were se le cte d  fo r  the prote in  q u a lity  evaluation  as there 

is  an increased nead fo r  such iniorm ation with the ever increas­

ing demand o f  commercial weaning foods (Shukla and Das Gupta# 

1981). .

b .  rpcMiUfcton q i  ,fchi ....
The seven se le c te d  food  toriauletions were analysed fo r  

i t s  n itrogen  content using the ffictrokjeldhal method end fa t  

content by sox h le t method (Hawk a l . .  1965)• The analysed 

values to r  each o f  the food  sample i s  tabu lated  in Table X.
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TASL»£ I

PftQTAlM A1HD FAT COMTBMT or Ttifi INF AMT fokmulatioms

Code o f  In fant 
Formulation

Protein  g/lOOg Fat (g/lOOg)

' i 12*2 2

r u 11*8 2

' m 12.0 2

' t v 15.0 2

Ty 15.0 2

rvx 15.0 2

r v n 12*9 2

The prote in  content o f  the seven a le ts  v>r« maintained 

•t 10 percent le v e l  end q u a n tit ies  o f  each form ulation deter* 

mined by using the analysed prote in  value* Ifce d ie ts  ware aude 

is o c a lo r lc  by actuating the fa t  content a t 9 percent (131, 1979) 

taking in to  account the fa t  content o f  the p rote in  mixtures*

To ensure an adequate supply o f  vitam ins and m inerale, a vitam in 

m ixture and mineral mixture were added at 2 percent and 4 per 

cent le v e ls  r e sp e c t iv e ly  (fifiC, 1990)* The com position  o f  the 

two m ixtures are appended (Appendix 1 ) .  For comparison a casein  

d ie t  at 10 percent p rote in  le v e l  was employed as tha eighth 

d ie t .  The percentage com position o f  the e ig h t d ie ts  thus 

form ulated i s  given in Tfcble IX*
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TABL* I I

PiSRCaNTAOS COMPOSITION OF TW, Ul&TS

In gred ien ts  -
X 11

D iets 

I I I  IV V VI VII V III

Fooo mixture 81.96 84.74 83.33 66.66 66# 6 6 66.66 71.51 10.52

Groundnut o i l 7 .0 4 7.31 7 .93 7.67 7.67 7.67 7 .4 5 0.95

Vitamin mixture 2.00 2.00 2.00 2 .00 2.00 2.00 2.00 2.00

M ineral mixture 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4 .00

ite r e h 4.64 1.19 3.33 19.67 19.67 19.67 9.04 82.53

to ta l 100.00 100.00 100.00 100.00 100.00 100.00 100.00 loo .oe

C. fralfffUiM. fltt9 g l  Vfaf
Albino ca ts  from the labora tory  stock  colony vara sa l acted  

f o r  tba d if fe r e n t  aspects o f  the study on the fo llow in g  b e e is i

a* Eighty weanling male rats 21 to  24 days o ld  (ARC, 1980 
and Friedman, 197 5) weighing between 31.5s, end 47 .5 , 
w ith i an average weight o f  39.5 •• fo r  growth experim ent.

b . Fourty e ig h t aou lt male ra ts  o f  10o days o ld  (ARC, 1980 
and Frisdman, 1975) weighing between 165.0g and 2 3 0 .5g 
were se le c te d  fo r  the N itrogen balance s tu d ies . A fter 
feed ing  trie ra ts  a non-protein  d ie t  fo r  a p eriod  o f  
seven days, depending on the reduction  in  weight the 
ra te  were grouped in to  e igh t groups with r lx  ra ts  par 
group.

» . iyjJL»,i,ikai, ofiJM&tln arnuw
1. M12H$&

Sight groups o f  s e le c te d  ra ts  housed in d iv id u a lly  were p ieced  

on the te s t  d ie t s ,  w ith water end food  given ad lib itu m  (MAC, 1963, 

1979, 198Of Reo, 1974a Friedman, 1975). weighed amounts o f  the
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d le te  war# mixed w ith water, steamec and fed  d a l ly .  The l e f t  over 

food  w#c c o l le c t e d , d ried  end weighed. Record# o f  ectu e l food  

intake ware m aintained. Mats war. weighed in d iv id u a lly  on every 

a ltern ate  day throughout the experimental period  o f  twndy e ig h t 

day# (Friedman, 1978, Rao, 1974# MRC, 1930).

The q u a lity  o f  p rote in  consumed i#  r e f le c te d  by weight 

gain and food  intake (Friedman, 1975# K8C, 1930# H ille r  andt
Tobin 1980) end hence th is  c r i t e r ia  served as a b a sis  fo r  the 

evaluation  o f  t e s t  d ie t s .

b .  P r o te in -e ff ic ie n c y  r a t io  ( P*h)

From the record  o f  weight gain and prote in  intake, P4R was 

ca lcu la ted  using the formula given by (NKC, 1930# Pel la te  and 

Young, 1980).

-  .gateL lft-ia iahk  ,LJ.
Total p rote in  intake (g )

»• D epletion period

A non-protein  c l o t  contain ing 85g starch# 4y m ineral 

mixtures# 2g vitamin mixtures# and 9g groundnut o i l ,  was fed  ad 

lib itu m  during the d ep letion  p eriod  o f  seven days. The f i r s t  

three days were adjustment period  ano l e s t  four days the c o l l e ­

c t io n  p eriod  (P e l le t te  and Young, 1980, Friedman, 1978, 88G, 1930).
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buxiovi the c o l le c t io n  patioo* con ica l fla sk s  with fu iu .els vara 

kept unoer the s p e c ia lly  i t v ie c d  m etabolic cages to  c o l l e c t  

t ta  ar in s . The urine was c o l le c t e d  d a ily  in  the flask* volune 

measured and preserved under toluene (MC« 1980* Brown a l . . 

1979). For the c o l le c t io n  o f  the fa e ca l samples# a wire gauss 

was p laced  on the funnel to  separata fen ces from u rin e . The 

samples vara c o l le c t e d  dally# bulked f o r  each ra t  at the end o f  

the c o l le c t io n  p er iod . These were c r ie d  in the oven# h elra  and 

adhered food  p a r t ic le s  i f  any brushed o f f#  weighed and ground 

in the m ortar. T r ip lio a ta  samples o f  urine and fa eces  were taken 

fo r  n itrogen  estim ation .

weight o f  each ra t  was recorded on the e igh th  day o f  the 

d ep letion  period# and the reduction  in  the w eight ca lcu la te d .

The rata  were d ivided  in to  eilght groups o f  s ix  accord ing to  weight 

so that the average weight in d if fe r e n t  groups ware the same.

*>• fttiitfrliQft
The depleted  ra te  underwent an adjuetmental p eriod  o f  four 

days* They were fe d  with stock  d ie t  from the la b ora tory . A fter 

th at the rata ware fed  w ith the experim ental d ie t s  f o r  the ensil­

ing save: days. A record  o f  food  intake was maintained# Urine and 

fa eces  were c o lle c te d  fo r  l e s t  four days and preserved . The urine 

and fa eces  samples were pooled  fo r  each m etabolic p eriod  and ana­

ly sed  fo r  the n itrogen  content in t r ip l ic a t e s  using the ru lc ro jk il-  

dhal method (Hawk# 1955# M uller and TO bln# 1980)# B io lo g ica l value 

and d ig e s t ib i l i t i e s  were ca lcu la te d  using the formula given by 

BMC (1 9 8 0 ).
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I i. • i IV RESULTS AND DISCUSSION

, Th® resu lt®  o f  thi®  in v » « t4 fB**an on th® ustf ran

• f  p ro te in  q u a lity  o f  in fa n t . f  em u la t io n s  developed by a

firm * on a lb in o  rat® «r® p m «n t® d  and d iscu s  sad 
under th® in d ic e s  o f i

■ ft ' ft

A* &.vowth ,

B* Nitxofm Balance

*• Sxouthi
«

;

Th® r e s u lt s  obtained under th® growth indies®  ar® d is cu s e s *  
in  th® fo llo w in g  o rd e r , ( -

Th® eean weight gain o f  rat® fad w ith  th® s®v®n s*p arisen ta .*
d ia ts  and the case in  c o n t r o l  ar® pr seen tad in  Tabl® H I*

f«  Weight gain ’

2* food  and p ro te in  intake 

3 . P rote in  E ff ic ie n c y  R atio

Weight gains o f  th® ind iv idual  rat® ar® given in  Appendix I I ,
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Mats fed  on ease in  c o n tro l  d ie t  r e g is te re d  the h ighest 

weight gain (S f* 4 | g ), w hile r e ts  fad F IV d ie t  ranked second in  

weight gain (4 9 .4 9  g )«  The low est in crea se  in  w eight gain wee 

e x h ib ited  by r e t s  fod F v d in t (2 9 .9 2 g ) . S t a t is t ic a l  a n a ly s is  

however• in d ica ted  that the d if fe r e n c e  in  weight gain ex h ib ited  

byrats  fad easein  d ie t*  d ie t s  F iv and FVi ware not s t a t i s t i c a l l y  

s ig n i f ic a n t .  S im ilarly#  th ere  were no s ig n i f ic a n t  d iffa ra n e a  

in  the weight increm ents o f  r a t s  fed  d ie t s  Fvl and FvIX| FvII 

and FX1| FI1 and FI| and F I I I  and FV* However* the weight 

in crea on ts  swung the r a t s  fed the oth er d ie t  coa p a r is ien s  I lk a  

case in  co n tro l and a l l  o th er d ie t s  ex cep t FIV and FVU| FI and 

F i l l )  FI and FVII ware s ig n i f ic a n t  at one parcant le v e l  w hilei ’
a l l  other com parisons wore s ig n i f ic a n t  a t f iv e  poresnt l e v e l .

The growth pattern  (neon increm ents in  M ig h t)  o f  the 

ra te  fad the s ig h t  d ie t s  as dep icted  in  fig u re  I* h ig h lig h ts  the 

q u a lity  o f  p ro te in  o f  the e ig h t  food m ixtures s in ce  weight gain 

o f  mealing r a te  i e  a s e n s it iv e  in d ica to r  o f  the adequacy o f  

amino sa id  supply* on the b a s is  o f  which growth response* are 

used to compare p ro te in s  (C cn olty  end Koong* 197?) H ille r  endI
Dem* (1972)*

2* lagti tm* fs ft t f in  I rI bKws

In e l l  the e ig h t  d ie ts*  changes in  food  intake was

l in e a r ly  re la te d  to  changes in  p ro ts in  in tsk s*  s in es ths l s v a l  o f

p ro ts in  in  s l l  the d ie t s  wars maintained a t  10 parcant l e v e l .

The seen t o t a l  food  end p ro ts in  in tsk s  o f  r s t s  fsd  ths d l f f s r s n t  
experim ental d ie t s  ere g iven  in  Tebla IV and in d iv id u a l feed  
and p ro te in  in take* era g iven  in  Appendix H I .
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The anim als fed  eaaaln co n tro l d ie t  recorded  the h ighest 

food  end p ro te in  intake (244*48 g and 24*44 9 r e s p e c t iv e ly )  

fo llow ed  by ra te  fed F1V d ie t*  Rate fed  f  VII d ie t  ranked th ird  

in  th e ir  food  end p ro te in  in takes* the rena in ln g  d ie t s  nay be 

ranked ee  d ie t  FVI* F I I *  F I* F I I I *  F V r e s p e c t iv e ly . Free the 

s t a t i s t i c a l  an a lysis*  i t  wee revea led  that* the r e t s  fed on F II*  

F K* F I I I  and F V, d ie t s  d id  n ot r e g is te r  s ig n i f ic a n t ly  

d i f f e r e n t  food  and p ro te in  intakes*

S in ila r ly *  there wore n ot s ig n i f ic a n t  d if fe r e n c e s  in  the 

food  and p ro ta in  in tak es  o f  ra ta  fed d ic ta  FI and F VIIf F II 

end F VIIf  f  111 and F VIIf  However* the coops r i  alone o f  d ia to  

regarding th e ir  food  and p ro te in  in tak es  aeong the ra te  fed  the 

oth er d is t e  l ik e  ease in  c o n tro l  end e l l  other d l* ta  excep t F IV 

and F VI* F I  and F I I I f  F 1 and F VII* ware s ig n i f ic a n t  a t  

one p ercen t l e v e l  w hile e l l  other con p erie ion e  were s ig n i f ic a n t  

a t  f iv e  p ercen t le v e l*

Hurt l i  18974) opine th at food  intake end subsequent 

p ro te in  intake i s  a d ir e s t  in d ica to r  o f  the q u a lity  o f  protein *

When the data on food end p ro te in  in tak es  la  considered  in  

r e la t io n  to the body weight gains* i t  i s  observed that the re ts  

fed  casein  c o n tro l  d ie t*  Which recorded the h igh est food  end 

p rote in  intake showed the h igh est weight gain end th ere to  f id
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d ie t  f  V d ie t  which recorded  the le a s t  food and p ro te in  Intake 

ehowed the lu a a t gain in  w eight* Those ob serv a tion s  are in  

tune w ith e a r l ie r  ob serv a tion s  o f  pevadas (1970)

and Chandrasekhar jJ , (1976) who opine th at the grea ter

the food  and p ro te in  in ta k e s , grea ter i s  the body weight>
gain*
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3» g g flt lin  E ff ic ie n c y  R it la i

Th« mean gain in  w eights p rota ln  in ta k es  and prota ln  

e f f i c i e n c y  r a t io  (Pl«)  o f  d ia ta  deduced f r o *  tha data or  ra ta  

fad  tha d i f fe r e n t  experim ental d ia ta  ara g iven  in  Tabia V*

Tha d a ta iia  regarding tha aaaa fo r  tha in d iv id u a l animale ia  

givan in  Appendix IV*
■'l

In tha deaaandlng ardor o f  PER valuea tha d ia ta  eauid ba 

rankad aa ea se in  c o n t r o l ,  f  IV , f  VXI, f  VI ,  f  I I ,  F I ,  F I I I  

and F V, S t a t ia t i c a l ly ,  tha PER valuaa batwaan F I ,  F I I I  and 

F V d ia ta  warn not a ig n if  le a n t  td iila  theaa thraa d ia ta , warn 

a t a t ia t ia a l ly  low er (p 0*01) in  th a ir  PER valuaa whan compared 

with tha oth er d ia ta  in c lu d in g  eaaain c o n t r o l ,

Chan tha PER valuaa arc  coopered with weight ga in a , i t  i a  

ev id en t that eaaain c o n tr o l  d ie t  and F VI d ia t  which rankad to  bo 

$he h igheat having a t a t ia t ia a l ly  in s ig n i f ic a n t  d if fe r e n c e  between 

thanaalvaa in  PER valuaa , a ls o  promoted higher w eight gaina.

Again ra ta  fad  d ia t  F V, which had low eat PER value had law oat 

weight g a in s , Obearvationa in  Indiana baaed on growth thus . 

halpa ua t o  specu late  th a t both d ia t  eaaain c o n tro l  and F IV abound' 

equal trend with regards to  th a ir  p ro te in  q u a lity . On tha o th er  

hand d ie t s  F 1 , F I I I  and F V seems to  be tha low eat aa fa r  aa 

prota ln  q u a lity  l a  concern ad baaed on growth Ind ies a,

b * HiUgBBn flaAangt
Tha r e s u lt s  obtained  from n itrogen  balanco study on the

i
e i g h t  d ie t s  a r c  d iscu ssad  under tha fo llo w in g  hsadingsi

t .  N itrogen  re ten tion

2 , D ig e s t ib i l i t y  C o -e f f i c ie n t  and B io lo g ic a l  v a lu e .
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i *  f»ttrgfl«n

TH« mean to t a l  in ta k e , e x c r e t io n , ab sorption  and re te n tio n  

o f  n itrogen  f  o »  tho s ig h t  d i f fe r e n t  d ia ta  are presented in l
Tabla Vi and the d a ta ila  ara given in  Appendix • VI I .

Whan tho n itrogen  ra ta n tion  percentage o f  d if fa r a n t  d ia ta  

were compared, d ie t  oaaoin c o n tro l  ranked h igh oot w ith a re ten tion  

pareant o f  6 ? ,9 t& , w hile B io t f  V re g is te re d  tha lowaat re ten tion  

percent 38»4Q$* Thera waa no s t a t i s t i c a l  s ig n i f ic a n t  d if fe r e n c e  

between the d ia ta  l ik e  F IVt r V I I ,  F V I ,  F I I ,  F I ,  F VIII and 

f  V| with rega rd s to  th e ir  n itrogen  re ten tion  p ercen t. But 

when eaaain c o n t r o l  d ie t  wee compared to  a l l  o th er d ie t s  showed a 

s t a t i s t i c a l l y  h igher p ercen t n itrogen  re te n tio n  a t  f iv e  percent 

l e v e l  o f  s ig n i f ic a n c e ,  excep t d ie t  F V, When compared with 

ca se in  c o n t r o l  the d if fe r e n c e  wee s ig n i f ic a n t  a t  one percent l e v e l ,

2* B ia t f i i fa m t i f  a i - i m s i i n i  f B iA .a i i iM m i  m &h«

The d i g e s t ib i l i t y  c o e f f i c i e n t  and b io l o g i c a l  value c a lc u la te  

from the n itrog en  balance data are presented in  Table VI and the 

d e ta ila  p erta in in g  to  the in d iv id u a l ra te  are given  in Appendix 

VIII  and IX,

Casein c o n tr o l  d ie t  gave tha h igh est d ig e s t ib ility
c o e f f i c i e n t  (9 2 ,1 7 ) and d ie t  F V gave the low est d ig e s t ib i l i t y

c o e f f i c i e n t  ( 6 9 , 0 0 ) ,  D iet f  IV ranked the eecon d , w hile the

d ig e s t ib i l i t y  c o e f f i c i e n t  o f  the other d ie t s  revea led  a 
s ig n i f ic a n t ly  lower d ig e s t ib i l i t y  c o e f f i c i e n t  va lu es , a t  f iv e  
p ercen t le v e l  o f  s ig n if ic a n c e ! d ie t  F V, was s ig n i f ic a n t ly  lower 
a t  one percen t le v e l  when compared with ca se in  c o n t r o l  d i e t .
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Kumauawamv i t  «1  ($938)  itu d iid  I N  d ig a s t a b i l i t y  co e ff ic ie n t  

o f  19 apaeies o f  legumes and found th a t d ig e s t ib i l i t y  e o o f f ie io n t  

varied  from St Is  93 percent* Tha r s o u lto  obta in  fo r  tho present 

study a lso  showed an range f r o e  69*00 to  92*17 fo r  D ig e s t ib i l i t y  

e o o ff ia io n ta *

Tho B io lo g ic a l  value probably la  tha boot ooaauro o f  

p rote in  q u a lity  and ropraosn to  tha amount o f  p ro te in  oboorbod 

th a t ia  re ta in ed  by the animal organion  (Breoaanl* 1974)

Moore* 1967)*

In tha prooant atudy* casein  co n tro l d ie t  re g is te re d  the 

h igh est B io lo g ic a l  valua ( 75 .04) * w hile  d ie t  f  V gave tho 1oweat 

B io lo g ic a l  value (9 4 .7 ? )*  D iet F IV rankod second (73*90) 

w hile tha oth ora  in  tha descending order o f  ranking are d ic t a  

f  VII* F VI* r  i i *  r I* r  I I I *  and f  V, r e s p e c t iv e ly .  D icta  

r 1* r II*  r m *  r V* r VX* F VIS* When compered s t a t i s t i c a l l y  

rovoa lod  no s ig n i f ic a n t  d if fe r e n c e *  Casein c o n tro l  and d ia t  F XV 

whan compered to  a l l  o th er d ie t s  had b io lo g ic a l  value s ig n i f ic a n t ly  

h igher a t  f iv e  percent le v e l*

Agarwol || (1979) stud ied  tho B io lo g ic a l  va lu es  o f

10 d i f fe r e n t  in fa n t food  m ixtures and found that B io lo g ic a l  value 

varied  from 3S to 00 per cent* The r e e u lts  obtained  fo r  the 

presen t study a ls o  showed a range w ithin  the range o f  94*77 to 

79 .04 .

The B io lo g ic a l  value obtained from the experim ental d ie t s

co rre la te d  w e ll with Bark j J ,1 s etudlaa (1979) which g iv e s

e m age o f  40 to  79 fo r  tho B io lo g ic a l  value o f  whoot f lo u r  
v a r ie t ie s  w ith okim s i lk *
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Phsnsalker (1960) reported  that* B io lo g ic a l  value o f  

eoraa l p ro te in s  vary froik 60 to  80 percent and those o f  legunee 

between 45 and 74 percent* The prevent etudy l e  In tuna w ith 

the study by rhansalkar*

When judged f r e e  th e  param eters reported  in  t h is  study 

I t  I s  ev iden t that aeong the seven e *p erla en ta l d ie ts*  F IV 

had re g is te re d  the b est p ro te in  q u a lity  with regards te  weight 

increm ents* food  and p ro te in  in takes* p rote in  e f f i c i e n c y  r e t ie *  

and a ls o  re su lte d  in  b e tte r  n itrogen  re te n tio n  percent* the 

B io lo g iv a l  value and d ig e s t ib i l i t y  c o e f f i c i e n t  re g is te re d  by 

F XV d ie t  was the b est as eonparsd to  oth er d ie ts*  There was 

a ls o  no s ig n i f ic a n t  d if fe r e n c e  in  these paronetere when coopered 

w ith eaeein  co n tro l*  I t  i e  ov lden t fro n  the above date th at 

the in fa n t form ulation  F XV hae equal p o te n t ia l  w ith eaeein  

in  i t s  p ro te in  q u a lity *  F om u le tion  l ik e  F VIX nay need fu rth er  

enrichment in  tern s  o f  amino a c id s  but fo r n u le t iv e  l ik e  F X* F XXX 

end F v needs g ree ter  m od ifica tion *  The f e e t  that F IV hee equal 

p o te n t ia l  w ith eaeein in d ie e te e  the p o s s ib i l i t y  o f  i t s  being 

put in to  nexHcet with g ree ter  b e n e fit  to  the community*



V SUMMARY AMU COMCLUSlOli

The o b je c t iv e  o f  the prevent in v estig a tion  wee to  

sv e lu ete  the p rote in  q u a lity  o f  in fa n t form ulations developed 

by e coroner*!el firm  on e lb in o  rets*  seven in ten t iorm uletions 

developed by e co*nmerciel firm  were s e le c te d  tor  the prote in  

q u a lity  .v a lu a tio n . An Eighth d ie t  with casein  es the p rote in  

source served ee e con tro l f o r  com perison. A ll the e igh t d ie ts  

plenned were evaluated on groups o f*

1 . Weanling e lb in o  r e ts  over  e p eriod  o f  *8 ceys using 
the c r i t e r ia  o f  weight gain , food  and p rote in  
intake end per.

2 . Adult re ts  fo r  a p eriod  o f  14 days using the parameter 
n itrogen  balance to  in d u c e  n itrogen  re ten tion , 
o ig e e t ib l l i t y  c o e f f i c i e n t  end b io lo g ic a l  value

The re su lts  revealed  that*

1 . The maximum mean w eight increment was reg istered  by the

ra te  fed  on casein  con tro l d ie t  fo llow ed  by F IV and F VI 

d ie t  next in  o rd e r . The minimum mean weight gain waa 

recorded  by the ra ts  fed  FV d ie t ,  s t a t i s t i c a l ly ,  the 

weight increm ents among r e ts  fed  casein  co n tro l and a l l  

o th er  d ie ts  except FIV and FVlf FI and F i l l ;  FI and F VII. 

whose s ig n if ic a n t  a t one percent level#  w hile other compari­

son l ik e  FI Vs F i l l .  FV and F v i l f  F VII vs casein  con tro l 

were s ig n if ic a n t  a t f iv e  percent l e v e l .  A ll other d ie t  

comparison were s t a t i s t i c a l ly  not s ig n i f ic a n t .
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2* Tha to t a l  food  in teke rented from 181*02 (FV) to

244*48 great (ca se in  co n tro l)*  subsequently the protein  

intake ranged from 18*18 to  24*44 grams* s t a t i s t i c a l ly  

the p rote in  intake o f  ra ts  ied d ie ta  FIX* FX, FIX ! and 

FXV were not s ig n if ic a n t ly  d iffe re n t*  Again the compari­

sons between p rote in  intakes o f  ra ts  fed  FX and FVllf 

FIX and F VIIr F IIX and F VII* were not s ig n if ic a n t .

A ll othar comparisons were s t a t i s t i c a l ly  s ig n if ica n t*

3* The PaM value f o r  casein  d ie t  were the h igh est (2*13) 

and d ie t  F V the low est (1*33)* According to  the P R 

values the d ie t s  may be ranked in d isord ln g  order as 

F XV (2 *0 7 )r F V IK 2.02)# F VI (2*01)f F XX (l* 9 d )f  

FX ( l* 6 9 )f  F i l l  (1*57)* S ta t is t ic a l ly *  the PSh values 

between FI* F1XX and F V d ie ts  were not s ig n if ic a n t  w hile 

these three d iets*  were s t a t i s t i c a l ly  lo v e r  (p  0*01) 

in th e ir  P£R values when compared w ith the o th er  d ie t s  

including ca se in  con tro l*

4* The percentage n itrogen  reten tion  in  adult re ts  fed  with

e ig h t  d ie ts  rsnged from 38*40 (FV) to  67.93 (ca se in  c o n t r o l ) ,  

s t a t i s t i c a l ly  the casein  co n tro l d ie t  showed higher percent 

n itrogen  re ten tion  when compared to  other d ie ts  whereas the 

n itrogen  reten tion  a l l  other d ie ts  were not a tgfcia-

t l c a l l y  s ig n ifica n t*  D iet F IV was not s t a t i s t i c a l ly  

s ig n if ic a n t  from casein  con tro l*



5, The c ig  s t l b i l l t y  c o e f f i c ie n t  a lso  exh ib ite fi r ia i la r

tren d s. H ighest d ig e s t ib i l i t y  c o e f f i c i e n t  was given 

by cssu in  co n tro l d ie t  (92*17) which was s ig n if ic a n t ly  

d if fe r e n t  from a l l  other d ie t  form ulations, except FIV 

d iet*

6* The b io lo g ic a l  value o f  the c ie t s  a lso  ex h ib ited  sim ilar

trends* Hie h ighest b io lo g ic a l  value (75*04) was obtained 

fo r  casein  co n tro l whereas F V d ie t  had the low est value 

o f  54*77* s t a t is t  i f  l c e l l y  casein  co n tro l d ie t  wss d i f f e ­

ren t from a l l  other d ie ts  excep t I IV d ie t*

The re su lts  o f  th is  In vestiga tion  in d ica te s  that the 

in fan t food  form ulation F IV had equal p o ten tia l with r qard 

t o  i t s  p ro ts in  rrusllty to  that casein  d ie t  when weight gains# 

fo o c  and p ro ts in  intakes# p rote in  e f f i c ie n c y  ratio#  n itrogen  

retention# u ig e s t lb l l l t y  c o e f f i c ie n t  and b io lo g ic a l  value era 

taken in to  considerations* with s l ig h t  moult le s t io n s  may be 

in  i t s  amino a c id  pattern  i t  would equal ca fe in  in protein  cua- 

l i t y .  however# the oth er form ulations requ ired  greater m o d ili­

c e t  ions and improvement* From the p o in t o f  view o f  p rote in  

ru ellty#  based on the c r i t e r ia  evaluated In th is  study i t  mty 

be recommended that form ulations FIV can e a s ily  be put in to  

marked « s  an in fa n t foou* however# fu rth er  m od ifica tion  ana 

stu d ies  along these l in e s  to r  oth er food  form ulations i s

recommended*
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APPENDIX I

l . c —  « l t l « a  o f  M i m r ^ j B i « t i i w _ £ a A a )

Sodium c h l o r i d e at 1 3 9 .3
Pefta& siu* D ih ydrogen  p h osp h a te m 3 8 9 .0
C a lciu m  c a r b o n a te m 3 8 1 .4
Magna slum S u lp h ate m 5 7 .3
F e rro u s  su lp h a te m 2 7 .0
M anganous A ilp h ate m 4 .0 1 0
P ota ssiu m  I o d id e m 0 .7 9 0
/ I n c  ^sulphate m 0 .5 4 3
C op p er S u lp h a te a 0 .4 7 7
C o b a lt  c h l o r i d e  * m 0 .0 3 0

V itam in  A at 1000 Z .u
V itam in  0 m 100 l . u
V itam in  E m lO .X .u
V itam in  K m 0 . 5  mg
Thiam ine m 0 . 5  mg
B io o f la v l n m 1 .0  mg
P y r id o x in a 0 .4  mg
P a n to th e n ic  A c id m 4 .0  mg
N ia c in  ( m 4 .0  mg
C h o lin e at 200  mg
I n o s i t o l m 25  mg
Paba m 10 mg
V itam in  Bl2 m 2 mg
31 o  t i n m 0 .02m g
F o l i c  a c id a 0 . 20m g
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