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X IHTBODUCTIOH

Tli* high in cid en ces  o f  p re ta in  m alnutrition  and n u tri­

t io n a l  d iseases anong weaned in fa n ts  and young eh ildran  in  

In d ia  s a i l  f o r  a f fe c t iv e  stop t o  improve the p ro te in  content 

o f  Indian d ie t  (Qopalan, 1964). Tha Third V orld Food survey 

o f  the Food and A gricu lture O rganisation  (FA0» 1963) had 

revea led  that the d a ily  peroaput consumption o f  aniaal pro­

t e in  in  the developing reg ion s Is  on ly nine grams w hile the 

v o r ld  p ic tu re  o f  p ro te in  intake e igh ty , i s  depressing* I t  

has been shown that in  a la rgo  part o f  the under developed 

region a l a consumption o f  legumes ranging from 90 -  70 grams 

p er  head d a ily  la  the general ru le  (Fa09 1964 ., ICMR, 1064)* 

The predominance o f  c e re a ls  and the la ck  o f  aniaal food s  make 

the Indian d ie t  s t i l l  worssi Milk I s  almost the s o le  souree 

o f  animal p ro te in  f o r  a m ajority  o f  the vegetarian  popula­

t io n  in  In d ia  hut i s  a v a ila b le  only in  a lim ited  quantity 

f i v e  grams accord ing to  an estim ation  o f  FaO/WBO (1966)* 

Surveys ca rr ied  out in  Ind ia  show that there i s  a shortage 

o f  p rote in s  in  the d ie ts  o f  major s e c t io n  o f  the popu lation  

(Pandit and Somesvara Rao, 1961 .9 subramanyam g ^ 9 1962*, 

Radhakrishna Raof 1967). So9 the lo c a l ly  a va ila b le  legumes, 

as Aykroyd (196L) po in ts  out may o f f e r  a p r a c t ic a l  s o lu t io n  

t o  meet at le a s t  p a r t ia l ly  the p ro te in  needs o f  the growing 

population* Therefore9 i t  becomes necessary to  in clu de  low  

c o s t  and e a s ily  a v a ila b le  p ro te in  r ic h  foods in  the d ie t .
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Horsegraa v u  se le cted  f o r  th is  in v o s t ig a t io n  beeauso 

o f  i t s  low cost*  and a v a ila b i l i t y  oonparod t o  oth or pulaes 

I lk a  rod gram* bangal gran and groan gran which aro nsod 

commonly In  Sooth Indian d lo t s .  Horsegram, l ik o  tho oth or 

legumes la  d e f ic ie n t  In  nothlnnlno w hile seaamo la  oampa- 

r a t lv o ly  r ic h  In  sulphur containing amino a d d s  (Kuppuswaay 

at a l . .  1968 ,, Venkata RaO i i  e l . . 1964)* So sesame pro­

t e in  was se le cte d  f o r  supplement atIon  o f  horsegran p ro te in  

In  the r a t io  o f  4 i l .  This r a t io  was chosen a fte r  a camp o r i ­

son o f  the ca lcu la ted  amino a d d  com position  o f  the h orse - 

gran-sesame mixture (Aykroyd gj^ « ! . .  1966 ., Orr and Matt,

1967) w ith the amino a d d  requirements o f  the growing rats 

as proposed by U nquiet (1959)*

Xn gen era l, two methods serve as a ba sis  f o r  evaLuatlng 

the n u tr it iv e  va lu e o f  p rote in s*  These are the determina­

t io n  o f  b io lo g ic a l  Value (BV) (Thomas, 1909) and the P rotein  

g f f l c ie n c y  R atio (PSR) (Osborne, g£. a l . .  1919). L i t t l e  

p rogress  has been made In  p ro te in  eva lu ation  slnee the In tro ­

d u ction  o f  PSR, except to  p o in t out the short comings and 

d iscrep a n cies  In  th is  method (Bender, 1967*, Jana on, 1962*, 

Porbe^Sf 1966),

Recently Hags ted and Chang (1966) have applied  the 

p r in c ip le s  o f  a qu antitativa  b io lo g ic a l  asaay o r  bloassay*

* Ona k i l o  gran o f  horstgran costa  s ix ty  fo u r  pa isa , whereas 
one kilogram  o f  red gram co s ts  one rupee and a ix ty  paisa 
and greengram costs  one rupee and fo r ty  e igh t palse as 
quoted by 1 Chinthamani1 Coimbatore Cooperative Super 
Market on 20-2-1967.
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The s lope  r a t io  technique using gain  as ths response and 

n itrogen  intake as the dose appears to  be a s a t is fa c to ry  

Index f o r  p ro te in  eva lu ation . The 'RHLAIIVB GROWTH XHOBZ' 

i s  proposed as a s a t is fa c to ry  neasure o f  n u tr it iv e  value* 

th is  being a s lop e  o f  the regression  between n itrogen  

Intake and body weight gain, in  etten pt was Bade In  the 

study t o  evaluate w ith skin B ilk  p ro te in  as r e f  arenas* a 

n lx tu re  o f  horsegran and sesame p ro te in s  using the bloasaay 

tech ln lque proposed by Hegsted and Chang (1965 ).

Measurement o f  hepatle  n itrogen  has been found to  

r e f l e c t  the p ro te in  n u tritu re  o f  the anlaal w ith  re feren ce  

o f  Ingested p ro te in  (Henry §£  g k * 1961).

Hnsyaes being m etaboltea lly  a c tiv e  p rote in s  th e ir  

a c t iv it y  n ight be considered  as an Index o f  d ietary  p ro te in  

q u a lity , as a con sid era b le  part o f  the n itrogen  I s  reta in ed  

In  the body In  the form o f  enzynes* the determ ination o f  

ensyne le v e ls  seems to  o f f e r  p o s s ib i l i t i e s  In  assessin g  the 

value o f  d ie ta ry  p ro te in s  (Mauron* 1966). The a c t iv i t ie s  

o f  variou s h epa tic  ensyaes have been found to  Increase* 

remain constant or decrease when the amount and source o f  

p ro te in  Intake I s  changed. (Lltwaok a l . .  1953.* Hura- 

aatsu  and Ashlda* 1962.* A llison* 1963). According t o  

Ashide (1903) the dynamic equ ilibrium  e x is t in g  between the 

anabolisa  and ca ta b o llsa  o f  e s s e n t ia l  con stitu en ts  w ith in  

the c e l l  I s  r e f le c t e d  In  the a lte ra t io n s  o f  the a c t iv i t ie s  

o f  ce r ta in  h epa tic  ensyaes.



4

Hence, the determ ination o f  h epa tic  n ltr lg e n  content 

and h epa tic  su cc in ic  dehydrogenase have boon taken tap fo r  

the proaont study.

an attempt was made in  the study t o  svaluate w ith 

skim m ilk p ro te in  as re feren ce , s  mixture o f  horse-gram 

and sesame p ro te in s  using the bioassay technique proposed 

by Hegsted and Chang (1966 ). Bach o f  these two d ie ta ry  

p ro te in s  was fed  at fou r  d if fe r e n t  con cen tra tion s . For the 

horse-gram  and sesame mixture the p ro te in  con cen tra tion  

chosen were 9 , 11, 13 and 16 p er  cent and f o r  skim m ilk 7 , 9, 

11 and 19 per cen t. These le v e ls  vers chosen as "eq u a lly  

e f f e c t iv e  le v e ls  fo r  growth" as proposed by Begsted end 

Chang (1966 ).

The c r i t e r ia  used fo r  the bloassay eva lu ation  are 

as fo llo w s !

1 . Growth rate

2 . Food and P rotein  in take

3 . Hepatic weight and n itrogen

4 . Hepatic su cc in ic  dehydrogenase a c t iv it y

6 . Regression o f  body weight gain  on n itrogen  
and p ro te in  in tak e .



XZ HBYXSW or literature

Methods o f  P rotein  Evaluation

A number o f  methods bad been developed and Improved 

upon f o r  the determ ination  o f  tha n u tritlT e  Talus o f  pro* 

t o la s  (K»R«C« 1963). Osborne, Nsndol mad fe r r y  (19X9) deve- 

lopod  methods using tha growth promoting Talus o f  a p ro te in  

l a  a d ie t  contain ing adaqomto anouats o f  o th er  nutrients* 

Thsro era h a s lo a llr  two h lo lo g lo  prooaduras la  common uso 

f o r  tho eva lu ation  o f  tho n u tr it iv e  Value o f  p rotein s* 

B io lo g ic a l  Talus as detoimlned by tbs aathods o f  Thomas 

(1 9 0 9 ), and a o d ifle d  by M itch e ll (1924) and K ltehaU  and 

Carmen (1926) i s  defined  as tha “per montage o f  absorbed 

n itrogen  reta in ed" and i s  gen era lly  considered tha aethod 

o f  choice* J u s t i f ic a t io n  o f  tha Talus o f  correctn ess  o f  

chem ical score  (B lock and M itch e ll, 1946) o r  p ro to in  score  

(FAO, 1967) was ln fe re d  from tha c o r r e la t io n  between b io ­

l o g i c a l  Talue and the computed Talnes* B io lo g ic a l Talus 

can be determined only whan the animal i s  depleted o f  

n itrogen  and the intake o f  p ro te in  i s  low so that the 

animal l e  In  negatlTo balance* The "n itrogen  balance 

index" o f  A llis o n  and co-w orkers (A llis o n , 1966) i s  a 

m o d ifica tion  o f  th is  method.

The other method i s  tho p ro te in  e f f i c ie n c y  r a t io  

o r ig in a lly  proposed by Osborne and Co-worker (19L9). In



t h is  method ths gain  per gram o f  p rota in  aatan i s  computed 

in  young rats  fad  d ia ts  in  whioh p rota in  i s  l im it in g  usually  

9 to  10 par oant o f  tha d ia t . This nathod has baan e r it io is a d  

(Hagstad and Waroastor9 1947), Sines PER h igh ly  eorra la tad  

w ith vaight gain . Tha PER i s  thus n ot eh a ra o ta ris t ie  o f  

p ro ta in  but tf tha rata o f  gain  in  vaight o f  tha animals 

consuming tha d ia t . Tha reeant development o f  IPO (M ille r ,

1983) attempts to  account a tla a st in  part f o r  tha aaintananoa 

requirement by the in c lu s io n  o f  a negative c o n tro l  fad  no p rota in .

Cannon gfc. a i .  ( 1944) evaluated p ro te in s  by th e ir  r e la t iv e  

a b i l i t y  t o  promote vaight recovery la  p ro ta in  dep leted  adult 

r a ts . A llis o n  (1969) eorra la tad  body vaight gain  and n itrogen  

intake o f  adult animals and groving anas. Tha eareass n it r o ­

gen analysis developed by M illa r  and Bandar, (1966) Improved 

tha accuracy in  measuring tha u t i l i s a t io n  o f  p ro ta in  f o r  

grovth  and maintenance.

Tha methods based on tha regeneration  e f  the c o n s t i­

tuents o f  b lood  and l iv e r  (Campbell and K o s te r llt s 9 1948) 

p rov ide  a d d ition a l in form ation  regarding the value o f  d ietary 

p ro te in s  f o r  d if fe r e n t  p h y s io lo g ica l fu n ction s . Apart from 

those b io lo g ic a l  methods determ ination  o f  a v a ila b i l i t y  o f  

amino acids a lso  in d ica te  an estim ate o f  n u tr it iv e  Vslua o f  

in d iv id u a l p rote in s  (Kuihen and Lyman, 1948).

A ll  the above mentioned methods do not measure e x a ctly  

the same m etabolic fu n ction  o f  p ro te in  and henee g ive only 

a rough estim ate o f  the r e la t iv e  n u tr it iv e  values o f  d ie ta ry  

p ro te in s .
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Factors influencing ths satinata of nu tntlvnT alU aQ t  
E M tiln i*

Many experim ental con d ition s  n ight in flu sn oo  the 

r e s u lts  o f  p ro te in  eva lu ation . Sons o f  the n a jo r  ones are 

d iscu ssed  here* The n u tr it iv e  Value o f  a p ro te in  vas found 

t o  he a fu n ctio n  o f  th e  le v e l  o f  d ie ta ry  p rote in s  (H arris 

and Buresst 1969 ., M orrison, 1964)* I f  the c a lo r ie  intake 

i s  lovy e f f ic ie n c y  o f  u t i l i s a t io n  o f  the d ieta ry  proteins 

would f a l l  because the p ro te in  night be used as a source 

o f  c a lo r ie s  (Swanson, 1969), Species (arn rioh  t l  c l . .

1961) 9 age (B lock  and M itch e ll, 1948), pregnancy and la c*  

t a t le a  (H clson and Evans, 1963) and p o ss ib ly  patterns o f  

ea tin g  (Cohn gJL &L*P 1962) n ight in flu en ce  the snino ac id  

requirements o f  the sxp eria en ta l an inals.

The requirenent f o r  naintenance I s  much low er than 

that f o r  growth* A d ie t  which i s  used e f f i c i e n t ly  during 

a p eriod  o f  rap id  growth nay provide nore p ro te in  than 

needed f o r  naintonanoei hence i t  nay bo used le s s  e f f i c i ­

en tly  in  adult an inals than in  the young (F isher- a i  m l..  

1984). There i s  a lso  evidence that requirements fo r  

c e r ta in  e s s e n t ia l  amino acids change daring m aturation o r  

during d ep le tion . Changes o f  th is  type cou ld  r e su lt  in  

a d iffe re n ce  in  the apparent n u tr it iv e  value o f  a p ro te in  

fe d  t o  natured rath er than growing su b je cts  (M itc h e ll ,1969).

I t  i s  in e v ita b le  that assay methods d i f f e r  in  c la s s i ­

fy in g  p ro te in s  accord ing t o  th e ir  n u tr it iv e  v a lu e . Despite 

the vagaries  Inherent, p ro te in  eva lu ation  by variou s methods
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had la d  t o  c la s s i f i c a t i o n  o f  aany commonly oaad d ie ta ry  

p ro te in s  In  the same general ordar o f  adequaay. as a re s u lt  

o f  ea rly  experim ents, tha p ro te in s  o f  m ilk and egg have 

freq u en tly  bean used as standards o f  e x ce llen ce  (B lock and 

M itch e ll, 19 46 ., Bans Rao t l  lL » ,  1964), w hile  gra in  and 

laguna p ro te in s  had bean found to  hare a low er n u tr it iv e  

value*

Of tha a any aethods o f  p ro te in  eva lu ation  only tha 

Bioassay nethod would be d iscussed  in  great d eta il*

Bloassav Taahnloua and P rotein  ^Valuation

Bioassays had bean developed over the past 80 t o  40 

years in  severa l branches o f  Soience* They are d efin ed  as 

a d e ta m in a tion  o f  the potency o f  a p h y s ica l, ohen ieal or 

h io lo g ie a l  agent by aeans o f  a  b io lo g ic a l  in d ica to r  

(B l is s ,  1962)*

The purpose o f  a b io lo g ic  assay i s  t o  determine the 

r e la t iv e  potency o f  some te s t  n o ta r ia l  compared w ith a 

standard* I t  i s  important to  s tr e s s  t h is  fa c t  s in ce , 

otherw ise i t  i s  known only that the p rote in s  te sted  have 

a d if fe r e n t  n u tr it iv e  Value* I t  i s  believed  that b io lo g ic a l  

value does th is*  When the requirement o f  one p ro te in  i s  

known, the requirement fo r  oth er p ro te in s  can be compared 

(negated, 1967*, 1V*B«C*, 1967)* I t  forms the basis o f  

recommended d ie ta ry  allowances f o r  p ro te in s  (V*B*6*, 1964)*

S im ilar use cannot be made o f  PSB values and the equivalent
d

p ro te in  content o f  foam cannot be estimated*A
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Bloassays are based on the r e lie v in g  p r in c ip le s*

(1 )  Potency i s  a property e f  the substance under In v e s t i­

ga tion  and not o f  the response* (8 )  Potency i s  r e la t iv e  

and net absolute* That i s ,  the potency o f  one preparation  

(unknown) Can be in  terns e f  another (the standard) which 

e l i c i t s  a s im ila r  b io lo g ic a l  response* (8 )  The assayed 

potency i s  only an estim ate o f  the true Value* a s u it  A l e  

measure o f  the p re c is io n  o f  each estim ate nust be p o s s ib le  

from the data obtained* (4 )  A sound experim ental design 

i s  an ind ispensable  requirement (n u tr it io n  Reviews, 1966), 

Thus i t  i s  e s s e n tia l that the to s t  substance and 

the standard be studied  concurrently  in  the same sp ecie s  

under id e n t ic a l  cond itions* The type o f  responses have 

ex tra -ord in a ry  v a r ie ty  but no r ly  a l l  Oan be separated 

in t o  two ca teg or ie s  (Plnney, 1962), the a l l  o r  none response* 

such as su rv iv a l o r  death and the graded response* The 

la t t e r  i s  r e la te d  t o  some fu n ction  o f  dosage and i s  su ita b le  

f o r  measuring responses to  in crea sin g  dosages*

The a p p lica t io n  o f  a standard bloassay procedures 

f o r  the eva lu ation  o f  n u tr it iv e  Value o f  p ro te in s  w ith 

growing a lb in o  ra ts  had been examined by Hegsted and Ghangt 

(1966a)* The s lop e  r a t io  technique using n itrogen  intake 

as the measure o f  dose and body weight as the response 

appeared t o  bo most s a t is fa c to ry  f o r  the p ro te in  evalua­

tion *  "The r e la t iv e  growth index* as proposed by Hegsted 

and Chang (1965b) i s  the s lop e  o f  the reg ress ion  between
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dot*  and ro tp o n it  expressed at a percentage o f  tlop a  o b ta i-  

nad w ith  a p ro te in  o f  Maximal n u tr it iv e  value*

Tha Bio as* ay method o f  p ro ta ln  eva lu ation  at propotad 

bp Hogsted and W orcester (1966) vat at fo llow ed . Tha p rota ln  

taatad vara mixad in  the d la t at varying predetermined or  

a rb itra ry  la v a lt  vhloh are known at equally a ffa e t lv a  le v e ls  

f o r  valght gain . Bight sen veanllng rata vara utad fo r  a a ah 

p ro te in  ta tte d  at three la v a lt*  Tha d le te  vara fad f o r  three 

weeks and food  oonaumptlon and body weight vara reoorded* 

Analyala o f  tha data were dona* Re grea tion  aquation o f  body 

weight gains on n itrogen  or  p ro te in  in takes ware oaL emitted* 

Tha s lop e  o f  the regression  f o r  a t e s t  p ro te in  i t  expressed
#n0OU/r»UJ'n

as a pareantaga o f  t lop a  obtained with a p ro te in  o f  a mixad 

n u tr it iv e  value.

9slng tha bloass&y technique and lootalbum in at a 

standard p ro te in , tha r e la t iv e  n u tr it iv e  values f o r  e&sein, 

toy  p rota ln  and glu ten  were 70, 34 and 22 resp ectiv e ly *

The above data shoved that eonventlonal b io lo g lo a l  v£aas,

PBR and WPU In d ices  overestim ated the n u tr it iv e  potenoy o f  

poor q u a lity  p rote in s  f o r  proving rats* As an oxen p ie  the 

b io lo g lo a l  value o f  wheat glu ten  vas reported at 40, whereat 

the r e la t iv e  growth index by the bloassay Method gave i t  a 

value o f  about 20* More reoont work by Hsgstod and Chang 

(1965) w ith the tame p ro te in s  lead  to  the oon elu tlon  th at 

net n itrogen  u t i l i s a t io n  vas e s s e n t ia lly  constant f o r  each 

o f  these p ro te in s  at a l l  le v e ls  o f  intake upto those vhloh 

support Maximal growth* The authors poin ted  out that i f  such
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Indians are v a l id  estim ates o f  n u tr it iv e  vaLue, th « intake 

o f  oaeh proto  la  tliould bo con v ertib le  to  la cta lb u u in  equ i­

va len ts  that would g ive  tho quantity o f  any to o t  p ro to ia  

vh ioh  would produoo tho same iaoroaao in  body woight as a 

g iven  amount o f  laotalbumin* Whoa tho combined data f o r  

aot a itv og oa  a t i l i s a t i o a  wore p lo tte d  against "laetalbum iB 

a itro g o a  equ iva len ts" n itrog oa  a t i l i s a t io a  appears to  bo 

s i a i la r  f o r  oaeh p ro to ia  apto le v e ls  whioh o lo s o ly  approach 

those required f o r  aaximua growth*

Thus the r e s u lts  o f  Hegsted and Chang (1966) le a t  

strong support t o  the th e s is  that r e l ia b le  bioassays are 

fe a s ib le  f o r  stad ias o f  n u tr it iv e  value o f  p ro te in s• and 

aay hare a s ig n if ic a n t  advantage over the assays p resen tly  

enployed l ik e  PER, MPU e t c .  The e fiden ec in d ica ted  that 

b ioassays have c a p a b ility  f o r  con tribu tin g  data fro a  a 

v ide range o f  p ro te in  concentrations and a d a p ta b ility  fo r  

te s t in g  b io lo g ic a l  potency o f  p rote in s  in  t e n s  o f  a standard* 

Although bioassays Bay con trib u te  U n ite d  in form ation  as to  

oause and e f f e c t  and th ere fore  be o f  aarg ln al value in  

determ ining amino acid  oontent o f  p ro te in s , they had 

demonstrated th e ir  usefu lness as measures o f  o v e r a ll  b io*  

l o g i c a l  poteney fo r  a V ariety o f  substances, such as 

v itam ins, hormones, a n t ib io t ic s  and Various chem ical agents* 

Contrary to  the con clu sion s o f  K il le r  and Payne (1961) 

o r  K orrieoa §£. gl.. (1963 ), Hegsted and Chang (1966) were net 

ab le  to  show any decrease in  the u t i l i s a t io n  o f  n itrogen  as
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the intake vat in creased  u n t il  approximately maximal 

growth was achieved. In  f a c t ,  the u t i l i s a t io n  o f  whaat 

gluten  appeared to  bo e s s e n t ia lly  oonatant upto the h lghost 

l e v e l  fe d , 40 per cent o f  the d ie t .  The reason fo r  this 

d iscrepancy i s  unknown but I t  appears p o s s ib le y at le a s t ,  

that i t  nay r e la te  to  the time allowed fo r  the t e s t  p er iod . 

Hegsted and Chang poin ted  out e a r l ie r  (1966) that b io lo g ic a l  

values and net p ro te in  u t i l i s a t io n  (IfPU) values f o r  low
gA

q u a lity  p ro te in s  appear to  be su b sta n tia lly  h igher than the 

values obtained w ith  b io  as says.

fra iiin .a tfift ita fly  Batip

This procedure developed by Osborne s i. g^ .(1919) i s  

based on the growth promoting value o f  a p ro te in  in  a d ie t  

con tain ing  adequate amounts o f  other n u trien ts . The n u tri­

t iv e  value i s  expressed as the P rotein  E ffic ie n c y  Ratio 

(PER) that i s ,  the r a t io  o f  the gain  in  body weight (g )  t o  

the p ro te in  (g )  consumed in  a s p e c if ie d  p eriod  o f  tim e. 

Because o f  i t s  s im p lic ity , t h is  method has been w idely used 

by d if fe r e n t  workers f o r  studying the n u tr it iv e  value and 

supplementary r e la t io n s  between d if fe r e n t  p ro te in s . Chapman 

S i  £1 /(19 69 ) and American A ssocia tion  o f  O f f i c ia l  A gricu l­

tu ra l Chemists (1960) have described  standard procedures 

using ra ts  aged 21 to  28 days with an experim ental p eriod  

o f  28 days.
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A number o f  fa c to r s  effect the FBR va lu «s j the moat 

important o f  th ese  are* the le v e l  o f  p ro te in  in  the d ie t  

(Tasker *1  * 1 . ,  I9 6 0 ), age (B lock  and M itch e ll, 1946), Sex 

(M orrison and Campbell, 1960) and s tra in  o f  th e  ra ts  (Jansen,

1968), v a r ia t io n  in  food  intake (Sherwood and Weldon, 1963) 

and duration  o f  the experim ental p er iod  (Joseph &  al,. • I960)* 

Although attempts have been made to  develop oth er 

approaches o r  to  make p re d ict io n s  o f  n u tr it iv e  value f  ron 

chem ical data, l i t t l e  progress has been made s in ce  the 

in trod u ction  o f  PER bp Osborne, Mendel and Ferry (1919) 

expect to  poin t out the sh ort comings and d iscrepa n cies  

in  the data (N u trition  Reviews, 1966)* PER index has the 

fo llo w in g  e r lt io is m s , (a )  the assumptions that the gain  in  

body weight i s  constant in  com position  I s  not always V a lid ,

(b )  the re su lts  Vary with the le v e l  o f  p ro te in s  in  the d ie t 

and the p er iod  o f  experiment and (a )  in  the method no allow ­

ance i s  made f o r  p ro te in  requirement f o r  maintenance 

(Jansen, 1962 ., Bender, 1956)*

I t  has been suggested that the PER obtained  w ith t e s t  

p ro te in s  should be m u ltip lied  by the fr a c t io n

___________ fi.6___________________
Determined PEA o r  re feren ce  case in

The purpose o f  th is  p ro v is io n  i s  to  reduce the v a r ia b i l i t y  

among re su lts  obtained in  Various la b o ra to r ie s  (Jansen, 1968)*
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H m U g ,H l$ r 9 « n

The p ro te in  content o f  l iv e r  hat boon found to  bo a 

fu n ctio n  o f  tho amount and q u a lity  o f  d ie ta ry  p re ta in . Whan 

ratg  vara fad with a p rota ln  fra a  d la t9 tha l i v e r  l o s t  40 

par eant o f  i t s  o r ig in a l  p rota ln  (Addis gi. i l . , 1940). 

K o s ta r llt s  (1944) found that l lv a r  n itrogan  in  tha ra p lo ­

t io n  o f  daplatad ra ts , expressed In  tarms o f  u n it body weight, 

vas a fu n ction  o f  tha amount and kind o f  d ia ta ry  protain* 

H arrison and Long (1945) fastad  adult ra ts  f o r  48 hours and 

subsequently fad  d ie ts  contain ing tha te s t  p ro te in s  f o r  fo u r  

days9 ad lib itum  and found out that tha regeneration  o f  

h epa tic  p ro te in s  vara d ir e c t ly  p roportion ate  t o  tha quantity 

and q u a lity  o f  d ie ta ry  p ro te in s  consumed*

Ihara are co n tro v e rs ia l views o f  using tha hepatic  

n itrogan  as a measure o f  tha p ro te in  u t i l is a t io n *  Tha 

re su lts  o f  Guggenheim and fiuachler-Osaoskas (1960) do not 

agree w ith those o f  Henry &  HlL* (1953) o r  Tars and Qurd 

(1947 ). They found that regen eration  o f  l i v e r  p ro te in  was 

not n e ce ssa r ily  re la ted  to  b io lo g ic a l  Value as determined 

by growth ra te  and n itrogen  balance* Quggenhein and Bueehar- 

Csaoskes (1950) estim ated the b io lo g ic a l  Values o f  e igh t 

p ro te in s  by f iv e  d if fe r e n t  msthods9 namely9 p ro te in  e f f i ­

c ien cy  r a t lo 9 n itrogen  balance, l iv e r  n itrogen , capacity  

t o  regenerate haemoglobin and granulocytes* They observed 

that though soya bean was w e ll u t i l i s e d  f o r  h epa tic  p ro te in
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regen eration , i t  wee poorly  u t i l is e d  fo r  forn in g  haemo- 

g lo b ln  and granulocytes# Sgg p ro te in  ranked high in  a i l  

the o th er  c r i t e r ia  hut not in  h ep a tic  p ro te in  regeneration# 

O elatin  was not good in  naintain ing n itrogen  balance and 

forn in g  haemoglobin but proved su p erior  to  the ce re a l pro­

te in s  f o r  the regen eration  o f  h epa tic  protein#

A llis o n  (1966) c r i t i o i s e d  thehepatic n itrogen  nethod 

based on the fa c t  that thehepatic n itrogen  content n ight 

a e re ly  In d ica te  the f i l l i n g  up o f  p ro te in  reserves o f  one 

p o rt io n  o f  body and hence night not r e f l e c t  the p ro te in  

n u trltu re  o f  the other organs#

Babton (1954) found that tuaour-ba&ring ra ts  and high 

con cen tra tion s  o f  l i v e r  p rote in s  w hile they were in  a pro­

t e in  dep leted  stage# S im ilarly  Henry g£. gL .(1961) and 

Qoodlad and Munro (1969) showed that co rt iso n e  adminis­

t r a t io n  to  ra ts  increased  the p ro te in  content o f  l i v e r  o f  

ra ts  fed  e ith e r  a p ro te in -fr e e  d ie t  o r  one contain ing 20 

per cent Casein# doscnthal and A lliso n  (1961) found th a t 

when the c a lo r ie  Intake was low in  dogs, the h e p a t ic  

p ro te in  s to res  were depleted even when the aninal was in  

p o s it iv e  n itrog en  balance# Brown and A llis o n  (1948) found 

that excess neth ion ine in  the d ie ts  produced hypertrophy 

off kidney and l iv e r  though n itrogen  was being l o s t  from 

oth er  tissu es#  Wang and h is  eo-w orkers (1949) and 

W illiam s (1961) found that n a jor  changes o f  U v e r  n itrogen  

con cen tra tion  appeared t o  occur w ithin  the f i r s t  12 days



o f  p ro te in  d ep le tion , but a fto r  about 26 days tho l i v e r  

tondod t o  return  to  tho i n i t i a l  chem ical com position  and 

o y to lo g lo a l  s tru ctu re .

Zn summary, a l l  tho above fin d in g s  in d lo a to  that tho 

h epa tic  n itrogen  measurement might not in d ica te  the p ro te in  

n u tr it io n a l sta tu s o f  the vhole system but i s  a measurement 

o f  the u t i l i s a t io n  o f  d ie tary  p ro te in  f o r  a s p o o lf lo  physio­

l o g i c a l  fu n otlon , that i s ,  the capacity  o f  d ie ta ry  p ro te in  

to  regenerate the hepatlo  n itrogen .

Hanatla g n z v e

The a a cce p ta b ility  o f  a c t iv i t ie s  o f  ensymes to  d ie ta ry

pnrttla*
In  the eiperia iental animals the ensyme responses to  

p ro te in  d ep le tion  varied  in  d if fe r e n t  t is s u e s , tfalnio 

at a l . (1963) found that the a c t iv i t ie s  o f  oytochrome oxidase 

Succinate, cytochrome 0 reductase and DFHH cytochrome C -  

reductase in  the brain  were le a s t  a ffe c te d  by p ro te in  d e le ­

t io n . But the u n it a c t iv i t ie s  o f  the same ensymes in  the 

kidney, s k e le ta l  muscle and sp leen  vero reduced by about 

10 to  20 per cen t. With the excep tion  o f  bra in , the oth er 

organs o f  p ro te in  depleted  animals were s ig n if ic a n t ly  low er 

in  weight and in  t o t a l  p ro te in  content than those o f  th e ir  

ad lib itu m  fed  co n tro ls  and hence the 'u n it  ensyme a c t iv i t y ' 

as w ell as 't o t a l  ensyme a c t iv i t y '  in  the organs were 

decreased in  p ro te in  d e p le tio n . There were some ensymes
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whoae t o t a l  a c t iv it y  decreased bmt whoae unit a c t iv it y  

vas unchanged in  p ro te in  d ep le tion . L iver oytoohroae oxidase 

and oathepain belong t o  t h is  k ind, Srinivaaan and Patwardhan 

(1965) a ta te  that aevore p ro te in  d e fic ie n cy  cou ld  r a d ica lly  

change the enayne a c t iv it y  p a ttern  and atructure o f  the l i v e r .

K n a U t  m m  d h ia n i  r i l i t t d . l g  auanU U  t f  d l t i a r i

Protalna.

Many reporta  had shown that the a o t iv it ic a  o f  varioua 

cnayaes in  animal tlaanea were changed by d ie ta ry  a ltera *  

tion a  (Howe and ityngaarden, 1966), In  genera lt l i v e r  enaymea 

were l ia b le  to  quantity  o f  p ro te in  and d if fe r e n t  enaynes 

reaponded t o  p ro te in  d ep le tion  in  d if fe r e n t  ways (Muramatau 

and Aehida* 1968), There have been few atudiea however on

the ohangec in  the l i v e r  enayne a e t iv lt ie a  o f  aninala reee i*
t

ving d ic ta  eontain ing d if fe r e n t  le v e le  o f  protein* Lighbody 

and Herman (19S9) found that the a c t iv it y  o f  l i v e r  drglnaao 

in  rata lnereaaed w ith an inoreaae l a  d ie ta ry  p ro te in  content. 

R ecently9 a e lm llar response in  hepatic  glutam ic pyruvic 

traneaminaae a e t iv lt ie a  o f  rata v&a alao reported  by Roaen 

q £  g jL 'd 959)* Rosa and Batt (1966) in d ica ted  that the 

a e t iv lty  o f  l i v e r  a lk a lin e  phoaphotaae in  rata  in creased  

when they were fed  high p ro te in  dicta* Litwack and aaao* 

e la tea  (1968) reported  that improving the quantity and kind 

o f  d ie ta ry  p ro te in  o f  rata« lnereaaed the hepatlo xanthine 

oxldaae in  rata*
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Mursmatsu andlshlda (1983) studied  the response o f  

se v e ra l l iv a r  enzymes in  rata  ta  cradad in crea se  la  p rota in  

con cen tra tion . I t  baa boon found ant that tho a c t iv it y  a f  

au ooln io  dehydrogenase droppad markedly in  rata  rece iv in g  

lo v  p ro te in  d ia ta  and i t  vas one a f  tba extrem ely la b i la  

ensynes in  p ro ta in  d ep le tion . (L itvaek t i .  a l . .  I9 6 0 .,

Walnlo t l  * !• » 1963,, M ille r , I9 6 0 ).

Hopatlo enavna changes as ra la ta d  t o  n u tr it iv e  nualltT  

o f  d ie tary  prota lna .

D ietary amino aoida grantly  influanaad hapatia 

Xanthine Oxidase a c t iv it y  a f  rata - (L itvaek  gJL hL», 1963). 

The rap id  lea s  a f  th is  anayna a c t iv it y  induced by a non- 

p ra t a in  d ie ta ry  raglnan proceeded at a greater rata than the 

laaa a f  f la v in  adenine d in u e leotid e  oeenayae o r  eth er l i v e r  

p ro te in s  (L itvaek  tL  hL»» I9 6 0 ). Litvaek and assaoiatas 

(1964) reported  the a ffa o ta  a f  the q u a lity  o f  d ietary  pro­

ta ln a  an the a c t iv ity  a f  l i v e r  xanthine oxldaae in  ra ta . 

Zlgman and A lliso n  (1969) and A l i i  a on (1961) have

reported  that the growth raaponao a f  rata  fad  d if fe r e n t  

d ieta ry  prota lna  at graded concentrations were eerre la ted  

w ith  ribonueleaee a c t iv it y .  Hepatic xlbonuolease approached 

a common and r e la t iv e ly  high value in  rata fad  lo v  intake 

a f  egg, caaaln , aottan  aaad p rote in s  o r  wheat glu ten  as 

source a f  d ie ta ry  p ro te in s . As p ro te in  Intake was Increased , 

the a c t iv it y  dropped, decreasing most rap id ly  in  animals
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fe d  egg, le s s  ra p id ly  l a  animals fa d  aasaln and le a s t  

rap id ly  l a  those fad  whaat g lu ten .

Morse atsa  and ashida (1961) found growth rates and 

a c t iv i t ie s  o f  h epatic s u cc in ic  dehydrogenase and xanthine 

oxidase t o  be s im ila r . He used egg albumin, f i s h  meal, 

wheat g lu ten , soya bean and ca se in  as p ro te in  sou rces.

The response corves o f  h epa tic  xanthine oxidase o r  s u e d *  

a le  dehydrogeaase p lo tte d  against the pro t e la  le v e ls  la  

d ie ts  vere s ia i la r  to  curves o f  growth ra te s . As the 

q u a lity  o f  p ro te in s  Improved, the in f l e c t io n  p o in ts  o f  the 

rosponse curvesoocured at a lo v e r  l e v e l  o f  d ie tary  p ro te in .

■ n tr lt lv e  value o f  Horsaxran

Use o f  l o c a l ly  a v a ila b le  vegeta b le  sources such as 

legumes i s  being suggested as the immediate s o lu t io n  f o r  

so lv in g  the problem o f  p ro te in  m alnutrition  l a  our country. 

Horsogram ranks as one o f  the h ighest la  th is  respect s in ce  

i t  i s  c h e a p e r  than oth er legumes l ik e  red gram, bengal gram 

and green gram which are commonly used l a  our country.

Horsegram i s  a concentrated source o f  p ro te in  con ta i­

ning 22 per cent p ro te in  (Aykroyd &!•» 1966). Horse gras 

has a golden brown co lou r  and a very acceptab le  ta s te . The 

d if fe r e n t  methods o f  cooking horsogram f o r  human consumption 

in c lu d es  roa stin g  and b o il in g  w ith  o r  without p rev iou s 

soaking. Whan roasted  i t  has a very pleasant sm ell and 

horsegram i s  used w ith husk.
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Boraegram I s  d e f ic ie n t  l a  m ethionine, tryptophan and 

cy stin e  (Venkat Rao L** 1964)* Methionine seemed to

bo the H a lt in g  amino ac id  f o r  growing ra ts  fad  hersograa 

as the so lo  source o f  protein* s in ce  the ad d ition  o f  0*4 

to  0*6 par eant d l-a e th lon ln e  produced narked improvement 

(Cana and Morton, I9 6 0 ),

The n u tr it iv e  Value o f  horsegram i s  improved bp host 

(Leitner* 1962). The try p s in  In h ib ito r s  and growth in h i­

b it o r s  present In  horsegran are in a ct iv a te d  by autoclaving 

the horsegran (Hlrwe and Magar, 1963)* In  the ease o f  ra ts  

maintained on raw and autoclaved horsegran d iets*  th ere  was 

a n o tice a b le  d iffe re n ce  in  the gain  l a  weight p er  rat per 

week* The average fig u re s  were 4*4 grans and 10*7 grams 

re sp e ctiv e ly *  The p ro te in  e f f ic ie n c y  r a t io  o f  raw and auto­

claved  horsegran d ie ts  were 0*7 and 1*7 resp ectiv e ly *  There 

was in crease  in  the l i v e r  weight* h epa tic  n itrogen  and per 

oent o f  fa t  in  the case o f  autoclaved horsegran fe d  ra ts  when 

compared to  raw horsegran fed  rats* Thus i t  can be concluded 

that the n u tr it iv e  Value o f  horsegran i s  improved by 

autoclaving*

i t  a 10 per cent l e v e l  o f  p ro te in  intake* the d ig o s - 

t a b i l i t y  c o e f f i c ie n t  o f  horsegran was found t o  be 73 and 

b io lo g ic a l  Value was found t o  be 66* The m oisture and 

crude p ro te in  o f  powdered ho use gran was found to  be 11*81 

and 28*18 re sp e c tiv e ly  (Swaminathan, 1937** Hiyogi* 1931).
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a B trlU Y fl.la L w  o f  Isaacs

The annual produ ction  o f  sesame in  In d io  was 

500,000 tons (Aykroyd and Doughty 1964 ., I  CAB, I960.).

S o la n t if ie  and te e h n o lo t lo a l resoareh l a  In d ia  had shown 

that sos ana s e a l  w ith a l i t t l e  ears during o i l  art r  act Ion 

p rocess  eou ld  be node e d ib le  f o r  human popu lation .

f l t i c m f  .Talttl, 9f, M llB t  PfQtMlfl*
The sesame meal was found t o  be a h igh ly  concentrated  

fe rn  o f  p ro te in  con tain ing  80 t o  48 por eent o f  p ro te in  and 

43 t o  46 per eent fa t  (Kuppuswamy g& a l .»  1958)« The sosano 

meal i s  d e f ic ie n t  in  ly s in e  which i s  an e s s e n t ia l  amino acid  

(fen k at Rao ,  1904). When ch ick s were g iven  sesame

meal as p ro te in  source, did n ot grow t o  the m axim a. A 22 

por eent p ro te in  d ie t  based on seswae meal required  f o r t i ­

f i c a t io n  to  1.17JC ly s in e  fo r  th e  attainment o f  maximal growth 

ra te  (B rlnegar f i  a l . .  I9 6 0 ., Edwards i t  a l . .  1966). On the 

oth er hand sosano p ro te in  i s  r ic h e r  in  sulphur contain ing 

amino a d d  and tryptophan, which are lack in g  In  legumes 

(Kuppusvamy d .  a l . .  1968 ., Daniel ££. a l . .  1966) la ta ra ja n  

and Cana (1966) found that the d ig e s t a b ll i t y  o f  sesame meal 

ranged from 82 t o  89 per cent in  ra ts  f o r  the variou s 

s tra in s  o f  sesame meals.

The a v a ila b i l i t y  o f  the in d iv id u a l amino a d d s  from 

th e  meal ranged from 85 t o  90 por cen t. The methionine in  

sesame p ro te in  had been found t o  be com pletely a va ila b le  f o r  

ch ick  growth. B io lo g ic a l  Values o f  sesame meals were 81 to  

86 in  ra ts  as compared t o  ca se in  having a va lu e o f  100.
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P rotein  e f f ic ie n c y  r a t io  ranged from 1 .1 4  to  1 .63  

vhan fad  at Id  par east concentration  (Rat are) an and Cana9 

1966). The net p ro to in  Value ranged froa  44 t o  47*

Trypsin  in h ib it o r  a c t iv it y  was absent in  sesame a arils 

(Nat era) an and Cam a* 1966),

Examination o f  amino a d d  oontont o f  fo o d  p ro te in s  

(Orr and Watt* 1967) suggested that sestfie soed oou ld  bo 

used o f f e s t iv e ly  t o  inoreaso  the oontont o f  sulphur contain ­

in g  amino acids in  wheat pea mixture* Supplementation o f  poor 

o o m  d ie t  w ith p ro to in  blends contain ing  sesame f lo u r  resu lted  

in  doubling the growth rate  o f  ra ts  (Panemangalore* 1965)*

The sesame blend was found to  have a d ig e s ta b il i ty  c o e f f i c ie n t  

o f  74*7 per eont and resu lted  ii*a n itrogen  re ten tion  o f 2*4 

grams against the unsupplemented group re c e iv in g a n itrogen  ^  

1*46 grams (O uttikar g £  g ^ 9 1966),

Doraisvamy §& iXf (1966) supplemented the poor ee roa l 

d ie ts  o f  6 t o  11 years o ld  boys w ith blend o f  groundnut* 

bengal gram and sesame f lo u r  f o r t i f i e d  with vitam ins and 

m inerals* They found that supplementing sesame lnereased  

the height* weight and haemoglobin content o f  boys as 

compared to  unsupplemented group o f  boys*

Thus the sesame meal had been proved t o  be u se fu l 

supplement both by I t s e l f  o r  in  combination w ith  oth er 

o i ls e e d  meals or  w ith  legumes*
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The experiment v u  designed to  determine th e  nutri­

t iv e  value o f  • com bination o f  horsegraa and sesame at a 

r a t io  o f  4s1 by bieassay technique comparing i t  w ith a 

known atandard p ro te in v akin B ilk  powder* As auggeated 

by Hegated* and W orcester (1966) the rata  were fed  w ith 

d if fe r e n t  d le ta  contain ing a r b it r a r i ly  aeleeted  la v e la  o f  

p re te in 9 baaed upon the eatlaatea  o f  th e ir  probable 

n u tr it iv e  value*

tilftUM) inti impiar tf in iiili
Albino rata  o f  Norwegian a tra in  were a e leeted  fa r  

the growth atudy* The weanling rata  were 23 daye e ld  and 

weighed between 21 -  86 graao* They were d iv ided  into 

e ig h t groupa e f  lit te ra a te a *  Four groupa were fe d  the 

vegeta b le  p ro te in  a ix tu re  and the eth er fou r  akin a l lk  

p ro te in s  at d if fe r e n t  le v e la  which w i l l  be deaorlbed la ter*

Caro o f  the aniaala

The rata  were housed in d iv id u a lly  in  wire screen  

bottoa  cagea. The fo o d  waa given in  aluainiua dishea. 

Weighed quantity e f  each d ie t  was aade in to  a paste and 

cooked f o r  16 alnutea t o  a in ia is e  s p il l in g *  Water was 

g iven  in  aluainiua cups* The cooked d ie t  was fed  w ith 

v lta a in  mixture (Appendix I ) 9 Vitamin 8 Ooaplex (Appen­

d ix  XI) and ood l i v e r  o i l  daily* The feed in g  was
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a (^Libitum and w ir y  day l e f t  over food  vaa d ried  in  hot 

a ir  oven at 80°G and the food  oonsuaption vaa ca lcu la ted  

at the end o f  the experiaen ta l period* Weight reeerd  e f  

the experiaen ta l aniaala vaa maintained throughout the 

study p eriod  by weighing the rata on a ltern ate  days,

A\ft9Pgy
A fter an experiaen ta l p eriod  o f  88 days the rata  

were anaeathetlaed w ith eh lorofora*  the l iv e r s  were 

qu ick ly  removed vhen the hearta were a t i l l  beating and 

weighed immediately* They were atored  in  the fre e z e r  

at-4°8*

Preparation  o f  the experim ental d ie t

The le v e la  o f  p ro te in  ae leoted  were •» 11| 13 and 

18 per cent f o r  the vegetab le  p ro te in  mixture e f  horse* 

gram and aeaeae in  a r a t io  e f  4«1 t o  have a balanced 

amino ac id  pattern* Seaame waa added t e  supplement 

m ethionine d e f i c i t  in  horsegram. The horsegram vaa cleaned 

and powdered w ith husk and seaame was dehusked by aoaking 

overnight in  water and dried* The p ro te in  content and 

fa t  content o f  both hareegram and sesame were analysed* 

Table X g ives  the analysed Values fo r  p ro te in  and fa t  

contents o f  horse**gram and sesame*



S6

TABLI X

PROXIMATS COMPOSXTIOM OP HORSKQRAM AMO 8SSAMS

Food s t u f f Constituents Per eentage

Horse-gram P rotein 18 .4

Fat 0*3

Sesame Protein 16 .3

Pat 41*3

Sago powder served as a source o f  carbohydrate and 

ground nut o i l  served at a source o f  the 10 per  cent fa t  

in  the d ie ta . The in d iv id u a l ooaponenta (d e t a i ls  o f  the 

s a lt  and vitam in m ixtures are given  in  Appendix I p IX 

and XXX) were mixed by hand so  that the d ie ts  were fre e  

o f  lumps* Tablu XV g ives the compos i t i o n o f  s a lt  mix tu re*

The le v e ls  f o r  skim m ilk d ie ts  wore 7* 9, 11 and 

13 p er  cent and skim m ilk powder was used as the so urea 

o f  protein *  The p ro te in  le v e ls  chosen fo r  skim milk 

powder were lower* t o  get equal response o f  body weight 

gains in  both s e r ie s  o f  the d ie t s  using d if fe r e n t  d ietary  

p rote in s*  Other d e ta ils  were s im ila r  to  the vegetab le  

p ro te in  mixture d ie ts*  Table IX g ives the e oa p os lt lea  

o f  the experim ental and skin milk d iets*  Two k i l o  grams 

o f  d ie ts  were prepared and stored  in  a ir  t ig h t  g la ss  

b o t t le s  in  the re fr ig e ra to r*
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in s lr U g a l  orggadgct
The whole l i v e r  waa homogenised with B tin ea  I ta  

volume o f  0*1 I  phoaphate b u ffe r  (P® 7*8) and t r lp l le a te a  

were taken f o r  the various determ inations Hepatie 

au eoln ie  dehydrogenase a c t iv ity  waa measured by ualng the 

nethed o f  SreaniVasamurthy and Swaninathan (196fi). Hepa­

t i c  n itrogen  determ !nations were aade w ith homogenised 

l iv e r  aanplea by the a le r o  k je ld a h l method (A .O .A .C .* 1983)*

fita t liU fla l  A n a t o l i
The regression  e f  grans o f  gain  in  body weight te  

t o t a l  n itrogen  Intake e r  p ro te in  intake were ca lcu la ted  

f o r  each  d ie ta ry  p ro te in s . The 'r e la t iv e  growth in d ex 1 

which la  an expression  fo r  the r e la t iv e  n u tr it iv e  value 

e f  d ie ta ry  p ro te in  was ca lcu la ted  fo r  the horsegran- 

seaase n ix tu re . This index i s  the s lop e  o f  the regres­

s io n  between n itrogen  intake and body weight gains ex­

pressed  as a percentage o f  the s lop e  obtained  w ith skin 

n l lk  p ro te in  whiobihad been se le c te d  as the re feren cei
p ro te in .

The resid u a l sun o f  squares was ooaputed by f i t t i n g  

separately  t o  each p ro te in  an equation  o f  the fo ra  

y *  a ♦ bx, where 'y* i s  th e  response (body weight g a in ),

'x '  i s  the aaount o f  p ro te in  or  n itrogen  a ctu a lly  consumed 

by each animal. The regression s were te sted  f o r  i t s  

l in e a r it y  and standard d ev ia tion s  o f  the s lop es  were 

ca lcu la te d  (Snedecor, 1966).



Kean TaiBM f o r  group a are reported w ith standard 

error*  Analysis o f  variances w ith non^orthogonal eoepa- 

rIson s (snedeeor9 1066) was ca rr ie d  out l a  the ease o f  

body weight gain9 pgR, h epatic  w eight, hepatic  n itrogent 

p ro te in  intake and hepatle  8S8  a c t iv ity *  Comparisons 

each w ith one degree o f  freedom were used to  t e s t  f o r  

d iffe r e n c e s  in  the treatment aeans* The com parts n C 

i s  equal to  ^  i s i  where A  i e l  i s  the c o e f f i c i e n t  

assigned to  a p a r t icu la r  treatment* The sum o f  squares 

and mean square f o r  the comparisons are equal to  

(Snedeoor, 1056)* The •t * value was obtained by d iv id in g  

the mean square f o r  the comparison by the error  aeon 

square* Only * ? ' r a t io s  which had a p ro b a b ility  o f  0*06 

to  0*01 o r  le s s  o f  being as la rge  as the ca lcu la ted  value 

by change alone were considered  t o  be s ig n ifica n t*
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I ?  RESULTS AND DISCUSSION

The ala  o f  the study I s  to  evaluate a vegeta b le  

pro ta in  a lxtu ra  o f  horaagran and sasana bjr the ' bioasaay 

technique* o f  Hagatad and Chans (1966)* Iha n u tr it iv e  

value o f  tha a lx tu ra  o f  horaagran and saaana at a p ro - 

ta in  r a t io  o f  4s 1 vaa evaluated in  coapariaon v ith  

standard akin a l lk  povdar* Sight groups o f  23 daya 

o ld  nala voan ling a lb in o  rata vara fad- tha various 

experim ental d iata  f o r  a pariod  o f  28 daya* Tha p ro - 

ta in  oonoantrationa o f  tha d iata  in  vhioh tha a lx tu ra  

o f  horaagran and sasana formed tha p ro te in  sources# 

vara 9# 11# 13 and 16 par cant. For akin m ilk tha 

p ro te in  oonoantrationa vara 7# 9# 11 and 13 par cent* 

These le v e la  o f  p ro te in  oonoantrationa vara ohosen to  

gat equally  e f fe c t iv e  dose le v e ls  f o r  tha body velght 

gain  response. Feeding vaa ad 11 b it  an* Body grovth# 

PSR# h epatic  n itrogen  and h epatic  SDH a c t iv i t ie s  vara 

a lso  determined as in d ice s  o f  p ro to in  u t i l i s a t io n .

Tho coding o f  d ie ts  and experim ental groups are 

given in  Table I I I .
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codiso or ousts and qroups
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Cods
Source o f  

P rotein
Percentage o f  P rotein

c a lcu la t io n  By analysis

A Horsegran + 
sesame

i i \ 1
• 9 .43

B « 11 11.10

6 • 13 13.01

D a IS IS . 81

B Shim m ilk 7 7 .90

r a 9 9.30

0 a 11 11.18

H a 13 13.61

Bata iwlrtrt s fta a m
The moan body weight changes o f  th e  experim ental 

animals are given in  Table IT* The an a lysis  o f  Variance 

and non-orthogonal comparison are g iven  in  Table ?•
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t a b u s  i t

ME AH BOBS WEIGHTS OF RATS FED DIETS OF VARTXMO 
SOURCES AMD OOMCEMTRATIOMS OF P8 0 TBIM8

Group

Source o f  
P rotein  
la  the 

d ie t

Percen­
tage o f  
p ro te in  
in  the 

d ie t

Body Weight

I n i t i a l  F inal Increase 
8* S* S*

A B ortofre*  ♦ 
•esane

• 8 8 .7  £  0 .8 3 11 43 .4  £  1 .4 1  1 8 .8  £  0 .8 0

B -d o - 11 87# 8 1  8 .01 49 .8  £  0 .81  80 .0  £  1 .38

C •do** 18 87*8 £  0 ,7 8 49 .7  4  8 .8 4  2 2 .8  £  1 .8 7

D •do« IS 27.fi ±  1 .7 3 64.8  £  8.88  3 3 .4  £  8.88

E Skin milk 7 87 .1  £  1 .8 3 88.1 £  8 .6 1  87 .9  £  0 .78

F •do* 0 88 .1  £  1 .3 6 68 .4  £  3 .9 4  4 0 .7  £  0 .8 4

0 -d o - 11 28 .8  £  8 .30 8 3 .0  £  4 .28  54 .8  £ 0 .6 4

H -d o - 13 89 .0  £  1 .70 91 .4  £  2 .1 3  62.6  £  8 .8 8

V een  £  Standard e r ro r



analysis or VARIANCE for weight gain 

(NON ORTHOGONAL COMPARISON)

table V

Sourca a f  
V a ria tion

Dagraaa o f
fraadoa

Son o f  
aquaraa

fa t a l 47 12665.31

Traatnant 7 12057.00**

Error 40 596.31

A va X 1 616.37**

b  va r 1 1293.80**

0 va 0 X 3088.02**

X va 1 X 1886.01**

A va X X 2203.23**

i  va 0 X 6612.41**

0 va X X 4800.00**

0 va s X 8 6 .4 * '

8 v i  l X 269.8**

a ♦ *  ♦ e ♦ x

va 2 6931.21**

I  ♦ P ♦ 0 ♦ H

♦ a lg n lfla a n t at f lv a  par oast la v a l 

** a lg n lfla a n t at ana par eant la v a !



Xn both the p ro te in  groups which v s r t  fed  graded 

le v e ls  o f  horssgraa • sosaao mixture o r  sk ia  s i l k  powder 

in creased  growth ratos  oeourrsd along w ith lnersassd  

p ro ts la  Intakes* As eould  be seen from Table IV the 

Increases la  weights were 18*4 £  0«80» 80*9 £  1*38»

88*6 £  1*87 and 33*4 £  8*26 fo r  the ra ts  fed  9, 11 , 18 

and 18 p er  cent p ro te in s  froa  horsagree and sesame mix* 

ta re  resp ectiv e ly *  la  animals fed  skin s i l k  the Increase 

l a  weights were 8 7 ,8  £  0*78, 40*7 £  1 .4 2 , 64 .6  £ 0 * 6 4  

and 6 8 .6  £  8*26 r e sp e c t iv e ly  whoa p ro te la  concentration  

l a  the d ie t  was Increased  fron  7 to  9V l l v and 13 per 

cent resp ectiv e ly *  Thus the growth ra to  response fo r  

sk ia  s i l k  p ro te in  was always s lg n lf le a n t ly  grea ter than 

th at o f  horssgraa*sesase mixture (Table Y>*

Feeding a d ie t  (B ) w ith 7 per eehfc p ro te in  fro a  

skin  a l lk  gave a weight Increase response even greater 

than that w ith 13 p er  cent horse gram-sesame mixture 

showing thereby that skim m ilk la  a b a tter  qu a lity  pro* 

t e la  (D iet C ). But the growth o f  7 per sent aklh a l lk  

fe d  animals were low er than these fed  16 p er  cent p ro te in  

from horssgraa -  ••sane mixture^ thus proving that 

quantity e f  p ro te in  was lim it in g  at the 7 p er  cent le v e l  

f o r  growing ra ts  (Table V ).

Xa the present study the low er growth ra tes  e f  

animals fe d  horeegrem-sesame mixture than that o f  animals
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f e 4 skin  s i l k  agrees w ell w ith the re su lts  o f  Phans alkar 

and Patvardhan (1956 ), and Swaminathatt (1937 ), who a lso  

observed lagunas p ossess low er growth prompting values 

than skin n llk* As eou ld  be observed fr o *  the nsino 

a d d  eon posltlon  o f  the d ie t s  (Table ? I )  though sesano 

suppleaentation  to  horsegram p ro te in  inereased  the 

aeth ion lne con ten t, th is  d e f ld e n e y  was not fu l ly  corrected# 

Moreover the t o t a l  e sse n tia l anino acid  contents were 

a lso  U n it in g  in  the vegeta b le  p ro te in  mixture# These 

n igh t be the oause f o r  the lo v e r  growth ra tes  o f  the 

an inals fed  horsegrans and sesame even at lfi p er  sen t 

p ro te in  leve l#
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Table y i

AMZIO ACID COMPOSITION OF THE EXPERIMENTAL DIETS USED IN 
COMPARISON WITH THE AMINO ACID RS^OIREJfcNT OF GROW!NO

RATS fix ALMqOIST (1969)

Diet

H oritgria
SMMJOUL

9 percent 
le v e l

11 i irM O t

19 percent 
le v e l

16 percent 
l e v e l

Requlrcaent 
o f  ra ts

(Alaqulat
1969)

d la t

7 parcent 
le v e l

9 pareant 
le v e l

11 pareant 
le v e l

13 pareant 
le v e l

Requiresent 
o f  rata 

(A laqulat 
1969)

Ly- Tryp- Pheny­ Methio­
s in e to la la ­ nine +

phan nine eyet in e
I* 8* f» «•

0*74 0.10 0.51 0 .33

0*89 0*13 0 .6 3 0.42

1 .0 6 0 .1 6 0*76 0 .60

1.21 0 .1 8 0 .8 7 0 .6 0

1.00 0.20 0 .7 0 0 .60

0 .62 0.11 0 .33 0*22

0 .6 6 0 .1 4 0 .42 0 .29

0 .8 1 0 .1 7 0 .6 2 0 .36

0 .9 6 0.20 0 .  61 0.41

1.00 0.20 0 .7 0 0 .6 0

Threo- Leu- Ia o la -  Yal­
u lae oine ueina la s

S* S' 8* *•

0 .33 0 .8 0 0 .8 1 063

0 .41 0.98 0 .62 0 .6 4

0 .4 9 1 .1 6 0 .7 3 0 .7 6

0 .6 7 1 .3 6 0 .8 4 0 .8 7

0 .6 0 0 .8 0 0 .6 0 0 .7 0

0 .2 9 0 .6 2 0 .4 1 0 .4 4

0 .38 0.81 0 .6 2 0 .6 7

0 .4 6 1.00 0 .6 4 0 .6 9

0 .6 4 1 .10 0 .7 6 0 .8 2

0 .6 0 0 .8 0 0 .6 0 0 .7 0
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Thus, the l n a r c u i  la  quantity o f  p roto  in  in  the 

d ie t  resu lted  in  increased  gain  in  weight f o r  both  th e  

shin  m ilk and horsegran-sesam e mixture protein s* D if fe ­

rences in  growth rates o f  skin  m ilk fed  groups and animals 

fe d  horsegram-sesame mixture showed that th is  index i s  

s e n s it iv e  t o  d iffe re n ce s  in  qu a lity  o f  protein*

good and Protein m t.ka

the mean fo o d  and p ro te in  in takes o f  ra ts  fe d  the 

experim ental d ie ts  are given  in  Table T i l .  The analysis 

o f  variance and non-orthogonal comparison are g iven  in  

Table T i l l*

TASLS t i i

MS All FOOD AND PROTEIN INTAKE OF RATS FED DIETS OF 
TaRIINQ PROTEIN CONTENTS FOR 28 DATS

Group Source o f  
p ro te in

Percentage 
o f  p ro te in  
in  the d ie t

T ota l food 
intake 

(S )

Protein
intake

(S )

A Horsegram ♦ 
Sesame • 133.0 £  13*21* 11*97 £  0*76

B •do- 11 1 6 4 .«  £  8*26 18*09 £  1 .2 4

C -d o - 13 148.0 £  11 .29 19*24 £  0*31

D •do- IS 100. S £  14.39 24 .07  £  1 .11

S Skim milk 
powder 7 138*4 £  9 .07 9 .69  £  1 .7 7

F -d o - 9 161*3 £  6.39 14*62 £  1.68

a •do- 11 169*3 £  13*37 18*69 £  1*30

■ —do- 13 166.2  £  6 .37 21*63 £  1 .39

•Mean £  Standard E rror
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analysis op  variance for protein intake

(NON -ORTHOOONaL COMPARISON)

TAELS VIII

Source o f  Degrees o f  Sun o f
V a ria tion  freedon  aqvarea

T ota l 47 856.09

Treataent 7 848.48**

E rror 40 7.61

A va R 1 16.61

B vs P 1 38.35*

c  va 0 1 1 .2 6

0 va H 1 17 .86

A va P 1 10.61

B va O 1 0 .75

6 va 1 1 17 .86

A ♦ B ♦ 6 ♦ D

va 8 80.04*

E ♦ P *  0 + H

v a lg n lflo a n t at f lv o  poroont l e v e l  

•• a lg n lflo a n t  at one percent l e v o l

%
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In  general* animals vhioh grew more* at# i o n  food . 

Xnereasad food  Intake co rre la ted  w ith the growth rates* 

as oould  be seen fraa  Tables ?XX and T i l l .  The d iffe re n ce s  

l a  p ro te in  intake among the variou s d ietary  groups were 

aa ln ly  due t o  the d iffe re n ce s  in  the p ro te in  concentration  

o f  the Various d ie ts*  and p a rtly  due t o  the d iffe re n ce s  la  

fo o d  Intake*

P rote in  E ffic ie n cy  Ratio

Table XX g ives  the PER values o f  the Various experi­

mental d iets*

TABLE XX

THE PROTEIN 1FFICIKNCX RATIO OF DIETS OF VaHXXNO 
sources and concentrations of proteins at

DIFFERENT LEVELS FED FOR 28 DAIS

Code o f  Source o f
the d ie t  P rotein

Percentage
o f  p ro te in  in  

the d ie t

A Horsegram 
Sesame

S -d o -

0 —do—
0 —do—
X Skim milk
F —do—
0 —do—
I —do—

____Tn_____________

*Mean £  standard Error

9 1*06 *. 0 .091*

U 1*10 £  0*095

13 1*16 £ 0 * 1 6 2
15 1*38 £  0*101

7 R* 62 £  0*081
9 2*82 £ 0 * 1 1 8

11 8*94 £  0*107
13 2*92 £ 0 * 0 5 7



Table z

ABALY81S OF VaRIAHCR FOR P K K 

(VOR ’ORXHOQORaL COMPARISOR)

Source o f  
v a r ia tio n

Degrees o f  
freedoa

Sum o f  
squares

T ota l 47 36*90

Treataent 7 29.29**

Error 40 6*61

A vs B 1 10*60**

b v» r 1 8*80**

C VS 0 1 9.61**

D vs I 1 7.08**

a vs r 1 9.39**

B vs 0 1 10.16**

C VS H 1 9.29**

A ♦ B ♦ 0 ♦ B

vs 2 17. 88**

E ♦ F ♦ §  * “ H

a a lr n if le a n t  at f i v e  par aant le v e l  

*• s ig n if ic a n t  at one par cent l e v e l
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In  general the PER valuea s ig n if ic a n t ly  increased  

whan d ietary  p ro te in  quantity was Increased (Table X)*

The nean PER values Increased from 1*05 £  0*001 te  

1*38 i  0.101 f o r  horsegraa-sesaae m ixture, when p ro te in  

eontent o f  the d ie ts  were Increased  fro a  9 t e  16 per 

eent (D iet A te  D)* Per skin  a l lk ,  the PER values 

Increased  from 8*62 £  0*081 te  8*94 £  0*101 when the 

p ro te in  content was ra ised  fro a  7 to  11 per cent (D iet 

I  te  0>* But the PER values remained constant when the 

p ro te in  content o f  the skin a l lk  d ie t  was fu rth er  Increased 

te  13 per cent*

Bo, the d iffe re n o e s  both in  the q u a lity  and quantity 

o f  p ro te in s  a ffe c te d  the PER values* The group fe d  skin 

a l lk  had h igher PBS values than the groups fed  the h orse- 

graa-sesane mixture and the PER values o f  7 p er  cent skin 

a l lk  d ie t  (1 ) (8*62 £  0*81) was about tv le e  that o f  the 

d ie t  con tain ing  16 per cent p ro te in  fro a  horsegram -sessae 

a lx tu re  (D iet P) (1 .3 8  £  0 .1 0 1 ).

The increase  in  PER Values w ith in crea sin g  p ro te in  

concentrations in  the present study were s im ila r  te  se v e ra l 

rep orts  (A llis o n , 1056, I960)* Horsegram p rote in s  had been 

reported  to  have a PER value lo v e r  than 1*00, w hile the 

ca se in  and a l lk  had PER values o f  nearly 3 .0 0  (Kuppuswsay 

A l 1968)* But the horse gram-sesame a lx tu re  used In 

the present study seems t o  have a b e tte r  PER o f  1*68 at



16 p er  cent le v e l  than tha unsuppleaented horsegran thereby 

proving  that aasama supplementation had improved tha 

nathlonlna content o f  tha laguna p ro ta ln . Thia ia  a laar 

from the c a lcu la t io n  o f  tfd.no aold  pattern  o f  tha d iets  

(Table V I).

Tha fa i lu r e  o f  PBR Values t o  in crease  f o r  akin s i lk  

d ie t  a fte r  a U  par sent p ro te in  oonoantration  in  the 

present study was s ln i la r  to  observation s on severa l good 

q u a lity  animal p ro te in s  l ik e  egg p ro te in s  where a d eclin e  

vas observed when p ro te in  con cen tra tion  vas in creased  above 

10 p er  cent (A llison *  1968,, Jansen* 1968)* Jones and 

Divine (1944) and Hoagland g i  gir (1949) found the P£R 

values o f  skin n llk  to  decrease as the p ro te in  concentra­

t io n  was ra ised  from 8 t o  10 and 18 per cent* Tasker 

et a l-(1 9 6 2 ) observed a low ering o f  PBR Value fran  8 .0 4  

to  8 .3 2  when con cen tra tion  o f  skin n llk  p ro te in  was 

increased  from 10 t o  16 per cen t.

Hegstoftd and W orcester (1947) found that weight 

gain  alone was s u f f lo le n t  to  evaluate p ro te in  q u a lity  

w ithout the need t o  consider the p ro te in  intake o f  food  

intake* This seems to  be true from our s t a t i s t i c a l  ana­

l y s i s  o f  the data f o r  weight gain  and PBR values f o r  the 

va riou s diets* The s ig n if ic a n t  d iffe re n ce s  among the 

variou s groups seen to  be s im ila r  f o r  both these responses 

namely* weight gain and PBR Values (Tables ▼ and X)*
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U Y ir  W igh t
Zh« aean weights o f  the frosh  l iv e r s  o f  the exp eri­

mental animale are given  in  Table XX* The non orthogonal 

comparison between the d ie ta ry  groups are presented in  

Table XXX.

TABLE XI

NEAR LITER WEIGHTS AND TOTAL HEPATIC NITROGEN
op rats fed diets  op parting protein contents

Pereen- Heptio T ota l
Sjuree 

Code o f
P rotein

tags o f
P rotein  
in  the 

d ie t

Presh l iv e r  
weight

g*

N itrogen Hepa- 
p or  g . o f  t i e  

l i v e r  N itro - 
ng gon 

■g

A Horsogram*
Sesame

9
A

2. 69 £  0* 254 28.90 64.3 £  7 .9 7

B —do— 11 3.31  £  0.291 28.61 95.3 £  8 .9 6

C -d o - 13 3 .83  £  0 .284 36.90 137.8 £ 10.66

D —do— lfi 4 .0 9  £  0.178 87 .77  154 .6  ±11.21

E Skin milk 7 3 .00  £  0.308 20 .08  80 .2  £  5 .2 5

P -d o - 9 8 .7 5  £  0 .857 80 .29  118.8  ±11.90

0 —do— 11 4 .8 2  £  0 .879 88.32 175.1  £18.50

H —do— 18 4 .8 1  £  0.221 46.49 218.8 ±16.21

*Mean ±  Standard Error
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table n z

ANALYSIS or VARIANCE FOR UVSR WEIGHT 

(NOR ORTHOGONAL COMPARISON)

Souroe o f  
V a ria tion

Degrees o f  
freedom

Son o f  
squares

Total 47 75.04

treatment ? 1 3 .1 3

Error 40 5 1 .9 1

A I X 0 .2 9

B t s  F X 0 .6 5

6 0 X 2 .8 9

D t i  H X 1 .56

A F X 3.38

B TS 0 X
t

4.82*

G TS H X  . 8 .8 9

A ♦ B ♦ G ♦ D

TS 8 8 .2 5

E ♦ F ♦ 0 ♦ H

4 s i g n i f i c a n t  a t f i r e  p e r  ce n t  le T « l
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The M «n  l i v e r  weight was the h ighest in  ra ts  fe d  IS 

p sr  sent le v e l  o f  skin  s i l k  d ie t  (4*81 £  0.221  g . ) and 

low est in  9 per sent l e v e l  o f  hersegram-sosaBo p ro te in  

n iz tn re  which grew le a s t  (2 .6 9  £  0 .254 g . )  Thus the hepatie  

weights were s  r e f le c t io n  o f  the f in a l  body weights o f  the 

animals (Table XV and Table XI)• The h eav iest l iv e r s  were 

o f  those animals whose body weights were the highest* as 

the p ro te in  concentration  o f  the d ie ts  and body weight 

gains in creased , th e  hepatie weights a lso  Increased in  the 

animals fed  horsegran-sosans mixture and skin  milk*

From the re su lts  o f  the s t a t i s t i c a l  an a lysis  (Table X II ) , 

i t  i s  c le a r  that none o f  the mean hepatie weights o f  the 

experim ental groups were s ig n if ic a n t ly  d if fe r e n t  from the 

oth ers except between group B and 0*

Hepatie n itrogen

Tab* XX shews the mean Values and standard e rro rs  f o r  

t o t a l  hepatie  n itrogen  in  the experim ental animals. Table 

XXII g ives  the an a lysis  o f  Variance and non-orthogonal 

comparisons f o r  hepatie  n itrogen .

The h ighest value f o r  h epa tic  n itrogen  was found to  

occu r in  animals fed  the skin m ilk at 13 p er  cent le v e l  

which was 218.8 £  16 .21 mg. The low est mean hepatie 

n itrogen  value (6 0 .2  £ 6 .2 6  m g.) was obtained f o r  animals 

fe d  7 per cent skim m ilk , a s  the p ro te in  concentration
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v u  lnoraasod fro a  9 t o  11» 13 and 16 par osn ts and 7 

to  9» 11 and 18 p or  can ts , tho hapatlo a lt r o g ta  VaLuag 

Inaraasod as oould ba saon froa Tablo ZZ and Flgura I .

TABLE XZ11

AHALTSI8 OF TAB1ANG8 FOB HEPATIC NITROOSH 

(MOB ORTHOGONAL COMPARISOH)

Souros o f  
V ariation

Dagrass o f  
fraadoa

Sua o f  
sqUaras

T ota l 47 66413*0

Traataant 7 26480*0**

Error 40 29933*0

A VI 1 1 62*1

b v i  r 1 108*8

G v i  Q 1 6788.0**

D v i  H 1 12403*6**

A VS 1 1 7301*3**

B VS 0 1 19120.0**

C VI B 1 24824.8**

A + B + C ♦ D

vs 2 6987*6**

I  ♦ F ♦ 0 ♦ H

aa s ig n if ic a n t  at ona par oant Is v s l
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The h epatic  n itrogen  content ■ o f  the skim m ilk fed  

groups were h igher to the group fe d  the horsegram-sosame 

a lx tu re  f o r  a l l  p ro te in  oon oentratioa  except in  the two 

lo v e r  lev e ls*  Aniaals fed  e ith e r  9 o r  11 p er  eoat h orse- 

gram- sesame mixture and 7 and 9 per sent skin m ilk had 

s im ila r  hepatle  n itrogen  concentrations as per the non 

orthogonal coaparisen ,3 (Table XZ11)*

Thus the p ic tu re  fo r  h epa tic  n itrogen  concentration  

i s  s l ig h t ly  d if fe r e n t  from that o f  the growth and P2R 

in d ice s  where even the low est le w d  o f  skim milk (  7 per 

ce n t) gave o b e t te r  response than the vegeta b le  p ro te in  

mixture* The skim m ilk p rote in s  which cou ld  g ive a b e tte r  

growth performance than in  the animals fe d  horsegram- 

sesame m ixture, cou ld  n ot f i l l  up the h epatic  reserves 

so very e f f i c i e n t ly .  Thus the re su lts  o f  p ro te in  evalua­

t io n  based on growth response may not be s im ila r  to  those 

based on l iv e r  n itrogen  concentration* This i s  in  agree­

ment w ith the fin d in g s  o f  A lliso n  (1959) who observed 

th at f i l l i n g  19 hepatle  n itrogen  sto res  may n ot fu l ly  

r e f l e c t  the p ro te in  n u tritu re  o f  the animal*

Henatle S u ccin ic  Debvdrosenase (SDH) A ctiv ity

The a c t iv it y  o f  hepatle su cc in ic  dehydrogenase had 

been expressed as mlerogran (meg*) o f  tr ip h en y l te t r a s o -  

11ua ch lorid e  reduced fay g* o f  wet l i v e r  in  90 minutes 

and presented 1m Table XIV* The an a lysis  o f  variance f o r  

th is  data i s  given  in  Table XV*
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Table xxr

THE HEPATIC SOCCINIC DEHYDROGENASE ACTIVITIES 
OF JUTS FEB DIETS OF VaRIINO CONTENTS 

AND SOQftCSS OF PR0TEIN3

Percentage Hepatic SDH A ctiv ity  
Coda o f  tha Source o f  o f  P rotein  Meg* o f  tr ip h en y l t e -  

Oroup P rotein  in  the tra a o llu n  ch lo r id e  r e -
d ie t  duoed per g ./SO  minutes

a
A Horsogran 

♦
Sesamo

• 833 £  41*16

B -d o - 11 1064 £  38*78

C •do- 13 1364 £  60

D -d o - 16 1683 £  89*08

B Skim milk 
powder

7 964 £  36*07

F —do— 9 1182 £  46* 66

0 —do- 11 1664 £  66*60

I -d o— 13 1862 £  71*68

- m m a  L„ , _ ______ __________ __________________ ___________________________

"Mean £  Standard Error
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I ablk XV

AKAL7SX8 OF VARlAHd FOR HEPATIC SDH ACTIVITY 

( SOI ORTHOOOIAL COKPAHISOH )

Source o f Dagraas o f SUO o f
V aria tion fraadoo •quarss

T ota l 47 2862949*3

Traatnant 7 2784381*8**

Brror 40 68663*0

A vs 1 1 22082.6**

B t i  F 1 20660.6**

C vs 0 1 66360.1**

B T I  I 1 47882* 6**

a t i  r 1 182701.6**

I T I  • 1 376000.0**

C VS I 1 386688.1**

A + B ♦ C ♦ D

VS S 147737.0**

I  • F ♦ 0 ♦ I

*♦ sign ifican t at on* par pant leva l
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The h ighest end low est hepatic  SDH a c t iv i t ie s  were 

those o f  the animals fed  IS per cent skin e l lk  

(IS 62 £  71 .68 ) and 9 p er  oent p ro te in  fr e e  horaogram- 

sesaao mixture (863 £  4 1 .1 6 ) r e s p e c t iv e ly  which i s  s im ila r  

t o  th e ir  growth responses.

In  both the experim ental p ro te in  groups, the h ep a tic  

SDH a c t iv i t ie s  Increased  along with increased  p ro te in  con­

cen tra tion s  (F igure I I ) .  S ig n ifica n t d iffe re n ce s  were 

observed between the groups o f  ra ts  fed  skin a i lk  p ro te in  

and horsogran-sesane n lx tu re . A ll the animals fed  skin 

milk showed h igher h epatic  SDH a c t iv i t ie s  when compared to  

the animals fed  equ a lly  e f f e c t iv e  doses o f  horsegram* 

sesame mixture which showed that the q u a lity  o f  d ie tary  

p ro te in  in flu en ced  the h epatic  SDH a c t iv i t ie s .

Unlike the growth response where the 7 per cent skin 

m ilk had a response s ig n if ic a n t ly  above that o f  the 13 

p er  cent horsegram -sosane mixture* the SDH a c t iv i t ie s  

were n et d if fe r e n t  fo r  those two groups. So i t  might be 

concluded that the h epa tic  SDH ensyme response; in creases 

p ro p o rtio n a lly  w ith  in crea sin g  q u a n tities  o f  p ro te in  

and q u a lity  o f  p ro te in s .

Muranatsu and Ashlda (1962, 1963) observed that the 

r e la t iv e  values o f  growth index , p ro te in  e f f ic ie n c y  r a t io  

and h epatic  SDH a c t iv i t ie s  were f a i r ly  id e n t ic a l  when 

d if fe r e n t  d ietary  p ro te in s  were examined. Such a fin d in g  

agrees w ith the r e s u lts  o f  the present study.
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Kahirsagar and Patvardhan (1958 ), L ltvack  t& * L  (1963 ), 

and KuramatsU and Ashlda (1962) reported  that hapatla SDH 

raspoasa was varied  not only due to  qu a lity  but a lso  t o  

▼arying le v e l  o f  d ietary  p ro te in  d if fe r e n t ly  and these res­

ponse curves vere corre la ted  w ith growth ra tes  o f  animals* 

Thus as per the above reports and the re su lts  o f  the present 

study hepatle 801 a c t iv it y  cou ld  be used as an Index fo r  

d ie ta ry  p ro te in  evaluation*

Oarela and Boderuek (1964) found h igher t o t a l  hepatle 

n itrogen  in  ra ts  along w ith h igher a c t iv i t ie s  o f  hepatle  

8DB* The authors explained such a phenonenon on the basis  

that ensyaes are e s s e n t ia lly  p rote in s  and changes in  the 

enxyme a c t iv i t ie s  r e f l e c t  changes in  the t o t a l  hepatic  

n itrogen* Such a fin d in g  seems to  be s im ila r  t o  the data 

presented here*

a »g y g g lo n .a r ..g a ln  la  tody vtigttt to  t o t a l  n l t r a u a  a r
p ro te in  intake

The regress ion  o f  gain  in  body weight t o  t o t a l  n itrogen  

o r  p ro te in  Intake was ca lcu la ted  fo r  skin m ilk and h orse- 

gran -  sesame mixture* The *t» t e s t  was used t o  t e s t  f o r  

s lg n lfle a n ce i the d iffe re n ce  between the s lop es  o f  the 

re g re sA o n  l in e s  which were found to  be s ig n i f ic a n t ly  

d i f fe r e n t  (snedeoor, 1966)* The r e la t iv e  growth Index 

(Hagsted and Chang, 1966), an exp ression  fa r  the r e la t iv e  

n u tr it iv e  Value o f  d ie ta ry  p ro te in  was ca lcu la ted  f o r  th e
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heraegran-aeaame m ixture. This index la  the slop* o f  

tho regreaaion  botveon n itrogen  Intake and body weight 

gain  expreaa*d aa per tentage o f  the alope obtained  with 

the re feren ce  p ro te in , namely aklm m ilk powder*

Table m

REGRESSION OF GAIN IN BODY WEIGHT OR TOTAL NITROGEN 
AND PROTEIN intake AND DIETARY PROTEIN LEVEL*

Regreaaion equations

P rotein

Horaegram-aeaame
■ ix to re

Skin n ilk  powder

Bltrosta
Horae gran-seaane 
n ix tu re

Skin n i lk  powder

Dietary p rote in  
Concentration

Horaegrau-aeaane
n ixtu re

Skin n ilk  powder

X *  gain in  body weight in  g/28 daya
1  *  t o t a l  d ietary  p ro te in  o r  n itrogen  

intake in  g . /2 8 days o r  d ietary  
p ro te in  concentration

Regreaaion C orre la tion
■ tflm UQB. O T iffig ita *  m

1.5671 -  6 .31 ■ I  r  »  0*946

2.9231 -  0*66 • I  r  ■ 0*090

10*2401 -  7*62 *  I  r  *  0*995

18*8401 -  1*99 *  X r  ■ 0*993

8*4121 -  7 .72  ■ X r  »  0*850

4*5301 -  1*14 »  X r  ■ 0*845

* C alculatIona glyon In  Appendix VI
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ttlUMlttg gf tin ilgpt r*U9 anal
Clark* (1952) had developed a method o f  an a lysis  f o r  

assays la  which th* response to  a ach proparation  was 

l in o a r ly  ra la tod  to  tho doss* Tho s t a t i s t l o a l  aathod i s  

as fo l lo w s !

"For taoh preparation* togeth er w ith blank o r  

saro  dose* tha mean rasponsas (Haight g a la ) 

ara approximataly lln a a r ly  ra la ted  t o  tha dosa 

(d ia ta ry  n itrogen )*  S tra ight lin a s  ia ta rs a o t ia g  

at saro doso ara f i t t a d  to  tha naan rasponsas* by 

astlm ating tha m u ltip le  U naar ragrasslon  aquation**

Tha above s t a t i s t l o a l  model was ap p lloa b ls  t o  assays 

w ith  uniform doso la v a ls  f o r  a l l  preparations* aqual 

spacing batwaan oonsequtlvo dosas o f  aaoh pr* par at ion* and 

aqual re p lla a t io n  fo r  a l l  treatments* Tha prasant a zp a ri- 

aantal design d id  not s a t is fy  tha above s t a t i s t l o a l  modal* 

baoausa o f  v a r ia tion s  in  n itrogen  intake batwaan and w ithin  

tha d ie t  groups*

Idi test rtiMnii tiny
The lo g  doso response curves, using body weight gain 

as tha response and log  o f  p ro te in  intake o r  lo g  o f  n itrogen  

intake as tha noasure o f  dosage ware C alculated f o r  th o  

data o f  tho p resen t study* Two sigm oidal curves were 

obtained and there was no l in e a r it y  in  these curves 

(F igure I I I )*  In sp ection  in d ica te s  that the cen tra l p ortion s
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o f  thoao curves may bo nearly l in e a r  and p a ra lle l*  This 

fin d in g  agrees w ith tho roau lt o f  Hogatod and Chang (1966) 

who have expressed that ualng body m ig h t gain  aa tho ree - 

ponao and lo g  o f  p ro te in  o r  lo g  o f  n ltrogon  Intake aa tho 

neaanre o f  doaage* f a i le d  t o  s a t is fy  tho requirements o f  a 

s a t is fa c to r y  alopo r a t io  assay*

S ifta t.fftU g
The gain  In  body weight o f  oaoh group has been p lo t te d  

w ith throe octam eters o f  dosage* (1 )  D ietary p ro to ln  Intake 

(2 )  Dietary n itrogen  Intake (8 )  Pecourtage o f  d ie ta ry  pro­

tein* (Figurea I?# 7 and 7 1 ). The l in e a r  regreaalon  lln e a  

were ca lou la ted  ualng the fo u r  d ie ta ry  greupa fo r  each 

p ro te in  (Table I I I ) .

When the data were p lo t te d  against the a ctu a l n itrogen  

Intake o r  p ro te in  Intake ( f ig u re  17) the f i t  was b e tte r  

aa expected*

The co r r e la t io n  c o e f f ic ie n ta  reached Tory h igh  le v e ls  

( r  *  0*946 and 0*999 fo r  horsegran-seaana mixture and skin 

m ilk re sp e c tiv e ly  f o r  p ro te in  and r  *  0*996 and 0*993 f o r  

n itrogen )*  The two regression  lln e a  were having very nearly 

the sane In tercep ts  ( -  f  g* and -  3 g * ) ,  agreeing c lo s e  to  

the observed experim ental values and the errors  in  the s lop e  

tended to  be sm aller (F > 0*01 )*  A weight lo s s  o f  6 g* are 

norm ally encountered In  th is  la b ora tory  fo r  a weanling ra t
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maintained in  a p ro ta ln  fre e  d ie t  f o r  81 days* According 

to  Finney (1962 ), fo r  a a a tis fa o to ry  s lop e  r a t io  assay» 

the regress ion  l in e s  fo r  the standards and the unknown 

mast in te r s e c t  at the same p o in t and should correspond t o  

the response o f  aninals given sere  dosage. Thus the regres­

s io n  l in e s  o f  the present assay s a t is f ie d  t h is  requirement.

When gain in  body weight was p lo tte d  against per eentago 

o f  d ietary  p ro te in , the data appeared to  deviate  from a 

l in e a r  regress ion  (F igure V I). The c o r r e la t io n  c o e f f i c ie n t  

f o r  these regression s were 0 .860 and 0 .846 , although high, 

were not equal to  0.946 and 0 .999 obtained when actu al 

n itrogen  o r  p ro te in  intake were used (F igures IV and V).

The standard d ev ia tion  o f  the s lopes were g rea ter  than 

the previous regression s based on actual n itrogen  o r  p ro te in  

in tak e . The in te rce p ts  tended to  be lo v e r  than the experi­

mental values fo r  the acre  n itrogen  group. Since the 

measurement o f  fo o d  intake i s  most time consuming and 

th e re fo re  expensive part o f  the assay, there would bo 

con sid era b le  p ra e t ia l  gain i f  the measurement o f  food  

intake cou ld  be elim inated  without a ffe c t in g  the repre­

dual a b i l i t y  o f  the assay (Hagsted and Chang, 1966). But 

our data prove that there i s  need to  measure the actual 

fo o d  and p ro te in  in tak e .
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Assuming a Talus o f  100 f o r  skim m ilk, the Talus fo r  

horsegran-sesame mixture v&s ca lcu la ted  from the slops 

r a t io  assay to  ba 6 3 .6 . Mo rep ort on r s la t lT s  n u tr it iT s  

index i s  a v a ila b le  fo r  horsogram o r  i t s  mixture f o r  

comparison* But w hile compared to  the re la tiT e  n u tr it iT s  

in d ice s  obtained using laota lbu n in  as a re feren ce  p ro te in , 

fo r  soy beans, case in  and wheat g lu ten , a Talus o f  6 3 .6  f o r  

horsegran-sosam e mixture i s  b e tte r  than what cou ld  haTa been 

obta ined  fo r  unsupplemented horsegram o r  any oth er legume*

As the main purpose o f  the present study i s  to  evaluate the 

"b ioassay  method" o f  Hegated and Chang <1966), there were 

no unsupplemented horsegram d ie ta ry  groups included  in  the 

present study*

In the present study the con sisten t in crea se  in  growth 

rate  o f  animals fed  in crea sin g  le v e ls  o f  skim m ilk p ro te in  

o r  horsegram-sesame mixture shoved that the r e la t iv e  n u tr it iv e  

value o f  p ro te in s  was e s s e n t ia lly  constant at Varying le v e ls  

o f  Intake up t o  the le v e ls  used in  t h is  study*

So, our re su lts  are contrary to  the con clu sion s o f  

K i l le r  and Payne (1961) o r  M orrison gi. aL (1968 ), who by 

using Met P rotein  U t il is a t io n  (MFC) index observed con sisten t 

decreases in  the u t i l i s a t io n  o f  n itrogen  as the intake o f  

good q u a lity  p ro te in  we^e Increased u n t il  approxim ately 

maximal growth was achieved*
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Plrt ary prgUla, iszalt

The le v e ls  o f  p ro te in  ehosen are g iven  i s  Table I I I .

In  a l l  adequate b loa ts  ays, a atandard must be run w ith  the 

unknown and comparisons batwaan tha atandard and unknown 

ahould ba nada at e q u a lly  e f f e c t iv e  doaaa. Thia la  empha- 

aiaad by Hagatad and Chang (1966) baoauaa i t  ia  rare ly  

dona in  Protain  aasaya. Tha above le v e ls  ware ahoaan fo r  

akin m ilk and horsegram-sesame mixture by prev ious explo­

ra tory  experiments not reported  here* fo r  equ a lly  e f f e c t iv e  

weight gain response* Our data on the growth r a t io  a lso  

J u s t i f ie s  th is  except that weight gain at 11 par cant skim 

m ilk  was to o  high and at 9 par cant horsegram-sesame mix­

ture was to o  low*



T SUMMARY ARD COKCLUSIOK

The study vai planned to  in v e st ig a te  the s u it e -  

b l l i t y  o f  a b io  ass ay technique f o r  tho evaluation  

o f  tho n u tr it iv e  q u a lity  o f  a mixture o f  horsegraa 

and aoaaa* p ro te in s  in  tho p rop ortion  o f  4  t X in  

ord er  to  aset tho aaino ac id  requirement o f  growing 

rata  at XO p er  sent concentration  (A laq u isti 1969) 

using skin milk as the referen oo protein* Twenty 

th ree  days o ld  aa le  ra ts  o f  Herweigian s tra in  were 

used f o r  the experiment* F orty -e igh t ra ts  were 

d iv id ed  in to  e igh t d ie ta ry  groups each containing 

s ix  animals. The animals were fe d  f o r  28 day*» 

d ie ts  in  which fou r d if fe r e n t  p ro te in  concentra­

t io n s  o f  e ith e r  skin milk o r  horsegran-sesame mix­

tu re  were incorporated* Feeding was ad libitum *

For the horsegram-sesame mixture the p ro te in  con­

cen tra tion s  chosen were 9 , XI t 13 and IS  per cent 

and f o r  skim a i lk  7* 9t XI and 13 p er  sent* These 

le v e ls  are d i f fe r e n t  because o f  th o  d iffe re n ce s  in  

the nature o f  tho p ro te in s  in  terms o f  growth and 

oth er responses* The fin d in g s  are as fo llow s*
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1* The growth ra t*  responses f o r  tho skin milk 

p ro te in  d la ta  woro always groa tor than th at o f  h orse - 

gran-cesane mixture f o r  a l l  tha d ietary  p ro te in  con­

centrations*

2 . Tho fo o d  in ta k e  Of ra ts  d id  not Vary much 

except In  ra ts  fad  9 par oant horcegran-sesam e mixture 

d la t  and t  par oant skim n llk  d la t which eonauaad lo s s  

fo o d  than others* Therefora tha p ro te in  intakes o f  tha 

d if fe r e n t  d ie ta ry  groups varied  on ly  due t o  tha d i f f e ­

rence in  tha con cen tra tion  o f  p ro te in  o f  tho d iet*

3* Tho naan PER Values Increased fro n  1*06 £  0*091 

t o  1*38 £  0*101 f o r  horsegram-cocame n ixtu re  when pro­

t e in  content o f  tho d ie ts  were increased  fron  0 t o  16 

p er  sent* For skin a i lk  the corresponding PER Values 

in creased  fron  8*62 £  0*081 t o  2*94 £  0*101 when the 

p ro te in  content was ra ised  fron  ?  t o  11 per sent* But 

the PER Values remained constant when the p ro te in  

content o f  skin m ilk d ie t  was fu rth er  Increased t o  

13 p er  cent*

4 . Mo s ig n if ic a n t  d iffe re n ce s  in  h epa tic  weights 

were observed among the e igh t groups o f  experiaenta l 

animals* But there were s ig n if ic a n t  d iffe r e n c e s  in th e 

t o t a l  h epa tic  n itrogen  content and h epa tic  n itrogen
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9 « r  g. o f  fre sh  t is s u e  aaong the groups fed  d if fe r e n t  le v e ls  

o f  p ro te in . The le v e s t  value e f  60.2 £  6*25 eg . o f  h epa tic  

n itrogen  vas found in  ra ts  fed  7 per sen t skin a i lk  sad 

h ighest value o f  the 218.8 £ 1 6 .2  ag . o f  n itrogen  in  13 

p er  sent le v e l  skin  a i lk  d ie t .  As the p ro te in  concentra­

t io n  vas in creased  fron  9 to  16 per cent in  the horsegraa 

sesaae d ie ts  and fron  7 t e  13 per sent in  sk ia  a i lk  d iets*  

the t o t a l  h epa tic  n itrogen  values a ls o  Increased  fron  

64 .3  £  7 .9 7  to  164.6 & 11 .2  ag . o f  n itrogen  and 60 .2  £  6 .2 6  

t o  218.8 £  16 .2  ag . o f  n itrogen  r e s p e c t iv e ly . Thus the 

p ic tu re  o f  h epatic  n itrogen  concentration  was s l ig h t ly  

d if fe r e n t  fr o a  that e f  growth and PKR in d ice s . In  the 

ease o f  PER even the low est l e v e l  e f  7 per cent sk ia  a i lk  

gave a b e t te r  response than the vegetab le  p ro te in  m ixture.

6 . The h epa tic  s u cc in ic  dehydrogenase (SDH) a c t iv it y  

was increased  w ith the inorease  in  the l e v e l  o f  p ro te in  

and q u a lity  e f  p ro te in . At a l l  le v e ls  the ra ts  fe d  sk ia  

a i lk  d ie t  had higher h epatic  SDH a o t lv ity  than that e f  

ra ts  fed  horse gran and sesaae m ixture. Higher hepatic  

n itrogen  contents were co rre la te d  w ith h igher h epatic 

SDH ensyne a c t iv i t i e s .

6 . The r e la t iv e  n u tr it iv e  index o f  horsegraa-sesame 

a ix tu re  was found t o  be 6 3 .6  assuming a value o f  100 

fo r  sk ia  a i lk .  The " S lo p e -ra t io 1*» bioassay w ith young
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r a t i  f o r  the attim atIon o f  tho r e la t iv e  n u tr it iv e  value 

o f  a alxtmra o f  horsegraa and sesaae p ro to in  in  tho 

r a t io  4 t 1 had baan evaluated*

Analysis o f  tha data and tha lo g  do*a raaponao curves 

using body valght gain as tha rasponso and lo g  n ltrogan  

Intake nr paraantaga o f  d ietary  p rota in  as a aeasura o f  

dosago fa l l o d  t o  s a t is fy  tha requlreaeflfcs o f  a s a t is fa c ­

to ry  assay* However oa la u la tion  o f  s lop o  r a t io  using 

slopas o f  tha ragression  l in a s  re la tin g  aotual p ro to in  

or n itrogen  intakes as doss and body weight gain as ras­

ponso prowldad u se fu l data* Tho reg ress ion  l in e s  ware 

l in e a r  and in d ica tin g  that appropriate con cen tra tion  o f  

Various d iatary p ro te in  cou ld  be rea d ily  s e le c te d  fo r  

in v estig a tion *  The best f i t  o f  tha data was obta in ed  by 

p lo t t in g  gain  in  weight against n itrogen  intake* This 

gave h igher c o r r e la t io n  e o - e f f l d e n t s ,  s n a il  e rrors  on 

the s lop es  o f  the regress ion  lin a s  and in te rce p ts  which 

approached th ose , found expariaantally*

The 'r e la t iv e  growth index* which i s  an express!on  

f o r  tho r e la t iv e  n u tr it iv e  va lu e o f  d ietary p ro te in s , 

i s  the s^ lope o f  tha ra g ress ion  between dose and response 

expressed as a percentage o f  tha s lope  obtained  w ith  th e  

p ro te in  o f  re feren ce  q u a lity  o r  aaxiaun n u tr it iv e  Value* 

Being th is  index and skin m ilk as a re feren ce  p ro te in  o f  

100, the r e la t iv e  n u tr it iv e  value based on body weight 

gain  o f  horse-gram sesame mixture was 63*6*
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APPENDIX I

COMPOSITION or THE VITAMIN MIXTURE

Constituents Mg.

Thiamine Hydrochloride 10

Pyridoxins 10

Pantothenic a c id 60

Nicotinamide 100

I n o s it o l 400

Choline Chloride 4

R ib o fla v in  (added l a s t ) 10
■ * * ' .

684

In 100 gos o f  sucrose*



APPENDIX II

C0MP08IIIQI OF THE DILUTED B -COMPLEX MIXIURB

con stitu en t* In  100 Ml.

Thiamins m ononitrate 0. S.P.

•••  aê  *ea* ̂

4 .4 0  ng.

R ib o fla v in  X.P. 1 .4 7  ng.

Pyridoxin* hydroch loride 0. 8. P. 0 .6 9  ng.

Qyanooebalamin U .8.P . 4 .4 0  ng.

N ico t in ic  aoid  a i4 e I « P . 0 .2 0  *g .

D.L. Pant* thenyl a lcoh o l 4 .4 0  ng.

Mathionlna H.F. 102.90 *g .

Choline ch lo r id e 29.40 ng.

Sodiun g lyeero  phosphate 176.40 ng.

A loohol 96jC 10 ml.

Absolut* alehohol 1 ml.

R a llis  Ind ia  Limited

Teddington Chemical Factory D iv ision

Suren R*ad9 Andheriy fioabay -  69
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COMPOSITION OP SALT MIXTURE 

HOWE OSEA SALT KIKURE

APPENDIX I I I

Salts
Aaount

Calcium o lt r a ta .  . 308.8

Ca (Hg P04 ) 8 HgO • 0 118.8

Hg H P04 • • 818.7

K o l • • 184.7

Ha <1 • • 77 .0

Ca c o j . . 68.S

S Mg. C03 (Mg 0 I ) 8 • SHgO • a 36.1

Mf S04 (Anhydrous) • • 38 .3

Pa IH4 G&trata U.S.P 91.41 |

Cu SO4 • S HgO 5.96  ft 
|

l a  P 0 .7 6  ft 1
Mn S04 • 2HaO 1 .0 7  ft 

|
1 8 .7

Alua 0 .6 4  ft |
X I 0 .2 4  ft

Tatal 100*00 1000.00
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CALCULATION OP STANDARD ERROR

Tha saaplo standard arror i s  syabolizad  bp S j  and 

i t  I s  aqual t o  _>L. .  wh«r« 8 i s  standard d a r la tion  o f
j i r

tha aaan and a  i s  tha nuabar o f  obsorvation s . standard a rror 

was sa iou ia ta d  as fo l lo w s •
8 ________

Standard a rror • 8 r? *  '

APPJSNWX I¥

J
For sxanploi

&.xLa
(a

- ( s x D V  
-  1 )

No. x l n *

1. 166 87666

a. 163 23409

a . 161 26921

4* 187 18769

s . 176 30626

6. 196 38026

T ota l 967 164306

Whara a  • 6

r  • 987 • 164.6*  n

(£ .X i )8 -  974169

■ 164306



Using the above form ula
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S*

974169
164306 -- --------- ------------

6 164305 -1 6 2 3 6 1 ,6

<« -  U 5

S2 ■ 388 ,7

8 ® 19,715

8 *  *  19‘ 716 *  8 .266
2.449

Standard error  *  8 ,266

Based on th is  the oth er ca lcu la t io n s  vere done.
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ANALYSIS OF tahiancs AND ION ORTHOqokal
COMPARISON

Any obaarvad valua la  tha au i o f  thraa p art a, (1 )  an 

ow a r-a ll naanv (11 ) a traataant daw latlon and (111) a random 

alaaant from a normally d la tr lb u tad  popu lation  with naan aaro 

and atandard d a r la tlon  o- •

Tha fo llow in g  ta b la  ahowa a ayn bolle  ta b la  o f  data f o r  

p groupa w ith n data In  aaoh group.

APPENDIX V

Group I Group I I Group p

*1 Vl *1

*2 H Pa
n ltana n ltana n ltan a

Suna 8x H ■p
T ota l nuo-
bar o f  pn * N
data

Tha oa leu la tlon a  and analyala o f  varlanea ara ahown In
tha fo llow in g  ta b la i

V ariation  Dagraaa o f Sun o f Maan Varlanoa
dua to  fraadoai aquaraa aquara r a t io  (F )

T ota l N -  1 (4 ) • -

Among naana p -  1 (6 ) (7 ) (0 )
V Ith in  groupa N * p * p (n - l )  (6 )  (8 )
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(1 ) sum o f  a l l  data SX »  Si ♦ Sg ♦  ..........Sp • $

(9 )  Sum o f  squares SX2 *  x£  ♦ X^2 ♦ . . . . .  P2

(8 )  C orrection  tarn  §  • S2 /  I

(4 )  T ota l sub o f  aquaraa • SX2 — C.

(6 )  Among Beans * (S^8 ♦ Sg8 ♦ •••••• Sp2 ) /  »  -  C

(6 )  Within groups »  Lina 4  — Lina 6

(7 )  Among aeans. Mean squares l in o  9 / ( p - l )

(8 )  Within groupss l in e  6 /(8  -  p )

(9) Items 7/lten 8.

The an a lysis  o f  variance and non-orthogonal eon* 

parisons «iong the means vara dona according t o  Modal X* 

(Snadecorv 1966, 267 ).
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Souroa o f  bagraas o f  
v a r ia t io n  fraadon

Sun o f  MEjf t n -o f  aquaras 
squaras dagra ta of

f f t ? dor

to ta l 47 66413
Traatoant 7 26480 3782*8 6*06
Error 40 29933 748*3

1 v i E 1 62 68*0 0.07

S VI l 1 108.3 106.3 0*14
C VI 0 1 6788.0 6788.0 9*13
D V» 1 1 18403*6 12403*6 16*68
A VI f 1 7301*3 7301*3 9*76
B V i 0 1 19180*0 19120.0 26*66
G Vi H

A+B+C+D
1 24824*8 24824*8 33*17

VI
E+F+0+H

2 113% 6987*6 8*00

s x i 386
673
767
987
361
688

1061
1318

s i a l 2

6069

X •

r  ■

(6069)® 
“ i s  

6347813 
— 8-------

36740 (£ L X ir  148996
66940

101391
146991
82547
81770

189639
896817

981236

764822*6

891308*3

327184
668289
869329
130381
466184

1104601
1723969

5347813

Z 921236*6
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Troataont 

Error 

X v i  I

1 V I  P

c  vs  a

D Vi  E

X V I ?

B VI 0

C V i l

A+B+C+D
VI

B+F+O+H

■  7 •

^ x i

891308*8 -  764822*6 

26480*8

921236*6 -  891302*3 

29933*3

< * ! > * .  2 5 5 . 8 *■ T jT  * is r

386
361

26

£ x i

t£ x i

682
672

110

1061
767

284

1313
987

386

(110)*
12

(284)*
12

(386)*
12

12100
12

81456
_____  i 

12

148846

12

■ 108*3

6788*0

12403*6

3LXl »  682 
386

296

(296)*
12

82616

12
t  7301

i£ x t 1051
672

479

< 4 7 9 /

12~ "

229441

12
19120

z i • T.313 
767

646

(64 6 )*

12

297896

12
24824.8

^ z i
3407

2652

766
(7 6 6 / 670026

11876
4 a 48
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A Ya 8 naan aquara

B i i  r  naan aquara

C Tt 0 naan aquara 

D va fl naan aquara

A Ya F naan aquara

B Ya 8 naan aquara

C Ya H aaan aquara

748.3

108.3

748.3 
6788
748.3
12403.8

748.8

7301.8

748.8

19120
748.3

24824.8
748.8

88
■ 0 .0 7

• 0 .1 4

• 9.13

• 16.68

«  9 .7 6

■ 26.66

• 33 .17

A ♦ I ♦ C ♦ D

Ya aaan aquara

8 ♦ F ♦ 6 ♦ H

11876
2

8987.6
748.3

8.00

Only *F* ra tla a  which had a p ro b a b ility  o f  0 .0 5  ta  

6 .9 1  o r  laaa o f  baing as la rga  as tha oa lou la tod  Yalua by 

ehango alona vara aonaidared t o  ba a lg n if lo a n t .
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AFP&RfiXX ? I

CALCOLaTIOM OP LlMfiAR HKORKSSlOI 
(Snedecor, 1966., 123-124)

In  the sta p le  l in e a r  regression  s itu a t io n  I t  i t  postu la ted  

that the ra lation ah ip  between y and x  la  o f  the fo n t  

$ • f  m b  (x  -  m)

Where y la  the estim ated d ev ia tion  e f  1  corresponding to  

any x  d ev ia tion , b  i s  sample regress ion  c o e f f ic ie n t*  The 

doses nay be taken as x  and the responses as y* Using the 

fo rn u la  y -  y ■ k  (X -  x )  a son can be worked out in  the 

fo llo w in g  wayi

T ota l

P rotein  Weight D eviation  fr e e  Squares Products
intake gain ____ it  Ml___________________________

* * 2 9f
X i(1

***•!11l X J *2 > »

11 .97 13*63 • 6 .37 • 8*76 40*6769 76.6626 62*6600

18*09 20*03 -  0*26 • 8*36 0*0626 6*6226 0*6876

19*24 22*46 0*90 0*08 0*8100 0*0064 0.0719

24*07 33*40 6*78 11*02 32*8329 121*4404 63*1600

73*87 89*62 0 0 74.2823 203.6318 116*8694
Mean 18*34 22*38

Sample regression  c o -e f f i c i e n t  •
xy 116*8694

(b )  ■ ----- r  ■ ---------------■ 1.667
X 74*2823
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In  tera s  o f  tho o r ig in a l u n its , the tampla 

regress ion  equation &• *

r -  f  *  b (X -  x )

J m 22*38 ■ 1*667 {X  • 18 ,84 } 

f  ■ 22.38 ♦ 1 .667  (X -  18 .34 } 

f  «  22.38 a 1 ,567  (X  • 28 .69 }

•  28 .69 *  22.38 ♦ 1*667*

• • 6.31 ♦ 1*667*

Baaed on th is  the other aa lau latIons vara dona.
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APPENDIX T il

calculation or correlation coefficients
(8nedeeor, I9 6 0 ., 1S7)

R e la tion  b f t w t a  the l u m h  o o e f f ia le n ts  o f  c o r re la t io n
n d  r t m » l M

I f  r  v a n  designated as dependent, i t s  regression  

on z  would bo b i  " ^ jg r /^  x2,  but i f  z  wore dependent the 

reg ress ion  o f  X on X would becooe b2 “ ^ x y  /^ j r  • Those 

expression s d i f f e r  in  th e ir  denominations on ly . I f  * r ' 

i s  rear * 1 , the l in e s  ore e lo se  together* The regres­

s io n  o f  X on X i s  always th e  l in e  that ashes the le s s o r  

angle w ith the v e r t ie a l  axis*

Now i t  i s  seen that -

For exanple,

C orre la tion  e o e f f ie ie n t  f o r  regress ion  

o f  body weight gain  on p ro te in  intake can be ea lou la ted

5E*y 3=Liy ( s .  xy )*

Thus,

as i
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xjr • 116* 3604 (Appondlx VZO

m 74.28

2
^  7 m 203.6318

, a m
(116. 37 )2 

74.28 S 203.
■ 0 .894

6318

V m
y  0 .804 • 0.946

r . 0.046

In tha aa«a way c o r r e la t io n  e o a ff ie ia n t  was 

•alaulatad f o r  a l l  tha ather camples.



BO
DY

 W
EI

GH
T 

CH
AN

GE
S,

 F
OO

D 
IN

TA
KE

, 
LI

 VS
R 

V S
IG

H
T,

 H
EP

AT
IC

 N
IT

RO
GE

N 
AN

D 
HE

PA
TI

C 
SD

H 
AC

TI
VI

TI
ES

 O
F 

RA
TS

 F
ED

 D
IE

TS
 O

F 
VA

RY
IN

G 
PR

OT
EI

N 
CO

NT
EN

TS
 O

F 
SK

IM
 M

IL
K

AN
D 

80
RS

3G
RA

H
-6

SS
AH

S 
M

IX
TU

RE
 F

OR
 2

9 
DA

YS
94

i

§
at

9 ft® C04»
*33►»«* a

2 t  .&  

1 1 $

i
„ 5 8
1 « »H ® -a

Xr?vs

• «H
s s  *i-4

N 5

t i
3 3  t*HIE*,

Is

nj
3S

cM<9

I I , * S 8 B i i
§ S 8 s

I t

R 5 J S » 8 » ? B 8 « 8 8 ? 5 i  5 A R I 0 8 S
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