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In  a  n a tio n 1 a is ro h  towards p ro sp e rity , ax t anal an 

o f h ea lth  fa o lU tle a  to  a l l  h e r people la  o f primary Importance 

(Murtfay, 1971)* She World H ealth O rganisation (WHO, 1996) 

haa defined h ea lth  aa a e ta te  o f coop la te  p h y sica l, m ental and 

eo o ia l w ell being* Wood n u tr itio n  p arse  th e  way fo r  an optim al 

le v e l o f h ea lth  and w ell being*

M alnu trition  a rlaee  from fa u lty  d ic ta  (Hana S a a tr l,

1968)« I t  la  a  m ajor oauae of 111 h ea lth  in  many developing 

c o u n trie s . M alnu trition  la  in v ariab ly  prevalen t wherever 

th e  d ie t la  caapoaed la rg e ly  of erne o f th e  fiv e  o a lo rie  y ie ld in g  '  

s ta p le s  o f the world namely, r ic e , w heat, n e iaa , eaaaava o r 

m il la ta  (lowenberg, 1968).

th e  Ind ian  d ie t la  narked by the preponderance of 

oereala* According to  Sweminathan (1972) cerea le  provide 

70 to  80 p e r cent of the p ro te in  in  th e  low income groupo* The 

auxveya c a rried  out ty  Devadaa e£  a l  (1967 end 1971) l l lu a tr a ta  

th a t th e  home d ie ts  of ru ra l people a re  d e fic ie n t in  almost a l l  

th e  n u trim e n ts ,

In d ia  liv e s  in  h er h a lf a  m illio n  v illa g e s  where 

80 p e r oent of the population  liv e s . T herefore, w hile considering



2

th e  lxproram eut o f h ea lth  o f th e  n a tio n , ru ra l areas need 

g re a te r a tte n tio n  then  they  e re  receiv ing  i t  p resen t (Devadaa, 

1961 and Baddy, 198$

Xn Booth In d ie , th e  prevalence o f kwashiorkor eeong 

to d d le rs  in  th e  poo re  a t aeetions o f th e  population ie  in  the 

o rder o f ana to  two p e r eent (Oopalan, 1970), Oopalan end 

T ijsyaraghavan (1971) express th a t about 10 to  90 p a r een t 

o f th e  In d ian  population su ffe r  from iro n  deficiency  enaen ia  

and 52 p a r eent of t  odd lo re  among th e  poor eoeio-eoonoulc 

group b have haanoglohin lev e la  below 10*8 p e r een t.

P ro t ein-o a lo rle  m aln u tritio n  oan be re—dled hqr * 

number Of a lte m a tiv s  p a tte rn s  o f d ie t m p p h au tk i (fe y , 1971). * 

Animal p ro te in  i s  d e lic io u s and adequate but the p resen t to te l  

animal p ro te in  d e fic it In  about fiv e  a l l l io n  ue tx ie  to n s , o r 

about th e  q u arte r e f  th e  e x is tin g  simply (A ltscb u l, 1966)• 

Although 70 p s r  oent e f  tb s  population  in  In d ia  a r t  non- 

v eg e tarian s, beomse o f th e  high soot e f sn lu a l foods and 

lim ited  purchasing power, people eaneume so re  etarohy foode than 

animal foods (lowenberg, 1968 end Whyte, 1968)* He nos Incone 

in fluences no t only th e  to ta l  quantity  o f p ro te in  in  the 

d ie ts*  but a lso  i t s  q u a lity  (PAQ, 1964).

Increases in  th e  quantity  and luprovenents l a  q u a lity  

o f p ro te in s  in  th e  d ls te , oan be brought about tgr increased
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consumption o f the p ro te in  foods commonly used, ao w ell ae ,

tgr th e  ad d itio n  o f p r s te in  oonosntrates and newly developed

p ro to ln  r ic h  foods to  tb s normal die to  (fA0, 1964 and PAG, 1970),

In  the resen t yeare , a tten p to  b ars boon made to  develop novel

p ro te in  foods such as th e  le a f  p ro to ln , propagation o f e h lo rsU a ,

and vegetable p ro te in  m ixtures aueh as Ineaparina  and sev era l

others* Howaver, th e  use of such foods has been re a tr io te d

by lack  o f a ttra c tiv e  products in  c e r ta in  eases, and hjr th a

problems encountersd in  th s i r  a c c e p ta b ility  In  e th e r ta se s

(Dev ad as 196? )• P rev ailin g  p re ju d ices among people and taboos

a lso  lim it th a  use o f newer foods (Whyte, 1968)* Hence a ttsn p ta

should be nada to  supple sen t th e  Quaternary d ie ts  by lo c a lly

produced low cost n u tr itio u s  mad aooeptable foods (S tlo b e lin g , 
1964)* As Devades (19CT) s ta te s , tb s  n u tr itio n a l su p e rio rity  ^

a f a  new food m ixture ehould be eetab liahed  in  the la b o ra te rie e

before a d v ertis in g  o r educating th e  people regarding th e i r  use*

♦he p resen t study i s  an attem pt in  th is  d irec tio n *

I t  was undertaken to  evaluate  th ree  Ion ooat indigenous 

vegetable p ro te in  food m ixtures containing tu b ers and leafy  

vegetables a t d iffe re n t le v e ls  of in co rp o ra tio n  in  a  basal 

d ie t a s a baaie  f« r  improving th a  norm ally e x is tin g  ru ra l d ie ts  

around O oinbatora City* fh s  th re e  newly form ulated d ie t 

m ixtures w ith  indigenous supplements ware evaluated  along w ith 

th e  b asal d ie t  fo r  th e i r  P ro te in  E fficiency  l a t l o ,  B io logloal 

Value sod l e t  P ro te in  B tll la  action on albino ra ts*
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Vha li te ra tu r e  p e rta in in g  to  th is  etudy i s  reviewed 

under th e  follow ing headings!

A, V u trltie n e l d efle ien o lee  le  poor Ind ian  d ie ts .

B. Bole of indigenous low oost foods in  
oonbating M alnutrition*

0L
andC* B iologloal e ra lu tio n  of p ro te in  quality*A

i .  B u ttltio n a l D efic ien cies in  poor Ind ian  d lc te i

The d ie ts  ooneuued by s  v a st M ajority o f th s  people 

belonging to  th e  low ln conc groups l a  In d ia  a re  based aain ly  

on ce rea ls  and w ilis ts*  th ey  con tain  only s n a il g e a tltle s
A w>

o f p u lse s , vegetables* o ils  asd f a ts  and n eg lig ib le  aaaunts 

Of B ilk  end o th er sn tn s l foods* Murthy (1955) and Bao (1967)* 

Sukhatme (1969) s ta te s  th a t one th ird  of th e  households in  

In d ia  ean be considered to  be undernourished o r e a lo r le  

d e fic ien t*  Chi la tio n a l Sample Surrey Beports (1966) re re a l 

th a t in the ru ra l areas* 60 p er cen t o f tho  to ta l  lneone i s  

spent on food alone (40 p er cent on oereale* 8  p er sen t on 

nine* 2 p a r  sen t on fle sh  foods and 18 p a r cent on o th e r foods)* 

Aooording to  th s  In d ian  C ouncil o f M edical Beosaroh (iGMB 1969), 

th s  average d a ily  p a r s a p ita  consumption o f c a lo rie s  iskbout 

1890 aa against tb s  average p e r o a p ita  ru q airn w n t e f  2000 

sa lo rles*  Qopalan and Bao (1971) rep o rt th a t th s  in tak e  of



c a lo rie s  la  only TO t e  79 p a r leg* body weight as against ttaa 

requirenont of 100* f  hey s s tlo a ts  th a  incidence o f o a lo r lt 

deficiency to  bo 98 p ar cent among pro-school c h ild ren  l a  India*

Patwardhan ( l9 6 t)  warns th a t poor Tog a ta r i  an d lo ta  

baaed on ric e  and Jowar aro d o fic len t l a  p ro te in , 1  v itan in a  and 

m inerals. Hariharan a t (l9€7) obserro th a t th a  Indian  d lo ta  

baaed on r i s e  mad tiiea t aro d afle laad  In  oalo lua and c e rta in  

v its n in a .

Vitamin A deficiency  la  Tory oonaon In  In d ia , accounting 

to r  a  ^B arter a t  tha n u tr itio n a l d afle lan o laa  in  tha country ,

Aykroyd at ( 1966)* Baddy ( 1999) a ta ta s  th a t eigh t par cant 

of th a  child ran between s ix  Months and a ix  years around %.

Hyderabad hade T it main A dsflo leney aigna and th a t tha Incidence 

o f  T itau in  A deficiency  la  p a rtic u la rly  high aaong the preschool 

e h llk rsn  whose d ie ta ry  in tak a  la  about 100 f ig /  d ^ ,  no at o f 

which la  derived from ̂ ca ro te n e , Bcddy (lf71  )•

fh ere  la  a lso  wldaapread prevalence o f rib o fla v in  

deficiency  In  In d ia  as r ic e  la  a poor source o f th e  T ltanln, 

(Bamaaaotrip 1969)* SwaaLnathan a^ (1970) rep o rt th a t 28*9 

p e r cent o f ch ild ren  between fo u r and f i r e  ye are o f age in  th e  ru ra l 

areas are su ffe rin g  fro a  r ib o fla v in  deficiency ae ch arac terised  

by angular sto m atitis*
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P e llag ra  i s  a  ooaaon n u tr itio n a l deficiency condition  

around tydexubad accounting fo r  nearly  one p a r cen t o f th a  

g eneral h o sp ita l adalsaLons and nearly  e igh t to  te n  p o r cen t 

o f th e  adnisalona to  th e  a an ta l h o sp ita l^  Oopalan (I9C9 ).

a-Hoie of ^ jgenous low coot foods in  eo^ahetina nalnutrlticw

In  In d ia , p u lses are next in  iaportanoe to  a a jo r  c e re a ls , 

Pactwardhan (1961). P aro ls a t a l  (1964) hare sxperiasn ted  

w ith se re ra l Isa  soo t p ro te in  r io h  food ooahinations which 

include h p a e a  and o ilseed  seals*  PAO (1964), Aykroyd (1966) 

and Tador sad BharadwaJ ( l9 7 l)  in d io a ts  th a t pulsas a r t  r ic h  in  

p re ta in  and aona o f th e  1  r ita n ln a . An in ta h i o f 7Qg* pu lses 

p e r day w ill  inpxova tb s  n u tr itiv e  vsh ia of a  d ie t which 1a l a s t l y  

eonposed of a  ere a le . Pulaea fu n d  eh not only p ro te in  hut 

in ev itab ly  lead t s  an inorwaae in  th e  earbohydre&e sontenk 

e f th e  d ie t ,  ainoo a l l  th e  pu lses e a s t A a  so re  th an  tw is t as 

sueh oarbohydrate ss  p ro te in . S u tle r (1969)•

Oopalan (1969) saphaslBe the need fo r  reduced

eauranptlen  of c e re a ls  by both urban andjtural groups and in ersassd  

eorauap tlca  o f p u lses and o th er p ro tec tiv e  foods l a  o rder to 

iap ro re  te e  Indian dioto* T herefore, Bso ( 1969) * tre s e ts  

th e  oanstup tlon  o f p u lses ss  sn  lsp o rta n t way o f ensuring 

adequate carbohydrate and p ro te in  in tS cs in  wany developing

oountrloa*
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O ereals and pulaes oantlnne to  rean ln  me th e  m  jo r  

eouxee of nutrim ents provid ing  09 to  90 p e r oent o f to t  A  

p ro te in , 90 to  98 p e r oont o f to ta l  f a t  and 84 p a r ooat o f to t  A  

o a lo rle s  in  too In d ian  d ie ts , Bao (196T)« Pant (1971)

Indio a t ob th a t in  tonan d ie ta r ie s  ad d itio n  of pulse to  wheat 

oan xoplaoe lysine f  a lly . Use o f what pin* pu les in  too 

r a tio  o f 8 t2  p ro te in  was proved to  bo aa good aa ly sin e  

supplemented w heat, T his p rao tiaa  haa th a  added advantage 

of providing e x tra  c a lo r ie s , p ro te in  end o th er n u trie n ts  In  the 

d ie t .

Bana S a a trl and Mohan (1969) rep o rt th a t pulseo and 

gxaon Aafy v eg e tto les are re la tiv e ly  s ie h  sources e f  folio* 

ac id . Qreen ll afy vegetablee are a lee  good eouroee o f r ib o fla v in . 

Since they axe re la tiv e ly  inexpensive,  th e ir  lno lualon  in  

adequate aaouuts In  the d ie t oan lap  rove eoneldermbly th e  

rib o fla v in  oonten t. Green leaf} vegetablee a re  very good eouroee 

of iro n  aleo , (ICMB, 1966). fhey are c a lla b le  throughout the 

y ear, fhey  supply eaualderable q u e n titie e  e f  v lta n ln  dv fo lio  

eo ld , aeoorblo aold and oaloium (Iyengar, 1907 and J e l l l f f o ,  1968) .

Anandaa |J ,  ^  (1966) found green k  afy vagetabh o to  be 

a good supplement In  the school lunoh prqgraaae In  laprovlng 

th a  n u tr itio n a l s ta tu s  o f e h lld ren . Bupplen en tstion o f 4Qg. e f  

anarairthus providing 120qng« earotena fo r  19 daye brought about 

a  s ig n ific a n t in crease  In  th e  ^ e n ia  v itaain  A le v e ls  e f eh lld ren  

in  Ityderabad ( la la  and Beddy, 1970),



to  many m tr l t la n ls to  tho  B iapleet o f improving 

ttao n u tr itio n a l s ta tu s  o f our ch ild ren  io  to  lnoroooo the 

oonsuqptlou o f what they oro eating  p resen tly , n ea tly  tho 

o e rea l baaed d lo ts  w ith tho ad d ition  of inexpensive and easily  

av ailab le  p ro to ln  foods i a  s u it a  h i o fo rm  i a  tho o ero a l 

based d io to 9 Beddy (1968)*

Ow)
th e  WHO^euggeete th a t vegetable p ro te in  foods i a  

suitaihlo eanbinatlons o n  bo o ffeo tiv o ly  o^>loyed fo r  tho 

prevention and trw ataont o f p ro to ln  a a la a tr itlo n  in  c h ild ren . 

A utret and Yon Yoon (1995) ad v isa  th a t in  ordor to  ovorooao 

th e  ohortago l a  aupply o f alUc aad o th o r p ro too tive foods, 

attem pts should bo aad t to  j r  spare prooooood p ro to la  foods baood 

oa vegetable eouroeo ouoh as o ilseed  rae£ , end legum es, s* 

f o r t if ie d  w ith  v ita a ln e  aad m inerals, which whoa incorporated 

a t su itab le  h  v o le  l a  th o  d io te f would eupplaaant to  a  marked 

ex ten t the average In d ian  d ie ts  (Doroiswml ,ft 1961)*

Yenkat Bao (1964) pwte fo r th  th a t ly s u i t*  i s  blending 

o f two o r aoro p ro to ln  foods av ailab le  in  tho region! i t  

wouU ho possib le  to  o b t4 n  a  p ro te in  blond of high n u tr itiv e  

value* D un (1966) oonduetod a  feeding t r a i l  w ith  a  blend 

o f groundnut p ro to la  is o la te  and Bongalgroa f lo u r fo r t if ie d  

w ith  v ite n in a  and m inerals oa pvosehool ohlldroBf and found 

s ig n ific a n t iaeroaooo in  tho heigh ts and w eights. K hrlea a l  

(1969) observed th a t a  p ro to la  food baood on a  blond of peanut aad
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ofadLokpea flo u ra  produeed an increase o f 4*7 g . 1* weight p a r 

weak l a  r a ta , whan the e a lo rla  In take waa adequate. I a l ta f

Jcwer, wheat and t a i n  w fith  prepiratione having redgran,

Bangolgnat sod groundnut to  he 1*8 and 2*0.

Joeeph (i960) having determined the amino

aold eaqpoaltiQ a o f blanda o f ooyabe&n and aaaema In  th e  ra tio  

a f  55i45» and o f  th e  a lx tu r i o f groundnut, aoya team plna 

■ ethionine,  found th en  to  ha nearly  »«ae aa th a t a f  FAO Bafaranea 

P ro te in  P a tte rn . SrlniT&a a t (1966) found th e  blend a f  

groundnut f lo u r , aeya beat and i t a a e  in  the r a t la  of 40i40t20 to 

hate a  PHH o f 2 .9 .

s .
larayanaawany j j [  (1971) obaerved th a t th a  lnaop* 

p o ra tlo a  o f low coat p ro te in  fbed baeed on a  blend o f wheat and 

acorn f lo u r  a t 10 and 20 p a r aant ao aa to  provide 1.9 and J*9g. 

a f  e x tra  p ro te in  I s  th a  d ie t , brought about a a lg n lflo a n t 

increase  l a  growth ra te  a f  rate*  Pant (19715 In d ica ted  th a t 

tha PEH of wlust and pulee d ie t hupp ly ing  p ro te in  l a  th a  r a tio  o f 

8 i2  waa s la i l a r  to  th a t o f ly a ln e  aupplomaatod wheat.

p ro te in s w ith a lx tu ree  of wheat* redgram and aaaranfch wore of th o  

aame ard o r aa th a t o f to la  a l lk , l a  ad u lt ra ta . Ha fu rth e r 

lad lo a tad  th a t l a  ad d itio n  to  tha above ra tio *  ln eo rpora tlon

(1969) found th a t th o  PHB o f a  am b er o f a lx tu ree  a f  rise*

Phnnaalkar (1998 and I960) ln d laa tad  to o t a f te r  

rep k tio n  fo r  21 days th a  ra te a  of reg an ara tlaa  a f  aenue
A
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• f  le a f  p ro te in  / i i ld a d  a  p ro te in  itx tn N  which 

approached akl> s i lk  1b  regenerating  eerun p ro te in s .

Supplementation o f «tp£ea w ith pu lses and redgraa 

produced an average weekly Increase o f 5*4 mdj5*6g resp ec tiv e ly  

whereas when tap lo ea  was fed  alone the an lnala d ied  w ith in  fiv e  

weeks (Haryana hao9 1991). CaSker e t  a l  (1962) observed th a t 

supplem entation of m l as -  tap io ca  blend w ith a high p ro te in  

feed  based on a blend o f groundnut end bengalgran p ro te in  

is o la te  prosoted a  s ig n ific a n t increase l a  th e  growth of rats*

On th eb aels of two stu d ies oonduoted9 fasksar (1963) obaerrsd 

th a t supplem entation of a  poor tap io ca  ile a  d ie t w ith a  p ro te in  

food based <m 4t3«9 blend o^tfell f a t soya f lo u r9 groundnut
4 V

flo u r and oooonut a a l reauh ed l a  highly algnifL eant Inorsase 

l a  searn p ro te la  and n itro g en  storage w ith FKH not s ig n ific a n tly  

d iffe re n t from th a t of ak in  n llk  a t 10P15 and 80 p e r sank 

level*

0* B lologloal evaluation  of n ro ta ln  quality*

th e  q u a lity  o f a p ro te in  depends on e s se n tia l eaino 

acid  OGBftent and the preeenoo of these meino asid e  l a  proper 

p roportion  (&owe9 1967 )• Hamon (1967)- s ta te s  th a t the q u a lity  

o f a  p ro te in  depends oa i t a  a b ility  to  supply e s s e n tia l amino 

acids f a  su ff ic ie n t amounts to  f u l f i l  the requirem ents f« r
CM

■R intO jpe and growth*
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Tonkart Bao »1 (1964) ln d ieo ta  th a t the q u a lity  

• f  p ro te in  eau he eat la s te d  bgr

1# Method* baaed on growth aid body a ig h t changes

8* H ltrogen balance

3 . Carcass n itro g en  analyala

end 4* Other nethoda*

1« Methods baaed on growth and body weight < t n n  

P ro te in  B ffio ienor B atio (PBB)

Under c a re fu lly  a c n tro lh  A eondltlona Hegeted and 

W orcester (1947) found th a t weight gain  alone eaa su ff ic ie n t to  

evaluate p ro te in  q u a lity  w ithout tak ing  in ta  account p ro te in  

intake* f a k e r  ( l 9 t t ) ,  A lbue> e(t9 (9 ) aid Howe (196?) regard 

th a t a* aaurement o f p ro te in  e fflc ien ey  by gain  in  body weight 

la  aw  of th e  s in p ls s t and noet popular procedure* a v a ila b le . th e  

p ro te in  q u a lity  therefore ie  o ften  cn ’reaaed as P ro te in  B ffielenoy 

B atio  whieh v a rie s  d ire c tly  w ith p ro te in  q u a lity . *ha factional 

Beeeaxah Council (1963) s ta te *  th a t th e  ra ta  o f growth of 

weanling recta under otandaAoed condition* provide* n r a i l  ah la  

aea~3ure of the value o f d ie ta ry  p ro te in . Vonon (196?) 

assum e th a t PBB ney provide a  generally  u se fu l index o f th e

ljnH-fejn g  anlno aalda in  the d ie t and has the n a ja r  advantages of

sim p lic ity » *oxnrenlenee and widespread use standaA aed

prooedures.
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D m AQAC (i960) has d iae ilb ad  a standard ised  tM tnlV M  

f a r  determ ining tb s FSB using a  period  of 21 to  86 days.

*he P ro to in  Advisory Group (?A0V 1970) lo  tak ing  more and n o n  

In te re s t in  bridging th e  p ro te in  gap o f th e  o o M m ltle s  and as 

one o f th e  neasuree i t  etudlee deeply on d iffe re n t foods* evaluating 

the p ro te in  q u a lity  ae a ffec ted  toy d iffe re n t fao to re . Yhe 

Ind ian  iteo d ard s In s ti tu tio n  (lS I»  1971) eonaidtre^BK to  he the 

■oat fe a s ib le  ju o n e te r fear defin ing  p ro te in  quality* S ines i t  

f e e ls  th a t th is  Method sen  he u tilised  fo r  comparison e f  p ro te in  

q u a lity f only i f  th e  v a ria b le  fao to rs  e f  the netbod are the sane 

in  the voodoos te s tin g  lab o ra to ries! i t  has evolved s  standardised 

proeednrs fo r  determ ining FSB*

>*
F aotors a ffec tin g  FSBi

BBC (1969) and Fonon (196?) in d ie  a te  th a t the fa c to rs  

a ffe c tin g  FKB assay are ( l )  age of r a t ,  ( i l )  leng th  o f assay 

period} ( i l l )  le v e l o f p ro te in  and (iv ) aax of ra t*  Best cond itions 

inolnde a  fo u r seek assay period} d ie ts  containing 19 p er sen t 

p ro te in  e i th  s u ff ie le n t snountn of th e  e th e r e s se n tia l n u tr ie n ts }

sa le  r a ts  and igl lib itu m  feeding w ider which sanditlono} reproducible
be

r s s u its  ean obtained.
/\

H arts e^ a l (194V) put fo rth  th a t n c e r ta in  amount e f  

reatrlotica toy p aired  feeding nay lzprove the aoeuraey ef the nethed.
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Bander and Boa 11 (1957) however c r i t ic is e  the

BBS method on the ground* th a t

a . |o  allowance l e  made f o r  the nalmtenanee 
requirem ent o f th e  te a t  animal

h . Baeult r a n e e  m lth food In take

e . Assumption th a t gain  l a  body weight le  
In d ica tiv e  of p ro te in  tle c u e  la id  down

She IBB (1965) fu r th e r  poll* a out th a t gain  l a  bod/ 

weight, v a rie s  w ith p ro te la  le re la  and may not be eonatant l a  

com position f a r  d iffe re n t p ro te in * .

2 . lltro g e n  balaneei

■ ltrogen  balanee le  a  valuable index fo r  the nsaanrenent 

e f n u tr itiv e  value o f p ro te in . Xt I s  a  very  aenoltlv* method 

fo r  estim ating  re te n tio n  o f n itrogen  in  the body (ifemro mid 

A in aso n , 1964)* Vo eu b e tltu te  ean claim  to  be ac e a tia fa c te ty  

as n ltro g an  halano* method fo r  evaluating  th e  to ta l  n u tr itiv e  

Velma of p ro te in * . I t  haa long been used to  evaluate th e  q u a lity  

end quan tity  o f p ro te in  in  th e  d ie t ofkm  (Anderson, 1969)*

Since d iffe ren cee  between b io log ic  value o f two p ro te in s l e  n 

function  of only one v a ria b le , nanaly, p ro te in  quality* I t  fo llo w  

th a t b io lo g ic  value le  a  su itab le  Index Bor evaluating d if f e r s  nose 

In  p ro te in  q u a lity  (BBC, 1915). B eslkaehar f t  &£ (1948) s ta te  

th a t the h lo loglo  assay e f p ro te in  fo r  th e  n u tr itiv e  value le  

u sually  dona by growth end n itro g en  balance method. P ro te in  

values haws beam ez tsn slv e ly  In v estig a ted  by growth t s s t s  and by 

n itro g en  balance and re te n tio n  te c ta  (PAG, 1964)*

However, th e  main e rltio iam  ag ain st th e  n itrogen
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balance method la  th e  sh o rt du ration  o f tho  m etabolic p e rio d , 

because i t  i s  possib le  th a t suboptlm al eonoentratlons o f a  

p a r tic u la r  aaino sold  In  p ro te in  whiah mould u ltim ate ly  pro to  

to  be^handlcap to  tho anim aly might pass on w ithout consequence 

In  the n itro g en  balance f during the abort to o t p erio d ,

(M itchell o t a l 1949).

3* Q areas a analysis

Met P ro te in  U tilis a tio n !

Tbs p roportion  o f tho n itro g en  re ta in ed  in  th o  body 

(IH J) frota th a t oonsuned through food I s  known as X7Uy which 

i s  tho moat u se fu l lndlom tor of n u tr ltto n a l value of a  p ro te in , 

PAO (l9 4 4 ). IFU in  p ra o tlo a l s ra ln a tio n  o f d ie t a combines 

q u ality  w ith  q u an tlty f Munro (1964)* Measurement o f IPU a t ^  

le re ls  o f d ie ta ry  p ro to in  whieh are adequate fo r  m aintenance,
t

provides reasonably const an t yalueo fb r  p ro te in  quality* SPU 

operative  allows evaluation  of d ie ta ry  p ro te in  q u ality  under 

p ra o tlo a l co n d itio n s, P la tt  o t a l  (1964). A llied  on (1964) etmteo 

th a t obviously a  more ao our a te  sstim atio n  of n itro g en  re te n tio n  

in  tho anim al would bo obtained by determ ining e arc ass n itro g en  

in stead  of body w eight.

■5U i s  oaloulatod  using tho n itro g en  Intake of each 

group ( l )  end th e ir  to ta l  oaroaas W ( l )  inoludlng tho non 

p ro te in  group (Xk and Bk) using the follow ing f u n i s

I P U .  I  -  Bk ♦ Dc 
I S 100



The NPD valuea obtained are designated as IFU (op) (M lllo r and 

Peyna, 1959, «*d I*S -  MBC, 1963)•

Zf 1PU standard ised  la  req u ired , th e  p ro te in  concentration  

le  su b stitu ted  fo r  aoae o f th e  corn sta rch  in  th e  non p ro te in  

d ie t foxmula so as to  give between 10 and 19 per cen t p ro te in  on 

dry weight b asis in  the f in a l  d iet*  KP0 standard ised  i s  

ca lcu la ted  frost

MW ( e t)  .  54.WPP
54 -  P *

Where P I s  the pore safe age o f p ro ts ln  o a lo rie s  ( ltllle n  and Payne,

1961 and KA3 -  FBO, 1963)*

Block and K itsh s ll (1946) observed a  good agreesent 

between th e  re s u lts  being obtained through IKF method w ith  th e se s  

reported  by o th er workers using  asoeifc ed methods, whoing th e  

showing th e  r e l ia b i l i ty  o f th e  HPU method.

Bender and K ille r  (1953 end 1993) found th a t the body 

co n stitu en t a includ ing  n itro g en  to  w ater ra tio  wore constant thus 

allow ing measurement o f n itro g en  content o ft he body from th e  w ater 

content o f th e  earoaaa* The re la tio n  approxim ates a lo esly  to  

n s tra ig h t lin e  given by the equations

I  •  2*92 ♦ 0,02 I ,  where,

* ■JL tasss!__  z too
H2# ( in  grams)

D reyer (1997) d e tsre in ed  th e  n itro g en  w eter r a t io  of

300 albino r a ts  and found th e  n itrogen  values served thereby 

c o rre la ted  highly w ith  values obtained by d ire c t k js ld a h l 

determ inations. P la tt  and M ille r (1999) noted th a t HPU d s tsm ln a tls a
o f uolyjous dictavy £»*oteins toeve Comjxxvcxble-, tv-hen m easured  ext 
the. rruxinfcenance leuels.
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l e t  P le ta iy  P ro te in  O alorlaa P ar pent (iDp C al£)

VAO (1964) reao— nrtw IDp Ca]^ aa a  u se fu l syataa 

of assessing  th a  p ro te in  values off foods and d i t to .  Amro 

(1964) s ta te s  tha^BDP Gal ft recognises th a t tha requirem ent o f 

th e  eonsuner fo r  energy w ill lim it th a  amount of any food s tu f f  

th a t he can eat*

P la t t  j £  (1964) a ts ta  th a t XDp eal£  takas in to

ascount th e  quan tity  o f p ro te in  and I t s  q u a lity  In  ad d itio n  to  

th e  e a s ily  ooatan t o f th e  food and thus th a  ra le  t i r e  q u a n titie s  o f 

oarbohydratee, lip id s  and alcohol* Che c a lo rie  in take  l a  re la tio n  

to  oonsuaez^s needs* the n atu re  and proportion l a  a  d ie t o f 

many e sse n tia l accessary food fa c to rs  sad the d ie ta ry  regimen 

aa th a  tim ing o f m  e ls  and d ls tr lh u tlo n  o f p ro ta  In  between various 

aea la  of th a  day a ra  a l l  eoneidared l a  th is  o d lo u la tlo a  (tndna)* 

f  bus th is  method of 09 reeelng  th e  n u tr itiv e  value of a  p ro te in  

l a  d ie ts  can be ooqpared d ire c tly  uLth statem ent a f  p ro te in  

reqp&xejants l a  te rn s  a f  energy*

4* Other nethoda

a w a .0, m tyoaen .sad .fa t 1

Addle a t a l  (1949) confirm s! th a t th e  l iv e r  weight 

a f ra te  rap id ly  decreased during short periods a f  fsa tin g  e r  

w hile consuming d ie ts  low l a  p ro te in . l o s t e r l i t s  (1944) found
a

th a t hagrtla n itro g en  expressed l a  term s a f  u n it body weight 

la  a  good index of the q u a lity  and quantity o f id e ta ry  proteins*

▼ara and Ourd ( l 947) developed a  nethod l a  whioh th e  ra te  o f regeneration  

a f  heprtle p ro talna  l a  ra ta  waa co rre la ted  w ith  tha n u tritiv a  

value of d ie ta ry  proteins*
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Oaapbell and lo  s ta r l i t*  (l948) m l u i t a i  the 

n u tr itiv e  Talus o f p ro te in s based on repleadahaen t o f la b ile  

U re r  p ro te in  In  p ro te in  fa s te d  ad u lt r a te  and found th a t to  

bo a  good method. Iltw aok e t (l954) noted good eo rze lo tio n  

betw een  p ro te in  n e ta b lo lia n  and l i r e r  f ^ t  a o em la tlo a . Che 

amount o f p ro te in  in  th e  d ie t a ffected  th e  hep a tle  f a t  o oat e a t.

Harper e t ^  (H M ) found th a t th e  ex ten t o f fa t 

depo sitio n  in  the  l l r e r  depended upon th e  balenoe es w ell 

aa abso lu te q u au tltiee  o f anlno solds in  th e  d ie t . An imbalance 

between p ro to in  and c a lo rie s  In  the d ie t a lso  canoed d ep o sitio n  

of fed  in  th e  l ir e r e  (Hale and S hasfer, I95t)«



m EXPBRME1TA1 PHOCKDORB

The experlnen tal proosdurea pi r ta in in g  to  th is  study 

on evalu atio n  o f th ree  loo ooot rio e  based vegetab les food

■ Ixtures contain ing  d iffe re n t q u a n titie s  o f p ro te in  foods, tubers
£

and green leafy  vegetable on albino: r a ts ,  lsreifered tb s  fo lio s in gA
ste p s .

A. S elec tio n  of th e  d ie ts

R. P repara tion  and an a ly sis  o f d ie ts

and G. B valuatloa of th e  p ro ts ln  q u a lity  of tho 
d ie ts  by

1 • P ro ts ln  B fflo ieney K atie

2. Hepatic n itro g en  and f a t  oontenta

9 . litro g e n  balance

and 4 • B e te ra ln a tio n  of KF0

i .  S e lec tio n  of the d lo ta i

Che d ie ts  aelao ted  fo r  th is  study se re  based on 

th e  sev era l d ie t surveys sonduoted by th e  S ri A vinaanllingw  Haas 

Science Collage to  no te  th e  food oonaupption by ru ra l fa n llle e  

In  Gcdabatare D is tr ic t . Proa the d a ta  g a t bared through the 

surveys th e  oD eposition of th e  du lly  d ie ta r ie s  of th e  ru ra l population 

weu& oooputed^Sevadaa e t  a l  The ru ra l d ie t was found
fyoteUi

to  con ta in  6 .7  p e r  e a s t w ith a  oheaioal aooze of €7* This d ie t
A
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was se lec ted  to  t s  th s  b asa l U « t fo r  tb ls  In v es tig a tio n , 

w lth a  view to  evaluate th e  poor low e o st rlo e  baaed d ie ts .

The eo o p sltio n  o f th e  b asa l d ie t (d ie t A) l a  given

in  Table I .

TABLB t

PERCEVTAQB OOMPOS1TZGV GW THE BASAL DIET

Poods Q uantity (g) P ro te in  (g)

C ereals
Other Lburodiercte

69 4*4

Pulses 7 U7
Oreen h a t f  regetabb  a 9 0.1
Boots and tubers 4 0.1 >
O ther vegetables » 0.1
fruits 2 0 .0
Milk • 0.1
Sugar and Jaggery t -
Oil 1 -

fo td 100.0 4.7

2 io e , r* ^ l o r oholan were sonauned as tb s  stap le

eareaila in  th e  d iffe re n t a re a s . Zn M ils study , rlo e  has been 

considered as the s ta p le . fllu ila rly  regrau  dhal was included
A

fo r pnlt;seer aaarantfans fo r  lea fy  v eg etab les, p o tato  fo r  ro o ts , 

b r jn ja l f o r  o th er vegetab le and banana f o r  f r u i ts  In  the 

form ulation of th e  d ie t.
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Three l l r t  i lx tv n a  n n  fo m u le ted  te  bring  *p 

th e  p ro te in  content s f  th e  basal d ie t to  10 p e r een t u ti l is in g  the 

eom bnly am iab le  high p ro te in  indigenous food s tu f f s  l a  

d iffe re n t e  cabinet lone* f h e ir  ohesdeel eeoree were 71 »78 end 71* 

th e  th ree  enpexinentnl d ie ts  were designated as 1 ,0 1 and B. 

ta b le  H  given th e  ooqpoeltlea o f th ese  th ree  ex p erieen ta l d ie ts ,

TABS a

ocKPosmov cnjcHS ezpshihsitai discs

In g red ien ts
Q uantity in  g .

B iot B B ie t 0 01s t  0

Sloe 55.8 55.5 35.8

O oloeasia i.Q — —
Horsegran ia .5 15.0 13.5 v
Sessne 5 .p 1.0 5 .0
Brunet io^ leases 5 .0 5 .0 —
Groundnut f lo u r 4 .5 4 .5 4 .5
Sweet p o tato m «*0 4.5
Amaranthus — — 3.3
Other in g red ien ts  as 
found in  baeal d ie t 31.8 51.1 51.*

t o ta l 100.0 100.0 100.0

B. P reparation  and an aly sis of d ie t at

A ll the foodo needed f a r  th ejen tire  study were

bought | a  one le t*  A ll the p erish ab le  foods were eloaned sod 

d ried  to  constant weight and pondered, th e  baeal as w ell as the
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thrM  exparlnentsl diata m ated fo r  tha ant Ira atudgr rara 

aired and pxaarvad in  daap fraaaa*
A

* o amuora m  a teqoata anpply of T ltan lm  and n in e ra ls  

to  th a  r a ta , fo u r p a r eaut M ineral n ix tu ra  and tno  p a r a ant 

▼ itanin a lx tu re  vara addad to  the d ia ta  (OTP XVII) . 2 h a ir  

a o n p e d tic a  1> divan  in  Appendix X* *ha d ia ta  thna pQ jnrad  

vara analysed fo r  th a ir  p ro ta in  eontant tgr the a ao ro k je liah l 

m thod (Bank 1929 aa n o d ifiad  tgr IX l) as f i r m  in

Appendix XX, 2hs p ro ta in  aontant o f the d ia ta  aa analyaed 

and ca lcu la ted  i s  given in  t a i l s  XXX •

f  ABIE XU

PBCCHV OORTEKT OP THE SBIBCTED DIBT3

■ ■ M B M M M M H M M M M M M M H n M n n M M M H iH a

D iet A S la t B D iet C B lot B

•  ** ^ a *  a a a a a *

6.68 7.00 9,92 11,00 9,99 11,0 9,99 11,2

* P ro ta in  aontant aa ca lcu la ted
** P ro ta in  aontant as analysed

th e  p ro ta in  in taka o f th a  an tn a ls in  th a  study was

ca lcu la ted  based on the analysed v a lu e .



€ . E valuation of th s  p ro te in  q u a lity  **>•

1 . P ro te in  B fficlenoy H allo (FBg)t

D eterm ination o f PKB included th o  follow ing stops* 

a* Selection* grouping and ears of animals

h* feed ing  th s animals

and e* M aintaining weight records and c a lcu la tio n  
o f FES.

a* Selection* g row ing  and oars o f anlm alai

twenty one days old alb ino  r a ts  were separated  

iro n  th a lr  mothers and m aintained an stook d ie ts  fo r  th re e  days, 

fo r ty  such weanling male r a ts  were se lec ted  fo r  tno  study and 

th e ir  i n i t i a l  w eights recorded* They were d l* d e d  in to  fe a r  

groups of te n  eaoh* in  oueh a  wey th a t th e  mean w eights o f tho 

fo u r groups were sim ilar*  The mean w eights ranged from 35*96g« 

t e  34*40 g* th s  groups were designated as droop 1*1,0 and 1  

corresponding to  the d ie ts  to  he fed* th s  anim als wars housed 

in  in d iv id u a l cages which wars cleaned d a ily  and saoh sags was 

agreed w ith  th e  resp ec tiv e  d ie t number*

h* feed ing  th e  en jaa le i

Crotg) 1  was fed  tho b asal aloe d ie t w hile th s  e th e r 

th ree  groups wort g lm a  th s  t e s t  d ie ts  1 , 0 and 1  reepeetiw ly . 

fa ire d  feeding teohnlgne (Sippon, 1919) wae fallow ed in  th ie  

experiment as reeonended by Knox (1956) to  e lim inate  any 

m etabolic adap tatio n  which might ho produced by velu n taiy  d ie ta ry  

ehanges and confirm ed hy Murrey (t948) to  ho oeng)arable to  

ed lib itum  w ith  resp ec t to  MR* T utor was given ed lib itum  to

22

a l l  th e  animals*
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* •  ndniniae s p illin g , a  weighed quantity  o f th e  

d ie t waa nixed w ith  «■to r  to  a  th in  b a tte r  oonsiatsnoy In  

in d iv id u a l, aluminium cups and atoaa oookod f o r  10 m nw tes. One 

drop o f Cod l iv e r  e l l  waa added to  each cup a f te r  soaking and fed 

to a s ts *  th e  l e f t  wrW  food m e eo lleo ted  on th e  follow ing 

day, dvL<ed 1a  a  toot a i r  oven a t 100*0 and the dxy eqp lv aleal 

o b td n ed . * he food ooneuaqjtlott waa then  c a lcu la ted . 

food in tak e  record a wore m aintained fo r  a period  o f 28 days.

0 . B ajn tajn lng  welaht reoorda and c a lc u la tio n  o f M U

8 a t£  were weighed accurately  on a lte rn a te  day* In

a r e t  weighing balaooe before food ana given and the weekly

increase  In  weights were determ ined fo r  eaoh group. A fter a
_ «

period o f 28 day* tha experiment waa te rn ln a te d  and PBX waa

detezndned ky th a  follow ing formula aa g iven fay (lAS/VBQ, 1903)*

FBB -  eedn In  w ataht o f te e t  a lm a l in  a .
g . o f p ro te in  ooaauaed

■fat
0* Hepatic n itro g en  and eo n tm ta iA

Che growth and n itro g en  balanao atudy was aupplananted 

by a  study o f th e  a ffe e t o f p ro te in  q u a lity  on the l iv e r , which 

lo  oooaldered by Valnlo jjt, a^ (1939) to  bo the noet aenoltlvo  

tlo su o  to  p ro te in  d ep le tio n .

At th e  term in atio n  of th e  PER stu d y , th e  r a ts  were

chloroform ed and the l iv e n  renoved. Care wee taken  to  b lo t out 

the blood and trim  the f a tty  tis su e  and sta red th e  liv e rs  in  the
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daep f n e n  t i l l  the day of analyala. 9ho 19 liv e re  in  aaoh 

experim ental group w on pooled in to  th ree  gronpe (J  ♦ 3 +4) 

and hcoogenieed. 9ho hopatlo n itro g en  wao determined in  

tr ip lie a ta o  ty  tho m lenokjoldahl method (Bank ^  1963 as 

m odified by BIN) and f a t  wao estincited  by tho method o f 9oloh « t a l  

(1957)*

Tho i n i t i a l  hopatlo n itro g en  and f a t  took onto wore

determined from a  group of fo u r weanling male alb ino  ra ta  a t tho

beginning o f the etudy by sao rlfio in g  th e  an iaa la . th e  naan 
tf

weight th e  animal a oorreeponded to  the m an weight o f the te a tA
groups.

3.  n itro g en  balancei

lU trogen balazno index waa determ inad by M itohell*e 

method (1945)* The proo adore InrolVd the follow ing a t  ape*

a* S elec tio n  Of anlm ala.

lb  Grouping th e  animala a f te r  feeding th e  p ro te in  
fre e  d ie t f o r  adven daye.

a* feed ing  th e  an iaala  f a r  th a  t e a t .

and d* Analyeia a f  u rin e  and f  aoee and o d au la tiaa  o f
A

tho B io log ical Value, 

a* S elec tion  of an ia a la t

Twenty'' fo u r male alb ino  ra ta*  100 daya a id  were 

ohoeen f o r  th e  study* th e i r  in l to l  wcigfcte were recorded and 

th e  anim ala were housed in  in d iv id u a l w ira maah bottanad fagea



w ith  funnel attuohaeirty sp e c ia lly  detL m A so as to  f a c i l i ta te  

ooU ection  o f fa te s  and u rin e .
A

*)  a f l* r  tM t
fo r  seven daya

The eeleo ted  animals aero m aintained o jp  poo ta in  

fre e  d ie t fo r  a  period  of eevan dagrsy in  o rder to  determine 

th e  endogenous ex cretio n  o f n itro g en , fb e  o o ^ o s itio n  of 

th e  d ie t included s ta re h  (86^) and f a t  (fl$) w ith  th e  ad d ition  

o f v itam in and m ineral m ixtures. About 90 g . o f the d ie t 

wee steam  ooaked in  in d iv id u a l oupe and fed  to  th e  ra te . In take 

reoerds were m aintained e lm lla r to  th e  HSH study throughout 

th e  experim ent. V eter wee given g* lih ltu n  •

A fter n th ree  day adjustm ent period w ith the p ro te in , 

f re e  d ie t th e  e o lle e tio n  o f urine and faeeee was done f o r  •  

period  o f fo u r days. Che u rin e  e o llso ted  wee preserved in  the 

re f r ig e ra to r  in  In d iv id u a l b a ttle s  H th  an added la g e r o f 

toluene* Che fam es eo llso ted  waa brushed to  renove th e  h a ir  

adhering to  i t y  dried  in  th e  ovum and preserved fo r an a ly sis .

Che volume of u rin e  end the weight o f faoees wera noted in i t i a l ly .  

At th e  «id of th e  d ep le tio n  period  th e  anim als nereyelghed 

and th e  stock d ie t wee fed f o r  •  period  o f fo u r days. Che 

ra te  were them divided in to  fou r groups  of s ix  each, ensuring 

th a t th e  mean weight lo se  o f th e  fo u r groups wee s im ila r as 

reoaraawled by Oangal and Margar (l9#9) and designated as Ay By C 

and I  e a r n  ponding to  tb s  d ie ts  to  be fed .



•* Feeding the  aniualst

She fou r groups were fed  the d if fe re n t t e s t  d ie ts
e

fo r  a  period of seven days using th e  palxd feeding technique* 

fo u r  dey c o lle c tio n  of urine and fasees were nade a f te r  sat ad just­

ment period of th ree  daya withjrf the te a t  d ie ts*  th e  

c o llec tio n s  were dons as ds s a r i  bed fo r  the p ro te in  free  d iet*

RLolonioal Value i

She n itrogoa  soaten t o f the ind iv idua l urine samples 

as w ell a s the d£rad and powdered fa te s  eanples co llec ted  

during the two phases of the study were analysed 1j  a ie rok je ldah l 

method. B lologioal Talus (W ) was oaleur lte d  using the^ A
formula (haV hbo,  1963)

m  .  I  -  a  -  w )  -  fa  -  w )
i -  (r -  n )

Where 1  •  In take of n itrogen
_  _<3L
V » F eeal n itrogen<

a.
YX ■ Endogenous fe c a l n itrogen

A

U m Urinary n itrogen 

UK ■ Endogenous uninary n itrogen  

D ig e s tib il ity  C oeffic ien t (DO) was sa lo u ls ted  using the following 

formula

DC -  Absorbed n itrogen  I  100 
n itrogen  in take



4* Determination of IP fft

KPtT was M i n d s a i  tjr t h i  method o f M ille r  ( 1 9 H || 

tak ing  body compjrttion in to  account (Vonon, 1967). She 

fellow lne^erc tha s tep s involved in  tha determ ination of KFV*

a. Selcotlon and grouping o f aninalo

W heading tha aninalo and m aintaining weight 
raeordo

and o* A nalysis o f eaxoass n itrogon  and ca lcu la tio n s

Forty  waanling nala  a lt in o  rata*  29 days old wara 

a a lee  tad  fear th a  study* fhay ware weighed im ta l ly  and housed in
A

ind iv idua l oagas* She r a t s  ware maintained on stock d ie t  for*

•  period of one week a f te r  which they were weighed and divided 

in to  five  groups o f e igh t eaeh according to  th e i r  weights and 

designated as A# 1# D and l«

h) Feeding t he animal s  and m aintaining weight resordsi

She fo u r groups d§ByG and & were fed th e  basal and 

t e s t  d ie ts  and group ■ was fed the p ro te in  free  d iet#  the 

eanpaltlam  o f which i s  e in l la r  to  th e  ana given i n  the n itrogen  

balance study* Water and food were given ad lib itum  * She 

d a ily  food Intake a s  wall as th s  body weights ware reoordsd as 

dons f o r  the previous experiments* fh s  r a ts  ears fad f a r  a  

period o f te n  days.



o . f t w n  q f w

At the end of the te n  days, th e  aniaal* were ohlorofozned 

lnelKLons wade In to  th e  afedoatoal cav ity  and th e  alim ent axy 

canal c leared  o f th e  con ten ts. The oaroaasae were la id  on a 

tre y  y ' broughtto a constant weight. A fte r he a t  lug  fo r  43 

haum  a t  10^0 in  an oven they were weighed end the  moiitmre 

oantent of the body calculated*

The no iatnre  free  r a te  were pooled in to  two groups 

p e r d ie t  according to  t h e i r  weights. They were n t  through a 

domestic n lae a r  th ree  t lm  a and the htneogelsed earoaee wee
A

e s tla a te d  fo r  n itrogen  fey aaerak jeldeh l method*

The n itrogen  in take  ( l )  of each group, th e i r  t o t a l  

coronas K (b) ,  including tba non p ro te in  group (iZ  and Bd) 

wore oleulutod and DC was arrived fey using the  f  oxmtlat
A  A

d w  (op) *  b  -  a t  » ih  i i o o

O p  Oal^ m e  ealouk  ted  aa fallow s (lAS/WjW, 1965)*

■ » » » ! *  -  s s J a l  x  f h f A
■ 100 i s e t

Where I  m percentage of n itrogen  in  the  d ie t ,  the ea lV d  

rappeaent th e  netabo liaah le  energy of the  d iet*



vr wmma m  bisjbmigi

th e  re su lt s of th i s  in v es tig a tio n  on the evaluation  

of th ree  low ooat r le e  based vegetable food Mixtures containing 

d iffe re n t q u a n titie s  o f  p ro te in  foods* tubers « d  gxwen leaf^  

vegetable a , i s  discussed under the  following headings!

A. P ro te in  B ffisienoy B ails

B. Bapatio n itrogen  and f s t

e. ■itrogan balance

and 9 . l e t  P ro te in  V tl l is a t lo u

*• P ro te in  B fflelsnoy la ttlo  t ix a l
•

The PIS of tb s th re e  d iffe re n t d ie t  Mixtures i s  

discussed under

1. Pood and p ro te in  in take

2. Body weight gains

aid 5 .  P ro te in  Xfflelanoy Bstlo

i '  p w tr ta j r tW w

Ths naan to ta l  food end p ro te in  in take of the fo u r g ree ts  

o f a n im ls  fed  d iffe ren t d i r t s  i s  givaa i n  fa b le  t f  w ith tbs 

Ind lv lduel va lues in  Appendix H I .
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Along the fou r food M ixtures, d ie t  A w ith I t s  lowest 

p ro te in  content wee conauued lx  h igher q u a n titie s  ty  M e anlcala  

lx  group A and hence th e  food Intake waa d i r  sot ly  re la te d  

t e  th e  p ro te in  content o f the d iet*  Although the food Intake 

of the haaal group (A) wee uneh more than  the o ther groups, 

the mean, t o t a l  p ro te in  Intake of th is  d ie t  waa wore o r  lees  

s im ila r t o  th a t  of the o ther groups, alnes I t  contained only 

7•?*# p e r oent. p ro te in * fa b le  XV shows a  s ig n if ic a n tly  g re a te r  

Increase l a  food e ana o p t io n  ty  group A a t  one p e r oent lev e l 

over th e  o th er group**

Between the th ree  groups, 1 , 0 and B there  waa no 

s ig n if ic a n t d lffarenea  Ax food consumption, which ranged f ro a  

19Q*7g* f a r  grovq> 0 to  198. Qg. fear group B. However when the  

t e t a l  p ro te in  consumption wae taken in to  account, group 0 

stood l a s t  and waa s ig n if ic a n tly  lower than group B. The 

o ther groups did  not show any s ig n if ic a n t d ifference 

axongat themaalvea w ith regard to p ro te in  consumption.

The m m  ,  i n i t i a l  and f in a l  w eights, o f the  d iffe re n t 

groups o f  r a te  are  given In  Vahle ▼ w ith  th e i r  Indiv idual values 

In  Appendix XXX.
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A ll the  groups o f r a t s  tad  Inore&aed l a  t h e i r  body 

weight* o ra r  a  period o f 28 days. She ao  an f in a l  weights of 

th s  animals varied  tatwwsn 79*90 8* to  60*79 f* anong ths 

fou r groups.

Ths h ighest increase in  weight was recorded by th s  

group B (46*72 g ) and the  low eat 1ly th e  basal d ie t  group A 

(99*65*), sredphougb the  t o t a l  food ooneuaptlon was highest in  

group A* th e  d ifferences in  the  weight gain  between the  

groups A sad 9  was s ig n if ic a n t a t  one p e r  cent level* and those 

between A and B* and A and 0 were s ig n if ic a n t a t f iv e  per cent 

level* Group B was a lso  g re a te r  than group 0 a t  f iv e  p e r  sent 

lev e l o f aignlfloanee*

than  the  weight gains were co rre la ted  with ths 

food In takes and p ro te in  intakes* I t  i s  renaxkable th a t  although 

group A had a  s ig n if ic a n tly  ( f<  O.Ot) higher food In take when 

compared w ith groups B* 6 and ®* th s  weight gains o f r a t s  fed 

d ie t  A were s ig n if ic a n t)?  lower than  th a t reg is te red  by r a t s  

fed d ie ts  B* 0 and B* This i s ae le a r  in d ic a tio n  of^he superior' 

qua lity  o f  the oupplenented vegetable p ro te in  Mixtures* A 

s ig n if ic a n tly  higher ( f  i  0*09)  p ro te in  in take e f  group ® over 

th a t  Of group 0 n igh t be th e  con tributory  fa c to r  fo r  tb s  

s ig n if ic a n tly  higher (B< 6*01) weight ga in  oxprssssdjhy group 

B over th a t  o f  group G, Ths b e t te r  tb s  qua lity  o f  protein*



54

and higher i t s  in take*  the  g rea t er^ the weight gain*.

). ?x»wu» w m »  u »iq Iru.)

th a  mean PKR valuee obtained f a r  the d iffe re n t d ie t  groupe are 

prea anted in  Table V£, and the Indiv idual value a a re  given in  

Appendix XXX.
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Aaong th e  f e a r  group! o f anim als, the  highast

t  B R was reooeded bp the gyoqi 8  (2. 1 l )  th e  p ro te in  in take
\

and th e  weight gain e f  whieh ranked f i r s t*  Croup a 1 and 

0 had s im ila r  FSB ra lu e s  naeely 2*04- She ^ iet^had theA
lowest FSB wains (1»80)« fh e  d ifferenee  between the  PBK ra lu e s  e f  

groups A aal D wae s ig n if lo a n t a t one p e r cent level*

With th e i r  neg lig ib le  differenoee in  the ebenioal soorea, 

th e  th ree  eocperinental d ie t  a did not shew appreciable 

d ifferenee  in  th e ir  PBB ra lu e a .

*• Hepatic n itrogen and f a t  contents

9

H a*lc  nitrogen!

The naan increase  i n  to ta l  hepatie n itrogen e f  the 

fou r group! o f ra te  l e  g iren  in  Sable T il* She d a te  an 

ind iv idual ra te  l a  presented in  Appendix XT*
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The mean t o t a l  hepatlo n itrogen  varied  between 

102,33 ag . i n  group *  t e  114,01 mg, in  group ■ a t the end 

s f  th e  growth study, th e  mean increase in  hepatic n itrogen  also 

followed th e  eaee je t t e m .  Than th e  fo u r groupa w en compared 

fo r  th e i r  mean lnereame in  hepatic n itro g en , there waa no 

4  gnlfic& nt d ifferenoe between th e  groupa.

Then the hepatic  nltxogmn wasjucpreesed aa  p e r g r a  

hepatic  weight r baicJ d ie t  A % owed the loweat n itrogen  

con ten t, Among the th ree  eop arlm ental groupa, although d ie t  9  

ranked f i r s t  inPK E, i t  had the  lean t lnoreaae in  hep a t 1#  n itrogen 

because i t  had the h  ca t hep actio weight f t .  a .  l o t  whan n i t r o  gan 

per gram l iv e r  weight waa taken in to  account, d ie t  4  ranked 

f le e t  among th e  four groupa with 36.88 mg* n itrogen  p a r  g . 

l iv e r .

The a ta t  l e t  l e a l  analysis revealed th a t  the d ifferenoea

among th e  groupa in  theme param ete rs  were not s ig n if ic a n t,

Aa Henry e t a l  (1933 *nd 1961) had Indio a t ed th e  bap a t le  

n itrogen  varied  Uner-jlg w ith the  q u a lity  o f p ro te in . In  

th e  p resen t study also  the higher p o te n tia ls  o f d ie t  ® may be 

due t e  i t s  h lg ie r  p ro te in  q ia l i ty ,

2,  Hepatic fact
Table T i l l  g ives th e  m m  t o t a l  hepatic  f a t  aa 

w ell as the f a t  per f .  a f  l iv e r  weight f a r  the  fo u r groupa 

e f  r a te ,  Che d e ta i l s  o f the Ind iv idual values are  given in  

Appendix T,

i
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Table T i l l  reveal*  an laereaee  l a  hspatie f a t  

eon$ant l a  a l l  th e  groups but the ra le  fed  d ie t  A bad double 

tbe aaount of laereaee l a  f a t  shea eoopared to  the gzoupe fed 

the. t e s t  d iets*  Oroup B eh leh  registered^he highest laoreaee 

l a  hej& t i e  n itrogen had th e  lowest amount of f a t  l a  th e  l iv e r s  

V either the d ifference  l a  th e  mean laereaee  l a  hepatie f a t ,  nor 

the fact p e r g m  U v er weight showed any s ig n if ic a n t d ifference 

m oos the groups*

The fa s t  th a t group A had a  h igher f a t  deposition  

(double th a t of D) aqr be das to  th e  f a t ty  In filtra tio n  e f  the 

live r*  D iet A sums to  be the le a s t e f f ic ie n t  one l a  t i l l s  Index
m

also*

0 H itroaen balance!

The re s u l ts  of the  n itrogen  balanee study are  dlsouased 

under* 1) l itro g e n  re te n tio n , 2) BLelogloal Talus (Bf) end 

(3) D ig e s tib il i ty  So-effie ieB t (D.C).

1* H ltrogen re te n tio n

The mean dAly n itrogen  re ta in ed  by the  r e t s  fed d iffe ren t
* Ofy-M

sxperinaatu l d ie ts  l a  given l a  Table u . ^  The d a ta  on ind iv idua l 

ra ta  are jr  esented l a  ippendlx TX.
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t a b *  ZZ ehoea th a t d l  th a  anlnala 1b  th a  experiment 

had a  p h s l t lre  n itrogen  balanoe. Both tha  food n itrogen  

ingested  and axerented were highest l a  group Ay and hast l a  

group B* However, tha  re te n tio n  percentego ohcrrod th a t  te a  

animals i n  group B re ta in ed  tha  highaat amount of n itrogen  

lug se t ad. th e  higher re te n tio n  rooozded by group B nay be 

duo to  th a  good q u a lity  of tha p ro te in  ingest ad. B io t A 

stood n x t  anong th a  o ther th ree  group a . t h i s  nay bo a ttr ib u te d  

to  th e  h igher eoaeuuptien of n itrogen  by those animals.

BcaTerer th e  re te n tio n  in  group B wae g re a te r  than th a t in  

group A a t f i r e  p e r  oent * r e l .  th e  n itrogen  re te n tio n  by 

group D was WLghor than th a t  o f group B a t f i r e  pa r  oent lev e l 

end; group 0 a t  erne p e r  oast * r e l .

2. P ig e g tib il l ty  C oeffic ien t aid B l o l ^ * ^

ta b le  X ahowafythe Bf and B6 r a in  as of the baeal and 

the  te a t  d ie ts  and th a  ind iv idual rah ie a  are g iren  in  

App endix T I.
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dnong tha  fou r food u ix tu res d ie t  A had the 

highest B 0 (77*2) and d ie t  1  had th e  lowest S 0 (<e»f). 

Vht increase  l a  BO Talus o f group A v r t r  groups 1  and 0 

wars s ig n if ic an t ad one p a r a ss t le v e l, ffaa laaraaaea of 

groups 8 and P over > men. a lso  s ig n if ic a n t ad one p a r  oant 

le v e l.

The d ie t  B with i t  ' a BO o f 79,7  stands next to

d ie t  1  uirtd i t  was g re a te r  than  d ie t  0 ad f iv e  par cent le v e l.

As Cable X rev e a ls , died B had th e  highest 

B io logieal Value ( f l )  than  tha  o ther th ree  groups indiaading 

i t  a superior quality  of p ro te in , P ie t  1  and 86 and 8 had 8$jw4 

82 a s th e i r  B iological Talus and d ie t  A had th a  la  wart b io log ica l 

Value (T9), Che B ielogloal Value o f Group B waa found to  be 

s ig n if ic a n tly  higher than  groups A and 0 ad £lve par sent la r a l .

The values obtained in  atudy are  i n  aoaerianaa 

w ith th a  a  reported by Phans allcar ( i 960) th a t  th a  B iologieal 

Value a t  o a rea l p ro teins v a rie s  between 60 t a  89 p a r  sand,

Xt i s  noteworthy th a t  through the d ig e s t ib i l i ty  C oeffic ien t 

s f  d ie t  A was th a  h ig h e s t, tha  B iological Value was th a  lowest.

This m y ha due t a  th e  foo t th a t though tha  d ig e s t ib i l i ty  waa
a

high the  Mdno acid pdtexn a t  t h i s  d ie t  m y not ha as good aa
A

th e  o th er d ie ts  aa ind ie  adsd by i t s  lo se r  oheaioal acara(dT), 

Hence, fra*  the u t i l i s a t io n  poind of view, both oaino acid
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p a tte rn  and d ig e s t ib i l i ty  need consideration . Beaton and 

Keifenry (1964) s ta te  th a t  v a r ia b il i ty  i n  d ig e s tib i l i ty
e

I tx ta t f t  najoro * l«* inant of tho mrtrlt&TO roluo of pvtrUliv
A

OL
and henoe 1ba abssnoe of eoxrektion between tk e  D ig e s tib il ity  C oeffic ien t 

and tbe B iological Value obtained fo r  various l i s t s .

®. Hot P ro te in  U ti l is a t io n  (KPU)

fa b le  H  gives tbe XFU values of the basal as w ell 

as the t e s t  d ie ts  and th e  O p Cal % as derived f ro a  the KFU 

value*  fh s  d e ta ils  o f th e  carcass n itrogen  and p ro te in  in take 

are f ty s n  i n  Appendix VIZ.
TABIE ZZ

KFU AID XDp OAIiOHIBS FBBCBKTACB Of 
tHB BBSS

D iet 1 1 9 tf>p Oal

A 14.15 1.71

1 17.07 2.T1

0 21.89 9.44

B 24.99 4.29

The HU values s f  f o r  d ie ts ,  ranged fron  14.1 (group A)

to  26.5 (group B ). D iet B had te e  highest HU value fb 11  owing
a,

the  Ijttexn se t ty  th e  o th er Indices discussed a> f a r .  D iet B

had the  HPU of 17-dland 0 had th e  HU o f 21.9. f t*  K>p C al %
/(a. .

o f  p ilo ts  a lso  ranked in  the sane orders th e  l°p  Oal % values

ranged botween 4*2 (group B) to  1.7 (group A ) and i t  c le a r ly



rmtealBp th a t anong th e  fo u r food a ljctu resf d ie t  D had 

a  re ry  good p ro te in  quality  and tb s  baeal d ie t had the  ▼ eiy 

poott p ro te in  q u a lity .

Thue, judged fTz« a l l  the j£raaet*ra# d ie t  D ranked 

siq terlar on l t e  p ro te in  quality* D iet a B and 9  raziked next 

l a  order* D iet Jk wae the  le a s t  e f  f ie  le n t ,  t h i s  higher 

potency d ie t  •  nay be due tb  b e tte r  p a tte rn  of anlno aoida

and haute the  higher B iological Value*
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Shis in v es tig a tio n  « u  underta ten  t o  evaluate  a  poor 

r le e  d ie t  as commonly oonouaod hy th e  ru ra l  people around Coimbatore 

C ity  eantaining 4.7 g . p ro te in  along w ith th ree  formulated d ie t 

a lx tu re s f  auppleaenteA lay eoae commonly a r lla b le  high p ro te in  

indigenous food i a  d iffe re n t combinations a t 10 p e r cent

p ro te in  terel w ith th e  r lo e  d ie t*  th e  d ie t  was eralnafeed f o r  

t h e i r  p ro te in  E fficiency H atle( hepatic nLtrqgen aad f a t ,

U olaglo& l Value aad Vet P ro tein  D t l l l s s t ie s  on albino r a te .

The result a  o f the study revealed the  following

1* th e  d ie ts  aa the basa l r i s e  d ie t  (Ortn^ A) had 
a  s ig n if ic a n tly  g re a te r  food eooBwqrtloa o v e r’ 
the  o th er th ree  groups* The d ifferences i a  
food ink A c  between th e  groups l t 0 and ft ears 
Hat appreciable.  However when th e  p ro te in  taftfie  
wga acoounted, group ft stood f i r s t .  The 
d ifference  wea s ig n if ic an t over group 0 a t  am 
per s a t  level*

2* A higher increase in  weight was recorded by the  
group ft over th e  groups A and 0 which were 
s ig n if ic a n t a t  oae and f iv e  p e r  eaat le v e ls  
re a p  otively* Group k  ranted la s t  aaong the  
fou r.

3* ftie t k  had th e  lo sea t FBH naaaly 1*90 and
d ie ts  ft and 0 had a  a la i l a r  PBB value , 2*04*
D ial ft aseasd to  be th e  best i a  JSR with a  
valae e f  2*11 WfaLeh waa e ig n lflean t ever A a t 
one p e r  cent lev e l.

4* The n itrogen  ewxtent o f  th e  l iv e r  as expressed 
in  ag/g* l iv e r  weight waa aora in  group ft 
though the  d lfferenoes between the f e a r  groups 
were a c t s t a t i s t i c a l l y  a ig m fle a a t. The basal 
d ie t  waa A s  poorest among the fe a r  l a  th is  
parameter*



9.  ltors aoeunulatlan of f a t  waa noted in  the 
a n lm ls  fed d ie t  A. However hope t i e  f a t  
oo& nt did not show appreciable d ifference 
among the  groups.

6* D iet A was found to  have th e  highest 90(77*2) 
whieh wae s ig n if ic a n t over the groups B 
(68. 6) and 0 (72.3) a t one p e r oent lev e l.
The increases of groups 0 end 9  ever 1  
were a lso  s ig n if ic a n t a t one p e r cent lev e l.

7 . D iet 9  had th e  highest 97 (91) and d ie ts  BfQ 
and A had th e  97 of 86,  83 and 79 re sp ec tiv e !/.
The 97 e f  the  group D was found to  be 
s ig n ifican t I f  h igher than groups A and 0 a t 
f iv e  p e r  oent le v e l.

8. Ju s t l ik e  a l l  the o ther Indioes IFU was highest 
fo r  the d ie t 9 (26.3)* The groups 0 , 9 and A 
ranked next to  th e  d ie t  9  w ith  the  DO values 
o f 21. 9 ,  17.1  ami 16*1 re sp e c tiv e ! /. Thus
th e  XDp cal?* which were arrived  f ro a  the IPU 
also followed the  sene ozder e f  superiority.

f t  can  be concluded th a t the  f  em ulated vegetable

p ro te in  m ixtures wens d e f in i te ] /  superio r to  the  peer r ic e  d ie t .

Among the  th ree  food mixtures evaluated, d ie t  9
ar*d

stood best i n  th e  most of th e  paraoetere se lec ted  d ie te  9 andA
0 raxked next to  d ie t 9 . I t  i s  remarkable th a t the  main difference 

in  th e  e opposition o f  the d ie t 9  from 9  and 0 l i e s  in  th e  

inc lu sio n  of amar&xhhus in  th e  d ie t 9  a t  3 .9  p e r  oent level* 80 

an a d d itio n a l Inclusion  of amarantfaus to  th e  e x is tin g  r u r a l  d ie t  

which haojalready got green h  afy vegetables a t  th ree  p e r  cent 

lev e l w i l l  improve th e  qua lity  o f th e  d ie ts  to  a  very g rea t 

ex ten t, apart fro a  supplementing te e  d ie ts  with pulses end 

o ther p ro te in  r lo h  sou seas.
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AMBBDIX I  —  A

Oompoaitlon of Mineral Mljgfcflya 

U3P x r a  s a lt  M ixtura

Grind in  a  aoHar p o rtio n  of Yaal -  139.3$with 

X X «  0.79 g . S im ilarly  grind  tog  a t bar r —aln d ar of tha la e l  

w ith  389.0 g . XH2 P04 |  97.9 g Mg SO4 7H2 0  |  38H4 g On 00} 

27.0 * r  Pa S04 7H2 bi 4.01g Mn BO4 Ifc 0  |  9.948 g fe  8O4 

7H2 0.477 g Ou 804 9H2 0  and 0.023 $  °o  C l2 6H2 0  adding

f in a lly  th a  la o l  X X M lxtnra. Baduoa th a  a n tira  a ix ta ra  t t  

a  fin e  powdar. *



APPENDIX I-B

COMPOSITION QF TIT AM IN MIXTURE

1 .  Prepare Titaminised starch 1  *  o f corn starch to contain.

T it  X (aenadloAo) — 0*5 mg

Thiamine v - 0*6 mg

R iboflavin — 1*0 mg

Pyridoxine - 0*4 mg

Calelum pantothenate — 4*Q mg

N laeia * * 4 .0  ag

Choline — 200 mg

PASA — 10 B f

T it  B
12 - 8 a s

Folio acid m m 0*2 mg

B io t la * - 0*2 mg

In o s ito l — 25 mg
a.

2« P r e p a r e  Vitamiaised o i l  <* W of refined groundnut 

o i l  to contain the t allowing vitamins*

Vitamin k — 1000 iu
Vitamin D — 100 XU

Vitamin B mm 10 IU

Store vitam iaised e l l  la  deep freeso



AN A LIS 13 OF FOODSTUFFS FOR PROTEIN
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62

E c ln c lp ls *

The protein eontent of a fo od stuff is  obtained 

by estim ating the nitrogen eontent of the m aterial and 

m ultiplying i t  by 6 .2 5. This is  referred to as crude 

protein  content since the non protein nitrogen present 

in  th e m aterial is  not taken in to  consideration* True 

protein  nitrogen can be determined by subtracting  

NPN (which is  estimated by p re cip ita tin g  the protein in  

the sample w ith trich lo ro  a ce tic  a cid , tun gstic acid  

or copper hydroxide and determining the residual nitrogen  

in  the protein free  f i l t r a t e )  from the to ta l nitrogen*
e

% The estim ation of nitrogen is  done by kjeldahl

method which depends upon the Tact that organic nitrogen  

when digested with sulphuric acid irt the presence o f a 

c a ta ly s t  (selenium oxide, mercury or copper sulphate) 

is  converted in to  ammonium sulphate • Ammonia lib erated  by 

making the solution alkalin e is  d is t i l le d  into a known 

volume o f a standard ad d  which is  then back titra te d *
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1 . Concentrated Sulphuric acid -  A.R.

2. D igestion mixture -  93 parts %  S04 

2 parts Cu3o4

3 . 40* HaoH

4 . H/10 H2 S04 & H/10 HaoH

5* Methyl red in d icato r* -  0 ,1 . g of the indicator  

dissolved in 60 ec alcohol and water added to 100 cc 

procedures

The sample (0,5-2,0)})ls weighed into a dry 

k jeld ah l fla s k . About 5 g of digestion mixture and 20 ml 

of pure concentrated H2 S04 are added to the sample and 

the mixture digested fo r 4*5 hours, Glass heads are . 

added to p r e v e n t  bumping. After the contents of the fla s k  

become c le a r , the d igestion  is  continued for a t  le a s t one 

more hour. The contents of the kjeldah l fla s k  are cooled, 

d ilu ted  with d is t i l le d  water and tre mixture made alk alin e  

by adding excess of 40  ̂ HaoH. In the presence of litmus 

paper, A small quantity of pumice powder is  added to  

prevent bumping during d is t i l la t io n .  The ammonia liberated  

is  d is t i l le d  into a receiver containing 25 ml of N/10 

Hg 304, The excess of acid in the receiver i s  back titr a te d

against H/10 HaoH using 3 drops of methyl red in d icato r.



M

Oaloufc tia ra

I f  *•* g o f tho aaople a r t  takan and i f  'k* and 

*0* l l  Of H ilrall o f norm ality f4* a ra  raqoired  fo r  baok 

t i t r a t io n  end to  n au tra liaa  29 ml o f Jj/10 It ranpaotivaly

than  tha p ro ta in  o out an t in  g p a r 100 g o f aaaplo io  oqual 

to  ( o -  b ) x  U  d x 6 .29 x 100
• X 1000

0



AFP3KD1X I I I
TROT&fif ItiTfitHE

WEIGHT 8AIH3 IDIBB (f BJ*3 FED DIFFERENT DIETSA

D iet Bat F in a l I n i t i a l Increase T o tal P ro te in PBR
Ho. Ho. weight weight food in take

in tak e

:
(g) (g) (g) («) (g)

A. 1 78.2 38.2 40.0 292.3 22.5 1.78
2 77.0 37.0 40.0 277.9 21.4 1.87
3. 76.5 37.0 39.3 278.5 21.4 1.85
4 73.9 35.3 38.6 277.8 21.4 1.80
5 74.7 37.2 70.5 302.2 23.3 1.74
6 76.0 33.7 39.2 295.0 22.7 1.86
7 72.7 33.5 39.2 272.0 20.9 1.88
8 73.5 52.1 40.9 289.7 22.3 1.83
9 69 31.0 38.0 286.3 22.0 1.73

10 67.5 28.0 39.5 303.3 23.4 1.69

Mean 73.90 34.05 39.85 287.4 22.1 1.80V

B. 1 80.2 38.3 41.9 199.6 22.2 1.89
2 87.0 37.0 50.0 203.6 22.6 2.26
3 76.7 36.3 70.4 188.4 20.9 1.93
4 80.9 35.4 45.5 200.5 22.3 2.04
5 75.3 34.8 40.5 178.6 19.8 2.05
6 83.7 34.1 49.6 203.8 22.6 2.19
7 78.6 33.0 45.6 195.0 21.7 2.10
8 66.7 32.8 33.9 169.2 18.8 1.80
9 73.7 30.5 43.2 187.6 20.8 2.08

10 71.8 28.2 43.6 183.5 20.4 2.14

Mean 77.46 34.04 43.42 192.05 1*1.21 2.043



D iet Bat F in a l I n i ta l Increase T o tal P ro te in  ?BR
Vo. Ho. weight weight food

Intake
Intake

(8) (g) (g) (g) (g)

1 83.5 38.20 45.3 204.5 22.5 2.01
2 83.3 37.7 45.6 191.5 21.1 2.16
3 79.2 36.6 42.6 199.0 m .9 1.95
4 75.2 35.3 39.9 183.6 20.2 1.98
5 72.2 34.4 37.8 180.5 19.9 1.90
6 80.9 33.7 46.8 195.9 21.6 2.17
7 76.0 33.4 42.6 189.6 20.9 2.04
8 71.8 32.9 38.9 176.6 19.4 2.05
9 71.8 30.0 41.8 186.1 20.4 2.05

10 73.7 27.4 46.3 199.6 22.0 2.10

76.72 53.96 42.76 1 90.7 20.99 2.04

1 83.6 38.9 44.7 198.4 22.2 2.01 '
2 85.6 37.8 47.8 200.6 22.5 2.12
3 64.8 36.3 48.5 206.5 23.1 2.10
4 78.5 35.0 43.5 201.6 22.6 1.92
5 79.1 34.7 44.4 201.4 22.6 1.97
6 78.1 33.7 44.4 192.0 21.5 2.07
7 80.5 33.5 47.0 202-3 22.7 2.07
8 76.5 31.5 43.0 182.0 20.4 2.21
9 80.5 29.6 50.7 203.6 22.8 2.22

10 80.3 29.1
Y

51.2 190.5 21.3 2.40

80.73 34.01 46.72 198.8Mean 22.17 2.11
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HBSTIO IITROGM OP HATS PSD DIPPSBEST DIETS•i

Mean ^ep atic Mean to ta l I  par
D irt weight of hepatic  n itrogen g . l iv e r

pooled grpupe of pooled groupe
_ "4- ______

k 8 5.2600 113.6640 56.400
b 3.1154 97.6990 31.364
e 2.8148 90.6566 32.198

Keen 5.0654 102.5552 33.321

X 8 3.1659 117.8236 37.238
b 5.7083 151.8672 13.162
0 2.6409 98 .3248 37.244

Haas 3.1708 116.0052 36.681

0 a 3.1144 111.6200 35.844
b 2.9094 110.8090 58.078
0 3.08C4 111.2145 36.097

Mean 3.0350 111.2146 36.673

D 8 3.1940 117.1560 36.680
b 2.8011 100.5914 35.841
0 2.9383 111.8904 58.083

Mean 2.9778 109.8126 56.880
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hbpatic pat c ost arc cv bass vbd dippehsht diets

APH5NDIX TA

B iat Mean hep art io  
weight of 
pooled groups

Vak par 5gra.

g.

Mean
to ta l  f a t
o f pooled 
group*

Vat p a r
ga. l i r e r

i .

I n i t i a l  a . 1.5045 0.0269 .0070 0.0578
b. 0.0289 •0870 0.0570

Mean O .o ^ .007 0 0.0579

A A. 3.2000 0.0521
0.0734

o*03397 
o .04786

0.1042
0.1468

b . 3.1134 0.0796
0.0019

0.4960
0.3070

0.1598
0.1630

2.8148 0.0497
0.0491

0.2798
0.2764

0.0994
0.0982

Koan 3-oiiv 0 -O b h l 0.3964 0.1285

S - 3.1S39 0.0365
0.0513

0.2310
0.1981

0.0730
0.0626

k. 3.7083 0.0390
0.0303

0.2447
0.8862

0.0660
0.0010

c . 2.6405 0.0302
0.0543

0.1395
0.1011

0,0004
0.0686

Uean 3.1708 00326 0.2068 0.0633

Q a . 5.1144 0.0431
0.0485 o

 o

|
g 0.89 Al

O.CSS'o
b. 2.9099 0.0406

0.0413
0.2363
0.8415

0.0812
0.0810

a . 3.0807 0.0355
0.0954

0.2187
0.2181

0.0710
0*0700

Saaa. 3-o?ro o-®37 (f 0.2413 0.0795

0 a . 3*1940 0.0990
0.0367

0.2491
0.2344

0.0780
0.6734

b. 2*601 1 0.0371
0.0366

0.2070
0.2030

0.0742
0*6732

0. 2.9383 0.0937
0.0966

0.1980
0.2131

0.0674
0.0732

Mean 1.1779 0-0366 0.2102 •0.0732
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