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ABSTRACT 

B i o l o g i c a l  pr ocedures which qua n t i f y  p ro t e i n  

bene f i c i a l l y  i n f l ue nce e f f i c i e n c y  o f  n u t r i e n t  

l 

value a re expe cted t o  

p rov i s i on i n  diet a ry 

formu l at i ons f o r  t h e  l ivestock indu s t ry . Thi s thesis p rovides a review 

o f  two widely empl oyed quant i t a t i ve a s s e s sment s ,  " D i ge s t i b i l i t y" and 

" Ava i l ability"  and in the expe rime n t a l  section · de scribes a s e ries o f  

expe riment s unde rt a ke n  on me at chi c ken t o  re fine a s s a y  procedures 

involved in  t he det e rmination of protein and amino acid appa rent ileal 

dige s t ibility value s . 

Five experiment s were undertake n . 

( l a )  A comparison o f  two feeding procedures w i t h  three die t s  di f fering 

i n  part i c l e  s i z e  with a view t o  evaluating t he e f fe c t  of f eeding 

behaviour on the final compo s i t ion of the test diet in  the c rop . 

( l b )  D e t e rmination of c rop res idue c ompos i t ion a s s o c i ated w i t h  time 

f o l l owing feeding with two feeding procedures and two die t s  

di f fe ring in particle size . 

( 2 )  A compari s on o f  the e f fe c t s  o f  two s l aught er procedures and two 

f l u s hing s o luti ons on ileal N dige s t ib i l i t y  o f  meat and bone meal . 

( 3 )  A compa r i s o n  o f  the e f fect o f  t ime o f  s l aughter f o l l owing f e eding 

on ileal N values of two di et s . 

( 4 )  

( 5 )  

Determinat i on of t he e f fect o f  length o f  ileum on i leal N 

dige s tibi l i ty values of two diet s . 

D e t e rminat i on of the e f fe c t  o f  

dige s t i b i l i t i e s  of two diet s . 

age on i l e a l  N and AA 

I n  l a  there was  c l e a r  evidence that b i rd e a t i ng behaviour and p a rticle 

s i ze of  the t e s t  diet  influenced c rop content p roportions of  a number o f  

c rite r i a ,  mo re notably ch romium a n d  nit rogen . F o r  coarse part i cl e  die t s  

an  intubation feeding procedure produced a c l o s e r  mat c h  o f  mat e r i a l  in  

the c rop with that of  the  unt ouched diet  than a f ree access  prov i s ion of  

food procedure . 

I n  lb t h e  re s ul t s  o f  the st udy we re i n c o n c l u s ive and n o  s a t i s factory 

c a u s e  f o r  i n c o n s i s t e n c i e s  that dev e l op e d  between t r e a tme n t s c o u l d  b e  

found . 



ll 

In 2 ,  two s l augh t e r  procedures , euthanasia by sodium pen t oba rb i t one and 

a sphyxi ation by c a rbon dioxide , resul ted in s i gn i f i c a n t l y  di f fe rent 

(P<O. 0 5 )  appa rent ileal nit rogen ( N ) dige st ib i l i t y . D i f f e rences 

b e t w e e n  f l u s h i n g  s o l u ti ons , di s t i l l ed w a t e r  a n d  phys i o l og i c a l  s a l i n e  

w e r e  s ma l l  and not signi fi cant (P<O.OS). 

I n  3 ,  f o r  two diet t ype s ,  N and dry mat t e r  ( DM )  dige s t ib i l i t i e s  were 

r e l a t i vely con s t ant ove r sampling t ime s of 2 t o  5 hou r s  f o l l ow i ng the 

s t a r t o f  f e e di n g . I l e a l  dige s t a  s amp l e d  qu a n t i t i e s  t e n d e d  to b e  

g re a t e s t  a t  t h e  4 h o u r  sampl ing interval . 

In 4 ,  di f f e rences in N and OM dige s t i bi l i t i e s  o f  dige s t a  s ample s  drawn 

f rom s e c t i ons of t he ileum up to 30 cm in  l e ng t h  as me a s u re d  f rom the 

i l e o - c aecal j un c t i on were generally small  and non signi f i c an t . 

In 5,  b i rd age had no signi ficant e f fect on N and OM dige s t i b i l i t i e s . 

T h e  main conclus ions dr awn were t hat intub a t i on bet t e r  r e t a i ne d  the 

i n t e g r i t y  of f o o d  r e a c h i n g  t h e  c r op . S o d i u m  p e n t o b a r b i t o n e  w a s  a 

pref e rable method o f  slaught er . I le a l  length s ampl ed n eeded t o  b e  kept 

a s  s h o rt as c o n s i s t a n t  w i t h  p r o v i d i n g  a de qu a t e  s amp l e  ma t e ri a l  a n d  

l a rge s t  sample s i zes were obtainable around 4 hours f o l l owing t h e  s t a rt 

o f  f eeding . 
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REVIEW OF LITERATURE 

CHAPTER 1 

INTRODUCTION 

D i e t s  f e d  t o  c o mme r c i a l  pou l t ry typ i c a l ly c ont a i n  i ng r e di en t s  i n  

p ropo r t i o n s  that meet gross nut rient requi rement s and which result  i n  

minimum diet a ry cost . Such di ets  a re formul ated with t he aid o f  l e a s t  

c o s t  l i n e a r  prog ramme s a n d  f eed mi l l s  have centrali zed c omputing 

o p e r a t i o n s  t o  ben e f i t  f r om t hi s  technology . T he di e t s  produced a re 

b a s e d  o n  i ngredient me t abo l i zable ene rgy , gross amino acids , v i t amin s  

and min e r al s ,  f a t t y  a c i ds and cost  conside rations and a re c o n s t r ained 

by l oc a l  avai l ab i l i t y  o f  feedstuffs  and prefe rences for cert a i n  

i n c l u s i o n s  o r  levels o f  ingredi ent s .  These cont r a i nts a re addit i on a l l y  

i n f l u e n c e d  by f i e l d  expe r i e n c e ,  pe r s o n a l  l e a n i ngs t o  a p a rt i c ul a r  

nut r i t i o n a l  doct rine and ra nki ngs of qual ity . Quality 1 n  th�s c ontext 

r e f e r s  to dige s t ibi l i t y  or a v a i l ab i l i t y  part i c u l a rly of amin o  a c ids , 

ant i nut r i t i onal and ta i n t i ng facto r s ,  growth factors  and those a f fe c t i ng 

feedi ng behav i o u r  (rather that metabol i z able ene rgy and protein content , 

amin o
. 

a c i d  balance and mine r a l  and vit amin leve l s ) .  

Diet a ry requi rements o r  nut rient spec i f i cations are based on l i t e r a t u re 

values  o r  calculated di rec t ly using facto rial met hods f rom l ocal  dat a . 

Nut r i t i o n a l  recommenda t i ons put out by authora t i ti ve bodies such a s  t he 

Na t i o n a l  Re s e a r c h  Counc i l  ( NRC ) ( 1 9 8 4 )  and the Agr i c u l t u r a l  Re s e a r c h  

Coun c i l  ( ARC ) ( 1 9 7 5 )  rep re sent a concensus o f  s c ient i fi c  opi nion b a s e d  

o n  a l a rge body o f  r e s e a r c h  da ta and expe r i ence . Recommenda t i o n s  

a r e  p ro v i ded a s  g ro s s  nut r i e nt value s either i n  uni t s  per k i log r am o f  

die t , uni t s  pe r bi rd pe r day o r  as  a rat io  involving met abo l i z able 

energy . 

Si n c e  t he a dve nt o f  comp l e t e  di et s ,  made po s s ible by t he a dv a n c e  1 n  

k n o w l e dge o f  v i t amin a n d  mi n e r a l  requi rement s and manu f a c t u r e  i n  the 

f i r s t  half  o f  thi s cent u ry ,  it  has become apparent that t he u s e  o f  gross  

nut r i e n t  value s ,  pa rticula rly with respect to  amino ac ids ( AA s ) , 
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i nadequately de s c ribe the net quantity ava i l able t o  the bi rds . The 

quancity o f  nutri ent abs o rbed i s  conditional on facto rs that enhance and 

impede di ge stion or abs o rpti o n ,  that caus e complexing,  o r  which result 

in di rect l o s s  of nutritional substances in the faeces . 

S ome e a r l y  a s say proc e dures attempted to place a qua litative value on 

f e e dstu f f s  p a rt i cul a r l y  i n  res pect to p rote i n  but t h e y  a re t oday of 

l imited u s e fulnes s .  The mo st notable ones have been B i ol og i c a l  Value 

( BV ) , P rote in E f fi ciency Ratio ( P E R )  and Net P r otei n  Uti l i zation (NPU)  

and a re des c ribed brie f l y  be low . 

B i o l ogical Value ( BV )  is the perc entage of n it rogen reta ined that i s  

absorbed f rom the feed . The method was f i rst empl oyed by Thoma s  (1909) 

and late r deve l oped by Mitchel l (1924) . P rote i n  concent rati on supplied 

by the test ingredient is set in the test diet at about 10 pe rcent . The. 

f o rmula f o r  de riving BV i l l ustrate s the procedu res involved, 

N i ntake - ( faecal N - MFN ) - (Urinary N - E UN )  

BV ----- ---------- ---- ------ ----------------------- X 100 

whe re MFN 

EUN 

N intake - (faecal N - MFN )  

metabol i c  faecal nitrogen 

endogenous urina ry nitrogen 

In poultry the denomi nato r cannot be measured unless s u rgical techniques 

a re unde rtaken to sepa rate the excret a  into u r i n a ry and faecal 

components . Hence for poultry BV may be rede fined a s  the percentage 

of N reta ined that is consumed .  

BV ref le cts the content o f  the limiting AA i n  the prote i n . The values 

tend to be lower when f o od prote in eithe r c ontains  a de f i c i ency o r  an 

exc e s s  o f  any particul a r  AA. Among the protein sources , egg protein is 

cons ide r ed t o  have a BV o f  about 100; me at prote i n ,  72-79; c e r e a l  

prote i n ;  50-65 and ge lati n 12-16. All i s i o n  and Ande r s o n  (1945 )  and 

A l l i s i on (19 5 5 )  and F o rke s et a l . ,  (1956) outl ine potential  p roblems 

a s s o c i ated w ith the procedures . 



P rotein E f f i ciency Rat io  ( P E R )  is  the rat i o  o f  the weight gain per unit 

o f  t e s t  p r o t e i n  c o n s ume d. The t e s t  ma t e r i a l  i s  t he s o l e  s o u r c e  o f  

p ro t e i n  i n  t h e  t e s t  di et  a n d  i s  i n c l uded t o  s upp l y  about 1 0  percent 

protein . The met hod was first emp loyed by Osbo rne et  al . ( 1 9 1 9 )  u s i ng 

the f o l l ow ing fo rmula . 

Weight gain ( g )  

P E R  -- -------- - - --------

Protein intake ( g )  

The re s u l t  may b e  comp a red to that o f  a s t a ndard protein source such a s  

c a s e i n  b y  way o f  propo rtion and re lated t o  a c o n s t ant s t anda rd value o f  

2 . 5  ( Chapman e t  al . ,  1 9 5 9 ) . 

Weight gain ( g )  

Protein ( t est ) consumed 

P E R  X 2 . 5  

Weight gain (g) 

Protein ( s t anda rd) consumed 

P roblems associ ated with the as say have been r a i sed by Bende r and Doell  

( 1 9 5 7 a )  and Harper ( 1981)  Bende r and Doell  ( 1 9 5 7b )  p roposed a modi fied 

PER me t hod, 1n which t he weight g a i n  o f  t h e  exp e r imental group was 

c omp a re d  w i t h  a group o n  a p r o t e i n - f ree di e t ,  t o  give net p r o t e i n  

retent i on ( NP R )  c a l culated as follows: 

Weight gain o f  TPG - weight l o s s  o f  NPG 

NPR -----------------------------------------

where TPG 

NPG 

Weight of  protei n  consumed 

group fed on test protein 

non-protein group 



T he modi f ied method a l l ows for the maintenance 
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and g rowth o f  the 

expe rimental  animal ( Ha rpe r ,  1 9 8 1 ) and enables evaluation o f  l o w  qua lity 

f ee dstu f f s  which tend to result in little growth . 

Net p rote i n  e f f i ciency ( NP U )  me as ures e f f i c i ency o f  N uti l i z at i o n  by 

c omp a r i n g  b ody N r e s u lt i n g  f r om feeding a t e st p r o te i n  w it h  t h at 

r e s ulting f rom feeding a compa rable group of animal s  a p rote i n - f ree di et 

f o r  the s ame p e r i od (Mi l l e r  and Bende r ,  19 5 5 )  . The f o l l ow i n g  f o rmul a  

de s c ribe s the procedures involved . 

Body N with test prote in - Body N with p rote i n - free di et 

NPU ----------------------------------------------------------

Total N intake 

Summe rs and Fi sher ( 1 9 6 1 ) repo rted that the wate r content of the c a r c a s s  

i s  c l o s e l y  rel ated t o  the c a r c a s s  N content . Using th i s  r e l at i onship 

the N content of the c a r c a s s  may b e  estimated by det e rmi ni ng o n ly the 

c a r c a s s  moisture content to reduce the analyt i c a l  procedure s .  

Stuc k i  and Ha rpe r ( 1 9 6 2 )  have questioned the constant ratio o f  carcass 

mo i stu re aga i n st N c o ntent w ith age in  the a ni mal s . Summe r s  et a l . 

(1 9 6 4 )  and F i s he r and Griminge r ( 1 9 6 9 )  r a i s e  additional p r oblems 

a s s o c i ated with the procedu res . 

T h e s e  a s s ay s  a s s e s s  qua l ity of  a protein source in  te rms o f  e f f i c i en c i e s  

o f  N retent i o n  o r  a s  impl ied by wei ght gain . Body weight g a i n  and N 

retent i o n  h oweve r r e f l e ct the extent to which the p r otei n  s ource 

p r ov i de s  the bal ance o f  AAs neces s a ry for the growth funct i o n . The 

a s s a y s  a re of l imited va lue for response is  fundamentally i n f l uenced by 

the extent l evel s  and balance of  AAs match metabol i c  needs f o r  p r otein 

a c c retion . The a s s e s sments cover the feeding value o f  a p rotei n  s ource 

i n  i s o l at i o n  a n d  d o  not addre ss the compound diet s ituat i o n  i n  w h i c h  

imb a l ances a n d  de f i c i encies i n  AA s  of  dietary ingredi ent c ompone nt s  a re 

bal anced by othe r prote in sources in the diet . 
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An a s say f o rm t ha t  c i r cumv e n t s  t h i s  problem and which i n  rec ent t ime s 

has bec ome a standa rd procedure f o r  evaluat ing die t s  and protein sources 

is  t ha t  of  the  di ge s t i b i l i t y  a s say ( McNa b ,  1 9 7 6 ) . It  is  de s i gned to 

p rovide a n  e s t ima t e  o f  t he p r opo r t i on of  N o r  AA r e tained f rom t h e  

quanti t y  fed . The as say i nvolves 3 i s sues . 

( 1 )  The c oncen t rat i on o f  N and o r  AAs in t he feed . 

( 2 )  The f ract i o n  o f  i t  whi ch i s  dige s t ed and ab s o rbed ( dige s t ibi l i ty ) . 

( 3 )  The f raction o f  i t  which is  absorbed and in  a f o rm suitable f o r  

ut i l i zation ( i t s  ava ilab i l i t y )  T h i s  l at t e r  statement receives 

furth e r  attent i o n  in  chap t e r  3 .  

I n  dige s t ibility meas u rement s ,  leve l s  and imbal ances o f  AAs i n  a prot e i n  

s ource a re n o t  expected t o  a f fect digest ion o r  t h e  dige s t i b i l i t y  result 

o t he r t han f o r  t h e  e f f e c t  t he prot e i n  s ource may have on exc r e t i on o f  

endogenous f ract i o ns a nd the degree t o  which such endogenous f racti ons 

can be accurately a l l owed for by c o r rect i on . 

I nve s t i ga t i o n  o f  dige s t i b i l i t y  ha s i n c re a s e d  s i nce t h e  a dvent of 

Si.bbald' s (1976) rapid bioa s say for the  determination o f  t rue 

metaboli zable ene rgy ( TME ) of feedstuffs  for poult ry. His TME procedure 

involves fas t i ng bi rds f o r  2 4 - 4 8  hours  following the f o rc e - feeding o f  a 

known quant i t y  o f  t e s t  mate rial into the crop a nd subsequent c o l l e c t i o n  

o f  t he t o tal exc reta f o r  2 4 - 4 8 hours . Re cent l y ,  the a s say has been 

e x t e nd e d  to de t e rmi n e  t h e  AA d i g e s t i b i l i t y  of f e e d  i n g r e di e n t s 

( Li k u s k i  and D o r re l l , 1 9 7 8 ;  Pa r s on s , 1 9 8 1 ) . Fa rrell ( 1 9 7 8 )  has a l s o  

des c r ibed a rap i d  p rocedu re f o r  the det e rmina t i on o f  appa rent 

me t a b o l i  zab l e  e n e rgy ( AME ) f o r  pou l t ry .  Thi s  pro c e du re i nvolve s 

t ra i ni n g  adu l t  c o c k e re l s  t o  c o n s ume t h e i r  da i ly feed i n  one hour and 

c o l l e c t i n g  e x c r e ta f o r  2 4 - 3 6  h o u r s . T h i s p r oc edu r e  ha s a l s o  b e e n  

adop t e d  f o r  and u s e d  i n  N and AA dige s t ibi l i ty dete rmina t i ons ( Raha r j o  

and Farrel l ,  1 9 8 4 ;  Wa l l is  and Balnave , 1 9 8 4 ) . 

B o t h  t he S i bba l d  and Fa r r e l l  rapid p r ocedures t o  de t e rmi ne t h e  amino 

a c i d  diges t i b i l i t y o f  f e e ds t u f f s  emp l oy t o tal e x c r e t a  c o l l e c t i o n  

technique s . Thi s procedure has been widely c riti zed on the  bas i s  o f  t he 
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h i gh de n s i t y  o f  mi c robial bact e r i a  i n  the hind gut ( caeca and la rge 

intestine ) and the ef fect  it may have on AA dige s t ibility ( Ma s on et al . ,  

1 9 7 6 ;  Zebrow s ka a nd Bu raczew s ki , 1 9 7 7 ;  P a rsons , 1 9 8 1 ) . On the other 

h a nd these e f fe c t s  have been cons ide red t o  be o f  l i t � l e  or no 

s igni f i c ance in pou l t ry s i nce the 

i nt e s t ine is r e l a t iv e l y  f a s t  a n d  

pass age o f  feed through 

the a r e a  i s  relatively 

compa red to  other monogastric spec i e s . 

�he l a rge 

small  as 

This cont roversy has re sulted in further examination of ileal 

dige s t ibi l i t y  t ec hnique s .  The use o f  i leal amino acid dige s t i b i l ity was 

f i rst  sugge s t ed by P ayne et al . ( 1 9 6 8 )  t o  e l iminate the po s s ib l e  e f fect 

o f  int e s t i nal rnic rofl o ra in the hind gut . Thi s  procedure has been used 

increas ingly and mo r e  resea rche rs have t ended towa rds the use  o f  ileal 

AA techniqu e s  i n  pre f e rence t o  faecal AA dige s t ibil ity as says ( Scares et  

al . ,  1 9 7 1 ;  Raha r j o  and Farrel l ,  1 9 8 4 ) . 

An a l t e rn a t i v e  app r o a c h  t o  a s s e s s i ng p r o t e i n  qu a l i t y  i s  by w a y  o f  

avai l ability a s s ays . The se are o f  i n t e rest on a numbe r o f  count s .  The 

s ci e nt i f i c  l i t e r a t u r e  has not a l ways cle arly di s t i ngui shed between 

di ge s t ib i l i ty and a v a i l a b i l i t y or c l e a r l y  s t a t ed what a v a i l ab i l ity 

purpo rt s to show . As  a measure i t  suffers  f rom problems conce rning the 

e f f e ct of AA i mba l a n c e s  a nd d i e t a ry lev e l s  between t e s t  and c on t rol 

diets on the c r i t e r i a  of me asureme nt , protein acc ret ion and body weight 

gain . I n  gen e ral a s s a ys are re s t r i c ted t o  produci ng AA ava i l ab i l i ty 

i n f o rma t i on on one ami no acid a t  a t ime , a ci rcums tance that rest ricts 

the i r  use fulne s s  for comme rcial  appl i c ation . 

I n  cont r a s t  di ge s t ib i l i t y  a s s ay s  a re r e l a t ively f a s t  and i nexpen s i v e  

( Aus t i c ,  1 9 8 3 )  and provide the dige s t ib i l i ty o f  s everal o r  a l l  AAs in a 

feeds t u f f  i n  a single a s s ay . 

Thi s st udy has bee n  unde rtaken w i t h  a v i e w  t o  out lining the i ssues 

a s s o c i a t e d  w i t h  c u r r e n t  dige s t i b i l i t y  and av a i l a b i l i t y  a s s a y s  and 

r e f i n i n g  t e c h n i que s  

s l aught e r  met hods on 

f o r  ob t a i n i n g  dige s t i b i l i t y v a l u e s  u s ing i l e a l  

meat c h i c ke n s . T h e  expe rimental procedure s 

involved the f o l l owing studi e s . 
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( l a )  A comparison of two feeding p rocedu re s w i t h  three diet s di f fe ring 

i n  particle size with a view t o  eva l u a t i n g  the e f fe c t  of f eedi ng 

behaviour on the final compos i t i on of the  t e s t  diet in t he c rop . 

( lb )  D e t e rmination o f  crop residue compo s i ti o n  a s s oc i a t ed w i t h  t ime 

f o l l owing feeding with two feeding p rocedures and two die t s  

di f f e ring in part i cle s i ze . 

( 2 )  A comparison of the e f fect s o f  two s l augh t e r  p ro c edures  and two 

flushing s olutions on ileal N dige s t ibi l i t y  of mea t  and bone mea l . 

( 3 )  A compa r i s on of the e f fect o f  t ime o f  s laughter f o l lowing feedi ng 

on i leal N value s of two di et s .  

( 4 )  D e t e rmination o f  the e f fect o f  length o f  i l e um on i l eal N 

dige s t ibility values o f  two diet s . 

( 5 )  D e t e rmination o f  the e f f ec t  o f  a ge on i le a l  N and �� 

dige s t ibilities o f  two diet s .  

The f e eding procedure s involved f ree acce s s  and int ubat i o n  and i l eal 

a s s ay s  involved slaughte r and the removal of a s ec t i o n  of the gut from 

w h i c h  d i ge s t a  was s ampled . A c c o r d i n g l y  a b r i e f  de s c ript i o n  o f  the  

anatomy and physiol ogy of dige s t i on f o l l ows  a s  a n  introdu c t i o n  to  a mo re 

ri gorous review in chapters 2 and 3 of dige s t i b i l i ty and ava i l abi l ity . 

T h e  a n a t omi c a l  and phy s i o l o g i c a l  de s c ript i o n  i s  ba s e d  o n  

prima ri l y  from Duke ( 1 9 7 7 , 1 9 8 6 ) . 

1 . 1  Ana t omy o f  the Dige s t ive T ract 

and t a ken 

The a n a t omy of the fowl ' s  dige st i v e  s y s t em i s  mo s t  n o t ably di f ferent 

f rom t h a t  of mamma l s  in the o ral a rea , t h e  p re s ence of a c rop in the 

o e s ophagus and a muscula rly l ined s t omach or gi z za rd .  I n  fowls  the re i s  

n o  s o f t  p a l a t e  a n d  h e n c e  t h e  m o u t h  a n d  p h a ry nx a r e  n o t  s h a rp l y  

de l i mi t e d .  The funct ion o f  t eeth i s  accomp l i shed b y  a h o rny beak and 

g i z z a rd .  
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T h e  c ro p  t a k e s  t h e f o rm o f  a s i mp l e  e n l a rgeme n t  o r  p o u c h  o f f  t h e  

oesophagu s about 2 0  c m  below t he pha rynx in adult fowls . The gl andu l a r  

s t omac h  o r  p rovent r i culous  i s  s i t u a t ed immedi a t e ly p r ox ima l t o  t he 

g i z z a rd and has  p rima rily a s e c re t o ry role . The gi z zard has  2 pai r s  o f  

muscles c a l l e d  t h e  mus culari intermedii and musculi l ateral i s . 

The sma l l  i n t e s t ine h a s  a duode num ,  2 0  cm long which f o rms a comp l e t e  

l o o p , b u t  b e y o n d  t h a t  t h e r e  a r e  n o  de l i mi t e d  a r e a s . M e c k e l ' s  

dive rti c u l um ,  the v e s tige o f  the yolk s a c , has been used l o o s e l y  i n  t h i s  

thesis  t o  de f i ne t h e  s t a rt o f  t h e  second hal f of the sma l l  i n t e s t ine and 

for purpo s e s  of de c r i ptive convenience has been used as t he j un c t i o n  o f  

t h e  j e j un um a n d  i l e um .  T h e  sma l l  i n t e s t i ne i s  about 1 2 0  cm l o n g  i n  

adu l t  b i rd s  a n d  c o nt a i ns vi l l i  t h a t  are gene r a l l y  mo r e  nume r o u s  and 

slende r a n d  t a l le r than the v i l l i  o f  mammals . B runne r s  gl ands a re 

absent i n  c h ickens ( Calhoun , 1 9 5 4 ) , a l t hough Duke ( 1 97 7 )  repo rts that  i n  

some spec i e s  t ubu l a r  gl ands homologous t o  Brunne rs gl ands i n  mammal s ,  

a re present . The v i l l i  a re se rved w i t h  a well de fined network o f  blood 

capi l l a r i e s  but no l a cteals  (Gra ney , 1 9 6 7 ) . 

Pai red c a e c a  ( 1 7 . 5  cm long in adul t s )  extend l at e rally and di s t a l l y  f rom 

the j un c t i o n  of t h e  small  and l a rge intestine . The l a rge i n t e s t i n e  lS 

short ( about 1 1 . 3  cm i n  adul t s ) and e n t e rs into the cloacal chamb e r . 

The l e f t  h e pa t i c  duct ( o f  the l iv e r )  communi c a t e s  w i t h  t h e  du o de num 

whe r e a s  t he r i g h t  duct s ends a b r a n c h  to the gall blande r .  T h e  b i l e  

duct empt i e s  i n t o  t he duodenum near t h e  di stal loop . The panc r e a s  l i e s  

within t h e  duode n um loop . I t  cons i s t s  o f  three lobe s and i t s  s e c retions 

reach the duodenum via thre e  duct s . 
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1 . 2  Sec retions  o f  the Diaestive T ract 

Gene r a l ly the s a livary gl ands o f  bi rds have only mucus s e c re t i n g  cel l s  

but amy l a s e  has been found i n  the saliva o f  poult ry (Duke , 1 9 7 7 ) . Food 

p a s s e s  qu i c kly t h r ough the oes ophagus whi ch lub r i c a t e s  i t s  p a s s age by 

t he s e c re t i on of mucus . Mucus is  also secreted by the c rop o f  the fowl 

and amy l a s e  has bee n found in the c rop a lthough i t s  o ri gi n s  a re 

unclea r .  Work by Prit cha rd ( 1 9 7 2 )  suggests  non bacte r i a l  dige s t ion o f  

c a rbohydrates can occur i n  the crop . 

The p rovent riculus contains predominantly 2 gland types - s impl e  mucosal  

glands s e c reting mucous and compound glands , homol ogous to  the c h i e f  and 

p a r i e t a l  c e l l s  o f  the mammal s t oma c h ,  s e c reting mucous ,  HCl and 

pep s i noge n . 

Mec h a n i c a l  digestion and prelimi n a ry acid proteolys i s  o c c u r s  mo stly i n  

the mu s c u l a r  s t omach . The pH o f  ga s t ri c  jui c e  fo r f o w l s  r�nge s up t o  

2 .  5 .  Long ( 1 9 67 ) indi cates the chick secretes 8 .  8 ml p e r  k i l ogram body 

weigh t  per hour of gast ric j uice which is cons ide rably gre a t e r  than for  

man ,  t he dog ,  t he rat and the monkey . Simi l a rly t he a c i d  concent rat i on 

i s  g re a t e r ,  but the peps in content per unit volume i s  l ow e r  a l though it  

i s  g reat e r  i n  terms o f  peps in uni t s  per kilo gram body weigh t  per hour 

(Duke , 1 9 7 7 ) . 

The  i n t e s t i n a l  muc o s a  has been shown to pos s e s s  proteolyt i c  a c t ivity in 

c h i c k e n s  ( Ko k a s  e t  a l . ,  1 9 6 7 ) and DeRy c ke ( 1 9 6 2 )  as c i t e d  by Duke 

( 1 9 7 7 )  repo r t ed f i nding aminopeptidases and c a rboxype p t i da s e s  i n  t h e  

duodenal muc osa . Addit i onally intestinal amylase ( Du k e , 1 9 7 7 )  h a s  been 

f ound in c h i c kens and intes tinal mal t ase and sucra s e  in a numb e r  of bi rd 

s pe c i e s  ( Zoppi a n d  S c hme rling,  1 9 6 9 )  . The pH o f  t he t ra c t  i nc reases 

f rom t he o ra l  to the aboral end and Hurwitz and B a r  ( 1 9 6 8 )  report the pH 

of e a ch port ion o f  the t ract is regulated by sec ret o ry a c t i v i t y  within 

t hat  port i on . P H  ranges have been repo rted between 5 . 6 .  and 7 . 2  ( He rpol 

and van Grernbergen ,  1 9 6 7 ,  as cited by Duke , 1 9 7 7 ) . 
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The p a n c re a s  s e c r e t e s  dige s t ive en zyme s and an acqueous s olution 

c o n t a i n i ng b u f f e r i ng c ompounds w h i c h  act to neut rali ze the acid chyme 

and provide pH c ondi t i o n s  of between 6 and 8 .  

s o u r c e  o f  a my l a s e  a n d  p a n c r e a t i c  l i p a s e  

The panc reas i s  t h e  ma j o r  

h a s  been demo n s t r a t e d  in 

c h i c k e n s  ( P o l y a k o v , 1 9 5 8 ,  a s  c i t e d  by D u k e , 1 9 7 7 ) . P a n c r e a t i c  

p r o t e o l y t i c  a c t i v i t y  h a s  b e e n  demon s t r a t e d ( D u ke , 1 9 7 7 ) . C h i c k e n  

c hymot ryp s i n  a n d  t ryp s in have b e e n  rep o r t e d  ( Duke , 1 9 7 7 )  a n d  D e Rycke 

(1 9 6 2 ) as  c i t ed by Duke (1 9 7 7 ) has f ound dipept idase , aminopept i dase and 

ca rboxypept i da s e  a c t i v i t i e s . 

The panc re a t i c  s e c re t o ry rate i s  relatively greate r  in  the fowl t han in 

dogs , rat s  and sheep ( Kokue and Hayama , 1 9 7 2 ) and Duke ( 1 9 7 7 ) reports it 

i s  less a f fected by fa s t i ng in  the f owl than in  these mamma l s . 

The s e c re t i on o f  b i l e  into the duode num aids in  t he neut ra l i z a t i on o f  

chyme and the emul s i f i c a t i o n  o f  f a t s  and bile s a l t s  a re re�b s o rbed in  

the lower i l eum .  

Seve ral impo r t a n t  f a c t o r s  a re be l i eved t o  occur i n  the c a e c a  ( McNab , 

1 9 7  3 )  . The 

cel lul os e . 

mo s t  n o t a b l e  perhaps is  the mi c robi al di gest ion of 

H oweve r Duke ( 1 9 7 7 )  s u gge s t ed t he re w a s  no conclusive 

ev i de n c e  t h a t  t he f o w l  de r i v e d  a n y  n u t r i t ional  bene f i t  f rom t he 

brea kdown o f  c e l l u l o s e  o r  f rom other nut rients relea sed upon breakdown 

of t he plant c e l l  w a l l s . Urine may p a s s  f rom the cloaca along t he colon 

t o  t he c a e c a . T h o rb u r n  and Wi l l c ox (1 9 6 5 )  repo r t e d  exc ret a  mo i sture 

c o n t e n t  w a s  i n c r e a s e d b y  1 - 2  0 -o f o l l o w i n g c a e c e c t o my . M i c r o b i a l  

s y n t he s i s  o f  v i t ami n s  i n  pa r t i c u l a r  B - v i t ami n s  h a s  been rep o r t ed by 

Coates et a l . ,  (1 9 6 8 )  in expe riments  using a convent ional and germ-f ree 

envi ronme nt . Howeve r a c c o rding t o  these studies vitami ns are appa rent ly 

not abs o rbed by the caeca . 
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shown t o  b e  the mo s t  

imp o r t a n t  s i t e  f o r  abso rpt i o n o f  f a t s ,  c a rbohydrat e ,  a n d  amono a cids . 

B i l e  s a l t s  are abs o rbed l a rgely i n  the lowe r i l eum, amin o  ac ids c oming 

f r om ex ogenous prot e i n s  a re mo s t l y  abs o rbed in the upp e r  half of the 

i l e um, and t he breakdown p roduc ts  f rom endogenous prote i n s  a re abs o rbed 

prima r i l y  in the lower hal f  of the i l eum (Crompton and Ne sheim, 1 9 6 9 )  as 

cited by Duke ( 1 9 7 7 ) . 

C h i c ke n s  pos s e s s  a sodium-dependant mobi l e - c a r r i e r  s y s t em f o r  a c t i v e  

t ra n s p o rt o f  suga r s  s imi l a r  t o  t h a t  o f  mammal s  ( Alva rado and Monreal , 

1 9 6 7 ) . 

The abs o rption o f  D-gluc o s e , D-ga l act ose , D-xy l o s e , 3 -met hyl gluco se , 

a-me t hyl gl u c o s i de , and p o s s ib ly D - f ruct o s e  i s  a c t i ve . Seven o t h e r  

mo n o s a c c h a r i de s  a r e a pp a r e n t l y  p a s s i v e l y  t ra n s po r t e d  ( Bogne r ,  1 9 6 0 ;  

Huds o n  a n d  Levi n ,  1 9 6 6 ;  F e a r s o n  a n d  B i rd ,  1 9 6 8 )  a s  c i t e d by Du ke 

( 1 9 7 7 ) . 

According to Duke ( 1 9 7 7 ) the in-vivo abso rpt ion o f  1 8  L-ami no acids into 

i s o l ated segments of  the i n t e s t i ne of chickens was s tudied by Tasaki and 

Takahashi  ( 1 9 6 6 ) , who o b s e rved t hat  the a b s o rp t i o n  rate wa s not: 

dependent on molecul a r  weight . I n s t e ad they obse rved t h a t  those  amino 

acids with la rge nonpo l a r  s i de c h a i n s  ( eg . methionin e ,  val ine , l eucine ) 

w e r e  a b s o rbed mo re re adi l y  t h an t ho s e  w i t h  po l a r  s i de c h a i n s . Duke 

( 1 9 7 7 )  obse rved that mo st  ami no ac ids a re a ctively absorbed, but not all  

h a v e  s epa r a t e  t ra n s p o rt mec h a n i sms . H e  c i t e s  a n  examp l e  drawn f rom 

P a ine et al . ,  ( 1 9 5 9 )  i n  which L-me t h i o ni ne and L -h i s t i dine a re both 

act ively absorbed mo re rapidly than thei r D - i s ome rs . He repo rt s Tasaki 

a n d  T a k a h a s h i  ( 1 9 6 6 )  a s  f i n d i n g  t h a t  t he a b s o rp t i o n  o f  l e u c i ne o r  

phenylalanine was inhibited by met h i onine . 

Mo r e t o  and P l anas ( 1 9 8 9 )  repo rt t h a t  t h e  proximal cae c a , c l o s e  t o  the 

i l eo rect al j uncti on , h a s  well -devel oped v i l l i  and mi crov i l l i  and is able 

to t ransport suga r s  and amino acids aga i n s t  a concent ration gradient , by 
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mechanisms virtua lly identic al to those in t he sma l l  inte s tine . Howeve r 

cont ribution t o  the ove ra l l  nut rient abso rption i s  limi t e d  because t he 

abso rbing epithelium is exp osed to the int estinal c onte n t s  o nly during 

the fil ling and emptying o f  the caecal segmen t s . I n  a ddi t i o n  Low and 

Zebrow s ka ( 1 9 8 9 )  have repo rted the c o l on in chic kens may have an amino 

acid abso rptive function . 

I n  mamma l s ,  f a t s  a re abs o rbed int o  t he lymp h l a c t e a l s o f  t he vil li ,  

whe reas i n  birds , fat i s  absorbed directly int o t he blood ( Noyan e t  al . ,  

1 9 6 4 ) . Duke ( 1 9 7 7 )  reports Noyari et al . ,  ( 1 9 6 4 ) , Carew et  a l . ,  ( 1 9 7 2 )  

and Hurwit z e t  al . ,  ( 1 9 7 3 )  as finding that app roximately 8 0 - 9 5  % o f  the 

fatty acids present in the intestine of adult chi c kens a re abs o rbed . I n  

newly hat ched chicks l e s s  i s  abs o rbed ( Ca rew et  al . ,  1 9 7 2 )  a s  cited by 

Duke ( 1 9 7 7 ) . 
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CHAPTER 2 

DIGESTIBILITY 

D i g e s t i b i l i t y  i s  de f i n e d  a s  the di f fe rence between t he amount o f  a n  

amin o  a c id i n  t he diet a n d  t h a t  in excreta or i leal dige s t a  ( Low , 1 9 8 2 ;  

P ap a do p o u l o s , 1 9 8 5 ;  S a ue r  a n d  O z imek ,  1 9 8 6 )  a s  a p ropo r t i o n  o f  t he 

quant i t y  fed . Measurement i n  poul t ry is us ually accompl i s hed by t o t a l  

e x c r e t a  c o l l e ct i on methods o r  b y  use o f  a n  indi c a t o r . 

In obt a i ni n g  dige s t i b i l i t y  va lues u s i ng poult ry there a re 3 perceived 

d i f f i c u l t i e s . T hey i nvo lve di s t o rt i ons of dige s t ib i lity v a l ue s  

c o n sequent on : 

( 1 )  

( 2 )  

( 3 )  

u r i ne being a component o f  exc ret a ;  

endogenous mat t e r  o f  othe r t han food 

s e c ret i on s , mic robi al deb ris , 

cont ribut ing to feed residues ; 

h i nd gut mic robi a l  synthe s i s  

dige s t a . 

epithelial 

and 

of protein 

o rigin vJ.. z 

cell debri s ,  

and amino 

dige s t i ve 

.and bile 

a c i ds f rom 

There a r e  e s s entially two 

dige s t i b i l i t y  in  p o u l t ry . 

practical procedu res f o r  e s t imat ing 

They a re the t o t a l  c o l l e c t i o n  a n d  i l e a l  

techniqu e s . Alt e rnat ive name s  f o r  the "total col lect i o n "  procedure a re 

" t o t a l  e x c r e t a " , " e x c r e t a" o r  " f a e c a l " .  O f  t he s e  t he l a t t e r  i s  a 

l o o s e l y  a p p l i e d  t e rm a nd n o t  a l i t e r a l  rep re s ent at i on o f  t h e  w a s t e  

mat e r i a l  c o l l e ct e d . Me a s u reme n t s  l abe l l ed " t rue " as  opp o s ed t o  

" appa rent " repre sent those f o r  which an attempt has been made t o  c o r re c t  

f o r  e ndogenous secretions . Measurements labelled " il e a l "  are indi c a t ive 

o f  t he u s e  of p rocedu r e s  w h i c h  att empt to ove rcome post abs o rptive 

di s t o r t i o n s  c au s e d  by u r i n e  cont aminat ion o f  f a e c e s  and di s t o r t i o n s  

a r i s i n g  f rom h i nd gut mi c robi al s ynthe sis  o f  p r o t e i n  and amino a c i ds 

f rom dige s t a  res idue s . 

Re s e a r c h  p ro c e du re s  have been developed to e s t imate t he extent o f  the 

b i a s  a s s o c i a t e  w i t h  t he aboveme n t i oned problem a r e a s . They i n c l ude 

cannu l a t i o n ,  caecectomy , exterioration of the colon ( c olostomy ) and t h e  

u s e  o f  ge rm- f ree bi rds . 
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o f  t he 

gut by 

Diges t ib i l i t i e s  a re me asu rement s that  

propo rt i on of  suppli e d  nut ri ent that  

abs o rpt i o n  i n t o  t he c i rcul a t o ry s y s t em . I n  cont rast the measurements 

a re not e s t ima t e s  o f  the propo rtion o f  supplied nut =ient s that are in  a 

form s u i t able f o r  a p a rticular met abo lic need . I t  is  expected however 

t h a t  t he y  w i l l  p r ov i de a n  e s t ima t e  of the ext ent t o  w h i c h  supp l i e d  

nut rients  a re available to the animal in the form t h a t  was  int ended . As 

such in feed f o rmulat i on t hey may permi t a highe r degree of precision in 

the s upply o f  a b s o rbable di e t a ry nutri ent s and ma ke more e f f ect ive and 

e f f i c ient use of feed ingredients with ult imately a cost bene f i t . 

Assays performed on t a rget species are t e rmed di rect . 

approaches invo lve en zymatic in v i t ro studies . 

2 . 1  D i re c t  P rocedures 

2 . 2  Met hods I nvolvinq Total Collec t i on or Exc ret a Samol inq 

I ndi rect 

Unde r t he s e  procedures two dige s t i bi l ity values may be obt a i ned . They 

a re appa rent excret a or  faecal digest ibility ( AED or  AFD ) , also t e rmed 

app a r e n t  dige s t ib i l i t y  ( AD )  and t rue exc reta o r  f a e c a l  dige s t i b i l i t y  

( TE D  o r  T FD ) , c ommo nly t e rmed t rue diges t ibi l i ty ( TD )  . Corresponding 

t e rm i n o l o gy f o r  ami n o  a c i d  ( AA )  and n i t rogen ( N )  d i ge s t i b i l i t y  a re 

de f i ne d  below . 

appa rent amino acid dige s t ib i l i ty ---------- AAAD 

appa rent nit rogen dige s t ibility ------------ AND 

true amino a c i d  di gestibility - ------------- TAAD 

t rue n i t rogen dige st ibi l ity -------- -------- TND 

Many a s says employ t o t a l  excreta c o l lection technique s because t hey a re 

r e l a t ively s t raight f o rward and the a s s ay period i s  s hort . The a s s ays 

p rovide dige stibi l i ty values for the requi red amino acids of a feeds t u f f  
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in a s i ngl e a s s ay . The methodol ogy was fi r s t  used by Kui ken and Lyman 

( 1 9 4 8 )  to de t e rmine ami no a c i d  di ge s t i b i l i ty i n  ra t s . B r agg e t  a l . 

( 1 9 6 9 )  propo sed the exc ret a c o l l e c t i o n  method f o r  det e rmining 

dige s t ibil ity in poult ry . 

I n  i t s  simplest form the t o t a l  c o l l e c t i o n  met h od involves feeding a s s ay 

bi rds , commonly adult c o ckerels or  g rowing c h i c k s ,  with a known quantity 

o f  the test food a nd c o l l ec t i ng the excreta produced ove r a 

rep resent ative period . The di f fe rence in  quant ity of the AA o r  N in  the 

t e s t  food and exc reta a s  a proport i on o f  t he total consumed p rovides a 

me as u re of &�D . 

A working formul a  may b e  de rived a s  f o l l ow : 

Bal ance of AA (mg )  = t o t a l  AA intake (mg )  - t ot a l  excreta AA (mg )  

Expanding and convert i ng t o  a proport ion : 

bal ance of AA 

(mg AA I g food i n t a ke x g int a ke ) 

(mg AA I g exc ret a x g excret a )  

t ot a l  AA intake (mg )  (mg AA l g  f o o d  int ake x g food int ake 

S impl i fying and conve rting to a pe rcentage : 

(mg AA I g excre t a  x g excret a )  

% AAAD 1 - ---------------------------------------- X 100 

(mg AA I g food int a ke x g f ood intake ) 

A v a ri a nt w h i c h  r e s u l t s  i n  TAAD i n t r o du c e s  a c o r re c t i o n  t o  r emove 

s ou rces o f  bias a s s o c i ated with non-food r e s idues in t he excret a . The se 

sources a re re ferred t o  by Au s t i c  ( 1 9 8 3 )  a s  endogenou s l o s s e s  and 

comp r i s e  AAs re s u l t i n g  f rom u n a b s o rbed d i g e s tive j uices , mucus , bil e ,  

de s quama t e d  epi t he l i a l  de bri s ,  mi c r o b i a l  deb r i s  a n d  A A s  o f  u r i na ry 

o rigin ( S ibbald, 1 9 8 7 )  . 
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Aus t i c  ( 1 9 8 3 ) , P apadopoulo s ( 1 9 8 5 )  and S ibbal d  ( 1 9 8 7 )  o u t l i ne a numbe r 

o f  methods that  have been used t o  mea s ure endogenous l o s s e s . They 

i n c l uded exc ret a c o l l e c t ed f r om fas ted bi rds , exc ret a c o l l e c t i on f rom 

bi rds fed a nitrogen-free di et and regre s s i on techniques involving 

ext rapo l a t i o n  t o  obt ain an  intercept value at  z e ro i nt ak e . These a re 

out l i ned i n  mo re detail  in section 2 . 1 . 3 .  

The co rrec t i on t e rm for endogenous ami no acids ,  

( mg AA / g  e ndogenous excret a l  x g e ndogen ous exc re t a , when a pp l i e d  to 

the w o r king formul a gives TAAD values . 

1 - [ (mg AA /g excreta x g exc reta ) 

( mg AA /g endogenous excreta x g endogenous excreta ) ]  

% TAAD - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - X 1 0 0  

mg AA / g food intake x g food int ake 

2 . 2 . 1  Total Collection Assav P rocedu res 

A s s ay s  a re usually co nducted on egg type chi c k s , bro i l e r s  or adu l t  egg 

t ype c o c ke r e l s .  Three c ommo n a s s ay forms are presented t o  i l l u s t rate 

seve ral o f  t he more prominent features and i s sues . They a re the methods 

of f ree-acces s ,  intubation and the rapid a s s ay approac h . 

2 . 2 . 1 a F ree-access Methods 

In t h i s  approach st ock a re accust omed to the t e s t  di et  o r  f eeds t u f f  over 

a p e r i od that has ranged from 2 days ( Rost agno et a l . ,  1 9 7 3 )  to 7 days 

( Mu z t a r  and Sl inge r ,  1 9 8 0 a ) . The purpose is  t o  a l l ow c l e a rance o f  a l l  

res i du e s  o f  t he previous diet f rom the dige s t ive t ra c t  a n d  t o  e s t abli sh 

a uni f o rm rate o f  passage of the test feed and feed res i dues ( S chneide r  

and F l a t t , 1 9 7 5 ) . The si ngle ingredient a s s ay i s  n o t  recommended 

bec a u s e  many feedstuffs are unpalatable and unba lanced when fed a lone 
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( S ib ba l d ,  1 9 8 7 )  and may have adve r s e  e f fec t s  o n  body func t i on s  i f  fed 

ove r a numb e r  of day s . S ome feeds t u f f s  con t a i n  t ox i c  subs t a n c e s  that  

may a f fect  dige s t ive t ra c t  funct ioning during the accus t omi za t i on pe riod 

( S ibba l d ,  1 9 8 7 ) . The free -access  approach i s  exposed t o  t h e  e rr o r s  t hat 

r e s u l t  f rom s e l e c t ive feed i n t ake ( S ibbald, 1 9 8 7 )  and the di s t o r t i ons 

a f fe c t i n g  unc o rr e c t e d  a s s a y  v a l ues  that may arise from v a r i ab l e  food 

i n t ake ( S ibbal d ,  1 9 8 7 )  and low food int ake ( Sibbald,  1 9 7 5 )  and whi c h  a re 

due t o  the relat ive s i z e  o f  the endogenous f raction . 

2 . 2 . l b I nt ubat i o n  

S i b b a l d. ( 1 9 7 6 )  d e v e l o p e d  a s i mp l i ed p r o c e du r e  f o r  t h e r a p i d  

de t e rmi n a t i o n  o f  t r ue me t ab o l i z a b l e  ene rgy ( TME ) o f  f e eds c. u f f s  f o r  

poul t ry . This  procedure has been cl aimed to be rapid, s imple , a ccurate 

a nd i nexpe n s i v e . T h e  p r o c edure w a s  appl i e d  by L i k u s ki a n d  D o r r e l l  

( 1 9 7 8 )  t o  t h e  det e rmi na t i on o f  AA digest i b i l ity i n  feedst u f f s . I t  

i nvolves f a s t i ng t he expe rime n t a l  bi rds for 2 4  t o  4 8  h r s  t o  c l e a r  t he 

dige s t ive t ra c t  o f  previous residues followed by the p l a c i ng o f  a known 

quan t i t y  of feedst u f f  di rect ly into the c rop and subsequent qua n t i t at ive 

c o l l e c t i o n  o f  e x c re t a  f o r  2 4  to 4 8  h r s . T h e  ex c re t a  c o l l e c t e d  i s  

f ro z en , f re e z e -d r i e d ,  weighe d ,  g round and c leared o f  contami nant s and 

then analysed f o r  N or AA content . I n  addi t i o n ,  the excreta o f  f a s t ed 

cont rol b i rds i s  collected,  the N o r  AA cont ent det e rmined and used a s  a 

me asure o f  the e ndogenous N o r  AA output . A co rrec t i o n  i s  made t o  t h e  

exc ret a t e rm t o  abt a i n  t rue N or  AA digest ibi l i ty . 

Sibbald ( 1 9 8 7 )  repo rts that the intubat ion procedure ensures  full  i n t a ke 

o f  a p re c i se amount o f  a feeds t u f f  or feed at a known t ime . The 

t e chn ique p reve n t s  t h e  bi rds f r om s e lecting preferred c omponent s . I t  

avoids feed spi l lage , feed wast age , and ove rcomes feed i n t ake v a ri a t i o n . 

The opt i mum f o od p rovi s i o n  depends upon the s i ze o f  t h e  b i rd and the 

f o rm and t h e  nature o f  the feed . Sibbald ( 1 9 8 7 ) recogn i ze s  that  

incre a s i ng the level o f  feed fed reduces the e f fe c t  o f  expe rimental 
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e r ro r . Howev e r ,  feed inputs greater than 4 0  g have re s ul t ed in  an 

increased inc i dence of regu rgi ta t i on ( S ibba l d, 1 9 7 7 ) . For  adult White 

Leghorn cocke r e l s  t he optimum input rec ommended i s  3 0 - 4 0 g of pe l leted 

o r  2 5 - 3 0  g of ground feed . The input should be about 1 - 2  % of body 

we i ght ( S ibba l d ,  1 9 8 7 ) . S ibba ld ( 1 9 7 9 c )  f ound that the l evel o f  feed 

input had no s igni f i c ant e f fect on t rue amino acid dige s t ib i l i ty values  

i n  plant feeds t u f f s  i n  a s s ays on adult cockerels . 

2 . 2 . 1 c Rapid A s s ay 

F a r re l l  ( 1 9 7 8 )  de s c ribed a rapi d a s s ay for the determination o f  apparent 

me t abo l i z ab l e  e n e rgy ( AME ) . It involved t he use of adu l t  c o c ke re l s  

t ra ined t o  c o n s ume thei r daily feed al lowance ( 8 0 - 1 1 0  g )  i n  1 hou r . The 

a s s ay has bee n  employed t o  obt a i n  N and �� diges tibil i ty values  in  both 

a du l t  c o c k e re l s  and g ro w i ng me a t  c h i c ken s t o c k . T he a s s a y  i nv o lv e s  

p re s ent ing t o  g roups o f  bi rds either a pell eted basal diet o r  a pelleted 

mixture o f  the basal diet and t he test ma terial ( 5 0 : 5 0 w/w)  for  a 1 hour 

pe riod . Exc r e t a  is then collected for a recommended 2 4 - 3 6  hrs . I n  t he 

a s s ay endogenous l o s s e s  a re not corrected for  but they a re expected t o  

b e  re latively sma l l  a n d  incons equent ial i f  food intake i s  l a rge . 

The working f o rmul a  f o r  obt a i ning AAAD values under the above approach 

is derived in Appendix 1 .  
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2 . 2 . 2  Exc reta S amo lina P ro cedu res - - - I ndicators  and Ma rkers 

I ndi ca t o rs have been used in  dige s t ibi lity work because t hey obvi a t e  t he 

need t o  meas u re the amount o f  t e s t  food used and the quantity o f  waste 

mat e r i a l  produced . They invo lve me asuring t he weight o f  indi c a t o r  per 

unit weight of test diet and per unit of waste mat e rial . A widely used 

indi c a t o r  i s  chromi c oxide ( S i bba l d ,  1 9 8 7 ) . 

W o r k i n g  f o rmul a s  f o r  t h e  det e rmi na t i on o f  AAAD u s i n g  i n di ca t o r s  a re 

d e r i v e d  a s  f o l l o w s  a n d  i l l u s t r a t e  t he p r i n c i p l e s  i n v o lved a n d  t he 

me asu rements requi red . 

waste = intest inal residue s 

i ndi cator fed = indicator exc reted 

i ndi c a t o r  I g food eaten = waste x indicator I g waste 

indi ca t o r /  g food x g food eaten 

w a s t e  

indi cat o r /  g w a s t e  

AA abs o rbed per 1 g f o o d  e a t e n  AA / g  f o o d  e a t e n  - wa ste x AA /  g w a s t e  

AA/ g f o o d  e a t e n  - indicat o r /  g f o o d  x AA/g w a s t e  

indi c a t o r /  g w a s t e  

Conve rting t o  a propo rtion 

AA / g  food eaten- indi c a t o r / g  food x k� / g  waste 

AA absorbed/ g  food eaten i ndi ca t o r / g  waste 

AA/g food eaten AA/g food eaten 

indi ca t o r /  g f o o d  AA/ g w a s t e  

AAAD 1 - - - - - - - - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - -

indicat o r /  g w a s t e  AA/ g f o o d  eaten 
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Convert ing t o  a percent age 

1 0 0  x indicat o r /  g food AA/ g w a s t e  

% AAAD 1 0 0  - - - - - - - - - - - - - - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - -

indi cator/  g w a s t e  AA / g f o o d  eaten 

The procedu res requ i re that the indicator mixe s uni formly with t he test 

f ood and waste material representat ive o f  the t e s t  die t  f e d  i s  s ampled . 

Further i n f o rmation on the use  o f  i ndi ca t o r s  i s  given i n  section 2 . 2 . lb .  

An  a l l i ed procedu re impo s e d  t o  de l i n e a t e  t e s t  f o od e x c r e t a  r e s idues 

f rom t h a t  a s s o c i a t ed w i t h  t h e  pre and p o s t  a s s a y  feed i s  the use of 

ma r k e r s  s u c h  as  f e r r i c  oxide . Food c o n t a i n i n g  the marker is given 

during t h e  acclimati zation period and aga i n  f o l l owing t h e  provi sion of  

t h e  t e s t  diet  ( S auer et a l . ,  1 9 7 4 ) . The unma rked excreta material 

pr oduced be tween st ages o f  ma rked ma t e r i a l  is  cons i de red t o  be the 

excre t a  c o r responding to the t e s t  food . In work with chic kens , Bragg 

et al . ( 1 9 6 9 )  inserted a 1 0  hours f a s t  period between the holdi ng di et: 

and t he t e s t  diet . S ibba l d  ( 1 9 8 7 ) sugge s t s  problems may a r i s e  in the 

sepa ration of ma rked and unma rked materi a l  and the gene ral  prope rties of 

indi ca t o r s  refe rred to in section 2 . 3 . l b should apply . 

2 . 2 . 3  Endogenous Correct ion 

Amin o  a c i ds lost th rough endogenous s ources , i e  sources originating in 

the body and not of di rect food o ri gin may be measured and subst ract ed 

f rom t h o s e  o f  t he excreta rel a t ed t o  the t e s t  f ood t o  give ult imately 

t rue dige s t ibi l i ty measureme nt s . 

Endoge n o u s  sec ret i o n s  i n  po u l t ry c omp r i s e  di g e s t ive j u i c e s , muc o u s , 

b i l e ,  e p i t h e l i a l  c e l l  deb ri s ,  mi c ro b i a l  d e b r i s  a n d  u r i ne ( S ibba l d ,  

1 9 8 7 )  . T h e  purpose o f  co rrecting for  endogenous excre t i on i s  t o  remove 

the impact of thei r magni tude on dige s t ib i l i t y  values . The accuracy of 

t rue dige s t ibility remains , howeve r ,  uncert a i n . T hi s  is because t he re 

a re 
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f o u r  ways  o f  me a s u ring endogenous s e c ret ion and comp a r i s o n s  have not 

always proved c omp a reable ( P arsons , 1 9 8 1 ) . I n  addi t i o n  amp l e  evidence 

exi s t s  to s ugge s t  that t he type and quant i t y  of food f e d  i mp a c t s on 

endogenous s e c ret i ons i n  an unp redi ct able ma nne r Meyer ( 1 9 5 6 ) , Whi t ing 

and Bezeau ( 1 9 5 7 ) , Ros t agno et al . ( 1 9 7 3 )  and Krawielit z k i  e t  a l . ( 1 9 7 7 )  

a s  c i t ed b y  S ibbald and P ri ce ( 1 9 8 0 ) . 

P a rsons ( 1 9 8 1 )  p rovided an estimate o f  the propo rtion o f  amino a c i ds in  

c omp o n e nt s o f  excret a . Working w i t h  a dult cocke r e l s  and us ing 

di f f e rent i a l  c ent ri fuga t i o n  o r  phys i c al sepa r a t i o n  t e ch n i que s ,  he 

p a r t i t i o n e d  e x c r e t a  amino ac ids int o f r a c t i on s  aris ing f rom mi c robial 

sediment , insoluble matter which equated w i t h  feed r e s i dues and a 

s ol uble f ra c t i on comprising endogenous ma terial  emana t i n g  f r om t he gut 

and u rine . He found app roximately 3 1 ,  2 6  and 4 3  % o f  t he amin o  acid 

content w a s  present in t he mi crobi al , ins o lubl e  and soluble f ra c t i ons , 

respe c ti v e ly . I n  addi t i onal w o r k  he repo rted t he AA _ u r i n a ry 

c on t r i b u t i o n  t o  t he t ot a l  amino a c i d  c on t e n t  o f  e x c r e t a  p ro du c e d  

over a 4 8  hour period b y  cocke re l s  surg i c a l l y  modi f i e d  a n d  f o r c e - fed 

two 3 0  g amount s  of a nitrogen-free diet  ove r a 6 hr pe r i od t o  be 

approxima t ely 3 3  % .  By difference the soluble endogen o u s  s e c ret ion 

f rom t he gut could be expected to be around 1 0  % ( 4 3 % - 3 3 % )  . 

The w o r k  o f  S no o k  and Meyer ( 1 9 6 4 b )  suppo rt s t h i s  c o n c l u s i o n . T hey 

f ound t hat  app roxima t ely 9 0  % of endogenous proteins c on s i s ti n g  of gut 

secretions  and s loughed cells were digested and abs o rb e d  l e avi ng 10  % 

f o r  s e c r e t i on with feed res idues . 

S eve ral appro a che s have been employed to mea s u re endogen o u s  amin o  acid 

l o s s e s . They are as  fol l ows . 

( 1 )  Me asuring the amino ac ids of excreta produced by unfed b i rds and 

us ing these values as  a mea sure of t he endogenous l o s s e s  of fed 

b i rds . Likuski and Dorrell ( 1 9 7 8 )  used thi s method t o  dete rmine the 

t rue ami n o  acid dige s tibil ity of feedstu f f s . Some amin o  a c i ds were 

mo re than 1 0 0  % digestible which indicated that t he mea s u re for  

endogenous product ion overest imated that  in  fed bi rds . S ub se quently 

Mu z t a r  and S l i nger ( 1 9 8 1 )  sugges ted use of t he f e d  b i rd as its own 

cont ro l . 
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( 2 )  Using a nit rogen - f ree diet to obtain a n  e s t imat e  of endogenous amino 

acid excretion . P a rsons ( 1 9 8 1 )  compa red this approach w i t h  that 

us ing s t a rved bi rds . Endogenous amino acid s e c retion w a s  twice as 

high us i ng a low f ibre N - f ree diet for a 48  hrs c o l l e c t i o n  period 

i n  a du l t  cockerel s . Low ( 1 9 8 0 )  suggested that t he absence o f  

p rot e i n  i n  the feed can change the metabol i sm o f  the animal away 

f rom what ould be conside red t o  be a no rmal respo n s e . The 

res u l t s  obtained by Mu z t a r  and S l inger ( 1 9 8 0b )  were cons i s t ent w i t h  

those o f  P a rsons et  al . ( 1 9 8 3 ) . They found roosters fed o n  a N - f ree 

diet  excreted mo re ami no a c i d  than unfed bi rds . 

( 3 )  Feeding bi rds w i t h  seve ral levels of a s ingle prot ein s o u rc e . The 

inte rcept of t he regre s s i o n  l ine provides an  

ami n o  acid output ( Bielo rai et al . ,  1 9 8 5 ) . 

e stimate o f  endogenous 

S i riwan and B ryden 

( 1 9 8 6 )  repo rted this  procedure gave greater e s t imates  o f  endogenous 

ami no acid exc ret ion t han t he N-free diet met hod . 

( 4 )  A l e s s e r  used method is t o  feed bi rcs with a prote i n  diet w h i c h  i s  

c ompletely diges ted and abs orbed . 

Va rious feed charact e r i s t i c s  a re reported t o  influence endogenous ami no 

a c i d  output . Na s s et ( 1 9 6 4 ) sugge s t s  a homeo s t a t i c  condi t ion ope r a t e s  in 

the s e c re t i o n  o f  endogenous nit rogen into the digestive t ra c t  t o  p revent 

w i de f l u c t u a t i o n s  in the ami n o  a c i d  mix t u r e . Hence e n do g e n o u s  N 

s e c r e t i o n  c o u l d  be expe c t e d  t o  v a ry w i t h  t h e  qua l i t y  and quant i t y  o f  

diet a ry protein . McNab and S hannon ( 1 9 7 2 )  fed f i s h  mea l ,  s oyabean mea l  

and f i e l d  bean mea l  t o  birds . The N values  o f  the duodenal c ontent s 

increased 2 ,  5 and 1 5  fold ove r that of the feed N respectively . B o l t o n  

( 1 9 6 1 )  a n d  Imondi a n d  Bi rd ( 1 9 6 5 )  a n d  Bird ( 1 9 6 8 )  found t h a t  mo s t  o f  t h e  

N leaving t he duodenum w a s  absorbed in t h e  j e j unum b u t  t h a t  abs o rp t i o n  

i n  t h e  i l eum w a s  n o t  s i gn i f i c ant . Imondi and B i rd ( 1 9 6 6 )  sugges t e d  t h i s  

phenome n a  w a s  l i n ked w i t h t he l e ngth o f  t he v i l l i  w h i c h  dec re a s e d  in  

s i ze gradually f rom t he duodenum t o  the ileum .  

P a r s o n s  e t  a l . ( 1 9 8 3 )  found die t a ry c a rbohydrate ha s a subs t anti a l  

e f fe c t  on t h e  s e c retion of endogenous N in  chi ckens . High f i b r e  die t s  
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r e s u l t e d  i n  a g r e a t e r  amino a c i d  s e c re t i o n  in  N- f ree di e t s  t h a n  low 

fibre though t he di f fe rence was not s igni ficant . S imilar findings have 

been reported for  r a t s  ( Mey e r ,  1 9 5 6 ;  Whiting and Be zeau , 1 9 5 7 ) . Beames 

and Eggum ( 1 9 8 1 )  c o n s i de r  the re sponse may result f rom high fibre diets  

being p a s s a g e d  mo r e  r a p i dl y  w i t h  a c o r re s p o nd i n g  i n c r e a s e  i n  the 

s l o ug h i n g  o f f  of  c e l l s . H a l l s w o rt h  and Coates  ( 1 9 6 2 )  have s ugge st ed 

such die t s  may increase  the secretion of mucous . 

On the o t h e r  hand, S ibbald ( 1 9 8 0 )  and Sibba ld ( 1 9 8 1 )  found t he feeding 

of c e l l ul o s e , sand a nd sawdust did not influence endogenous N secretion . 

Ant inut r i t ive f a c t o rs such as  t ryps i n  inhibitors and tann i n s  have been 

repo rt ed by Green e t  a l . ( 1 9 7 3 )  and Rost agno et al . ( 1 9 7 3 )  t o  i nc rease 

t h e  s e c r e t i o n  o f  e n d o ge n o u s  n i t r o g e n . O t h e r  f a c t o r s  i n f l ue n c i n g  

endoge n o u s  N h a ve b e e n  repo r t ed . They i n c l ude period o f  s t a rv a t i o n  

time , a ge and b ody w e i ght o f  bi rds ( S ibba l d ,  1 9 8 1 ) , leve l s  o f  p rotein 

( S nook and Meye r ,  1 9 6 4 a ) , leve ls  o f  feed ( S hires et al . ,  1 9 8 0 ) , type of 

feed ( I s sh i ki et  a l . ,  1 9 8 8 )  and dry ma tter o f  feed ( Meye r ,  1 9 5 6 )  

2 . 3  I le a l  Collect i o n  Met hods 

Many re s e a rc h e r s  have s ugge s t e d  that amino acid digestibility can be 

a c cu r a t e l y  det e rmined f rom the ana lysis  of i l eal digesta f o r  by using 

this  mat e r i a l  t he e f f e c t s  o f  fermentation by bacteria of the hind gut on 

undi ge st e d  res i due and hence on digestibi lity can be avoided (Achinewhu 

and H e w i t t , 1 9 7 9 ;  Ra h a r j o  and Fa rrel l ,  1 9 8 4 ) . I n  addi t i o n  such 

procedu r e s  remove t he i n f l uence o f  metabolic a ct ivity ref l e cted i n  t he 

urin a ry component o f  exc ret a on digestibility (Aust i c ,  1 9 8 3 ;  S ibba ld,  

1 9 8 7 ) . I n  t h i s  subsect i o n  me thods o f  measurement o f  i leal dige s t  a a re 

out l i ned f i r s t . T h i s  i s  f o l l owed by a review o f  evidence relat ing t o  

t h e  m a g n i t ude o f  t he h i nd g u t  b a c t e r i a l  e f f e c t  a n d  that  o f  u r i n a ry 

mixing o n  dige s t i b i l i t y  values . The chapter ends with a brief survey o f  

env i r o nmen t a l , b i rd and feedst u f f  prope rties that may a f fect 

diges t ib i l ity mea s u rement s . 
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2 . 3 . 1  I leal S l auahter Assavs 

P ayne et al . ( 1 9 6 8 )  f i r s t  ma de u s e  o f  t h e  i l e a l  dige s t a  o f  chi cks to 

measure amino acid di gestib i l i ty . The proc edure involves a N f ree basal 

diet cons ist ing of pe rhaps corns t a rch , suga r ,  corn oil , c e l l ul o s e ,  salt  

a n d  a vitami n and mi n e r a l  s up p l ement to  which is added i n  known 

p roportion the test  mat e ri a l  and an indi c a t o r ,  commonly c h romi c oxi de , 

t o  form the test diet . The test  diet i s  f e d  t o  young chicks  and at  some 

de f i ned p e r i od subsequen t l y  the c h i c k s  a re s l aughtered and s amples  o f  

digesta removed from t he i r  termi n a l  i leums . 

Amino acid digest ibi l i ty may be c a l c ul ated us ing t he fol l owing equation : 

% AA digest ibility 

% C�203 in feed X % AA i n  dige s t a  

1 0 0 - ( 1 0 0  X - - - -- - - - - - - - - - - - - � - - - - - - - - - - - - - - -- ) 

% c r 2 o 3  i n  digesta x % AA in feed 

T he me thod requi r e s  t hat t he p ropo r t i o n s  o f  c h romi c o x i de and amino 

a c i ds being i n ve s t i ga t e d  be known or o b t a ined f o r  t h e  feed and the 

dige sta . 

The diget ibi l i t y  s o  obtained may be c o r re c ted t o  give t rue values by 

f e e ding sepa rately a nit rogen f ree b a s a l  c o n t a i ning a n  i ndi c a t o r  and 

c o r recting the AA pe r unit o f  dige s t a  a r i s i ng f rom the t e s t  food by the 

co rrect ion factor s o  de rived . 

A formula for t rue i l e a l  AA dige s t i b i l i t y  i s  as  follows . 

%AA dige s t at e s t  

TAAD % 1 0 0  - ( - - - - - - - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - -

% AA  test 

%AA dige s t ab a s a l  

X - - - - - - - - - - - - - - - - - - - )  

% AA  t e s t  
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The co rrect ion a s s ume s that t he t e s t  food and ba s a l  influence the weight 

and c ompo s i t i o n  o f  endogenous excreta equ a l l y  f o r  each gram o f  either 

fed . 

A numbe r o f  s t ud i e s  have been c a rried o u t  t o  a s ce rt a i n  t h e  r e l a t i v e  

s e n s i t i v i t y o f  i l e a l  a s s a y s . Va rn i s h  a n d  C a rpent e r  ( 1 9 7 1 , 1 9 7 5 )  

repo r t e d  t h a t  t h e  diges t i b i l i ty o f  ami no ac ids in  hea t -damaged mus cl e  

prot e i n  o r  propionyl ated lacta lbumin was 5 t o  1 2  % lowe r  when mea s u red 

f rom the ileal  dige s t a  as compa red to  the faecal  excreta of chi cks . No 

di f f e rences w e re obse rved f o r  go od-qual i ty mu s c l e  prot e i n . Elwell and 

S o a re s  ( 1 9 7  5 )  f ound simi l a r  ami no a c i d  dige s t i b i l i  t i e s  by partial  

f a e c a l  c o l l e c t i o n and i l e a l  c o l l e c t i on p r o c ed u r e s  for  f i s h  me a l  and 

s oybe an me al i n  chi cks . Rah a r j o  and Fa rre l l  ( 1 9 8 4 ) c ompa red the 

di ge s t ibi l i ty of several anima l and plant proteins as obt a i ned us ing the 

whole ileum,  the 10 cm portion o f  the t e rmi nal ileum, the post caeca 

region and t he excret a . Average appa rent N di ge s t i bi l i t i e s  were 6 2 , 

7 4 ,  7 4  and 5 7  % ,  re spectively . They conside red the gre a t e r  

dige s t ib i l i t y  a s s o c i ated w i t h  samp l i ng f rom t h e  t e rmi nal i leum as  

c ompa re d  to  use  o f  t h e  t e rmi n a l  exc r e t a  w a s  t h e  r e s u l t  of  u r i n a ry 

n i t rogen . Low ( 1 9 8 5 )  found the ami no acid diges t ibi l i t i e s  o f  me at and 

bone me al sub j e c t ed to di f ferent heat t reatment s were g re a t e r  f o r  those 

b a s ed on i leal  dige s t a  than for exc reta collec t i on precedures , but both 

p r o c edu r e s  were equ a l l y  e f fect ive i n  demo n s t r a t ing the i n f l uence of 

heat damage on digest ibility in chicks . 

The  i n c on s i s t e n c y  i n  t he relat ive magnit ude o f  dige s t i b i l i t y  between 

i l e a l  s l a ught e r  and faecel collection procedures  and i n  thei r capacity 

to demonst rate e f fects a ri s ing f rom heat damage may be a t t ributed t o  a 

numb e r  o f  f a c t o r s  t ha t  a re conf ounded in  the p re cedi ng repo r t s .  They 

i n c l ude t he i n f l ue n ce of urine on dige s t ibi l i t y  value s ,  t he mic robia l  

cont ribution o f  t h e  hind gut to  exc ret a  amino a cid p ro fi les , l evel o f  

feeding a n d  cha ract e ri s t i c s  o f  the d i e t  fed . 

A s pe c t s  o f  i l e a l  me thodol ogy have received c o n s ide ra b l e  a t t en t i o n  i n  

recent years and these are reviewed unde r f our catego ri e s . 
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2 . 3 . 1 a The E f fect o f  P a s s aae Rate 

The dige s t ive t ract of poultry di ffers in a numb e r  of respe c t s  f rom that  

of  monogastric  animal s .  The length o f  vari ous part s o f  t h e  dige s t ive 

t r a c t  o f  t he c h i c ke n  a re s hown in  Table 1 .  The rate o f  p a s s age o f  

diges t a  t h rough t h e  dige s t i ve t ract can be expressed i n  s e v e r a l  ways . 

T h e  t ime requ i red f o r  the f i r s t  appearance o f  f a e c e s  a f t e r  f e e d i n g  

( Hi l l e rman et  al . ,  1 9 5 3 ;  Tuc key e t  a l . ,  1 9 5 8 )  T h e  t ime requ i red t o  

c ompletely clear the digest ive t ract ( Che rry and Siegel , 1 9 7 8 )  a n d  the 

t ime requ i red to empty t he c rop ( Keith et al . ,  1 9 2 7 ;  Heus e r ,  1 9 4 5 ) . 

S turkie ( 1 9 7 6 )  de s c ribed me thods by which the rate o f  pass a ge o f  feed i n  

poul t ry may be me a s u red . These are summa rised a s  followe d : 

( 1 )  B i rds s l aughte red at  di fferent time s f o l l owing feeding t o  obse rve 

the l o c ation of feed in the intestinal t ra c t . 

( 2 )  The f ood may be sta ined with certain dyes  so t h a t  i t  may be 

recogn i sed i n  t he faeces . 

( 3 )  Cert a i n  type s o f  feed, such as oat s ,  may be recogn i s e d  i n  t he faeces 

w i thout ma rking ( B rowne , 1 9 2 2 ) . 

( 4 )  The p a s s age o f  food may be obse rved with X - rays . 

( 5 )  The f ood may be col lected by placing c annul as i n t o  the di f f e rent 

porti ons o f  the t ract . 

I n  chicken s ,  Jensen et al . ( 1 9 6 2 )  obse rved that although t he feed ma rker 

made its  first  appe a r ance in the excreta 1 hour fol l o w i n g  f e e d i ng t he 

peak o f  excret a p roduction took place 4 - 6  hours following feed i n t a ke . 

They found that  p e l l e t s  had a faster pass age rate t h a n  g round p e l l e t s  

a n d  mas h  w h e n  fed t o  chicks . Kamin ska and Summers ( 1 9 8 8 )  s tudied the 

pa s s age rate in White Leghorn and broi l e r  b i rds of the s ame age . The 

ma rke r f i rs t  appea red about 1 - 1 : 5  hours follow ing feeding and maximum 

excreta voidi ng t o o k  place about 4 hours post feedi n g . The rate o f  

p a s s age when exp re s s e d  a s  excreta p r oduced pe r u n i t  o f  t ime w a s  not 

di f f e rent between the two type s of bi rds . 
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The r a t e  o f  pa s s age i s  i n f luenced b y  cons i s t e n cy , ha rdne s s  and water 

content o f  t he feed ( S turki e ,  1 9 7 6 ) , t he type o f  feed and t he l evel of 

i n t a ke ( S i bb a l d ,  1 9 7 9 a )  a n d  t h e  phys i o l ogi cal  s t a t e  o f  t h e  bi rds 

( Tu c key et a l . ,  1 9 5 8 ) . The f i r s t  feed e n t e r i ng the c rop is  p a s s aged 

rapidly th rough t he proventriculus and into the gizzard in s t a rved bi rds 

( H al n a n ,  1 9 4 9 ) . Heu s e r  ( 1 9 4 5 )  found that rate of pas s a ge depended on 

the type o f  feed and was related to  the t ime require for grinding in  t he 

gi z z a rd .  

High envi ronme n t a l  t empe rature increased rate o f  pas sage i n  Whi te Pekin 

duc k s  ( W i l s o n  e t  a l . ,  1 9 8 0 ) . Mate o s  et a l . ( 1 9 8 2 ) observed that  when 

the l evel of s uppleme n t a l  fat was i n c reased f rom 0 to 30 % ,  the ave rage 

f i r s t  appe a rance t ime o f  the feed ma rker was increa sed f rom 3 . 0  to 4 . 5  

h o u r s . The a ddi t i o n  o f  anti b i o t i c s  i n  the feed may slow down the 

pa s s a ge t ime in c h i c ke n s  and t u r k e y s  ( P. i l l e rma n et a l . ,  1 9 5 3 ) . Old 

bi rds may pa s s age food more s l owly t han young bi rds ( Thornton et  al . ,  

1 9 5 6 ) . D i se a s e  may a l s o  s l ow p a s s age rate ( Aylott et al . ,  1 9 6 8 ;  Duke 

et a l . ,  1 9 6 9 )  . 

J o n e s  and S ib b a l d  ( 1 9 7 9 )  and S ibba l d  ( 1 9 7 9b ,  1 9 7 9d )  f ound t h a t  feeds 

p a s s  t h rough t h e  dige s t ive t r a c t  w i thin 2 4  hours , but some feedst u f f s  

such a s  rape seed produc t s ,  dehydrated a l f a l f a  mea l s ,  low den s i ty oat s ,  

me a t  mea l s  and f i sh me a l s  have a longe r pa s s age t ime .  



Table 1 .  Absolute and relative l encrths o f  v a r i ous p a rt s  o f  t he 

dicrest ive t ract o f  the c h i c ken at two acres . 

P a rt Age , 2 0  days Age , 1 . 5  years 

cm % o f  t otal cm % o f  t otal 

Uppe r esophagus 7 . 5  8 . 3  2 0 . 0  9 . 8  

Lowe r es ophagus 4 . 0  4 . 4  1 5 . 0  7 . 4  

Duodenum 1 2 . 0  1 3 . 3  2 0 . 0  9 . 8  

I leum 4 9 . 0  5 4 . 1  1 2 0 . 0  5 8 . 9  

Caeca 5 . 0  5 . 5  1 7 . 5  8 . 6  

Colon + cloaca 4 . 0  4 . 4  1 1 . 3  5 . 5  

T o t a l  9 0 . 5  1 0 0 . 0 0 2 0 3 . 8  1 0 0 . 0 0 

F r om C a l h o u n , Mi c r o s c op i c  A n a t omy o f  t h e  D i ge s t i v e  S y s tem 

Chi c ken , I owa State u .  pre s s ,  P._me s .  1 9 5 4 . 

2 8  

o f  the 
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2 . 3 . lb The E f fect o f  I ndi c a t o rs 

The de rivation o f  dige s t ib i l ity formulas invol v i ng i ndi c a t o r s  a re given 

in section 2 . 1 . 2 .  

The dige s t ib i l i t y  o f  amino a c ids can be det e rmi ned by the used o f  

i n di c a t o r s  i n  t h e  f o o d . T h i s  obv i a t e s  t h e  n e e d  f o r  me a s u ri n g  t h e  

qu a n t i t y o f  f o o d  c o n s ume d a n d  t h a t  o f  re s i du e s  p rodu c e d . They a re 

empl oyed when s amples  a re c o l l e c t e d  by way o f  a n  ileal  c annula o r  in  

s l augh t e r  techniques . Markers need t o  be i ndige s t ible,  unabsorbable and 

i n e r t . I de a l l y  they s ho u l d  have p rope rt i e s  t h a t  e n a b l e  t hem t o  mix 

uni f o rmly with the feed, pass through the dige s t ive t ra c t  at a r a t e  that 

permit s  them t o  ma intain a consta nt rat i o  with that o f  t h e  feed r e s i dues 

ove r t ime and be f ree o f  pharmacological o r  phy s i o l ogi ca l  e ff e c t s  on t he 

dige s t ive t ract ( S ibbald,  1 9 7 9e ) . 

For solid dige s t a  the mo s t  widely used indi c a t o r  i s  chromi c oxide ( McNab 

and S hannon , 1 9 7 2 ; Achinewhue and H e w it t ,  1 9 7 9 ) . A l t e rn a t ive 

indi c a tors have incl uded fe rric oxide ( B ragg et a l . ,  1 9 6 9 ) , cel l ulose 

( B o l t on , 1 9 6 4 ) and acid insoluble ash (Wa l l i s  and Balnave , 1 9 8 4 ) . 

Fluid dige s t a  can be det e rmined us ing soluble ma rkers s u c h  as  phenol red 

( Uden et a l . ,  1 9 8 0 ) , cobalt ethylenedi ami ne t et r a c et i c  a c i d  ( Gona l o n s  et 

al . ,  1 9 8 2 ) , and polyet hylene glyce rol  ( Ro udyb u s h  et a l . ,  1 9 7 4 ) . Lipid 

dige s t a  can be me asured by the addit i on of t ri dode cyl e t h e r  ( C a r l s on and 

Bayley , 1 9 7 0 )  to the fed ma teria l .  

Vohra and Krat z e r  ( 1 9 6 7 )  repo rted that chromium can be  abs o rbed by the 

c h i c k e n s  and in t h e i r  w o r k r e c o v e ry w a s  o n l y  8 8 % . D a n s ky a n d  H i l l  

( 1 9 5 2 ) f o und mo s t  o f  t h e  c h r omium w a s  r e c ov e rab l e  w i t h i n  2 4  h r s  i n  

c h i c k s . J e n s e n  e t  a l . ( 1 9 6 2 ) rep o r t e d  t h a t  s ome ma r k e r s  m a y  p a s s  

t h rough t h e  dige s t ive t ract  f a s t e r  t h a n  the feed . Voh r a  ( 1 9 7 2 )  

s ugge sted that  a lthough there a re s ome problems with c hromium a n a l ys i s ,  

t hey c a n  be  overcome by t he u s e d  o f  t h e  a tomi c  a b s o rption 

spect rophotome t ry .  
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2 . 3 . 1 c The E f fect o f  D i f ferent Slauaht e r  Methods 

I n  t he i l e a l s l a ugh t e r  technique , bi rds have b e e n  k i l led by 

c e rv i c a l  di s location ( Bolton,  1 9 6 1 ;  Soares and Ki f e r ,  1 9 7 1 ;  S ku r ry and 

Curnrni n g ,  1 9 7 5 ;  Rahar j o  and F a rrell , 1 9 8 4 )  and k i l led by i n j e c t ion o f  

s o d i um p e n t o b a rb i t o n e  ( B o l t o n , 1 9 6 5 ;  M c N a b  a n d  S h a n n o n ,  1 9 7 2 ;  

Achinewhu and Hewitt , 1 9 7 9 ;  Wal l i s  and Balnave , 1 9 8 4 ;  B i e l o re i  et a l . ,  

1 9 8 5 )  o r  by way of c a rbon dioxide inhalation (May et  a l . ,  1 9 8 8 ) . 

The · me t h o d  o f  s l aught e r  appe a r s  to be 

c o n t ami n a t i o n  of dige s t a  w i t h  muc o s a l  

s t udi e d . S umme r and Robblee ( 1 9 8 5 )  

impo rt ant . 

she dding a t  

repo rted that 

The p roblem o f  

de a t h  h a s  b e e n  

t h e  apparent 

dige s t ib i l i ty o f  ami no a c ids between bi rds s a c r i f i c e d  by a n a e s t h e s i a  

( ha l othane ) and cervical disloc ation were not s i gni f i c a n t l y  di f fe rent . 

The ave r a l l  me ans w e re 8 3 . 9  and 8 2 . 9 % ,  respe c t ively . B o l t on ( 1 9 6 4 ) 

s a c ri f i c ed adul t chickens by cervical di slocat ion . The s t udie s  s howed 

agonal s p as ms caused movement o f  the dige s t a  up and down the gut and 

r a i s e d  the possibil ity that this effect may influence dige s t i b i l i t y  

resul t s . Bolton ( 1 9 6 2 )  found that the cons equences of s t ruggl ing du ring 

de a t h  c an caused a movement of Coli form o rgani sm from t he c rop to t he 

gi z z a r d  and coul d re s u l t  in non sterile eggs . When bi rds were k i l l ed 

u n de r a na e s t he s i a  by a n  overdose of sodium pentoba rb i t one , s t r uggl ing 

was absent and the oviduct was completely s t e ri l e . 

I n  s t ud i e s  w i t h  s heep . Badawy ( 1 9 6 4 )  sugge s t ed that when the a nima l s  

w e re s a c r i f i ced, the intest inal contents might b e  contami nated w i t h  t he 

s he dding o f  epi t helium f rom the lining of the intest i ne . Badawy et  a l . 

( 1 9 5 7 )  a n d  Badawy et a l . ( 1 9 5 8 )  sta ted that when s heep were s hot and 

b l e d ,  the intest ines underwent peri stalsis and shedding c e l l s  i n c rea sed 

the nit rogen c ontent o f  the digest a .  On the othe r hand when s odium 

p e n t o b a r b i t one was u s e d ,  peri s t a l t i c  movement s w e re reduced,  and the 

muc o s a l  l ining rema i ned int act . Badawy et al . ( 1 9 5 8 ) and F e l l  et  a l . 

( 1 9 6 1 )  reported that c e l l  sheddi ng occurs within about 1 0  minu t e s  o f  the 

c e s s a t i o n o f  r e s p i r a t i o n  i n  rats and s h e e p , a n d  i s  a c c e l e r a t ed by 

b l e e di n g  and i nc re a s e s  p rog r e s s ive ly w i t h  time a f t e r  de a t h . Ce l l  

s h e dding may a l s o  r e s u l t  f rom p rol ong v a s c u l a r  engo rgeme n t  o r  s p a s m  

( Fe l l ,  1 9 6 9 ) . 
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The above st udie s i nd i c a t e  that the use o f  s odium pentoba rbi t one may 

avo i d  c e l l  s he ddin g  a n d  the movement of dige s t a  during dea t h  and may 

cons t i tute a preferred met hod o f  sacri fice . 

2 . 3 . ld The E f fect o f  D ioe s t a  Removal 

In c h i c ken s ,  t he i l eum is gene rally conside red to be that portion of t he 

gut ext e nding f rom Me c k e l ' s  di vertic ulum t o  t h e  i l e o c a e c a l  j un c t i on . 

Me t hods o f  dige s t  a remova l  usua l l y  involve gently f l us hi ng w i t h  

di s t i l l e d  w a t e r  u s i n g  a syri nge o r  gen t l e  digi t a l  ext ru s i on i n t o  

containe r s . McNab a n d  Shannon ( 1 9 7 2 )  concluded that the c o llect i on 

o f  di ge s t a  by dig i t a l  ext rus ion probably caused muc o s a l  s hedding into 

the sample . P ayne et a l . ( 1 9 6 8 )  and Soa res and Ki fer ( 1 9 7 1 )  ·used a 5 %  

t r i ch l o roacet i c  a c i d  s o l ut i on t o  wash dige s t a  f rom the i leum subsequent 

t o  analys i s  o f  the dige s t a  for amino acids . 

2 . 3 . 2  I l eal Cannul a t i on 

Thi s i s  a p rocedure involving the insert i on o f  a cannula usually into 

the t e rminal i leum .  I t  has been empl oyed i n  adult stock and s e rves the 

du a l  p u rp o s e  o f  p r o v i di ng a me ans o f  sampl i ng i l e a l  c o n t e n t s  a nd o f  

prese rving the t e s t  bi rds for  reuse . 

I l e a l  c a n nu l a t i o n  i n  c h i c k e n s  h a s  been u s e d  by Raha r j o  a n d  F a r r e l l  

( 1 9 8 4 ) , Summer et  a l . ( 1 9 8 2 ) , Thoma s and Cri s sey ( 1 9 8 3 )  a n d  John s  et  al . 

( 1 9 8 6b )  . Thoma s and C r i s sey ( 1 9 8 3 )  found s ome type s o f  c annul a s  caused 

s amp l i ng p roblems a n d  o nly ha l f  of the cannul ated bi rds could p rovide 

s amp l e s . Johns e t  a l . ( 1 9 8 6b )  repo rted only 6 0 %  cannulated cockerels 

were s t il l  h e a l t hy 9 mon t h s  a fter surgery . Other p robl ems have been 

c i t e d  ( Sibbald,  1 9 8 7 ) . These involve the e f fect of · cannul a t i on on 
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f a c t o r s  as soci ated w i t h  t h e  f ree flow o f  dige s t a  t hrough 

e f fe c t s c o n s equent on pa r t i c l e  s i ze o f  the feed,  the 

f eedi ng f requency , ma rker recovery and col lect ion 

2 . 4  Studies with Colostomi zed Bi rds 

I n  poul t ry ,  faeces and u ri ne a re mixed and excreted t ogethe r .  A purpose 

of colostomi zing bi rds in  studi es  related to digest ibi l i ty is t o  enable 

sepa rate collection of u rine and faeces to a scert ain the impact o f  each 

on exc ret a values . S ibbald ( 1 9 8 7 ) suggests that debiting t he ami no acid 

o r  nit rogen o f  u rine to the faecal  concent ration and us i ng the combined 

v a l u e  to e s t ima t e  t h e  amo unt removed f rom t he qu a n t i t y  fed is a 

de p a r t u r e  f r om t h e de f i n i t i o n  o f  d i ge s t i b i l i t y  a n d  r e s u l t s  i n  

me a s u remen t s  he  t e rms me t ab o l i z a b l e  ami n o  a c i ds . A s  me t ab o l i z able 

ami no acids a re a measure of  both digestibility and subsequent 

met ab o l i z a b l e  a nd phys iologi c a l  ut i l i z a t ion (Aus t i c ,  1 9 8 3 ) , they 

i n c o rporate a met a bol i c  e f fe c t  and a re potentially sub j ect  to the 

i n fluence of addi t i onal fact o rs a f fecting variation . 

B ragg et al . ( 1 9 6 9 )  found ami no acid content o f  gut residues o r  excreta 

w a s  h i ghe r in c o l o s tomi zed chi c k s t han intact chicks . S ibbald ( 1 9 8 7 )  

c ites  Gruhn ( 1 9 7 4 )  a s  f i nding i n  a comparat ive study t hat intact bi rds 

gave lowe r e s t ima t e s  o f  ami n o  a c i d  abs o rpt i o n  t han did c o l o s t omi sed 

bi rds . 

The urinary amino a c i d  cont ribut ion t o  exc reta has been repo rted to be 

s ma l l  and a s  s u c h  w o u l d  h a v e  a n e g l i g i b l e  e f f e c t  o n  d i ge s t i b i l i ty 

( Sykes , 1 9 7 1 ; T e rp s t ra ,  1 9 7 9 )  T a s a k i  ( 1 9 8 7 )  w a s  unable t o  de t e c t  

ami n o  a c i ds i n  t he u r i n e  and c o n c l uded t h a t  separa t i o n  o f  f a e c e s  and 

u rine was unnece s s a ry in amino acid digest ibility s tudi e s . On t he other 

hand O ' Del l et  a l . ( 1 9 6 0 ) showed that the amino acid content amounted to 

3%  o f  the n i t rogen in  chi cken urine . They a l so concluded that this was 
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u n l i k e l y  t o  have a s ig n i f i c a n� e f fe c t  o n  ami n o  a c i d  d i ge s t ib i l i t y . 

P a r s o n s  ( 1 9 8 1 ) re p o r t e d  Tee ke l l  e t  a l . ( 1 9 6 8 ) as  obt a i n i ng a n  ami no 

urina ry nit rogen exc ret i o n  in hens  of  6 mg/ d  whi c h  equat e s  w i t h  38  mg o f  

ami n o  acids p e r  day . I n  P a rsons ( 1 9 8 1 )  own w o r k  he obtained an 

e s s e n t i a l  ami no a c i d  exc re t i on l e v e l  ove r 4 8  h o u r s  i n  c o l o s t omi z e d  

c oc k e r e l s  f e d  a n i t rogen f ree l o w  f i b r e  di e t  o f  1 7 6  m g  w h i c h  equated 

w i t h  1 0 0  mg/ day total  amino acids , a n  amount app roxima t e l y  2 . 5  t ime s as  

g r e a t  a s  t h e  f i n d i n g s  of  T e e k e l l  e t  a l . ( 1 9 6 8 ) . He  o b s e rved t ha t  

s u rgical  procedures  may have inc rea s ed u r i na ry exc ret i on and c i t e s  the 

work o f  Low and Zebrow s ka ( 1 9 7 7 )  in  s uppo rt of that obs e rv a t i o n . 

H i s  work provides a use ful ins ight i n t o  the proport i onal c ont ribut i o n  o f  

ami n o  acids in  exc re t a . H e  f o u n d  t h a t  t he c o n t r i b u t i on o f  ami n o  

a c i ds in the exc reta o f  adult poult ry fed a s t o c k  laye r r a t i o n  was  3 1 %  

a t t r i b ut able t o  a mi c r obial  sediment c omponent , 2 6 %  a t t ributable to 

i n s o luble re s i dues ( f eed res idue s ) and 4 3 %  a t t ri but a b l e  t o · a s o luble 

f r ac t i on compri s i ng u r i ne and endo genous s e c r e t i o ns of the gut . I n  a 

di f f e re n t  expe r i me n t  o n  c o l o s t omi z e d  c o c ke r e l s  re f e r r e d  t o  i n  t h e  

p re c eding paragraph t h e  urina ry e s sen t i a l  amino acid f ra c t i on o f  the 

t o t a l  exc re t a  ( f aeces and urine ) was 3 3 % . T he quant i ty in  the urine 

( 1 7 6  mg / 4 8  hrs ) equates to a urinary nit rogen c ontent o f  2 8  mg/ 4 8  h rs o r  

1 4  mg/ 2 4  hrs . I f  it i s  a s sumed t h a t  3 k g  b o dy weight c o c ke r e l s  have a 

maintenance nit rogen excretion o f  about 4 4 5  mg/ d  ( S im,  1 9 8 6 )  t h en the 

3 %  urinary nit rogen c ont ributed by ami no a c i ds referred to p rev i ou s ly 

unde r O ' Del l e t  a l . ( 1 9 6 0 )  i s  equ i v a l e n t  t o  a 1 3 . 4  mg / day o ut p u t  o f  

u r i na ry ami no a cids , a quantity in  keeping w i t h  t he f indings o f  P a rsons 

( 1 9 8 1 )  . 

Furthe r ,  i f  the s oluble f raction o f  the exc retion part i t i on o f  P a rsons 

( 1 9 8 1 ) , cont ributes 4 3 %  of the t o t al ami n o  a c id exc ret i on under stock 

layer feed c ondi t i ons o f  feedi ng and t h e  u r i ne cont r i bu t e s  3 3 %  under 

n i t r ogen f ree diet feeding condi t i on s ,  it i s  clear t h a t  the urinary 

impact on amino acid dige s t ibi l i t y  may be s u b s t a nti a l . 
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2 . 5  The E f fect o f  the I nt e stinal Mi c ro f l o ra uoon Ami no Acid Exc retion 

D e t e rmi n a t i o n  o f  n i t r ogen and ami no acid di ges t ibility u s ing faec a l  

c o l l e c t i o n  procedures have been widely c r i t i c i z ed on t h e  g rounds that  

t he int e s tinal rni c ro f lora especially of  t he c a e c a  and l a rge i n t e s t ine 

may have a s ubst ant i a l  ef fect on the amount of n i t rogen and amin o  acids 

ex c re t e d . S ub s t a n t i a l  e f f e c t s  have been o b s e rved in  pigs  ( H o lme s e t  

a l . ,  1 9 7 4 ;  Zebrowska , 1 9 7 8 )  and rats (Ma s on and P a lme r ,  1 9 7 3 )  . 

Zebroswka ( 1 9 7 8 )  found evidence o f  cons ide rable degrada t i o n  i n  pigs . I n  

2 studi e s  he found the equivalent o f  8 0 - 9 0 %  o f  n i t rogen o f  a n  e n z yma t i c  

h y d r o l y s a t e  o f  c a s e i n  i n f u s e d i n t o  t h e  l a r ge i n t e s t i ne u s i n g  a n  

i l eocaecal cannula was excreted a s  urea nit roge n . According t o  s t udi e s  

b y  Bi nde r ( 1 9 7 0 )  a s  c i t ed by Aus t i c  ( 1 9 8 3 )  a nd t h o s e  o f  Z e b r o s w k a  

( 1 9 7 8 ) , the pig hind gut does not appear t o  play a signi f i c ant role i n  

t he abs o rption of  ami no acids for protein f o rma t i on i n  the h o s t  animal . 

I nstead evidence in the form of  digestibility s t udies repo rted by Holme s  

e t  al . ( 1 9 7 4 ) and S a u e r  et al . ( 1 9 8 0 )  as  c i t ed by Au s t i c  ( 1 9 8 3 )  

i ndi c a t e s  hind gut fe rme nt ations may result 
·
in  a net synt he s i s  o f  some 

amino a c i d s  which cont ribute t o  the p ro t e i n  c ompo s i t i o n  o f  t h e  

bacteri a l  popul a t i on . A table presented by Aust i c  ( 1 9 8 3 )  i n  whi c h  amino 

a c id dige s t ibility obt ained by ileal  and faecal procedures a re c ompa red 

for a variety of feedstu f f s ,  demons t rates c o n s i s t an t l y  l owe r i l e a l  

d i ge s t i b i l i t y  a n d  s u pp o r t s  t h e  c o n c e p t  t h a t  h i n d g u t  f e rme n t a t i o n  

results i n  a net l o s s  o f  amino acids from i n t e s t inal res idue s . 

The studies in  swine provide a use ful gui del ine t o  i nfluences di f f e rent 

regi o n s  o f  t he gu t i n  c h i ckens may have o n  d i ge s t ib i l i t y  v a l ue s . I n  

c on t r a s t  t o  t he pig,  chi ckens have a rel at ively sho rt la rge i n t e s t ine o f  

rel a t i ve l y  reduced c apacity ( Au s t i c ,  1 9 8 3 ;  P apadopoul o s ,  1 9 8 5 )  I n  

a ddi t i on t he r a t e  o f  p a s s age o f  dige s t a  i n  f ow l s  i s  rel a t ively rapid 

( P apadopou l o s ,  1 9 8 5 ) . Pe rhaps partly i n  consequence , in  gene ral , the 

e f fect of  the intest inal mi croflora on the dige s t ib i l i ty of  n i t rogen o r  

i ndivi dual amino a c i ds in  poult ry have been considered to  be l e s s  

import ant o r  o f  l i t t l e  signi ficance . 

bacte r i al activity . 

However c l e a r  evidence exi s t s  o f  
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Aus t i c  ( 1 9 8 3 )  repo rt s Mason e t  a l . ( 1 9 7 6 )  a s  finding t h a t  5 0 %  o r  mo re o f  

t h e f a e c a l  p r o t e i n  ( o n a d r y  ma t t e r  b a s i s )  w a s  c o n t r i b u t e d  o f  

mi c r o o rg a n i sms i n  p i gs whe r e a s  i n  pou l t ry ,  P a r s o n s  ( 1 9 8 1 )  f o u n d  t h e  

mi c r obi a l  p r o t e i n  cont ributed 31 % o f  the essential  amino a c i ds o f  the 

e x c r e t a . B ryden and B l  uet t ( 1 9  8 6 )  con du c t e d  a n  expe riment u s i n g  a 

p hy s i c a l  sepa r a t i o n  t e chnique to sepa rate t he mic robi a l  f ra c t i on f rom 

t h e  i l e a l  dige s t a  of chicks . Approximately 1 2 %  o f  the dige s t a  was 

mi c r o b i a l . J u s t  ( 1 9 8 0 )  repor� i ng on p i g s  f o u n d  t h a t  t h e  b a c t e r i a l  

a c t i v i t y  i n  t h e  l a rge intest ine may have a 3 - 5 %  i nf l uence on 

n i t rogen dige s t ib i l i t y . S kurray and Cumming ( 1 9 7 5 ) c o n c l uded t ha t  f o r  

c h i c k s  t he bacterial act ivity was greater i n  t h e  po s t e r i o r  t han a n t e r i o r  

segment of the sma l l  i ntestine ,  and that t h e  c a e c a  cont ained t h e  h ighe s t  

popu l a t i o n o f  mi c ro f l o r a . Ba rne s ( 1 9 7 2 ) found b a c t e ri a l  c o u n t s w e re 

c on s i de rably h i ghe r i n  t he caeca contents and numb e r e d  approxima t e l y 

1 0 8 / g  ( we t  we ight ) o f  t h e  i nt e s t i n al content s f o r  poult ry . Ana e robic 

b a c t e r i a  c apable of  dec ompo sing uric acid were found a t  high levels by 

B a r n e s  and I mpey ( 1 9 7  4 )  and 

mi c ro f l o ra of the 

t h e s e  r e s e a r c h e r s  s u g ge s t ed t h a t  t h e  

c a e c a  may play a substantial role in reut i l i z a t i on o f  u r l c  a ci d .  

T e rp s t r a  ( 1 9 7 7 )  s umma ri sed factors which can influence f e rme n t a t i o n  i n  

t he dige s t ive t ra c t . They we re as fol lows : ( 1 )  The t ime requ i red f o r  

( 2 )  T h e  amo u n t  o f  n i t rogen f e e d  t o  pa s s  t h ro ugh the di ge stive t ract . 

w h i c h  reaches t h e  l owe r intest ine . ( 3 )  The amount o f  ene rgy reaching 

t h e  lower intest ine . 

2 . 5 . 1  S tudie s  w i t h  Caecectomi sed Bi rds 

T h e s e  s t ud i e s  whe r e  t hey involve a c omp a r i s o n  o f  i n t a c t  v e r s u s  

c a e c e c t omi s e d  bi rds i n  dige s tibility a s s ays and emp l oy t o t a l  excreta 

c o l l e c t i on t echn ique s ,  remove the po tenti a l  i s sue of  u r i n a ry 

c o n s t i t u en t s  c o n f ounding interpreta t i on ( a s urine i s  c ommon t o  both ) . 

They p rovide an unbi a s sed compari son of  the e f fect  o f  c a e c a l  a c t i v i t y  on 

dige s t ib i l i t y  unde r c ondi t i ons  of urinary expo s u re . 
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Mos t  mi crob i a l  ferment a t i on in the la rge i ntescine a rea of chic kens is  

A review has been made by McNab ( 1 9 7 3 )  t hought t o  o c c u r  i n  the caec a . 

on  t he fun c t i ons o f  the avian c aeca . These i n c lude : ( 1 )  w a t e r  

abs o rption ( Th o rnburn a n d  Wil l c ox,  1 9 6 5 ) ; ( 2 ) c a rbohydrate dige s t i o n  o r  

mi c robi a l  dec ompo s i t i o n  o f  c e l l ul o s e ; ( 3 )  protein di ge s t i o n  o r  non-

p r o t e i n  n i t r ogen ab s o rpt i o n ; ( 4 )  mi c robi al synthe s i s  of vit ami n s  and 

t he i r  a b s o rpt i on : ( 5 )  immun i z a t i o n  ( Mayhe w ,  1 9 3 4 ) . Lev and B ri ggs 

( 1 9 5 6 )  f ound t he mi c r o f l o ra o f  the caeca in two -day old chicks rea ched a 

c oncent rat i o n  that was very simi l a r  to that found at  1 0 ,  1 6  and 3 0  days 

a f t e r  feedi ng . I t  has been sugge sted that t he mi crofl o r a  may be able to  

synthe s i ze amino ac ids (Aus t i c , 1 9 8 3 )  or  ut i l i z e  undige sted ami n o  acids 

w i thout nut r i t i onal value to the host . 

Seve r a l  s t udi e s  have bee n conducted compa ring amino a c i d  dige s t i b i lity 

as de t e rmined by as s a y s  conducted on  i n t a c t  or c ae c e c t omi s e d  b i rds . 

N i t s a n  and Al umot ( 1 9 6 3 ) found that caecectomi sec chicks  fed raw s oybean 

me a l  had p o o re r  pe r f o rmance than intact chicks . P ayne et a l . ( 1 9 7 1 )  

examined t h e  appa rent p r o t e i n  dige s t ibi l i ty o f  f i s h me al i n  bi rds . 

D i g e s t i b i l i t y  i n  i n t a c t  b i rds w a s  s l i gh l y  grea t e r  t han t ha t  f r om 

c ae c e c t omi sed chicken s . S tudi es by Nesheim and Carpe n t e r  ( 1 9 6 7 )  showed 

t hat  the appa rent digestibility of  heat-damaged cod f l o u r  was 6 8  % f o r  

c a e c e c t omi s e d  c h i c k s , b u t  f o r  i n t a c t  chi c k s , it w a s  7 7  % .  F o r  g o o d  

qu a l i t y  c o d  mu s c l e ,  t h e re w a s  no di f f e r e n c e . J o h n s  et  al . ( 1 9 8 6 a )  

repo rted that  t he appa rent amino acid dige s t ibility o f  heat t reated meat 

and bone me a l  me asu red us ing c aecect omi sed cockerels was lower than t hat 

o b t a ined u s i ng intact c o c kerel s .  P a rsons ( 1 9 8 4 ,  1 9 8 6 )  fo rce- fed 3 0  g o f  

meat me al t o  c aecectomi sed and intact cocke rels . The t rue dige s t ib i l i ty 

o f  a l l  ami n o  a c ids w e r e  l ow e r  f o r  caecect omi s e d  t h a n  f o r  i n t a ct 

c o c ke re l s . F o r  p l an t  feeds P i c a rds ( 1 9 8 3 )  f ound t h a t  t h e  t rue amino 

a c i d  dige s t ib i l it y  w a s  not  signi fic antly di f fe rent between caecectomi zed 

a n d  i n t a c t  b i r ds . G r e e n  et  a l . ( 1 9 8 7 )  t e s t e d  seve r a l  c e r e a l s  a n d  a 

p r o t e i n - f r e e  di e t  u s i ng c o c kerel s . The endogenous ami n o  acid output 

between i n t a c t  and c a e c e c t omi zed b i rds was not s i gni fi cantly di f f e rent 

w h e n  t h e  p r o t e i n - f re e  diet was used . The appa rent diges tibi l i t ie s  of  

n i t rogen and amino aci ds in c e reals were incons istent between intact  and 

c a e cect omi s e d  bi rds and this  was cons idered to be due to t he va r i abi l ity 
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in endogenous amino a c i d  excret i on . Kes s l e r  et al . ( 1 9 8 1 )  f ound that 

f a s ted c a e c ec t omi s e d  roo s t e r s  exc reted mo re amino a cids t han fasted 

intact roosters over a 24  hr c o l l e c t i o n  period . 

These re s u l t s  sugges t  ths caeca a re involved with a net removal o f  amino 

acids f rom t he dige s t  a leadi ng to an i n c rease i n  di ge s t ib i l i t y . The 

extent of the e f fect  may depend on the protein source . 

2 . 5 . 2  S t udies with Ge rm- f ree B i rds 

The s e  s t udi e s  c ompa re me a s u reme n t s  obta ined using ge r.n- f ree and 

c onve n t i o n a l  bi rds . The i r  gene r a l  purpo s e  i s  t o  show t he e f fect o f  

b a c t e r i a l  c� n t ami n a t i on o n  mea s u r ement s .  I n  t h e c o n t e x �  o f  t he s e  

s t udie s ,  ge rm- f re e  me a n s  f r ee o f  c o n t ami n a t i o n  b y  b a c t e r i a , y e a s t s ,  

moulds , fungi , pro t o z o a ,  pa ra s it e s ; in gene ral , f ree o f  a l l  o�he r l i fe . 

S e v e r a l  s t u di e s  h a v e  b e e n  c o n du c t e d  c ompa r i n g  t h e  u t i l i z a t i o n  o f  

n i t r ogen and ami no a c ids b e t w e e n  g e rm- f re e  a nd convent i on a l  chicks . 

Mi l l e r  ( 1 9 6 7 ) reported no di f f e re n c e s  bet ween net protein ut i l i z a t i on 

v a l u e s  obt a i ned w i t h  germ- f ree and c onvent ional chicks f e d  a casein-

gel a t i n  diet . S a l t e r  and Coates  ( 1 9 7 1 )  fed ge rm-f ree and conventional 

chi cks w i t h  1 4 c - l abe l l ed f re e z e-dried and he a t - damaged egg albumin and 

f o und t he 1 4 c : n i t rogen rat i o  was higher in the l a rge i n t e s t ine o f  t he 

c o n v e n t i o n a l  a s  c omp a red t o  t he g e rm- f re e  c h i c ks . They and S a l t e r  

( 1 9 7 3 )  rep o r t ed t h a t  t h e  ammo n i a  c oncentration o f  caecal re s i dues was 

five t ime s higher f o r  c onvent i onal a s  compa red t o  germ- free chicks . The 

studi es  concluded that bacterial a c t ivity in the l ower gut of chicks did 

not imp rove the ava i l abi l i t y  o f  ami no a cids but such a ct ivity may 

i n f luence ami n o  a c i d  diges t i b i l i t y  involving the t o t a l  c o l lection 

p rocedure . S a l t e r  and Ful f o rd ( 1 9 7 4 )  found the t rue dige s t ib i l i  t ies o f  

ami n o  a c i d s  i n  t h e  f re e z e -d r i e d  a n d  heat -dama ged e gg a lbumi n were no 

di f fe rent f o r  ge rm- f ree and c onvent i onal chicks . S a l t e r  et a l . ( 1 9 7 4 )  

f ound t ha t  ge rm- free chicks exc re t ed more endogenous amino a cids than 
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c onventi on a l  chicks when a nit rogen - f ree diet was p r o v i de d . I n  

a ddi t i o n , t he nut r i t i o nal v a l u e s  i n  s ev e r a l  p o o r  qu a l i t y  p r o t e i n  

feeds t u f f s  we re not  s ub s t a n t i a l l y  di f fe rent i n  b o t h  types o f  chicks . 

H o weve r ,  S o a re s  e t  a l . ( 1 9 7 1 )  f o und t h a t  mo n o c o n t ami n a t e d  ge rm- f ree 

c h i c k s  fed f i s h  me a l  c on s i s t e n t l y  exc r e t e d  s ma l l e r  amoun t s  of ami n o  

acids t h a n  convent ional chicks fed f i s h  me a l . They concl uded t hat  t he 

c onvent i onal chicks may underestimate the dige s t ib i l i t y  o f  ami n o  a ci ds . 

Coates ( 1 9 7 6 )  concluded that the e f fects o f  i n t e s tinal  mi c r o b i a l  l i f e  on 

p r o t e i n  di ge s t ib i l i t y  seemed t o  be smal l ,  b u t  t h a t  i t  m a y  de g r a de 

endogenous p rotein s . 

2 . 6  The I n f luence of Miscell aneous Va riables on  Diaestibi l i t v  

2 . 6 . 1  Level o f  P rotein 

Yokota ( 1 9 7 8 )  used faecal collect i on a s s ay s  t o  i nve s t igate t he e ffect o f  

leve l s  o f  p ro t e i n  on  N dige s t ib i l i t y  in  c o l o s t omi sed c o c k e re l s . They 

f o und no  s i gni f i cant di f ference in  N di ge s t i b i l ity between t e s t  diets 

c o n t a i n i n g  6 %  and 7 1 %  t e s t  p r o t e i n . Feed i n t a ke was t h e  s ame i n  a 

p r o t e i n - f ree and the l ow protein t e s t  di e t  a n d  w a s  t w i c e  t h a t  o f  the 

h i gh p r o t e i n t re a t me n t . K e u l de r ( 1 9 7 8 )  c omp a red t he e f fe c t  o f  two 

leve l s  o f  protein on amino acid di gest ibil ity in  chicks b a s e d  on exc ret a 

collection p r ocedures using Brown F i shmeal a s  t he prot e i n  s o ur ce . The 

amino acid dige s t ib i l i ty of the 1 3 %  and 2 9 %  t e s t  protein di e t s  were not 

s igni f i c a n t l y  di f f e rent . B rown and S qu a n c e  ( 1 9  6 7 )  emp l o y i n g  f ae cal 

c o l l e c t i o n  s t ud i e d  g r a ded l e ve l s  o f  mi x t u r e s  of a n i m a l  a n d  c e r e a l  

proteins i n  feeds . Re sults  indi cated t hat 2 . 5  t o  2 5 %  p r o t e i n  inclusion 

had no e f fect on t rue N digestibil ity . 
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2 . 6 . 2 Acre and Temoe rature 

McNab and Shannon ( 1 9 7 2 )  studi ed protein dige s t i b i l i ty i n  t h e  i leum o f  

1 3 ,  1 7  a n d  2 4 -week o l d  pullets and found there were no e ff e c t s o f  age o n  

N di ge s t i b i l i t y . 

B j <j> rn s t a d  ( 1 9 7 8 )  

hens and chicks . 

E qu i v a l e n t  r e s u l t s  w e r e  o b s e rv e d  by Hvids t e n  a n d  

i n  a c ompa rat ive study invo l v i n g  adu l t  c o l o s t omi s e d  

Good agreement was reco rded f o r  N dige s t ibi l i t y  a c r o s s  

a l l  f e ed s t u f f s  t e s t ed except  t h a t  o f  me a t  a n d  b o n e  me a l . S imi l a r  

r e s ul t s  were obtained by Keulder ( 1 9 7 8 )  who worked wit h  c h i c k s  r anging 

in age between 21 and 62 days . There were no s i gn i f i cant di f f e rences  i n  

f a e c a l  ami no acid diges tibility . The aut h o r  sugge s ted t h a t  4 2  day o l d  

chicks  w e re e a sy t o  ha ndle and shoul d provide s u f f i cient i l e a l  s ample .  

Howeve r ,  Fonolla et  al . ( 1 9 8 1 )  us ing total exc reta c o l l e c t i o n  p r ocedu r e s  

and ma l e  b ro i l e rs f ound t h a t  protein dige s t ib i l i t y  dec r e a s e d  w i t h  age . 

Wa l l i s  and Bal nave ( 1 9 8 4 )  repo rted that the i l e a l  digest ib i l i t y  o f  a l l  

a m i n o  a c i d s  w e r e  s i gn i f i c a n t l y  higher at 5 0  t ha n  3 0  day s o f  age i n  

b ro i l e r s . Haka n s s o n  and Eriss son ( 1 9 7 4 ) c oncluded t h a t  t h e  

dige s t i b i l i t y  o f  N dec rea sed and that of fat inc rea sed w i t h  t h e  a g e  i n  

p o u l t ry . W i l s o n e t  a l . ( 1 9 8 0 )  found t h a t  h i gh e nv i r o nme n t a l  

t empe ratures had a n  e f fect o n  amino acid dige s t ibility in  fema l e  but not  

in  ma l e  broi le rs . 

2 . 7  I ndi rect P rocedu res 

2 . 7 . 1  E n zvma t i c  As s avs 

These i nvo lve the det e rmination of the quan t i t y  o f  amino a c i ds released 

f rom a p ro t e i n  source ma te rial on  i t s  i ncubat i on with p r o t eolyt i c  

e n z yme s . The s imp l e s t  as says involve incubat i on o f  the f ee ds t u f f  w i t h  

o n e  e n z yme a t  a pa rt i cu l a r  pH , eg . peps in at pH 2 .  S ome i nvolve a 

s e c o n d  e n z yme o r  e n z yme complex incuba t i o n  s tep eg . t h e  f o rme r s t ep 

f o l l owed by pa n c re a t i c  proteases a t  pH 7 - 8 . Dige s t ibi l i t y  i s  obtained 

by a c omparison of  t he amino acid or  nit rogen content o f  t h e  t e s t  
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mat e r i a l  w i t h  that o f  the final insoluble residue remaining ( Low , 1 9 8 1 ) 

f o l l owing dige s t i o n ,  f i l t ra t i on and washing . 

S impl e  e n z yme a s s ays  have been de sc ribed by Sneffne r et el . ( 1 9 5 6 )  and 

Rayne r a n d  Fox ( 1 9 7 6 )  and mu l t i -en zyme a s s ay s  by Ake s o n  and S t ahrnann 

( 1 9 6 4 ) and S aunde rs and Kohler ( 1 9 7 2 ) . Some a s s ay s  have been devel oped 

t o  r e l y  o n  the re l e a s e  of a spe c i fi c  ami no a c i d  such as t ryp t oph a n  

( Lornba rd a n d  de Lange , 1 9 6 5 ) . 

Re s u l s  f rom enzyma t i c  a s s ay s  have been compa red wi t h  those o f  i le a l  and 

f a e c a l  and chemi c a l  dige s t i b i l i t y  s t udi e s . Rayne r and Fox ( 1 9 7 6 )  

c ompa re d  t he ami n o  a c i d  diges t ib i l i t y  o f  rape s e e d  me a l s  u s i n g  e i t he r  

p ronase o r  hydrol y s i s  w i t h  6 M  HCl . More amino acids were rel e a s ed unde r 

t he a c i d  hydr o l y s i s  p r o c edure than by the a c t i on o f  p rona s e . On the 

other hand D a t t a  ( 1 9 7 8 )  f ound the lysine diges t i bi l ity o f  poul t ry die t s  

a s  e s t ima t e d  b y  peps i n : p a n c re a t i n  dige s t i o n equated mo re c l o sely wi t h  

r e s u l t s  o b t a i n ed f r om b i o l ogical  a s s ays  than t o  t h o s e  obt a i n e d  u s ing 

a c i d  h y d r o l y s i s . S a  unde r  and Kohl e r  ( 1 9 7 2 )  u s e d  pronase B and chi c k  

panc re a t i c  ma t e rial t o  dige st wheaL mi l l f eeds and found the ami no a c i d  

p r o f i l e s  o f  undige s t ed re s i dues to be ident i ca l  t o  t h o s e  re s u l t ing f rom 

i n -v iv o  p rocedu res . Bielo rai et al . ( 1 9 8 3 )  repo rted simi l a r  f i ndings . 

The ami n o  a c i d  compo s i t ions in the res idues o f  feather meal dige s t e d  by 

pep s i n  and panc re a t i n  and by in-vivo procedu res were alike . Cluni e s  and 

Lee son ( 1 9 8 4 )  reported a c o rrel ation coefficient , r ,  o f  0 . 9 3 f o r t h e N 

d i ge s t ib i l i t y  o f  f i ne l y  g round ( c apable o f  p a s s ing t h rough a 0 . 4 0 mm 

s c reen ) poul t ry di e t s  a s  obta ined using en zyma t i c  techniques and i n -v i v o  

i l e a l  met hods in  rat s . 

I t  has  be c ome apparent that the type o f  enzyme o r  enzyme c ompl ex and t he 

e n z yme - t o - s u b s t r a t e  rat i o  i n f l uence the i n -vit ro resul t . I n  gene ral , 

f o r  c e r e a l s , mul t i -e n z yme dige s t i o n  equ a t e s  mo re c l o s e l y  t o  i n -v i v o  

met hods ( Buchmann , 1 9 7 9 )  . Johnston and Coon ( 1 9 7 9 ) expl o red t h e  e f fe c t  

o f  g r a d e d  l ev e l s  o f  pe p s i n on  t h e  dige s t ib i l i t y  o f  v a r i o u s  a n ima l 

p r o t e i n  s o u r ce s . They found that dec reased levels o f  pep s i n  i n c reased 

t h e  s e n s i t i v i t y  of  t he a s s ay and incre a s ed the range o f  di f f e rence 

between amin o  a cids between diets . Carpenter ( 1 9 5 8 ) sugge s t s  s i ngle 
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enzyme dige s t ion o f  a mixed diet may give e r r o reous re sult s  because some 

proteins are mo re s u s cept ible t o  att ack by one part icu l a r  enzyme than by 

another . 

The condi t i ons unde r w h i c h  e n z yme s i n t e r a c t  w i t h  sub s t r a t e s  c a n  have 

p r o f ound a f f e c t s  on t h e  r a t e  and end p r oduc t s  o f  di ge s t i on .  S ibbald 

( 1 9 8 7 ) c i t e s  t he w o r k  o f  K r a t z e r  and P o r t e r  ( 1 9 6 2 )  who s t udied the 

e f fect of pH on the dige s t ion of mi l k  and soyabean proteins by peps i n . 

Ra i s ing the pH t o  4 dec re a sed t he rate o f  dige s t i o n  o f  s oyabean protein 

mo re than mi lk protein and caused ma j o r  changes in  peptide f o rma t i on . 

T he accumul a t i on o f  the end p roduct s  o f  enzyma t i c  dige s t i on may a f fect 

c ont inuing en zyme a c t i v i t y  ( S i bba l d ,  1 9 8 7 ) . The enzyma t i c  dige s t i o n  

system o f  F o rd a n d  S a l t e r  ( 1 9 6 6 )  t a kes place 1 n  a column that pe rmi t s  

t he produ c t s  o f  d i g e s t i on t o  be  e l u t e d . I n  t he sy s t em des c r ibed by 

( Gauthier et a l . ,  1 9 8 2 )  two s t ages of di ge s t i on a re employed involving 

peps in t hen pancre a t in . The l a t t e r  st age t a kes pl ace unde r c ont i nuous 

dialys i s . 

I n -v i t ro t e ch n i qu e s  a re r e l a t i ve l y  

met hods o f  e s t imat ing di ge s t ib i lity . 

qu i c k ,  i nexpe nsive and c onve n i e n t  

Howeve r t h e  fact ors  that  i n fluence 

resul t s  which include enzyme t ypes , quant i t i es and comb i na t i ons , time o f  

i n c u b a t i o n ,  p H ,  p a r t i c l e  s i z e a n d  t e mp e r a t u r e a r e a s o u r c e  o f  

variabi l i ty in  in-vi t ro di ge s t ib i l i t i e s  both between samples and between 

p r o t e i n  s o u r c e s  and t h e s e  ma y con f ound rankings between ingredi ent s .  

S ibba l d  ( 1 9 8 7 )  repo r t s  C l a ndi nin and Robblee ( 1 9 52 ) a s  att r ibuti ng t o  

en zyma t i c  as says a p o s s ible qua l i t y  cont rol func t ion . In t he reported 

case in  respect t o  i den t i fying the optimum duration of heat t reatment t o  

which protein sources such as  s oyabean me al should be exposed . 

En zyma t i c  en zyme s c l e a rl y  de f i ned a nd c ont rolled for a protein s ource 

material may provide a s u i t able form o f  a s s ay ,  predicting di f f e rences in 

p ro t e i n  dige s t ib i l i t y  f o r  s amp l e s  of t he s ame p rodu c t  grown unde r o r  

sub j ected t o  di f fe rent f i e l d  o r  manu facturing condi t i ons . However they 

have value only to the ext ent that they reflect in-vivo values . Since 

t he dige s t ive env i ronment p rovided by in -vit ro techniques cannot 
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rep roduce the complex and dynamic condit ions o f  the guL ( Low,  1 9 8 2 )  Lhe 

degree t o  which they s imulate in-vivo dige st i o n  in any given s i t uation 

mu SL remai n  uncert a i n . 



CHAPTER 3 

AVAILABILITY 

S ibba l d  ( 1 9 8 7 )  de s c ribes avai lability as " an abs t ract conc ept which can 

be de fined but not me a sured" . He sugge s t s  " a  nut rient i s  b i o a va i l able 

if o n  e n t e r i ng a l i v i ng t i s s ue i t  c a n  be  u s ed for n o rma l me t ab o l i c  

func t i on " . I t  may be  a rgued that the way i n  which the body di sposes , 

ut i l i z e s  o r  othe rwi s e  handles  ingested mat e ri al constitut e s  a metabo l i c  

response a n d  a l l  such responses are no rmal f o r  the stat e  o f  the animal . 

H e  s u g g e s t s  " u t i l i z a t i o n o f  a n  a b s o r b e d  m o l e c u l e  i s  p r o o f o f  

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

b i o ava i l ab i l i t y " and i l l u s t rates his views by s t a t i ng "mi n e r a l s  abs o rbed 

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

b i o a v a i l a b l e  b e c a u s e  t h e y  h a v e  p o t e n t i a l  u t i l i t y " . T h e  r e ma r k s  

highlight four i s s ues . They a re : 

( 1 )  Ut i l i zat i on i s  a pre requ i s i t e  for avai l ability . 

( 2 ) The anima l deci des the fate o f  the absorbed compound . 

( 3 )  The metabol i c  pathway depl oyed is  gove rned by the phy s i o l og i c a l  

s t a t e  o f  the anima l . 

( 4 )  Abs o rbed compounds and element s have a potential f o r  ut i l i z a t i o n . 

By impl i ca t i on thi s potential i s  a func t i on o f  the nut r i t i o n a l  role 

o f  the mat e r i a l  and the di screte structural fo rm in which it is 

p re s en t . 

Z e b r o sw s ka ( 1 9 7 8 )  r e c ogni z e s  that a v a i l abil ity i n c o rp o r a t e s  the 

p ro c e s s e s  of dige s t i o n  and abso rpt ion b e f o r e  uti l i z a t i o n  can p roceed, 

but does not qua l i fy the form of uti l i zation . 

D e  Mue l e n a e r e  e t  a l . ( 1 9 6 7 b )  de f i ne d  amino acid avai l abi l i t y  as  " that 

po rt i o n "  ( p ropo r t io n )  " o f  an  amino acid present in a prot e i n  which is 

used for growth , devel opment and mai nt enance of  an animal in so far as 

it i s  depende n t  on the dige s t ibility of  t he protei n ,  e n z yme inhibit ing 

s ub s t a nc e s , a n d  r a t e  o f  r e l e a s e  o f  the ami no a c i d  i n  t he i n t e s t in a l  

t ra c t " .  All met ab o l i c  activity may be cons idered t o  cont ribute directly 
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o r  i ndi re c t l y  t o  g r o w t h  deve l opment and ma i n t enance . The de f i n i t i on 

does not addre s s  the que s t i o n  of st ructural for.n or complex of which the 

amino acid f o rms a pa rt or whole and the impact of compound s t ructure on 

s ub sequent ut i l i ty f o l l ow ing ab s o rpt i o n . 

S au e r  and O z ime k ( 1 9 8 5 )  de fined ava i l abil i t y  as  " the propo r t i o n  o f  the 

AA in the d i e t  t h a t  i s  abs o rbed in a form suitable for ut i l i zat i on and 

a s  s u c h  i s  me a s u r e d  by t he s l op e - r a t i o  me t hod eg . Bat t e rham et a l . 

( 1 9 7 9 ) " .  Thi s  de fi n i t i on l i ke t h a t  of de Muel enaere et  al . ( 1 9 6 7b ) 

ma k e s  no di s t i nc t i on as t o  t he u t i l i z a t i on that may be imposed as a 

c o n s eque nce o f  s t ruc t u r a l  f o rm .  By way o f  example , an  AA i n  one 

f o rm may be e x c re t ed di rectly it  i s  abs o rbe d .  In  another f o rm i t  

may unde rgo a c c re t i o n  i n t o  p ro t e i n . Both f o rms are ava i l ab l e  f o r  

met abolic purpo s e s  and b o t h  fo rms a re u t i l i zed . However o n l y  one f o rm 

i s  re t a i n e d  a n d  c o n t r i b u t e s  i n  a di r e c t  s e n s e  t o  we i gh t  g a i n  o r  

n i t rogen ret ent i on . 

P apadopou l o s  ( 1 9 8 5 )  de f i ned availability a s  " the degree t o  whi ch AAs a re 

p re s ent i n  a f o rm s u i t ab l e  f o r  dige s t i o n ,  a b s o rp t i o n  and met ab o l i c  

process e s " . T h e  de f i n i t ion o f  L o w  ( 1 9 8 2 )  is  " t hat propo rt i o n  o f  an  .D..A 

i n  a diet  w h i c h  i s  n o t  c ombined with compounds which interfere with i t s  

dige s t i o n ,  abs o rpt i o n  a n d  met abo l i sm" . By omis sion both imp l y  t hat the 

f o rm o f  ut i l i z a t i o n  is  inconsequent ial . 

However s pe c i f i c i ty o f  

i s s u e  A u s t i c  ( 1 9 8 3 ) , 

ut i l i z a t i o n  i s  import ant . 

r e f e r r i n g t o  g r o w t h  a s  

I n  addres s ing this  

a m e a s u r e  o f  AA 

ava i l abi l i t y ,  s t a t e s  t h a t  its use  is  based on t he "as sump t i o n  that body 

o r  c a r c a s s  c omp o s i t i o n  i s  c o n s t a nt " . H i s  c omment s imp l y  t ha t  b o dy 

we ight i s  u s e d  be c a u s e  unde r the f o regoing as sumption i t  i s  a valid 

index o f  p ro t e i n  a c c re t i o n . Aga in by inference Sibbald ( 1 9 8 7 } sees t he 

r o l e  o f  p r o t e i n  a c c r e t i o n  a s  b e i n g  imp o r t a n t  t o  t h e  c o n c ep t  o f  AA 

avai l ab i l i ty b y  s t a t i n g  in c omme n t s  relat ing t o  growth a s s ay s ,  

initial l y ,  N r e t en t i on i s  preferable because ��s a t  suboptimal i n t a ke s ,  

s hould a f f e c t  t i s s u e  p ro t e i n  synthe s i s . 
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I n  mode rn poul t ry die t  formul at ion �� s  a re supp l ied t o  p rovide f o r  the 

bi rds need f o r  AAs for net protein a c c ret i on .  Whil s t  utilization o f  

AA s may p ro v i de an i n c i dent a l  s ou r c e  o f  e n e rgy , h e a t  and sub s t rate 

e l eme nts  and c ompounds , the di e t a ry supp l y  is intended to provide �� 

adequacy for protein format ion t o  suppo rt the end processes c f  g rowth 

product i on and replacement . Mea s u re s  of ava i l abil ity a re inte nded to 

be an index of the ext ent to which the AAs suppl ied have been avai l able 

t o  the bird for use for  these ends . 

A c c o rdingly t h e  de f i n i t i on o f  S a ue r and O z ime k ( 1 9 8 5 )  i s  modi fied by 

qua l i fying " u t i l i z a t i o n "  and i s  p r e s en t ed a s  a prefe rred statement o f  

availabi lity as  follow : 

The propo rt ion o f  the �� in the diet that  i s  abs orbed in a f o rm with 

the same pot ent ial for  ut i l i t y  a s  its pure o r  unmodi fied f o rm .  

Ava i l ability as  meas ured i s  a n  index . I t  i s  c owmonly obt ained by way o f  

a rat io  in w h i c h  a t e s t  is  re l a ted t o  a s t anda rd or  re ference result . 

I t  may in s ome a s s ay f o rms be obt a ined b y  di f f e rence . The reference 

diet is  usually comp o s ed of a highly ava i l a b l e  s ource mat e r i a �  s uch as 

c ry s t a l line AAs or lact albumin . F o r  purp o s e s  o f  standa rdi z a t i on it is  

convenient t o  att ribut e to the  re fe rence diet an availability o f  1 0 0  % .  

A s s ay procedu res employed may be in-vivo and a s  such a re usually di rect 

i e . applied t o  the ta rget spec ies . Examp l e s  a re the growth and plasma 

AA a s s ays . They may a l s o  be in-vi t ro o r  indi rect and t a ke the f o rm of 

mi c robi al o r  chemical technique s .  

T h e  v a l u e s o b t a i n e d  a r e f r e qu e n t l y  d e s c r i b e d  a s  r e l a t i v e  and 

quant i t ative measures . I n  the forme r c a s e  the me asures are suitable for 

r a n k i ng as opp o s e d  to t h e  l a t t e r  c a s e  i n  w h i c h  they a re c o n s i de red 

suitable for  di rect adopt ion . 
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3 . 1  D i rect P rocedu res 

3 . 1 . 1  G rowth Assav s  

The mo s t  di rect approach to determining ava i l ab i l i ty o f  an amino acid i s  

by w a y  o f  t h e  g r o w t h  a s s ay ( H i l l  e t  a l . ,  1 9 6 6 ;  Robe l  and F r obi s h ,  

1 9 7 7 ) . I t  c o n s t i t u t e s  a p re f e rred app r o a c h  i n  s o  f a r  a s  i t  may be 

conducted on t a rget spec ies , cons t i tuent s of t h e  b a s al die t  may be of a 

type u s ed comme rc i a l l y  and the response  c r i t e r i a ,  usually body weight 

gain is a me asure used comme rcially to eval u a t e  pe r formanc e . 

The a s s ay i s  commonly de signed in a c c o rdance w i t h  t he s l ope -rat i o  model 

of F inney ( 1 9 5 1 ) . A t e st diet compris ing a b a s a l  de f i c i e nt in  the AA 

unde r t e s t  i s  suppl ement ed at a series  o f  leve l s  w i th the test  AA source 

and re sponse is compa red t o  that  a c h i eved with a re ference diet 

cons i s t i ng o f  the bas al and inc rement al  leve l s  o f  a s ynthet i c  f o rm o f  

t h e  AA unde r t e s t  or a re f e rence p rot e i n  s ou r c e  s u c h  a s  l ac t albumi n . 

The rat i o  o f  the sl ope o f  the regre s s i o n  l in e s  provide s the mea s u re 

o f  ava i l ability . For the a s say to qua l i fy a s  v a l i d  the s l opes genera�ed 

should be linear and have a commo n  inte rcept ( Ca rpente r  e t  a l . ,  1 9 7 2 ;  

S ibb a l d ,  1 9 8 7 ) . Commonly body w e i ght g a i n  i s  made the dependent 

variable and is re lated to either di etary c oncent rat ion o f  the t e s t  �� 

( Ou s t e rbout et al . ,  1 9 5 9 )  o r  total test  AA c o n s umed ( Campbel l ,  1 9 6 6 )  as 

the independent va riable . 

The synthet i c  o r  refe rence prot ein AA i s  a s s umed to be 1 0 0 %  ava i l ab l e . 

S ibbal d  and Wolynetz  ( 1 9 8 5 )  in t ri a l s  u s i ng adult c o c ke rel s ,  however 

found L-lysine HCl to be only 9 2 %  ava i l able . 

For poult ry ,  a s s ay s  a re norma lly conducted o n  c h i cks and s hould run for  

a s  long as i t  t a ke s  to achieve a repre s e n t a t ive response . I n  t he 

experiments  o f  Netke and Scott ( 1 9 7 0 ) , Smi t h  and S cott ( 1 9 6 5a )  a nd Combs 

et a l . ( 1 9 6 8 ) , t h e  t e s t  pe riod w a s  5 day s . Robel and F rob i s h  ( 1 9 7 7 )  

compa red the ava i l abi l i ty o f  AAs o f  soyabean mea l  a s  obtained u s i ng 4 ,  6 

and 8 day a s s ay s . The 8 day a s s a y  gave t he h i gh e s t  AA ava i l abi l i ty . 

Hill  et al . ( 1 9 6 6 )  repo rted a 1 0 %  reduction i n  l y s ine ava i l abi l i t y  u s i ng 

a 4 day t e s t  period as compared t o  a 5 day pe r i o d . 
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The reliability o f  the growth a s s ay has been que s t i oned o n  a number o f  

count s . The creation o f  di ets de fic ient in one AA and t h e  nec e s s a ry use 

of a p r o t e i n  s o u rce i n  the test diet t o  provide i n c reme n t a l  l evel s  of 

t he AA unde r t e s t , i n t r oduces the po s s ibility that die t a ry imb a l ances in  

AAs may di s t o rt the n o rmal response t o  graded increases  i n  t h e  test  AA 

( F i sher and Shapiro , 1 9 6 1 ;  Carpe nt e r  and Woodham, 1 9 7 4 ;  H a rp e r  e t  al . ,  

1 9 7 0 )  . 

T h e  di f f e rence in  p r o t e i n  cont ent and AA b a l a n c e  w i t h i n  t h e  t e s t  and 

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

a v a i l a b i l i t y  v a l u e s  ( Gupt a and Elve h j em ,  1 9 5 7 ; Uwa e gb ut e  a n d  Lewi s ,  

1 9 6 6 ;  de Mue l e n a e r e  e t  a l . ,  1 9 6 7 a ;  Guo e t  a l . ,  1 9 7 1 ;  Ba k e r ,  1 9 7 8 ; 

King,  1 9 8 2 ) . 

The work o f  de Muelenaere et al . ( 1 9 6 7 b )  s ugge s t s  the ene rgy t o  protein 

r a t i o  o f  t he suppleme n t a l  di ets may in fluence ava i l abi l ity o u t come and 

de Muelenaere et  al . ( 1 9 6 7 a )  as cited by Aus t i c  ( 1 9 8 3 )  f ound s t arch and 

f ibre inf luenced the avail ability of lys ine in rat a s s ay s . 

S eve ral  authors have recogni sed the va lue o f  u s i ng mo re di rect mea s ures 

to e s t im a t e  ava i l ab i l i t y . De Muel ena e re et a l . ( 1 9 6 7 a )  repo rted a 

d i f f e rence in lys ine ava i l abi lity det e rmined by rat  a s s ay when mea s ures 

were b a s e d  on l y s i ne accret ion as opposed to  body weight . Aus t i c  ( 1 9 8 3 )  

a dv o c a t e s  acc ret i on o f  n i t rogen i n  the ca r c a s s  a s  a mo re me a n i ng f u l  

r e s po n s e  c r i t e r i a  t h a n  body weight gain . S ib b a l d  ( 1 9 8 7 )  point s out 

h oweve r t hat Uwaegb u t e  and Lewis ( 1 9 6 6 )  fo und N ret e n t i o n  to be i n  

c l o s e  a g re emen t  w i t h  weight gain but recogn i s e s  t h a t  t i s s ue p rotein 

synthe s i s  i s  but one c omponent of body we ight g a i n . 

A di s a dvant age o f  t h e  growth a s s ay that h a s  inhi b i t e d  i t s  general 

app l i c a t ion is  that it  e s t imat e s  the availabi l i t y  o f  only o n e  AA a t  a 

t ime . I n  addi t i on u n l e s s the ba s a l  i s  made up , a t  l e a s t  i n  p a rt o f  

synthet i c  amino acids , the range o f  AAs that can b e  made s a t i s f a c t o rily 

limi t ing by prac t i c a l  ingredients i s  limi t ed . S ibbald ( 1 9 8 7 )  c l a ims in 

addi t i o n  that the a s s a y s  a re s l ow ,  c os t l y  and l ab o r i o u s , and t hough 

conceding that t hey provide use ful compa rat ive dat a ,  sugge s t s  t h a t  

the  c u r rent need i s  f o r  a simple and rapid a s s ay appro a c h . 
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3 . 1 . 2  P l a sma Amino Ac i d  Assavs 

P l a sma f re e  amino a c i d  ( P FAA ) a s s ay s  have been used to  mea s u re change s 

o r  di f f e re n c e s  i n  the concent ration o f  free amino acids in  bl ood pla sma 

or s e rum s ub s equent t o  inge s t ion of food ( S ibbald,  1 9 8 7 ) . A comp a ri s on 

o f  the concen t r a t i on o f  t he �� level a chieved between a t e s t  diet and a 

reference s o u rc e  provides  a measure o f  the amino a c ids ava i l ab i l i t y  to  

t he a n ima l . C o r re c t i o n s  have i n v o l ved P FAA values  obt a i ned o n  t he 

feeding o f  a protein f ree diet ( H i l l  and O l s en , 1 9 6 3 ) . Cryst al line AA 

di e t s  have b e e n  u s e d  a s  r e f e rence di e t s  ( Smi t h  and S c ot t ,  1 9 6 5 a ;  Dean 

and S c ot t , 1 9 6 6 )  

Z imme rma n a n d  S c o t t  ( 1 9 6 7 ) ob s e rved t h a t  protein-free fed chicks gave 

r i s e  t o  l ow e r  p l a sma AA level s ,  t h a n  s t a rved bi rds . The r e s u l t s  o f  

Denton e t  a l . ( 1 9 5 3 )  s ugge st that the  P FAA values o f  p o r t a l  blood a re 

gene r a l l y  g re a t e r  t h a n t h o s e  o f  s y s t ema t i c  blood for  s ome t ime a f t e r  

feeding and B i e l o ra i  e t  al . ( 1 9 7 2 )  a s  c i t e d  by S ibbald ( 1 9 8 7 ) obs e rved 

t h a t  mon i t o ri n g  p o r t a l  b l o od gave an imp roved e s t imat e  of i n t e s t inal 

free AAs than t he use of heart blood . 

Smi t h  a n d  S c o t t  ( 1 9 6 5 a )  o b s e rved t h a t  t he pla sma AA t e c hn ique c a n  be 

used to comp a r e  the relat ive ava i l ability o f  AAs in  pro t e i n s  s ub j e c t ed 

t o  di f f e rent p r oc e s s ing t reatment s .  They found ( Smith and S co t t , 1 9 6 5b )  

t h a t  t h e  t e s t  AA w a s  mo re ava i l a b l e  i n  p rope rly heat ed s oyabean meal 

than raw o r  h e a t  damaged ma te ri a l . Thi s f indi ng is s uppo rt e d  by H i l l  

and O l s e n  ( 1 9 6 7 )  w h o  found a dec re a s e  i n  t h e  plasma lysine o f  c h i c k s  fed 

autocl aved s oy abean me al . However i t  was a l s o  found ( Smi t h  and S c ot t , 

1 9 6 5 b )  t ha t  s upplementation o f  the t e s t  di et  with the f i r s t  l imi t ing AA 

reduced a l l  AA leve l s  in the pla sma . 

Jone s ( 1 9  6 4 ) rep o r t s  i n t e ra ct i o n  e f f e c t s  may i n f l u e n c e  av a i l a b i l i t y  

mea s u re s . A de f i c i e ncy o f  a rgi nine in  t h e  diet c a u s ed a s h a rp 

a ccumu l a t i o n  o f  l y s ine in  the pla sma . 

D i e t a ry c on c e nt r a t i o n o f  t he f i r s t  l i mi t i n g  AA may i n f luence p l a sma 

leve l s . Z i mme rman and S cott ( 1 9 6 5 )  concluded that pla sma l eve l s  o f  the 
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f i rs t  l imi t ing AA remai ne d  l ow unt i l  i t s  concent r a t i o n  i n  the diet  

exceeded 1 0 %  o f  that requ i red f o r  maximum growt h .  T h e re a f t e r  the plasma 

AA l evel increa sed linea rly w i t h  a concurrent redu c t i o n  i n  growt h . 

Vari ous f a c t o rs have been repo r t ed to  i n f l uenc e pla sma AA results . 

They include feed intake and s ampl i ng time ( Hewitt  a n d  Lewi s ,  1 9 7 2 ) , age 

( F>. s k e l s o n  a n d  B a l l ou n ,  1 9 6 3 ) , f r equency o f  f e e d i ng ( Kn i p f i r  et a l . ,  

1 9 7 2 ) , envi ronmental tempe rat u re ( McNaught on e t  a l . ,  1 9 7 8 ) , compo sition 

o f  feed prot e i n ,  i n t a ke o f  AA , pat t e rn of AA re l e a s e  du ring digestion 

and rate o f  absorpt i on ( Lewi s ,  1 9 6 7 ) . 

McNab ( 1 9 7  9 )  s ugge s t s  me a s u reme n t s  obt ained u s i n g  the pla sma AA a s s ay 

have not been widely c o r rel a t ed with other biologic a l  procedures and the 

results only represent the balance between supply to and removal from 

the blood when sampl ing . 

S ibbald' s ( 1 9 8 7 ) asses sment o f  t he method is t ha t  t he P Fk� a s s ay i s  not 

s u i t a b l e  f o r  m a k i n g  q u a n t i t a t i v e e s t ima t e s  o f  AA a v a i l ab i l i ty in 

feeds t u f f s . He sugge s t s  its mo s t  prornis i�g app l i c a t ion is in est imat ing 

relat ive e f f i ciencies of ami no acid isome rs and analogu e s . 

3 . 2  Indi rect P roc edu res 

3 . 2 . 1  Mic robioloqical Assavs  

These  a s s ay s  rely on the  f o l lowing principles and procedure s :  

( 1 )  Mi crobiological g rowth is  a function o f  t h e  rel e a s e  o f  ami no acids 

and peptide s  from an i nnoculum containi ng t h e  protein s ource unde r 

te s t . 

( 2 )  Growth i s  used for  obt aining a measure o f  t h e  ava i l ab i l i ty o f  amino 

acids in  the pro t e i n  s ource . 

( 3 )  The measure o f  avai labil ity obt ained corresponds t o  t h a t  for  t a rget 

anima l s . 
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The as says  involve refe rence back t o  t he growth a c h i eved w i t h  an 

i nn o c u l um c o n t a i n i n g  a s t anda rd s o u rc e  o f  t h e  ami n o  a c i ds under 

tes t . The a s s ays  involve use o f  only mic roorgani sms who s e  requi rements 

for an amino acid or  group of  ami no acids a re known . 

S e ve r a l  s t r a i n s  o f  mi c r o o r g a n i s m s  h a v e  b e e n  u s e d  t o  e s t ima t e  the  

availab i l i t y  o f  amino acids . They incl ude s t reot omvces f a ec a l i s  ( Bunyan 

and P rice , 1 9 6 0 ) , s t reotomvces du rens a nd L .  a rabinosus ( F o rd ,  1 9 6 4 ) and 

E .  c o l i  ( Rayne et al . ,  1 9 7 7 ) . Two t h a t  h a v e  rec e i v e d  p a rt i cul a r  

p r omi n e n c e , s t r e o t o mv c e s zymo a e n e s  ( F o r d ,  1 9 6 0 )  a n d t e t r a h yme n a  

pvri formi s ( D unn and Roc k la nd,  1 9 4 7 ;  P i l che r a nd Wi l l i ams , 1 9 5 4 ) a re 

cons idered he re . 

3 . 2 . l a S t reo tomvces zvmoaenes 

F o rd ( 1 9 6 2 , 1 9 6 4 ) repo rted t h a t  t he b a c t e r i um S .  zvmo ae n e s  requi red 

met hion i ne , t ryptopha n ,  a rginin e ,  h i s t i n i ne , leuc i ne , i s o l e uc i ne , valine 

and glut ami c acid for optima l  growt h . F o rd ( 1 9 6 4 )  u s e d  t h i s  a s say to  

me as ure t h e  ava i labi l i ty o f  me t h i o nine i n  feeds tu f f s . The procedure 

i nvo lved p a r t i a l  en z ymic hydro l y s i s  f o l l owed by i n c ub a t i o n w i t h  the  

p r o t e o l y t i c  S .  zvmoaen e s . G rowt h was  me a s u r e d  t u r b i dime t ri c a lly or  

f r om a c i d  p r o d u c t i o n  ( F o r d ,  1 9 6 2 ) . W a t e r w o r t h  ( 1 9 6 4 )  c omp a re d  

avai l ab i l i t y  obt a i ned u s i ng t h e  mi crobi o l ogical  as s ay w i t h  t h at of a 

growth c h i c k  a s s ay using animal p r o t e i n  a s  t e s t  mat e ri al s . There was 

good agreement between the two as says . Mi l l e r  e t  al . ( 1 9 6 5 )  a l s o  found 

t h i s  o r ga n i sm gave good a g r e eme n t  w i t h  t h e c h i c k  a s s a y in t h e  

measurement of  methionine ava i l ability . 

the corre l at ion coefficient was 0 . 9 3 .  

F o r  mea t , f i s h  a n d  whal e  mea l s  

Ford ( 1 9 6 4 )  and M i l l e r  et a l . ( 1 9 6 5 )  f o u n d  t h a t  f i n e l y  g r ound s amp l e s  

and the concent ration o f  enzyme used during the p redige s t i o n  p e riod may 

i nc re a s e  t h e  v a l ue of ava i l ab l e  met h i onine . Mil l e r  ( 1 9 6 7 )  concluded 

t h a t  a v a i l a bi l i t y o b t a ined u s i n g  c a rbohyd r a t e  c o n t a i n i ng ma t e r i a l s  

should b e  che c ked b y  comp a r i s o n  w i t h  t ho s e  r e s ul t i n g  f rom bioas s ay 

procedure s .  
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3 . 2 . lb Tet rahvmena ov r i f o rmi s 

T h e  p r o t o z o an t e t rahvme na ov ri f o rmi s h a s  b e e n  u s ed t o  a s s e s s a w i de 

range o f  s ources  and requi res the same amino a c i ds f o r  growth a s  t he rat 

( S i b b a l d ,  1 9 8 7 )  It has been u s ed to  e s t i ma t e  t h e  a va i l ab i l i t y  o f  

l y s i ne , me t h i o n i n e , a rgini ne and h i s t i di ne i n  f e e d s t  u f f s ( S c o t t  and 

S mi t h ,  1 9 6 6 ) . T h e  t e s t  f o o d  i s  p ro v i de d  a t  g r a de d  l e v e l s  t o  t he 

o rgan i sm and the growth compa red with that obt ained f o r  g raded do ses o f  

t h e  t e st ami no a c id . Growth has  been det e rmined by count i n g  the numbe r 

o f  o rg a n i sms p e r  mi l l i l i t re o f  cult ure w i t h  a hema c y t omete r . I t  has  

o f t e n  proved di f ficult to dist inguish between cel l s  and f o od part i c le s . 

The method h a s  been modi fied and found to  give c l o s e  c o r r e l a t i o n s  with 

the  FDNB procedure ( S horoc k ,  1 9 7 6 )  and t he c h i c k  growth a s s ay ( Shepherd 

et a l . ,  1 9 7 7 ) . 

W i t h  re spe c t  t o  mi c r obial a s says gene r a l l y ,  S ibbald ( 1 9 8 7 )  has 

s umma r i s e d  a number o f  fact o rs t hat may a f f e c t  growth r e spon s e . The s e  

i n c l ude t h e  compo s i t ion o f  t h e  growth medi um w i t h  respect  t o  

c a rb ohydrate , amino nit rogen,  D -isome rs of amino acids a n d  v i t amins  and 

f e e d  p re p a r a t i o n procedu res includi ng gri nding and choice  and 

concent r a t i o n  of en zyme s used in the predige s t i o n  of i n n o cu l um .  He a l s o  

que s t i o ns  w h e t h e r  pept i des  u s e d  by mi c ro o rgani s ms a re a va i l able to  

mammal s  and b i rds t o  the same ext ent . 

3 . 2 . 2  Chemi c a l  Assavs 

3 . 2 . 2 a FDNB 

Of chemi c a l  a s s ay met hods employed to  de fine pro t e i n  qual ity the 

1 - f l u r o- 2 , 4 -di n i t roben zene ( FDNB ) proc edu r e  of  C a rp en t e r  and his  

a s s o c i a t e s  ( Ca rpent e r  and Ell inger 1 9 5 5a , b ; Ca rpen t e r  e t  a l . ,  1 9 5 7 )  and 

C a rpent e r  ( 1 9 6 0 )  has received mo st attention . I t  mea s u re s  t he quantity 
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o f  re a c t i v e  l y s i n e i n  a p r o t e i n  s o urce . 

me asure o f  ava i l able lysine . 

T h i s  i s  purp o rt ed t o  be a 

Exce s s i v e  h e a t  t re a tme nt and p r o l onged st orage may damage p rot eins by 

the Mai l l a rd or Browning rea c t i on . I n  this reacti o n ,  alde hyde groups o f  

redu c i ng sugars  re act w i t h  f re e  amino groups , p a rt i cu l a r l y  t he eps i l o n  

amino g roup o f  lys ine , and ami no sugar complexes a re f o rmed that a re 

re s i s t a n t  t o  e n z yma t i c  a t t a c k  du ring digestion . Chemi c a l  analysis o f  

prot e i n  s o u r c e s  s ub j e c t e d  t o  s ev e re heat t reatment have showed lys ine 

c o n t e n t  to be l a rge ly unchanged but growth a s s ay s  s ugge s t  a l a rge 

fract i o n  of the lysine has been rende red unavailabl e . 

The p r i n c i p l e  o f  t h e  a s s ay r e l i e s  on the FDNB re a c t i n g  wi t h  unb ound 

( f r e e ) e p s i l o n ami no groups o f  pept ide c h a i n s  t o  f o rm d i n i t rophenyl 

( D NP ) c o mp o u n d s  w h i c h  o n  re f l u x i n g  i n  a c i d  ( a c i d h y d r o l y s i s )  a r e 

r e l e a s e d .  F o l l o w i n g f i l t r a t i o n t h e  a b s o rb a n c e o f  t h e  f i l t r a t e  i s  

me a s u re d  c o l o rime t r i c a l ly and din i t ropheny l ly s i n e  ( DNP L )  det e rmined by 

c omp a r i s o n  w i t h  a l y s i n e c o n t a i n i ng s t anda rd .  T h e  a v a i l ab i l i t y  o f  

lysine i s  o b t a i ned by direct refe rence to the quant ity o f  DNP L obt ained 

o r  f rom the di f f e rence in lysine of the prot ein source b e f o re and after 

t re atme n t  w i t h  FDNB . The l a t t e r  fo rms the b a s i s  o f  t h e  app roach o f  

Roach e t  a l . ( 1 9 6 7 )  and i s  known as  t he Si lcock avai lable lys i ne method . 

An impl i c i t  a s s umpt i o n  i s  t h a t  ly s i ne re s i du e s  w h o s e  eps i l o n  ami no 

g r o u p s  a r e  not f re e  a re b i o l o g i c a l l y unava i l a b l e  ( S i bb a l d ,  1 9 8 7 ) . 

Venk a t e s a n  and Rege ( 1 9 6 8 )  have raised the poss ibi l i ty t h a t  the  p o s i t i o n  

o f  l y s i ne w i t h i n  t h e  p rotein mol ecule may rende r i t  f r e e  f rom reaction 

with FDNB . Further as s umpt ions on whi ch the validity o f  the  a s s ay re s t s  

have b e e n  r a i s e d  by Ma theson ( 1 9 6 8 )  They included po s s i b l e  mea s u ring 

e r r o r  d u e  t o  c o l o u r  i n t e r f e r e n c e  by comp o unds re l e a s e d by p r o t e i n  

s o u r c e s  o f  a v eget a b l e  o ri gi n . P a rt i a l  de s t ru c t i o n  o f  DNP L  on a c i d  

hydrolys i s  a n d  t h e  potent i a l  f o rmat i on of coloured hi st i dine de rivit ives 

confou ndin g  ads o rption mea s u rements . 

Howeve r 

l a t t e r  

S i b b a l d  ( 1 9 8 7 )  

approach was 

repo r t s  Booth ( 1 9 7 1 )  

f ree of  mo st of  

a s  c o n c l uding t h at t h i s  

t he d i s advant age s o f  
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"Ni1: rophenylation met hods " .  Boyne e t  al . ( 1 9 6 1 )  reports that for animal 

pro t e i n s  the met hods give a good correl ation with chick growth t e s t s  and 

re f l e c t  a v a i l a b l e  l y s i n e  c o n t e n t . La k s e s ve l a  ( 1 9 5 8 )  found c l o s e  

a g r e eme n t  b e t w e e n  l y s i n e  a v a i l a b i l i t y o f  h e a t e d  h e r r i n g  me a l  a s  

de t e rmined f rom the FDNB a s s ay and that  obt ained u s i ng a c h i c k  growth 

as s a y . Ma j o r  and S a t  t e rham ( 1 9 8 1 )  repo r t e d  c l o s e  agreement b e t we e n  

re s u l t s  o b t a i n e d  u s i n g  t h e  s l ope- ratio growth a s s a y  on c h i c k s  a n d  the 

F D N B  a p p r o a c h . M c B e e  a n d M a r s h a l l  ( 1 9 7 8 )  c o mp a r e d  a m i n o  a c i d  

ava i l ability by the FDNB a s s ay a nd a mi c robiologi c a l  a s s ay . The ove rall 

me an was approximately 1 1  

rep o rt s  B a t t e rham e t  a l . 

% higher for the FDNB procedure . Low ( 1 9 8 2 )  

( 1 9 7 9 )  a s  f i nding a rather weak relat i onship 

between the i n -v i t r o  a pp r o a c h  t o  det e rmi n i g  lysine avai lability using 

the me t hods o f  Ca rpent e r  ( 1 9 6 0 )  and Roach et al . ( 1 9 6 7 )  and t hat  

obt a i n e d  by p i g  o r  r a t  a s s ay for  t h ree protein s ou r c e s , c o t t o n s e e d ,  

f i s hme al a n d  s oyabean mea l . 

S ibba l d  ( 1 9 8 7 )  conclude s t h a t  t he FDNB as s s ay provide s  use ful qua lity 

cont rol i n f o rmation particularly in respect to ident i fying heat damage . 

He sugge s t s  t he dat a  p roduced a re more useful f o r  ranking sample s than 

for providing absolut e values . He warns that the c o rrelat i on between a 

prot e i n  qua l i ty index and an e s t ima te of ava i l ab l e  lysine c an only be 

st rong if l y s i ne is  the fi rst l imi ting ami no acid . 

3 . 2 . 2b D-me t hyl i s ourea 

S e v e r a l  o t h e r  t e c hn i qu e s  have been developed i n  response t o  p roblems 

r e c ogni z e d  w i t h  t h e  FDNB a s say . Ca rpenter and March ( 1 9 6 1 ) and 

B u t t e r w o r t h  and Fox ( 1 9 6 3 )  r e p o r t e d  t h a t  w i t h  t e s t s  u s ing vege t a b l e  

p r o t e i n  c o n c e n t rat e s , a c i d  hydrolys i s  can c a u s e  l o s s e s  o f  2 0 - 3 0  % to 

a dded d i n i t ropheny l - l y s i ne . To  overc ome s u c h  l o s s e s  in  c a rbohydrat e 

r i c h  p r o t e i n  s ource s , M o u r o n  and B u j ard ( 1 9 6 3 ) p roposed a me t hod t o  

me asure l y s i ne and f re e  E-amin o  groups by reaction with D-me t hy l i s oure a . 

Maga ( 1 9 8 1 )  f ound the addi t i on o f  variou s  grade s  o f  c a rbohydrate s ource 

in  this a s s ay did not a f fect  l eve ls  o f  avai l abl e lysine . A 

dis advantageous feature was the l ong incubation pe riod neces s a ry t o  
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a l l ow f o r  t he  t ra n s f o rma t i on o f  l y s i n e  re s i du e s  t o  homo a rginine , a 

fundame n t a l  s tep a s  homoarginine i s  s t ab l e  unde r a c i d  hydroly s i s  (Na i r  

et al . ,  1 9 7 8 ) . It  has also been found that other f a c t o r s  s u c h  a s  pH and 

concent r a t i on of the reagent may a f fect  the re s ul t s . 

3 . 2 . 2 c Dve -b indincr P rocedure 

Dye-bi ndi ng procedures  re ly on the prope r t i e s  of sul f on a t ed dye s · such as 

a c i d  O r a nge 1 2  to bind to the func t i on a l  ami n o  groups of b a s i c  amino 

a c i ds l y s i ne ,  h i s t idine and a rg i n i ne i f  t hey a re f r e e  ( un c omp lexed) . 

The technique is  e a s i e r  and f a s t e r  than the FDNB method yet c o rrelates  

well  with FDNB ava i l able ly s i ne v a l u e s  ( S i bba l d ,  1 9 8 7 ) A p r o cedure 

a imed at  improving speci ficity involves mixing a s ampl e  of t h e  p rotein 

s ource with a solution of  the dye and me a su ri ng the degree of  

a ds o rp t i o n . By  b l o c king the  r e a c t i v e l y s i n e  i n  a s e c o n d  s amp le oy 

propi onyl a t i on and then sub j ecting the s ampl e  t o  dye b i nding,  a me asure 

o f  the amount o f  re act ive or  av a i l ab l e  l y s i ne i s  provide d  by the 

di f f e rence in dye binding capacity o f  t he unb l o cked and b l o c ked lysine 

s ampl e s . Goh et al . ( 1 9 7 9 )  and Wa l k e r  ( 1 9 7 9 )  repo rted h i gh co rrelations 

between the bindi ng o f  acid Orange a nd FDNB lys i ne . Others  a s  reported 

i n  Sibbald ( 1 9 8 7 ) confirmed the usefulne s s  of t h i s  proc e du re . 

L a k i n  ( 1 9 7 3 )  s ugge s t s  that for t he f o od i ndu s t ry t he dye -binding 

p r o c e d u r e  w o u l d  b e  a u s e f u l  me a n s  o f  mo n i t o ri ng t h e  e x t e n t  of heat  

damage to  prot e i n  i n  p roce s s ed f o o d . S ib b a l d  ( 1 9 8 7 )  c o n c u r s  s t at ing 

dye-binding seemed be st  sui ted to a qua l i t y  cont rol r o l e  i n  i t s  present 

f o rm of devel opmeant . 



4 . 1  EXPERIMENT 1 

4 . 1 . 1  OBJECT IVES 

CHAPTER 4 

EXPERIMENTAL 
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( l a )  T o  det e rmine whether the feeding behaviour o f  meat c h i ckens resul t s  

i n  part i c l e  s e l ec t ion when the bi rds are given f ree a c ce s s  t o  die t s  

de s i gned t o  di f f e r  i n  pa rticle s i ze . 

( l b )  To de t e rmine whe t her there is  s t ra t i f i ca t i on o f  t h e  c rop contents 

of me at chi ckens with t ime when the bi rds a re given feeds de s i gned 

to be f i ne (meat and bone me al based)  or  coarse (wheat  based)  unde r 

fre e  acc e s s  and i nt ubation condit ions o f  feeding . 

The purpose o f  ob j e c t ive ( l a )  was  to obtain evidence o n  t he s i gn i f i c ance 

of particle s e l e c t i o n  i n  digestibility as s ay s  i nvolving f ree a c c e s s  and 

i n t ub a t i on me t hods of suppl ying t e s t  foods . Whi l s t  i t  i s  r e c ogni s e d  

t ha t  s imp l i c i t y  o f  a s s ay pr ocedu re i s  a n  impo rtant f e a t u re o f  routine 

d i ge s t ib i l i t y  a s s ay s  and feeding by free access o f f e r s  cons i de rable 

a dvantages i n  l abou r ,  e ffort and t ime , pa r t i c l e  s i z e  s ep a ra t i o n  and/ o r  

s e l e c t i on o f  t e s t  di e t s  may give r i s e  t o  a de s i gn b i a s  and l ower t h e  

s e n s i t iv i t y  and re l i a b i l i t y o f  a s s ay techniqu e s . I n  p ro j ec t  ( l a )  t h e  

f re e  acce s s  method w a s  tested again s t  an a l t e rnat ive f eeding procedure , 

i nt uba t i o n ,  which mi ght remove the bird and textu ral c omponen t s o f  any 

p o t e nt i a l  int ake b i a s . Three a s says  were conducted,  one on e a c h  o f  3 

ma s h  feeds , wheat based (WD ) representatve o f  a mix o f  c o a r s e  and f i ne 

p a r t i cl e s , mea t  and bone meal based ( MBM) c ons idered t o  b e  a r e l a t ively 

f i ne p a rt i c l e  mix a nd a s t andard comme r c i a l  mea t  c h i c k en die t  ( CD ) , 

i n t roduced t o  p rovide informat i on relevant t o  c omme r c i a l  type w h o l e  diet 

mixes . F o l l ow i ng f eeding t reatmen t s  and euthanasi a ,  s ampl e s  o f  c rop 



c o n t e n t s w e r e  

det e rgent f i b re 

a n a l y s e d  f o r  n i t r o g e n  ( N ) , c h r omi um 

( ND F )  and acid dete rgent fibre (ADF ) and 

u s e d  to a s s e s s  t he e f fect of feeding methods . 
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( C r ) , n e u t r a l  

the s e  l at t e r  

T h e  purp o s e  o f  o b j e c t ive ( 1 b )  was to  obt ain i n f o rmat i o n  o n  t h e  

comp o s i t i o n  o f  t h e  c rop content s w i t h  time a s  a mea s u re o f  the degree t o  

w h i c h  component s o f  t e s t  die t s  might b e  select ively pas s aged . S e l e c t ive 

p a s s a g i n g  f rom t he c rop i s  a pot ent i a l  s o u rce of variati on i n  the 

c omp o s i t i o n  of i l e a l  dige s t a  ove r t ime and cons equen t l y  i l e a l  

d i ge s t i b i l i t y  v a l ue s . Two a s s a y s  were undert a ken . One i nvolved f ree 

acce s s  and one i nt uba t i o n  me thods o f  feeding . Meat and bone mea l  b a s e d ,  

repre senting r e l a t ively fine and ground wheat b a s ed,  repre s enting c o a r s e  

type t reatme n t  diet s ,  were t e st ed unde r each feeding met hod . At regu l a r  

i n t e rv a l s  f o l l owing feeding, t reatment bi rds were killed,  crop c o n t e nt s 

s ampled and s ub s equent l aboratory det e rmined N ,  Cr,  NDF ,  and ADF v a l ue s  

us e d  t o  a c c e s s  the e f f ect  o f  t ime fol lowing feeding w i t hi n  t e s t  die t s  

f o r  each f eedi ng met hod . 

4 . 1 . 2  MATERIALS AND METHODS 

N i n e t y  ma l e  a n d  n i n e t y  fema l e  newly hat c�ed Ro s s  st rain mea t  chi ckens 

w e re received f rom Golden Coast Hatcheries Lt d .  o f  Levin and r a i s ed in 

separate pen s  on wood shavings unde r 2 3  hrs o f  light p e r  day . 

App roxima t e l y  7 2  o f  e ach sex were t rans fe rred at 2 3  days o f  age t o  a 

b a n k  o f  8 s u spended growe r cages set up a s  two pa rrel l e l  rows i n  t he P RC 

b r o ode r s hed . Each cage was partitioned into three 6 2  x 6 2  x 3 7  ( cm )  

c ompa rtment s a n d  to  e a c h  compa rtment 3 mal e s  and 3 fema l e s  w e r e  randomly 

a l l o c a t e d  t o  g i ve 2 4  groups o f  bi rds . Unde r caging c o ndi t i o n s  t hey 

received 1 4  hours of da ily l i ght and were allowed 6 ,  7 ,  or 8 days 

a c c l imat i z a t i on before a s s ay procedures were s t arted at 2 9 ,  3 0 ,  or 3 1  

days  o f  a ge . Up unt i l  a s s ay s  commenced they had unl imi t e d  a c c e s s  to  

w a t e r  and to  a pel leted broiler s t a rt e r  feed ( re fe r  Table 2 )  l e a s t  c o s t  

f o rmul a t e d  a c c o rding t o  NRC ( 1 9 8 4 )  nut rient requi reme nt s . 
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A t  2 9  days o f  age bi rds we re individually weighed and those o f  ext reme 

weight and cul l s  were di s c a rded and group s i z e s  made up so  a s  t o  provide 

i n  all  2 2  compa rtment s each conta ining 3 bi rds o f  each sex . 

S i x  compa rtment s w e r e  a l located to  expe riment 

e x p e r i me n t s  ( l b )  me a t  a nd b o n e  me a l  b a s e d 

t reatment s .  

( l a )  and 

[ ( lb )  MBM ]  

8 t o  each of 

a n d  [ ( l b ) WD ]  

On day s 2 9 ,  3 0 , and 3 1  bi rds o f  expe r ime nt l ( a ) , l ( b ) MBM a n d  l ( b ) WD 

respectively we re placed f o r  4 days on thei r t reatment die t s  s uppli e d  

a d  libitum . Then f o l l owing a f a s t i ng period of 2 4  h o u r s  the 

experiment a l  t reatment s were app l i ed . 

TREATMENTS 

Expe riment l ( a )  T h e re were 3 diet t ypes e a c h  fed unde r 2 met hods o f  

feeding t o  give 6 t re a t ment s coded a s  f o l l owed . 

Diet Type 

Comme rcial die t  

MBM based 

Whe a t  b a s ed 

Feeding met hod 

Free acce s s  ( FA )  I nt ubation ( I )  

FA CD 

FA MBM 

FA WD 

I CD 

I MBM 

I WD 

The ingredient compo s i t i on of the . te s t  die t s  i s  given in Table 3 .  Diets  

were provided in  ma s h  fo rm . They were b l e nded in a Hobart  mix e r  and 

chromi c oxide ( C r2 o 3 ) was added as an indi c a t o r . Free acce s s  t reatment 

b i rds w e re given unl imi ted acce s s  to  t he i r  t e s t  diets for a 1 hr period 

by compa rtment f o l l owing which t hey we re removed to the l abora t o ry and 

asphyx i a t ed u s i ng co2 gas . I ntub a t i on bi rds were individually f o rc e - fed 

25 grams ( a i r  dry ba s i s ) of test  di et . Fo rce f eedi ng was accompli shed 

u s i ng a s t a inle s s  s t e e l  funnel w i t h  a 1 7 . 2  cm long s tem and a 1 7 . 7  cm 

long plunging rod . The exte rnal and intern a l  di amete r  mea s u reme nt s  o f  
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the s e em were respec t i vely 0 . 9  cm and 0 . 7 5 cm . The end o f  the  s t em was 

inserted inco the crop and following feeding the bi rds were returned to 

t he i r  c a ge s . Ha l f  a n  h o u r  a f t e r  f e edi n g  t h e y  w e r e  r e mo v e d  t o  t h e  

labo rat ory and k i l l ed with c o 2  gas . 



Table 2 .  I naredient and nut ri ent comp o s i t i o n  (a/ ka a i r  drv ) o f  the  

l e a s t -c o s t  s t arter broiler diet 

I ngredients 

Mai z e  

Barley 

Me a t  and bone meal 

S oybean me al 

Bl ood me al 

P e a s  

S kim mi l k  powde r 

Corn oil 

D L-methionine 

S o dium chlo ride 

Vit amin and mi neral 

Coccido s i s  

Total 

Nut rient s 

C rude prot e i n , % 

. 1 pre:rux 

Met abo l i zable ene rgy ( Kcal / kg)  

A rginine 

Lys ine 

H i s t idine 

I s oleucine 

Leucine 

Methionine 

T h reonine 

T ryptophan 

Val ine 

Calcium 

Available phosphate 

D i e t  

4 3 0 . 0 0 

1 8 9 . 5 0 

1 0 3 . 0 0 

1 0 0 . 0 0 

4 3 . 0 0 

5 0 . 0 0 

1 5 . 9 0 

1 0 . 0 0 

1 . 6 0 

2 . 0 0 

4 . 5 0 

0 . 5 0 

1 0 0 0 . 0 0 

2 3 0 . 0 0 

3 2 4 0 . 0 0 

1 7 . 7 7 

1 5 . 2 5 

8 . 8 6 

7 . 5 0 

2 1 . 3 1 

4 . 9 6 

9 . 8 1 

2 . 2 0  

1 2 . 0 2 

1 2 . 0 0 

8 . 3 5 

5 9  
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1 .  Techni k  product ' s  b r o i l e r  s t a r t e r  vi tamin and min e ral prerni x ,  

s upp l i e d  b y  Techn i k  P roduct , Ma s s ey , Auc kl and, N . Z  . .  

rec ommended inclu s i on leve l o f  4 . 5  kg/ t onne of  feed the 

At a 

premix 

cont ributed per k i l ogram the 

I U ;  V i t  o 3 , 2 , 5 0 0  I U ;  Vi t E ,  

1 . 0 0 rng ; Vi t B 2 , 6 . 5 0 rng ; 

C a l c i um pantothena te , 1 8 . 0 0 mg ; 

fol lowing nut ri e nt s : Vit  A ,  1 0 , 3 0 0  

4 0 . 0 0 rng ; Vi t K ,  3 . 7 5 mg ; Vit B ,  

Vit 86 , 6 . 0 0 mg; Vit 81 2 , 0 . 0 1 rng ; 

Niac i n ,  3 0 . 0 0 mg ; F o l i c  acid,  

2 . 0 0 rng ; Biot i n ,  0 . 0 6 mg ; Flovornyci n ,  5 0 . 0 0 mg ; Ethoxyquin ,  

1 2 5 . 0 0 mg ; Cho l i n e ,  6 5 0 . 0 0 mg ; Mo lydenum ,  2 . 0 0 rng ; Mangane s e ,  

1 2 0 . 0 0 mg ; I ro n ,  7 . 0 0 mg Coba l t ,  1 . 0 0 mg ; Z i nc , 9 0 . 0 0 rng ; I odi n e , 

1 . 5 0 rng ; S e l en ium, 0 . 1 5  mg . 



Table 3 .  Inaredient c omPo s i t ion ( a / ka a i r  drv l o f  the exPe rime n t a l  

di e t s . 

I ngredients 

Mai ze 

Ba rley 

S oybean mea l  

Meat a n d  bone mea l  

Wheat 

Mai ze s t a rch 

Sucrose 

Ma ize o i l  

Puri f i ed cellulose  

Potass ium c a rbonate 

S odium chl o ride 

Dicalcium phosphate 

Calcium c a rbona t e  

DL-me t h i o n i ne 

Vit amin and mineral 

premix1 

Chromi c oxide 

Total 

Comme rcial die t  

4 5 0 . 0 0 

2 0 5 . 0 0 

2 1 2 . 3 0 

1 0 0 . 0 0 

1 2 . 0 0 

2 . 5 0 

1 0 . 0 0 

0 . 7 0  

4 . 5 0 

3 . 0 0 

1 0 0 0 . 0 0 

Diet s 

Me at and bone 

me al diet 

5 0 0 . 0 0 

3 1 7 . 0 0 

8 0 . 0 0 

5 0 . 0 0 

4 0 . 0 0 

3 . 0 0 

2 . 5 0 

4 . 5 0  

3 . 0 0 

1 0 0 0 . 0 0 

Whe at die t  

9 0 8 , .  5 0  

5 0 . 0 0 

4 . 0 0 

2 0 . 0 0 

1 0 . 0 0 

4 . 5 0 

3 . 0 0 

1 0 0 0 . 0 0 

6 1  

1 .  Techn i k  produc t ' s  broiler starter  vitami n and mineral p remix ( refer 

Table 2 ) . 
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Experiment 1 ( b )  . The re we re 2 t e s t  diet s ,  MBM and WD both a s  desc ribed 

f o r  experimen t  l a  ( Table 3 re f e rs ) a ppl i ed over 2 met hods of feeding, 

free access and intubation . F o r  each di et I feeding method c l a s s  there 

were 4 s l augh t e r  p e r i ods . I n  a l l  t h e r e  w e r e  1 6  t rea tmen t s  each of 6 

bi rds . The t reatment were coded as  f o l l ows : 

Time o f  s l aughter Meat and Bone Meal 

from s t a rt o f  based diet 

feeding ( hr ) . Free access  I ntuba t i o n  

lf, I MBM (lt, ) 

1 FA MBM ( 1 )  

2 FA MBM ( 2 )  I MBM ( 2 )  

3 FA MBM ( 3 )  I MBM ( 3 )  

4 FA MBM ( 4 )  I MBM ( 4 )  

4 . 1 . 3  SAMP L I NG AND ANALYT ICAL P ROCEDURE S 

Wheat b a s e d  diet 

F ree acce s s  I ntubation 

I WD (lt, ) 

FA WD ( 1 )  

FA WD ( 2 )  I \"W ( 2 )  

FA WD ( 3 )  I WD ( 3 )  

FA WD ( 4 )  I WD ( 4 )  

F o l l ow i n g  s l augh t e r  the c o n t e n t s  o f  the c rops o f  each individual bi rd 

were c o l l ec t ed in l abel led p l a s t i c  c ups . C r o p s  we re f l us hed several 

times with di s t i l led water . Crop samples were immedi a t e l y  placed in a 

free z e r  and held at -2 0°C and l a t e r  f reeze dried . A l l  s amples  of c rop 

contents and test feeds were f i n e l y  g round by p a s s ing t hem through a 1 

mm sieve be fore chemi c a l  analys i s . 

Dupl icate determinations o f  N ,  C r ,  NDF and ADF were made on  each sample 

o f  c rop c o n tent s and dupl i c a t e  de t e rmi n a t i on s  w e re made on each o f  6 

subsamples o f  each t e s t  diet . 

N i t r o g e n  w a s  a n a l y s e d  by t h e  ma c ro - K j e l d a h l  t e c h n ique us ing 3 0 0  mg 

samples (Association o f  O f f i c i a l  Agri culture Chemi st s ,  AOAC , 1 9 7 5 )  on a 
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K j e l dahl 1 0 3 0  auto ana lyser ( Tecator 1 Swede n )  ( Appendix 1 1 )  Chromium 

det e rrni na t i ons  us ing 1 5 0  mg of test  feed and 5 0  mg o f  c rop s ampl e  were 

made by a t omi c abs o rp t i on spe c t r ophotome t ry ( AA \ AE spe c t rohpotome t e r  

4 5 1 1 I n s t rume nt a t i o n L a b o r a t o r y I n c . U S A . ) a f t e r  t he p r o c ed u r e  o f  

C o s t i ga n  and E l l i s  ( 1 9 8 7 )  (Appendix 1 2 ) . N e u t r a l  a n d  a c i d  de t e rgent 

f i b re w e re a n a ly sed f o l l ow i ng the p rocedu re o f  t he Jame s and The ande r 

( 1 9 8 1 )  (Appendix 1 3 ) . 

4 . 1 . 4  S TAT I S T I CAL ANALY S I S  

F o r  Exp l a  w i t h i n  e a c h  t e s t  di e t  f o r  each c r i t e ri on t e s t e d  dat a  w a s  

analysed b y  one way analy s i s  of vari ance ( S nedec o r  and Cochran 1 1 9 7 2 ) . 

Whe re the F i s he r  test showed sign i f i c ance a l l  c ombi n a t i o n s  o f  t reatments 

were tested by Minitab 1 S Two Sample t test for t w o  popul a t i ons  w i t hout 

n e c e s s a r i ly equal v a ri a nces . All s t a teme n t s  o f  s i gn i f i cance re f e r  to 

the 5 percent l evel of  probabi l i ty ( P < 0 . 0 5 ) . F o r  Exp lb w i t h i n  each 

feeding procedu re and for each c ri t e rion exami ned dat a w a s  analysed by 

one way analys i s  of va ri ance ( S nedecor a nd Cochra n 1  1 9 7 2 ) . Where the 

F i sher t e s t  showed s igni f icance all combin a t i o n s  of s l a ught e r  t ime s were 

t e s t e d  by Mi n i t a b 1 s Two  S amp l e  t t e s t  f o r  t w o  p o p ul a t i on s  w i t hout 

necessa rily equal variances . All  s t atement o f  s i gn i f i c ance r e f e r  to  t he 

5 pe rcent l evel o f  probabi l i ty ( P < 0 . 0 5 ) . 

4 . 1 . 5  RE SULTS l a . 

Exp e r i me n t  ( l a ) . The percent age s  o f  C r 1  N 1  NDF a nd ADF o f  c rop feed 

s ampl e s  on a dry ma t t e r  ( DM )  ba s i s  and r e l at e d  N1 NDF 1 and ADF to Cr  

r a t i o s  a c r o s s  the two  methods of feeding and a s  obt ained di rect l y  f rom 

the t e s t  die t s  a re given in Table 4 ( c omme rc i a l  die t ) 1 Table 5 (meat 

a nd bone mea l  ba sed di et ) and Table 6 (whea t  based die t )  . 
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For t he c omme rcial diet ( CD )  there were signi f i c ant di f f e re n c e s  in t he 

c rop f e e d  c o n t e n t  o f  Cr  bet ween f ree acce s s  ( FA )  a n d  i nt u b a t i o n  ( I )  

met hods o f  feeding and between these and the t e s t  diet . P e rcent Cr 

i n c re a s ed f rom 0 . 2 4 6 % ( FA )  t o  0 . 2 7 8  % ( I )  and 0 . 2 8 7  % ( CD ) . The N 

c o n t e n t  o f  t he FA t rea tme nt was at 3 . 5 4 2  % ,  s ig ni f i c a n t l y  l ow e r  t han 

that of t he i n t ub a t i o n  ( 3 . 7 3 9  % )  and the test food ( 3 . 7 3 2  % ) . As a 

consequence t he N : Cr ratios were signi ficant l y  di f fe re n t  f o r  the f ree 

acces s and i ntuba t ion t rea tments and t he comme r c i a l  die t . Addit i on a l l y  

t he f re e  a c c e s s  t re atment h a d  s i gni f i cant l y  g r e a t e r  NDF a n d  A D F  : Cr 

r a t i o s  ( 5 2 .  67 a nd 1 1 . 9 9 respe c t i ve l y ) t h a n  t he i n t u b a t i o n t re a tment 

( 4 4 . 9 1 and 1 0 . 6 7 respect ively ) and the comme rc i a l  diet ( 4 4 . 4 3 and 1 0 . 5 5 )  

respect ively . 

For t he MBM diet the percent o f  ADF in t h e  FA t re at me n t  was 

signi f i c a ntly g reater ( 1 . 5 7 9  % )  

and t he MBM t e s t  diet ( 1 . 3 8 5  

than the intuba t i on t re atment 

% )  . The ADF to Cr r a t i o s  

( 1 . 4 5 7 % )  

di f f e red 

signi f i c a ntly i n  a corresponding fashion . The pe rcent ages o f  C r ,  N ,  and 

NDF were not s igni f i cantly di f fe rent across the t reatme n t s .  

For the wheat diet , intubation t reatment res u l t s  were i n  c l o s e  a greement 

w i t h  a n a l y s e s  conduc t e d  on t he wheat b a s e d  diet . The f re e  access  

t reatmen t C r  c ontent was s igni fi cantly lowe r a t  0 . 2 5 9  % than  b ot h  the 

i n t ub a t i o n  t re a tment ( 0 . 2 8 8  % )  and t he wheat diet ( 0 . 2 8 6  % )  I t s  N 

content w a s  s i gn i f i c an t l y  greater 2 .  0 6 9  % ( F A )  ve r s u s  1 .  9 9 1  % ( I )  and 

1 . 9 8 2  % ( WD ) and its NDF a nd ADF cont ents were s igni f i c a n t l y  g r e a t e r  at 

1 0 . 8 6 5 % v e r s u s  1 0 . 2 3 7 % ( I )  a nd 1 0 . 2 2 0 % ( WD )  f o r  N D F a n d  3 . 3 3 1 % 

ve rsus 3 . 0 0 5  % ( I )  and 3 . 0 3 4  % ( WD )  for  ADF .  

T a b l e  7 s ho w s  the amo unt o f  feed i n  the c rop a s  a p e r c e n t a g e  o f  t h e  

f e e d  rece ived for the 3 d i e t s  a c ro s s  the 2 feeding met hods a t  t i me o f  

s l aught e r .  The percentage o f  food in the c rop rema i n i ng r anged f rom 

8 4 . 8 2 % ( CD )  t o  8 2 . 4 3 % (WD ) unde r f ree a c c e s s met hods o f  feeding and 

was between 9 1 . 7 7 % ( CD )  and 8 9 . 3 9 % (WD)  for  intub a t i o n  p r a c t i c e s . 
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Table 4 .  The oe rcent aae o f  Cr, N, NDF, and ADF of c roo samoles ( drv 

mat t e r  bas i s )  and related N, NDF and ADF t o  Cr  ratios  of 

t re a tmen t s  receivina the commercial di et bv feedina met hod and 

c o r re soondina values for the test diet . 

Feeding procedu re 

F ree access  I ntubat ion Test die t  

% C r  0 . 2 4 6±0 . 0 1 8 a 0 . 2 7 8±0 . 0 0 9b 0 . 2 8 7±0 . 0 0 6 c  

% N 3 . 5 4 2±0 . 1 1 9 a 3 . 7 3 9±0 . 0 7 4 b  3 . 7 3 2±0 . 0 8 4 b 

% N I % Cr 1 4 . 4 6±0 . 7 3a  13  0 4 7±0 0 3 5 b  1 2 . 9 9±0 . 4 1 c  

% NDF 1 2 . 8 9 7±0 . 5 3 0 a  1 2 . 4 6 0±0 . 6 3 1 a  1 2 . 7 7 2±0 . 4 7 2 a. 

% NDF I % C r  5 2 . 6 7±3 . 3 3a  44  0 9 1±2 0 7 2 b  4 4 . 4 3±1 . 5 1 b  

% ADF 2 . 9 3 7±0 . 1 5 2 a  2 . 9 5 6±0 . 2 0 9 a 3 . 0 3 1±0 . 0 9 2 a  

% ADF I 0 -a C r  1 1 . 9 9±0 . 7 9a  1 0 . 6 7±0 . 9 9b 1 0 . 5 5±0 . 4 9 b  

± va l u e s  a re s t a nda rd deviat ions . 

Means  in  t he same row w i t hout a letter in  common a re sign i f i cantly 

di f f e rent a t  P < O . O S .  



Table 5 .  The percent aae o f  Cr , N, NDF, and ADF of c rop samoles  (dry 

mat t e r  bas i s )  and re l ated N, NDF and ADF to Cr  ratios o f  

t reatments receivina the meat and bone mea l  diet bv feedina 

met hod and corresoondina values for the t e s t  die t . 

Feeding p rocedure 

F ree access  I ntubation T e s t  diet 

% Cr 0 . 2 6 4±0 . 0 1 9 a  0 . 2 5 4±0 . 0 1 0 a  0 . 2 5 8±0 . 0 0 3 a 

% N 4 . 3 3 3±0 . 2 8 9 a 4 . 1 9 1±0 . 1 1 7 a  4 . 2 1 3±0 . 0 2 0 a  

% N I % Cr 1 6 . 4 5±2 . 0 9 a  1 6 . 5 1±0 . 3 3 a  1 6 . 3 6± 0 . 1 9 a  

% NDF 1 4 . 7 8 8±2 . 1 6 2 a  1 4 . 8 4 9±0 . 7 9 6 a  1 5 . 3 3 7± 0 . 6 0 2 a  

% NDF I % Cr 5 6 . 3 8 ±1 1 . 6 6 a 5 8 . 5 8±4 . 6 5 a  5 9 . 6 1±2 . 5 5 a  

% ADF 1 . 5 7 9±0 . 0 9 7 a  1 . 4 5 7±0 . 1 4 6b 1 . 3 8 5±0 . 0 7 9b 

% ADF I % Cr 6 . 0 7±0 . 5 4 a  5 .  7 6±0 . 7 9b 5 . 3 8± 0 . 3 7 b  

± values are s t a ndard dev i a t i ons . 

6 6  

Means i n  the same row without a letter in  common a re s i gn i f i cantly 

di f f e rent at P < 0 . 0 5 .  



Table 6 .  The oercentaae o f  Cr, N ,  NDF and ADF o f  c rop s amo l e s  (drv 

mat t e r  basi s )  and re la ted N, NDF and ADF t o  Cr r a t i o s  o f  

t rea tment s  recei vina the whe at diet bv feedina method and 

co rresoondina values for the t e s t  diet . 

Feeding procedure 

F ree acces s Intuba t i o n  T e s t  di e t  

% Cr 0 . 2 5 9±0 . 0 1 3 a 0 . 2 8 8±0 . 0 0 7b  0 . 2 8 6±0 . 0 0 2 b  

% N 2 . 0 6 9± 0 . 0 2 6a 1 . 9 9 1±0 . 0 1 8 b 1 . 9 8 2± 0 . 0 0 lb 

% N I % Cr 8 . 0 0± 0 . 4 5a  6 . 9 2±0 . 1 9b 6 . 9 3±0 . 0 6b  

% NDF 1 0 . 8 6 5±0 . 1 1 6 a 1 0 . 2 3 7±0 . 2 3 6b 1 0 . 2 2 0±0 . 3 1 7b 

% NDF I % Cr 4 1 . 9 9±2 . 3 6 a  35 . 5 5±0 . 5 4 b 3 5 . 7 2±1 . 2 5 b  

% ADF 3 . 3 3 1±0 . 1 5 6 a  3 . 0 0 5±0 . 0 4 4 b 3 . 0 3 4±0 . 0 6 0 b  

% ADF I % Cr 1 2 . 8 6±0 . 7 2 a  1 0 . 4 4±0 . 1 8b 1 0 . 6 0±0 . 1 9b 

± values a re st anda rd devi ations . 
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Means in t h e  same r o w  wi thout a l e t t e r  in  common a re s igni f i cantly 

di f f e rent at P < O . O S .  



Table 7 .  Croo feed as  a oe rcent aae of the feed received (ea t en ) f o r  3 

diet s acro s s  2 feedi na methods at time of s l auaht e r . 

D i e t s  Feeding procedure 

Free access@ I nt uba t i o n  

Comme rc i a l  diet . 8 4 . 8 2 9 1 . 7 7 ±3 . 0 8 

Me a t  and bone meal 8 2 . 9 9 9 1 . 2 2±2 . 0 0 

Whea t  die't 8 2 . 4 3 8 9 . 3 9±4 . 5 7 

± values a r e  st anda rd devi ation s .  

@ Compa rtment feedi ng resul ted i n  one feed consump t i o n  value p e r  

t re at ment . 

6 8  
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4 . 1 . 6  D I SCUS S I ON l a . 

F o r  the c omme r c i a l  d i e t , t he reduced indi c ator proport i o n  i n  the c rop 

feed a s s oc ia t e d  w i t h  FA may have been caused by t he b i rds p re f e renti a l l y  

s e l ec t i ng t h e  l a rge p a r t i c l e  s i z e f ragme n t s  i n  t he food . T h e  l a rge r 

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

v i s u a l ly e v i de n t  t h a t  

o f  ma i z e ,  s oybe a n  me a l  a n d  b a r l ey a n d  i t  w a s  

t he f i n e r  ma t r i x  of  f o o d  c ont ained a grea t e r  

p r o p o rt i o n  o f  i n di c a t o r  t h a n  t he c o a r s e r .  

n o t i c e a b l e  t h a t  t h e  c rop f o o d  was dri e r  

Unde r int ubat i o n  i t  w a s  

than that  imbibed unde r FA 

condi t i on s . I t  a l s o  resul ted in  indicator adhe ring to  the c rop surface 

a n d  i t  w a s  d i f fi c u l t  t o  clear t h i s  c omp letely by t he w a s h i ng out  

p ro c edure w i t h  di s t i l l e d  w a t e r .  There was evidence o f  regu rgi t a t i o n  

ove r e a c h  o f  the feeding me thods and thi s  was asc ribed t o  the di s t re s s  

c aused b y  a sphyxi a t i on with co2 . 

F o r  t h e  M B M  d i e t , b o t h  t h e f r e e  a c c e s s  a n d  i n t uba t i o n p r o c e du r e s  

r e s u l t e d  i n  p r op o r t i o n s  o f  

a g reeme n t  w i t h  t h o s e  o f  the 

p ropo rt i o n s  o f  ma i z e s t a r c h  

c omp o n e n t s  o f  the feed b e i n g  i n  c l o s e  

t e s t  di et . The diet  contai ned l a rge 

( 3 1 . 7  % ) , ma i z e  o i l  ( 5 . 0 % )  and pu r i f i e d  

c e l lu l o s e  ( 4 . 0  % )  and t he i r  f i n e  pa rticle s i ze and t he resultant t exture 

of the diet may have p revented the bi rds from selecting f rom the di e t . 

T he re was evidence o f  regurgi t ation over both methods o f  feeding and the 

i ntuba t i o n  p r ocedure wa s a s soc iated with dri e r  c rop s u r face and 

adhe rence o f  indi c a t o r  to the c rop surface . 

F o r  t h e  w h e a t  d i e t  t h e re were s igni f i cant di f fe rences i n  C r  and N 

p ropo rt i on s  i n  t he c rop feed between the free access and t he i n t ubat i o n  

feeding app roaches  w i t h  t he p ropo rt i ons i n  the intubation samp l e s  being 

not di s s i mi l a r  to those o f  the test food . The di f ference may have been 

c aused by the 91 % c ontent of c racked wheat in  the test die t . I t  seems 

l i ke l y  t h a t  t he b i rds pre f e rent i a l ly selected the l a rger part i c l e  

leaving the f i ne r  di e t a ry consti tuent s which appea red t o  c o n t a ined a 

highe r prop o r t i o n  o f  C r . Other problems such as  regurgi t a t i o n  and dry 

c rop mate r i a l  and adhe rence of indi cator to the c rop s ur f a ce i n  

intubat i o n  t re atment s we re a l s o  evident . 
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Ove rall the s t udy i ndi cated that the prefe rred me thod o f  feedi n g ,  with 

re spect t o  m a i n t a i n i n g  propo r t i o n ,  for coarse diet s such as  t he wheat 

ba sed and c omme rcial  diet was intubation . For the uni fo rmly f i n e  diet 

( MEM based)  the free a c c e s s  and intubation feeding approaches had little 

e f f e c t  on the compo s i t i o n of food r e a ching the crop . Hence in 

subsequent expe riment a l  work the intuba t i o n  p rocedure wa s used i n  a s s ay s  

i nv o l v i n g  t h e  wh e a t  b a s e d d i e t  b u t  f re e  a c c e s s  was empl oyed f o r  

t reatment s i nvolving t he MBM ba sed diet . Ope rat ionally the free access 

feeding procedu re was e a s i e r  t o  implement . 

4 . 1 . 7  RE SULT S lb . 

Expe riment ( l b )  The pe rcent ages o f  C r ,  N, NDF and ADF in  c rop feeds of 

bi rds fed t he MBM and wheat di ets  us ing 2 feeding procedure s ,  f ree 

a c c e s s  and i nt u ba t i o n as de te rmi ned f o r  di f f e rent s l a u ght e r  times 

following the s t a rt o f  feeding a re given in Table 8 (MBM diet ) and Table 

1 0  ( wheat diet ) and c o rresponding t reatment N ,  NDF and ADF to Cr ratios 

a re given i n  Table 9 ( MBM diet ) and Table 11 (wheat diet ) . 

F o r  the MBM diet ( T able 8 )  unde r i n t ubation feeding, no s igni f i cant 

di f f e renc e s  we re 

feeding f o r  C r ,  N ,  

appa rent i n  c r o p  p rop o r t i o n s  w i t h  t ime f o l lowing 

ND F and ADF ,  but f o r  f ree access t reatments the 

concent r a t i o n  o f  Cr w a s  sma l l e r  ( 0 . 2 4 5  % )  at t h e  4 hr s laughte r  time 

than at  t h e  2 h r  ( 0 . 2 6 4 % )  and 1 h r  ( 0 . 2 6 9  % )  interva l s . Ni trogen 

cont ent was  s igni f i cantly l ower at t he 4 hr slaughter point than at the 

2 hr ma r k  ( 4 . 0 0 8 % ve r s u s  4 . 3 0 3  % ) . The propo rtion o f  NDF was 

signi ficantly g reat e r  at the 3 hr ( 1 7 . 8 3 4  % )  and 4 hr ( 1 8 . 6 9 9  % )  time s 

t h a n  at  t h e  1 h r  ( 1 3 . 0 5 5  % )  and 2 h r  ( 1 4 . 1 5 7 % )  sl augh t e r  i n t e rv a l s ,  

whereas ADF c ontent was s i gn i f i c antly lower at 3 hr and 4 h r  f o l l owing 

feeding ( 1 . 0 8 1 % and 1 . 1 1 2  % respect ively ) than at 1 hr ( 1 . 4 2 1  % )  . 

With respect t o  N ,  NDF ,  and ADF t o  Cr  rat ios  in MBM c rop content s ( Table 

9 ) , no s i gni f i cant di f f e rences were obse rved ove r t he 4 s l aughte r  time s 
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f o r  i n t ub a t i on t reatmen t s ,  but NDF : Cr  and ADF : C r  ratios  we re 

s i gni f ic a n t ly di fferent f o r  the 3 and 4 hr s l augh t e r  poi n t s  than the 1 

and 2 h r  t ime s (ND F )  and 1 hr  point ( AD F )  . 

F o r  the wheat diet ( Table 1 0 )  unde r intubat i o n ,  t h e  percentage o f  Cr o f  

t h e  c rop content was s igni fi cant ly sma l l e r  a t  t he 3 h r  ( 0 . 2 4 3  % )  t han 

t h e  2 h r  ( 0 . 2 7 9  % )  and ''' hr  ( 0 . 2 8 0  % )  t ime s . The N c oncent ration of the 

c rop s amples o f  bi rds sl aught e red at 3 and 4 hr ( 1 . 8 7 9  and 1 . 9 1 3  % )  was 

s igni f i cantly smaller than that found for the ''' hr s l aughter t ime ( 2 . 0 0 3  

% )  • F o r  ADF ,  t he c o n t e n t  a t  2 h r  f o l lowing feeding ( 2 . 9 9 2  % )  was 

s igni f i cantly greater than a t  3 hr ( 2 . 6 6 9  % )  . 

I n  c o n t r a s t  f o r  the  f ree a c c e s s ,  t h e  pe rc ent o f  C r  and N in  the c rop 

samples  did not  change s igni f i cantly w i t h  t ime . The NDF concent ration 

was  s i gni f i cantly greater at 2 hr  ( 1 0 . 8 9 9  % )  t h a n  a t  1 hr  ( 1 0 . 4 1 0  % )  and 

AD F concent ration showed a s igni f i c ant ly de c re a s e  to 2 . 9 0 4  % at 3 hr 

f rom 3 . 1 1 1  % at 1 hr . 

W i t h  r e s p e c t  to  the N ,  NDF and AD F t o  Cr  r a t i o s  a s s o c i a t e d  w i t h  the 

wheat diet under intubation ( Table 1 1 ) , the N : Cr  ratio at 3 hr  ( 7 . 9 6 3 )  

was  s i gni f i cantly greater than the 2 h r  ( 7 . 0 6 2 )  and 1 h r  ratios ( 7 . 1 7 0 ) . 

A simi l a r  response was achieved for  NDF : Cr . The 3 hr  sl aughter value 

( 4 1 . 9 5 2 )  w a s  s i gni f i c a n t l y  g r e a t e r  t h a n t h e  2 h r  ( 3 6 . 3 7 7 )  and 1 h r  

( 3 6 . 7 8 7 )  ratios . F o r  ADF C r:  the rat i o  a t  3 hr: ( 1 1 . 1 6 3 )  was 

s i gn i f i c antly greater than that at the � h r  ma rk ( 9 . 9 4 7 ) . 

I n  c o nt ra s t  unde r c ondi t i o n s  o f  f re e  a c c e s s ( Ta b l e  1 1 )  t he 4 h r  ratio 

f o r  N : Cr  o f  8 . 7 5 5  wa s s igni ficantly grea t e r  than t hat at 1 h r  ( 7 . 9 8 0 ) . 

F o r  N D F  C r  t he r a t i o  w a s  s i gn i f i c a n t l y  g r e a t e r  w h e n  b i r d s  w e re 

s l aughtered at 2 hr ( 4 5 . 8 6 5 )  than a t  1 hr  ( 4 1 . 0 0 0 ) . On the other hand 

no s igni f i c ant di f fe rences were obse rved f o r  ADF : Cr  ratios . 

I n  Table 1 2 ,  da ta a re p rovi ded showing t h e  r a t e  o f  remova l . o f t he MBM 

and wheat di et from t he c rop f o r  the f ree a c c e s s  and intuba t i o n  feeding 

proc edu re s . F o r  t h e  MBM f ree a c c e s s  t re a tme n t s ,  t h e  p ropo r t i o n  l e f t  

dec reased from 8 4 . 6 5 % at 1 hr  to  1 0 . 6 0 % ( 3  h r )  a n d  6 . 9 6 % a t  4 h r . 



7 2  

F o r  intuba t ion feedi ng the proport i on rema ining a ft e r  �, h r  was  8 9 . 1 4 % 

and t hi s  dropped to  3 0 . 0 5 % at 3 hr and 1 3 . 0 1 % at  4 hr . 

F o r  wheat t reatment s ,  under f ree access c rop food dec reased f rom 8 2 . 4 6 % 

( 1  h r )  t o  2 8 . 5 2 % at  4 h r ,  whi l s t  f o r  the i nt ub a t i o n  t re atments t he 

p r op o rt i on o f  c r op f o o d  rema i n i ng was 8 9 . 9 7 % a f t e r � h r  a n d  5 . 6 7 % 

a f t e r  4 hrs  from t he s t a rt o f  feeding . 



Table 8 .  The oercen� aae of Cr, N, NDF and ADF in the MBM b a s e d  diet 

( drv mat t e r  ba s i s )  as samoled from bird c rops acco rdina to 

feeding t reatment and time t o  sl auahter following s t art o f  

feedina ( n= 6 ) . 

Time t o  s l augh t e r  

foll owing s t a rt 

o f  feeding ( h r )  

Feeding p rocedure 

% Cr 

1 ,  # lt, 

2 

3 

4 

% N 

1 1 #1r, 

2 

3 

4 

% NDF 

1 r #112 

2 

3 

4 

% ADF 

1 ,  #lt, 

2 

3 

4 

Free access  

0 . 2 6 9±0 . 0 1 5 a 

0 . 2 6 4±0 . 0 1 2 a  

* 0 . 2 6 4±0 . 0 1 9ab 

* 0 . 2 4 5±0 . 0 0 8b 

4 . 32 1±0 . 2 3 0 ab 

4 . 3 0 3±0 . 1 3 6 a  

* 4 . 1 9 3±0 . 1 2 3 ab 

* 4 . 0 8 8±0 . 1 2 3 b  

1 3 . 0 5 5±2 . 1 3 4 a  

1 4 . 1 5 7± 0 . 7 4 7 a  

* 1 7 . 8 3 4± 1 . 6 1 4 b 

* 1 8 . 6 9 9±2 . 0 7 2b 

1 . 4 2 1±0 . 1 6 0 a  

1 . 0 9 8±0 . 1 7 7b 

* 1 . 0 8 1±0 . 1 6 6b 

* 1 . 1 1 2± 0 . 1 3 8b 

* Me a n  based o n  5 values . 

± va l ues a re s t a nda rd devi a t ions . 

I ntubati on 

# 0 . 2 5 2±0 . 0 1 3a 

0 . 2 5 1± 0 . 0 1 0 a 

0 . 2 52±0 . 0 1 8 a 

* 0 . 2 2 7±0 . 0 3 0 a  

# 4 . 2 1 9± 0 . 0 8 0 a  

4 . 2 0 0± 0 . 0 4 7 a  

4 . 1 2 5± 0 . 0 8 6a 

* 4 . 0 6 9±0 . 2 2 9 a  

# 1 6 .  7 7 1±0 . 5 9 6 a  

1 6 . 3 3 7±1 . 2 0 1 a  

1 5 . 8 8 2±0 . 9 1 2 a  

* 1 8 . 9 4 0±2 . 6 0 8 a  

# 1 . 2 67±0  . 1 3 4 a  

1 . 3 8 3±0 . 1 5 8 a  

1 . 4 8 3±0 . 2 4 9 a 

* 1 . 4 9 1± 0 . 3 3 7 a  

T e s t  diet 

0 . 2 5 8± 0 . 0 0 3  

4 . 2 1 3± 0 . 0 2 0  

1 6 . 7 0 4 ± 0 . 2 2 1  

1 . 3 8 5± 0 . 0 7 9  

7 3  

Means  w i thout a letter in common a re s igni ficantly di f fe rent a t  P < O . O S .  



Table 9 .  Rat i o o f  N : C r ,  NDF : C r and ADF : C r in  the MBM based diet (drv 

ma t t e r  ba s i s )  as samoled f rom b i rd c roos  ac cordina to feedina 

t reatment and t ime to s l auahter f o l l owina s t art of feedina 

( n=6 ) . 

Time t o  s l aughter Feeding procedure Test diet 

f o l l owing s t a rt F ree acces s I n t ubation 

o f  feeding ( h r ) . 

% N I % C r  1 6 . 3 5 5±0 . 1 9 0  

1 ,  #'t, 1 6 . 1 3 5±1 . 7 1 1 a # 1 6 . 7 7 8±0 . 92 1 a  

2 1 6 . 2 9 5±0 . 6 6 5 a  1 6 . 7 5 7±0 . 7 9 1 a  

3 * 1 5 . 9 3 4±1 . 1 8 1 a  1 6 . 4 5 5±1 . 1 0 8 a  

4 * 1 6 . 7 0 4±0 . 2 2 1 a  * 1 8 . 0 7 6±1 . 8 62a 

1 4  

% NDF I 0 -o C r  5 9 . 6 1 0±2 . 5 4 6  

1 ,  #'t, 4 8 . 5 9 5±8 . 3 3 6 a # 6 6 . 6 1 3±1 . 9 4 0 a 

2 5 3 . 6 5 3±3 . 7 8 1 a 6 5 . 1 9 3±6 . 1 1 7 a  

3 * 6 7 . 7 7 6±7 . 8 0 1b 6 3 . 4 1 5± 6  . 1 3 7 a  

4 * 7 6 . 3 2 0±7 . 4 2 1b * 8 5 . 1 7 6±2 0 . 5 5 0 a  

% AD F I % C r  5 . 3 8 2± 3 . 3 6 7  

1 ,  #'t, 5 . 2 8 7±0 . 5 8 6 a  # 5 . 0 4 7±0 . 6 7 7 a  

2 4 . 1 6 7±0 . 7 5 5b 5 . 5 2 3±0 . 7 4 3a 

3 * 4 . 0 7 2±0 . 4 l lb 5 . 9 2 0±1 . 0 2 5a 

4 * 4 . 5 3 4±0 . 4 1 8 b * 6 . 6 0 8±1 . 4 6 2 a  

* means b a s e d  on 5 values . 

± values a re s t andard deviat ions . 

Mea n s  without a l e t t e r  in common a re s igni fi c antly di f ferent at P < 0 . 0 5 .  
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Table 1 0 . The pe rcent aae o f  C r, N ,  NDF and ADF in  the whe a t  based diet 

(drv mat t e r  ba s i s )  as samo l ed f rom bird c rops a c c o rdina to 

feedina t reatment and t ime to sl auahte r  following s t a rt of 

feedina ( n=6 l . 

Time t o  sl aught e r  

fol lowing s t a rt 

o f  feeding ( h r )  

Feeding procedure 

% C.::: 

1 1  #lf2 

2 

3 

4 

% 

1 '  

2 

3 

4 

N 

;#it2 

% NDF 

1 ' *''' 

2 

3 

4 

% ADF 

1 ' *"' 

2 

3 

4 

F ree a c c e s s  

0 . 2 5 4±0 . 0 0 9 a 

0 . 2 3 9±0 . 0 1 7 a  

0 . 2 4 4±0 . 0 0 8 a  

0 . 2 3 8±0 . 0 1 9 a  

2 . 0 2 6±0 . 0 2 7 a  

2 . 0 3 6±0 . 0 3 4 a  

1 . 9 9 2±0 . 0 5 0 a  

2 . 0 3 9±0 . 0 5 8 a  

1 0 . 4 1 0±0 . 1 7 6 a 

1 0 . 8 8 9±0 . 3 1 5b 

1 0 . 2 2 3±0 . 7 4 5 ab 

1 0 . 6 3 5±0 . 3 5 5 ab 

3 . 1 1 1±0 . 0 7 6 a  

3 . 0 4 9±0 . 1 5 0 ab 

2 . 9 0 4±0 . 1 0 9b 

3 . 0 4 8±0 . 0 7 2 ab 

± values are s t a ndard devi a t ions . 

Int ubation 

# 0 . 2 8 0±0 . 0 1 0 a 

0 .  2 7 9±0 . O l l a  

0 . 2 4 3±0 . 0 2 8ab 

0 . 2 5 4± 0 . 0 3 0ab 

# 2 . 0 0 3±0 . 0 1 6 a 

1 .  9 7 1±0 . 0 3 4ab 

1 . 9 1 3±0 . 0 7 6b 

1 . 8 7 9±0 . 0 9 0b 

# 1 0 . 2 8 2±0 . 3 8 7 a  

1 0 . 1 4 3±0 . 3 0 3 a  

1 0  . 1 1 0±0 . 7 9 8 a  

1 0 . 0 2 9±0 . 3 1 0 a  

# 2 . 7 7 9±0 . 0 2 6 ab 

2 . 9 9 2±0 . 1 2 0 b  

2 . 6 6 9±0 . 2 1 9 a  

2 . 7 3 5±0 . 2 8 5 a b  

Test  diet 

0 . 2 8 6±0 . 0 0 2  

1 . 9 8 2±0 . 0 1 0  

1 0 . 2 2 0±0 . 3 1 7  

3 . 0 3 4±0 . 0 6 0  

Means without a l e t t e r  i n  common a re s igni f i cantly di f f e re nt a t  P < O . O S .  
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Table 1 1 . Ra t i o  of  N : C r, NDF : C r arid ADF : Cr i n  the wheat based diet ( drv 

ma t t e r  ba s i s ) as sampled f rom b i rd c rops a c c ordi na to feedina 

t reatment and time t o  s l auahter f o l l owina s t a rt of feedina 

( n= 6 ) . 

T ime t o  s l aughter Feeding procedu re Test diet 

f o l l owing s t a rt Free access Intuba t i on 

o f  feeding ( h r ) . 

% N I % Cr  6 . 92 8±0 . 0 5 5  

1 ' #'t, 7 . 9 8 0± 0 . 3 7 5 a  # 7 . 1 7 0± 0 . 3 0 4 a  

2 8 . 5 6 3±0 . 7 2 l ab 7 . 0 6 2±0 . 2 1 9a 

3 8 . 3 6 0± 0 . 4 0 5 ab 7 .  9 6 3± 0 . 6 7 0b 

4 8 . 7 5 5±0 . 6 7 6b 7 . 4 5 8± 0 . 6 3 3 ab 

% NDF I % Cr  3 5 . 7 1 8±1 . 2 4 5  

1 ,  #'t, 4 1 . 0 0 0±1 . 5 3 5a # 3  6 .  7 8 7±1 . 4 0 7 a 

2 4 5 . 8 6 5±4 . 4 4 0b 3 6 . 3 7 7±2 . 2 1 3 a 

3 4 1 . 9 1 5±2 . 4 3 7 ab 4 1 . 9 5 2±4 . 1 0 8b 

4 4 4 . 8 6 5±4 . 3 0 8 ab 3 9 . 8 9 3±4 . 0 8 0 ab 

0 -o ADF I % Cr  1 0 . 6 0 2±0 . 1 8 9  

1 ,  #lt2 1 2 . 3 5 3±0 . 5 6 3 a  # 9 . 9 4 7±0 . 3 7 8 b  

2 1 2 . 8 3 2±1 . 3 7 9 a  1 0 . 7 3 7±0 . 7 8 9 ab 

3 1 1 . 9 2 0±0 . 5 6 l a  1 1 . 1 6 3±1 . 8 9 6a 

4 1 2 . 8 5 2±1 . 1 1 1 a  1 0 . 7 9 0± 0 . 3 1 4b 

± va lues a re s t a ndard devi at i ons . 

Me ans wit hout a letter in common are sign i f i cant ly di f f e rent a t  P < 0 . 0 5 .  
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Table 1 2 . Croo feed ( OM )  a s  a oercentage of  the feed received (DM ) ( e aten ) 

f o r  2 diet s across  2 feeding orocedu res a t  di f f e rent s l auahte r  

interva l s  fol lowi na ini tial feedina t ime . 

MBM diet 

Whea t  diet 

Time o f  slaughter 

f o l l owing i n i t i a l  feeding 

1 h r ,  #!;, hr  

2 h r  

3 hr  

4 hr  

1 h r ,  *''' hr 

2 hr  

3 h r  

4 h r  

* Mean based o n  5 values . 

Feeding p r o cedure 

F ree acce s s @  

8 4 . 6 5 

4 5 . 3 0 

* 1 0 . 6 0 

* 6 . 9 7 

8 2 . 4 6  

4 6 . 6 6 

3 4 . 5 4 

2 8 . 5 2 

I n t ub a t i o n  

# 8 9 . 1 4±2 . 5 3 a  

5 0 . 7 5± 7 . 8 3b 

3 0 . 0 5±1 0 . 1 7 c  

"' 1 3 . 0 1± 9 . 2 8 ci. 

# 8 9 . 9 7± 3 . 1 4 a  

4 5 . 0 4± 6 . 3 2 b  

1 5 . 1 0±7 . 9 7 c  

5 . 6 7 ± 4 . 1 9d 

± values are st anda rd dev i a t i ons . 

@ Compa rtment feeding re sulted in one feed c o n s ump t i o n  v a l ue 

pe r t reatment . 

Me ans wi thout a let t e r  in  common are s igni f i c a n t l y  di f ferent 

at P < 0 . 0 5 .  
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4 . 1 . 8  D I SCUSS I ON l b . 

The  re s ul t s  s howed that  for MBM di et I intubat i on the percent age die t a ry 

c omp o ne n t s  a s s e s s e d  w i t h  time we re not  s i gn i f i c a n t l y  di f f e re n t . F o r  

w h e a t  di e t  I i n t u b a t i o n  t h e re w a s  ev i de n c e  o f  c h a ng i n g  c ompo s i t i on 

t owa rds l e s s e r  propo rt ions with time but except i n  the c a s e  o f  % N t h i s  

w a s  n o t  cons i st e n t ly s igni ficant . Thus in the case  o f  N only t h e  3 and 

4 h r  s l aught e r  prop o r t i ons we re sign i ficantly l ower t han t he �2 hr values 

and in the case  o f  Cr  and ADF ,  signi ficant di f f e rences as  b e t we e n  t h e  2 

and 3 h r  s l aughter i nt e rva ls  were not obtained when either  w a s  c ompa red 

to the � and 4 h r  point s . 

W i t h  MBM di e t  I f ree acces s ,  propo rt ions di d change s i gn i f i cant ly w i th 

t i me f o r  a l l  percent age criterion , but for the wheat die t , t hough t h e re 

we re s i gn i f i c ant propo rtional cha nges at the 2 and 3 h r  ma rks  f o r  NDF 

and ADF , the 1 and 4 hr det e rmi na t i ons were not s igni f i c an t l y  di f fe rent . 

T h e  r e s u l t s  i ndi c a t e  t hat f o r  the MBM di e t , i n t uba t i on r e s u l t e d  i n  a 

f l o w o f  f o o d  c o mp o n e n t s  o u t  o f  t h e  c = op o v e r  t ime i n  a w a y  w h i c h 

ma i n t a i ned t he propo rt ional compo s i t i on o f  t h e  c rop content s .  T h i s  was 

n o t  s o  for  f ree access methods of feeding . The co rresponding r a t i o s  o f  

N C r ,  ND F Cr  and ADF : Cr s ugge s t  counter  balanc i ng o f  s e le c t ive 

p a s s a ging by c o r responding movement of t�e other component of t h e  r a t i o  

did not  t a ke place t o  any ma rked ext ent . 

F o r  whe a t  di e t s  under intuba t i on feeding , there was s ome e v i dence o f  

i rregu l a r  s el e c t ive movement out of the crop . With t h e  except i on o f  N ,  

i n i t i al changes i n  p roport i onal content with time were righted b y  t h e  4 

h r  s l a u gh t e r  t ime . T h e  app ro p r i a t e  r a t i o s  sugge s t  t h a t  c o u n t e r  

b a l a n c i ng movements by components o f  the rat ios were n o t  l a rge . 

F o r  whe a t  die t  I f ree access , t hough some evidence dev e l oped i n  resu l t s  

r e l a ti ng t o  ND F and ADF propo rtions that sugges ted s e l e c tive p a s s aging 

a t  c e rt a i n  t ime s ,  a t  the 4 hr poi nt s igni f i c a nt di f f e r e n c e s  w e re not 

e v i dent . Wi t h  respect t o  the relevant rat i o s , the moveme n t  of Cr,  N ,  

NDF and ADF f rom the c rop was such that di f fe rences between h r s  f o r  ADF 
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which p roved s i gni fi cant when expressed as a p roport i on o f  dry mat t e r ,  

w e re not w h e n  a s s e s s e d  a s  uni t s  pe � u n i t  o f  Cr . Expres s ing NDF a s  a 

ratio with C r  resulted in  the same s l aughte r  time e f fects as  f o r  NDF and 

t he rat i o s  of N : Cr  indi c a t ed sign i f icant di f f e rences between the 1 hr 

and 4 hr s l augh t e r  t ime s . 

The resu l t s  o f  the st udy we re inconc lusive . Though evidence su rfaced in  

the free access  I MBM and intuba t i on I whe at diet t reatment s t o  show Cr  

and N propo rtions  t ended to  get  l e s s  with time and that i n  the c a s e  of  

the f re e  a c c e s s  I MBM , intubation I wheat di et and free a c c e s s  I wheat 

di et  t re a tme n t s  that AD F got l e s s e r  but NDF propo rtions i n c re a s ed with 

t ime , t h e r e  w e re a numb e r o f  except i o ns . F o r  intubation I MBM there 

were no s igni f i cant d i f f e rence s with time in  the proporti on s  o f  Cr , N,  

NDF and ADF and in  the case o f  the i ntuba t i on I wheat diet t reatment s ,  

changes t ha t  had o c curred by the 3 h r  sampl��g t ime were not  re f l ec � e d  

at t h e  4 hr s amp l i ng ( e g .  Cr  a n d  ADF ) . S i�i l a r  incon s i s t encie s  we re 

appa rent in t he f ree a c c e s s  I wheat diet t rea��ents for NDF and ADF . I n  

addi t i o n  t he pr opo r t i o n s  o f  Cr  a n d  N i n  t h e  f ree acce s s  I wheat  diet  

t re a tme n t s  di d not  a l t e r  s i gni f i c a n t ly wi�h time .  No cause f o r  t he 

incon s i s t an c i e s  could be found . 

On the o t h e r  hand, the c rop has a food st orage function and i t  i s  a l s o  a 

r e g i o n  i n  w h i c h  hydr a t i o n  o f  f e e d  o c c u r s . An exp l a n a t i o n f o r  t h e  

re spons e  exhib i t ed b y  t h e  f ree acc e s s  I MBM and intubat i on I whe at  diet 

t reatment s i n  which Cr, N and ADF p roport ions l e s sened with t ime may be 

that t h e  l e s s  s o l uble f ractions o f  the food such as NDF ,  rema ined in  the 

crop for l onge r pe riods of time t o  al low w aL e r  to penet r a t e . However 

result s  ove r a l l  a re not ent i rely suppo rtive of  this  explanat i on notably 

those of intuba t i on I MBM and f ree access I wheat diet . 



4 . 2  EXPERIMENT 2 

4 . 2 . 1  OBJECT IVE 

8 0  

T o  i n v e s t i g a t e  t h e  i n f l u e n c e  o f  t w o  s l a u gh t e r  p r o c e du r e s , c o 2 
asphyxi ation and euthan a s i a  by sodium pentoba rb i t one , and the e f f ect  o f  

t w o  flushing solut ions , dis t i l led water a nd phy s i o l ogical s a l ine o n  

appa rent ileal N dige s t ib i l ity . 

T h e r e  i s  s t rong evide n c e  f r om w o r k  c ompl e t ed o n  s heep ( Badawy , 1 9 5 8 )  

t h a t  cause o f  death ma y infl uence the degree o f  pe r i s t a l l i c  i n t e stinal 

movement , a f fect  leve l s  o f  epit he l i a l  c e l l  shedding int o t he digest ive 

t ract  and increase N c ontent of the diges t a . S tudi es by Bolton ( 1 9 6 4 )  

o n  adult  c o c k e r e l s  s a c r i f i c ed by c e rv i c a l  di s l o c a t i o n ,  indi c at ed that 

agonal spa sms may c a u s e  moveme nt and c o n t ami nation by cige s t a  between 

regi ons  o f  the t r a c t . The purpose o f  c ompa ring t he two s l augh t e r  

me t h o d s  w a s  t o  a s c e r t a i n  w h e t h e r  s u c h  e f f e c t s  unde r t h e  p r opo s e d  

s l augh t e r  met hods we re o f  s u f f i c ient magni t ude t o  i n f l uence ileal N 

dige s t i bi l i t y and whe t h e r  me a s u rable changes may r e s u l t  f = om o smo � i c  

di f f e r e n c e s  i n  t w o  r e a d i l y  a v a i l ab l e  f l u s h i ng s o l u t i o n s , di s t i l l e d  

w a t e r  and phy s i o l ogi c a l  sal ine ( containing 0 . 9  g NaCl I 1 0 0  m l  di s t i l led 

water,  w / v ) . 

The t rial  involved obta ining i l e a l  samples f rom 4 t re atment groups o f  6 

( 3 ma le and 3 female ) 3 5  day - o l d  me at c h i c ken fed the MBM t e s t  diet 

de sc ribed in Exp . 1 .  I n  accordance with the f i nding o f  Exp l a ,  the f ree 

access method was used to supply t reatment bi rds with the t e s t  diet . 

4 . 2 . 2  MATERIALS AND METHOD S 

Newly hatched me at chickens o f  t he Ros s  s t r a i n ,  1 8  mal e s  and 1 8  females  

in numbe r ,  were received f rom Go lden Coast  Hatcheries  Ltd . of  Levin and 

grown in s eparate f l o o r  pens by sex under s i mi l a r  growing and f eeding 

condi t i on s  to those de s c ribed l n  Exp . 1 .  All  the bi rds were t rans fe rred 

t o  su spended g rowing c age s in the P RC b ro oder shed at 23 days o f  age . 

They were housed 3 ma l e s  and 3 fema l e s  per compa rtment . The bi rds were 

weighed and a s s igned to cage c ompa rtments in a way which minimi sed 
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di f f e rence s 1 n  t re a t ment ( c omp a rtme n t ) me a n  b ody weight . They were 

given a 6 days a c c l i ma t i z at i on period du r i n g  w h i c h  t hey r e c e i ved the 

pel l e t ed s t a rt e r  feed ( T able 2 r e f e rs ) . T h ey t h e n  received the t e s t  

d i e t  for  4 days . The bi rds were then f a s t e d  f o r  2 4 hrs be fore receiving 

on day 35 a period o f  1 hr  f ree acce s s  to t h e  t e s t  diet to enable ileal 

s amp ling t o  take place sequent i a l ly . 

T r e a tment s :  

as  follows . 

The re we re 4 t reatments each o f  3 mal e s  and 3 fema l e s  coded 

Met hod o f  

flushing 

D i s t i lled water 

P hy s i o l ogical sa l i ne 

Met h o d  o f  s l aughter : 

Ca rbon dioxide S o di um pen tobarbit one 

Na D 

Na P 

Four hours f o l l owing t he supply o f  MBM t e s t  diet mash t o  the t reatment 

c ompa rtment feed t roughs , t reatme n t  b i rd s  were removed f o r  i l e a l  

s ampl ing . Asphyxi a t i on w i t h  co 2 took p l a c e  i n  a woode n  c r a t e  supplied 

with a hinged lid and modi fied to  receive a s upply o f  co2 by way of an 

a i r  hose ins erted through a side face a few cent imet res above the base 

o f  the c rate . B i rds al located to  the s odium pentobarb i t o ne t reatments 

received a 1 ml in j ec t i on of sodium pentoba rbi t one ( 3 0 0  mg I ml ,  Pento 

3 0 0 , South I s l and Chemi cal Ltd . , Chri s t church , N . Z . )  di rect ly into the 

heart . When t he bi rds were immobi l i z e d  t he y  were bled by seve ring t he 

b l o o d  ve s s e l s  o f  t he neck t o  avo i d  c o n t a mi n a t i o n  o f  t h e  s amples with 

b l o o d . The abdomen was  opened and t he i l e um w a s  e xp o s ed . Hemo s t a t s  

we re used t o  c l amp o f f  the termi n a l  1 5  cm o f  i leum t o  p revent l o s s  o f  

mat e r i a l  f rom the s ampled region . The sect i o n  on removal w a s  dried with 

abs o rb e n t  pape r .  Dige s t a  was c o l l e ct e d  b y  f l u s h i ng g e n t l y  f rom the 

p r o x i ma l  end w i t h  di s t i l l e d  w a t e r  or p hy s i o l o g i c a l  s a l i ne u s ing a 

p l a s t i c  s y r i nge i n t o  sma l l  p l a s t i c  b a g s  w h i c h  w e r e  t h e n  s e a l ed and 

s t o red in a deep f ree ze . 
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4 . 2 . 3  CHEMICAL ANALY S I S  

The t e s t  feed was ground and the samples o f  ileal  contents  a n d  t e s t  feed 

analysed f o r  N and Cr foll owing the s ame procedures as de s c ribed unde r 

Exp 1 except t h a t  mi c ro-K j e ldahl ( 1 0 0  mg ) t echni qu e s  w e r e  empl oyed in  

the N det e rrninati ons and approximately 35 mg i l e a l  dige s t a  s amples used 

i n  Cr de t e rrni nati ons . 

Cr . 

All sampl es we re analysed i n  dupl i c a t e  f o r  N and 

Apparent i l e a l  N digestibility was c a l culated acc o rding t o  t he fol l owing 

f o rmula and expres sed on a dry ma t t e r  bas is . 

% Cr in feed x % N i n  digest a  

% N dige s t ibility 1 0 0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - X 1 0 0  

% Cr i n  di gesta x % N i n  feed 

4 . 2 . 4  S TAT I S T I CAL ANALYS I S  

Al l t re a tment s were t e s ted aga i n s t  each o t h e r  b y  o n e - w ay a n a l y s i s  o f  

v a r i a n c e  ( S n e de c o r  a n d  C o c h r a n , 1 9 7 2 ) Ma i n  c l a s s  e f f e c t s  w e re 

s imi l a rl y  t e s t e d . Al l s i gn i f ic ant resul ts  r e f e r t o  t he 5 % level o f  

proba b i l i t y  ( P < 0 . 0 5 ) . 

4 . 2 . 5  RESULTS 

The means of N dige s t ibility exp res sed as a percent f o r  t reatme n t s  and 

ma i n  c l a s s e s  a re given in Table 1 3 . A summa ry o f  r e l a t e d  analys i s  o f  

v a r i ance i n f o rmation is  given in  Appendix 2 .  The numb e r  o f  obs e rv a t i ons 

f o r  t re atme nt me ans was 6 and f o r  mai n  c l a s s  e f fe ct s ,  1 2 . All 

c omb i n a t i o n s  of t reatment interacti ons we re i n s i gni f i c an t . Cons equently 

ma i n  c l a s s  e f f e c t s  we re t e s t ed .  F o r  me t h o d s  o f  s l a u gh t e r ,  s o di um 

pent o b a rb i t one 

d i ge s t ib i l i t y  

resulted i n  sign i f i c antly great e r  app a rent i l ea l  N 

( 8 0 . 2 3 % )  t han sl augh t e r  by co2 a sphyxi a t i on ( 7 2 . 9 0 % )  • 

F l u s hing digesta  us ing di sti ll ed water re s u l t ed i n  a mean N 
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dige s t ibi l i t y  ( 7 6 . 5 2 % )  not sign i f i c a n�ly di f f e rent from that  obt a i ned 

u s i n g  phy s i o l og i c a l  s a l i ne ( 7 6 . 61 % )  • 

Table 1 3 . The e f fect o f  di f ferent sl auahter procedu res and flushina 

s o l u t i ons on aoparent ileal  N diae s t ib i l i t v  (% ) . 

F l ushing 

s o lution 

S l aught e r  procedure 

D i s t i l led 

water 

P hy s i o l og i c a l  

s a l i ne 

Main c l a s s : 

S l augh t e r  

procedure 

Ca rbon 

dioxide 

7 3 . 4 1±9 . 3 4 

7 2 . 3 9±9 . 11 

7 2 . 9 0±8 . 8 1 a  

± values a r e  s t anda rd devi a t i ons . 

S odium 

pent obarbitone 

7 9 . 8 2±4 . 7 5 

8 0 . 6 5±5 . 5 4 

8 0 . 2 3±4 . 9 4 b  

Mai n  c l a s s : 

Flushing s o l u t i o n  

7 6 . 5 2 ± 8 . 3 8 a  

7 6 . 6 1±7 : 8 2 a  

C l a s s  mea n s  w i t hout a let t e r  i n  common are signi f i cantly di f fe rent at 

P < O . O S .  
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4 . 2 . 6  D I SCUS S I ON 

The re s u l t s  o f  this  s tudy indi cated that di f f e rent s laughter procedures 

s i gn i f i c ant l y  a f fected apparent il eal N diges t ib i l i ty in  the MBM based 

t e s t  d i e t . co2 inha l a t i o n t re a tment bi rds h a d  l ow e r  N di ge s t i b i l i t y  

w h i l e  h i gh e r  N di ge s t i b i l i t y  w a s  obs e rv e d  i n  s o d i um p e n t ob a r b i t o n e  

s l aughte r  t reatment s . 

co2 i nh a l a t i o n  c a u s e d  e x t reme s t ruggl i ng i n  bi rds be f o re de a t h  ensued 

a f t e r  2 - 3 mi nutes . In some ca ses , de f e c a t i o n  and regurgi t at i o n  

acc ompanied the st rugg l i ng activity . These c ons equehces may exp l a i n  the 

l o w e r d i ge s t i b i l i t y  a s s o c i a t e d  with co2 inhalat i o n  t re atment s .  I t  i s  

p o s t u l a t e d  t h a t  s t r u gg l i n g  may have i n f l u e n c e d  t h e  p a s s a ge r a t e  o f  

di ge s t a  i n  t h e  gut a n d  interfered with N content . Such an e ffect  has 

bee n  repo rted by Bol t o n  ( 1 9 6 4 ) who used a c e rv i c a l  di slocat i on s l aught e r  

p r o c edu r e  w h i c h  c a u s e d  a g o n a l  spa sms o f  the i n t e s t i ne with c o n s equent 

di ge s t a  movement w i t h i n  t he gu t . Anot he r reported factor that may 

i n f l uence dige s t ib i l i ty accuracy is sloughi ng o f  epithelial  cel l s  in the 

gut lumen with its cons equent e f fect on N c ontent o f  t he diges t a . This  

is  a t ime rel ated phenomenon and in  this work may have been min imi sed by 

t h e  s h o rt i nt e rv a l s  o f  6 minutes that elapsed between dea t h  and s ampling 

o f  i l e a l  c ontent s .  

I n  cont ra s t , sodi um pent oba rbi tone slaught er proc edure bi rds had higher 

N d i ge s t i b i l i t y . T h i s pr o c e dure caused immob i l i z a t i o n  within about 2 

s ec onds and the b i rds la psed into unconsciousne s s  qui e t ly . The g reater 

N dige st i b i l i t y  resul t i ng f rom these treatmen t s  may have been caused by 

an absence or reduct i on in involuntary i n t e s t i na l  cont ract i on s . I n  

addi t i on sampling unde r t h i s  procedure could be implemented mo re rapidly 

a n d  o n  ave rage w a s  c ompl e t e d  w i t h i n  3 mi n u t e s  o f  de ath . S l aughter 

p r o c e du r e s  a l s o  have imp l i c a t i ons in terms o f  anima l  w e l f a re 

c o n s i derat i ons  a nd i n  t h i s  respect euthanas i a  i s  a method o f  choice . 
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No s i gn i f ic ant di f f erence w a s  obse rved o n  N di ge s t ib i l i ty b y  the use o f  

t w o  di f fe rent flushing s ol u c i ons . Ave rage N dige s t ib i l i t y  was 7 6 . 5  % .  

The res ult s  sugge sted ei ther solution could be u s ed t o  flush the i leal 

dige s t a . Howeve r di stilled water is  t o  be p re fe r red because i t  i s  mo re 

readily obtained and as such reduces the complexi t y  o f  the as say . 



4 . 3  EXPERIMENT 3 

4 . 3 . 1  OBJECT I VE 

8 6  

T o  invest igate the e f fect o f  time o f  slaught e� a ft e r  feeding o n  apparent 

ileal N dige s t i b i l ity . 

Unde r the two feedi n g  procedu res be ing emp l oyed, intub a t ion and free 

a c ce s s  the amount tha t c a n  be s a f e l y  l odged i n  t he crop o r  which is  

consumed i s  relatively small  amount ing t o  2 0 - 2 5  g in t he case o f  

i ntub a t i on f o r  5 w e e k  o l d  me a t  c h i c ke n s  and a b o u t  4 0  g f o r  t he s ame 

s t o c k  when given f ree a c c e s s  t o  the MBM di et for  1 hr ( Exp 1 and 2 ) . 

P o t e n t i a l  p r o b l ems a r i s e  i n  r e s p e c t  t o  o b t a i n i ng s u f f i c i ent sample 

quant ities  for  subsequent analyt i c a l  work and in  obt aining s amples that 

a re f ree f rom digesta component di s t o rtions ( result ing f rom di f fe rent ial 

flow rates o f  N and C r )  and which give dige s t ibility values that refl ect 

the real values . 

I n  t he l i t e rature there i s  cons i de rable vari ation ln  elapse time between 

feedi ng of t he t e s t  di e t  and i l e a l  d i g e s t  a sampl ing . Varnish and 

Carpente r ( 1 9 7 1 )  s tudi ed the i l eal  ami no a c i d  dige s t i b i l i ty of chicken 

mu s c l e  and l a c t a lbumi n by f a s t i n g  bi rds ove rnight and s l a ughte ring at 

2 . 7 5 or 3 . 7 5 hrs a f t e r  the s t a rt of feeding . Raha r j o  and F arrell ( 1 9 8 4 )  

studied ileal  amino a c i d  dige s t ibi l ity o f  plant and anima l proteins by 

fa st ing bi rds for  two days , t hen giving t hem 1 h r  access  t o  test feed 

and s laughte ring t hem 5 hr  a f t e r  t he c e s s a t i on of feeding . 

These t ri a l s  were unde rt aken t o  exami ne the e f fects o f  s ampl ing t ime on 

appa rent i l e al N d i ge s t i b i l i t y  over the two di e t s  MBM and wheat 

des c r ibed in Exp 1 ( Table 3 ) . Five groups o f  6 bi rds ( 3  mal e s  and 3 

f e ma l e s ) w e r e a l l o c a t e d t o  e a c h  f e e d i n g  t r e a t me n t  a n d  s e r i a l l y  

sl aughtered 2 ,  3 ,  4 ,  5 and 6 hrs a f t e r  t he s t a rt o f  feeding . 
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4 . 3 . 2  MATERIALS AND METHODS 

Forty mal e  and the same number of fema l e  newly hat ched Ro s s  s t ra i n  meat 

chickens were received and grown unde r the s ame p r o c edur e s  as dec ribed 

in Exp 2 .  A f t e r  individual weighi ngs and di s t r i bu t i o n  i n t o  t reatment 

groups in suspended cages there we re 1 0  groups o f  6 b i rds ( 3  mal e s  and 3 

fema le s )  pe r c ompa rtment . At 2 9  day s o f  age 5 g roups w e re given free 

a c c e s s t o  t h e  MBM t e s t  di et  f o r  4 d a y s  a n d  a t  3 0  d a y s  o f  age the 

remaining 5 groups were presented w i t h  the wheat diet a d  l ib i t um for a 

simi l a r  period o f  t ime . Fo llowing a f a s t i n g  period o f  2 4  hrs t he MBM 

t reatments were al lowed free access t o  the t e s t  diet f o r  a 1 h r  period 

a f t e r  w h i c h  t he g r oups were s a c r i f i c e d  u s i ng s o d i um p e n t ob a rbit one 

( re f e r  Exp 2 )  acc ordi ng to the t rea tment t imes . At 3 6  days o f  age the 

w h e a t  d i e t  t re a tme n t  bi rds w e r e  i n t u b a t e d  a nd a t  s e qu e nt i a l  t ime s 

t h e r e a f t e r ,  a c c o r di ng t o  t r e a t me n t , s a c r i f i c e d  w i t h  s o dium 

pent oba rb i t o ne by the me thod de scribed i n  Exp 2 .  

F o r  each di e t a ry type t here were 5 eutha n a s i a  t ime s ,  2 ,  3 ,  4 ,  5 and 6 

h r s  f o l l o w i ng t h e s t a rt o f  feedi ng . P r o c e d u r e s  u s e d  i n  o b t a i n i n g  

di ge s t a  s ampl e s  w e r e  t h o s e  de sc r i bed i n  E x p  2 .  D i s t i l led water was 

used to flush digesta f rom the terminal 1 5  cm o f  i l eum . 

Lab o r a t o ry p r o c edu res  were t h o s e  de s c ri b e d  u nde r Exp 2 .  One -way 

a n a l y s i s  o f  variance procedu r e s  ( S nede c o r  and C ochran,  1 9 7 2 )  in 

con j uncti o n  with Lea st Si gni ficant D i f f e rence mea s u reme n t s  were used to  

t e s t  t reatment dif ferences . All  s i gni f i c a n t  resul t s  refer t o  t he 5 

% level o f  probabi l i ty ( P < 0 . 0 5 ) . 
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4 . 3 . 3  RE SULTS 

Tables  1 4  and 1 5  summa ri se sampling means applicable to MBM t re a tmen t s  

t a ke n  between 2 and 6 hr  a f t e r  t h e  s t a rt o f  feeding f o r  % N 

dige s t ibility , % dry mat t e r  digestibility and dige s t a  weigh t  ( g )  ( T able 

1 4 )  and N and Cr as a pe rcent o f  dry mat t e r  ( Table 1 5 ) . Appendix 3 

det a i l s  t he relevant analys is  of variance dat a .  Tables 1 6  and 1 7  det a i l  

r e s u l t s  f o r  t h e  s ame f a c t o r s  as  obt a i ned f o r  the wheat 

Appendix 4 det a i l s  the rel evant analys is  of v a ri ance data . 

b a s e d  diet . 

F o r  MBM di et a ry t reatment s ,  N digestibility at t he 2 hr  i n t e rv al ( 8 8 . 6 5 

% )  w a s  s i gn i f i c a n t l y  greater than that  a t  the 6 h r  point ( 5 6 . 0 0 % )  . 

Between t ime s dige s t ibility rema ined relat ively constant ranging between 

8 1 . 7 8 % ( 4  h r )  and 7 8 . 7 5 % ( 5  hr) . The N and Cr da t a  ( Ta b l e  1 5 )  

( F i gure 1 )  sugge s t s  this  e f fect was caused prima rily by di spropo rt i onate 

levels of Cr ove r hours . At the 2 hr  ma rk the Cr p ropo r t i o n  o f  

1 . 5 2 6 % was s i gni f i cantly greater than t h e  3 h r ( 0 . 9 9 2  % ) , 4 h r  ( 0 . 9 4 3  

% )  and 5 h r  ( 0 . 8 2 4  % )  proport ions and these were signi f i cantly greater 

t han t he 6 h r  level o f  0 . 4 1 7  % .  On the other hand N a s  a p ropo rt i on o f  

the dry mat t e r  v a ried n o n  signi fi cantly o v e r  time . 

F o r  the wheat di e t a ry t reatment s ,  N dige s t ibility at the 2 ,  3 ,  4 and 5 

h r  ma rks we re s i gni f i c antly greater ranging f rom 8 5 . 7 4 % ( 2  h r )  t o  9 0 . 8 0 

% ( 3  h r )  t h a n  a t  t h e  6 hr in t e rval  ( 7 7 . 7 6  % )  . The r e l a t e d  C r  dat a  

( T able 1 7 )  ( F igure 2 )  shows ma rked but non signi ficant v a r i a t i o n  in  t he 

p ropo r t i o n  o f  C r  in t he dige s t a  dry ma t t e r  w i t h  time , v a l ue s  ranging 

f rom 0 . 9 2 1  % at 2 hr  to 1 . 2 9 7  % at 5 hrs . For N as  a percent age of t he 

di ge s t a  ( DM )  t he 2 h r  through 5 hr  results  we re s i gn i f i c a n t l y  sma l l e r  

t h a n  the 6 hr  r e s ult  o f  1 . 2 9 4 % and thi s suggests  t h a t  di s propo rti onate 

movement in N f l o w  caused the s i gni f i cantly l ower N dige s t i b i l i ty 

reco rded f o r  the 6 h r  interval . 



Mo re dige s t a  (DM)  

the 2 hr ( 6 6 7  mg ) 

was collected at the 4 hr  points 

and 5 hr ( 5 6 9  mg ) fo r MBM diet  

8 9  

( 7 0 8  mg ) compared t o  

( Table 1 4 )  . S imi l a r  

t rends w e r e  a l s o  obse rved for  the  wheat di e t  i n  whi ch gre a t e s t  di gesta  

qu a n t i t i e s  were obt a i n e d  at 4 h r  ( 4 6 1 mg) , fol lowing by 5 hr  ( 3 6 0  mg ) 

and 2 hr ( 3 5 7  mg ) sl aught e r  t ime s ( Table 1 6 )  I n  a ddi t i o n ,  the  dige s t a  

c o l l e cted w a s  o n e - t h i r d  l e s s  f o r  whe at t h a n  f o r  MBM t re atmen t s . 
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Table 1 4 . The e f fect o f  the t i me o f  s l auaht e r  f o l l owinq the start o f  

feedina on N and OM diqe s t ib i l i t i e s  and dige s t a  weiah ( OM)  for  

3 5  davs old me at c h i c kens fed the MBM based test diet . 

Time o f  initial  % N dige s t ib i l ity % dry mat t e r  O igesta we igh 

feeding ( h r )  dige s t i b i l i t y  ( D M )  ( g )  

2 8 8 . 6 5±3 . 1 9 a  8 4 . 1 1±2 . 5 7 a  0 . 6 6 7±0 . 1 9 8 a  

3 8 0 . 6 5±4 . 5 7 b  7 3 . 6 0±4 . 2 5 b  0 . 4 9 0±0 . 1 9 l a  

4 8 1 . 7 8±3 . 2 6 ab 7 4 . 1 9±4 . 4 3b 0 . 7 0 8±0 . 1 8 6 a 

5 7 8 . 7 5±4 . 8 5b 7 0 . 8 1± 3 . 2 0 b  0 . 5 6 9±0 . 2 6 3 a  

6 5 6 . 0 0± 1 1 . 2 7 c  4 8 . 3 9±1 0 . 8 6 c 0 . 3 0 0±0 . 3 4 6 a 

Means wit hout a lett e r  i n  c ommon a re s igni f i c a n t l y  di ffe rent a c  P< O . O S .  

± va l ues a re st andard deviations . 

Table 1 5 . The e f fect o f  the t ime o f  s l auqht e r  f o l lowing the s t a rt of 

feeding on pe rcentaae o f  N and Cr i n  di aesta (dry mat t e r  

ba s i s )  for  MBM diet . 

T ime o f  sl aught e r  a f t e r  

s t a rt o f  feeding ( h r )  

2 

3 

4 

5 

6 

% N I g 

2 . 8 5 2±0 . 2 5 6 a  

3 . 0 8 3±0 . 2 5 0 a  

3 . 0 1 0±0 . 3 9 5 a  

3 . 0 6 0±0 . 4 0 2 a  

3 . 0 6 2±0 . 8 3 5a 

% Cr  I g 

1 . 5 2 6±0 . 2 0 6a 

0 . 9 2 2± 0 . 1 5 0 b  

0 . 9 4 3± 0 . 1 5 0b 

0 . 8 2 4± 0 . 0 9 5b 

0 . 4 1 7±0 . 1 7 8 c  

Mea n s  without a l e t t e r  i n  common a re s igni fi c ant ly di f fe rent a c  P < 0 . 0 5 .  

± values a re s t a ndard deviations . 



Table 1 6 .  The e f fect o f  the time o f  s l aucht e r  fol lowinc t he s t a rt o f  

feedinc on N and D M  dicestibi l i tv and dice s t a  weich f o r  3 6  

davs old meat chickens fed the wheat based t e s t  diet . 

T ime o f  i n i t i a l  % N digestibility % dry mat t e r  Dige s t a  weigh 

f e eding ( h r )  dige s t i b i li ty (DM)  ( g )  

2 8 5 . 7 4±3 . 5 3a 7 2 . 0 0±4 . 0 3 ab 0 . 3 5 7±0 . 1 6 2 a  

3 9 0 . 8 0±0 . 9 5a 7 6 . 2 8± 4 . 3 4 ab 0 . 2 8 7±0 . 1 1 9a 

4 8 9 . 2 1±2 . 8 5a 7 7 . 5 5±5 . 4 9 a  0 . 4 6 1±0 . 1 4 6a 

5 8 9 . 4 0±2 . 9 4 a  7 7 . 0 9± 6 . 7 3 a  0 . 3 6 0±0 . 0 3 6 a 

6 7 7 . 7 6±1 0 . 9 6b 6 8 . 8 3±1 1 . 1 7b 0 . 3 3 9±0 . 1 7 2 a  

9 1  

Me ans without a letter  i n  common a re signi f i cant ly di f f e rent a t  P < 0 . 0 5 .  

± value s a re st anda rd dev iat i ons . 

T able 1 7 . The e f fect o f  the t ime o f  slauqh t e r  f o l l owinq the s t a r t  o f  

feeding on pe rcent ace of N and Cr in dicest a (drv mat t e r  

bas is ) f o r  wheat diet . 

Time o f  s l aught e r  a f t e r  

i ni t i a l  o f  feeding ( h r )  

2 

3 

4 

5 

6 

% N I g 

0 . 9 1 7±0 . 3 2 4 a  

0 . 6 9 9±0 . 1 6 9 a  

0 . 8 4 0±0 . 2 5 4 a  

0 . 8 8 8±0 . 2 1 6 a  

1 . 2 9 4±0 . 3 1 6b 

% Cr  I g 

0 .  9 2 1 ± 0 . 2 1 3 a  

1 . 1 3 7 ± 0 . 2 9 7 a  

1 . 1 9 3± 0 . 4 2 2 a  

1 . 2 9 7 ± 0 . 4 0 3 a  

0 . 9 5 2 ± 0 . 4 0 8 a  

Means without a letter in common a re signi f i cantly di f f e rent a t  P < 0 . 0 5 .  

± values are s t anda rd deviations . 
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4 . 3 . 4  D I SCU S S ION 

For  the MBM t reatments alt hough t h e  weight of dige s t a  col lected was not 

s igni f i c a nt di f ferent over the 2 to 6 hr  s l a ught e r  t ime s ,  numerically 

mo re dige s t a  mat e r i a l  was c o l l ec t ed at 4 h r  than at 6 h r  and the 

di f fe rence in quant i t y  was qui t e  ma rked . The sign i f i cant ly l ower N and 

DM dige s t ib i l i ty obt a i ned by samp l ing at 6 hrs may have been caused by 

coarse 

in t he 

and indige s t i b l e  pa r t i c l e s  such 

g i z z a rd for a l onge r t ime . 

as  bone and hai r be i ng retained 

Visual i n s pe ct i on s howed an 

increasing fraction of this mat e r i a l  appe aring i n  the gi z za rd with t ime 

f o l l owing feeding and a de c r eas ing amount o f  i n di c a t or . This 

obs e rvat i on sugge s t s  the fra c t i o n  o f  finer p a r t i c l e s  incl uding Cr passed 

t h ro ugh t he inte s t i ne mo re r a p i dly . This  i s  c o n s i s t en t  w i t h  finding 

highest dige s t i bili t y  at 2 h rs and l owest at 6 h r s  f o l l ow i ng feeding . 

Furthe r ,  coa rse part i c l e s  may i ncrease the des t ru c t i o n  o f  mucosal cells 

and the s e c re t i on of mucus so  adding t o  thi s effect . 

A simi l a r  t rend was apparent in  the wheat t reatme nt s . N i t rogen and DM 

digest ib i l i t ies we r e  relat ively c on s t ant over s ampl i n g  t ime s o f  2 t o  5 

h r s . H o w e ve r ,  a s i gni fi c a n t l y  l o w e r  value w a s  o b t a i ne d  a t  the 6 h r  

s l augh t e r  t ime . T h e  i n tuba t i o n I wheat  t reatme n t s  r e s u l t ed i n  about 

o n e - t h i rd l e s s  i l e a l  dige s t a  t h an obt ained f o r  t h e  MBM di e t a ry 

t reatme n t s  due in  p a r t  t o  t he l e s s e r  food intake a s s o c i ated with the 

i n t uba t i o n  t ec h n i que . Aga i n  howeve r ,  g reat e s t  i l e a l  digesta  ( 4 6 0 mg ) 

was col l e c t ed at the 4 hr s l a ughte r  t ime . The s igni fi cantly smaller N 

and DM digestibi l i t i e s  obt a ined a t  the 6 hr s ampl ing t ime may have been 

c a u s e d  b y  f a c t o r s  de s c r i bed pre v i o u s l y  for  t h e  MBM t reatment s .  

Obse rva t i ons o f  the gi z za rd s howed an  increas ing c o a r s e  and indigestible 

p a r t i c l e  bui l d  up w i t h  i n c r e a s i ng s l a u g h t e r  t ime a nd an  appa rent 

reduction in the fract i on o r  Cr at the 6 hr sampling t ime . 

T he s t udy indi c a t e d  t h a t  i l e a l  N diges t ib i l i t y  rema ined r e l a tively 

c o n s t a n t  ove r t h e  3 t o  5 hr p e r i o d  f o l l ow i n g  the s t a rt of feedi n g . 

I leal  dige s t a  quant i ties  we re nume rically greatest a t  t h e  4 hr  sampling 

i n t e rv a l  for b o t h  t he MBM b a s e d  and wheat  b a s e d  t e s t  die t s  and hence 

t h i s  t ime i n t e rv a l  for re a s o n s  of s a mple s i z e rep r e s e n t s  a preferre d  

t ime o f  s l aught e r .  
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T o  i n v e s t igat e t h e  e f f e c t  o f  length o f  i l eu m  u s ed t o  o bt a i n  dige s t a  

samp l e s  o n  i l eal N dige s t i bility . 

The l ength of  the i l eum sampled i s  gove rned primarily by the need to 

obtai n  sample mat e r i a l  on whi ch dige s t i o n  is complete and by factors 

rel a t i ng to the need t o  obtain adequate repl i ca t i on and sampl e  s i ze to 

meet t he requi rements o f  s t a t i s t i c a l  needs and lab o rat o ry analy s i s . 

Raha r j o  and Fa r rell  ( 1 9 8 4 ) repo rted that N digest ibi l i t y  was hi ghe r in  

t he t e rmi n a l  1 0  cm of  i l e um and r e c t um than in  t he exc reta a nd whole 

i leum (Meckel ' s  diverti culum to i l eo - c a ecal j un c t i o n )  Many 

expe r iments  involving i l e a l  dige s t i b i l i t y  h a ve been b a s e d  on s amp l e s  

c o l l e c t ed f r om t he w h o l e  i l eum ( P ayne et al . ,  1 9 6 8 ; Varni sh and 

Carpent e r ,  1 9 7 5 ;  Achinewhu and He1.,i t t ,  1 9 7 9 )  . Thi s t ri a l  was 

u n de r t a k e n  to e x ami n e  h o w  c r i t i c a l  a n d  s e n s i t i ve l e ng t h  o f  i l e um 

s amp l e d ,  as  me a s u re d  f rom the c a e c a l  j un c t i o n ,  was t o  N dige s t ibility 

det e rmi nation . A s s e s sment was made us ing t wo die t s  MBM based and whe at 

based ( Table 3 refers ) . 

4 . 4 . 2  MATERIALS AND METHOD S 

Day-o l d  Ro s s  s t rain me at chickens comp ri s ing bot h males and femal e s  in  

equal  numbers we re rece ived f rom Go lden Co a s t  Hat cheries  Ltd . of  Levin 

and g rown in  f l o o r  p e n s  under s imi l a r  c i r c umstances and condi t ions as  

de s c r i bed f o r  Exp 2 .  They were . t ra n s f e r re d  t o  c age condi t i on s  at 2 3  

days o f  age , a c c l ima t i z e d  and 5 day s b e f o re slaughter ( 3 5  days ) , 

randomly a s s igned t o  8 t re atment groups e a c h  o f  3 mal e s  and 3 females 

and i n dividually weighed . Cull bi rds and b i rds o f  ext reme weight were 

repl a c e d  and t re atment bi rds t hen p rovide d  f o r  4 days w i t h  the MBM o r  

wheat t e s t  diets provided a d  libitum . Fol l o w i ng a fasting pe r i od o f  2 4  
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h r s  t h e  MBM t reatment bi rds we re given f ree acces s f o r  1 h r  t o  t he t e s t  

di e t  a n d  t h e  w h e a t  di e t a ry t rea tment bi rds i n t ub a t e d  a 2 5  g ( a i r  dry 

bas i s )  amount . 

A l l  f eedi ng t o o k  p l a c e  sequent i a l ly at t ime i n t e rval s t h a t  p e rmi t ted 

d i ge s t a  s amp l i n g  to t a ke place 4 hrs f o l l o w i n g  t h e  s t a rt o f  f eeding . 

B i r d s  we r e  s a c r i f i c e d  by a l ml i n t ra - c a rdi a l  i n j e c t i o n o f  s o di um 

p en t ob a rb i t o n e , bled and the abdomen was opened . Dige s t a  was  f l u s hed 

g e n t l y  u s i ng di s t i l l e d  wa t e r  into  

c on t en t s sub sequently fro zen . 

pl a s t i c  bags , t h e  b a g s  s e a l ed and 

T re a tmen t s  a c c o rding to lengt h and di et were as f o l l owed : 

Treatment diet 

MBM die t  

Whe a t  diet 

Trea t�ent length ( cm)  of i l eum a s  mea sured f rom 

the i l eo-caecal junc t i o n 

1 0  

� 0  

1 5  

1 5  

3 0  

3 0  4 5  

Lab o ra t o ry analysis  c onducted on N and Cr  w e re evalua t ed u s i n g  met hods 

de s c r i be d  u n de r Exp 2 .  O n e - w a y  ana l y s i s  o f  v a r i a n c e  ( S n e de c o r  and 

C o c h ran , 1 9 7 2 )  in  con j unct ion with the Lea s t  Signi f i ca n t  D i f ference t e s t  

w e r e  used t o  a s s e s s  res ults for sign i ficance . A l l  re s u l t s  

s igni f i c ance re f e r  t o  the 5 % level of  probabi l i t y  ( P < 0 . 0 5 ) . 

o f  
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4 . 4 . 3  RE SULTS 

T a b l e  1 8  and 2 0  s umma r i s e  res u l t s  for the MBM and wheat t e s t  di e t s  

respect i vely f o r  t he criteri. a ,  N dige s t i b i l i t y  ( % ) , dry mat t e r  

di ge s t i b i l it y  ( % )  and digesta weight ( g )  Table 1 9  a n d  2 1  det a i l  

co rrespo ndi ng dat a  f o r  t h e  MBM and wheat b a s e d  diet s f o r  p ropo r t i on s  o f  

N 

and C r  i n  the digest a .  Appendix 5 and 6 det a i l s  t he relevant a n a l y s i s  

o f  v a r i ance data  f o r  MBM and wheat treatmen t s  respectively . 

F o r  t h e  MBM t re a tme nt s ,  le ngt h of  i l eum s ampl e d  had no s igni f icant 

e f f e c t s  o n  N di ge s t i b i l ity and propo r t i on s  o f  N and Cr in the dige s t a  

d r y  mat t e r . N dige s t ib i l i t y  values ranged between 8 3 . 8 4 % and 8 3 . 4 4 % 

f o r  s ampled lengt hs  between,. 1 0  and 3 0  c:n and was  7 9 . 3 9 % for the dige s t a  

of  t he 4 5  c m  i l e a l  l ength . Nit rogen and C r  propo rtions ranged between 

2 . 6 7 0 % ( 1 5  cm l engt h ) t o  3 , 4 7 3 % ( 4 5  c m  le ngt h )  for % N and _f rom 1 . 1 0 3  

% ( 1 5  cm)  t o  0 .  9 0 7  % ( 4 5  cm ) for % C r  ( Fi gure 3 ) . A t rend s i mi l a r  

to t h a t  f o r  N diges tibility w a s  obs e rvec in  dry mat t er dige s t i b i l i t i e s . 

A s ub s t an t i a l  i n c rease in  the lengt h o f  i l eum sampl ed resulted i n  a non 

s igni fi c ant dec rease in the dry mat t e r  diges tibility . 

F o r  t h e  w h e a t  b a s ed t reatments length of  il eum s ampled had no  

s i gn i f i c a n t  e f f e c t o n  N dig e s t i b i l i � y  and p r o p o r t i o n s  o f  N in  t h e  

dige s t a . N dige s t ib i l i ty decrea sed sequent i ally f rom 8 8 . 9 5 % i n  the 1 0  

cm i l e a l  sampl e  t o  8 4 .  1 1  % in the  4 5 c:-n sampl e . N a s  a prop o rt i on of  

t h e  dige s t a  v a ried be tween 1 . 0 3 7  % f o r  the 10  cm i l e a l  s ampl e  a n d  

0 .  8 1 0  % f o r  the 1 5  c m  sampl e ( F igure 4 )  . Chromi um a s  a propo rt i on o f  

t h e  dige s t a  ( DM )  wa s s ignif icantly greater ( 1 . 8 0 4  % )  i n  the 1 0  c m  i leal  

s ampl e  than i n  i l e a l  p o rt i ons o f  gre a t e r  length ( Figure 4 ) . The Cr  

p r op o r t i o n s  for  the 1 5  cm, 3 0  cm and 45  cm porti ons were 1 . 0 6 7 ,  1 . 2 4 6  

and 1 . 1 5 5 % respectively . 



Table 1 8 .  The e f fect o f  s amo lina l enat h of  il eum on N and OM 

diae s t ibi l i tv and diaesta  w e i cht ( OM)  for � 5  davs old me at 

chickens fed a MBM di et . 

Te rmi n a l  length 

o f  il eum ( cm) 

0 - 1 0  

0 - 1 5  

0 - 3 0  

0 - 4 5  

% N dige s t ibility 

8 3 . 6 9± 4 . 0 7 a  

8 3 .  4 4±5 . l l a  

8 3 . 8 4±3 . 9 8 a  

7 9 . 3 9± 6 . 3 5a 

% dry mat t er 

digest ibility 

7 6 . 9 0±4 . 2 6 a  

7 6 . 9 1±4 . 8 3 a  

7 5 . 7 5±4 . 0 9a  

7 3 . 4 7±3 . 5 0 a  

Oige s t a  weigh 

(DM)  ( g )  

0 . 3 5 6±0 . 1 0 0 a 

0 . 6 6 0± 0 . 2 1 0 a 

1 . 0 8 9±0 . 1 4 2b 

1 . 9 0 6± 0 . 5 4 2 c  

9 8  

Means wi thout a l e t t e r  i n  common are s igni ficantly di f f e rent a t  P < 0 . 0 5 .  

± values a re s t a nda rd dev i a t ions . 

Table 1 9 .  The e f fe c t  o f  samo l i na lenath of ileum on N a nd Cr  

propo rt i ons i n  the diae s t a  for 3 5  davs old meat chickens fed a 

MBM di et . 

T e rmi n a l  length o f  ileum ( cm)  % N I g (OM)  % Cr  I g ( OM )  

0 - 1 0  

0 - 1 5  

0 - 3 0  

0 - 4 5  

2 . 6 7 0±0 . 6 93a 

2 . 7 8 3±0 . 8 7 7 a 

2 .  7 1 2±0 . 6 8 0 a 

· 3 . 4 7 3±1 . 0 6 6 a  

1 . 0 8 8±0 . 1 7 8 a  

1 . 1 0 3±0 . 2 4 0 a  

1 . 0 5 3±0 . 1 9 6 a  

0 . 9 0 7±0 . 1 8 4 a  

Me ans w i t hout a l e t t e r  i n  common a re s igni ficantly di f fe rent a t  P < 0 . 0 5 .  

± values a re s t a nda rd devi at ions . 
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Table 2 0 . The e f fect o f  samol ina lenat h o f  i l eum on N and DM 

diae s t i b i l i t v  and di ae s t a  weiaht f o r  3 5  davs old me at chickens 

fed a wheat diet . 

T e rminal length % N digestibility % D ry mat t e r  Dige s t a  weigh ( DM)  

o f  ileum ( cm )  diges t ib i l ity ( g )  

0 - 1 0  8 8 . 9 5±4 . 2 6a 7 8 . 9 1±2 . 8 5 a  0 . 2 4 2::0 . 0 9 8 a  

0 - 1 5  8 6 . 1 3±3 . 5 0 a  7 4 . 2 0±4 . 1 3 a  0 . 4 0 9±0 . 0 9 9ab 

0 - 3 0  8 5 . 4 6±6 . 6 9 a 7 4 . 8 2±7 . 2 5a 0 . 7 6 7±0 . 1 7 7b 

0 - 4 5  8 4 . 1 1±2 . 4 4 a  7 3 . 7 8±4 . 5 5 a  1 .  3 4 1 ± 0 . 7 1 3c 

Means without a letter in  common a re s igni fi c antly di f fe rent at P< 0 . 0 5 .  

± values a re st andard deviat ions . 

Table 2 1 . The e f fect of  samol i na l enath o f  i l e um on N and C r  orooort i on 

in the diae s t a  f o r  3 5  davs old me at chicken fed a wheat test 

diet . 

Terminal length o f  ileum ( cm)  

0 - 1 0  

0 -1 5  

0 - 3 0  

0 - 4 5  

% N I g ( DM )  

1 . 0 3 7 ± 0 . 2 0 1 a  

0 . 8 1 0± 0 . 2 4 0 a 

0 . 9 2 1± 0 . 2 1 9 a 

l . 0 1 8± 0 . 0 9 8 a  

% C r  I % g (DM)  

1 . 8 0 4±0 . 5 9 8 a  

1 . 0 6 7±0 . 2 5 3b 

1 . 2 4 6±0 . 3 3 2 b  

1 . 0 5 5±0 . 1 9 8 b  

Means without a l e t t e r  i n  common a r e  s igni f i cantly di f f e rent a t  P< 0 . 0 5 .  

± val ues a re s t anda rd deviat ions . 
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4 . 4 . 4  D I SCUS S I ON 

F o r  the MBM die t ,  t he r e  wa s l i t t l e  nume r i c a l  di f f e rence i n  N and OM 

d i ge s t ib i l i t i e s  w i t h i n  0 - 3 0  cm t rea tme n t s  ( T able 1 8 ) . Thi s would 

s ugge s t  t h a t  N a nd DM had been l a rge l y  a b s o rbed b e f o re t he dige s t a  

r e ached t h e  t e rmi nal 3 0  cm o f  ileum .  

w a s  about 4 % lower ( non sign i f i c ant ) 

0 - 3 0  ern t re a tment . 

On the o t h e r  hand, N digest ib i l i t y  

f o r  the 0 - 4 5  c m  compa red to  t h e  

T h e  re s u l t  r e f l e c t s  t he fact  t h a t  N a b s o rption may be relat ively 

substant i a l  up to the t e rminal 30 cm of i l eum and suggests results  ba sed 

o n  s amp l e s  drawn f rom the who le i l eum may unde restimat e  nut rient 

dige s t ib i l i t y . A f u r t h e r  c o n s i de r a t i o n  is t he quant i t y  of dige s t a  

collected . I n  the  c a s e  o f  the 0 - 1 0  cm t reatment 3 5 6  ± l O O  mg o f  dige s t a  

w a s  c o l l e c t e d  an amount that may be i n s u f f i cient f o r  chemi c a l  analys i s . 

On the o t he r hand f o r  the 0 - 1 5  cm segment , an  ave rage o f  q 6 0  mg was  

obt a i ne d . T h o ugh o n  this  ba s i s  i t  may be a rgued that  0 - 3 0  cm would 

p r o v i de s t i l l  mo re s a mp le it s h o u l d  be a p p r e c i a t ed t h a t  the l e n g t h  

c h o s e n  repre s e nt s  a p roportion o f  the t o t a l i leum w h i c h  i s  a function o f  

t he age and s i z e  o f  t h e  bird . Drawing f rom t oo l a rge a segment in  young 

s t o c k  may i n t roduce inc idental bias . As  a precaut ionary mea s ure segment 

s i ze i s  pe rhaps best kept as  small  a s  consis tant with the needs o f  t he 

a s s ay . 

S imi l a r  t rends were a l s o  obse rved f o r  the wheat diet . N and OM 

dige s t i b i l i t i e s  dec re a sed gradually ( non s i gni f i c ant ) 1n t he t e rminal 

0 - 1 0  ern t o  0 - 4 5  cm t rea tment s w i t h  d i f f e r e n c e s  of 4 . 8 4 a n d  5 . 1 3 % 

respect ively . Howeve r ,  about one-th i rd l e s s  dige s t a  was c o l l e cted f o r  

whe at t re a tmen t s  t h a n  f o r  MBM fed bi rds f o r  corresponding segme n t s . 

This  may be exp l ained by the small quan t i t y  ( 2 5  g a i r  dry ba s i s ) o f  feed 

fed unde r intubation as compa red to about 45 g ( ai r  dry b a s i s )  consumed 

f o r  MBM f ree a c c e s s  t reatment s . Al t hough mo re digesta may be collected 

f rom t h e  t e rmin a l  0 - 3 0  cm o r  0 - 4 5  cm o f  ileum, t h i s  may re s u l t  in l owe r 

N dige s t i b i l i ty . The 0 - 1 0  cm segment gave ma rginally s u f f i c i ent s ample 

for chemic a l  a n a lys i s . 
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The res u l t s  sugge s t  that  N and DM dige s t i bi l i t i e s  may not  b e  greatly 

a f fected by sma l l  changes in  the l ength o f  ileum s ampled and t hat t h i s  

feature m a y  be used t o  j us t i f y  a n d  i n c =ease in ileal  s ample length i n  

c i rcums t ances o f  insu f f i cient dige s t a  content . In  t he t e rminal 1 5  ern of 

i leum about 6 6 0  rng and 4 1 0  rng o f  ileal digesta  f rom MBM and wheat diet s 

we re c o l l e c t e d  r e s pe c t ively . T h i s  l e ngt h provided s u f f i c i e n t  sampl e  

s i ze f o r  chemi c a l  analysis  and full repli cation . 
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( S a )  To  inve s t igate the e f fect o f  age o n  i l e a l  N dige s t i b i l i ty i n  meat 

c h i c kens . 

( Sb )  To  i nves t i gate the ileal amino a c i d  dige s t ib i l ity o f  two t e s t  di ets 

u s i ng me a t  chickens . 

Con f l i c t ing resul t s  have been repo rted in  the l i t e rature o n  the e f fect 

o f  age o n  N digest ibil ity . McNab and S ha nnon ( 1 9 7 2 )  repo rted no e f fect , 

but F o n o l l a  e t  a l . ( 1 9 8 1 )  and H a k a n s s on a n d  E r i k s s o n  ( 1 9 7 4 )  f o u n d  

pro t e i n  digest ibility dec reased, whi l s t  Wa l l i s  and Ba lnave ( 1 9 8 4 )  found 

an i n c rease of i leal ami no acid dige s t i b i l i ty with age . Wit h  ileal 

dige s t ib i l i ty procedures i t  may not prove pra c t i c a l  t o  s t a nda rdi ze age 

of s l aughter . Indeed, an age range f o r  i leal sampling would achieve a 

de s i rable degree o f  flexibi lity . 

The purpo se of the t rial wa s t o  inve s t igate t h e  e ffect  on N 

dige s t ib i l ity o f  s l aught e r  between t h e  ages o f  4 and 8 weeks in  rapidly 

g r o w i n g  s t o c k  a c r o s s  t h e  t w o  t e s t  di e t s ,  MBM b a s e d  a n d  whe a t  ba sed 

( Table 3 re fers ) using prefe rred a s s ay procedures devel oped t h rough Exp 

1 - 4 . I n  addi t i on the re sul t s  of a s s ays conducted at one age have been 

used to analyse and compa re the i le a l  amin o  acid dige s t i b i l i ti e s  within 

the two test die ts . 

4 . 5 . 2  MATERIALS AND METHODS 

S u f f i c i e n t  me a t  c h i cken day o l d  s t o ck we re obt a ined f r om Golden Coa s t  

Hatche ri e s  Ltd . o f  Levin to  provide 2 groups o f  6 bi rds ( 3  mal e s  a n d  3 

fema l e s ) a t  e a c h  o f  3 s l augh t e r  t ime s , 4 ,  6 and 8 weeks o f  age . The 

s t o c k  were g rown by sex in pens unde r condi t i ons as des c ribed in Exp 2 .  

Groups o f  bi rds a s s igned t o  6 and 8 wee k s laugh t e r  t reatme n t s  were fed a 
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b ro i l e r  grower ma sh diet f rom 2 5  day s  o f  age unt i l  p rovi s i on o f  the test 

di e t s . T a b l e  2 2  out l ines the ingredients and nut rient c omp o s i t i on of  

the broi l e r  grower diet . Twelve days be fore s l aughte r ,  groups o f  bi rds 

we re remo v e d  t o  suspe nded cage s f i t t e d  w i t h  hea t e rs a n d  given a 6 day 

acclimat i z at ion period be fore being individually weighed and a s s igned, 3 

mal e s  and 3 females , to each of  2 cage compa rtments . They we re given 

ad libitum access  to test diets  for 4 days , then f as t e d  f o r  2 4  hrs and 

then given t he i r  test  diets either by free acce s s  for a 1 hr period in 

the c a s e  of the MBM ba sed diet or by intubat ion in the c a s e  of the wheat 

based d i e t . I ntuba t e d  bi rds rece ived 1 5 ,  3 0  and 4 0  g ( a i r  dry bas is ) 

of  whe at b a s ed di et acco rdi ng to whe the r they were a s s i gned to  4 ,  6 o r  

8 week s l augh t e r  t reatments . 

F o u r  h r s  f o l l o w i n g  the s r. a rt o f  f e eding,  t re a tme n t  b i rds we re 

s acri f i ce d  by a 1 ml  inr.ra-ca rdi a l  i n j ection o f  sodi um pent oba rbit one 

( 3 0 0  mg I ml ) in the case of 4 and 6 week old and a 1 . 5  ml i n j ection in 

t he c a s e  o f  8 week o l d  bi rds . The dige s t a  of t he t e rmi n a l  1 5  cm o f  

i l e um w e re c o l l e c t e d  i n  s e a l ab l e  pl a s t i c  b ags b y  f l u s h i n g  t h e  i l e a l  

gent ly w i t h  di s t i l led water and s t o red i n  a deep f reeze unt i l  labo rat o ry 

a n a ly s e s  w e re unde r t aken . Nit rogen and C r  w e r e  a n a l y s e d  by methods 

des c ribed previously ( Exp 2 )  Ami no acids we re analysed b y  i on-exchange 

chroma t og raph us ing a Wa r.ers High P re s sure Liqu i d  Ch r omat og raph ( HP LC )  

( Jame s a n d  T re l o a r ,  1 9 8 4 ) ( Appe n di x  1 4 ) . P re p a rat i o n  i n v o lved a c i d  

hydrol y s i s  of  feed a n d  ileal di ge s r. a  samples ( approxima t e l y  4 0  mg ) in 6 M  

HCl i n  e v a c u a t ed s e a l ed tube s at  1 1 0 ° C f o r  2 4  h r s . A separate 

p re p a r a t i o n p r o c e d u r e  for t he de t e rm i n a t i on o f  me t h i o n i n e w a s  n o t  

ca rried o u t  and t ryptophan and cys t i ne we re not determin e d . 

A l l  t he samp l e s  w e re analysed in  dup l i c a t e  for  N ,  C r  a nd amino acids . 

One-way a n a l y s i s  of  variance ( S nede c o r  and Cochran , 1 9 7 2 )  i n  con j unction 

w i t h  L e a s t  S i gni f i c ant D i f fe rence test ing was used t o  a s s e s s  

s igni f i c ance at  t h e  5 % level of p robabi l i t y  ( P < 0 . 0 5 )  b e t w e e n  t reatment 

means o f  di f f e rent ages for each c ri t e rion examined w i t h i n  a test diet . 

I n  t he AA diges t ib i l ity analyses f o r  each diet 6 bi rds were used t o  

o bt a i n  s i x  s amp l e s . 

samp l e . 

Dupl i c a t e  AA a n a l y s e s  w e re unde r t a k e n  on each 
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4 . 5 . 3  RESULTS  

Table 2 3  p rovide s a mat rix of t rea tment means obtained ove r 3 ages  f o r  

bi rds f e d  the MBM based diet f o r  the me asu rement s ,  N dige s t i b i l i t y  ( % ) , 

D M  d i g e s t i b i l i t y ( % ) , l e n g t h o f  i l e um a s  me a s u r e d  f r om M e c k e l ' s 

dive r t i c u l um t o  the i leo-caeca l j unction ( cm) , body w e i gh ( g )  and feed 

c o n s ump t i o n ( g )  Table 24 p rovided c o r re sponding t reatmen t  me ans f o r  

bi rds i n t ub a t ed w i t h  the wheat based diet . Analysis o f  va riance tables 

f o r  each c ompa r i s o n  of  mea ns a r e  p rovided in  Appendi x 7 for MBM b a s ed 

t reatme n t s and Appendix 8 for wheat based t reatment s .  

F o r  t h e  MBM ba s e d  di e t a ry t rea tments  apparent ileal N di ge s t ib i l i t i e s  

a c r o s s  a g e s  were n o t  signi ficantly di f ferent and we re 7 6 . 1 2 % ( 4  wee ks ) , 

7 8 . 1 2 % ( 6  weeks ) and 7 9 . 3 3 % when sl aught ered at 8 weeks o f  age . F o r  

t he wh e a t  b a s e d  di e t a ry t reatme n t s  N dige s t i b i l i t i e s  w e r e  8 9 . 1 5 % ( 4  

weeks ) ,  9 0 . 3 7 % ( 6  weeks ) and 8 7 . 9 2 % ( 8  weeks ) . Treatment me ans were 

not s i gn i f i cant ly di f fe rent . 

The s t a nd a r d  dev i a t i on s  o f  the me ans for N digest i b i l i ty f o r  the MBM 

t re a t me n t s  w e r e  l a rge ranging between 8 . 4 7 % ( 4  wee k s ) and 5 . 3 0 % ( 6  

we e k s ) a n d  s u gge s t s  t h a t  ma ny more bi rds would b e  needed at  e a c h  

t reatme nt l e v e l  t o  improve the est imates of the t reatment means . On t he 

othe r hand f o r  the wheat based diet treatment st anda rd devi a t i ons o f  the 

me a n s  w e r e  c o n s ide rably sma l l e r  ( 2 . 35  % f o r  4 wee k s  t o  3 .  3 4  % for 8 

wee k s ) . N o  s i gn i f i c ant a ge e f f e c t  on N dige s t i bi l i t y  w a s  appa rent . 

S imi l a r  t rends we re a l s o  obs e rved for DM digestibility f o r  b o t h  diet s . 

T h e  r e s u l t s  s u gg e s t  t h a t  t h e  age e f f e c t  i s  unl i k e l y  t o  c o n t r i b u t e  

gre a t l y  t o  N and DM digest ibi l i t i e s  values f o r  meat 

betwe e n  4 and 8 wee ks o f  age . 

c h i c k e n s  a s s ayed 

Tabl e s  2 5  and 2 6  outline the ami no acid composi tion o n  a percent of dry 

mat t e r  b a s i s  a nd appa rent i l e a l  ami no acid digestibi l i t i e s  of the MBM 

t e s t  d i e t  ( Table 2 5 )  and the wheat based diet ( Table 2 6 )  Appendix 9 

and 1 0  det a i l s  the relevant analy s i s  of va riance dat a  f o r  MBM and whea t  

t reatme n t s  respectively . 
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F o r  t he MBM based diet the di ge s t ibilities  o f  amin o  acids were divis ible 

into 3 ca tego ri e s .  Those at the highes t  level which were signi ficantly 

gre a t e r  t h a n  t ho s e  a t  the lowe s t  level and a n  i n t e rmed i a t e  ca t e g o ry 

whi c h  we re not s igni f icantly di f fe rent f rom each other but o f  which some 

were signi ficantly di f fe rent f rom amino acids in  either t he high o r  low 

cat ego ri e s . One ami no acid Met hi onine ( 8 7 . 8 9 % )  qua l i f ied f o r  t he high 

l e v e l  a n d  o n e  amino a c i d  G l y c i n e  ( 7 4 .  5 1  % )  qua l i f i ed f o r  low l evel 

cat ego ry . Thi rteen amino ac ids qua l i f ied f o r  the i n t e rmedi ate level . 

They we re As p a rt i c  a c i d  ( 7 8 . 6 6 % ) 1 Threonine ( 8 1 . 8 1 % ) 1 Se rine ( 7 6 . 3 3 

% ) 1 G l u t ami c a c i d  ( 8 2 . 0 0 % ) 1 A l a n i n e  ( 7 8 . 3 8 % ) 1 Va l i ne ( 8 4 . 9 9 % ) 1 

I s o l e u c i n e ( 8 7 . 2 8  % ) 1 

P h e n y l a l a n i n e  ( 8 2 . 2 8 % ) 1 

Arginine ( 7 9 . 9 8 % )  . 

L e u c i n e  ( 8 6 . 5 4 % )  1 T y r o s i n e ( 8 4 . 4 4 

Hi s t i di n e  ( 7 7 . 8 3 % )  1 Lys i n e  ( 8 1 . 1 9 % )  

% )  I 

and 

Digest ibi l i t i e s  of amino ac ids in the wheat diet were generally great e r  

t h a n  t h o s e  o f  t he MBM t e s t  di e t . Me an ami no a c i d  dige s t i b i l i t y  w a s  

8 8 . 2 8 % v e r s u s  me an N dige s t i b i l i ty for  the wheat t reatments o f  9 0 . 3 7 % .  

Amino a c i ds that were mo st dige s t ible and whose digest ibilities  we re not 

signi f i cantly di ffe rent were Glutami c acid ( 9 5 . 2 2 % )  1 Methionine ( 9 1 . 6 6  

% )  1 L e u c i n e  ( 9 1 . 5 0 % )  and Ty r o s i ne ( 9 1 . 1 0 % )  Ami n o  acid t h a t  were 

l e a s t  dige s t ible and whose dige s t ib i l i t i e s  w e re n o t  s i gni f i cantly 

d i f f e r e n t  w e r e H i s t i d i n e ( 8 0 . 4 1  % )  1 T h r e o n i n e  ( 8 4 . 0 7  % )  a n d  

Phenyl a l anine ( 8 4 . 5 3 % )  • The dige s tibi l i t i e s  o f  other amino ac ids lay 

within t he bounda ries de f ined by t hese two ext reme groups . They we re 

I s o l e u c i ne ( 9 0 . 8 6 % ) 1 S e r i n e  ( 8 9 . 9 4 % ) 1 Va l i n e  ( 8 9 . 0 2 % ) 1 Arginine 

( 8 8 . 8 9 % )  1 Al anine ( 8 7 . 9 0 % )  1 Glycine ( 8 7 . 5 5 % ) 1 Asp a rt i c  acid ( 8 6 . 6 3 % )  

and Ly s i ne ( 8 4 . 7 2  % )  • 



Table 2 2 . I naredi ent and nu� rient c omo o s i t i o n  ( a/ k a )  o f  the broiler 

arowe r di et . 

I ngredi e n t s  Bro i l e r  g rowe r diet 

Ma i ze 4 5 2 . 0 0 

Ba rley 2 0 5 . 0 0 

Meat and bone meal 1 0 0 . 0 0 

S oybe an me al 2 1 2 . 8 0 

C o rn o i l  1 2 . 0 0 

D L -met h i onine 0 .  7 0 

S odium c h l o ride 2 . 5 0 

D i c a lc i um phosphate 1 0 . 0 0 

Vi t am i n  and mi neral p remi x 1 4 . 5 0 

Coccidi o s i s  0 . 5 0 

T o t a l  1 0 0 0 . 0 0 

Nut rient s 

C rude protein ( %  N x 6 . 2 5 )  

Me t ab o l i z able ene rgy ( Kc a l / kg )  

Arginine 

H i s � idine 

I s o leucine 

Leucine 

Lysine 

Met hi onine 

T h re o n i ne 

T rypt ophan 

Va l i ne 

Ca l c i um 

Ava i l able phosphate 

2 0 0 . 0 0 

3 2 0 0 . 0 0 

1 8 . 6 3 

7 . 6 1 

7 . 1 0 

1 6 . 7 0 

1 1 . 2 8 

3 . 8 0 

7 . 62 

1 .  8 8  

8 . 6 7 

1 1 . 0 0 

5 . 6 6 

1 Technik product ' s  broile r s t a r t e r  vitamin and mi ne r a l  premix ( re f e r  

Table 2 ) . 

::. o s  
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Table 2 3 . The t rea tment N dicest ibilitv ( % ) ,  DM dice st i b i l i tv ( % ) , 

diae s t a  weiah ( a ) , lenath o f  ileum between Meckel ' s  

divert i culum t o  the i leo-caeca l junction ( cm )  and bodv weight 

( a )  in three di f ference aaes o f  bi rds f o r  t he MBM based diet . 

% N dige s t ib i l i ty 

% OM digestibil ity 

D ige s t a  weigh ( OM)  ( g )  

Length o f  i l eum ( cm )  

Body weigh ( g )  

Feed consumpt ion* ( g/b ) 

( a i r  dry ba s i s ) 

4 week old 

7 6 . 1 2±8 . 4 7a  

6 8 . 8 5±5 . 6 9a 

0 . 4 7 7±0 . 2 0 7 a  

5 4 . 8±7 . 3 a 

9 1 8±3 9a 

2 7 . 4 6 

Age 

6 w e e k  o l d  

7 8 . 1 2± 5 . 3 0 a  

7 1 . 2 3± 5 . 2 5 

0 . 6 1 4± 0 . 1 2 6 a 

6 3 . 0±5 . 8b 

1 8 2 2± 1 3 7b 

4 0 . 7 4 

* Means  o f  the individual bird based on group feedi ng . 

8 week o l d  

7 9 . 3 3±7 . 0 2 a  

7 3 . 6 0±5 . 6 4 a  

0 .  7 1 8±0 . 7 1 3 a  

6 6 . 3±5 . lb 

2 8 1 8±2 9 9 c  

5 2 . 6 4 

Means in the same row without a letter i n  c ommon a re s igni f i cantly 

di f f e rent at  P < O . O S .  

± v a l ue s  a re st andard devi ations . 
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Table 2 4 . The t rea Lment N dices t i bi l i tv ( % )  1 OM dige s t i b i l i t y  ( % ) 1 

diae s t a  we iah ( a )  1 lenath o f  ileum between Mec ke l ' s  

diverti culum t o  the i l eo-caecal junc t i o n  (cm) and bodv weiaht 

( a) in th ree di f ference aaes for the wheat b a s ed diet . 

% N dige s t ib i l i t y  

% OM dige s t i b i l i ty 

O i ge s t a  weigh ( OM)  ( g )  

Lengt h o f  i l eum ( cm) 

Body weigh ( g )  

Feed c o n s umpt i o n *  ( g / b )  

( a i r  dry ba s i s )  

4 week old 

8 9 . 1 5±2 . 3 5 a  

8 1 . 8 5±2 . 7 l a  

0 . 3 1 8±0 . 0 9 2 a  

53 . 0±4 . 3 a 

8 9 3± 4 3 a  

1 5 . 0  

* F o rce feeding procedure were used . 

Age 

6 week old 

9 0 . 3 7±3 . 0 2 a  

8 2 . 0 8±5 . 2 9 a  

0 . 4 6 1±0 . 0 8 0 b  

5 9 . 8±4 . 3b 

1 7 9 0± 1 4 7 b  

3 0 . 0  

8 week old 

8 7 . 9 2± 3 . 3 4 a  

8 1 . 0 1±3 . 6 8 a  

0 . 4 7 7± 0 . 1 2 4 b  

6 6 . 8±3 . lb 

2 8 1 2± 1 9 5 c  

4 0 . 0  

Me ans  i n  t h e  same row w i t hout a letter in c ommon a re sign i f i cantly 

di f fe re nt a t  P < O . O S .  

± values  a re s t anda rd devi a t i ons . 



Table 2 5 . Ami no acid comoo s i t i o n  ( DM ) and aooa rent i leal amino acid 

diae s t ib i l i tv (DM l  of  the MBM based diet a s  mea s u red in 4 2  

davs old meat chicken s . 

Amino a c i d  

Aspa r t i c  a c i d  

T h reonine 

S e rine 

Glutami c a c i d  

Glycine 

A l anine 

V a l i ne 

M e t h i o n i n e  

I s o l e u c i n e  

Leucine 

Tyros ine 

P heny l a l a n i n e  

H i s t i di n e  

Lys i ne 

A rginine 

Mean 

N i t rogen 

% c ompos i t i on 

1 . 9 0 3 8  

0 . 8 7 8 9  

1 . 0 3 3 6  

3 . 1 7 9 3  

3 . 4 3 7 7  

1 . 8 0 3 0  

1 . 0 0 6 3  

0 . 4 2 0 0  

0 . 7 6 6 8 

1 . 5 7 1 4  

0 . 6 0 9 8  

0 . 8 5 7 0  

0 . 5 2 5 6  

1 . 4 4 6 6  

1 . 5 7 0 3  

3 . 9 5 7 0 

± va l u e s  a re s t anda rd deviat i ons . 

% dige s t ib i l i t y  

7 8 . 6 6±5 . 3 4 a b  

8 1 . 8 1±4 . 0 9bc 

7 6 . 3 3± 8 . 3 1 ab 

8 2 . 0 0±5 . 2 9bc 

7 4 . 5 1±5 . 0 5 a  

7 8 . 3 8±6 . 0 5 ab 

8 4 . 9 9±4 . 0 7bc 

8 7 . 8 9±3 . 4 4 c  

8 7 . 2 8±3 . 5 9bc 

8 6 . 5 4±3 . 5 7bc 

8 4 . 4 4±5 . 5 5bc 

8 2 . 2 8±5 . 3 8bc 

7 7 . 8 3±5 . 1 0 ab 

8 1 . 1 9±5 . 6 0 b  

7 9 . 9 8±9 . 3 1 ab 

8 1 . 6 3 

7 8 . 1 2±5 . 3 0 

1 1 1  

Means w i t hout a l e t t e r  in  common a re signi ficantly di f fe rent a t  P < 0 . 0 5 .  
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Table 2 6 . Ami no acid comoo s i t ion (OM)  and aooarent i l eal ami no acid 

diaes t ib i l i t v  ( OM l  of  the wheat based diet as me as ured in 4 2  

davs o l d  me at chickens . 

Amino a c i d  

Asparti c  a c i d  

Threoni ne 

S e rine 

Glutami c a c i d  

Glycine 

Alanine 

Valine 

Methionine 

I s oleucine 

Leucine 

Tyrosine 

P henyl a l anine 

Hist idine 

Lysine 

.'\rginine 

Mean 

Nit rogen 

g. 
0 composit ion 

0 . 6 5 0 7  

0 . 3 5 5 8  

0 . 6 2 8 9  

3 . 6 3 8 4  

0 . 5 4 6 8 

0 . 4 3 4 4  

0 . 4 0 0 6  

0 . 1 8 9 2 

0 . 3 1 6 2 

0 . 7 5 4 9  

0 . 4 0 0 4  

0 . 5 3 0 4  

0 . 3 4 9 1 

0 . 3 2 6 1  

0 . 6 2 3 8  

1 . 8 1 5 0 

% dige st ibi lity 

8 6 . 8 3±3 . 93bc 

8 4 . 0 7±3 . 6 8 ab 

8 9 . 9 4 ±2 . 7 0 c  

9 5 . 2 2±3 . l l d  

8 7 . 55±4 . 1 3bc 

8 7 . 9 0±3 . 4 8 bc 

8 9 . 0 2±3 . 0 7 c  

9 1 . 6 6±2 . 6 1 cd 

9 0 . 8 6±2 . 5 3 c  

9 1 . 5 0±1 . 7 6 cd 

9 1 . 1 0±1 . 9 0 cd 

8 4 . 5 3± 6 . 0 0 ab 

8 0 . 4 1±5 . 6 7a  

8 4 . 72±4 . 6 0b 

8 8 . 8 9±2 . 7 9bc 

8 8 . 2 8 

9 0 . 3 7±3 . 0 2 

Means w i t hout a let t e r  in c ommon are s igni f i ca n t ly di f fe rent at  P< 0 . 0 5 .  

± values a re st anda rd deviation s . 
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4 . 5 . 4  D I SCU S S I ON 

Age o f  b i rds had no s igni ficant ef fect on  N and DM dige s t ib i l i t y  f o r  MBM 

b a s ed t reatments  ( Table 2 3 )  . However t he N and DM digest ib i l i t i e s  w e re 

s l igh t l y  greater ( non signi fi cant ) f o r  older b i rds and the lengt h  o f  the 

i l eum s ampl ed in r e l a t i o n  to bi rd s i ze may have contributed t o  t h i s  

e f fect . W i t h  age , t h e  length o f  ileum incre a s e d  f rom an ave rage o f  5 5  

c m  f o r  4 week old t o  6 6  c m  f o r  8 week old bi rds . I n  this c a s e ,  the 1 5  

cm samp l i ng segment s rep resented 2 7 . 3  % ,  2 3 . 8  % and 2 2 . 7  % o f  the who l e  

i l eum f o r  4 ,  6 and 8 week o l d  bi rds respe c t i ve l y . I t  ha s been noted 

unde r Exp 4 that grea ter diges tibility was a s s oci a t ed with t re atment s  in 

which t he i leum sampled repre sented a rel a t ively small f ra c t i o n  of the 

t ot a l  i l eum . I n  addi t i o n ,  wi th age the diame t e r  o f  the il eum increased 

a nd t h i s  resulted in  a l a rge r sample s i z e  f o r  t he same length o f  ileum 

drawn . 

I n  g e n e r a l , the a p p a r e n t  i l e al ami n o  a c i d  d i g e s t i bi l i t i e s  w e r e  i n  

agreeme n t  with those repo rted by John s e t  al . ( 1 9 8 6b )  who exami ned MBM 

us ing 3 week old chicks . I n  the i r  s t udy , t hey repo rted great e r  ami n o  

a c i d  dige s t ibilities  f o r  ileal det e rmi n a t i o n s  i n  chicks t h a n  f o r  t ho s e  

o b t a i n e d  u s i n g  cannu l a t ed c o c ke rel s .  T h e  appa rent i l e a l  ami no a c i d  

dige s t i b i l i t i e s  o f  t h i s  s t udy a re a l s o  g re a t e r  t h a n  appa rent f a e c a l  

ami n o  a c i d  di gest ibi l i t i e s  repo rted by Johns e t  a l . ( 1 9 8 6 a )  and Jen s s e n  

et al . ( 1 9 7 9 )  f o r  MBM us ing intact cockere l s . 

A s imi l a r  t rend was obs e rved f o r  the wheat b a s e d  t reatment s .  Ove r a l l  N 

and DM diges t ib i l i t i e s  were great e r  for wheat t han f o r  MBM t reatment s .  

F o r  t h i s  t e s t  di et , birds were force- fed 1 5  g ,  3 0  g and 4 0  g ( a i r  dry 

b a s i s ) at 4 ,  6 and 8 w e e k  o l d  o f  age re s p e c t i ve l y . T h e s e  amo un t s  

repre s e n t  1 . 6 8 % ,  1 . 6 8 % and 1 . 4 2 % o f  the t r eatment bird body weigh t . 

The amount o f  dige s t a  s ampl e d  inc rea s e d  w i t h  age due t o  t h e  g re a t e r  

diame t e r  o f  the t ract o f  older bi rds . However a t  8 weeks o f  age , b i rd 

ave r a ge b o dy weight w a s  2 . 8  kg . At t h i s  s i ze they were l e s s  easy t o  

handle a n d  w o r k  w i t h  t han 6 week o l d  s t o c k  w h i c h  achieved a n  average 

body w e i ght o f  1 . 8  kg . 
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F r om t h e  point o f  view o f  incuba c i o n  and e a s e  o f  handli n g  6 w e e k  o l d  

rather t h a n  8 week o l d  bi rds we re prefe rred . I n  t e rms o f  di ge s t a  s ample 

s i ze i n t ubation may give rise t o  ma rginal samples  i n  4 week old s t oc k . 
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CHAPTER 5 

SUMMARY AND CONCLUSIONS 

The r e v i e w  p a rt o f  t h i s  p ro j ec t  has examined current a s s ay procedur e s  

i nv o l v e d  i n  a s s e s s i n g  qua l i ty o f  protein sources and t h e  pro j ect w o r k  

h a s  f o c u s s e d  o n  a s s ay t e chniques des i gned t o  minimi se b i a s  as s o c i a te d  

w i t h  h i nd g u t  i n fl ue n c e s  w i t h  a v i ew t o  further re fining methodology . 

Whil s t  the evidence f o r  a quantitat ive and ma rked e f fect o f  the c aecum 

and c o l o n  on N and AA ut i l i z a t i on is  c l e a r  f or pigs and r a t s  these 

i n f l u e n c e s  have l e s s  expl i c i t l y been demonst rated for the fowl . With 

the l a t t e r  spe c i e s  P a r s ons ( 1 9 8 1 )  among othe rs has demonst rated s i zable 

AA exc r e t i o n  i n  t he urine and Dukes ( 1 9 7 7 )  reports a water ext ract i o n  

and AA ,  protein synthe s i s / degra�ation func t i o n  o f  the caeca o n  u rine and 

dige s t  a .  Al though AAs f ram these s o urces may be ut i l i  zed by t he 

mi crob i a l  popul a t i on o f  the hind gut , the abs o rption o f  them f rom t h i s 

a rea i n  the fowl , i f  it  occurs at all , appears to be of l ittle util i t y . 

Alt hough the e f fect o f  caecal function on prot ein accretion in  the h o s t  

i s  dou b t f u l  t he re a re a numb e r  o f  studies i l lust rating di f f e rences i n  

dige s t i b i l i t y  v a l u e s  a s  between a s says excl u ding or  includi ng c a e c a l 

funct i o n . G i v e n  t he ev idence it  s e ems l i kely a bias o f  undef ined 

magnit ude exi s t s  involv ing digestibility a s s ays which incorporate caecal 

i n fluences and c o nsequently in this pro j ect , experiments we re unde rt a ken 

on me t h odol ody c o n c e rned w i t h  i l e a l  in  p r e fe rence to t o t a l  exc reta 

collection p rocedure s . 

I n  exp e r iment l a  the re was clear evidence that bird eat ing behaviour and 

p a rt i c l e  s i ze o f  the t e s t  diet influenced c=op content proporti o n s  of Cr 

and N .  Thus t h e  r e l a t ively coarse grai ned diet s , the commme rc i a l  diet 

and t h e  whe a t  d i e t  r e s u l t e d  in  s i gni f i c a n t l y  di f ferent Cr and N c rop 

c o n t e n t  p ropo r t i o n s  b e tween f ree acce s s  and intubation procedures and 

the undi s tu rbed t e s t  diets  with the intubation t reatment re s u l t s  b e i ng 

n e a r e r  the t e s t  diet  p roportion value s than those of the f re e  acce s s . 

With t h e  r e l a t i v e l y  f i nely ground test  die t , me at and bone mea l ,  t h i s  

f e a t u r e  was  not evident . Visual inspection indi cated l e s s  uni f o rmit y  o f  

part i c l e  di s t r ibut i on in the coa rse di ets  than i n  t h e  meat and bone 
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b a s e d  die t . The res ults  sugge s t ed that  in feeds in which t ext u re 

i n t e r f e red w i t h  t h e  uni f o rm di s t ribut i o n  o f  particles , the i n t ub a t i on 

technique was l i kely t o  provide a c l o s e r  mat ch o f  mat erial in the c rop 

w i t h  that  of the t e s t  die t  than int ake unde r f ree ac ces s condit i o n s . 

The r e s u l t s  o f  t he e xpe rime n L  l b  were i n c o n c l u s ive . Though evidence 

s u r f aced in the f ree a c c e s s  MBM and intub a t i on wheat diet t reatment s to 

show Cr and N propo rt i ons tended . t o get less with time and that i n  t he 

c a s e  o f  the f ree access  MBM,  intubation wheat diet and f ree acce s s  wheat 

die t  t reatme n t s  that ADF got lesser but NDF proportions incre a s ed w i t h  

t ime ,  there were a number o f  except ions . F o r  int ubation MBM the re w e re 

no  s igni fi cant di f fe rences w i th t ime in the propo rtion o f  Cr , N ,  NDF and 

ADF and in  the case  o f  the i ntubation wheat t reatment s ,  changes t h a t  had 

o c cu rred by the 3 hour sampl ing time were not reflected at the 4 hour 

s ampl i ng ( eg . Cr  and ADF ) . S imi l a r  incons i s tencies were apparent i n  the 

f ree a c c e s s  wheat t re atmenL s f o r  NDF a nd ADF . addi t i o n  t he 

proporti ons o f  Cr  and N in the f ree access wheat di et t reatments did not 

a l t e r  s igni fi cantly w i t h  t ime . No cause f o r  these inconsis tencies c ould 

be found . 

The re s u l t s  o f  expe riment 2 conducted on  a MBM based die t  indi cated that  

di f fe rent s l a ught e r  procedures si gni f i c ant ly a f fected appa rent ileal  N 

diges t ib i l i t y . The co2 inh a l a t i o n  t re atment birds had l ow e r  N 

di ge s t i b i l i t y  t h a n  c o un t e rp a rt s s a c r i f i ced by s odi um pent oba rbi t one . 

E v i dence p r e s e n t e d  in  t h e  di s c u s s i o n  sugge s t ed that s t ruggling during 

c o 2 a s p h y x i a t i o n  may h a v e  i n f l u e n c e d  d i g e s t i b i l i t y . S od i um 

p e n t oba rbi t o ne a s  t he p r e f e rred p r o cedu re w a s  a l s o  a s s o c i a t ed w i t h  a 

redu c t i on in  the t ime t a ken t o  collect dige sta material . No s igni f i c ant 

di f fe rence i n  dige s t ib i l i t i e s  were obse rved in  the use  of  two di f fe rent 

f lushing s o l ut i ons . However di s t i lled wat e r  was considered a p re f e r red 

s ol u t i on on the grounds o f  assay convenienc e . 



Experiment 3 was de s i gned to es�abl i s h  t he opt imum t ime o f  s ampl ing f rom 

t he i l e um f o l l ow i ng the s t a rt of f e e di n g . I n  b o t h  the MBM and wheat 

t reatment s N and dry ma �ter diges tibi l i ty we re relat ively const an� over 

s ampl i ng t ime s of 2 to 5 hours w i t h  g r e a t e r  values a t  the 1 hour and 

l e s s e r  values at the 6 hour ma rks . Obs e rv a t i o n s  o f  the gi z z a rd contents 

revealed an  i n c re a s ing c o a r s e  and i nd i g e s t i bl e  p a rt i c l e  build up with 

i ncreas ing t ime t o  sl aughte r and an appa rent redu c tion in t he fraction 

o f  Cr  at the 6 h o u r  sampl i ng t ime . I l e a l  dige s t a  quant i t i e s  we re 

numerically greatest at the 4 hour s ampl i ng i n t e rv a l  f o r  both the wheat 

ba sed and MBM based di ets and for thi s r e a s on and on balance represented 

a preferred sampling t ime . 

F o r  both MBM and wheat  t reatments o f  expe riment 4 di f ferences in  N and 

dry ma t t e r  di ge s t ib i l i t y  of s amp l e s  o f  di ge s t a  drawn f r om s e c t i o n  o f  

i l eum up t o  3 0  c m  in length as  me a s u red f rom t he i l e o - c a e c a l  j unct ion 

w e re gene r a l l y  sma l l  and non s i gn i f i c a n t . I t  w a s  app a re n t  tha�  t he 

l ength of  the ileum sampled as a propo rt i on o f  i l e a l  length varied with 

age , a feat u re whi ch sugge sted that drawi ng f rom too l a rge a segment in 

y oung s t o c k  for t he p u rpo ses  o f  mee t in g  s ampl e  s i ze requ i remen� s may 

g i ve r i s e  t o  an i n c i de n t a l  s o u r c e  o f  b i a s . O n  t h i s  b a s i s  and as a 

p recautionary measure the results led t o  t he c o n c l usion t h a t  length o f  

t he l ower il eum selec ted should be kept as sma l l  as  cons i s t ent with 

obtaining s u f f i c i ent digesta  sample .  

I n  expe rime n t  5 age o f  bi rds had n o  s i g n i f i ca n t  ef fect o n  N and dry 

ma t t e r  dige s t i b i l i t i e s  f o r  MBM and whe a t  ba s ed t reatment s .  The 

p rocedures highl ighted two procedu r a l  i s s u e s . D i f ficulty may be 

expe rienced in handl ing du ring i n t u b a t i on of 8 -week o l d  me at chickens 

a nd in  t e rms of dige s t a  s amp le s i z e  requ i rement s ,  intuba t i o n  may give 

rise t o  ma rginal samp l e s  in 4 -week o l d  s t oc k .  The sma l l  range o f  

dige s t ibi l i ty acro s s  3 ages within b o t h  the MBM ( 3 . 2 % )  and wheat ( 2 . 5 % )  

test  die t s  w a s  a mea s u re o f  the prec i s io n  o f  t he a s say i n  i t s  developed 

form .  Ope ra t i onally and o n  balance t h e  s ix week sl aughte r  age proved 

most  sat i s f a c t o ry and in fut ure work t h i s  age i s  recommended . 
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Deriva t ion o f  an  eau a t i o n  for  determinincr Aooare n t  Amino Ac i d  

dicre s t i b i l i t v  values (AAAD ) involving test and basal diet s . 

Addi t iv i ty i s  a s s umed . 

T t e s t  die t  

B b a s a l  die t  

I t e s t  ingredient 

P the prop o r t i o n  o f  the basal in  the test diet  

1 4 7  

E t ,  Eb , E i  = excreta a ri s ing f rom the test diet , t he basal di et and the 

t e s t  foods t uf f ,  respect ively 

AA = amino acid unde r i nves t igation 

D dige s t ible 

g gram ( s )  

AAAD = appa rent amino acid digestibility of the t e s t  i ngredient a s  a 

f ra c t i o n  

AA T = A A  B ( P )  + AA I ( 1 -P )  

Expanding 

AA / g  T X g T = AA / g  B X g T X P + AA /g I X g T X ( 1 -P )  

AA/ g  T AA / g  B x P + AA / g  I x ( 1 -P )  

Now 

D AA / g  T + AA/ g  Et x g Et 

AA / g  T 

g T 

and 

D AA/ g  B + AA / g  Eb x g Eb 

AA/ g  B 

g B 

( 1 )  

( 2 )  

( 3 )  

( 4 )  

( 5 )  



and 

D AA/g I + AA/g E i x g Ei 

AA/g I 

g I 

Subs t i tut ing equa tions 4 ,  5 and 6 into 3 

D AA / g  T + AA/g Et x g Et ( D  AA / g  B + AA / g  Eb X g Eb ] P 

Re shaping 

D AA/ g I 

g T g B 

( D  AA / g  I + AA / g  E i x g Ei ] ( 1 -P ) 

g I 

[ D  AA/g T + AA/g Et x g Et ] - ( D  AA/g B + AA / g  Eb x g Eb ] P -

g T g B 

[AA/g Ei x g E i ] ( 1 -P )  

g I 

1 4 8  

( 6 )  

+ 

( 7 )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ( 8 )  

1 - P  

But 

AA/g Et x g Et - ( AA / g  Eb x g Eb ) P - ( AA / g  E i x g Ei ) ( 1 -P ) 

g T g B g I 

Hence 

D AA/g T - D AA/g B x P 

D AA / g  I 

1 - P  

Converting ( t o  the  p ropo rtion o f  AA in 1 g o f  I )  

D ��/g I D AA / g  T - D AA / g  B x P 

AAAD = - - - - - - - - - - - - - - - - - - - - - - - - -

AA / g  I ( 1 -P ) AA/g I 

0 ( 9 )  

( 1 0 )  

( 1 1 )  
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Alt e rnatively 

D AA /g T - D AA /g B x P D AA / g  I ( 1 -P )  ( 1 2 )  

D AA /g T - D AA /g B x P 

D AA / g  I ( 1 3 )  

( 1 -P ) 

As a propor t i on 

D AA/ g  T - D AA/g B x P D AA/ g  I 

( 1 4 )  

( 1 -P ) AA / g  I AA /g I 

D AA / g  T - D AA /g 8 x P 

AAAD ( 1 5 )  

( 1 -P ) AA/g I 

The final f o rm of the formul a  i s  given be l ow : 

D AA/ g  T - D AA/ g  B x P 

AAAD 

( 1 -P )  AA/ g  I 
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S urnrna rv o f  one wav analvs is  o f  vari ance t ab l e s  o f  p a i red c omo a r i s o n s  

between a l l  combinat i ons of t reatments a n d  f o r  ma in c l a s s e s  f o r  E x o  2 .  

T rea tment x T reatment 

co2 : di s t i l led wat e r  

X 

co2 : phys i o l . sal ine 

co2 : di s t i l led wat e r  

X 

Na -pent o .  : di s t illed water 

co2 : di s t illed water 

X 

Na -pent o .  : phy sio . s a l ine 

Na -pent o .  : di s t i lled wate r  

X 

co2 : phys io . sal ine 

Na-pent o . : phy sio . s a l ine 

X 

co2 : phys io . s a l ine 

Na -pent o .  : phys i o . sal ine 

X 

Na -pent o .  : di s t i l l e d  water 

Ma i n  c l a s s  e f f ec t s  

Method o f  s laugh t e r  

Flushing s o l u t i on 

Error D . F .  

1 0  

1 0  

1 0  

1 0  

1 0  

1 0  

2 2  

2 2  

Treatment E r r o r  F - r a t i o  P < 0 . 0 5 

M . S M . S 

3 . 0 8 8 5 . 1 2 0 . 0 4 N S  

1 2 3 . 4 6 5 4 . 9 0 2 . 2 5 NS 

1 5 7 . 2 5 5 8 . 9 3 2 . 6 7 NS  

1 6 5 . 5 4 5 2 . 8 2 3 . 1 3 NS  

2 0 4 . 3 5 5 6 . 8 5 3 . 5 9 N S  

2 . 0 4 2 6 . 6 3 0 . 0 8 NS  

3 2 2 . 7 4 5 1 . 0 3 6 . 3 2 S ig . 

0 . 0 5 6 5 . 7 0 0 . 0 0 N S  
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AP PEND I X  3 

S umma rv o f  one wav analv s i s  o f  v a r i a n c e  t ab l e s  o f  t re a tmen t s  f o r  MBM 

(dry mat t e r  ba s i s ) in Exo 3 .  

T reatment X Treatment Error D . F .  Treatment E r r o r  F - r a t i o  P < 0 . 0 5 

M . S .  M . S .  

% N I g 2 5  0 . 0 5 0 . 2 4 0 . 2 2 NS  

% Cr I g 2 5  0 . 9 4 0 . 0 3 3 6 . 8 0  S i g  

N dige s t ib i l i t y  2 5  9 2 4 . 0 1 3 8 . 4 6 2 4 . 0 4 S i g  

DM dige s t i b i l i ty 2 5  1 0 4 5 . 4 9 3 4 . 5 3 3 0 . 2 8 S i g  

Digest a weight 2 5  0 . 1 6 0 . 0 6 2 . 6 3 NS  
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AP PEND IX 4 

Summa rv o f  one wav ana l v s i s  o f  va ri ance t ables o f  t reatments  for  whe a t  

die t  (drv mat t e r  ba s i s ) i n Exo 3 .  

Trea tmen t  X T reatmen t  E rr o r  D . F .  T reatment E rr o r  F - r a t i o  P < 0 . 0 5 

M . S .  M . S .  

% N I g 2 5  0 . 1 5 0 . 0 4 4 . 2 6  S i g  

% C r  I g 2 5  0 . 1 6 0 . 1 3 1 .  2 1  NS 

N dige s t ibi l i t y  2 5  1 6 6 . 6 5  3 0 . 0 5 5 . 5 5 Sig 

DM dige s t i b i l i t y  2 5  8 6 . 1 5  4 7 . 0 4 1 .  8 3  NS 

Dige s t a  weight 2 5  0 . 0 2 0 . 0 2 1 .  2 9  NS 
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S umma rv o f  one wav a n a l v s i s  o f  v a ri a n c e  t a b l e s  o f  t re a tment s  for MBM 

( drv mat t e r  ba s i s )  in Exo 4 .  

T re a tment X Treatment E rror D . F .  Treatment E r r o r  F - ra t i o  P < 0 . 0 5 

M . S .  M . S .  

% N I g 2 0  0 . 0 5 0 . 0 7 0 . 6 5 NS 

% Cr  I g 2 0  0 . 0 4 0 . 0 4 1 .  0 7  NS 

N diges tibi l i ty 2 0  2 7 . 5 6 2 4 . 6 9 1 . 1 2 NS 

DM diges t ibility 2 0  1 5 . 7 4 1 7 . 6 2 0 . 8 9 NS 

D i ge s t a  weight 2 0  2 .  7 2  0 . 0 9 2 9 . 4 5 Sig 
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AP P E ND I X  6 

Summma rv o f  one wav analvsis o f  v a riance tables o f  t re a tment s f o r  wheat 

diet  (drv matter ba sis ) i n Exo 4 .  

% N I g 2 0  0 . 0 5 0 .  0 4  1 .  2 7  NS 

% C r  I g 2 0  0 . 5 4 0 . 1 3 4 . 2 4 Sig 

N dige s t ibi lity 2 0  2 4 . 9 5 2 0 . 2 6 1 .  2 3  NS 

DM di ge s t ibil ity 2 0  3 3 . 3 8 2 4 . 6 3 1 .  3 6  NS 

Dige s t a  weight 2 0  1 .  4 2  0 . 1 4 1 0 . 1 5 Sig 
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li.P PENDIX 7 

S umma ry o f  one wav analvsis  of va riance tables o f  t reatme n t s  f o r  MBM in  

Exo 5 .  

T re atment X T re atment E rror D . F  Treatme n t  Error F - ra t i o  P < 0 . 0 5 

M . S M .  S 

N dige s t i b i l i t y  1 5  1 5 . 6 9 4 9 . 6 5 0 . 3 2 NS 

OM dige s t ibi l i ty 1 5  33 . 8 2 3 0 . 5 8 1 . 1 1 NS 

D i ge s t  a weight 15 0 . 0 9 0 . 0 3 2 . 9 6 NS 

Length o f  i leum 1 5  2 1 0 . 0 6 3 7 . 4 8 5 . 6 0 S i g  
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S umma ry o f  one wav analvs i s  o f  va riance tables c omb i na t i o n  of t reatments 

for wheat di et in Exo 5 .  

T re a tment X t reatment E r r o r  D . F  Treatment E r r o r  F - rati o  P < O . O S 

M . S  M .  S 

N dige s t ibil i ty 1 5  9 . 0 2 8 . 6 1 1 .  o s  NS 

DM dige s t i b i l ity 15  1 .  9 0  1 6 . 2 9 0 . 1 2 NS 

D i ge s t  a weight 1 5  0 . 0 5 0 . 0 1 4 . 5 7 S i g  

Length o f  i l e um 1 5  2 8 7 . 0 6 1 5 . 4 4 1 8 . 5 9 S i g  



AP P END I X  9 

One wav analvs is  o f  variance o f  ami no acid diae s t ib i l itv f o r  MBM in  

Exo 5 .  

Treatment 

Error 

Tot al 

D . F .  

1 4  

7 5  

8 9  

Sum squ a res  

1 5 5 0 . 6 3 

2 3 1 2 . 4 5 

3 8 6 3 . 0 8 

APP END IX 1 0  

Mea n  squ a re 

l l O . 7 6  

3 0 . 8 3 

F - ra t i o  

3 . 5 9 

One wav analvs i s  o f  variance o f  ami n o  a c i d  dige s tibil ity f o r  wheat  diet 

in  Exp 5 .  

T re atment 

E r r o r  

T o t a l  

D .  F .  

1 4  

7 5  

8 9  

Sum squares 

1 1 8 4 . 5 4 

1 0 0 7 . 2 0 

2 1 9 1 . 7 3 

Me an squ a re 

8 4 . 6 1 

1 3 . 4 3 

F - ra t i o  

6 . 3 0 
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D e t e rmi n a t i on o f  K l e ldahl Nit roaen Cont ent w i t h  a Kje ldahl Aut o S v s t em 

Analytical  procedure : 

( 1 )  D ry and grind the samples t o  pa s s  through a 1 mm s i eve . 

( 2 )  Wei gh t he samples ( less  than 0 . 1  g f o r  mi c r o ;  app roxima t e l y  0 . 1  g 

f o r  s emi -mi cro and 0 . 8  g f o r  macro ) di rect l y  into  the dige s t i o n  

tubes o r  into weighing boats and quant i t at i vely t rans f e r  t o  t h e  

dige s t ion tubes . 

( 3 )  Add a K j eltab (micro o r  ma cro ) t o  each dige s t i o n  t ube c o n t a i ni ng a 

samp l e  to  be analysed . 

( 4 )  Add concent rated sulphuric acid ( 1 0  ml f o r  mac r o  and 5 ml f o r , semi ­

mi c r o  and mi c r o )  f rom a di spenser and mix c a r e f u l ly by gently 

s w i r l ing the tube by hand o r  us ing a test t ube mixe r .  

( 5 )  P l ace the dige s t ion tubes and st and w i t h  t he p repared s amples 

b e s i de t he dige ster and fit  the exhaust mani f old to  the dige s t i o n  

( 6 )  

t ubes . 

f l ow . 

Turn on the vacuum source ( w a t e r  a spirat o r )  t o  maximum 

P l ace st and, 

( 4 2 0 °  C )  

tubes and exhaust mani f o l d  i n  t he preheated dige s t e r  

( 7 )  D i ge s t  f o r  3 - 5  mi nutes w i t h  maximum f l o w  t hrough t h e  exhaust  

mani f o l d .  Then adjust the ai rflow unt i l  f ume s a re j ust contained . 

( 8 )  Cont i nue dige s t i on unt il  t he mixture 1 s  c l e a r  and c o l ourle s s  

( us u a l ly 2 0 -4 5  minutes ) .  

( 9 )  Remove the dige s t ion tubes containing t he exhaust man i f o l d  f rom the 

dige s t e r  into  a s t and and a l l ow t he ent i re a s s embl y  t o  c o o l . 

( 1 0 )  C o o l  sample solution to hand tempe rature and di lute w i t h  di s t i l led 

water and mixed ( 3 0  ml f o r  macro and 1 0  rnl for semi -mi c r o  and 

mi c r o ) 

( 1 1 )  S t a rt up the " K j eltec Aut o 1 0 3 0  Ana l ys e r "  a s  f o r  t he i n s t ructions  

( see manual )  . 



( 1 2 )  Calculate nit rogen o r  c rude protein using t he formul a :  

1 4 . 0 1 x M x f x 1 0 0  x (ml t i t rant - ml blank ) 

% N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

mg sample 

1 . 4 0 1 x M x f x ( ml  t i t rant - ml blan k )  

whe re 1 4 . 0 1 

M 

f 

mg sample 

the a t omic weight of nit rogen 

t he mol a rity of t i t rant HCl ( mole / l i t re )  

s t anda rd K j e l dahl factor = 1 . 0 0 f o r  % N .  

1 5 9  

F o r  mac ro analys i s  t he rec ommended t i t rant concent ration i s  0 . 2M o r  

0 . 5M HCl . For semi-mi c ro analys is  use 0 . 1  HCl , and f o r  mi c ro 

analys i s  use 0 . 0 1M HCl . 

Re age n t s  and prepa ra t i o n : 

S ulphu r i c  a c i d ,  concent rated analytical grade N - f ree 

K j e l t ab ( Se )  ( ma c ro or mi cro ) 

S o di um hydroxide analyt ical grade 3 5 - 4 0 %  : D i s s olve 4 0 0  g o f  NaOH i n  1 

l i t re o f  di s t i l led water or  dei onised wat e r . 

Rec e i ve r  s o l ut i on : 

i n di c a t o r  s o l ut i on . 

P repa ra t ion : 

1 %  Boric Acid with bromocresol green / me t hy l  red 

a .  D i s so lve 1 0 0  g Boric Ac id with 1 0  l i t res of di s t i lled or dei o n i s ed 

w a t e r  ( 1 %  s ol u t i on ) . 

b .  Add 1 0 0  ml bromo c re s o l  green solution ( 1 0 0  mg in  1 0 0  ml met ha no l )  

c .  Add 7 0  mg methyl red solut i o n  ( 7 0  mg i n  7 0  ml methanol ) .  

d .  Add 1 ml 1 M  ( 4 % )  s odium hydroxide ( 2  ml in 5 ml ) t o  obta i n  a g reeny-

b l a c k  c o l o r . 

Hydrochl o r i c  a c i d : 

HCl  ranging f rom 

Depending o n  

0 . 0 1 M-0 . 5 0 M 

the sampl e  s i ze and n i t rogen c o n t e nt s ,  

may be used f o r  t itrat ion . 
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Ch romi um Analvs i s  - At omi c Abs o rotion Soect rome t rv ( ��S l  

Analy t i c a l  p rocedure : 

( 1 )  D ry and grind the samples t o  pass  through a 1 mm s i eve . 

( 2 )  D ry beakers f o r  3 hrs a t  1 0 5° C and cool i n  des ic c a t o r ,  weigh . 

Wei gh t h e  s ampl e s  ( 2 5 - 5 0  mg f o r  ileal dige s t a  and 1 0 0  mg for  diet ) 

i n t o  t h e  beakers and dry at 1 0 5°  C ove rnight o r  unt i l  a constant 

weight . Cool in  t he de siccator and reweigh t o  obtain dry matter . 

( 3 )  A s h  at  5 0 0°  C furnace overnight ( ensure complete comb u s t i o n )  

( 4 )  Add 3 ml o f  manganese sulphate /phospho ric a c i d  solution to  e a c h  

beaker  a nd swi rl . Cove r the beake rs with a gl a s s  p l a t e  a nd place i n  

a 1 4 0 ° C heat ing block f o r  2 0  minutes . 

( 5 )  Remove t he g l a s s  plate and place the beake r s  on an i n sulated surface 

and a l l ow to cool to  be low 1 0 0°  C .  Add 4 ml o f  4 . 5  % w / v  pot ass ium 

b romat e  to each beaker and place ln a heat bl o c k  and cover the 

b e a ke r s  with a g l a s s  plate . Then raise the heat block t o  2 2 0 °  C 

( approxima t e l y  4 5  minutes ) 

( 6 )  Remove the g l a s s  plate and place the beakers on an  insulated 

s u r f a c e . Carefully add 1 5  ml of di s t illed water a t  6 0 °  C to each 

beaker and a l l ow t o  cool . 

( 7 )  Rin s e  i n t o  5 0  ml vo lume t r i c  f lasks with di s t i l led w a t e r  and make up 

t o  vol ume . S t a nd t o  al low ash to  settle out . 

( 8 )  Rea d  o n  at omic absorption spect rophot ometer at 3 5 7 . 9  nm with a 

n i t r o u s  oxide / acetylene fl ame . 

Reagen t s  and p repara t i o n : 

Phospho r i c  acid/manganese sulphate s olution 

a .  1 0 %  w/v MnS04 . 4 H2o 

b .  8 5 %  w / w  o rt hophospho ric a c i d  

m i x  a .  and b .  with the p ropo r t i o n  o f  3 9 7  ( vol /vol ) .  

P o t a s s i um bromate 

4 . 5 % aqe o u s  s o l ut i on . 



St andard ch romium solutions f o r  c a l ibrat i o n : 

Bl ank ( chromi um- free ) P repared by a s h i ng and dige s t ing chrimium- free 

s ample , using the s ame re lat ive amount s o f  reagent s  as in each s ample 

determina t i o n . 

S t oc k  ( equivalent to 1 0 0 0 ug Cr2o 3 /ml ) D i s s olve 1 . 9 3 5 5  g potassium 

dichromate i n  di s t i l led water and make up t o  1 l i t re . 

Wo rking s t a nda rds : St anda rds in the range equvalent to 0 -2 0  ug 

c r2o3 ; ml made up f rom s t o c k  solution di l uted to volume with t he blank . 
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Determi nation o f  Neut ral Dete raent Fibre (ND F l  and Acid Dete raent Fibre 

(ADF) 

Anal y t i c a l  procedu re : 

DAY 1 

( 1 )  P l ace t he c rucibles in f u rnace at 5 0 0 °  C f o r  2 hours . Cool i n  a 

de s i c c a t o r  and weigh and rec o rd weight a s  C = weight o f  c rucibl e . 

( 2 )  Weigh s amples o f  about 1 g into 4 0 0  ml beake r s . A s s ign "W" t o  the 

weight of each s ample . Add 5 0  ml o f  neu t ra l  det e rgent ( ND )  

s olution , cover with a wat chgl a s s  and b ri ng t o  boi l o n  a hotp l a t e  

( s et t o  4 0 0° C initially a n d  later t o  3 0 0° C prior  t o  boiling) . 

( 3 )  Add a n o t h e r 5 0  ml ND s o l u t i o n  a n d  2 ml a - a my l a s e s o l ut i on . 

B r i ng 

back t o  the boi l and simme r  aga i n  for 3 0  mi nut e s . 

( 4 )  While the mixture is  s t i l l  hot filter s ampl e s  into co rrespondi ngly 

labelled c rucibles . Use the va cuum system and wash the watch 

g l a s s e s  and beaker s ide s f ree o f  a l l  s ampl e  u s i ng a washbo t t l e  

c ont aining di s t i l led wate r . 

( 5 )  Wa sh the residue several t ime s unt i l  no det e rgent i s  p resent . 

P l ace t he c rucibles with sample in  the oven at 1 0 5° C ove rnight . 

DAY 2 

( 6 )  Remove c rucibles out o f  the oven and c o o l  in  a de s i c c at o r . Weigh 

the c rucibles with sampl e  re s i due a s  CNDR = c rucible + neut ral 

dete rgent residue ( ND R )  . 

( 7 )  P ut c rucibles sideways into 6 0 0  ml beakers and cover with acid 

neutral dete rgent (AD ) s o l ution . Use watchgla s s  to  cove r bea k e rs . 

B o i l  gently ( a s  prev i ou s l y )  on a hotpl a t e  f o r  1 hour . 

( 8 )  Remove beakers t o  the vacuum syst e m .  Using hot wat e r ,  wa s h  

c rucible s i des and bottom t o  remove a l l  s ampl e  f rom the c rucibles 

i n t o  t he beakers 

( 9 )  P lace t he crucibles in the vacuum s y s tem and u sing l ow s u c t i o n , 

f i l t e r  t he samples i n t o  the c ru c ibles , washing s everal t imes w i t h  

hot di s t il led wate r t o  remove all  the det e rgen t . D ry in  1 0 5°  C 

oven ove rnight . 
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DAY 3 

( 1 0 )  Remove c rucibles containing sample f rom t he oven , cool in  a 

de s i c c a t o r  and t hen weigh as CADR = c rucible + a c i d  det e rgent 

res i due ( ADR) 

( 1 1 )  Calcul a t i on : 

a .  % NDR 

b .  % ADR 

CNDR - C 

- - - - - -- - -- -- X 1 0 0  

w 

CADR - C 

- - - - - - - -- - - X 1 0 0  

w 

Reagents and prepa rat ion : 

Neu t ral det e rgent solution : 

6 0 . 0 0 g Na l auryl sulphate ( o r  Na dode cyl sulphat e )  

3 7 . 2 2 g Na 2 e t hylenediaminet e t ra acet i c  a c id ( EDTA)  

1 3 . 6 2 g Na tet rabo rate decahydrate 

9 . 1 2 g Na 2 hydrogen phosphate anhydrous (Na 2 HP04 ) .  

Wei gh each i n t o  a 2 l i t re conical f l a s k .  D i s s olve i n  1 . 5  l i t re o f  

di s t i l l ed wate r .  Then add 2 0  ml ethylene glycerol and make up t o  2 

l i t re w i t h  di s t i l led water and sti r .  Che c k  the p H  i s  i n  t h e  r ange 6 . 9 -

7 . 1  and a d j u s t  w i t h  NaOH or  HCl if nece s s a ry . 

a-amy l a s e  s ol u t i on : 

D i s s o l v e  1 g a - a my l a s e  l n 3 0 ml d i s t i l l e d  w a t e r  i n  a 5 0  ml  

v o l ume t ri c  f l a s k . Add 10  ml ethoxyethanol and ma ke up t o  50  ml  w i t h  

di s t i l led wate r . S t o re in a ref rigerator and replace about e v e ry week . 

Ac i d  det e rgent solution : 

To a 2 l i t re conical f l a s k  containing about 1 l i t re o f  di s t i l l ed water 

and wearing goggle s ,  c a re fully add 56  ml concent rated sulphu r i c  acid . 

Ma ke up t o  2 l i t re with di s t i lled water Wei gh 4 0  g 

cetyl t rime thyl ammonium bromide (CTAB ) into a l a rge beake r ,  di s s o lve in  

5 % H2 so4 and ma ke up t o  2 l i t re with 5 % H2 so4 . 

a l l ow t he mixture t o  di ssolve completely . 

Leave overnight t o  
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Determi n a t i on o f  Ami n o  Acid - Acid Hvdrolvsis  P rocedure 

Analyti ca l  procedu r e : 

( 1 )  Wei gh out f i ne ly ground s amples 

w e ighing s coops with elongated ends . 

( approximately 5 0  mg ) 

1 6 4  

u s i n g  

( 2 )  T ra n s f e r  the we ighed s amples quant i t a ti vely into the hydrolys i s  

tubes by f i r s t  t i l t i n g  the tubes t o  approximate 3 0 ° . I n s e rt t h e  

e l ongated ends o f  t h e  s coops i n t o  t he t ube s . 

tube t o  i t s  v e r t i c a l  p o s i t ion , tapping t he 

s ample w i l l  s l i de i n t o  the tube . 

Gradually return t h e  

scoop gently . The 

( 3 )  Add 1 ml o� 2 . 5  urn Norleuc ine s t anda rd into the tubes . 

( 4 )  Add 2 0  ml o f  t h e  6N  HCl t o  each tube by f i r s t  pipett ing the a c i d  

i n t o  a sma l l  b e a ke r .  Then using a droppe r ,  wash t h e  acid t h rough 

t he scoop i n t o  the t ube . 

( 5 )  P a s s  oxyge n - f ree n i t rogen th rough e ach tube for  6 0  seconds b e f o r e  

handt ight ening t h e  s t oppe rs . 

( 6 )  Le ave t o  s t and i n  a freezer for  3 0 - 6 0  minutes ( opt ional ) .  

( 7 )  D e a e rate the tubes us ing wat e r  aspirat o r s . Unsc rew the s t oppe r s  

s l owly . 

( 8 )  When f i n i s hed degas s i n g ,  

p l u s  3 / 4  o f  a t urn . 

s c rew up the s t oppe rs to  hand t i gh t ne s s  

( 9 )  T ra n s f e r  t h e  t ubes  t o  the P i e rce Reac t i -Therm heat i ng b l o c k  and 

hydrolyse a t  1 1 0±1°  C f o r  24  hours . 

( 1 0 )  F i l t e r  the hydroly s a t e s  into the 5 0 0  ml RB flas k ,  using Whatman No . 

6 f i l t e r  pape r .  Rin s e  t ubes 3 t ime s w i t h  demine rali sed w a t e r . 

Rin s e  a l s o  t h e  s t oppe rs and funnel s .  

( 1 1 )  A t t ach the f l a s k s  t o  the rot a ry evapo r a t o rs and evapo rate t h e  

hydroly s a t e s  t o  dryne s s . Was h  3 t ime s with deminerali s ed w a t e r  

evaporating t o  drynes s each t ime . 

( 1 2 )  T ra n s f e r  qua n t itively the dried hydrolys ates into 2 5  ml volume t r i c  

f l a s k s , u s i ng 5 x 5 . 0  ml al iquot s  o f  pH  2 . 2±0 . 0 3 s odium c i t r a t e  

l oading bu f fe r . Ma ke up t o  exact volume . 
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( 1 3 )  F i l t e r  each hydrolysate into a sample bottle us ing Wha t�an No . 3 ,  5 

or  6 f i l t e r  pape r .  S t ore samples i n  a free z e r . 

( 1 4 )  De f r o s t  t he requ i red samples  e ithe r by sub j e c t ing t hem t o  cold 

running water or  by st anding t hem in t he ref rige ra t o r  ove rnight . 

( 1 5 )  Cent r i fuge the hydrolys a t e s  a t  5° C at 1 7 0 0 0  rpm for 2 0 - 3 0  minut e s . 

( 1 6 )  Tran s f e r  the cent ri fuged hydrolysates ( usually 4 0  ul , depending on 

the percent age N cont ent ) i n t o  via l s . The v i a l s  a re loaded i n t o  

t he Waters High P re s sure Liqu i d  Chroma t ograph ( HPLC)  to obt ain t he 

analy s i s . 

( 1 7 )  Decant the remaining cent ri fuged samples i n t o  the co rresponding 

sampl e  bottles and s t o re t hem in  the freeze r . 

Re agents and p repa ration : 

6N  HCl : 

a .  F i l t e r  1 . 0  l i t re of  demi n e r a l i sed wa t e r  into a vacuum f l a s k  t hrough 

a 0 . 4 5 cel lulose ni t rate mi ll i po re . 

b .  Degas t he filtered water for 1 5 -2 0 minutes  on a magnet i c  st i rre r / hot  

pl ate a t  2 5 0° C .  

c .  Cool , t hen 

cyl i nde r . 

decant the deg a s s ed water i n t o  a 2 l i t re measuring 

d .  Add 1 . 1  l i t re concent rated HCl t o  0 . 9  l i t re dega s sed wat e r . F i l t e r  

again t h rough a mi l l ipore f i l t e r . 

e .  Tran s f e r  the 6 N  HCl i n t o  a 2 l it re volume t ri c  f l a s k  and s t o re in  

re f r i ge ra t o r . 

2 . 5  urn N o r leuc ine 

2 . 2  % S o di um c it rate 
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