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ABS'l'RAC'l' 

Four experiment s were undert aken . The f i r s t  examined 

t he s we l l ing propert i e s  of faeces and the s t orage modulus 

( G ' ) or e l ast i c  propert i e s  of i l e a l  dige s t a  to determine 

whether they were suitab l e  indices for des c r ibing feeds on 

t he b a s i s  of dige st ive response . One set of feeds were , 

mai z e ,  barley , meat and bone meal and peas . A second set 

c on s i sted o f  feeds of set 1 but in e ach case invo lved 

s orghum addit i on in the rat io o f  1 : 1 .  The third set 

invo lved c e l l u l o s e  and a medic inal bulking agent , Granocol , 

int roduced in increas ing proport i on . The s econd and fourth 

exp e riment s were undertaken to quant i fy endogenous nit rogen 

(N) r e sponse ( experiment 2 )  and endogenous lys ine re sponse 

( expe r iment 4 )  at the terminal  i l eum t o  increas ing diet ary 

int ak e  o f  cel lulose (experiment 2 )  and guani dinated ge latin 

( expe r iment 4 ) . Expe riment 3 explored procedures and 

respon s e  to the feeding o f  wet diet s o f  the form that were 

emp l oyed in experiment 4 .  

I n  expe riment 1 ,  swe l l ing index varied over a narrow 

range between 4 t o  8 cc excret a / g  excreta ( DM) . Barley and 

meat and bone meal differed s i gni fi cant ly ,  but the addit ion 

o f  s orghum t o  e ach caused l it t le change in swe l l ing index . 

The addit i on t o  c e l l u l o s e  o f  Granoc o l  over the range o f  

rat i o s  5 : 0  t o  3 .  5 : 1 . 5 a l te red swe l l ing index but not 

s i gn i f i c ant l y  or l inearl y . The narrow range within whi ch 

swe l l ing index varied sugge st s its  app l i c at i on i s  l imited . 

S t orage modulus e st imat ions y i e lde d  a wide range 

between 2 . 7 and 7 6  K P a . Meat and bone mea l  p l u s  s orghum 

and mai z e  plus s orghum d i f fered s igni fi c ant l y  from a l l  

othe r dietary t reatment s except the mai ze diet . The 

add i t i on of Granocol t o  c e l lulose and o f  s orghum to the 

i 



cereal s ,  meat and bone mea l  and peas p roduced responses 

t hat were incon s i st ent in both direct ion and magnitut e . The 

lack o f  cont rol over c o l l o idal c on s i st ency of the l iquid 

and s o l id phase s  of the i leal dige sta sugges t s  t h i s  form 

o f  mea surement i s  of l imited use . 

I n  experiment 2 ,  the concent rat ions o f  N and chromium 

( C r )  in t he i leal dige sta were cons i st ent with the 

dige st ibil ity propert i e s  o f  the dietary c omponent s and the 

rat i o  of the component s ,  cel lulose and cornst arch 

c omp r i s ing the test diet s . The endogenous N excret ion 

response t o  increas ing dietary intake o f  c e l lul o s e  was 1 . 1 5 

mg N for each g int ake o f  cellulose ( P < 0 . 0 1 ) . 

I n  experiment 3, the concent rat ion o f  N in the i leal 

dige s t a  increased with increas ing c oncent rat ion of ge l at in 

in t he test diet s . For each gram intake o f  ge l at i n ,  34 mg 

o f  i l eal N was p a s s aged ( P < 0 . 0 1 ) . The apparent N 

dige st ibi l ity o f  ge l at in was est imated a s  5 4  percent . 

I n  experiment 4, guan idinat ion of ge l at in resulted in 

an 8 6% c onvers ion of lys ine to homoarginine . The 

concent rat i on of chromium in the i leal digesta was l ow and 

dimini shed with incre a s ing c oncent rat i on o f  dietary 

ge l at i n . The e st imate of the i l eal excret i on of N in 

response to increas ing int ake of guanidinated ge latin was 

ext reme and untenable . The l ow i l e a l  dige s t a  er 

concentrat i ons were con s i dered to be giving ext reme and 

exaggerated values o f  dige sta f l ow ( g  digesta DM/ g  food 

fed)  . I le a l  lys ine response t o  inc reas ing leve l s  of 

guan idinat ed gelat in was est imated as 3 4  mg lys ine per g 

i nt ake of guan idinated ge l at in . 
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CHAPTER 1 

INTRODUCTION 

The a s s e s sment o f  the qua l ity o f  feedstuf f s  and diet s 

fed t o  poul t ry i s  based on b i rd a s s ay s  that e s t imate the 

quant i t y  o f  nut rient and food energy ext racted by the 

dige st i ve proce s s . When the amount ext racted i s  re l ated 

back to the amount fed, a c o e f i c ient o f  digest ibi l ity or 

met ab o l i z ab i l ity i s  obt a ined . Estimates o f  the nit rogen ( N )  

a n d  amino acid ( AA )  dige s t ib i l ity and the met ab o l i z able 

energy ( ME )  o f  the feedstuf f s  are pub l i shed and used by the 

food c ompounding industry in t he provi s ion o f  c ommerc i a l  

diet s . The a s say methods invo lved t ake var i ou s  forms , and 

the procedure s for e s t imat ing amino a c id and N 

digest ib i l ity are reviewed in chapter 3 ,  but a l l  attempt 

di rect l y  o r  indi rect ly t o  minimi se the c ontr ibut i on o f  

endogenous excret i ons in t h e  re sponse . The app l i c at i on o f  

a n  endogenous correct ion i s  a n  att empt to account for and 

negat e the endogenous influence . The methods invo lved in 

e stab l i shing the s i z e  of the correct ion vary and the i r  

magnitude appear t o  b e  influenced by the methods emp l oyed . 

Cent r a l  to the i s sue o f  endogenous correct i ons in N 

and AA dige st ib i l ity studies i s  the determinat i on o f  the 

c ompos it i on and quant i t y  of endogenous excret i ons . 

Endogenous AA and N output i s  a funct i on of the c omponent s 

o f  excret i on ,  the i r  proport i on s  in the excret ion , the i r  AA 

and N comp o s i t i on and the magnitute o f  t he endogenous 

excret i on . The component s of endogenous e xcret i ons are 

de squamated cel l s ,  mucus , digest ive enzyme s ,  b i l e ,  and 

m i c r o f l o r a  t ogether with unab s o rbed hydrolys i s  by-product s 

o f  the i r  part i a l  or complete digest i on . 
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There i s  l ikely to be an accumu l at ion of endogenous 

secret ions in t he lower i leum. It has  been s uggested by 

Git l e r  ( 1 9 6 4 )  and Boorman ( 1 9 7 6 )  t hat endogenous proteins 

re l e a s ed di stal ly t o  the st omach wi l l  e sc ape the denaturing 

and part i a l  digestive pro c e s s e s  o f  the stomach and that the 

furthe r down the tract they are secreted the l e s s  exposure 

they wi l l  have to denaturat i on . Studie s  by Ocho a - S o l ano and 

Git ler ( 1 9 68 )  us ing 
35S -Methionine in rat s to l abel 

endogenous proteins have s hown the i r  accumu l at i on in the 

i leum and muc i n ,  the glycoprote in of mucus has  been shown 

by Hashimot o ,  et al . ( 1 9 6 3 )  and Hoskins ( 1 9 7 8 ) to be 

re s i st ant t o  enz ymat i c  digest i on . 

The medi at ors determining the s i ze o f  endogenous 

e xcret ions are under normal condi t i ons diet a ry . F at and 

c a rbohydrate dietary incre a s e s  rai sed amy l a s e  and l ipase 

act ivity o f  pancreat i c  juice ( Hulan and Bird,  1 9 7 2 )  . When 

dietary prote i n  was rai s ed from 1 6  to 2 8 %  in diet s ,  

chymotrypsin act ivity was increased i n  the duodenum and 

j e j unum and the feeding o f  unheated soybean mea l  decreased 

amy l as e ,  l ipase and chymot ryp s in act ivity ( D a l  B orgo , et 

a l . ,  1 9 68 ) . P ou l l a in , et a l . ( 1 98 9 )  showed dietary who le 

prot e in produced more rapi d  muc o s a l  growth i n  rat s than 

hydr o l y s ed dietary protein or free amino a c ids . Rai s ing 

dietary leve l s  of fibre in the rat and p i g  resulted in 

increased pancreat i c  secret i ons ( Zebrowska , et a l . ,  1 98 3  

; Zebrowsk a ,  1 98 5 )  and increased the act ivity o r  leve l s  o f  

s ecreted en zyme s  ( Schneeman , et a l . ,  1 98 2  ; Langl o i s , et 

a l . ,  1 98 7 ) . D i et ary fibre has a l s o  been a s s o c i ated with 

s t i mu l at ing muc o s a l  growth (Vahoun y ,  et a l . ,  1 98 5  ; 

John s on ,  1 988 ; Jacobs , 1 98 3 ;  1 98 6 )  and incre a s i ng 

microb i a l  mas s in faeces ( Larsen,  1 9 9 1 ) . 

I t  i s  c lear that diet ary change may influence 

s ecret ions int o the gut but the e ffect thi s may have on 
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amino a c i d  c ompos it ion or t o t a l  amino acid and N endogenous 

e xcret i on i s  uncertain . Snook and Meyer ( 1 9 6 4 b )  found that 

approximate l y  9 0 %  of endogenous proteins of gut s e c ret i ons 

and s l oughed c e l l s  were digested and absorbed l e av ing 1 0 %  

for excret i on with feed res i due s . Boorman ( 1 9 7 6 ) refers to 

the homeostas i s  o f  amino acid composit i on of endogenous 

excret i ons and a number o f  report s have sugge sted that AA 

c ompos it i on may be independent of diet ary suppl y  (Nas set 

and Ju , 1 9 6 1  ; Nasset , 1 9 6 8  ; 1 9 7 2 ) . P ar s on s  ( 1 9 8 1 )  

p art it ioned excreta by di f ferent i a l  cent ri fugat i on or 

phys i c a l  s eparat i on techniques int o fract ions c ompris ing 

microb i a l  sediment , inso lubl e  matter which e quated with 

feed re s i dues and a solubl e  fract i on compri s ing endogenous 

mat e r i a l  emanat ing from t he gut and urine , the three 

f ract i ons showed remarkab l e  s imi l arity in AA c ompo s i t i on . 

Othe r s , on the other hand have noted an e f fect on 

endogenous AA patterns of di fferent diet ary prote in sources 

( Holme s , et a l . ,  1 9 7 4 ) . 

On b a l ance it seems t hat diet ary change s may influence 

endogenous secret ions int o the gut , but the processes of 

digest i on and absorpt i on mit igate against var i at ion and 

result in terminal excret i ons that remain re l at ively 

c onst ant in composition . Under this prem i s e  endogenous 

output o f  N and AAs wou l d  be a funct i on of the magnitute 

of exc ret i on and as such may be respons i ve to the 

c omponent s of diet s that inf luence excreta vo lume . The 

ma j or dietary c omponent s are prot e i n ,  fibre and st arch . 

The primary purpos e  o f  the work de s cr ibed in the 

experiment al section o f  this  the s i s  was to quant i fy 

endogenous nitrogen and l y s ine response to changing intakes 

of the ma j or diet ary c omponent s ,  fibre in the form o f  

c e l l u l o s e  and protein in the form o f  gel at in and 

guanidinated gel at in . A secondary exerc ise was undert aken 
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t o  characterise feedstuf f s  on the bas i s  of thei r  excreta 

and i le a l  digesta character i s t i c s . 

The e xperiment a l  s e ct i on i s  prefaced by a review o f  

prot e in digestion and absorpt ion in the fowl ( chapter 2 )  

and a study o f  the methods and is sue s a s s o c i at ed with 

dige s t ib i l ity as says ( chapter 3) . The experiment a l  sect i on 

de scribes four experiment s .  The first explores two methods 

for characteri s ing feedstuffs on the bas i s  of the ir excreta 

o r  i le a l  dige sta characteristics . Experiment s 2 and 4 

i nvo l ve studie s  t o  quant i fy endogenous N response 

( expe riment 2 )  and endogenous lys ine re sponse ( e xperiment 

4 )  at the terminal i leum to increas ing dietary int ake o f  

c e l lu l o s e  ( experiment 2 )  and a t rans formed prot e i n ,  

guanidinated ge l at in ( t rial  4 )  . Experiment 3 e xplored 

procedures and response t o  the feeding o f  wet diets o f  the 

f orm t hat were empl oyed in exper iment 4 .  
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CHAPTER 2 

PROTEIN DIGESTION AND ABSORPTION IN THE FOWL 

Component s o f  gut secret i ons , nit rogen , prote in ,  amino 

a c ids and energy influence va lues obt a ined in dige s t ib i l ity 

studi e s  of feed nit rogen and amino ac ids , and met ab o l i sable 

energy determinations of feedstuffs . Vari ou s  de s ign 

procedures and correct ions are adopted t o  le s sen the e f fect 

o f  endogenous s ources o f  b i a s  and t o  improve the abs olute 

nature and addit ivity of feedstuff coe f f i c ient s . The 

succ e s s  o f  the se procedures i s  difficult t o  gauge . The 

purp o s e  o f  this sect i on i s  t o  review proces s e s  o f  digest ion 

and abs orpt ion a s s o c i ated part i cularly with diet ary protein 

t hat a ffect excret ion o f  prot e in and i t s  hydro l y s i s  

product s from the gastro i nt e st inal t ract . 

2.1. Mouth, Pharynx, Oesophagus and Crop 

2 .1.1. Morphology and Function : In birds the mouth and 

pharynx are not sharply de l imited and in most species 

inc luding the fowl there is no s o ft palat e  and the hard 

p a l at e  c ommuni cates with the nas a l  c avit i e s  by a medi an 

c onnect i on ,  the choanal s l it ( Hi l l ,  1 9 7 1  ; Duke , 1 9 7 7 )  . 

Teeth are absent and the i r  funct i on i s  accomp l i shed by a 

horny be ak , a heavily cornified tongue ante r i o r  t o  the 

t ongue f o l d  and the grinding action of the g i z z ard (Hi l l ,  

1 9 7 6  ; Sturki e ,  1 9 7 6  ; Duke , 1 9 7 7 ) . 

The c avity o f  the mouth i s  l ined with st rat i f ied 

s quamous epithe l ium .  Taste buds are few in number ( about 

t we l ve in the y oung chi c k )  and are s ituated on t he base o f  

t he t ongue and on the f l oo r  o f  the pharynx ( Hi l l ,  1 9 7 6 )  . 

Ande r s on and Nafstad ( 1 9 6 8 )  c ited by Hi l l  ( 1 9 7 1 ) desc ribed 

other sens ory organs and free nerve endings ( po s s ib l y  
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pres sure sensitive )  located on the hard palate and beak . 

Tubu l a r  mucous secret ing s a l ivary g l ands are we l l  deve l oped 

in chi ckens ( Duke , 1 9 8 6 )  . They are wide l y  scattered through 

the mouth and pharynx and are s impl e  branched or compound 

in form . H i l l  ( 1 9 7 1 )  refers to max i l l ary g l ands ( roof o f  

mouth ) , p a l at ine gl ands ( ad j acent t o  the choanal s l it ) , 

spheno-pterygo id gl ands ( ro o f  of pharynx ) , ant e r ior and 

posterior submandibular g l ands , l ingual gl ands on the 

t ongue , crico-arytenoid gl ands near to the opening of the 

l arynx and sma l l  gl and at t he angl e  of the mout h . Whi l st 

t he gl ands of the sparrow contain appreciab l e  amount s o f  

amy l a s e ,  those o f  the chicken and turkey d o  n o t  ( Duke , 

1 9 8 6 ) . 

Mast i c at i on does not occur and food i s  s wa l l owed 

qu ick l y . Deglut ition i s  accompli s hed by the t ongue and 

hyobranchio-l ingual mus c l e s  and larynx with rai s ing of the 

head p l aying a secondary role . The food i s  mo i stened by 

s ecretions of the mouth and there i s  reflex c l o sure of the 

choan a l  s l it ( Hi l l ,  1 9 7 1  ; Duke , 1 9 7 7 ) . Est imate s  of the 

volume of sal iva produced employing oesophagea l  f i stula 

t echn iques range from 7 t o  30  ml / 2 4  hours ( Le asure and 

L ink , 1 9 4 0  ; Be lman , 1 9 6 2  cited by Hi l l ,  1 9 7 1 )  a lthough 

Be lman and Kare ( 1 9 6 1 )  suggest the volume may be greater . 

The oes ophagus i s  a distens ible tube l ined by 

st rat i fied squamous epithe l ium whi ch i s  divided into upper 

and l ower sect i ons by a divert i culum ,  the c rop , at its 

ent ry into thorax . Food is conveyed by perist a l t i c  

cont ract i ons a s s i sted b y  lubricat ing secret i on s  from an 

abundance of mucous gl ands present in the upper and l ower 

s ect i on s  but not in the c rop ( Hi l l ,  1 9 7 1 )  though this seems 

c ontent i ou s  ( Duke ,  1 9 7 7 ) . When the g i z z ard i s  empty food 

by-pa s s e s  the crop and move s di rect l y  into the 

provent r i culus . When t he g i z z ard contains food o r  i s  
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cont ract ing the oesophagea l - ingluvia l  f i s sura c ontrol l ing 

entry into the c rop relaxes and bol i  are diverted int o  the 

crop ( Sturkie , 1 9 7 6 )  . Many fact ors may cont r o l  the rate o f  

c rop evacuat ion inc luding wetne ss o f  the food, finene s s  o f  

t h e  f o o d ,  excitement , fea r ,  s t ruggl ing , hunger and length 

of fast ing ( Hi l l , 1 9 7 1  ; Sturki e ,  1 9 8 6 )  . 

2 . 2 .  P roventriculus and Gizzard 

2 . 2 . 1 .  Morphology and Function: Acc ording t o  Hi l l  ( 1 9 7 1 )  

the provent riculus or g l andu l ar stomach i s  l ined with a 

g l andu l a r  mucous membrane o f  s imple columnar epithel ium and 

l ie s  between the lower oes ophagus and the g i z z ard . The 

provent r i cu l ar glands c omp r i s ing tubular a l ve o l i  in the 

submuc o s a ,  drain by a s e r i e s  of duct s l ined with mucous 

secret ing neck ce l l s ,  into the lumen via macroscopic 

p ap i l l ae on the mucosal  surface . The cel l s  l ining the 

a l ve o l i  are both acid ( oxynt i c )  secreting and enzyme 

(peps inogen)  secret ing and di s charge z ymogen for up to 3 

hours f o l l owing a s ingl e  mea l . The evidence o f  Chodnik 

( 1 9 4 7 )  c it ed by Hi l l  ( 1 9 7 1 )  sugge sts evacuat ion is phas i c  

with onl y  a propo rt ion o f  ce l l s  di scharging a t  any one 

t ime . 

The g i z z ard, the s ec ond s ite o f  pept i c  proteolys i s , 

i s  a heav i l y  mu scled grinding chamber l ined interna l ly with 

a thick abras ive-res i s t ant coat , koi l in ,  c omposed of 

hardened secret i ons of the g i z z ard gl ands . Beneath it i s  

g l andu l a r ,  crypt forming , mucous membrane and a thin 

submu c o s a . S impl e  tubular gl ands open into the crypt s of 

the m i c rovi l l i  and the l ining ce l l s  of both gl ands and 

microvi l l i  are mainly of one t ype , chie f  ce l l s . The 

secret i ons of the gl and cel l s  ( chie f  ce l l s )  are 

p o l y s ac charide protein complexe s and result in both 

hardened vert ical koi l in rods that form dentate processes 
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on the surface and thick hori z onta l  bands o f  k oi l in ( Hi l l ,  

1 9 7 1 )  . 

The main funct ions o f  the proventriculus and gi z z ard 

are the product ion of gast r i c  juice , prote o l y s i s  and the 

propu l s ion of juice and food into the duodenum . Sturkie 

( 1 9 8 6 )  sugge s t s  avian control o f  gastric s ecret i on i s  

s im i l a r  t o  that of mammal s  and occurs i n  three phases . A 

cephal i c  phase in which the bird' s s ense o f  the p re sence 

of food or feeding act ivity initiates gastric s ec ret ion by 

the vagu s nerve . A gast r i c  phase init i ated by the arrival 

of food in the st omach and act ivated by di rect contact of 

ingested nutrient s with the gast ric mucosa and indirectly 

by aut onomic nerve invo lvement and through the release of 

gastric hormones . An intest inal phase stimu l ated by arrival 

of food in the sma l l  intest ine and invoked by the autonomi c 

nerve supply and the product i on o f  inte stinal hormone s .  

Ce l l s  producing the hormone gastrin have been found 

in the gl andular and muscular stomach of bi rds ( Po l ack , et 

a l . ,  1 9 7 4  ; Larsson ,  et a l . ,  1 9 7 4b ,  1 9 8 6 ) and in mammals 

are referred t o  a s  G cells ( Butt s ,  1 9 9 3 ) . Gastrin probably 

st imu l at e s  secret i ons of HCl and pep s in by c au s ing re lease 

of acet y l chol ine from releas ing c e l l s  in the submucosa of 

the provent ri culus which then acts direct l y  on the chief 

c e l l s . Vagal st imulat i on o f  gastric secret i ons in bi rds 

occurs di rect l y  without invo lvement of acetylchol ine (Kokue 

and Hayama , 1 9 7 5 )  . The re i s  no evidence in birds o f  

s t ructures produc ing the gast ric secret ing inhibitory 

hormone , enterogast rin , s ynthe s i sed in mammal s  ( Hi l l ,  

1 9 7 1 ) . 

The hormone avian pancreat i c  polypept i de d i scovered 

in chickens ( Kemme l ,  et a l . ,  1 9 6 8  ; Larsson ,  et a l . ,  1 9 7 4 a )  

appears t o  b e  invo lved i n  the gastric phas e  o f  secret i on 
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and i s  released from the pancreas in response t o  the 

presence of amino acids and HCl in the upper port i on of the 

gut f o l l owing a mea l  ( Duke , et a l . ,  1 9 8 2  ; Johnson and 

H a z e l wood,  1 9 8 2 ) . According to Haz el wood,  et a l . ( 1 9 7 3 )  it 

act s independent l y  o f  the vagus nerve to increase secret i on 

o f  peps inogen and HCl . 

Cho l ecystokinin and secret in are hormones produced in 

the upper sma l l  intest ine of birds and mammal s  and are 

regu l at o rs of the intest inal phase of gast r i c  secret i on 

( Sturkie , 1 9 8 6 )  . Cho lecystokinin st imu l ates H+ sec ret ion in 

chickens but unl ike gastrin doe s  not appear to a ffect 

pep s in secret i on ( Burho l , 1 9 7 4  ; 1 9 8 2 ) . Secret in stimu l ates 

both H+ and pep s in secret i on in bi rds ( Burho l ,  1 9 7 4  ; 1 9 8 2 )  

whi ch d i f fers from its funct i on in mammal s  where it has an 

inhib itory act ion on W product i on . S turkie ( 1 9 8 6 )  

post u l ates that the di fference in funct ions may be re l ated 

to supporting the important mechani c a l  role o f  the gi z z ard 

in digest ion and to the mix ing of gastric and intest inal 

contents by regularly recurr ing intest inal r e fluxes . 

The vo lume of gast ric juice produced by the 

provent riculus varies f rom 6 - 2 1  ml / hr during starvat i on and 

up to 3 8 . 8  ml /hr a fter h i s t amine stimu l at i on ( Hi l l ,  1 9 7 1 ) . 

Acc ording t o  Sturkie ( 1 9 6 5 ; 1 9 8 6 )  feeding increases 

gast r i c  secret i ons ,  fast ing decreases them and food a ffect s 

t hem in proport ion t o  i t s  c ontent o f  protein . Gastric j u i ce 

i s  c ompo sed principa l l y  o f  water with some hydrochloric 

a c i d ,  peps in,  mucin and certain s a lt s . Sturkie ( 1 9 7 6 )  

reviewed its composition and secret i on rate under various 

c ondit i on s . 
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The proventriculus secret s the inactive precursor 

pepsinogen ( zymogen)  whi ch i s  auto catalyti c a l l y  converted 

into i t s  active form , pepsin , as the pH o f  the dige sta 

change s in the provent ri culus and gi z z ard . There are at 

l e a st 5 chi cken pep s inogens ( Sturkie , 1 9 7 6  ; 1 9 8 6 )  . They 

appear to have di ffering pH opt ima and in 

speci fi citi e s  ( Boorman , 1 9 7 6 ) . As the pH 

some cases 

o f  gast ric 

content s change the enz yme s become maximal ly active in 

sequence and create an enzymati c a l l y  active mixture over 

a wide pH range . According t o  Taylor ( 1 9 6 8 )  the more 

sus ceptible pept ide bonds to pepsin hydro l y s i s  are those 

invo l ving the aromati c amino acids and those involving 

leucine and val ine . 

2.3 . The Smal l  Intestine 

2. 3 .1. Morphology and Function : The histol ogy o f  the avi an 

sma l l  intest ine is comparable to that of mammal s  a lthough 

there are s ome differences ( Tone r ,  1 9 65 ; Hi l l ,  1 9 7 1  ; 

Boorman , 1 9 7 6 )  . The mucous membrane forms numerous vi l l i  

( and crypt s o f  l ieberkuhn ) that vary in form and length 

according to specie s . In carnivo rous bi rds they are 

finge r l ike and we l l  deve l oped but in herbivorous birds they 

are f l attered and leafl i ke ( Z iswi ler and Farne r ,  1 9 7 2 )  . The 

vi l l i  are formed by pro j ect ing cores of l amina propri a  

covered b y  s imple co lumnar muc o s a l  epithe l ium containing 

many goblet cel l s . Brunners gl ands are absent in the 

chi cken duodenum but in s ome bird species t ubular gl ands 

that are homo l ogous with brunner gl ands o f  mammal s  may be 

pre s ent (Ca lhoun , 1 9 5 4  ; Z i swi ler and F arne r ,  1 9 7 2 ) . 

Argent affin c e l l s  are in high concent rat i on and li e deep 

in the epithelial gl ands in the upper duodenum o f  bi rds 

( Hi l l ,  1 9 7 1 )  . 
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2 . 3 . 1 . 1 .  P ancreatic Secretion 

There are two c omponent s t o  pancreat i c  secret i on ,  the 

e l ectro l yt i c  or aqueous phase c ontaining cations N a+ ,  K+ , 

and Ca2+ at concent rat ions in humans c l o s e  to t hat o f  

p l a sma ( Wi l l s ,  1 9 8 5 )  and b i carbonat e i ons , and the 

enz ymat i c  phase compris ing enzymes for the degradat ion o f  

proteins , carbohydrates ( amylases ) and fat s ( l ipases ) 

( Sturkie , 1 9 8 6 ) , and r ibonuc lease and deoxyribonuclease 

(H i l l ,  1 9 7 1 )  . P ancreat i c  juice i s  p a l e  ye l l ow in c o l our , 

has a pH o f  6 . 4  t o  6 . 8  ( chicken s )  and 7 . 4 -7 . 8  ( turkeys ) and 

c annul at i on of the main pancreat ic duct of 1 4 - 3 0  week o l d  

white leghorn chi ckens resulted i n  a secret i on o f  1 5-2 0 

m l / day (Hulan ,  et a l . ,  1 9 7 2  ; Sturkie , 1 9 7 6 ) . B i rd ( 1 9 7 1 )  

measured the di stribut ion o f  tryp s in and amyl ase in 

di fferent segment s of t he duodenum of 1 4 - 1 6  week o ld male 

chi ckens and found t hat most o f  the enzyme act ivity ( 5 5 %  

and 7 5 %  respect ive l y )  t ook place in the last quarter near 

the ent ry of the pancreat ic duct into the duodenum . In 

gee s e  the concent rat ion in pancreat i c  t i s sue o f  

chymotrypsin was t en t ime s that o f  tryp s i n  (N i t z an ,  e t  a l . ,  

1 9 7 3 )  and Kokue and Hayama ( 1 9 7 2 )  showed t hat the rate o f  

s ecret i on o f  pancreat i c  juice per unit o f  body we ight was 

greater for the chicken than in mamm a l s  ( Sturkie , 1 9 8 6 )  . 

2 . 3 . 1 . 2 .  Proteolytic Enzymes of the P ancreas 

Ke l ler ( 1 9 6 8 ) provide s  a clear account of the broad 

e n z ymat i c  proce s s e s  involved in intraluminal protein 

dige stion . The prote o l yt i c  enzymes of pancreat i c  juice 

c omprise endopept i da se s , the tryps ins , the chymotrypsins 

and the e l a s t ases , and t he exopept ida se s ,  carboxypept idase 

A and carboxypept idase B .  They are secreted into the 

intest ine as z ymogens and are act ivated by the protease , 
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ente rokinase , secreted by the intestinal wal l whi ch 

convert s the tryps inogens t o  t ryps ins . The process  once 

started i s  autocatalyt i c  and the tryps ins formed hydrolyse 

bonds in other z ymogens t o  form act ive enz ymes which are 

themse l ves autocatalyt i c  ( S i lk ,  et al . ,  1 9 8 5 ) . The tryps ins 

are t hus cent ral to prot e o l ys i s  and the i r  inhibit ion has 

consequence s that exceed a s imple diminut ion of t rypt ic 

hydro l y s i s  o f  dietary prot e in ( Boorman , 1 9 7 6 )  . 

As de s cribed for peps in,  each endopept idase i s  

probab l y  a mixture of enzyme spe c ies . Trypsins c atalyse the 

hydr o l y s i s  of bonds invo lving basic amino a c i ds such as 

l y s ine or arginine ( Wi l l s ,  1 9 8 5  ; Boorman , 1 9 7 6 ) . 

Chymot rypsin hydrolys i s  bonds invo lving aromat i c  amino acid 

res idues whereas the e l astases are re l at ivel y  non spec i f i c . 

The exopept idases spl i t  o f f  terminal amino a c ids po s s e s s ing 

free carboxyl groups . Type A carboxypept idase has a 

spe c i ficity s imilar to peps in spl itt ing peptide bonds 

adj acent to aromat i c  amino acids whi l st type B 

carboxypept idases att ack bonds invo lving bas i c  amino acids 

( Wi l l s ,  1 9 8 5 )  The act ivit ies of carboxypept idases are 

inhibited in sequent i a l  hydro l y s i s  by the proximity of 

prol ine and in the case o f  the t ype A,  charged s ide cha ins 

whe reas the B requires c l o s e  proximit y of a cationic s i de 

chain for maximum act ivity (Boorman , 1 9 7 6 )  . 

The pancreat ic en z yme s are considered t o  be extr ins ic 

e n z yme s whi ch act in the lumen and are ads orbed ont o the 

epithe l ial  absorptive sur face where they c ont inue to 

catalyse fragment at i on of the po l ypept i de chain . In 

contrast pept idases produced by the surface epithe l i a l  

gl ands and c e l l s  of the intest ine are intrins i c . They 

cont inue the proteo lyt i c  funct i on both on the brush border 

and in the lumen where they occur as a result of 
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de s quamat ion rather than s ecret i on . Rhodes ( 1 9 6 8 )  has 

reviewed and c l a s s i f ied the s e  enzyme s . 

2 . 3 . 1 . 3 .  Regulation of P ancreatic Proteolyti c  Enzymes 

The sequence of event s in mammal s  leading t o  the f l ow 

o f  pancreat i c  j u i ce has been summari sed by Sturkie ( 1 9 8 6 ) . 

I n  mamm a l s  the eat ing o f  a meal re sults init i a l l y  in vagal 

st imu l at i on whi ch causes t he pancreas to s ecrete l ow 

vo l ume s of the enzymic component o f  pancreat i c  juice . I f  

the mea l  i s  prevented from reaching the duodenum a s  i n  the 

c a s e  o f  sham feeding the secretion stops , but i f  the food 

reaches the duodenum , the food and gastric HCl st imu l ates 

re l e a s e  o f  s ecret in from the intest ine . Sec ret in cause s  an 

init i a l  

pancrea s . 

reaching 

secret i on o f  the aqueous 

D ietary amino ac ids or 

the duodenum s t imulate 

component from 

pept ide s  and fat 

the product ion 

the 

on 

o f  

int e st inal cho lecyst okinin . Chol ecystokinin produces a 

prol onged f l ow o f  both aqueous and enzymat i c  c omponent s o f  

panc reat i c  j u i ce . 

Sturkie ( 1 9 8 6 )  c ites a number o f  authors who se wo rk 

c o l l ect ively sugge sts regu l at ion o f  panc reat i c  f l ow in 

b i rds i s  s imi lar t o  that in mamma l s . P ancreat i c  secret ion 

begins immedi ately when fasted chi ckens are fed, but i f  the 

chi ckens are first vagot omi sed there is no init i a l  response 

(Kokue and Hayama , 1 9 7 2 )  . P ancreat i c  secret i on may increase 

from 0 . 4 - 0 . 8  ml /hr to 3 ml / hr immediat e ly fo l l owing feeding 

( I vanov and Gotev , 1 9 62 c i t ed by Sturkie,  1 9 8 6 ) . Secret in 

has been found in t he inte st inal muco s a  of turkeys 

( Do ckray , 1 9 7 2 )  and int ravenous i n j ect ions produced an 

increase in the secret i on o f  the pancreat i c  aqueous 

component ( Heat l e y ,  et a l . ,  1 9 6 5 ) . Vasoact ive inte st inal 

pept ide has been i s o l ated from the chi cken intest ine 
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(N i l s son , 1 9 7 4 )  and has a s imilar funct i on t o  s e c retin but 

i s  more potent (Va i l l ant , et al . ,  1 9 8 0 ) . Administ rat ion of 

cho l e cy stokinin to pigeons has been shown t o  increase 

pancreat ic proteolyt i c  enzyme act ivity (Webster and Tyor,  

1 9 6 6 )  and increase pancreat ic secret i ons ( S abha , e t  a l . ,  

1 9 7 0 )  a lthough in thi s work the s ynthe s i s  o f  prot e ins by 

the p ancreas was not increased . Porcine cholecyst okinin was 

shown by Dockray ( 1 9 7 5 )  to increase the rate of flow of 

pancreat i c  secretions and pancreat ic protein in turkeys . 

There i s  evidence that dietary compo s i t i on a ffects the 

compos i t ion of pancreat i c  juice . Increased int ake of 

dietary carbohydrate s  and f at increase amy l a s e  and l ipase 

activity of pancreat ic juice ( Hu l an and Bird, 1 9 7 2 )  . Dal 

Borgo , e t  a l . ( 1 9 6 8 )  reported an increase in chymotrypsin 

act ivity in the duodenum and j e junum when diet a ry protein 

increase from 1 6  to 2 5 %  percent . 

2 . 1 . 3 . 4 .  Bil e  

The b i l i ary system c omprises the cyst i c  duct bear ing 

the ga l l  bl adder and draining b i l e  ma inly f rom the right 

l obe of the l iver ,  and the hepat i c  duct which drains the 

le ft l obe . Both ducts anas t omos e  on a common pap i l l a  with 

the pancreat i c  duct at the c audal end of the ascending l imb 

o f  the duodenum ( Hi l l , 1 9 7 1 )  . Bile  product ion i s  st imul ated 

by the presence of b i l e  s a l t s  in t he blood , by e at ing and 

cholecystokinin is probably invo lved in postprandi a l  

s e c ret i on ( Sturkie , 1 9 8 6 )  . Format i on of b i l e  b y  the l iver 

i s  a continuous proce s s  and secretory rates of about 1 . 0  

ml / hr have been observed in conc ious 1 4  week o l d  cockere l s  

and anae sthet i sed 4 to 6 month-o l d  birds ( Hi l l ,  1 9 7 1 )  . 

1 5  



I n  mammal s  bi le contains wate r ,  prot e in , b i l e  

pigment s ,  b i l e  a c i ds , cho lestero l ,  neut ral f at s ,  urea and 

inorganic i ons . Bacteria in the l ower intest ine decon j ugate 

b i l e  ac ids and alter them chemi c a l l y  by the reduct i on of 

hydroxyl group s . Decon j ugated and unal tered b i le acids are 

reabsorbed in the lower sma l l  int e st ine int o the port a l  

b l ood and t aken up b y  the l iver where they are 

reconst ituted ( But t s , 1 9 9 3 )  . The c oncentrat i on o f  prote in 

in b i l e  i s  low,  many are glycoproteins and the most 

abundant is a lbumin ( Butt s ,  1 9 9 3 )  . 

2 . 3.1.5. Inte stinal Secretions 

Evidence for the nature o f  s e c ret ions produced by the 

sma l l  intest ine have been reviewed by H i l l  ( 1 9 7 1 ) , Duke 

( 1 9 7 6 ) , Sturkie ( 1 9 7 6 ; 1 9 8 6 ) . The sma l l  intest ine is the 

primary s it e  o f  chemical digest i on . I ntestinal pH range s 

from about 5 .  6 t o  7 .  2 in tho s e  spec ies that have been 

te sted ( Herp o l  and Van Grembergen , 1 9 6 7 ) . The pH increases  

from the oral t o  aboral end and the pH of each port ion o f  

the t ract i s  regu l ated b y  secretory a ct ivity within t hat 

port i on ( Hurwit z  and Bar , 1 9 6 8 ) . Vagal s t imu l at i on 

increases the inherent mot i l ity o f  t he tract ( Duke , 1 9 7 6  

; Hi l l ,  1 9 7 1  ; Sturkie , 1 9 8 6 ) . I nt e s t inal secret i on may be 

increased by duodenal di stent ion ( wh i ch probably di rect l y  

st imulates re l e a se o f  inte st inal hormone s )  by vagal 

st imu l at ion ( Hi l l ,  1 9 7 1 )  and by s ecret in ( Koka s , e t  a l . ,  

1 9  6 7 )  . Vagal st imulat i on has more an effect on mucous 

secret ion than on secret ion o f  digest ive enz ymes ( Sturk i e ,  

1 9 8 6 )  and recent work sugges t s  t hat whi l st s ec re t in 

s t imu l ates duodenal secret i ons there are other hormones 

pre s ent in muc o s a l  cell  extract that are a l s o  invo l ved 

( Sturkie , 1 9 8 6 ) . 
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Intestinal enzyme secret ions inc lude amy l a s e ,  

s accharida se s , pept idases and l ipase . Lactase and t rehal as e  

which act s o n  t he common plant carbohydrate t reha l o se a re 

not secreted but maltase , i s oma l t a s e  and sucrase are 

present ( Sturkie , 1 9 8 6 ) . Greatest d i s a c charidase activity 

i s  found in the upper i leum, with t he duodenum having l e s s  

and the lower i l eum a lmost none ( Sturk i e , 1 9 8 6 ) . Hormones 

known to be produced by the chi cken int e s t ine are 

enterokinase , s ec ret in, cho lecystokinin and vas o act ive 

intest inal pept ide . 

S i l k ,  et a l . ( 1 9 8 5 )  cite recent studies whi ch indi c at e  

the presence o f  s o lubi l i sed intestinal  brush-bo rder and 

cytop l asmi c int e s t inal mucosal  amino o l igopept idase s  in 

intest inal content s of humans . They funct ion as 

e xopept idases and remove amino acid re s idues from the amino 

end of pept ide chains . Duke ( 1 9 7 7 )  report s both amino 

pept idases and c arboxypept idases have been found in the 

duodenal muco s a  o f  chickens cit ing DeRycke ( 1 9 6 2 ) . Amino 

pept idases inc lude di , tri and tetra pept idases and are 

formed in the sma l l  inte stinal muc o s a . They hydrolyse 

pept ide s  to amino acids both at the surface o f  the muc o s a  

before absorpt ion and within the epithe lial c e l l s  before 

amino ac ids ent er the blood c i rcul at i on ( Larsen , 1 9 9 1 )  . 

These enzymes enter the intestinal lumen through the 

desquamat ion o f  the mucosal ce l l s  and a s sume a funct i onal ly 

s ign i f i c ant role in the termina l  stage s o f  protein 

digest i on in the i leum ( S i l k ,  e t  a l . ,  1 9 8 5 ) . I n  the i leum 

the act ivity of luminal pept idases i s  greater than in the 

j e j unum and the i r  import ance relat ive to proteo l yt i c  

a ct ivit ies on the sur face o f  muc o s a l  c e l l s  i n  the i l eum may 

be increased . The product s of lumina l proteo l y s i s  are free 

amino acids and sma l l  pept ide s  having a chain l ength of t wo 

t o  s i x  amino a c i d  re s idues ( S i lk ,  et a l . ,  1 9 8 5 ) . 
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2 . 4 .  Caeca , Colon and Cloaca 

2 . 4 . 1 .  Morphology and function: The c aeca a re a pair o f  

b l ind ended tubes that a r i s e  a t  the j unct i on o f  the sma l l  

and l a rge inte stine , e xtend forward f o r  about hal f  the ir 

l ength and then doub l e  back on themselve s . They are l ined 

with columnar epithe l ium which in the base region (bl ind

end) i s  re l at ively smooth but in the body and neck regions 

is formed int o  vi l lu s - l ike pro j ect i ons whi ch suggests an 

abs o rpt ive funct ion . Lymphoid t i s sue i s  s c attered 

throughout the submu c o s a  and occasional gobl et ce l l s  are 

present in the l ining epithel ium (Hil l ,  1 9 7 1 )  . 

The colon is short and narrow and extends from the 

i leo-caeco-co l i c  junction to the c loaca . The mucosal  

ep ithe l ium i s  formed into short broad , vi l lu s - l ike 

pro j ections that are l ined with co lumnar cel l s  and nume rous 

gob l et ce l l s  (Hil l ,  1 9 7 1 )  . 

The c l oaca i s  a spheroida l  chamber int o whi ch the 

digest ive and uro-genital  tracts converge . It is sep arated 

from t he c o l on by a muscular constrict i on and opens to the 

e xterior at the vent . It is l ined with columnar epithe l ium 

whi ch forms short v i l lus-l ike structure s anteriorly and 

whi ch are more f l attered and leaf l ike t owards the vent 

where it merge s on the inner aspect of the upper and l ower 

l ips into st rat ified squamous epithel ium ( Hi l l ,  1 9 7 1 )  . 

The digest ive funct i ons o f  the avi an caeca and c o l on 

have been reviewed by Hi l l  ( 1 9 7 1 ) , Sturkie ( 1 9 65 ; 1 9 7 6 ; 

1 9 8 6 )  and Duke ( 1 9 7 6 )  . There i s  l ittle evidence o f  

dige s t i on i n  the l arge intest ine o f  bi rds other than i n  the 

c a e c a  although there i s  evidence of wate r  re sorpt i on in the 

c o l on and urine and fluid re fluxing int o the caeca ( Hi l l ,  

1 9 7 1  ; Sturkie , 1 9 7 6 )  . Only fluid port i ons enter the caeca 

( C l ement s , et al . ,  1 9 7 5 )  and the digesta that enters is 
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reta ined there up t o  four t imes l onger than mat e r i a l  t hat 

by-pas se s  it ( Sturkie , 1 9 8 6 )  with the rat i o  of caecal t o  

normal droppings varying depending o n  dietary compos it i on 

from 1 t o  7 for barley diet s to 1 t o  1 1  for wheat diets 

( Hi l l ,  1 9 7 1 ) . 

The caeca appears t o  be import ant in wate r  absorpt i on 

( Thronburn and Wi l lcox , 1 9 6 5 )  and may play a ro l e  in non 

prot e in metab o l i sm and protein ut i l i sat i on . In Wil l o w  

p t a rmigans urine refluxing i n t o  the c a e c a  w a s  degraded into 

ammon i a  and incorporated into amino ac ids by bacterial  

act ion , but only bacteria ut i l i sed the amino ac ids and none 

was abs o rbed by the host ( Mo rtensen and T inda l l ,  1 9 8 1 )  . 

Howeve r ,  whereas in gee s e  urea excret i on was 5 . 7 %  greater 

fo l l owing caecectomy s imi l ar procedures in chi ckens fai led 

to demonst rate an increase in uric acid secret i on (Kese and 

March , 1 9 7 5 ) . The feeding of protein source s t hat are l e s s  

dige s t ible such a s  unheated soybeans may re sult in 

s i gn i fi c ant port i ons of dietary protein e scaping intestinal 

prot e o lys i s  and becoming ava i l able to degradat ion by caecal 

flora . Degradat ion by caecal bacteria appears to be 

sub s t ant i a l . Ke s s ler,  et a l . ( 1 9 8 1 )  showed c ae cect omi sed 

chickens excreted 1 5- 3 0 percent more amino ac ids than 

int act bi rds and the s tudie s  of Low ( 1 9 8 5 )  support the se 

findings . 

The caec a  appear t o  have an important role in 

bacte r i a l  ferment at ion of dietary f ibre and t he i r  e ffect 

re sponds t o  diet ary precondi t i oning . Sturkie ( 1 9 7 6 )  reviews 

e a r l y  studies that indi c ated that the c rude f ibre of corn , 

oat s and wheat were digested more poorly by c aecect omised 

than by inta ct birds . The c oe f f i c i ent of dige s t ibi l ity 

change for corn fibre f rom 1 7 . 1  and 1 9 . 7  be fore c aecectomy 

t o  0 .  0 foll owing it . Sturkie ( 1 9 8 6 )  cites a number o f  

studie s  which show that the caecal bacteria o f  domest i c  
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fowl s digest l itt l e  o r  no c e l lulose . On the other hand, 

Duke , et a l .  ( 1 9 8 4 )  demonstrated in turkeys that 

precondit ioning with high f ibre or high ce l lu l o s e  diet s 

improved c e l lulose degradat i on from 2 . 8  percent in birds 

not precondit i oned to 1 0 . 4  percent in b irds precondit i oned . 

The gluco se freed by cel lulose breakdown was absorbed by 

the c ae c a  and used by t he host b i rds . Bedbury and Duke 

( 1 9 8 3 )  conclude that preconditioning produce s  a caecal 

flora more c apable of f ibre digest i on and c e l lulolys i s . 

Sturkie ( 1 9 8 6 )  c ites a number o f  studies that indicate 

w i l d  gal l i forms may ext ract cons iderable energy from 

fermentat i on by cae c a l  bacter i a  and there i s  evidence that 

indicates caecal s i z e  responds to increas ing c oncent rat i ons 

of diet ary f ibre ( Gas away , 1 9 7  6) although dietary bulk 

rather than qua l it y  may be caus ing the e ffect ( Sturk i e ,  

1 9 8 6 ) . 

2.5 . �crobial Effects 

The nut rit ional s igni fi cance o f  popu l at i ons o f  

microorgan i sms i n  the digest ive t ract have been reviewed 

by Salter ( 1 9 7 3 )  for poul t ry and Savage ( 1 9 8 6 )  for mamma l s . 

I n  the fowl bact e r i a l  act ivity occurs throughout the 

gastro intest inal t ract and is i l lust rated in T ab l e  2 . 1 .  

adapted from Jayne-Wi l l i ams and Coates ( 1 9 6 9 )  . The dominant 

bacteria in the crop appears to be l actobac i l l i  and weakly 

acid or weakly a lk a l ine envi ronment s (pH 6 .  5 t o  7 .  5 )  , 

increas ingly anaerobic condit ions , t he c ompo s i t i on of 

digesta , the nutrit i onal status of the host and the qua l ity 

of t he protein fed a l l  appear to influence the s i z e  and 

nature o f  the bact e r i a l  populations ( Jayne-Wi l l i ams and 

Ful l e r ,  1 9 7 1 )  . Although bacteria a re more c oncentrated in 

the caeca there may be a greater turnove r  of bacterial  
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c e l l s  and a greater e ffect o f  bacterial act ivity on 

dige st ion in other part s of the t ract as a result of the 

different evacuat ion rate s  of t he caeca , sma l l  intest ine 

and colon ( Ma cN ab ,  1 9 7 3 )  . 

T able 2 . 1 .  Microflora populat ion in different s it e s  o f  the 
digestive tract o f  poultry (Adapted from Jayne
Wi l l i ams and Coates , 1 9 6 9 ) . 

Organisms Organi sms / g  in c ontent s o f  
Crop Duodenum I leum 

Streptococci 0 - 1 09 
St rep . fa e c a l is 
St rep . l iquefa ecalis 
St rep . zymogenes 
St rep . fa e cium 

Lactobacil l i  
L. l a ctis 
L. a cidoph il us 
L .  salivarius 

Coli forms 
E .  coli 
A .  aerogen es 

Clostridia 
Cl . we lchii 

Bacteroide s 

not 0 - 1 0 5 
determined 

0 0 0 

Caecum 

Other organisms Cl. sporogenes, Cl. paraputrificum, Cl. tertium, 
Eubacterium sp., aerobic sporeformers, coryneforms, anaerobic cocci, 
micrococci, moulds and yeasts. 

Mason ( 1 9 8 4 ) , Draser and Hi l l  ( 1 9 7 4 )  and Wrong , e t  a l . 

( 1 9 8 1 )  provide evidence o f  the digest ive act ivity o f  

mammal i an gut flora . Among t h e  nit rogenous c ompounds 

met aboli sed are amino ac ids , ma i l l ard compounds ( amino 

acid-sugar comp lexes ) ,  mucosal res i dues , mucoglycoprote ins , 

uric acid and amines . The most s i gni ficant react i ons 

invo lve the format i on of short chain fatty acids through 

the reduc t i on of amino acids with the l iberat i on o f  
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ammoni a . Other react i on s  involve the oxidat ive deaminat i on 

o f  amino acids with t he production o f  a l dehyde s and 

format ion of succinat e ,  fumarat e ,  indo l e  propi onate , indo le 

pyruvate as wel l  a s  other phenol i c  ac ids . The ac ids l ower 

t he pH o f  the content s o f  the l arge intest ine and l ower s  

t h e  activity of the deaminase-producing bacte r i a  whi ch are 

favoured by alkal ine pH condit i ons . 

Gut bacteria may a l s o  met abo l i z e  amino acids by 

decarboxylat ion and f i s s ion react i ons . F i s s ion react i ons 

result in the format i on of other amino ac ids , a-keto acids , 

cyc l i c  c ompounds and amine s and decarboxyl ases are known 

t o  be produced by some bacteri a .  

The intestinal microfl ora may use the breakdown 

product s of the i r  act ivities to s ynthe s i s e  the i r  own 

prote ins . Thi s mainly involve s  the a s s im i l at i on of ammonia 

but the ut i l i sat i on o f  amino ac ids has also been reported 

by P ayne ( 1 9 7 5 )  as c ited by Larsen ( 1 9 9 1 ) . Boorman ( 1 9 7 6 )  

doe s  not discount the possib i l ity that amino ac ids freed 

by bacte rial  activity may also  be absorbed . The con s i stency 

of f aecal amino a c i d  compos it ion over a variety of diet 

t ypes noted by Parsons ( 1 9 8 1 )  ; Boorman ( 1 9 7 6 )  and Larsen 

( 1 9 9 1 )  may re flect the microbial comp o s i t ion (Mason ,  1 9 8 0 )  

and c ons i stency o f  t e rminal endogenous secret i ons o f  the 

gut ( Boorman , 1 9 7 6 )  . 

2 . 6 . Endogenous protein secretions 

Prote inaceous gast rointest inal secret i ons have four 

primary sources: the enz ymes secreted a l ong the tract and 

those aris ing from the panc reas and b i l e ,  des quamated 

ep ithe l i a l  cell s ,  p l a sma protein secret ions , and mucous 

secret i ons . The n ature and funct i on of the enzymes 
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secret i ons have been covered in earl ier sect i ons . 

T able 2 . 2 .  drawn from Hi l l  ( 1 9 7 1 )  demonstrat e s  t hat 

as digesta p a s s e s  from the gi z z ard into the duodenum the re 

i s  an approximate 3 fold di lut ion o f  exogenous nitrogen by 

endogenous s ources . Somewhat s im i l a r  relat i onships ( four 

fold)  have been reported by Boorman ( 1 9 7 6 )  of studie s  o f  

the dog and t he rat and sugge st t hat considerable dige s t i on 

and absorpt ion of endogenous prote in must t ake p l ace in 

more dist a l  segment s of the gut . 

Tab l e  2 . 2 .  D i st ribut i on o f  nit rogen in the digestive t ract 
of 6 week old chicken s . 

Food or int e s t in a l  segment % N %Cr203 N / C r203 

Food 3 . 5 5 0 . 4 5 8  7 . 7 5 
Crop 3 . 5 5 0 . 3 5 2  1 0 . 0 3 
Provent riculus 3 . 1 3 0 . 1 92 1 6 . 3 0 
Gi z z ard 2 . 7 4  0 . 1 8 9  1 4 . 5 0 
Upper duodenum 8 . 3 3 0 . 2 3 0  3 6 . 2 5 
Lower duodenum 8 . 5 5 0 .  2 8 2 3 0 . 3 7 
Upper j e j unum 6 . 0 0 0 . 7 0 0  8 . 5 8  
Lower j e j unum 5 . 2 3 1 .  4 3 7  3 . 6 4 
Upper i l eum 4 . 5 4  1 . 2 7 4  3 . 6 5 
Lower i leum 4 . 3 0 0 . 8 1 1  5 . 3 0 

The secre t i on of plasma protein int o the gast ro

intest inal t ract has been reviewed by Freeman ( 1 9 6 4 )  and 

Rothsch i l d ,  et a l . ( 1 9 7 0 )  and the i r  role in mammal i an 

digest ive secre t i ons summari sed by Butts ( 1 9 9 3 )  . Est imates 

of the amount o f  plasma protein l o s s  into the digest ive 

t ract range between 1 0  percent for p l a sma albumin ( F reeman , 

1 9 6 4 ; Je ffries and S le i senger ,  1 9 6 8 )  and up t o  2 0 %  

( Cuthbert son and T i l stone , 1 9 7 2 ) although ear l ier est imate s  

imp l ied cat ab o l ism by way o f  the gut might be even greater 

(Boorman , 1 9 7 6 )  . With the except i on of immunoglobu l in A 
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which i s  secreted by the mucosa and adheres t o  and protect s 

the muco s a l  surface , there i s  no evidence that p l a sma 

prot e ins are active l y  t ransported across the epithe l i al 

surface . A carrier mechani sm proposed i s  that l ymph aris ing 

from c ap i l laries in t he l amina prop r i a  is carried into the 

l umen a l ong with de squamat ing epithe l ial ce l l s  ( But t s ,  

1 9 9 3 )  . 

Ce l lular exfo l i ation from the muc o s al surface o f  the 

gastro-intest inal t r act involve s  c e l l s  originat ing in t he 

c rypt s migrat ing up the epithe l i a l  surface o f  the vi l l i  

where they are shed a t  the apical  surface (Boorman , 1 9 7 6 )  . 

The s i z e  and shape o f  the vi l lus i s  governed by the rate 

of c e l l  loss and rep l acement and to ret a in s i z e  and shape 

a cont rol must exist that coordinate s  rates of shedding 

with rates of synthe s i s in the crypt s ( Creame r ,  1 9 7 4 ) . E ach 

c e l l  is repl aced in approximate l y  4 8  hours in the fowl 

( Imondi and B i rd ,  1 9 6 6 )  and i s  s im i l a r  to est imates for 

repl acement t ime o f  the tot a l  gut ce l l  popu l at ion in dogs 

and humans of 4 - 6 days and in rat s of 3-7 days ( Butt s ,  

1 9 9 3 )  . 

But t s  ( 1 9 9 3 )  notes a number o f  fact ors that in fluence 

the growth of the mucosa in mamma l s . D ietary f ibre 

st imu l ates muc o s a l  growth and intest inal ce l l  turnover 

( Jacobs and Lupt on , 1 9 8 4 )  . Forms o f  dietary amino a c i d  

supp l y ,  whether whol e  prot e i n ,  hydr o l ysed protein o r  free 

amino acids have influenced muc o s a l  growth in the rat 

( P ou l l ain , et a l . 1 9 8 9 ) . The c omp o s it ion o f  the gut 

micro f l ora and phys i cal and chemi c a l  t rauma may increase 

c e l l  loss  ( Badawy , e t  al . ,  1 95 7 ) and the presence o f  norma l 

bact e r i a l  flora shorters the average l i fe of a c e l l  t o  hal f  

that under bacteri al free condit i ons ( St rornbeck and 

Gui l ford, 1 9 9 0 )  . 
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The c ompos it i on and function o f  mucus s e creted in the 

gas t o - intest inal t ract has been reviewed by ( Al len , 1 9 8 1  

; 1 9 8 4 )  and Mant l e  and Al l en ( 1 9 8 9 )  and its role in 

mammal ian digest ive phy s i o logy summar i s ed by Butts ( 1 9 9 3 )  . 

Mucus i s  a water and mucus glycoprot e in ( mucin)  mixture 

that occurs in two forms , as  a water inso l uble ge l adhering 

t o  the muc o s a l  surface of the ent i re gut and as a so luble 

fract i on that mixe s with �uminal juices and ove r l i e s  the 

ge l . Mucus is c ont inuous l y  released under rest ing 

condi t i ons by simp l e  exocyt o s i s  from mucus secret ing 

c o lumnar epithe l i a l  ce l l s  found throughout the gut and 

t hrough c e l l  exfo l i at ion . It , together with the digest ive 

e n z yme s and de squamated epithe l i a l  c e l l s  represent the 

ma j o r  source of endogenous prote in in the secreti ons of the 

gut . Spec i a l i sed st ructures invo lved in mucus secret ion 

inc lude the salivary and oesophageal g l ands , mucus neck 

c e l l s  of the provent r iculus , brunner' s gl ands of the 

duodenum, goblet c e l l s  and the crypt s o f  l ieberkuhn of the 

intest ine . It funct i ons to protect the unde r l y ing mucosal 

epithel ium from t rauma of a mechani cal , chemical or 

patholog i c a l  nature and a ct s  as a barrier separat ing gut 

f l ora and pathogen s  from cont act with the l ining 

epithel ium . It i s  permeable to low mo lecular we ight so lutes 

( < 1 0 0 0  DA) but not t o  l a rge molecules such as proteins and 

within i t s  l ayers it may c ontain dietary prot e ins , pept ide s  

and amino acids , enzymes , plasma prote ins , bile , 

mi c ro organi sms , s l oughed ce l l s ,  immunoglobu l in A and 

digesta f ragment s and s o lutes and ions . 

In vitro studie s  have shown that puri fied muc ins o f  

mammal i an origin a r e  suscept ible t o  proteolys i s  by 

digest ive enzymes with the re lease of degraded glycoprotein 

s ubunits ( Mant le and Al len, 1 9 8 9 ) . Los s  or degradat i on of 

mucus may a l s o  a r i s e  from the abras ive act i on o f  the 

p a s s age o f  digesta and f rom the mot i l e  forces o f  digest i on . 
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C a s sidy , et a l . ( 1 9 8 1 )  c oncluded that cellu l o s e  and wheat 

bran s upplemented diets increased secret i o n  within the 

l arge intest ine . I t  i s  appa rent that a dynami c equ i librium 

must exist that maintains the integrity o f  the mucus 

barrier against cont inuous ero s i on of the mucus l ayers . 

2 . 7 .  D igestion and Absorption of P roteins 

Reviews on the phys i o l ogy of dige st i on in poultry have 

been pub l i shed by Sturkie ( 1 9 6 5 ,  1 9 7 6 ,  1 9 8 6 ) , Hi l l  ( 1 9 7 1 ) , 

Boo rman and Freeman ( 1 9 7 6 ) , Duke ( 1 9 7 7 )  and in mammal s  

extens ive coverage by Snook ( 1 9 7 3 ) , Rerat , et a l . ( 1 9 7 6 ) , 

D avenport ( 1 9 8 2 ) , Wi l l s  ( 1 9 8 5 ) , Strombeck and Gu i l ford 

( 1 9 9 0 ) , Larsen ( 1 9 9 1 ) , Rerat and Corring ( 1 9 9 1 ) , But t s  

( 1 9 9 3 )  and f o r  pigs L o w  and Z ebrowska ( 1 9 8 9 ) . D ige st ion i s  

a luminal proce s s  i n  i t s  e a r l y  st age s that invo lve s  the 

hydro l y s i s  of macromo lecules into shorter sub-unit s .  This 

i s  f o l l owed by a rapid degradat ion into les ser un its (by 

a proce s s  operat ing on the brush border surface o f  the 

int e st ine ) sma l l  enough to enter the micros c op i c  spaces 

between the vi l li and be absorbed into epithe li a l  ce l l s . 

Thi s f inal st age or membrane digest i on i s  brought about by 

enz yme s nat ive t o  ( intrins ic ) or ads orbed ont o ( ext rins i c )  

the mucosal  surface . The pancre at i c  enzyme s are extr ins ic 

fact ors that act both in the lumen and at ads orpt ion s ites 

on the digest ive-abs orpt ive surface . The int rins i c  enzymes 

are t he pept idases of the sma l l  intest ine whi ch act on the 

brush bo rder of the ce l l  and in the lumen when they arrive 

through the process o f  c e l lular exfo l i at ion . Further 

dige s t i on and absorption of res idual dige sta may result 

from bacterial proteo lys i s  whi ch in the fowl is most act ive 

in the caeca ( Boorman , 1 9 7  6 )  . Protein digest i on occurs 

predominant l y  in the st omach and proximal sma l l  intestine 

and the main s ite of absorption is the sma l l  intestine . 
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P rotein molecules are denatured init i a l l y  by a c i di c  

enzymat i c  hydroly s i s  in the proventr i culus and gi z z ard . I n  

mammal s  absence o f  this st age res u l t s  i n  a reduct i on o f  

amino a c i d  absorpt ion and a reduct ion in protein 

dige s t i b i l ity ( Butt s ,  1 9 9 3 ) . Ac idic chyme pas se s  into the 

duodenum where it is sub j ect to a lkal ine pancreat i c  

secret i ons that r a i s e  luminal content s t o  near a lkal ine pH 

to provide opt imal c ondit i ons for degradat ive act ivit i e s  

o f  pancreat ic and brush border prote o l yt i c  en z yme s . The 

brush border cont a in s  pept idase act ivity against pept i de s  

3 - 6  res idues in the length whi l e  the dipept ida s e s  appear 

t o  be pre sent predominant l y  in the cyt o s o l  o f  the 

epithe l i a l  cel l s  but with some pre sent in the brush borde r . 

Some o f  the pept idases from the brush border and cyt op l a sm 

o f  the ce l l s  are s o lubi l i sed in the lume n ,  in part from t he 

breakdown of e x fo l i ated epithe l i a l  c e l l s ,  and assume a 

luminal hydro lyt i c  activity ( Butt s ,  1 9 9 3 ) . 

Absorpt ion o f  amino acids and pept ide s t akes pl ace 

throughout the sma l l  intest ine but with predominant 

activity o ccur ing in the j e j unum . T ransport of amino a c i ds 

by intest inal ent e rocytes occurs by simple and f ac i l it ated 

di ffu s i on and active transport . Amino acid t ransport 

syst ems are c l a s s i fied on the b a s i s  o f  subst rate 

preference . Sturkie ( 1 9 8 6 )  reviews in some det a i l  avi an 

absorpt ive proces s .  Absorpt ion occurs by attachment to a 

spe c i f i c  s ite on the muc o s a l  epithe l i a l  membrane . Learner 

( 1 9 7 1 )  cited by H i l l  ( 1 9 7 1 )  conc luded that in t he chicken 

there were at least three separate abs o rpt ive p athways for 

neut ral amino a c i ds : a system for methionine and rel ated 

a l iphat ic compounds , one for glyc ine and one for prol ine 

and re l ated amino ac ids . He a l s o  recogni sed a dist inct 

pathway for b a s i c  amino acids . Among members o f  a group 

there i s  c ompet i t i on in the absorpt ive proce s s  although the 

absorpt i on s it e s  exhibit preference rather t han 
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e x c lus i vene s s . L - l y s ine absorption i s  inhibited by L

arginine , L -phenyl a l anine o r  L-hist i dine and L-leucine 

absorpt i on i s  inhibited by L-va l ine , L - i s o leuc ine , or L

methionine , with l it t l e  or no compet it ion observed for 

glycine s it e  ( Gou s , et a l . , 1 9 7 7 ) . 

Endogenous protein i s  not dige s t ed as rapidl y  a s  

exogenous prote in . The more di s t a l  segment s of t he 

intest inal t ract may p l ay a more import ant ro l e  in the 

abs orpt i on of amino acids o f  endogenous protein ( Crampt on 

and Nesheim, 1 9 6 9 ) . Boorman ( 1 9 7 6 )  suggests in explanat i on 

t hat endogenous prote ins are not sub j ected to the 

denaturing and part i a l  digest ive proce s se s  o f  t he stomach . 

Howeve r ,  Nas set ( 1 9 7 2 ) has po inted out that the rat i o  o f  

endogenous to exogenous protein decreases a l ong the sma l l  

intest ine , a phenomenon that i s  incon s i stent with 

endogenous protein be ing res i stant to digest ion and 

absorpt ion . 

I ntest inal muc o s a l  upt ake of pept ides i s  mediated by 

a spe c i f i c  carrier system and i s  re s t r icted t o  the upt ake 

of dipept ides and t r ipept ide s . The upt ake of pept ides i s  

genera l l y  faster than the abs orpt i on o f  free amino ac ids 

and such upt ake c onfers enhanced e f f i c iency t o  the 

digest ive proce s s  by enabl ing intracel lular hydrol y s i s  o f  

dipept ides and t r ipept ides ( But t s , 1 9 9 3 )  . Some pept ides and 

proteins are absorbed int act int o  the b lood plasma and are 

probab l y  t ransported to and hydrol y sed in t i ssue cel l s  

( Webb , 1 9 9 0  ; Butt s ,  1 9 9 3 )  . 
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CHAPTER 3 

NITROGEN AND AMINO ACID DIGESTIBILITY 

3 .  D I GESTIBILITY 

Digest ib i l it y  is  a measure o f  t he amount that has  been 

ext racted from a food through the process of dige s t i on and 

abs o rpt ion . It may be est imated by measuring the amount 

exc reted and subst racting it from t he amount fed . Excreted 

material may c ont ain waste o f  endo genous origin , c e l l  

debri s ,  mucu s ,  digest ive enzyme s , b i l e  and micro f l or a  and 

of metabol i c  origin,  urine , as we l l  as food re s i due s . I f  

a correct ion i s  appl ied to negate the influence o f  

endogenous and met abo l i c  source s t h e  e stimate s  derived are 

" t rue " rather than " apparent " . The most common l y  unde rt aken 

mea surement s are tho se on nit rogen ( N )  and amino ac ids 

(AA) . 

P apadopoulus ( 1 9 8 5 )  de fined apparent amino a c i d  

digestibility a s  " the di fference between t he amount s o f  

amino acid int ake i n  the diet and in the excreta or i leal  

dige s t a "  as a proport ion of the amount consumed in the 

food . Expre s s ions describing apparent and t rue AA 

digest ibi l it i e s  a s  adapted from B o lt on ( 1 9 6 9 )  are given 

be l ow 

Apparent D i et ary AA - Excreta AA 
digest ibi l it y  = 

True 
digestib i l it y  = 

Diet ary AA 

D i et ary AA - ( Ex cret a AA -
(Endogenous + Met ab o l i c  AA) ) 

D iet ary AA 
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There are two common procedures for e s t imat ing 

digestibi l ity in poultry . They are the t ot al c o l lect i on and 

i leal techn ique s .  Measurement s l ab e l l ed " i l e a l "  are 

indicat ive o f  t he use of procedures which attempt t o  

overcome distort i ons caused by urine contaminat ion o f  

faeces and distort i ons aris ing from hind gut microb i a l  

s ynthe s i s  o f  protein and amino ac i ds . 

D ige st ibi l i t i e s  are e st imate s  o f  the proport ion o f  

suppl ied nut rient t hat i s  removed f rom the gut by 

absorpt ion into the c i rculatory system . In const rast , they 

are not measure s o f  avai l ab i l it y  although they c an be used 

as est imates of such . Ava i l abi l ity refers to the p roport i on 

o f  supp l ied nut rient s that are in a form, f o l l owing 

digest i on and absorpt ion ,  capable of being used for a 

part i cu l ar met abo l i c  need . I n  feed formu l at i on 

digestib i l ities may permit an improved est imate o f  the 

amount o f  nut rient extracted from t he diet and may enabl e  

mo re e f f i c ient u sed o f  feed ingredient s with ult imat e l y  a 

c o st bene fit . 

As says pe r formed on target spe c i e s  are termed direct . 

I ndirect approache s invo lve enzymat i c  in vitro studie s .  

3 . 1 .  D I GESTIBILITY IN VITRO 

D igestib i l ity in vit ro invo lves determinat ion by 

enzymat ic a s s ay o f  t he quant ity of amino acids re lea sed 

from a protein source materi a l  on i t s  incubat i on with 

proteolyt i c  enz ymes . The s implest a s s ay s  invo lve incubat i on 

o f  the feedstu f f  with one enzyme at a part icu l ar pH , eg . 

pepsin at pH 2 .  S ome invo lve a s e c ond enz yme o r  enzyme 

c omplex incubat i on step eg . the forme r step f o l l owed by 

p ancreat ic proteases at pH 7 -8 . D i ge s t ib i l ity i s  obt ained 

30 



by a comparison o f  t he amino acid o r  nitrogen c ontent o f  

the test material with that o f  the inso luble res idue t hat 

remains a fter the digest i on proces s  and fol l owing 

f i lt rat i on and washing ( Low, 1 9 8 2 )  . 

The techniques attempt to reproduce dige st ive 

c onditions in the st omach and in the smal l  intest ine but 

they di f fer in two import ant respect s . The secret ion o f  

intest inal juice i s  not constant i n  c omposition and the 

techn ique doe s  not t ake into account digest ive phenomena 

in the end section o f  the digest ive t ract ( Larb i e r ,  1 9 8 5 )  . 

Accordingl y ,  the e xtent to whi ch they may simu l ate in vivo 

dige st i on in any given s ituat ion i s  uncertain ( Low,  1 9 8 2 )  . 

Re sults from en zymat i c  or in vit ro assays have been 

compared with thos e  o f  i leal and fae c a l  ( t ot a l  col l e ct i on ) 

and chemi cal dige s t i b i l ity studie s .  Rayne r and Fox ( 1 9 7 6 )  

c ompared the amino acid digestibi l it y  o f  rape seed mea l s  

us ing e ither pronase o r  hydro lyses with 6M HCl . More amino 

acids were released under the acid hydrolys i s  procedure 

than by the act i on of pronase . On the other hand, Datt a 

( 1 9 7 8 )  found the l y s ine digest ibi l it y  o f  pou ltry diets a s  

est imated b y  pep s in : pancreat in dige stion equated more 

c l osely with resul t s  obt ained from b i o l ogyca l  a s s ays than 

those obt ained us ing acid hydro ly s i s . 

It has become apparent that the t ype o f  enz yme o r  

enzyme complex and the enz yme-to-subst rate rat i o  influence 

the in vit ro result . Buchmann ( 1 9 7 9 )  showed that for 

cereals multi-enz yme dige st ion equat e s  more c l o s e l y  t o  in 

vivo methods . On the other hand, Johnston and Coon ( 1 9 7 9 )  

were more interested in exploring the effect o f  graded 

l eve l s  o f  pepsin on the dige s t ib i l it y  of various animal 

protein source . They found that decreased leve l s  o f  peps in 
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increased the s en s it ivity o f  the a s s a y  and the increased 

the range o f  d i fference between amino acids between diet s . 

In vit ro techniques are re l at ive l y  quick , inexpens ive 

and convenient methods o f  est imat ing digestibi l it y . 

However ,  the factors that influence results inc lude enzyme 

type s , quant i t i e s  and combinat i ons , t ime of incubat i o n ,  pH, 

part i c l e  s i z e  and temperature and are a source of 

var i ab i l ity between samples and between protein s ources 

S ibbald ( 1 9 8 7 )  . C l andinin and Robbl e e  ( 1 9 52 ) attributed to 

enz ymat ic as says a po s s ible qua l it y  c ontrol funct ion much 

as in ident i fying the opt imum durat ion of heat t re atment 

to which prot e in sources such as soybean mea l  shoul d  be 

expo sed . 

Standardi sed enz ymat ic procedures may provide a s s ays 

cap able of mea suring di fference s in protein digest ibi l ity 

for s amples o f  the same product grown or manufactured unde r 

di f ferent condit i ons . Howeve r ,  they have va lue onl y  t o  the 

extent that they reflect in vivo values ( S ibbald,  1 9 8 7 ) . 

3 . 2 .  DIGESTIBI LITY IN VIVO 

The se are digest ibi l ity as s ay s  performed us ing b i rds 

as the target species . They inc lude the methods of total 

c o l lect ion ,  i le a l  as says and surg i c a l  technique s . The se 

l atter have been used in research t o  estimate the extent 

of bias a s s o c i ated with urine and microbial c ontaminat i on . 

They inc lude c annu l at ion , caecect omy , exterioration o f  the 

c o l on ( col ostomy ) and the use o f  germ-free birds . 
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3 . 2 . 1 .  TOTAL COLLECTION METHODS 

The s e  assays invol ve c o l lect ing a l l  the excret a 

result ing f rom the feeding of a test diet . The a s s ays t ake 

a number of forms and give r i s e  to two type s of value s , 

apparent digestib i l it y  (AD ) and true digest ibi l it y  ( TD )  

acc ording t o  whether endogenous correct ions are app l ied . 

Tot a l  excreta c o l l e ct i on is a frequent ly used procedure 

because it is rel at ive l y  s impl e  to perform and in the 

modern a s s a y  the period of excret a c o l lect ion is short . The 

a s s ays provide dige s t ib i l ities for the set of amino ac ids 

of a feedstuff in a s ingle assay . 

The methodology was used by Kuiken and Lyman ( 1 9 4 8 )  

t o  determine amino a c i d  dige st ibi l ity in rat s . Bragg , et 

a l . ( 1 9  6 9 )  proposed the excret a col l e ct i on method for 

det ermining digestibil ity in poultry . 

The total col lection method invo lves feeding bi rds , 

with a known quant ity o f  the test food and recover ing the 

excreta produced over a col lect i on period . The difference 

in the qua l ity of AA or N in the test food and the excret a 

as a propo rt i on o f  the t otal consumed provides a measure 

of apparent amino acid digest ibi l ity (AAAD ) . 

The formu l a  may be derived as fol l ows : 

B a l ance AA ( mg)  = total AA int ake ( mg)  - total excreta AA (mg )  

Expanding and conve rt ing t o  a proport i on : 

B a l ance AA (mg) 
--------------------- = 

t o t a l  AA intake (mg )  
intake ) 

(mg AA/g food intake x g int ake ) -
(mg AA/g excreta x g excret a )  

(mg AA/g food intake x g food 
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S impl i fy ing and convert ing t o  a percent age : 

( mg AA I g excreta x g excret a )  
% AAAD = 1 - X 1 0 0  

(mg AA/g food intake x g food intake ) 

A variant that results in t rue amino acid dige s t i b i l ity 

( TAAD )  uses a correct ion t o  remove the bias c au s e d  by non

food res i dues in the excret a . The se fract i on s  have been 

re ferred to by Austic ( 1 9 8 3 )  and are the endogenous and 

met abo l i c  l o s ses that comprise AAs of unabsorbed digest ive 

juices , mucus , bile , de s quamated epithe l i a l  debri s , 

microb i a l  debris and AAs of urinary origin ( S ibba l d ,  1 9 8 7 )  . 

% TAAD = 

1 - { (mg AA/g excret a x g excreta ) 
(mg AA/g endogenous excreta x 

g endogenous excret a ) } 

mg AA/ g food int ake x g food intake 
X 1 0 0  

As says are most ly conducted on egg type chicken s , meat 

chi ckens or adult egg type cockerel s .  

3 . 2.1.1 . FREE-ACCESS METHODS 

I n  this approach animal s  are accustomed t o  the test 

diet over a period o f  time , ranging from 2 days ( Ro s t agno , 

1 9 7 3 )  t o  7 days (Muztar and S l inger,  1 9 8 0 a ) . The purpose 

i s  to c lear residues o f  the previous diet f rom the 

digest ive t ra ct and to estab l i sh a uni form rate o f  passage 

of dige st a .  The s ingle ingredient a s s ay is not recommended 

because many feedstu ffs are unpal at able and unbal anced when 

fed a l one ( S ibbald, 1 9 8 7 )  and many have adverse e f fects on 

body funct i ons i f  fed over a number o f  days . Consequent l y ,  

the a s s ay c ommonly invo lves determining the digest ib i l ity 

of a bas a l  diet and a test diet that cont a i n s  the test 

ingredient and basal in known proport ions . Thes e  as s ays 
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include the c l a s s i c a l  approach ( Hi l l ,  e t  a l . ,  1 9 6 6 )  and t he 

" rapid as say" ( se e  l ater)  i s  a vari ant . 

The free-acc e s s  approach i s  expo sed to the e rrors and 

distort i ons that result from selective and var i able food 

int ake ( S ibba ld, 1 9 8 7 ) and whi ch in the c ase of t he l atter 

are due t o  the re l at ive size o f  t he endogenous fract i on 

( S ibba ld,  1 9 7 5 )  . 

3 . 2 . 1 . 2. INTUBATION 

Thi s method was deve l oped by S ibbald ( 1 9 7 6 )  for t he 

determinat ion o f  t rue met abol i z ab l e  energy ( TME ) o f  

feedstuffs for pou l t ry . The procedure h a s  been c l a imed t o  

be rapid,  s imple , accurate and inexpens ive and w a s  appl ied 

by Likuski and Dorre l l  ( 1 9 7 8 )  t o  determine the AA 

digest ib i l ity o f  feedstuffs . It invo lves fast ing the 

e xperiment al bi rds for 2 4  to 4 8  hours to c lear the 

digest ive tract of res idues f o l l owed by the de l ivery of a 

known quant ity o f  feed into the c rop and subsequent 

quant itat ive col lect i on of excret a ove r a 2 4  t o  4 8  hour 

pe riod . The c o l lected excreta i s  frozen ,  free z e -dried,  

we ighed ,  ground and cleared of cont aminant s and then 

ana lysed for N or AA c ontent . In addit ion,  the excret a o f  

fasted cont rol b i rds i s  col lected, t he N o r  AA content 

determined and used as a measure of the endogenous N or AA 

output . A correct i on i s  made t o  the excreta term t o  obtain 

true N or AA digest ibi l ity . 

S ibbald ( 1 9 8 7 ) c l a ims that the method de l ivers a known 

amount o f  feed and e l iminate s  se lect ive feeding . I t  avo ids 

feed sp i l l age , and overcome s feed int ake var i at ion . The 

opt imum mea l  s i z e  depends upon the s i z e  o f  the bird and t he 

nature o f  the feed . S ibbald ( 1 9 8 7 )  recognizes that a l a rge 

mea l  s i z e  may reduce the e ffect 

although S ibbal d  ( 1 9 7 9 )  found 
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feedstuffs were not affected by mea l  s ize in a s s ay s  on 

adult cockere l s . S ibbald ( 1 9 7 7 )  report s that feed input s 

o f  greater than 4 0 g may result in an increase in the 

incidence of regurgit at ion in adu l t  c o ckere l s . 

3 . 2 . 1 . 3 .  RAP ID ASSAYS 

Farre l l  ( 1 9 7 8 )  de scribed a rapid a s s ay for the 

determinat i on of apparent met abo l i z ab l e  energy (AME ) . It 

invo lved the used of adult cockere l s  trained to consumed 

the i r  dai l y  feed a l l owance ( 8 0 - 1 1 0  g) in 1 hour . The a s s ay 

has been emp l oyed to obt ain N and AA digest ib i l it y  values 

in both adult cockere l s  and growing meat chicken stock . The 

a s s ay involves present ing to groups of bi rds e ither a 

pe l leted bas a l  diet or a pe l leted mi xture of the bas a l  diet 

and the test material  ( 5 0 : 50 w / w )  for 1 hour period . 

Excreta is then c o l l ected for a recommended 2 4 - 3 6  hours . 

I n  the assay endogenous l o s s e s  are not corrected for but 

they are e xpected to be r e l at ively 

inconsequent i a l  if food intake is  l arge . 

The formu l a  that app l ies i s  as f o l l ows : 

D AA/ g  T - D AA /g B x P 
% AAAD = 

where 
D 
T 
I 
B 

= 

= 
= 
= 

( 1 -P )  AA/g I 

Dige s t ib i l ity 
test diet 
test i ngredient 
bas a l  diet 

X 1 0 0  

sma l l  

p 
g = 

the proport ion of the bas a l  in the test diet 
grams 

AAAD = Appa rent Amino Acid Dige s t ibi l ity 

and where in general 

D AA/ g F = AA/g F -

where 
F food 

g F 

and 

Et = excreta a r i s ing from the food (After Yap ,  1 9 9 1 )  . 
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3 . 2 . 2 .  ILEAL COLLECTION METHODS 

The se methods are advoc ated on the b a s i s  t hat t he 

e ffects o f  fe rment ation by bact e r i a  o f  the hind gut on 

undigested res idues and hence on digest ibi l it y  are avoided 

(Achinewhu and Hewitt , 1 9 7 9  ; Rahar j o  and Farre l l ,  1 9 8 4 ) . 

I n  addit i on t he procedure removes the urinary influence on 

digest ibi l it y  (Aust i c ,  1 9 8 3  ; S ibbald,  1 9 8 7 )  . 

The procedure ( adapted f rom P ayne , e t  a l . ,  1 9 6 8 )  

invo lves a N free basal diet , for examp l e  cornst arch, 

sugar,  corn o i l ,  cel lulose , s alt and a vitamin and mineral 

supplement , to which i s  added i n  known proport i on the test 

ingredient and an indicator , c ommonly chromic oxide ,  t o  

form the t e s t  diet . The t e s t  diet i s  fed t o  young chick 

whi ch subsequent ly are s l aughte red and s amp l e s  o f  dige s t a  

removed from their t erminal i l eums . 

Amino acid digestib i l ity may be calculated us ing the 

expre s s ion 

% AA  dige s t i b i l ity = 1 0 0  - ( 1 0 0  x 

% Cr203 in feed x 
% AA in dige s t a  
--------------------- ) 

% Cr203 in dige s t a  x 
% AA in feed 

The method requi res that the concentrat ions o f  chromic 

oxide and amino acids in the feed and the dige sta be known . 

Apparent dige s t ibi l it ies may be corrected t o  " t ru e "  

est imate s  b y  feeding separat e l y  t h e  nit rogen f r e e  b a s a l  

cont aining a n  indi c ator . The formu l a  for obt aining " t rue " 

digestib i l it i e s  is given below (After Yap ,  1 9 9 1 )  and i s  

based o n  an a s s umpt ion that the t e st food and b a s a l  wi l l  

influence t he we ight and comp o s it ion of endogenous excreta 

equal ly for e ach gram o f  either fed . 
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% TAAD = 1 0 0  - ( 
1 0 0  X % 

% Cr203 

1 0 0  X % 

Cr203 test 

digesta test 

Cr203 basal 

% Cr203 digest a  basal 

% AA dige s t a  test 
X 

% AA test 

% AA dige s t a  basal 
X 

% AA test 

The sen s it ivity of i le a l  a s s ay s  has  been inve stigated by 

a number o f  workers . Rahar j o  and Farre l l  ( 1 9 8 4 )  compared 

t he digest ibi l ity of animal and p l ant prot e i n s  us ing the 

who l e  i l eum, the final  1 0  cm of the t e rminal i leum , the 

p o s t  c aeca region and the excret a . Average apparent N 

dige s t ib i l i t i e s  were 6 2 , 7 4 , 7 4  and 5 7 % ,  respect ive l y . They 

c o n s i dered the greater digestib i l it y  obt ained us ing 

t erminal  i l eum s amp l e s  as compared to excreta s amp l e s  was 

t he re sult of urinary nitrogen . Low ( 1 9 8 5 )  found the amino 

a c i d  dige s t ibi l it ie s  of meat and bone mea l  sub j ected t o  

d i fferent heat t reatment s were greater f o r  those based on 

i le a l  dige sta than for excret a c o l lect ion procedure s ,  but 

both procedures were equal l y  effect ive in demonst rat ing the 

i n f luence of heat damage on digestib i l it y  in chicks . On the 

other hand, Varnish and Carpenter ( 1 9 7 1  ; 1 9 7 5 )  reported 

that t he dige s t ibi l it y  o f  amino acids in the heat -damaged 

mus c l e  protein or prop i onylated l actalbumin was 5 to 1 2 %  

l owe r when mea sured from the i le a l  dige sta a s  compared to 

the faecal excreta o f  chicks . 

3 .2 . 3 .  SURGI CAL METHODS 

The se have been adopted by researchers for the most 

part in an endeavour t o  i s o l ate and quant i fy the influence 

on digest ibi l ity values of microorgani sms inhabit ing the 

hind gut and caeca and urine vo ided j oint l y  with faeces at 

t he c l oaca . They inc lude cannu l at ion , caecectomy and 

e xt e r i orat ion of the c l oaca ( co l o st omy ) . 
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3 . 2 . 3 . 1 .  ILEAL CANNULATION 

I le a l  cannul at i on was used by Rahar j o  and Farre l l  

( 1 9 8 1 ) , a s  an alternat ive t o  the i l e a l  s l aughter method . 

They used a gl a s s  T-piece c annu l a  whi ch was i n s e rted in the 

terminal i leum o f  adult cockere l s  ( 2 -3 kg ) about 2 . 5 cm 

ant e r i or to the i l eocae c a l  junct ion . When dige s t a  was 

requ i red the s crew cap and p lug were rep l aced by a sma l l  

p l as t i c  vi a l  which screwed onto the c annu l a  stem . The 

c o l l ec t i on period of about 3 0  minute s  at arted about 5 hours 

fo l l owing the feeding of a s ingle mea l  ( 1 0 0  g) fed over the 

period of one hour . 

The p rocedure serves the dua l  purpose o f  providing a 

means o f  s amp l ing i leal content s and preserving bi rds for 

reuse . Johns , et al . ( 1 9 8 6b )  used the technique and 

repo rted 6 0 %  of the cannul ated cockere l s  were s t i l l  hea lthy 

9 months a fter surgery . P rob lems to do with the method have 

been cited by S ibba ld ( 1 9 8 7 )  . These include the e f fect of 

cannu l at ion on digestib i l ity,  fact ors associated with the 

free flow of digesta through the cannu l a ,  e ffects 

consequent on part ic le s i z e  o f  the feed and the inf luence 

of feeding frequency on marke r recovery . 

3 . 2 . 3 . 2 .  COLOSTOMI SED BIRDS 

Colostomy involve s  exteriori s at i on of the c o l on . It 

enab l e s  a separation of urine from faeces in bi rds . The 

technique was explored by Rothchi l d  ( 1 9 4 7 )  and re fined by 

Tao , et al . ( 1 9 6 9 ) . The l atter authors found the technique 

to be s at i s fact ory and were abl e  to col l ect urine and 

faeces  over a 2 - 4  month per i od . O ' De l l ,  et a l . ( 1 9 6 0 )  found 

that the amino acid content cont ributed 3% o f  t he nit rogen 

in chi cken urine . They concluded that this was unl ikel y  to 

have s igni ficant e f fect on amino a c i d  dige st ibi l it y . 
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Parsons ( 1 9 8 1 )  reported Teekel l ,  et a l . ( 1 9 6 8 )  a s  obtaining 

an amino urinary nitrogen excret ion in hens of 6 mg/ day 

whi ch equate s  with 38  mg o f  amino ac ids per day . 

3 . 2 . 3 . 3 .  CAECECTOMI SED BIRDS 

Mo st microb i a l  fermentat i on in the l arge intest ine o f  

chi ckens i s  thought t o  occur i n  t he caeca . A review has 

been made by MacNab ( 1 9 7 3 )  on  the funct ions o f  the avi an 

c aeca . The se include : ( 1 )  water abs o rpt i on ( Thornburn and 

W i l c o x ,  1 9 6 5 ) ; ( 2 )  carbohydrate dige st ion or microb i a l  

decomp o s it ion of c e l lulose ; ( 3 )  prot e i n  dige s t i on o r  non

protein nit rogen absorpt ion ; ( 4 )  microbial  s ynthe s i s  o f  

vitamins and the i r  abs orpt i on ;  ( 5 )  immun i z at i on (May hew, 

1 9 3 4 )  . Lev and Briggs ( 1 95 6 )  found the micro flora of the 

c aeca in two-day old chicks reached a concent rat i on t hat 

was very s imi lar to that found at 1 0 ,  1 6  and 3 0  days after 

feeding . I t  has been sugge sted that the micro fl ora may be 

able t o  synthe s i z e  amino acids (Aus t i c ,  1 9 8 3 )  o r  ut i l i ze 

undige sted amino a c ids without nut r i t i onal value to the 

host . 

Caecectomy i s  usua l l y  app l ied t o  adult cockere l s . The 

ceaca are removed at the i leo-caeca l -c o l on junct i on and the 

bi rds given s ix or more weeks t o  recover before t r i a l  

procedures are commenced . The re s u l t s  of a number o f  

studies sugge st that caeca are invo lved with a net remova l 

o f  amino ac ids from the digesta leading to an increase in 

dige s t ib i l ity ( Payne , et a l . ,  1 9 7 1 ; Nesheim and Carperte r ,  

1 9 6 7 ; John s , e t  a l . ( 1 9 8 6a )  and P a r s on s , 1 9 8 4  ; 1 9 8 6 ) . I n  

their studies caecectomy lowered dige st ib i l ity indi cat ing 

t he caeca o f  intact birds had a funct ional role in AA 

extract ion . 

4 0  



3 . 3 .  THE CONTRIBUTION OF ENDOGENOUS SOURCES TO AMINO ACIDS 

AND NITROGEN EXCRETION . 

There i s  cons iderable interest i n  t he e f fe ct o f  

diet ary component s o n  the compos it ion o f  endogenous 

excret ion and on it s magnitute . Var ious methods are 

emp l oyed t o  quant i fy endogenous AA and N output and the 

values der ived are used to correct dige s t ib i l it y  to " t rue " 

e st imat e s , but the " t rue " e s t imates are onl y  a s  val i d  or 

re l i able a s  the endogenous est imate s  are representat ive . 

Many studie s  on diet ary influences on endogenous excret ion 

have been conducted . The result s  are var i ab l e . 

Diet ary fibre has been shown to influence 

endogenous nit rogen excret ion from rat s (Meyer , 1 95 6 )  and 

pigs (Whit ing and Be z e au ,  1 9 5 7 )  . The e ffect of dietary 

fibre on endogenou s amino acid excret i on from bi rds fed 

once , by crop intubat i on ,  is unc l ear . Muz t ar and S l inger 

( 1 9 8 0b )  reported that excret ion of endogenous amino acids 

was greater when cockere l s  were prec i s i on fed 2 0  g ,  rather 

t han 1 0  g, of puri f ied wood cellu l o s e . However ,  S ibbald 

( 1 9 8 0 ,  1 9 8 1 )  found no response to endogenous nit rogen or 

amino acid excret i on when adult birds were pre c i s i on fed 

graded concentrat ions of ce l lulose in diet s . Green ( 1 9 8 8 )  

found that increment s in the diet ary c oncent rat ion o f  the 

s ources o f  fibre ( in this case ce l lu l o s e  up t o  1 2 0  g / kg 

diet ) had no influence on the quant i t i e s  of endogenous 

amino ac ids or nit rogen excreted . P a rsons et al . ( 1 9 8 3 )  

reported that the excret ion o f  endogenous amino ac ids o f  

fasted adu lt cockere l s  and those fed a protein-free l ow

fibre or high-fibre diet were 1 4 8 . 5 , 2 9 9 . 5  and 3 9 2  

mg/bird/day respect ive l y . 

Green 

s imi l arity 

and Kiener ( 1 9 8 9 ) found that there was a 

between caecectomi sed and int act bi rds in 
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endogenous output o f  nitrogen and a l l  the amino acids 

except threonine . These re s u l t s  s uggest that endogenous 

amino a c i d  excret i on is onl y  very minima l l y  influenced by 

bacteri a l  act ivity or retent i on in the ceca . In other work,  

germ-free chicks excreted more endogenous amino a c i ds than 

did convent i onal chicks . Thi s s uggested the re was a 

substant i a l  mi c robial  influence ( Salter,  et a l . ,  1 97 4  ; 

Parsons , e t  a l . 1 9 8 2b ) . 

3 . 3 . 1 .  MEASUREMENTS OF ENDOGENOUS EXCRETION 

Var i ous e s t imates o f  the endogenous N and amino acid 

excret ion in chickens have been reported . Green and Kiener 

( 1 9 8 9 )  found that the quant ity of endogenous n i t rogen 

secreted in caecectomised and inta ct birds fed a prote in

free diet was 8 2 . 5  mg and 8 1 . 5  mg per bird per day 

re spect ive ly . Muztar and S l inger ( 1 9 8 0b )  us ing fasted bi rds 

obt ained greater l eve l s  of 5 2 5 . 6  mg N per day . F o r  t ot a l  

endogenous amino ac ids the resu l t s  o f  Green a n d  Kiener 

( 1 9 8 9 )  were 4 9 2 . 5  mg and 4 5 8 . 5  mg per bird per day for 

caecectomised and int act bi rds respect ively , a s  opp o s e d  to 

3 7 3 . 8  mg and 3 3 1 . 1  mg reported by Green , et . al . ( 1 9 8 7 a , b ) . 

Pere z , et a l . ( 1 9 9 3 )  determined endogenous amino a c ids at 

the terminal i leum and recorded 3 1 2 . 2  mg per b i rd p e r  day . 

The endogenous amino acid secret i on in chickens a s  reported 

by various workers is summari sed in Table 3 . 1 .  

Var i ous methods have been used to measure endogenous 

N and amino ac ids . 
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T able 3 . 1 .  Endogenous excret ion ( mg/day ) o f  amino acids i n  chi ckens a s  dete rmined by d i f ferent 
methods 

Amino acid Lower I l eum Intact Caecectomi sed Fasted 
Bird ( 1 )  ( 2 )  ( 3 )  ( 4 )  ( 2 )  ( 3 )  ( 4 )  ( 5 )  

Es sent i a l  
Amino Ac id ( EAA) 

Histidine 2 3 . 4  8 . 8  9 . 5  2 9  1 1 . 9  1 2 . 0  3 7  2 4 . 8  
Arginine 2 0 . 1  1 8 . 7  25 . 0  3 1  2 0 . 1  2 4 . 5  2 9  22 . 7  
Threonine 1 3 . 1  1 9 . 8 2 8 . 5  2 8  3 1 . 5  3 9 . 0  3 3  1 5 . 9  
Val ine 1 9 . 3  1 8 . 5  2 8 . 5  2 6  2 1 . 7  3 2 . 5  2 6  1 4 . 8  
Methionine 7 . 8  5 . 1  6 . 0  8 4 . 7  5 . 0  8 5 . 9 
I soleuc ine 1 7 . 2  1 4 . 1  1 9 . 0  1 9  1 5 . 0  2 0 . 0  2 0  1 1 . 0  
Leucine 2 2 . 1  1 9 . 5 2 9 . 5  3 3  2 1 . 1  3 0 . 0  3 3  1 7 . 0  
Phenylalanine 1 1 . 8  1 2 . 1  1 8 . 5  2 7  1 2 . 7  1 9 . 5  2 2  1 0 . 0  
Lys ine 1 5 . 4  22 . 4  2 7 . 5  3 3  2 0 . 8  2 6 . 5  2 6  1 9 . 6 

Non-Es sent ial  
Amino Ac id (NEAA) 

Aspart ic Acid 2 2 . 9  2 9 . 5  4 0 . 5  4 2  3 4 . 1  4 3 . 0  4 4  2 5 . 1  
Glutamic Acid 3 6 . 6  4 5 . 6  62 . 5  6 3  4 8 . 8  6 5 . 0  6 7  4 3 . 7  
Serine 2 4 . 4  22 . 3  32 . 0  35 2 8 . 7  3 7 . 5  3 5  1 6 . 5  
Glycine 1 8 . 1  3 0 . 4  3 6 . 0  - 3 0 . 3  3 6 . 5  - 1 62 . 8  
Alanine 1 8 . 6  1 9 . 2  25 . 5  - 1 9 . 7  2 6 . 0  - 1 4 . 0  
Prol ine 1 4 . 6  2 1 . 1  3 3 . 0  - 2 6 . 6 3 6 . 5  - 2 1 . 4  
Tyros ine 1 8 . 2  1 2 . 4  1 9 . 0  2 9  1 3 . 0  1 9 . 5  1 9  7 . 4  
Cyst ine 8 . 7  1 1 . 6  1 7 . 5  - 1 3 . 1  1 9 . 0  - 5 . 4  

1 )  Pere z , et  al . ( 1 9 9 3 )  
2 )  Green , et  al . ( 1 9 8 7 )  
3 )  Green and Kiener ( 1 9 8 9 )  
4 )  John s ,  et  al . ( 1 9 8 6 )  
5 )  Muztar and Sl inger ( 1 9 8 0b)  

4 3  



3 . 3 . 1 .  PROTEIN-FREE METHOD 

This method invo lves us ing a n itrogen-free diet t o  

obtain an e st imate o f  endogenous Nitrogen o r  amino a c i d  

excret ion . P a r s o n s  ( 1 9 8 1 )  compared this approach w i t h  that 

us ing st arved b irds . Endogenous amino acid s ecret i on was 

twice a s  h i gh us ing a l ow f ibre N-free diet for a 4 8  hours 

c o l lect ion period in adult cockere l s . The re s u l t s  obt ained 

by Muztar and S l inger ( 1 9 8 0b )  were cons istent with those 

of P arsons , et a l . ( 1 9 8 3 ) . They found roosters fed on a N

free diet excreted more amino ac ids than unfed bi rds . 

The protein-free method has been crit i c i sed on the 

bas i s  of be ing unphy s i o l ogyca l . Despite thi s the method i s  

used wide l y ,  for example Jans s en ( 1 9 7 9 ) , Bie lorai , e t  a l . 

( 1 9 8 7 ) , Green and Kiener ( 1 9 8 9 ) , Zupri z a l ,  e t  a l . ( 1 9 9 2 )  

and Pere z , e t  a l . ( 1 9 9 3 ) . There i s  evidence that the amount 

o f  protein secreted int o the intest ine is reduced by the 

feeding of prote in-free diet s ( Snook and Meyer ,  1 9 6 4 a  ; 

Fauconneau and Miche l ,  1 9 7 0 ) . The reasons that have been 

given are : 

1 .  The abs ence of dietary protein causes a reduct i on in 

the rate of c e l l  rep l i c at ion and c e l l  protein 

turnove r in the int est ine ( Munro and Go lberg, 1 9 6 4  ; 

Mi l l  ward, et a l . ,  1 9 7 6 ; Muramat su,  1 9  9 0  ; Moughan 

and Rut he rfurd, 1 9 9 0 )  . 

2 .  The absence of diet ary prote in may incre a s e  the 

breakdown and re-absorpt i on of secreted enz ymes 

(Munro and Golberg , 1 9 6 4  ; F auconneau and Miche l , 

1 9 7 0  ; Moughan and Ruther furd, 1 9 9 0 ) . 

3 .  The absence o f  dietary prot e in causes a l ower 

secret i on o f  digest ive enzymes and mucoprot e in 

( Moughan and Ruthe rfurd, 1 9 9 0 ) . 

On the other hand, protein-free diet s c on s i st l arge l y  

o f  starch f ibre , and endogenous secret ion i s  mainly 
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a f fected by the t ype and l evel o f  dietary f ibre used 

( Meyer ,  1 95 6  ; P a r s ons , 1 9 8 3  and Raharjo and Farre l l ,  

1 9 8 4 )  . The se e f fect s are l ikely t o  be re l ated t o  the 

observat ion that an increase in the int ake o f  fibre c auses  

an increase in digest ive secret i ons ( S chneeman , e t  a l . 

1 9 8 2 ) and an incre a s e  in intestinal c e l l  turnover rate 

( Vahouny and C a s s idy ,  1 9 8 6 ) . Contrast ing resul t s  have been 

reported by Muz t ar and S l inger ( 1 9 8 0b ) , S ibbald ( 1 9 8 0 )  and 

Green ( 1 9 8 8 )  . 

3 . 3 . 1 . 2 .  FASTING-BI RD  METHOD 

Thi s invo lve s  measuring the amino acids o f  excreta 

produced by unfed birds and us ing the s e  values as a mea sure 

of the endogenous l o s ses of fed birds . Likuski and Dorre l l  

( 1 9 7 8 )  u sed thi s method t o  determine the t rue amino acid 

digest ib i l ity o f  feedstuffs . Some amino acids were more 

t han 1 0 0 %  dige s t ible whi ch indi cated that the measure for 

endogenous product ion overest imated that in fed birds . 

Subsequent l y  Muz t a r  and S l inger ( 1 9 8 1 )  suggested use of the 

fed bi rds as it s own cont ro l . 

3 . 3 . 1 . 3 .  REGRESSION METHOD 

Thi s method invo lve s  feeding bi rds with several leve l s  

o f  a s ingle prote in s ource . The intercept o f  the regre s s ion 

l ine provides an e st imate o f  endogenou s amino acid output 

( Bielora i ,  et a l . ,  1 9 8 5 ) . S i riwan and Bryden ( 1 9 8 6 )  

reported thi s procedure gave greater est imates o f  

endogenous amino acid excret ion than the N-free diet 

method . 

3 . 3 . 1 . 4 .  HOMOARGININE METHOD 

Thi s method provide s  an e s t imate o f  a s ingle 

endogenous amino a c i d ,  l y s ine . It  invo lve s  t ran s forming the 

l y s ine in a prot e i n  s ource such as ge l at in t o  homoarginine 
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by a proce s s  known a s  guanidinati on . Homoarginine i s  not 

normal l y  present in the int e s t ine . In chi ckens ,  the method 

has been used by S i r iwan , et al . ( 1 9 8 7  ; 1 9 8 9 ) . The method 

depends on the assumpt ions that guan idinated prot e in i s  

dige sted and absorbed at a s imi lar rate and in the s ame 

manne r  a s  other diet ary proteins , that homoarginine does 

not c ause a l tered protein met abol i sm in the anima l ,  and 

that there i s  no s i gn i f ic ant arginase act ivity in the 

digest ive t ract that woul d  convert homoarginine back to 

l y s ine . The procedure a l s o  re l i e s  on high c onve r s i on rat e s  

o f  l y s ine into homoa rginine . The highe s t  convers ion 

achieved by Rutherfurd and Moughan ( 1 9 9 0 )  was 9 5 % . I n  rat s 

fed guanidinated ge l at in endogenous excret ion was greater 

than in rat s fed a protein-free diet ( Moughan and 

Rutherfurd, 1 9 9 0 ) . The e ffect was att ributed to dietary 

protein . The method has part i cular app l i cat i on in species 

and c i rcumst ances in whi ch lys ine is  a first l imit ing amino 

a c i d . 

4 6  



Chapter 4 

EXPERIMENTAL 

I n  recent years increas ing interest has been e xpre s s ed 

i n  the e f fect o f  non starch polys a cchari de s  on 

digest ibil ity and met abo l i z able energy of foods fed to 

poultry . Convent ional in vivo methods a s s e s s  qua l i t y  on the 

bas i s  o f  nit rogen and amino acid dige st ib i l ity and 

met abo l i z able energy . These procedures vary in the 

directne s s  of the i r  mea sures . Some invo lve intubat ion o f  

t e s t  ingredient s ,  othe r s , incur a var i ab l e  feed int ake , and 

i nvo lve free acc e s s  to diet s and c ont ain the test 

ingredient at some proport ion in the food fed . Correct i ons 

may be app l ied to account for endogenous secret ions and in 

i l ea l  as says indicators are used to quant i fy feed residue s . 

The purpose of experiment 1 was t o  inve s t i gate the swe l l ing 

p ropert ies of faeces and the storage modulus ( G ' ) or 

e l a s t i c  propert i e s  of i leal dige sta to determined whether 

t hey provide indices suitably var i ab l e  and sen s i t ive t o  

characterise feeds on the bas i s  o f  digest ive response . Such 

measures are relat ive ly direct and may be more suit able for 

cert ain feedstuff s , i n  part i cular,  the cerea l s  and legume s ,  

whos e  fibre content s may show con s i derable water ho lding 

capacity and vi s cous propert ie s . 

Exper iment 2 and 4 were unde rt aken t o  quant i fy 

endogenous N and ( in the experiment 4 )  endogenous lys ine 

re sponse to incre a s ing intake of cel lulose (Avi ce l ) and 

protein ( guanidinat ed ge l at i n )  re spective l y . The 

guanidinat ion of ge l at in involve s  a t rans format i on o f  

protein l y s ine t o  homoarginine . Lys ine appea ring in 

t e rminal gut secret ions is reasonab l y  a s sumed to be 

endogenous . Dige s t i b i l ity and met abo l i z able energy a s s ay s  

undert aken to a s s e s s  food qua l i t y  a r e  des igned t o  
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trivi a l i s e  t he imp act o f  endogenous secret ions or the 

out comes are c orrected to minimi s e  endogenous b i a s . There 

i s  evidence ( Parson s , 1 9 8 1  ; Nasset , 1 9 6 8  ; 1 9 7 2 ;  Boorman , 

1 9 7 6 )  that t e rminal gut secret ions vary l it t l e  in 

compo sit i on and are independent of dietary provi s io n ,  but 

that diet a ry c omponent s ( fibre , protein and starch)  may 

inf luence the vo lume of secret ions ( Sturkie,  1 9 8 6  ; Larsen , 

1 9 9 1  ; Butt s ,  1 9 9 3 )  . Experiment s 2 and 4 were unde rt aken 

to de fine endogenous respons e  to diet ary c e l l u l o s e  and 

diet ary protein . 

Experiment 2 invo lved t he prec i s i on feeding o f  meat 

chickens with art i fi c i al diet s i nvolving c e l l u l o s e  and 

cornstarch . D i f ficulty was e xper i enced in the intubat i on 

procedure with del ivering s ome o f  the quant i t i e s  o f  food 

involved . Experiment 3 was undert aken to exp l ore procedures 

involved and t he response to feeding by intubat ing wet 

diet s of the form that wou ld be emp l oyed in experiment 4 .  

I n  addit ion,  s ince the respons e  e st imates re l y  i n  l arge 

mea sure on the rel i ab i l ity o f  the chromium concent rat i ons 

of the i l e a l  digesta the t r i a l  would produce addit i onal 

e st imate s  o f  chromium concent rat ions and a s s i s t  i n  gauging 

the rel i ab i l it y  of out come s of experiment 4 .  
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EXPERIMENT 1 . 

FAECAL SWELLING AND ILEAL DIGESTA DEFORMATION AS INDEXES 

OF WATER HOLDING CAPACITY AND VI SCOSITY OF FEEDS 

OBJECTIVES 

a .  To invest igate the faecal res idues o f  feeds for the i r  

capac ity to ret ain water . 

b .  To invest igate the ileal digesta o f  feeds for the i r  

re s i st ance t o  de format ion . 

I n  recent years there has been an upsurge in interest 

i n  the physi o-chemical  propert i e s  o f  non st arch 

p o l y s acchar ides (NSP ) part icularly in respect to the i r  

s o lubi l ity and vi s c o s it y  characterist i c s  and the impact o f  

t h e s e  o n  feed dige st ibi l ity and ut i l i s at i on (Ann i s on ,  1 9 9 1  

; 1 9 9 3 ) . 

The hydroph i l l i c  propert ies o f  non starch 

p o l y s accharides are due t o  the presence of hydroxy l groups 

and are cons iderab l y  enhanced by sugar re s i due s with free 

p o l a r  groups . So lub l e  non starch polys accharide s  such as 

the glucan s , arabinoxy l ans , pect in,  muc i l ages and to a 

vary ing extent the hemice l luloses form int ramo l ecular 

a s s o c i at i ons and networks which bind water mo lecules and 

impart a degree of vi s c o s ity that is a funct ion of s eve ral 

factors inc luding molecular s i z e  and degree o f  branching, 

t he pre sence o f  charged groups and the concent r at i on of 

NSP ' s in the medium ( Larsen , 1 9 9 1 ) . 

Inso luble fibre s ources such a s  c e l l u l o s e  and the 

x y l ans are in c ontrast non vi s c ous and ent rap water 

mo l ecul e s  mechan i c a l l y ,  much l ike a sponge , but according 
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t o  Van S o e s t  ( 1 9 8 4 )  and Robert s on and Eastwood ( 1 9 8 1 )  t o  

a l e s s e r  degree than the s ol ub l e  fibre s . Vi s c o s it y  h a s  been 

l inked with ant i -nutrit ive e ffects ( Larsen, 1 9 9 1 ) , whereas 

according to Smit s  and Ann i s on ( 1 9 9 4 )  there is n o  evidence 

that the bul king propert i e s  of non vi s cous NSP ' s impair 

digest ibi l it y ,  indeed it may wel l  decrease ant i -nut rit ive 

bact e r i a l  e ffect s in the gut by dimini shing t he t ime 

avai l ab l e  for bact erial fe rment at i on . 

This t r i a l  was carried out first l y  t o  inve s t igate 

procedure s involved in obt a ining an index of wate r  holding 

c apacity of the faeca l  material of feedstuffs and 

sens it ivity of the measure between and within feed types . 

The index employed was swe l l ing capac ity and was de fined 

as the vo lume of faecal material  vo ided in cc per g o f  

faecal  dry matter . 

The sec ond ob jective was again expl oratory . I t  was reasoned 

that i f  the vi s c o s ity of digesta was of s u f f i c i ent 

pers i s t ance and magnitute t o  int erfere with digest ive 

phy s i o l ogy in the distal part o f  the i leum it might impart 

degree s o f  elasti city to dige sta c o l lected in c o l l o idal 

form t hat would be measureab l e  by de format i on rheo l ogy . 

MATERIALS AND METHODS 

S ixty 2 3  day old Ro s s  femal e  meat chickens were rece ived 

on 1 2  of March 1 9 9 3  and rai sed in a s ingle pen in the 

Envi ronment a l  Phy s i o l ogy s hed unt i l  4 2  days of age when 4 8  

were r andomly s e lected, we ighed and p l aced in individual 

bird cage s . Over the next s even day s ,  the peri od over which 

they had free acce s s  t o  food, was steadily reduced from 2 4  

hours on day 4 2  t o  one hour on day 4 8 . Thereaft e r  unt i l  5 4  

days o f  age they had acce s s  t o  feed for one hour a day . The 
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b i rds were then denied food for at least 3 6  hours and 

intubat i on commenced at 9 am on day 5 6 . Excreta was 

c o l lected in one set of t ransparent c a l ibrated p l a s t i c  cups 

at 12 hours after intubat ion and in a second s et at 2 1  

hours . Immediat e l y  fol lowing comp l e t i on o f  the second 

col l e ct i on birds were intubated again with the s ame t e st 

diet s they had previ ous l y  received . Four hours l ater they 

were s acri fi ced by a 1 rnl int rac ardi a l  inject i on o f  sodium 

pent obarbit one ( Pent obarb 3 0 0 ) . The final 1 5  cm o f  i l eum 

was c l amped and removed and the cont ent s sque e z ed into 

sma l l  p l a s t i c  bags and seal ed . 

Excreta s amples were stored in a refrigerat o r  in sealed 

cups unt i l  the fo l l owing week when vo lume measurement s were 

made . I leal dige st a s amples  were stored overnight in a 

refrigerat or and the next day mea sured for the i r  e l a s t i c  

propert ies . Throughout , the birds rece ived 1 6  hours o f  

cont inous l ight p e r  day and had free access t o  water a t  a l l  

t imes . Except for the t reatment diet s ,  they rece ived a 

bro i l e r  rat i on in pe l leted form des c r ibed in appendix 6 .  

There we re 1 2  dietary treatment s randomly a s s i gned ove r 4 8  

birds to give 4 birds per t reatment . Treatment s were 

intubated 25 g quant ities of the f o l l owing diet s . 

Code 

Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 
Al O 
Al l 
Al2  

Treatment diet 

Ma i z e  
Barley 
Meat and Bone Mea l  
Peas 
Mai z e  + Sorghum (1  : 1 )  
Barley + Sorghum ( 1  : 1 )  
Meat and Bone Meal + S orghum 
Peas + Sorghum ( 1  : 1 )  
Cel lulose + Granoco l  ( 5 . 0  
Cel lulose + Granoco l  ( 4 . 5  
Cel lulose + Granocol ( 4 . 0  
Ce l lulose + Granoco l  ( 3 . 5  
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The cel lulose used in this and subsequent t r i a l s  was 

purchased a s  Avi c e l  RC 5 9 1  ( from Commerc i a l  Minera l s ,  

Auckland) . Granoco l ,  a medicinal bulking agent , was 

obt a ined from Schering (NZ ) Ltd Auckland and had a 

documented swe l l ing c apacity o f  not l e s s  than 2 0  m l / g . The 

reported compo sit i on of 1 0 0  g granocol ( granule s )  was 4 7 . 3  

g Bas sorit , 8 . 2 7 6  g Cortex frangu l ae , 3 3 . 0 6 8  Whe at starch,  

5 . 9 1 1  T a l c ,  0 . 7 0 9  g S odium bicarbonat e , 0 . 7 4 9  g She l lac and 

1 . 6 2 2  g Carame l c o l our . For the determinat ion of swe l l ing 

index ( faeces ( c c ) per g dry matter ) faecal mat e r i a l  was 

c ategori sed as e ither past e ,  s o l id,  two-phase or 

suspen s i on . The two-phase category had both s o l i d  and 

aquaeous component s .  Excreta c l a s s i fied as suspens i ons were 

predominant ly l i quid with suspended s o l id mat e r i a l  that 

s ett led out on s t anding . Liquid phase s  were dec anted or 

s iphoned o f f  and t o  all cup s  a mea sured volume of water was 

added t o  convenient vo lume marks whi ch previou s l y  had been 

t e sted for vo lume accuracy . The excreta was then free z e  

dried . Swe l l ing index ( S I )  w a s  calcu l at ed a s  f o l l ows : 

Swe l l ing index ( S I ) = 
F inal volume ( c c )  - Added water ( c c )  

We ight ( DM )  o f  excreta res i dues 

The e l a s t i c  property in i leal  s amp l e s  was mea sured by 

sto rage modulus g' in pascal l s  us ing a Bohl i n  VOR Rheometer 

( Bohlin Rheo logy , Muh l acke r ,  Germany ) . Approximately 1 g 

o f  dige st a  was used between two vert i c a l ly oppo sed serrated 

Boh l in o s c i l lat ion p l ates set to a gap of 0 .  5 mm and 

operated with a t ors i on e lement of 4 . 6 2 cm at room 

t emperature . Storage modulus i s  de fined a s  t hat part of the 

shear s t re s s  that is in phase with the shear strain divided 

by the st rain under s inusoidal condit i ons ( Howard, 1 9 8 9 )  . 

I t  i s  a rat i o  mea suring the t angent i a l  force per unit o f  

a r e a  giving r i s e  t o  uni t  de format i on . 
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Test diet s were analysed for Neut ral Detergent F ibre ( NDF ) 

and Ac i d  Detergent F ibre ( ADF ) u s ing the procedure o f  Jame s 

and Theande r ( 1 9 8 1 )  (Appendix 1 ) . Nitrogen ana l y s e s  were 

undert aken according to the methods of AOAC ( 1 9 7 5 )  on a 

K j e ldahl 1 0 3 0  auto analyser ( Te c ator,  Sweden ) ( Appendix 2 ) . 

Corre l at i on and ana l y s i s  o f  var i ance procedure s were 

conducted u s ing the General L inear Mode l ( GLM) procedure 

of S t at i st i cal Analyt i c a l  System ( SAS , 1 9 8 5 )  . Duncan ' s 

Multiple Range Test was used in the dete rminat i on o f  

s ign i f i c ant di f fe rences . 

RESULTS 

Appendi x 7 provides detai l s  o f  the measurement s obt ained 

in the determinat i on of swe l l ing index and sto r age modulus . 

Appendix 1 1  det a i l s  component s o f  analyses o f  vari ance 

conducted for swe l l ing index for both 1 2  and 9 hour 

col l ect i on s , for storage modulus and for diet a ry NDF and 

ADF . 

Two way analys i s  of var i ance comparing d i f fe rences 

between swe l l ing index o f  the 12  and 9 hour c o l l ect i on 

peri ods and differences due t o  diet indi cated that t he mean 

swe l l ing index for the 12 hour col lect ion of 6 . 1 6 7 c c / g  

was n o t  s i gn i f i c ant ly di f fe rent t o  that f o r  t he 9 hour 

c o l l e ct i on of 7 . 1 5 1  c c / g  ( Tabl e  4 . 1 . 1 .  and Appendix 8 ) . The 

swe l l ing indices a s soci ated with meat and bone mea l ,  meat 

and bone mea l  + s orghum, c e l l u l o se and cellu l o s e  + granocol 

( 4 . 5 : 0 . 5 ) were s i gni ficant l y  sma l l e r  than those o f  pea s  + 

sorghum ( P < 0 . 0 5 ) . 
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T ab l e  4 . 1 . 1 .  The e f fect o f  diet and period o f  excreta 
col lect ion on swe l l ing index ( cc / g ) . 

Feedstuff Period o f  excret a c o l lect i on Mean 
1 s t  1 2  hour 2nd 9 hour 

Al 6 . 9 7 0  6 . 6 6 1  6 .  7 3 0ab 

A2 8 . 1 8 6  7 . 4 7 8  7 .  8 3 2ab 

A3 4 . 1 3 5 4 . 1 0 2  4 .  1 1 8b 

A4 7 . 2 2 3  6 . 3 6 6  6 .  8 5 6ab 

AS 5 . 2 9 5 6 . 9 6 5  6 . 1 3 0ab 

A6 7 . 4 7 0  9 . 6 2 6  8 .  5 4  8 ab 

A7 4 . 1 1 2  5 . 9 5 8  5 .  0 3 5b 

A8 7 . 8 8 9  1 2 . 4 2 0  1 0 . 1 5 5a 

A9 4 . 7 7 1  5 . 3 6 2 5 .  0 6 6b 

A1 0 5 . 3 9 2  5 . 2 6 0  5 .  3 2  6b 

Al l 6 . 3 8 9  7 . 5 5 6  6 .  9 3 7ab 

A1 2 6 . 3 4 6  7 . 8 5 9  7 .  1 3 0ab 

Mean 6 .  1 6 7a 7 . 1 5 1  a 

mean with di f ferent subscripts are significantly different (P<O . O l )  

The swe l l ing indi ces o f  diet s a s s o c i ated with the 1 2  hour 

c o l l ect ions ( S I  . 1 ) and those a s s o c i ated with the 9 hour 

c o l l ect ions ( S I . 2 )  were s ep arate l y  ana lysed for di f ference s 

( Tabl e  4 . 1 .  2 . )  . Swe l l ing indi ces were not s igni ficant ly 

di f ferent for the 9 hour c o l lect ion . For the 12 hour 

c o l l e c t i on barley ( 8 . 1 6 c c / g ) , barley + s orghum ( 7 . 4 7 c c / g )  

a n d  peas + s orghum ( 7 . 7 8 c c / g )  had s ign i f i c ant ly greater 

( P < 0 . 0 5 )  s we l l ing indi ces than meat and bone ( 4 . 1 4 c c / g )  

a n d  meat and bone mea l  + s orghum ( 4  . 1 1 c c / g )  and the 

swe l l ing index of barley was greater than that o f  cellulose 

( P < O . 0 5 )  . 
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Table 4 . 1 . 2 .  The e f fect o f  diet on faecal swe l l ing index 
within period o f  c o l lection,  1 2  hours ( S I . l ) 
and 9 hours ( S I . 2 ) in c c / g . 

Feedstuff S I . l * S I . 2 ns 

Al 6 • 7 8 9abc 6 . 6 6 1  
A2 8 . 1 8 6a 7 . 4 7 8  
A3 4 . 1 3 5c 4 . 1 0 2  
A4 7 .  2 2 3abc 6 . 3 6 6  

AS 5 .  2 9 5abc 6 . 9 6 5 
A6 7 .  4 7 0ab 9 . 6 2 6  
A7 4 .  1 1 2 c 5 . 9 5 8  
AS 7 .  8 8 9ab 1 2 . 4 2 0  

A 9  4 .  7 7 1  be 5 . 3 6 1 
Al O 5 .  3 9 2abc 5 . 2 6 0  
Al l 6 • 3 8 9abc 7 . 5 5 6  
A1 2 6 .  3 4  6abc 7 . 8 5 9  

* )  siqnificant ( P <O . O S )  
n s )  non siqnificant 

Table 4 .  1 .  3 .  det a i l s  the e f fect of diet on the s torage 

modulus o f  i l eal digest a . The s t orage modulus o f  the i leal 

digesta o f  ma i z e  ( 5 5 . 4  K P a ) , meat and bone mea l + sorghum 

( 7 6 . 2  K P a )  and mai z e  + s orghum ( 6 6 . 8  K P a  were 

s igni f i cant l y  greater ( P < O . O l )  than that of barley ( 1 0 . 9  

K P a )  and that o f  the dige s t a  o f  each of the cel lulose 

cont aining diet s whose values ranged from 1 7 . 8  

( ce l lu l o s e : granoco l ,  4 . 5 : 0 . 5 ) t o  2 . 8  K P a  ( c e l lu l o s e : 

granoco l ,  3 . 5 : 1 . 5 ) . The storage modulus for the digesta o f  

meat and bone meal plus s orghum was also  s igni fi cant ly 

greater ( P < O . O l )  than that of peas plus s orghum ( 4 . 0 2 K 

P a )  . 
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T ab l e  4 . 1 . 3 .  The e ffect o f  diet on t he storage modulus ( G ' ) 
o f  i le a l  digesta ( K  P a )  . 

Feedstuff 

Al 
A2 
A3 
A4 

AS 
A6 
A7 
A8 

A9 
Al O 
Al l 
Al 2 

* * )  significant (P<O . Ol )  

S torage modulus * *  

5 5 . 3 7 sabc 

1 0 . 8 9 0de 

3 7 . 4 1 8cd 

2 4 . 4 5 0de 

6 6 . 8 2 5ab 
1 3 . 6 9 5de 

7 6 . 1 5 0a 
4 0 .  1 7  sbcd 

1 1 . 3 8 0de 

1 7 . 8 3 5de 

3 .  4 9 octe 

2 .  7 5 8de 

Neut ral det ergent fibre and ADF measurement s o f  the 

t reatment diet s are given in Table 4 . 1 . 4 .  Diet s of meat and 

bone meal ( 3 5 . 6 % ) , barley ( 2 3 . 6 % )  and meat and bone mea l  

p lus sorghum ( 2 7 . 2 % )  had s ign i f i cant l y  greater ( P < O . 0 1 )  NDF 

l eve l s  than ma i z e  ( 1 8 . 4 % ) , peas ( 1 9 . 3 % ) , mai z e  plus s orghum 

( 1 6 . 6 % ) , barley plus sorghum ( 1 9 . 5 % ) , peas plus sorghum 

( 2 7 . 2 % )  and the cel lulose cont aining diet s who s e  values 

ranged between 1 6 . 3  and 1 8 % . S im i l a r  diet ary re l at i on ships 

existed with re spect t o  ADF measurement s . Diet s  o f  meat and 

bone meal ( 3 1 . 2 % ) , barley ( 1 9 . 3 % )  and meat and bone meal 

p lus so rghum ( 2 3  . 1 % )  had s i gni f i c ant l y  greater ( P < O . 0 1 )  ADF 

leve l s  than mai z e  ( 1 4 . 4 % ) , peas p l u s  s orghum ( 1 1 . 1 % )  and 

the c e l l u l o s e  containing diet s who s e  values ranged between 

9 . 8  and 1 2 . 5 % .  For both NDF and ADF , the meat and bone meal 

measurement s were greater ( P < O . O l }  than a l l  diet s . 
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Tab l e  4 . 1 . 4 .  Diet ary treatment NDF and ADF measurement s 
percent 

Feedstuf f  NDF 

Al 1 7 . 2 8 1  
Al 1 9 . 4 7 8  
A2 2 4 . S 1 0  
A2 2 2 . 6 S 3  
A3 3 8 . 7 3 0  
A3 3 2 . S 1 7  
A4 1 8 . 0 9 4  
A4 2 0 . 4 7 6  

AS 1 6 . S 7 0  
AS 1 6 . 6 2 7  
A 6  1 8 . 9 6 7  
A6 1 9 . 9 8 6  
A7 2 6 . 1 4 7  
A7 2 8 . 1 S O  
A 8  1 7 . 7 6 3  
A8 1 6 . 7 2 9  

A 9  1 6 . 1 7 1  
A 9  1 6 . S 7 2  
Al O 1 6 . 1 5 8  
Al O 1 6 . 9 2 2  
Al l 1 7 . 6 S 7  
Al l 1 7 . 2 7 1  
Al 2 1 8 . 3 9 S 
Al 2 1 7 . 6 1 9  

(OM) • 

Mean * *  

1 8 . 3 7 9d 

2 3 . S 8 1  be 

3 S . 6 2 3a 

1 9 . 2 8 6cd 

1 6 .  S 9 9d 

1 9 . 4  7 7 cd 

2 7  . 2 4 6b 

1 7 . 2 4 6d 

1 6 . 3 7 ld 

1 6 . 5 4 0d 

1 7 . 4 6 4d 

1 8 . 0 0 7d 

Mean with di f ferent subsripts are significant (P<O . Ol )  

ADF 

1 3 . 6 1 3  
1 S . 1 4 8  
2 0 . 0 7 2  
1 8 . S 0 6  
3 4 . 3 7 1  
2 8 . 0 9 6  

9 . 2 3 6  
l l . S 2 9  

1 3 . 3 4 0  

1 5 . 3 5 6  
1 S . 7 3 2 
2 2 . 2 9 9  
2 3 . 9 S 7  
1 1 . 6 0 0  
1 0 . S 8 1  

1 2 . 1 9 2 
1 2 . 7 1 2  
1 1 . 3 0 8  
1 1 . 8 7 0  
1 0 . 4 2 9  
1 1 . 0 3 2  

9 . S S 3  
1 0 . 1 9 8 

Mean * *  

1 4 . 3 8 0 cd 

1 9 . 2  8 9 bc 

3 1 . 2 3 3a 

1 0 . 3 8 2 d 

1 3 . 3 4 0d 

l S . 5 4 4 cd 

2 3 . 1 2 8b 

1 1 . 0 9 0d 

1 2 . 4 S 2 d 

l l . S 8 9d 

1 0 . 7 3 0 d 

9 .  8 7 sd 

in 

Corre l at i ons were obtained between S I . l  and NDF , S I . l  and 

ADF , S I . 2  and NDF , S I . 2  and ADF ,  Sto rage Modulus and NDF , 

Storage Modulus and ADF , and Swe l l ing I ndex . l  and Storage 

Modulus . The set o f  coe f f i c ient s o f  correlat i on are given 

below . Al l corre l at i on c o e f f i cient s were i n s i gn i ficant . 

Figures 1 to 7 re spect ive l y  describe the re l at i onships . 
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NDF 

ADF 

St o rage 
Modulus 
(G'  ) 

Coe f i c i ent s o f  
Swe l l ing Index 
1 2 
n= 1 2  n=1 2  

corre l a t i on 
Storage Modu lus 

( G '  ) 
n=1 2  

0 . 1 8 6 1 

0 . 1 2 5 1  

0 . 1 7 7 4  0 . 2 3 4 1  

0 . 1 5 9 8  0 . 3 9 7 1  

Swe l l ing 
I ndex 1 
n=1 2  

0 . 2 1 8 3  

F i gure 4 . 1 . 1 .  Corre l at i on between swe l l ing index o f  the 1 st 
1 2  hours excreta c o l l ection ( S I . l ) and the 
percent age of diet ary NDF . 
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F i gure 4 . 1 .  2 .  Corre l at i on between s we l l ing index o f  the 1 st 
1 2  hours excreta c o l l ect i on ( S I . l ) and t he 
percent age o f  dietary ADF . 
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F i gure 4 . 1 . 3 .  Corre l at i on between swe l l ing index o f  the 2 nd 
( 9  hours ) excret a c o l l ect ion ( S I . 2 )  and the 

pe rcentage of dietary NDF . 
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F igure 4 . 1 .  4 .  Correl at ion between swe l l ing index o f  the 2nd 
( 9  hours ) excreta c o l l e ct ion ( S I . 2 )  and the 

percentage of dieta ry ADF . 
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Figure 4 . 1 . 5 .  Corre lat i on between storage modulus ( G ' ) and 
the percent age o f  diet ary NDF . 
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F i gure 4 . 1 . 6 .  Corre l at ion between storage modulus ( G ' ) and 
the percentage of dietary ADF . 
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F i gure 4 . 1 . 7 .  Correlat i on between swe l l i ng index ( S I . l ) of  
the 1 st 12  hours excret a col l ect i on and 
storage modu lus ( G ' ) . 
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D I SCUSSION 

The more e ffect ive mea sures o f  swe l l ing index were obt a ined 

from c o l lect i ons of excret a voide d  within 12 hours o f  

intubat i on . There were signi ficant ( P < O . O S )  swe l l ing index 

diffe rences between diet s of the 1 2  hour col lect i ons , but 

no di fferences were detected for diet s of the second o r  9 

hour col lect i on . The t ime o f  c o l l ect i on e ffect was 

attributed to excret a of 12 hour c o l l ect ions cont ribut ing 

great er proport i ons to final volume s with co rrespondingly 

less variat ion and improved accurac y . 

D i st ingui shing t e st diet s on the bas i s  o f  faecal  swe l l ing 

wa s succe s s ful in but few o f  the di et s . The faecal  swe l l ing 

index o f  barley was different to that of meat and bone 

me al , and that o f  meat and bone mea l  + sorghum wa s 

di ffe rent to those o f  barley + sorghum and peas + sorghum . 

However ,  the swe l l ing index o f  the digesta of barley was 

not influenced by the addit i on o f  so rghum and nor was that 

of meat and bone mea l . S imi larly the swe l l ing indi ces o f  

the faeces assoc i ated with the feeding of mai z e  and peas 

were not a f fected by the addit ion of sorghum t o  diet s . In 

summary the diet ary addit i on of sorghum made no different 

to swe l l ing index when included at 5 0  percent of the diet 

even though the swe l l ing index of t he digest a o f  the diet s 

t o  whi ch it was added di ffered s ign i f i cant l y . The addit i on 

o f  granocol seemed t o  add marginal l y  t o  bulk but t re atment 

di ffe rences over the range of indic e s  obtained 4 . 7 7 c c / g  

t o  6 . 3 5 c c / g  were not signi ficant . 

The narrow range ove r whi ch swe l l ing index varied for the 

set of ingredient s tested sugges t s  there may be 

insu f f i c i ent var iat i on in swe l l ing index for i t  to have 

usefu l  app l i cat i on . No s igni fi c ant re l at i onship could be 
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e s t ab l i shed between swe l l ing index and NDF or ADF o f  the 

test diet s . 

Examinat i on o f  i le a l  digesta for storage modulus suggested 

that meat and bone mea l  + sorghum and mai z e  + sorghum gave 

r i s e  to dif ferent digesta charact e r i s t i c s  than barley + 

s orghum , pea s ,  meat and bone meal and barley . There was no 

s e r i a l  change in storage modulus in t he c e l lulose 

c ont aining t reatment s (A9 - Al 2 )  in response t o  increas ing 

leve l s  of granoco l , a l though the addit i on of s orghum to 

test diet s Al to A4 r a i sed the storage modulus of diet s AS 

to A8 but not by uni fo rm amount s and not s igni fi cant ly 

except in the case o f  meat and bone mea l  plus sorghum . With 

the addit i on of sorghum the storage modu lus of Al increased 

from 55 t o  6 7  K P a ,  A2 increased from 1 1  to 1 4  K P a  whereas 

A3 and A4 increase from 37 to 7 6  and f rom 25 to 4 0  K P a  

respect ively . The range o f  values recorded, 2 . 7 6 for Al 2 

t o  7 6 . 1 5 for A7 sugge st s a wide degree of variation may 

e x i s t  between ingredients but as an i ndex its value i s  

o f f s et b y  the con s i derable variat i on within ingredient s 

( refer Appendix 7 ) . No s igni f i cant corre l at ions were 

e s t ab l i shed between stor age modu lus and NDF and ADF of the 

t e st diets or between swe l l ing index and storage modulus . 
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EXPERIMENT 2 . 

THE EFFECT OF CELLULOSE , DIETARY RATIO OF CELLULOSE AND 

CORNSTARCH AND FEEDING LEVEL ON ILEAL NITROGEN EXCRETION 

OBJECTIVE 

To dete rmined the effects o f : 

a .  D ietary cellulose on nit rogen output in the i le a l  

digest a 

b .  D i etary rat ios o f  c e l lulose and cornstarch on i leal  

nit rogen concent rat ion 

c .  I ntubat i on leve l s  o f  feeding on i le a l  nit rogen 

e xcret ion 

The purpose of the t r i a l  was t o  obt ain a regre s s i on 

r e l a t i onship between the feeding of cel lulose and terminal 

endogenous n it rogen a s  det e rmined from s amp l ing digesta at 

the i leal  caecal junct i on . The procedure invo lved feeding 

a series of cellulose and cornst arch t e s t  diet s of 

d i f fe ring rat i o s , ascertaining the quant ity of dige s t a  ( DM)  

p roduced for each uni t  quant ity of test diet fed u s ing the 

expre s s ion 

mg Cr/g test diet 

digest a ( DM )  g/g diet fed = 
mg Cr/g digesta 

and from ana l y s i s  of percent nitrogen in the i leal dige sta 

c a l cu l at ing the quant ity o f  ileal nit rogen a s s o c i ated with 

diet ary quant ities suppl y ing seri a l  increment s in c e l lulose 

whi l st maintaining l eve l s  o f  cornst arch constant . 

Concomit ant l y  the e ffect of di f ferent c e l lulose to 

c o rnst a rch rat ios on i leal nit rogen excret ion was 

eva l u at ed . 
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The a s sumpt ion underlying the use o f  indicators evenly 

mixed in t e st diet s i s  that the indicator w i l l  passage 

uni formly and be complet e l y  e l iminated with the digest a .  

A number o f  studies , re fer Vohra and Krat z e r  ( 1 9 6 7 )  and 

Vohra ( 1 9 7 2 )  have suggested this may not be s o . At the 

comp l e t i on of 2 4  hours fo l l owing feeding some 1 2  percent 

of chromi c oxide as indi cator was not accounted for (Vohra 

and Krat z e r ,  1 9 6 7 ) and the studies of Yap ( 1 9 9 1 )  showed 

that chromic oxide concentrat i on in the dige s t a  varied over 

t ime o f  s ampl ing fo l l owing feeding . 

An approach adopted to minimi se var i at ions a r i s ing from 

departure s from uni form indi cator f l ow is to s ampl e  at 

t imes when digesta pass age through the termin a l  i l eum i s  

re l at ive ly l arge , i . e .  a t  t ime s between when the digesta 

begins t o  passage and when i t s  flow dimini she s at the end . 

An extens ion of the rat ionale i s  that uni formit y  o f  chromic 

oxide pas s age or its concent rat ion in i leal s amp l e s  may be 

affect ed by quant ities o f  diet fed . The purpose o f  

ob j ect ive c was t o  evaluate whether levels of feeding ove r 

the range 1 5 -2 5 g was influenc ing results . 

MATERIALS AND METHODS 

S ixt y 2 5  day old female Ro s s  Meat chi ckens we re received 

on 3 rd of Ju ly 1 9 9 3 ,  and housed in a s ingl e  pen under 2 3  

hours l i ght per day in the Envi ronment al Phy s i o l ogy shed 

unt i l  3 6  day of age . Fourty eight of them were then 

individual l y  we ighted and p laced randomly in s ingle b i rd 

c ages and accl imat ised a s  des cribe below unde r 1 6  hours 

l i ght per day . Up unt i l  dietary t reatment procedure s 

commenced ( 4 6  DOA) the bi rds rece ived a fini sher t ype 

bro i l e r  diet as pel lets (Appendix 6 . ) . The bi rds had free 

acces s  t o  water at a l l  t imes . 
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F rom 3 6  DOA the bi rds were fed ad l ibi t um unt i l  8 . 0 0 pm on 

day 4 3  when feede rs were removed . On day 4 4 ,  the birds had 

acces s  t o  food between 8 . 0 0 am and 8 . 0 0  pm . On the 

f o l lowing day feed was supp l ied between 12 midday and 8 . 0 0  

pm and on day 4 6  they had feed be fore them only between 

4 . 0 0 and 8 . 0 0 pm . The bi rds were then denied food for at 

least 3 6  hours ( 8 . 3 0 am on day 4 8 )  when intubat i on of t e st 

diet s began . 

The t re atment s cons i sted of 4 diet s ,  l abelled 1 through t o  

4 ,  cont a ining c e l lulose and cornst a rch in the rat i o  o f  1 : 1 , 

2 : 1 , 3 : 1  and 4 : 1 ,  fed over 3 intubat ion leve l s  1 5 ,  2 0  and 

25 g randomi sed over 4 8  bi rds . The re were thus 1 2  

t reatment s each rep l i cated over 4 bi rds . Dietary t reatment s 

were mixed on the day prior t o  intubation . D iets were 

intub ated in the i r  air dry state . 

Feeding level 
( g )  

1 5  
2 0  
2 5  

1 

TR 1 
TR 5 
TR 9 

Diet * 
2 

TR 2 
TR 6 
TR 1 0  

* )  Diet 1 contained cellulose and cornstarch with ratio 1 : 1  

Diet 2 contained cellulose and cornstarch with ratio 2 : 1  

Diet 3 contained cellulose and cornstarch with ratio 3 : 1  

Diet 4 contained cellulose and cornstarch with ratio 4 : 1  

3 

TR 3 
TR 7 
TR 1 1  

4 

TR 4 
TR 8 
TR 1 2  

I ntub at i on took place over a 5 hour period and i l e a l  

s amp l ing t ook p l ace s ome 3 t o  7 hour s  a fter intubat ion i n  

accordance with the f i rst appearance o f  droppings showing 

evidence of chromi c oxide content . I ntubat ion was 

a ccomp l i shed u s ing a stain l e s s  steel funnel with a 1 7 . 2  cm 

l ong stem and a 1 7 . 7  cm l ong plunging rod . The e xternal and 

internal diameter mea surements o f  the stem were 

re spect ive l y  0 . 9  cm and 0 . 7 5 cm . The end of the stem was 

inserted into the crop and foll owing feeding the birds were 
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returned t o  the i r  cage s . The birds were s a c r i fied by a 1 

ml intracardia l  i n j ec t i on of sodium pentobarb itone 

( Pentobarb 3 0 0 )  . I le a l  digesta s amp l e s  were obt ained by 

c l amping and removing the final 15 cm of i l eum and flushing 

the digesta int o sma l l  p l ast i c  bags with 1 0  ml o f  water . 

The b ags were sealed,  st ored overnight in a free z e r  and 

then unsealed and p l aced in a freez e  dryer on the f o l l owing 

day . 

I le a l  samp l e s  were anal ys ed for nit rogen ( N )  and chromium 

( C r )  . Nitrogen was det ermined by the mi cro-k j e l dahl 

t echnique us ing 1 0 0  mg s amples on a K j e l dahl 1 0 3 0  auto 

analyser ( Tecato r ,  Sweden ) (Appendix 2 ) . Chromium was 

analysed according to the procedure of Cost igan and E l l i s  

( 1 9 8 7 )  (Appendix 3 . )  . 

Ana l yses were conducted on N and Cr dat a us ing the two-way 

ana l y s i s  o f  variance procedure of Stat i st i c a l  Ana l yt i cal 

S ystem ( SAS , 1 9 8 5 )  . The di fference i n  mean N and Cr 

concent rat i on between and acro ss feeding leve l s  and diet ary 

t ype s , were tested us ing Duncan ' s Mul t ip l e  Range Test . 

S im i l a r  analyses were also conducted for tot a l  N .  

Regre s s i on analyses were undert aken for the re l at i onship 

between changing dietary cel lul ose and t otal digesta N both 

by feeding leve l and over all feeding l eve l s . 

RESULTS 

Appendix 8 .  gives chromium and nit rogen c oncent rat i ons 

obt ained from l aboratory determinat i ons o f  s ampled i leal  

dige s t a  and dietary t re atment s .  

The c oncent rat i on o f  N in the dige s t a  did not di f fer 

s igni ficant ly among feeding l eve l s  ( Table 4 . 2 . 1 . ,  Figure 
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4 . 2 . 2 . ) and ranged between 0 . 1 0 4 %  ( 2 0  g )  and 0 . 1 3 9 %  ( 2 5  g ) , 

but diet ary rat ios influenced response with the rat i o  2 : 1  

( ce l lulose to cornstarch) result ing in s igni f i c antly 

greater pe rcent N ( P < O . 0 5 )  at 0 . 1 5 5 %  than rat i o s  3 : 1  

( 0 . 1 0 5 % )  and 4 : 1  ( 0 . 0 9 6 % )  (F igure 4 . 2 . 1 .  re fers ) . 

T ab l e  4 . 2 . 1 .  The e f fect o f  feeding leve l  and diet ary t ype 
( cel lul ose : cornstarch) on percent age N in the 

dige s t a  ( DM bas i s )  . 

Feeding l eve l 
( g )  

Rat i o  

1 5  
2 0  
2 5  

Mean 

The 
1 
1 : 1  

0 . 1 5 7  
0 . 0 8 2  
0 . 1 3 6  

0 .  1 2 1  ab 

type o f  diet s 
2 3 

2 : 1  3 : 1  

0 . 1 0 7  0 . 0 8 0  
0 . 1 2 3  0 . 1 1 7  
0 . 2 2 7  0 . 1 1 9  

0 . 1 5 5"' o . 1  o 5b 

Means with dif ferent superscripts are siqnificantly different ( P <O . OS )  

4 Mean 
4 : 1  

0 . 1 2 7  0 . 1 1 4a 

0 . 0 9 9  0 . 1 0 4a 

0 . 0 7 1  0 . 1 3 9a 

0 .  0 9 6b 

F i gure 4 . 2 . 1 .  Re l at i onship between %N in the dige s t a  and 
diet t ype . 

0.24�------------------------------------------� 

0.22 +---------------��------------------------� 
0.2+-----------��--��----------------------� i 0 . 1 8  

"6 O. H S  +------;�-T-------------��------------------� 
J 0. 1 4 +---����--------------�----------------� Jli 
i 0 . 1 2  +------�;:::;:>"""*==----=-=---"""7".:::::::..._� 

0 . 1  +-------���----��----------�����--� 
0.08+---�&-------------------��------��----� 
0.06�----r---------�----------�--------��--� 

1 2 3 
Diet 

--- Feeding level 1 !5  V - F""dlng level 20 g - Feeding lev• 2!5 g 

68 



Figure 4 . 2 . 2 .  Rel at i onship between %N in the dige s t a  and 
feeding leve l . 
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The concent rat ion o f  chromium in the i leal digesta was not 

s igni ficant l y  influenced by feeding l eve l s  ( Table 4 . 2 . 2 . ,  

F i gure 4 . 2 . 4 )  for which means o f  0 . 2 3 5 ,  0 . 2 2 7  and 0 . 2 2 4  

percent we re obt ained for feeding leve l s  o f  1 5 ,  2 0  and 2 5  

g re spect ive l y ,  but dietary type had a sign i f i c ant e f fect 

( P < 0 . 0 5 ) , refer Table 4 . 2 . 2 , Figure 4 . 2 . 3 .  The rat i o  1 : 1  

( ce l lulose t o  corn starch ) resulted in a greater chromium 

concent rat ion ( 0 . 2 8 1 % )  than diet s o f  rat i o s  2 : 1  ( 0 . 2 3 1 % ) , 

3 : 1  ( 0 . 2 0 3 % )  and 4 : 1 ( 0 . 2 0 6 % ) . 

Table 4 . 2 . 2 .  The e f fect o f  feeding l eve l and diet ary t ype 
on percent age Cr in digesta ( DM bas i s )  . 

Feeding leve l The type o f  diet s 
( g )  1 2 3 4 Mean 

Rat i o  1 :  1 2 : 1  3 : 1  4 : 1  

1 5  0 . 2 7 4  0 . 2 3 5  0 . 2 2 1  0 . 2 1 5  0 ,  2 3 5 a 
2 0  0 . 2 7 7  0 . 2 1 9  0 . 2 0 3  0 . 2 0 5  0 . 2 2 7 a 
2 5  0 . 2 9 3  0 . 2 3 7  0 . 1 8 4  0 . 1 9 9  0 ,  2 2 4a 

Mean 0 . 2 8 1a 0 . 2 3 1b 0 .  2 0 3b 0 .  2 0  6b 

Means with different superscripts are significantly di fferent (P<O . OS )  
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F i gure 4 . 2 . 3 .  Relat i on ship between % Cr in the dige sta and 
diet t ype . 

a i 0.28 

� 0.24+-----------����----------------------------� 
s s o.22 T------------4��----�--���=---� 

2 3 

- feeding Level 1 0 g --- feeding Level 20 g ---- feeding Level 20 g 

F i gure 4 . 2 . 4 .  Re l at i on ship between % Cr in the digesta and 
feeding leve l . 
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D iet ary rat ios were formu l ated and feeding l eve l s  def ined 

such that app l icat ion o f  the expre s s i on 

mg C r / g  t e st diet 
----------------- x mg N / g  digesta x feeding l eve l ( g )  x 
mg C r / g  digesta multipl ier 

t o  e a ch t reatment woul d  give a series of endogenous N 

value s equivalent t o  cel l u l os e : cornst arch int akes o f  5 : 5 ,  

1 0 : 5 ,  1 5 : 5  and 2 0 : 5  gram i n  each feeding l eve l set o f  

t reatment s .  The relat i onship between mult ipl ie r ,  diet ary 

rat i o s  and cel lulose and cornstarch equival ent int ake at 

each feeding leve l is as fo l l ows : 

D i et ary type 
1 2 3 4 

rat io 1 : 1  2 : 1  3 : 1  4 : 1  

Feeding l eve l 1 5  g 
mu l t ip l ier 1 0 / 1 5  1 2 0 / 1 5  2 5 / 1 5  
c e l lu l o s e  5 1 0  1 5  2 0  
c o rn s t a rch 5 5 5 5 

Feeding l eve l 2 0  g 
mu l t ip l ier 1 5 / 2 0  1 2 5 / 2 0  
c e l lulose 5 1 0  1 5  2 0  
cornst arch 5 5 5 5 

Feeding l eve l  2 5  g 
mul t ip l ier 1 0 / 2 5  1 5 / 2 5  2 0 / 2 5  1 
c e l l u l o se 5 1 0  1 5  2 0  
c ornst a rch 5 5 5 5 

Mul t i p l ier adjusted est imate s  o f  endogenous N excret ion 

equivalent t o  increment a l  int akes o f  c e l l u l o s e  o f  5 ,  1 0 ,  

1 5  and 2 0  g at constant c o rnst arch int akes o f  5 g in mg was 

as f o l l ows : 
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Feeding l eve l D iet t ype Overall  
( g )  1 2 3 4 

corn s t arch ( g )  5 5 5 5 mean 
cel l u l o s e  ( g )  5 1 0  1 5  2 0  

1 5  1 9 . 0 1 6  2 0 . 4 3 4 2 2 . 1 4 8  3 3 . 2 3 8  2 3 . 3 6 4 

2 0  1 1 . 2 3 4  2 6 . 6 7 1  3 3 . 7 9 8  3 6 . 8 4 8  2 7 . 1 6 9 

2 5  1 4 . 7 2 7  3 5 . 7 4 9  3 9 . 4 1 7 2 7 . 1 3 1  2 9 . 8 3 0  

Overall  mean 1 4 . 6 1 7b 2 6 . 9 o oa 3 1 . 7 8 7 a 3 2 . 3 3 0a 

Means with di f fe rent superscripts are siqnificantly different ( P<O . 01 ) 

There was a highly s ign i f i c ant di f ference i n  i le a l  N 

excret i on between di fferent leve l s  o f  ce l lu l o s e  int ake 

( diet ary t ype s ) ( P < O . 0 1 ) , but feeding l evels had no e f fect . 

Greater int ake s o f  cel lulose resulted in greater i leal 

excret ion o f  N although only the cellulose int ake of 5 g 

at 1 4 . 6 1 7  mg excreted was s i gn i f i c ant l y  (P<0 . 0 1 )  d i f ferent 

to the other output s of 2 6 . 9 , 3 1 . 7 8 7  and 3 2 . 3 3 0  mg N 

recorded for int ake s of 1 0 ,  1 5  and 2 0  g c e l lulose 

respective l y . 

Endogenous N was regres sed aga inst cel lul ose intake ( F igure 

4 .  2 .  5 refers ) using pairs o f  values over a l l  feeding 

leve l s . The regre s s ion mode l ( l inear)  and the s l ope were 

highly s i gn i f i cant at P < 0 . 0 1 ,  and the intercept was a l s o  

s igni fi c ant a t  P<0 . 0 5 .  The regre s s ion equat i on 

Y = 1 2 . 0 4 1  + 1 . 1 5 4  X 

where Y endogenous N (mg)  

and X = quantity o f  cellulose ( g )  
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suggests that endogenous N increased by 1 . 1 5 4  mg for e ach 

gram increment o f  ce l lulose fed and that 5 g of corn s t a rch 

fed a l one woul d  result in 1 2 . 0 4 1  mg of endogenous N at the 

t e rmina l  i leum . 

F i gure 4 . 2 . 5 .  Re l at ionship between endogenous N and 
increas ing intake of dietary c e l lulos e . 

eo 

40 

J 
z 30 

� 
.... 

1 0  ... 

-

.. .. 

� 

1 0  1 :s 
ce l l ulos• (g ) 

.. 

� 
-

2 0  2:S 

Regre s s ion o f  endogenous N against cel lul ose int ake was 

analysed by p a i rs of values within feeding leve l s  ( F i gure 

4 . 2 . 6 . ) . The regre s s i on analyses together with s i gn i f i c ant 

c omponent s are pre sented below . Both the mode l ( l inea r )  and 

s l ope at feeding l eve l s  of 1 5  and 2 0  g were highly 

s igni fi cant ( P < 0 . 0 1 ) , but for the 25  g feeding leve l , the 

intercept and t he s l ope were not s ignificant l y  di f ferent 

t o  z e ro . The intercept was s igni f i c ant (P<0 . 0 1 )  only in the 

case of the 15 g regre s s i on l ine . 
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I nt ubat i on 
l eve l 

Regre s s ion 
equat ion 

Leve l o f  s i gn i f i c ant 
mode l intercept s lope 

1 5  y = 1 2 . 4 8 9  
2 0  y = 5 . 6 4 2  
2 5  y = 2 0 . 3 0 1  

1 )  Sign i f icant at P<O . OS 
2 )  Non signi ficant 

+ 0 . 8 7 0  X 
+ 1 .  6 7 0  X 
+ 0 . 7 2 1  X ns 

* 
ns2 

ns 

* 
* 
ns 

F igure 4 . 2 . 6 .  The regre s s ion re l at i onship between 
endogenous nit rogen and incre a s ing int ake o f  
dietary c e l lulose b y  feeding l eve l . 
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D I SCUSSION 

D i f f iculty was experienced in the de l ivery o f  test diet s 

into the crop and resulted in extended feeding t ime s o f  up 

t o  1 3  minut e s  in the feeding o f  2 5  g quant it ie s . Thi s was 

att r ibuted to impact i on of feed in the crop for de l ivery 

o f  1 5  g amount s seldom t ook longer than 3 - 4  minutes . 

D i f f i culty was a l s o  experienced in predi ct i ng t he opt imal 

t i me t o  s l aughter fol l owing feeding . The work o f  Yap ( 1 9 9 1 )  
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invo lving standard diet s suggested a dequate dige s t a  vo lumes 

could be expected at 4 - 5  hours fo l l owing feeding,  but in 

thi s t r i a l  many birds had not de fecat ed chromium cont aining 

material at 4 hours and palpat i on of bird crops indi c ated 

s i z able amount s of feed were st i l l  present . Consequent l y  

s ampl ing o f  digest a was unde rt aken for the most part 

between hal f  and one hour a fter Cr cont aining faeces 

appeared and this resulted in b i rds being sacrified between 

4 and 9 hours following feeding . I n  4 cases insu f f i ci ent 

s ample mat e r i a l  was obt a ined and in a number o f  other cases 

disappo int ingly sma l l  vo lumes o f  digesta were c o l le cted . 

I leal N concentrati on was nume r i c a l l y  greater i n  the 1 : 1  

and 2 : 1  rat i o  diets and in the l atter case sign i fi c ant ly 

greater than the two higher rat i o  diet t ypes . Chromium 

digesta concent rat i on showed a s imi l ar trend with the 1 : 1  

and 2 : 1  r at i o  diet s cont a in ing numerical ly greater 

concentrat ions and s igni f ic ant l y  s o  in the 1 : 1  rat i o  c l a s s  

than the 3 : 1  and 4 : 1  diet t ype s . The chromium results 

sugge st sma l ler quant it ies of digesta were being p a s saged 

per unit of diet fed in the 1 : 1  and 2 : 1  rat i o  diet s ,  whi ch 

i s  cons istant with expectations i f  cornstarch were who l e l y  

abs orbed and c e l lulose completely e l iminated and perhaps 

support s or provide s  an exp l an at i on for the s igni f i c ant 

di f ferences in endogenous N response to ce l lulose feeding 

leve l s  of between 5 and 20 g .  

No sign i f i c ant differences were detected in either N or Cr 

concentrat ions when diet s we re fed at 1 5 ,  2 0  or 2 5  grams 

and this suggests that for cel lulo se-cornstarch diets 

within the rat ios operat ing , 

s at i s fact ory feeding amount . 

1 5  g of feed was a 

I t  was demonst rated that endogenous N excret ion was 

s igni fi c ant l y  di fferent between c e l lulose int ake s of 5 and 
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those o f  1 0  t o  2 0  g .  The regre s s ion equat i on generated, 

(Y = 1 2 . 0 4 1  + 1 . 1 5 4  X) indicated that the feeding o f  the 

cornstarch c omponent in diets at leve l s  o f  5 g was 

a s s o c i at ed with a terminal i leal  N excret i on of 

approximate l y  12 mg of N ( P < 0 . 0 5 )  and that each gram o f  

cel lulose fed was result ing in a n  output o f  1 . 1 5 4  mg o f  N 

(P< 0 . 0 1 ) . Thi s response imp l i e s  that c e l lular s loughing as 

an e f fect o f  c e l lulose passage o r  the c apac ity of c e l lulose 

t o  ret ain endogenous secret i ons or both i s  a s  a who l e  a 

s igni f i c ant component o f  N i le a l  excret ion . 
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EXPERIMENT 3 .  

THE EFFECT OF WET FEEDING OF GELATIN CELLOLOSE-CORNSTARCH 

D IETARY RATIOS AND FEEDING LEVELS 

ON ILEAL N AND Cr EXCRETION 

OBJECTIVE 

To e xp l ore the e ffect s o f  feeding l eve l and dietary rat ios 

o f  ge l at in cel lulose-cornstarch mixture s intubated in wet 

form, on N and Cr i le a l  digesta concentrat i on and i leal  N 

excret ion . 

I n  experiment 2 serious di fficult ies were experienced in 

intubat ing cel lulose-cornstarch mixtures in dry form into 

the c rop . Thi s  t r i a l  was undertaken to e xp l ore the 

pract i c a l i t ies and e f fects of feeding wet diet s c ompris ing 

ge l at in and a cellulose-cornst arch base on i l e a l  N and Cr 

exc ret i on ,  as a prelude to investigat i ons invo lving 

guan idinated ge lat in . 

MATERIALS AND METHODS 

S i xt y  , 2 8 day old Ro s s  meat chi ckens were rece ived at the 

P ou l t ry Re search Un it on 1 3  Jul y  1 9 9 3 . They were housed in 

a s ingle pen in the Environmental Phys i o l ogy shed unt i l  3 8  

days o f  age (DOA) when 4 8  were randoml y  selected, 

individual l y  we ighed and pl aced in s ingle b i rd c ages 

numbered f rom 1 to 4 8 in the order in whi ch they were 

we ighed . Whi l st floor housed they rece ived 2 3  hours of 

l i ght each day , but in the i r  peri od in c age s they were 

given 1 6  hours light e ach day . They had free acce s s  to 

wate r  at all t imes and up unt i l  intubat i on procedures 
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commenced the food fed was a p el leted bro i ler f i n i sher diet 

de scribed i n  Appendix 6 .  

The bi rds were given free acce s s  t o  diet s unt i l  4 3  DOA when 

feed was withdrawn at 4 pm . I t  was re supplied f o r  5 hours 

between 1 1  am and 4 pm on day 4 4 ,  and again but for 4 hours 

between 1 and 5 pm of day 4 5  and fina l ly betwee n  5 pm and 

8 pm on day 4 6 .  They were then fasted for at least 3 6 

hours when t reatment s were begun at 8 . 3 0  am on day 4 8 . 

Tre atment s involved intubat i on o f  a i r  dry amounts o f  1 5 ,  

2 0  and 2 5  g o f  mixtures o f  di f fe rent rat ios o f  ge l at in and 

a ce l lu l o s e  to cornstarch base fed in wet form by 

app l i c at i on of 5 part s 

water by volume ( cc )  to 1 part t e st diet by we i ght ( g )  . The 

base dietary component had a r at i o  of 3 part s c e l l u l o se t o  

1 part cornstarch . There were 4 diet ary ge l at in t o  base 

rat io s ,  0 . 5 : 1 , 1 : 1 , 1 . 5 : 1  and 2 : 1 l abe l led re spect ive ly 

dietary rat i os 1 ,  2 ,  3 and 4 ,  each fed over 3 a i r  dry 

feeding l eve l s  o f  15 , 2 0  and 2 5  g to give 12 t re atment s in 

a l l  l abe l led treatments 1 through 12 as  i l lustrated below . 

Feeding Leve l 
( g )  

1 5  
2 0  
2 5  

1 

TR1 
TRS 
TR9 

D i et rat i os * 
2 

TR2 
TR6 
TR1 0 

* )  diet 1 contained qel a t i n  and base wit h  ratio 0 . 5 : 1 . 0  
diet 2 contai ned qelatin and base with ratio 1 . 0 : 1 . 0  
diet 3 contained qelatin and base with ratio 1 . 5 : 1 . 0  
diet 4 contai ned qelatin and base with ratio 2 . 0 : 1 . 0  

3 

TR3 
TR7 
TR1 1 

4 

TR4 
TR8 
TR1 2 

The tre atment s were randomised over the 4 8  b i rds t o  give 

4 birds per t reatment . There we re 2 except ions t o  the above 

format . The first bird tre ated,  TR 3 ,  rece ive d  a diet o f  

3 0  m l  wate r : 1 5 g diet and b i r d  2 ,  T R  1 1 ,  rec e i ved 5 0  m l  
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wate r : 2 5 g diet . Diets were mixed the day be fore treatment 

diet s were app l ied and water was added immediately before 

i ntubat ion u s ing c a l ibrated 3 5  ml p l as t i c  dispos ab l e  

s yringe s . 

I ntubat ion was comp leted over a 3 hour period u s ing 

e qu ipment and procedures described in experiment 2 .  I leal  

s ampl ing took p lace between 4 and 9 hours after intubat i on ,  

i n  general between and 1 hour fol l owing the f i rst 

appe arance o f  Cr in the dropp ings . The birds were 

s ac r i f i ced by i n j ect i on o f  1 ml o f  s odium pent obarbit one 

( P entobarb 3 0 0 )  into the heart . I le a l  di ge s t a  s amp l e s  were 

obt a ined by c l amping and removing the f inal 1 5  cm of i leum 

and flushing the dige s t a  into sma l l  p l a s t i c  b ags with 1 0  

m l  o f  water . The bags were sealed, stored ove rnight i n  a 

free z e r  and then uns e a l ed and p l aced in a free z e  dryer on 

the f o l l owing day . 

I l e a l  s amples  obt ained were ana lysed for nitrogen ( N )  and 

chromium ( C r )  fol lowing the s ame methods as described under 

e xpe r iment 2 .  Al l digesta s amp le s  were analysed in 

dup l i c ate for N and Cr determinat i on s , wheneve r pos s ib l e . 

Ana l y s e s  were conducted on N and Cr dat a us ing the two-way 

ana l y s i s  of variance procedure of Stat i st i ca l  Ana l yt i c a l  

S y s t em ( SAS , 1 9 8 5 )  . The di fference in mean N and C r  

c oncent rat ion between and acro s s  feeding l eve l s  and dietary 

t ype s were tested us ing Duncan ' s Multiple Range Test . 

S imi l ar analyses were c onducted for t otal N .  Regres s i on 

ana l y s e s  were undert aken for the re l at i onship between 

changing dietary gel at in and tot a l  digesta N both by 

feeding level and over a l l  feeding leve l s . 
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RESULTS 

Appendi x  9 .  gives chromium and nit rogen dat a obta ined from 

l aboratory ana l y s i s  of s ampl e d  i l e a l  digesta and dieta ry 

treatment s . The c oncentrat i on o f  N in the i l e a l  digesta was 

una ffected by feeding l evel ( Table 4 . 3 . 1 . ,  F igure 4 . 3 . 1 ) 

with percent N varying between 2 . 6 3 7 %  for the 1 5  g feeding 

leve l and 3 . 65 8 %  for the l eve l of 2 0  g .  Dietary ratios on 

the other hand had a s igni fi cant e f fect at P < O . 0 5 . The 

percent age of N in the i le a l  digesta was s igni f i cant l y  

greater in the 1 : 1  and 1 . 5 : 1  and 2 : 1  rat io diet s than the 

0 . 5 : 1  diet ( Tabl e  4 . 3 . 1 . ,  F i gure 4 . 3 . 2 . )  with values o f  

3 . 4 7 1 ,  3 , 5 8 0  and 4 , 6 0 9  percent respect ively versus 1 . 9 0 4 % . 

Tab l e  4 . 3 . 1 .  The e f fect o f  feeding leve l s  and the type o f  
diets on the percentage of N i n  the i leal  
digesta ( DM bas i s ) . 

Feeding Diet 
leve l ( g )  1 2 3 4 Mean 

1 5  1 .  3 1 0  2 . 7 9 0  2 . 2 3 8  4 . 7 8 7  2 .  6 3 7a 
2 0  2 . 1 0 0  3 . 4 5 6  4 . 4 9 7  4 . 8 8 8  3 .  6 5 84 
2 5  2 . 3 0 3  3 . 9 9 8  4 . 0 0 6  4 . 1 5 3  3 .  5 7  ga 

Mean 1 .  9 0 4b 3 . 4 7 P  3 .  5 8 04 4 .  6 0  ga 

Means with different superscripts are significantly different (P<0 . 05 ) . 
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F igure 4 . 3 . 1 .  Re l at ionship between % N in the dige s t a  and 
feeding leve l s  by dietary type . 
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Figure 4 . 3 . 2 .  Re l at i onship between % N in the dige s t a  and 
dietary type by feeding leve l . 
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The concent rat i on o f  Cr in the i le a l  digesta was a ffected 

( P < O . 0 5 )  by feeding leve l , refer Table 4 .  3 .  2 . ,  Figure 

4 . 3 . 3 . , with great er concent rat i on s  o f  Cr occurring at the 

2 5  g leve l , 0 . 5 2 5 % ,  than at the 1 5  g l eve l , 0 . 3 9 8 % . The 

concent rat ion o f  Cr in the 2 : 1  rat i o  diet at 0 . 6 1 4 %  was 
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s igni f ic ant l y  greate r  ( P < O . 0 5 )  than a l l  other diet a ry t ypes 

( Tabl e  4 .  3 .  2 . ,  Figure 4 .  3 .  4 . )  . Percent Cr in the i leal  

dige s t a  o f  the 1 . 5 : 1  diet type at 0 . 4 7 8  was nume r i c a l l y  

greate r  than that o f  diet type 1 : 1  ( 0 . 4 2 2 % )  and was 

s i gn i f i cant ly greate r  ( P < 0 . 0 5 )  than the value reco rded for 

diet t ype 0 . 5 : 1  of 0 . 3 2 5 . 

T ab l e  4 . 3 . 2 .  The effect o f  feeding leve l s  and the type of 
diet s on the percentage of Cr in the i le a l  
digest a ( DM b as i s )  . 

Feeding D iet 
l eve l ( g )  1 2 3 4 Mean 

1 5  0 . 3 3 4  0 . 3 3 4  0 . 4 9 4  0 . 4 1 8  0 .  3 9 8b 
2 0  0 . 3 1 0  0 . 4 3 4  0 . 3 8 0  0 . 6 1 6  0 .  4 2 3ab 
2 5  0 . 3 3 1  0 . 4 7 6  0 . 55 8  0 . 8 0 7  0 .  5 2 5a 

Mean 0 .  3 2 5c 0 .  4 2 2bc 0 .  4 7 8b 0 . 6 1 4a 

Means with different superscripts are significantly different (P<O . O S ) . 

F i gure 4 . 3 . 3 .  Re lat i onship between % Cr in the digesta and 
feeding leve l s  by dietary type . 
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F igure 4 . 3 . 4 .  Rel at i onship between % Cr in the dige s t a  and 
dietary t ypes by feeding level . 
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Di etary rat i o s  were formu lated and feeding leve l s  de fined 

such that app l i c at ion of the exp re s s i on 

mg Cr/g test diet 

mg Cr/g dige s t a  
x mg N/g dige s t a  x feeding l eve l x 

mu lt ipl ier 

t o  each t re atment would give a s e r i e s  of dige s t a  N values 

equivalent to gel atin : base int ake s o f  5 : 1 0 ,  1 0 : 1 0 ,  1 5 : 1 0 

and 2 0 : 1 0 grams in e ach feeding l eve l set o f  t re atment s . 

The re l at i onship between mult ipl ie r ,  dietary rat i o s  and 

gelatin and base equivalent int ake s at each feeding l eve l 

i s  a s  fo l l ows : 
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Dietary t ype 
1 2 3 4 

rat i o  0 . 5 : 1 . 0  1 . 0 : 1 . 0  1 . 5 : 1 . 0  2 . 0 : 1 . 0 

Feeding leve l 1 5  g 
mult ipl ier 1 2 0 / 1 5 2 5 / 1 5  3 0 / 1 5 
gelatin 5 1 0  1 5  2 0  
base 1 0  1 0  1 0  1 0  

Feeding level 2 0  g 
mul t ip l i e r  1 5 / 2 0  1 2 5 / 2 0  3 0 / 2 0  
gelatin 5 1 0  15  2 0  
base 1 0  1 0  1 0  1 0  

Feeding leve l 2 5  g 
mul t ip l i e r  1 5 / 2 5  2 0 / 2 5  2 5 / 2 5  3 0 / 2 5  
gelatin 5 1 0  15  2 0  
base 1 0  1 0  1 0  1 0  

Mul t ip l i e r  ad justed e s t imates o f  i leal N excret i o n ,  

equ iva lent t o  incrementa l  int akes o f  gelatin o f  5 ,  1 0 ,  1 5  

and 2 0  g a t  a const ant base intake o f  1 0  g in mg was a s  

fo l l ows : 

Feeding leve l D iet t ype Overall  
( g )  1 2 3 4 

base ( g )  1 0  1 0  1 0  1 0  mean 
ge latin ( g )  5 1 0  1 5  2 0  

1 5  1 7 8 . 6 4 2  5 6 2 . 7 7 6  4 0 7 . 7 1 1  1 0 2 1 . 3 3 0  5 0 6 . 981a 
2 0  2 9 4 . 9 8 0  4 9 5 . 8 7 9  8 8 2 . 3 7 3  8 6 1 . 8 1 8  6 1 8 . 559a 
2 5  3 0 4 . 9 5 4  5 4 9 . 5 6 9  6 7 3 . 3 8 8  4 6 1 . 1 2 6  4 9 9 . 668a 

Overal l 
Mean 2 5 9 .  5 2 5b 5 3 3 . 6 4  7 ab 6 5 4 . 4 9 1a 7 8 1 . 4 2 5a 

Means with different superscripts are s igni ficantly different (P<O . O l ) . 

There were no s i gn i f i c ant di fferences i n  i leal  excret i on 

between di f ferent feeding leve l s ,  but increas ing ge l at in 

c au sed s igni f i cant e l evat ion in i leal  N of the 1 5  and 2 0  
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g intakes ( 65 4  and 7 8 1  mg respect ive l y )  over the 5 g intake 

( 2 6 0  mg ) at P < 0 . 0 1 .  

Endogenous p lus diet ary N was regres sed against ge l at in 

intake us ing pairs o f  values over a l l  feeding leve l s  

( F igure 4 .  3 .  5 )  . The mode l ( l inear ) and the s l ope were highly 

s ign i fi c ant ( P < 0 . 0 1 ) . The regre s s i on equat i on 

Y = 1 2 8 . 7 8 9  + 3 4 . 3 4 8  X 

in whi ch 

Y = the t o t a l  N in the dige s t a  ( mg)  

X = leve l s  o f  protein fed per intubat i on ( g )  

sugge st s that i l e a l  endogenous p l u s  di etary N incre a s e d  by 

approximat e l y  3 4  mg for e ach gram increment of gel at in fed 

and that 10 g of the cellulose-cornst a rch base if fed a l one 

would result in approximate ly 1 2 9  mg N at the terminal 

i l eum . 

Figure 5 . 3 . 5 .  Re lationship between N at the termina l  i leum 
and increases in dietary ge l at i n . 
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Regre s s i on o f  i leal N on gel at in intake was analysed by 

p a i r s  of values within feeding leve l s . The regre s s ion 

ana l y s e s  together with s igni f ic ance c omponent s a re 

pres ented be low ( F i gure 4 .  3 .  6 . )  . The model ( l inear ) and 

s l ope were s i gnificant in the 15 and 2 0  g feeding leve l  

regre s s i on s . 

I ntubat ion 
l eve l 

Regre s s ion 
equat i on 

Leve l o f  s igni f i c ant 
mode l int e rcept s l ope 

1 5  y = -50 . 7 2 7  + 4 5 . 9 2 9 X * 1 n s2 * 

2 0  y = 9 9 . 1 3 3  + 4 3 . 2 8 5  X * ns � 
2 5  y 3 3 0 . 2 3 8  + 1 4 . 1 1 9  X n s  n s  ns 

1 )  significant (P<O . OS )  
2 )  non significant 
3 )  highly signi ficant (P<0 . 0 1 )  

F i gure 4 . 3 . 6 .  The regre s s i on relat ionship between i leal  N 
and increas ing int ake of gelat i n  by feeding 
leve l . 
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D I SCUSSION 

The wet method of feeding overcame prob l ems attributed to 

impact i on experienced in e xperiment 2 .  Del ivery o f  food was 

e a s ier and t ook pl ace more rapidl y . Regurgitat i on was 

e xpe r i enced in the feeding of 2 5  g ( ai r  dry bas i s )  in s ome 

c a s e s  and in a number o f  birds the feeding o f  2 5  g in wet 

f o rm exceeded the c ap a c i t y  of the birds . I n  these cases a 

l it t l e  l e s s  than the t o t a l  volume o f  food in wet form was 

de l i ve red . 

The concent rat i on of N in the i le a l  dige s t a  was una f fected 

by feeding leve l s ,  but was least in the 0 . 5 : 1  dietary rat io 

( P < 0 . 0 5 )  and greatest ( nonsign i f i c ant ) in t he 2 : 1  diet ary 

r at i o . The re sponse sugge sts that inc reas ing protein 

c oncent rat ion in the diet re sulted in increas ing N 

concent rat i on in the digesta o f  the terminal i l eum . 

The concent rat ion o f  Cr in the i le a l  digesta varied 

s ign i f i cant ly ove r feeding leve l s  with greater Cr 

c oncent rat ion in the dige s t a  of the 25 g feeding leve l ( DM)  

t han the 1 5  g leve l ( DM )  . Thi s  imp l i e s  the i r  was less 

dige s t a  produced per g o f  food fed in the greater feeding 

l eve l than in the smal ler . Thi s  may be re l ated to 

ove r feeding of birds rece iving the 2 5  g ( DM )  feeding l eve l . 

The Cr concent rat ion in the digesta o f  b i rds receiving 

diet s with the 2 l arger rat ios o f  ge latin t o  base were 

s ign i f i cant l y  or nume ri ca l l y  greater than the c oncentrat i on 

recorded for the lower 2 dietary rat ios . Thi s  imp l i e s  that 

diet s of higher ge l at in concent rat ion p roduced l e s ser 

dige s t a .  

Increases in i l eal N produced for increment a l  increases of 

gel at in int ake from 5 through t o  2 0  g under c ondit i ons of 
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a const ant 1 0  g intake o f  base were s igni f i c ant ( P < 0 . 0 1 )  

and regre s s ion analysis indi cated that i l e a l  N was 

increas ing at approximately 34 mg for e ach g increas e  in 

gelat in consumed . The response sugge s t s· that increa s ing 

ge latin concent rat ion in diet s o f  ge l at in and a mixture o f  

cel lulose t o  cornstarch i n  the rat i o  o f  3 : 1  has a marked 

and s i gni ficant impact on N excret i on at the terminal 

i l eum . As suming the N content o f  ge l at in is 6 . 2 5 mg per 1 0 0  

mg then the net e f f i ciency of N ut i l i s at ion o f  ge l at in at 

the termina l  i leum was 3 4 / 62 . 5=54  percent . Some frac t i on 

o f  the N may have been endogenous and hence actual ge l at in 

ut i l i s at ion may have exceeded 5 4  percent . 

The intercept o f  the regre s s ion l ine o f  approximat e l y  1 2 8  

mg was not s i gni f ic ant and the quant itat ive e f fe ct o f  

feeding 1 0  g o f  the base a l one remains uncert a in . 
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EXPERIMENT 4 .  

OBJECTIVE 

THE ESTIMATION OF ENDOGENOUS LYS INE 

USING GUANIDINATED GELATIN 

T o  measure the e ffect o f  diet ary guanidinated ge l at in on 

endogenous lys ine at the terminal i leum . 

I n  the guanidinat i on o f  ge l at in , lys ine i s  converted t o  

homoarginine . I f  t r an s format i on i s  comp lete it fo l l ows that 

l y s ine appearing in the digesta is endogenous in origin . 

Thi s t r i a l  involved feeding diet s o f  guanidinated gelatin 

and a cel lulo se-cornstarch base in di f ferent rat i o s  t o  6 8  

day o ld meat chi cken s and estab l i shing the l y s ine response 

a s  determined from terminal ileal  dige sta s ample s . 

MATERIALS AND METHODS 

Ro s s  femal e  meat chickens were received when 3 2  days o f  age 

on 1 1  of Oct ober 1 9 9 3 and housed in a s ingle pen in the 

Envi ronment a l  Phy s i o l ogy shed at the P ou ltry Res earch Unit 

unt i l  5 0  day s of age when 32 were randomly se lected, 

individu a l l y  we ighed and pl aced in s ingle b i rd c age s . For 

the next 5 days they were a l l owed free acce s s  t o  food up 

unt i l  4 pm on day 5 5  when the food was withdrawn . The birds 

were a l l owed acce s s  t o  food between 1 1  am and 6 pm on the 

fo l l owing day and on day 5 7  they were fed between 1 and 

8 . 3 0 pm . They were then fasted for 3 6  hours unt i l  8 . 3 0 am 

on day 5 9  in readines s  for intubat i on . However ,  the 

guanidinat i on of ge latin had not been comp leted and the 

birds were returned t o  ad l ibi t um feeding c ondi t i on s  and 
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the event s of the previous 9 days repeated . On Tue sday ,  1 6  

November at 8 . 3 0 am when the bi rds were 6 8  days o f  age 

intubat i on commenced . The b i rds were run under 2 3  hours of 

l ight each day during the period of pen hou s ing,  and 1 8  

hours o f  l ight dur ing the period i n  cages . They had free 

acce s s  to water at a l l  t ime s and other than for the 

intubated diet s they rece ived a bro i ler fin i sher pe l l eted 

diet des cr ibed in appendix 6 .  

The t re atment s were 4 diet s ,  l abe l led 1 through t o  4 ,  

cont a ining guan idinated ge l at in ( GG )  and a b a s e  in the 

rat i o s  o f  0 . 5 : 1 , 1 : 1 ,  1 . 5 : 1  and 2 : 1  respect i ve l y . The base 

was the s ame a s  that used in exper iment 3 and c ompr i sed a 

cel l u l o s e  to cornstarch mixture in the rat i o  o f  3 : 1 .  Bi rds 

were fed 2 0  g ( ai r  dry ) o f  e ach diet mixed with water in 

the rat i o  of 1 g diet to 5 cc of water . The wate r  was added 

immediat e l y  prior to feeding us ing cal ibrated 3 5  ml 

di spo s ab l e  syringes . The t reatments were a l l o c ated randomly 

ove r the 3 2  b i rds to give 4 treatment each o f  8 bi rds . 

Intubat i on equ ipment and procedures were tho s e  out l ined in 

exper iment 3 .  I ntubat ion was comp leted within 2 hours and 

birds were sacrificed s ome 3 to 7 hour s  fol lowing 

intubat i on on the basis of degree o f  crop empt ine s s  and on 

the appearance of Cr in the droppings . The b i rds were 

sacr i ficed and digest a  s amp l e s  obt a ined u s ing the s ame 

procedures a s  those de s c r ibed in experiment 3 .  D ige sta 

s amp l e s  were col lected in sma l l  plast ic bags and s t o red 

overnight in a free zer before they were tran s ferred to the 

fre e z e  dryer . 

For amino acid ana lyses the dige s t a  of bi rds o f  the s ame 

t reatment we re subsamp l ed and pooled . The remainder was 

then used in the analys i s  by b i rd of Cr and N .  Ge l at in was 

obt a ined from the S igma Chemical Company ( P O  BOX 1 4 5 0 8 ,  St 

Lou i s ,  M i s sour i , 6 3 1 7 8  USA) and was spec i fi e d  as t ype A, 
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from porcine skin and approximat e l y  6 0  b l o om . I t  was 

guan idinated according to Rutherfurd and Moughan ( 1 9 9 0 )  

with s ome modi ficat ions , refer appendix 4 .  D i ge st a  nitrogen 

and Cr concent rat ions were determined by the methods 

de s cr ibed previou s l y  ( experiment 2 and 3 )  . Amino acid 

c ontent was  determined on _ dup l icat e  5 mg i leal  s amples 

u s ing a Waters ion-exchange HPLC system ,  ut i l i s ing post 0-
phthal aldehyde derivat i on and fluores cence detect i on . 

S amp l e s  we re first hydro l ysed in 6M g l a s s  d i st i l led HCl 

cont aining 0 . 1 % phenol for 2 4  hours at 1 1 0.±. 2° C in an 

evacuated sea led tube . Amino acid ana l y s i s  o f  guan idinated 

ge l at in ut i l i sed the s ame technique . 

Ana l y s e s  were conducted on N and Cr and lys ine dat a us ing 

the one-way ana l y s i s  of var i ance and regre s s i on procedures 

of S t at i s t ical Ana l yt i c a l  System ( SAS , 1 9 8 5 ) . Duncan' s 

Mul t ip l e  Range Test was used to a s s e s s  the s ign i f i cance o f  

di f ferences between t reatment means . 

RESULTS 

Amino acid analys i s  o f  the guanidinated ge l at in ( Table 

4 . 4 . 1 . )  gave the compo s i t i on of homoarginine as 1 . 2 8 1 %  and 

that o f  lys ine as 0 . 2 1 3 % . The percent age of t r ans format ion 

o f  l ys ine was there fore 8 6 % . 

Appendix 1 0  give s chromium and nitrogen dat a obt a ined for 

e xperiment 4 .  The c oncent rat i on of Cr and N in the i leal  

dige s t a  is  shown in T able 4 . 4 . 2 .  
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Table 4 . 4 . 1 .  Mean o f  amino acid content s (dup l i cate s )  of i leal digesta ( % )  and 
guanidinated ge latin . 

I leal dige st a Guanidinated 
Amino ac ids ( % )  TR 1 TR 2 TR 3 TR 4 Ge l at in 

Aspart ic acid 1 .  272 1 .  9 4 1  1 .  8 9 1  2 . 6 8 7  4 . 2 3 6  
Threonine 0 . 5 7 3  0 . 7 9 7 0 . 7 7 4  1 .  37 6 1 .  3 3 1  
Serine 0 . 6 4 5  0 . 9 9 4  0 . 9 1 5  1 .  4 9 9  3 . 0 8 2 
Glutami c  acid 1 . 3 0 4  2 . 0 7 9  2 . 0 3 9  3 . 0 6 3  7 . 7 7 8  
P rol ine 0 . 9 9 9  1 . 9 8 3  1 . 9 3 1  2 . 1 4 4  
Glyc ine 1 . 3 1 4  2 . 2 8 1  2 . 1 7 4  2 . 6 9 8  2 5 . 9 7 5  
Alanine 0 . 5 7 5  1 .  2 0 6  1 . 1 8 8  1 . 5 7 3  5 . 4 8 8  
Val ine 0 . 5 3 9  0 . 8 1 5  0 . 8 8 3  1 .  2 9 6  1 . 1 5 1  
Methionine 0 . 1 7 4  0 . 3 7 4  0 . 3 1 9  0 . 6 1 4  0 . 1 4 0  
I soleuc ine 0 . 3 8 3  0 . 5 1 6  0 . 5 0 8  1 .  0 2 3  0 . 6 62 
Leuc ine 0 . 655 0 . 9 9 3  0 . 9 1 6  1 . 7 3 6  1 .  5 1 8  
Tyros ine 0 . 3 3 6  0 . 4 1 5 0 . 4 3 0  0 . 9 1 2  0 . 4 2 9  
Phenylalanine 0 . 4 33  0 . 6 0 4  0 . 6 0 5  1 .  3 0 4  0 . 9 4 6  
Hist idine 0 . 2 0 1  0 . 3 8 1  0 . 3 4 2  0 . 6 3 0  0 . 7 4 3  
Lysine 0 . 4 5 0  0 . 635 0 . 6 5 4  1 .  2 3 8  0 . 2 1 3  
Arginine 0 . 62 7  1 .  2 2 2  1 . 1 5 1  1 .  7 2 5  3 . 4 1 6  
Homoarginine - - - - 1 .  2 8 1  
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T ab l e  4 . 4 . 2 .  The e ffect o f  changing dietary rat i o s  o f  
guanidinated gel at in and base o n  i le a l  digesta 
C r  and N concent r at i on ( DM bas i s )  . 

Type 
1 

Rat i o  0 . 5 : 1  

Cr ( % )  0 . 1 1 7  

Cr 
( mg / g  digest a )  1 . 1 7 1  

N ( % )  4 . 1 7 1b 

N 4 1 . 7 0 6b 
( mg / g  digest a )  

ns)  non significant 
* )  significant at P<O . O S 

o f  D iet 
2 3 
1 : 1  1 .  5 : 1  

0 . 1 3 7  0 . 0 7 1  

1 . 3 6 7  0 . 7 0 9  

7 . 1 55a 7 . 6 6 1a 

7 1 . 5 4 8a 7 6 . 6 1 4a 

4 
2 : 1  

0 . 0 1 9  

0 . 1 8 9  

8 . 2 0 1a 

8 2 . 0 0 5a 

Mean 

0 .  0 9 4ns 

0 . 9 3 9ns 

6 . 8 8 2 *  

6 8 . 8 1 5 *  

The concent rat i on o f  N i n  the i leal dige s t a  was 

s ign i fi c ant ly l e s s  ( P < 0 . 0 5 )  in the 0 . 5 : 1  rat i o  t reatment 

at 4 . 1 7 1 %  than in the 1 : 1  ( 7 . 1 5 5 % ) , 1 . 5 : 1  ( 7 . 6 6 1 % )  and 2 : 1  

( 8 . 2 0 1 % )  rat i o  t reatment s .  The concent rat i on o f  Cr was not 

s i gn i f i cant l y  di fferent between t reatment s and ranged 

between 0 . 1 3 7 %  for the 1 : 1  rat io t reatment and 0 . 0 1 9 % for 

the 2 : 1  t reatment . 

The concent rat i on o f  lys ine in the i leal  dige s t a  increased 

from 4 . 5 0  mg/ g  digesta for the 0 . 5 : 1  rat io diet t o  1 2 . 3 8 

in t he 2 : 1  rat io diet . D i f ferences were s ign i fi c ant at 

P < 0 . 0 1 ( Tabl e  4 . 4 . 3 .  refers ) . The concentrat i on o f  lys ine 

was s i gn i f i c ant ly greater in the dige sta of diet 2 : 1  than 

in that o f  diet s 1 . 5 : 1  and 1 : 1  and that of a l l  three were 

s igni fi c ant ly greater than the lys ine c oncent rat i on in the 

dige s t a  o f  diet 0 . 5 : 1 .  
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T ab l e  4 .  4 .  3 .  The e ffect o f  increas ing dietary concentrat i on 
o f  guanidinated gel at in on i l e a l  dige s t a  
lys ine c oncentrat i on . 

Rat i o  

L y s ine 

1 
0 . 5 : 1  

2 
1 : 1  

D iet 
3 
1 .  5 : 1  

4 
2 : 1  

Mean 

( mg / g  dige s t a )  4 . 5 0 c 1 2 . 3 8a 7 . 1 4 3 * *  

* * )  significant ( P <D . Ol )  

D i ge st a lys ine concent rat i on ( DM bas i s )  was regre s sed on 

the concent rat ion o f  guan idinated ge l at i n  in test diet s 

( F igure 4 . 4 . 1 ) . The regres s ion mode l and the s l ope were 

s i gni f i cant ( P < 0 . 0 5 ) , and the intercept 

s i gn i f i cant . The regre s s i on equat i on f itted 

Y = - 2 . 7 3 1  + 0 . 1 9 4 X 

i n  whi ch 

Y = l y s ine i l eal  excret ion ( mg / g  dige st a )  

X = g guan idinated ge lat in / l O O  g o f  diet 

was not 

sugge s t s  t hat the feeding of the c e l l u l o se-cornstarch 

m i xture al one at a leve l  of 1 0  g woul d  result in negat ive 

2 . 7 3 1  rng of i leal  lys ine per g digesta ( DM )  ( non 

s i gn i f i cant ) and that each gram of inc rease of guanidinated 

g e l at i n  per 1 0 0  g diet would r a i s e  digesta lys ine 

c oncent rat i on by 0 . 1 9 4  mg/ g  dige sta ( DM )  ( P < O . 0 5 ) . 
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F i gure 4 . 4 . 1 .  Rel at ion ship between i y s ine concent rat i on in 
i le a l  digesta and dieta ry c oncent rat i on o f  
guanidinated gelat in . 
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·u; 
.2::- 6 "l5 
� 
!? 

3 

0 
3 0  40 s o  6 0  
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D i et a ry rat ios  were formul ated such that for an actual  

feeding o f  20  g app l i c at i on o f  the e xpres s ion 

mg C r / g  t e st diet 
x mg N * /g digesta x feeding l eve l x 

mg C r /  g digesta mul t ip l i e r  

* )  mg lys ine / g  dige s t a  ( for dete rminat i on of endogenous 
l y s ine excret i on )  

t o  e ach t reatment would give a s e r i e s  o f  diges t a  N or 

l y s ine values equivalent t o  guanidinated ge l at in : ba s e  

intakes o f  5 : 1 0 ,  1 0 : 1 0 ,  1 5 : 1 0 and 2 0 : 1 0 g .  
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The re l at i onship between mult i p l i e r , dietary rat i o s  and 

guanidinated ge l at in and base for e qu ivalent guanidinated 

ge latin int ake s of 5 through t o  2 0  g are shown in Table 

4 .  4 .  4 .  

T ab l e  4 . 4 . 4 .  Mul t ipl iers used t o  obt ain i l e a l  excret i on o f  
nit rogen and endogenou s l ys ine f o r  spe c i fied 
int akes of diet ary c omponent s .  

Diet 
1 2 3 4 

GG ( g )  5 1 0  1 5  2 0  

Base (g )  1 0  1 0  1 0  1 0  

Feeding leve l 2 0  g 
Mul t ip l i e r  1 5 / 2 0  1 2 5 / 2 0  3 0 / 2 0  

The i leal  N excreted for intakes o f  5 : 1 0 and 1 0 : 1 0 g were 

s i gn i f i cant l y  l e s s  ( P < O . 0 1 )  at 2 6 3 1  mg, and 1 0 3 5 7  mg 

re spect ive l y  than that o f  2 0 : 1 0 g ( GG : base ) o f  6 5 4 0 3  mg 

( Table 4 .  4 . 5 .  refers ) . I nt ake o f  1 5 : 1 0 ( 2 4 8 6 4  mg ) was not 

s i gn i ficant l y  di fferent t o  tho s e  o f  the 5 : 1 0 ,  1 0 : 1 0 and 

2 0 : 1 0 g ( GG : ba s e ) . 

T ab l e  4 . 4 . 5 .  Total i leal N excret i on (mg) a s s o c i ated with 
di f ferent guanidinated ge lat in intakes at 
const ant base int ake s . 

Diet 
1 2 3 4 

GG ( g )  5 1 0  1 5  2 0  

Base ( g )  1 0  1 0  1 0  1 0  

T o t a l  N (mg) * *  2 6 3 1b 1 0 3 5 7b 2 4  8 64ab 6 5 4 0 3a 

* * ) siqnificant (P<O . O l )  
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T o t a l  i l ea l  N was regre s sed against guanidinated ge l a t in 

int ake ( F igure 4 . 4 . 2 ) . The regres s ion mode l ( l inear ) and 

s l ope were h i ghly s igni f ic ant ( P < 0 . 0 1 ) , but the int e rcept 

was not s igni f i c ant . The regre s s i on equat ion f itted 

Y = -2 2 0 8 5 . 6 3 0  + 3 7 1 9 . 7 1 0  X 

i n  whi ch Y 

and X 

= t he t otal N i leal  excret i on (mg)  

int ake of guanidinated gelatin ( g )  

indi c ated that the feeding o f  the c e l lulo se-corn s t arch 

mi xture alone at a leve l of 1 0  g woul d  result in negat i ve -

2 2 0 8 5 . 6 3 0  mg o f  i leal N excretion ( non s igni fi c ant ) and 

that each gram o f  diet ary guani dinated ge l at in woul d  

increase excret i on b y  3 7 1 9 . 7 1 0  m g  ( P < 0 . 0 1 ) . 

F i gure 4 . 4 . 2 .  Re l at i onship between total i le a l  N and 
increas ing int akes of guanidinated ge l at in 
at a const ant base int ake . 

1 _  .......... .. 
c 1! .. c C> .. 0 1 � 

� ..... 
] .......... 
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Ill -----: ... 

• ....... 
5 1 0  1 5  2 0  

Intake of  guanldlnated gelatin (g) 
2 5  

The total i leal  lys ine excreted d i ffered s i gn i f i cant l y  

( P < 0 . 0 1 )  f o r  a n  intake o f  2 0 : 1 0 ( GG : ba s e )  a t  5 8 9 5 . 2  m g  t han 

those of 5 : 1 0 ,  1 0 : 1 0 and 1 5 : 1 0 ( GG : base)  o f  respective l y  

1 7 3 . 1  mg , 2 7 8 . 5  mg and 6 9 1 . 3  mg ( Tabl e  4 . 4 . 6 ) . 
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T ab l e  4 . 4 . 6 .  Total i l e a l  lys ine excret ion (mg ) a s s o c i at e d  
with di fferent guanidinated gel at in intakes 
at a c onst ant base intake . 

D iet Mean 
1 2 3 4 

GG ( g )  5 1 0  1 5  2 0  
Base ( g )  1 0  1 0  1 0  1 0  

Feeding l eve l 2 0  g 

I le a l  1 7 2 . 9 3b 2 7 8 . 7 1b 6 9 1 . 8 2b 5 8 9 5 . 2 4 4 1759 . 54** 
l y s ine (mg )  

* )  Significant (P<O . O S )  

T o t a l  i leal lys ine was regre s sed against guanidinated 

ge l at in int ake ( F i gure 4 . 4 . 3 . ) . The regre s s i on 

mode l ( l inear ) and s l ope were s ign i f ic ant ( P < 0 . 0 5 ) , but the 

intercept was not s i gni f i c ant . The regres s i on equat i on 

f itted 

Y = -2 6 3 5 . 2 5 1  + 3 5 1 . 5 8 3  X 

i n  which 

Y = t ot a l  i leal lys ine excre t i on (mg) 

and X = int ake of guanidinated ge l at in ( g )  

indicated that the feeding o f  the cellulose -cornstarch 

m i xture a l one at a leve l o f  10 g woul d  result in negat ive 

2 6 3 5 mg of i le a l  lys ine excret i on ( non s i gn i f ic ant ) and 

t hat each gram of diet ary guan idinated ge l at in would 

increase excret i on of lys ine by 3 5 1 . 5 8 3  mg ( P < 0 . 0 5 ) . 
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F i gure 4 . 4 . 3 .  Re l at i onship between t o t a l  i l e a l  lys ine and 
increas ing int akes o f  guanidinated gel at in 
at a c onst ant base intake . 
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T h e  est imate o f  i leal N and lys ine e xcret i on a s s o c i ated 

with increas ing guanidinated ge l at in int ake s at a constant 

b a s e  int ake o f  1 0  g was reanalysed this  time excluding the 

extreme respons e  data o f  treatment 4 .  The response for 

t ot al i leal N was not s igni ficant l y  di fferent ove r diet s 

1 t o  3 ,  but f o r  t o t al i leal  lys ine that of diet 3 ( 6 9 1 . 8 2 

mg ) was s i gn i f i c ant ly greater ( P < 0 . 0 5 )  than than of diet 

2 ( 2 7 8 . 7 1 mg ) and diet 1 ( 1 7 2 . 9 3 mg ) . Respect ive regre s s i on 

equ at ions we re for total i leal  N 

Y = - 9 6 1 5 . 0 2 2  + 2 2 2 3 . 2 3 7  X 

and for tot a l  i le a l  lys ine 

Y = - 1 3 7 . 2 1 0  + 5 1 . 8 1 7  X 

where Y = mg o f  N or lys ine 

and X = int ake of guanidinated ge l at in in grams 

99 



F igure 4 . 4 . 4 .  Re l at i onship between t o t a l  ileal N and 
increas ing intakes of guanidinated gel at i n  
at a c onstant b a s e  intake . 
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F i gure 4 . 4 . 5 .  Re l at ionship between t ot a l  i l e a l  lys ine and 
increas ing int ake s of guanidinated gel at in 
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Both the regres s ion model ( l inea r )  and s l ope were 

s i gn i f i c ant at P < O . 0 5  for i leal  N and P < O . 0 1  for i le a l  

l y s ine , but in both cases t h e  intercept s were not 
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s i gn i f ic ant l y  d i f fe rent t o  zero ( F i gure 4 . 4 . 4 .  for i l e a l  

N and 4 . 4 . 5 .  f o r  i le a l  lys ine refer ) . 

DISCUSSION 

D i f f i culty was experienced in re l i ab l y  predi ct ing dige s t a  

f l ow through the terminal i l eum . In s ome cases the dige s t a  

vo lume col lected was di s appoint ingl y  small and in s ome 

c a s e s  the colourat i on of digesta sugge sted chromium content 

was l e s s  than usua l l y  experienced . 

The concent rat i on o f  N in the dige s t a  increased with 

increas ing concent rat ion o f  guanidinated ge l at in in the 

diet . The di rect i on of this change was cons i st ent with a 

dimini shing N ut i l i s at ion e f f i c i ency in the gut with 

increas ing diet ary c oncent rat ions o f  protein . I n  this t r i a l  

the concent rat ion i n  the diet o f  guanidinated ge l at in 

increased from 3 32/3  to 6 62 /3 % . 

The concent rat i on o f  Cr in the digest a dimin i shed ( non 

s igni f i cant ) f rom 0 . 1 1 7 %  in the 0 . 5 : 1  (GG : base ) diet t o  

0 . 0 1 9 % i n  the 2 : 1  rat io diet . Such a trend imp l ie s  mo re 

digest a is be ing produced at higher dietary rat ios than 

l ower and sugges t s  that feed res idues are greater with 

i n c reas ing c oncent rat i on of guan i dinated ge latin in the 

diet or conve r s e l y  that feed res i dues are increas ing as 

dietary cel l u l o se concent rat i on diminishe s . Thi s is  

incon s i stent with the digest ion characterist i c s  o f  protein 

and c e l lulose and cast s doubt on the va l idity of 

ext rapo lat ions involving the chromium measurement s ,  

part i cularly o f  diet 4 .  
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The concent rat i on o f  ileal l y sine increased s igni fi c ant l y  

from 4 . 5 mg/ g  dige s t a  in diet 0 . 5 : 1  t o  1 2 . 3 8 i n  diet 2 : 1 .  

Thi s i s  con s i stent with endogenous lys ine excret i on 

increas ing with increas ing concentrat i on of protein in the 

diet , and is in agreement with S i riwan , e t  a l . ( 1 9 8 9 ) . The 

regre s s i on equat i on fitted was s i gn i f i c ant for the mode l 

( l inear)  and the s l ope . 

The use of mult ipl iers t o  e st imate i leal N and lys ine 

exc ret i on with increas ing int akes of guanidinated ge l at i n  

a t  c onstant int akes o f  base invo lved Cr determinat i ons b y  

w a y  o f  the expre s s i on 

mg Cr / g  t e st diet 

mg Cr /g dige s t a  

that c a l culates the quant ity o f  dige s t a  produced f o r  each 

un it quant ity o f  food fed . The i l eal N excret ions 

a s s o c i ated with 5 ,  1 0 ,  1 5  and 2 0  g int akes o f  guanidinated 

ge l at in at const ant base int ake s o f  1 0  g were exce s s ive and 

inva l i d  in the case o f  N and lys ine . Some intakes were 

result ing in more N excreted than protein fed . It i s  

concluded that the digesta C r  c oncent rat i ons obt ained, 

inc orrect ly charact erised the quant ity o f  dige s t a  pass aged 

and resulted in ext reme and co rrupt va lues of N and lys ine . 

The fundament a l  cause o f  thi s prob l em seemed t o  l i e  with 

an inab i l ity to obt ain sat i s factory vo lume s of dige s t a  and 

an inabi l ity t o  ident ity s at i s factory s laughte r  t ime s . 

The % digesta Cr in diet 3 ( 0 . 0 7 1 )  was about h a l f  that o f  

diet 2 ( 0 . 1 3 7 )  and the value o f  diet 4 ( 0 . 0 1 9 )  was about 

one seventh that o f  diet 2 .  D iet 4 dat a was exc luded in an 

endeavour to obt ain regres s i on s l opes less influenced by 

st rong direct i onal change in dige s t a  Cr concentr at i on s . The 

s l ope for N i ndic ated 2 2 2 3  mg o f  N . was pas s aging in the 
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i l e a l  digesta for each gram o f  guanidinated gel at in fed and 

sugge sts the feeding of gel at in was c aus ing negat ive N 

bal ance . Thi s was not considered sensible and consequent l y  

both N and lys ine regre s s ion s l ope s invo lving diet ary 

t re atment s 1 t o  3 only are not con s i dered representat ive 

o f  a phy s i ol ogi c a l  re sponse . 
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CHAPTER 5 

SUMMARY AND CONCLUSIONS 

In experiment 1 ,  swe l l ing index and storage modu lu s  

( G '  ) were emp l oyed to a s s e s s  t h e  water swe l l ing and 

e l a s t i city charact e r i s t i c s  of the faeces and i le a l  digesta 

of f our commonl y  used feedstuffs , t wo cerea l s ,  mai z e  and 

bar l e y ,  meat and bone mea l  and the l egume , peas . Further 

t reatment s included mixing in a 1 : 1  rat io the 

a fo rement i oned foodstuffs with s orghum . A f inal four 

diet ary t re atment s involved a s s e s s ing c e l lulose and 

cel l u l o s e  mixed in increas ing rat i o  with a medi c i n a l  

bu l king agent , Granocol . 

Swe l l ing index was measured on excreta c o l lected a fter 

1 2  hours and on that co l lected between 12  and 21  hours 

fo l l owing feeding . The second c o l l e c t i on was reduced in 

vo lume and showed swe l l ing index var i at i on within 

ingredi ent s s u f f i c ient l y  l arge t o  deny the st age of 

col lect ion o f  usefu l  app l i cat ion . The first c o l l ect i on 

resulted in sat i s factory vo lume s o f  excret a ,  but the range 

of swe l l ing indi ces , 4 . 1 1 2 to 8 . 1 8 6  and the insens it ivity 

of the me asure t o  the addit i on o f  s orghum indi cated that 

the method was unl ikely to yield a measuring index that 

wou ld di fferent i at e  between di ffe rent variet ies of cereal 

or legume s . The index did di fferent i ate between barley and 

me at and bone meal but not between mai z e  and meat and bone 

mea l  and the response to added s o rghum was sma l l  and non 

s igni fi cant i n  a l l  cases . There was a marginal movement in 

swe l l ing inde x  t o  the addit i on of granoco l  t o  c e l l u l o s e , 

but it was not s igni f ic ant and i rregu l ar . 
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Storage modulus est imate s  resulted in a l arge range 

of modu l i ,  between 2 . 7  and 7 6  K P a ,  but the addi t i on o f  

granoc o l  to c e l lu l o s e  and o f  sorghum t o  the cereal s ,  peas 

and meat and bone mea l  produced response s  that were 

incon s i st ant in both direct ion and magnitute . Thus addit i on 

t o  c e l lulose o f  granocol in the rat i on of 4 . 5 : 0 . 5 rai sed 

storage modulus f rom 1 1 . 3  t o  1 7 . 8  K P a ,  but addit i onal 

granocol resulted in values o f  3 . 5  t o  2 . 8  K P a . Addit i on 

of s orghum t o  meat and bone mea l  r a i s e d  storage modulus 

from 3 7 . 4  to 7 6 . 2  K P a ,  but addit i on o f  sorghum to barley 

increased G '  f rom 1 0 . 9  to 1 3 . 7  K P a ,  responses that a re 

di f f i cult to reconc i le . 

Current phy s i c o-chemical evaluat i ons of f ibre o r  the 

dige sta of fibrou s  foods c ommonly measure vi s c o s i t y  and 

invo lve solub i l i z at ion, cent r i fugat i on and a s s e s sment of 

the supernat ant ( La rsen , 1 9 9 1  ; Smit s and Anni son , 1 9 9 4 ) . 

In these procedures the phase on which vi s c o s i t y  i s  

mea sured is  l i qui d .  I n  a s s e s s ing t h e  e l a st i c  propert i e s  of 

i l e a l  digesta the subst rate i s  c o l o idal with both s o l i d  and 

acqueous pha s e s .  The proport i onal contribut ion o f  the 

pha s e s  cannot be control led and the i r  proport i ons wi l l  

a l t e r  the c o l o idal propert ies o f  the digest a .  

Neither mea sure ,  swe l l ing i ndex or storage modulus 

we re s igni f i c ant ly corre l ated t o  dietary leve l s  of neut ral 

det ergent f ibre and acid detergent f ibre or to each other . 

I t  i s  concluded that both measure s are unl ikely t o  p rove 

u s e ful as indices for measuring the phy s i c o -chemica l  or 

d i gest ibi l it y  characteristics o f  feedstuffs . 

Endeavours to quant i fy r e l at ionships between 

endogenous N and amino acid excre t i on at the t e rminal i l eum 

t o  the diet ary component s ,  prot e in , starch and f ibre may 

have con s i de rabl e  app l i c at ion i f  t he extent to whi ch 
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terminal gut excret ions respond t o  changes in diet 

comp o s i t i on change l ittle in c ompos it i on but vary in 

vo l ume . Experiment 2 t o  4 were undertaken to e l i c it 

informat ion on t he degree o f  response t o  dietary cellul ose 

and protein at the termina l i l eum . 

I n  experiment 2 ,  the feeding o f  diet s c ontaining 

increas ing rat i o s  of ce l lulose to cornst arch s igni f i c ant l y  

reduced the concent rat i on o f  N i n  the i l eal digesta . I f  it 

can be assumed that cellul ose i s  inert and that cornstarch 

is who ly dige sted and absorbed and the food res i dues 

pas s aging at the terminal i l eum are cellu l o s e ,  then the 

out c ome sugges t s  that the gut s e c ret ory response was 

greater for diets with l arger proport i on s  of c o rn starch or 

l e s ser for increas ing proport ions of c e l lul o s e  and that the 

i n f luence o f  dige s t a  bu lk on the excretion o f  exf o l i ated 

c e l l s  and mucus was re l at ive ly sma l l  compared to the 

re sponse and e l iminat ion from the t ract o f  gut enzyme s . 

Chromium concent rat ion in the ileal digesta was 

r e l at ive ly constant for diet s 2 : 1 , 3 : 1  and 4 : 1  ( ce l lu l o s e : 

c o rnstarch) at between 0 . 2 0 3  and 0 . 2 3 1  percent , but that 

of diet 1 : 1  was rai sed s i gni fi cant l y  ( 0 . 2 8 1 % ) . The se 

c oncent rat i on s  are con s i s t ant with increas ing dige sta 

c e l lu l o s i c  mat e r i a l  ari s ing from increasing rat i o s  of the 

dietary c e l l u l o s e  component and c ompare favourabl y  with 

c oncentrat ions obt ained for chromium in exper iment 3 in 

whi ch the diet ary proport i on o f  c e l lu lose and cornst arch 

was very much reduced by rep l ac ement with gelatin . In 

e xper iment 3 ,  chromium concent rat i on s  were 0 . 3 2 5  percent 

f o r  diet 0 . 5 : 1  ( ge l at in : ce l lul ose+cornst arch base ) and 

i ncreased t o  0 .  6 1 4  percent for diet 2 : 1 .  I t  i s  t o  be 

e xpected that as t he proport ion o f  digest ible c omponent i s  

increased ( ge l atin ) the quant ity o f  i leal digesta produced 

w i l l  be diminished and the concentrat i on o f  dige s t a  
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chromium wi l l  r i s e . This repre sentat i on i s  reflected by the 

di rect i on of response in experiment 3 .  Thus the chromium 

concent rat i ons in t he i le a l  dige st a have a logi c a l  

interpret at ion and changes were i n  di rect ions that were i n  

accordance with t h e  expected dige s t ib i l ities o f  diet a ry 

component s .  

In consequence the measure , response o f  endogenous N 

t o  changing leve l s  o f  ce l lulose o f  1 . 1 5 4  mg N for e ach g 

int ake o f  diet ary ce l lulose appears t o  be s ound . 

The concent r at ion o f  N in the ileal dige s t a  in 

e xpe riment 3 increased with increa s i ng concent rat i on o f  

gelatin i n  the t e st diet s . Regre s s i on analys i s  indic ated 

t hat 34 mg o f  i le a l  N was be ing pas s aged for e ach gram o f  

g e l at in fed and c a l culat i ons sugge sted this amounted t o  an 

apparent N dige s t ibil ity of 5 4  percent with a t rue 

dige s t ib i l�ty s omewhat greater . 

The wet method of feeding fac i l i t ated de l i very o f  the 

a rt i fi c i a l  diet s int o the c rop and a l though di f f i culty was 

e xperienced in predict ing s l aught e r  t ime s that woul d  y i e ld 

l arge dige sta vo lume s ,  the chromium and N concent rat i ons 

of the digesta sugge sted that repre sentat ive responses were 

obt a ined . 

In experiment 4 ,  guanidinat ion o f  the protein ge l at in 

resulted in an 8 6  percent t rans fo rmat ion o f  l y s ine into 

homoarginine . Thi s  potent i a l l y  was a s ource o f  confounding 

and in future activities the guanidinat i on procedure should 

be repeated a s u f f i cient number of t ime s t o  ensure greater 

leve l s  o f  tran s f o rmat ion are obt ained . The i le a l  digesta 

N response t o  increas ing leve l s  o f  diet ary ge latin was 

clearly corrupt . The regre s s i on s l ope indi cated greater N 

was being excreted than gelat in fed . The response was 
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att r ibuted t o  very low digesta chromium c oncent rat i on 

( va lues o f  0 . 1 1 7  t o  0 . 0 1 9 % were obta ined} and ult imat e l y  

t o  a n  inab i l ity t o  predict opt imal s laughte r  t imes and 

obt ain s at i s fact ory volumes of i leal dige st a . N 

concent rat i ons in t he dige s t a  were approximate l y  two t ime s 

those obt ained in experiment 3 .  The e xp l anat i on for thi s 

remains obs cure . With the chromium concent rat ion o f  the 

s ampl e  o f  dige s t a  be ing sma l l  it suggests a s i gn i f i c ant 

p ropo rt ion of the N was othe r than dietary . The 

unreconc i l able chromium and N concent rat i ons indic ated t hat 

the l y s ine response to increas ing dietary leve l s  o f  

guanidinated ge l at in were fau l t ed and probabl y  

mi s represent at ive . 

The use o f  mul t ipliers t o  obt a i n  re spons e  in N o r  

l y s ine endogenous excret i on t o  changing l eve l s  o f  cel lul o se 

and guanidinated ge l at in i s  a techni que that e l iminat e s  

confounding in respect t o  whi ch o f  two changing component s 

in a two component diet i s  c aus ing the response . There 

seems no val i d  reason why in future studie s  the base 

fract i on o f  a two c omponent mixture should not be made more 

compatible with st andard feeds and reduce the a rt i fi c i a l it y  

o f  the t e s t  diet . Thu s ,  in experiment 2 where the t e s t  diet 

c ons i sted o f  a bas e , cornst arch, t o  whi ch the t e s t  fract i on 

c e l lulose was added in changing proport ion ,  t he test diet 

could have cont ained a base fract i on composed perhaps o f  

a convent ional chi ck diet t o  which the cellu l o s e  could have 

been added . Likewi s e ,  in studies on t he e ffect of starch 

and guan idinated ge l atin int ake on endogenous AA and N 

excret ion the base in each case could be made more " norma l "  

i n  composition without incurring con founding . The 

c l ar i fi c at ion of i s sues giving r i s e  to unconfounded 

re sponses when dea l ing with two c omponent mixture s is the 

most s i gni f i c ant cont r ibut i on o f  this work to the 

det e rminat ion of endogenous AA and N excret i on . 
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APPENDIX 1 .  

DETERMINATION OF NEUTRAL DETERGENT FIBRE (NDF ) 

AND ACID DETERGENT FIBRE (ADF ) 

Reagents 

Neut ral det ergent s ol ut i on 

a-amylase so lut i on 

Ac i d  detergent s o lut i on 

Na Lauryl su lphate o r  Na dodecyl sulphate 

Na2 Ethyl enedi aminetetra acet i c  acid ( EDTA) 

Na Tet raborate dec ahydrate 

Na2 Hydrogen pho sphate anhydrous (Na2HP04 ) 

NaOH 

HCl 

Cetyl t r imethyl ammonium bromide ( CTAB ) 

H2S04 

P reparations 

1 .  Neut ral detergent (ND )  so lut i on 

6 0 . 0 0 g Na l auryl sulphate ( o r  Na dodecyl sulphat e ) 

3 7 . 2 2 g Na2 EDTA 

1 3 , 6 2  g Na tetraborate decahydrate 

9 .  1 2  g Na2 hydrogen phosphate anhydrous (Na2HP04 ) 

We ight each into a 2 l it re con i c a l  f l a sk . D i s s o lve in 

1 . 5 l it re of di s t i l led water . Then add 2 0  ml ethy lene 

glycerol and make up t o  2 l it re with dist i l led water 

and stir . Check the pH i s  in the range o f  6 . 9  - 7 . 1 

and adjust with NaOH or HCl i f  necess ary . 

2 . a-amyl a se solut i on . 

D i s s o lve 1 g a-amylase in 3 0  ml dist i l led wat e r  in a 

5 0  ml vo lumetric flask . Add 1 0  ml ethoxyethan o l  and 

make up to 5 0  ml with dist i l l e d  water . Store in a 

refrigerat or and rep l ace about every week . 
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3 .  Aci d  det ergent ( AD )  s o lut i on 

Put 2 l it re con i c a l  flask c ontaining about 1 l it re o f  

dist i l l ed wat e r  in s ink . Wearing gogg le s , carefu l l y  

add 5 6  m l  concent rated sulphuri c  acid ( H2 S04 ) • Make up 

t o  2 l itre wit h  di s t i lled water = 5 %  w/w H2 S04 • We ight 

4 0  g cetyl t r imethy l ammonium bromide ( CTAB ) int o a 

l arge beake r ,  di s s o lve in 5 %  H2S04 and make up to 2 

l it re with 5 %  H2 S04 • Leave on bench overnight t o  a l l ow 

the mixture comp lete ly di s s o lve . 

Analytical procedure : 

DAY 1 .  

( 1 )  P l ace the cruc ible in furnace at 5 0 0°C for 2 hrs . Cool 

in a de siccat o r  and we igh and record weight as C = 

we ight of cruc ibl e . 

( 2 )  Accurately we igh about 1 g of s amp le int o 4 0 0  ml 

beakers . Add b o i l ing beads and a s s i gn "W"  t o  the 

we ight of each s ample . 

( 3 )  Add 5 0  ml of neut ral det ergent ( ND ) s o lut ion,  cover 

with a wat chg l a s s  and bring t o  boil  on a hotplate 

( set to 4 0 0°C init i a l l y  and later t o  3 0 0°C prior to 

bo i l ing ) . 

( 4 )  Add another 5 0  ml ND s o lut i on and 2 ml a-amyl ase 

solut i on . Bring back to the boil  and s imme r again for 

30 minute s .  

( 5 )  Bo i l  some dist i l l ed water in the jug for rins ing the 

beakers and washing the s amples through the crucible .  

( 6 )  Whi le the mixture i s  s t i l l  hot , f i lter s amples 

through corre spondingly l abe l led cruc ibles . Use the 

vacuum system t o  a s s i st and rinse a l l  s ampl e  o f f  the 

wat chglasses and beaker s ide s free us ing a washbott le 

cont a in ing hot dist i l led water . 
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( 7 )  Wash the residue several t imes unt i l  n o  detergent i s  

p re sent . P l ace the cruc ibles with s amples i n  the oven 

at 1 0 5°C ove rn i ght . 

DAY 2 .  

( 8 )  Remove c rucibles out o f  the furnace and c o o l  in a 

de s i ccat or . We igh the cruc ibl e s  with s ampl e  re s i due 

a s  CNDF = c rucible + neut ral det ergent re s i due ( NDF ) . 

( 9 )  Put cruc ib l e  s ideways into 6 0 0  ml beakers and c over 

with AD s o lut i on . Use watchgl a s s  to cover beakers . 

B o i l  gent l y  ( as previously ) on a hot p l ate for 1 

hour . 

( 1 0 )  B o i l  di s t i l l ed water and t ake beakers t o  the vacuum 

s ystem . Us ing hot wat e r ,  wash c ruc ible s ide s and 

bottom to remove a l l  s ample from t he cru c ibles into 

the beakers . 

( 1 1 )  P l ace the cruc ibles in the vacuum system and u s ing 

l ow suct i on , fi lter s amp l e s  into the c ruc ible s ,  

washing several  t ime s with hot dist i l led wate r  to 

remove all the detergent . Dry in 1 0 5°C oven overn i ght . 

DAY 3 .  

( 1 2 )  Remove c ru c ibles cont aining 

cool in a de s i ccator and 

cruc ible + AD res idue (ADF ) . 

( 1 3 )  Calculat i on : 

a .  % NDF = CNDF - C x 1 0 0  
w 

b .  % ADF = CADF - C x 1 0 0  
w 
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APPENDIX 2 .  

DETERMINATION OF KJELDAHL NITROGEN CONTENT 

WITH A KJELTEC 1 0 3 0  AUTO ANALYSER SYSTEM 

Reagents 

Su lphu r i c  acid,  c oncentrated ana lyt i c a l  grade N-free . 

K j e l t ab ( Se )  (ma c ro o r  micro ) 

Sodium Hydroxide ana l yt ic a l  grade 3 5 - 4 0 %  

Re ceiver solut i on 

Hydrochloric Ac i d  ( 0 . 0 1 M ,  0 . 1  M ,  0 . 2 M or 0 . 5 M )  

P reparations 

1 .  Sodium hydroxide 

We i gh 2 kg S odium Hydroxide disolve in 5 l itres 

di st i l led water . Make it gradual ly ,  not the who le 

l ot . 

2 .  Rece iver So lut i on 

D i s o lve 1 0 0  g Boric Ac id in 1 0  l itres di s t i l l ed or 

de i on i sed water . Add 1 0 0  ml Bromocre s o l  Green 

so lut ion ( 0 . 1  g in 1 0 0  ml methano l ) . Add 70 ml Met hy l  

Red s o lut i on ( 0 . 0 7 g i n  7 0  m l  methano l ) . Add 1 m l  1 

M ( 4 % )  Sodium Hydroxide ( 2  mg in 5 ml ) unt i l  greeny

black colour . 

Analyti cal procedure : 

( 1 )  Dry and we l l -mix s amp l e s  are f inely ground t o  p a s s  

through 1 mm me sh . 

( 2 )  We i gh the s amples ( le s s  than 0 . 1  g for micro and 0 . 8  

g for macro ) us ing wei gh ing boat s and quant i t at ive l y  

t rans fer into the dige s t i on t ube s . 

( 3 )  Add a K j e l t ab ( micro or macro ) t o  each dige s t ion t ube 

conta ining a s ample to be ana lysed . 

( 4 )  Add concent rated Sulphuri c  Ac i d  ( 1 0 ml for macro and 
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5 m l  for micro ) from a dispenser and mix carefu l l y  by 

gent l y  swirl ing the tube by hand o r  using a test tube 

mixer . 

( 5 )  P l ace the digestion tubes and stand with the prepared 

s amp l e s  bes ide the digester and fit t he exhaust 

man i fo l d  t o  the dige s t i on tube s . Turn on the vacuum 

s ource ( water aspirat o r )  to maximum f l ow . 

( 6 )  P l ace s t and, tubes and exhaust man i fo l d  in the 

p reheat dige ster ( 4 2 0  °C )  . 

( 7 )  Dige st for 3-5  minute s  with maximum f l ow through the 

exhaust mani fold . Then adjust the a i r f l ow unt i l  fume s 

are just c ont ained . 

( 8 )  Cont inue dige st i on unt i l  the mixture i s  c lear and 

c o l our l e s s  (usua l l y  2 0 - 4 5  minut e s ) . 

( 9 )  Remove the diges t i on tubes c ont aining the exhaust 

man i fo l d  from the digester int o a stand and a l l ow the 

ent i re a s s embly t o  c oo l . 

( 1 0 )  Cool  s amp l e s  s o lut ion t o  hand temperature and di lute 

with dist i l led water ( 1 0 ml for mi cro and 30 ml for 

macro ) and mi xed . 

( 1 1 )  St art up the K j e lt e c  Auto 1 0 3 0  Analyser f o l l owing the 

procedure witten in the manu a l . 

( 1 2 )  Then , t o t a l  N or crude protein can be c a l cu l ated us ing 

the formu l a : 

% N = 1 4 . 0 1 x M x f x 1 0 0  x (ml titrant - ml bl ank) 
mg s ample 

1 . 4 0 1  x M x f x (ml t itrant - ml b l ank) 
mg s ample 

Whe re 1 4 . 0 1 = the atomic weight of N 

M = the mo l arity o f  t it rant HCl ( mo l e /  l it re )  

f = st andard K j e l dahl fact o r = 1 . 0 0 for %N . 

For macro ana l y s i s  the recommended t i t r ant 

concent rat ion i s  0 . 2M or 0 . 5 M HCl . For semi -mi cro 

analys i s  use 0 . 1M HCl ,  and for mi cro ana l ys i s  use 

0 . 0 1M HCl . 
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APPENDIX 3 .  

CHROMIUM ANALYSIS USING ATOMIC ABSORPTION 

SPECTROMETRY (AAS ) 

Reagents 

Phosphoric acid/manganese sulphate s o lut ion 

P ot a s s ium bromate 

St andard chromium s o lut ion for cal ibrat i on 

Stock ( equivalent t o  1 0 0 0  g Cr203 /ml ) 

Work ing st andard 

P reparations 

1 .  P ho spho ric acid/manganese sulphate s olut i on 

a .  1 0 %  w/v MnS04 . 4H20 

b .  8 5 %  w/w Orthopho sphoric acid 

c .  mix a .  and b .  with the proport i on o f  3 : 9 7  (v/v)  

2 .  4 . 5 % w/v aqueous solut i on Pot a s s ium bromate 

3 .  St andard chromium so lut i on for c a l ibrat ion 

B l ank ( chromium-free ) prepared by a shing and 

digesting chromium- free s ampl e  us ing the s ame 

re l at ive amount s o f  reagent s a s  in each s amp le 

determinat ion . 

4 .  Stock ( equivalent to 1 0 0 0  g Cr203 /ml ) : di s s o lve 1 . 9 3 5 5  

g potass ium di chromate i n  dist i l led water and make up 

to 1 l it re . 

5 .  Working st andards : St andards in the range equival ent 

to 0 - 2 5  g Cr203 /ml made up from stock s o lut i on 

di luted t o  vo lume with the b l ank . 

Ana1ytica1 procedure : 

( 1 )  Dry and grind the s amples  t o  pass  through a 1 mm 

s i eve . 
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( 2 )  D ry beakers for 3 hrs at 1 05°C and cool in de siccator 

and we i ght t hem therea fte r . 

( 3 )  We ight the s amples ( 1 5-4 0 mg f o r  i l eal s ampl e  and 1 0 0  

g for diet ) in the the beakers and dry at 1 0 5°C 

overn i ght or unt i l  a const ant weight . Coo l in t he 

de s iccator and rewe ight t o  obt ain dry matte r . 

( 4 )  Ash at 5 0 0°C furnace overnight t o  ensure a c omplete 

combust i on . 

( 5 )  Add 3 ml of Pho sphoric acid/mangane se su lphate 

s o lut i on t o  each beaker and swirl . Cover the beakers 

with a g l a s s  p l ate and p l ace in a 1 4 0°C heat ing b l ock 

for 2 0  minutes . 

( 6 ) Remove the glass p late and add 4 ml o f  4 . 5 % 

Pot a s s ium bromate t o  each beakers . P l ace back in a 

heat block and cover the beakers with a g l a s s  p l at e . 

Then r a i s e  the heat block t o  2 2 0°C ( approximate l y  4 5  

minut e s )  . 

( 7 )  Remove t he gla s s  p l ate and p l ace the beaker s  on in 

insulated surface . Carefu l l y  add 15  ml o f  dist i l led 

wat er at 6 0°C t o  each beaker and a l l ow to c o o l ing 

down . 

( 8 )  Rinse into 5 0  ml volumet r i c  flasks with dist i l led 

water and make up t o  vo lume . Stand t o  a l low ash t o  

sett l e  down . 

( 9 )  Read u s ing At omi c Absorpt ion Spectromet ry (AAS ) at 

3 5 7 . 9  nm with a nit rous oxide / acetylene f l ame . 
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APPENDIX 4 .  

GOANID INATION OF DIETARY LYSINE (GELATIN) 

Reagent s 

0 . 6M 0-Methyl i surea (MIU)  

Ba ( OH ) 2 

Ge l at i n  

2M HCl 

2M NaOH 

Analyti cal Procedure 

a .  P repare 3 8 %  ( w/v) Ba ( OH )  2 with bo i l ing de i oni sed 

water . Reheat the Ba ( OH ) 2 so lut i on almost t o  boi l ing 

po int unt i l  max imum d i s s o lut i on has 

qui c k l y  add to s u f f i c i ent MIU to 

s o lut i on . 

b .  St and for 3 0  minute s .  

o ccured, 

make a 

then 

0 . 6M 

c .  Remove the resulting Ba ( OH ) 2 by t rans ferring s o lut i on 

into 2 5 0  ml tubes and centri fuging 6 4 0 0 g 1 0  min at 

room temperature us ing S e rva l RC2-B with GSA rot or . 

d .  P o o l  the supernat ant . 

e .  Add the fi lt rate a minimum vo lume of di s t i l led water 

and then recent ri fuge again . C o l lect the supe rnat ant 

and adjust its pH to 1 1 . 0  with 2M HCl . 

f .  Make solut i on up t o  9 0 %  of vo lume with dist i l led 

water . Add 1 0 %  prot e i n  s o lut ion in 0 . 6M MIU . At the 

mean t ime adjust the pH of so lut i on t o  1 0 . 6  with 

e ither 2M HCl or 2M NaOH . 

g .  Incubate 2 0°C for 6 days and chech pH dai l y . 

h .  Afte r  6 days remove unreacted MIU by u l t r a f i lter . 

However ,  in this experiment ultrafilt rat i on f a i l ed . 

Whi l e  wait ing for D owex- 5 0 0 ,  the process of 

guani dina t i on was repeated again . 
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i .  After t he s econd incubat ion fini shed, unreacted MIU 

was then removed us ing D owex-5 0 0 . The result was 

conve rt ion rate of diet ary l y s ine int o homoarginine 

was 8 6 % . 
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APPENDIX 5 .  

DETERMINATION OF AMINO ACID - ACI D  HYDROLYSI S  PROCEDURE 

Reagent s and preparations 

6N HCl : 

a .  F i lter 1 . 0  l it re of deminera l i sed water into a vacuum 

f l ask through a 0 . 4 5 c e l lulose nit rate mi l l ipore . 

b .  Degas the f i lt ered water for 1 0 - 2 0 minute s  on a 

magnet ic s t i r re r /hot p l ate at 2 5 0°C . 

c .  Coo l ,  then dec ant the degassed water int o a 2 l i t re 

me asuring c y l inder . 

d .  Add 1 . 1 l i t re c oncent rated HC l t o  0 . 9  l i t re dega s sed 

water . F i lter again through a mi l l ipore f i lter . 

e .  Trans fer t he 6N HCl int o  2 l i t re vo lumet r i c  f l a s k  and 

st ore in refrigerat or . 

2 . 5 .  � Norleuc ine 

2 . 2 % Sodium c i t rate 

Ana1ytica1 procedure : 

( 1 )  We igh out fine l y  ground samp l e s  ( approximate l y  5 0  mg ) 

us ing we ighing scoops with e l ongat ed ends . 

( 2 )  Trans fer the weighed s amp l e s  quant itat ive l y  into a 

hydro lys i s  tubes by first t i lting the tubes t o  

approximat e l y  3 0°C . Insert the e longated ends o f  the 

s coops into the tube s . Gradu a l l y  return the tube t o  

its  vert i c a l  position,  t apping the scoop gent ly . The 

s ample wi l l  s l ide into the tube . 

( 3 )  Add 1 ml o f  2 .  5 � Norleucine standard int o t he 

tube s . 

( 4 )  Add 2 0  ml o f  6N HCl t o  each tube by first p ipett ing 

the acid int o  a sma l l  beaker . Then using a dropper ,  

wash the a c i d  through the scoop into the tube . 
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( 5 )  P a s s  oxygen-free nitrogen through e ach tube for 6 0  

seconds before handt ightening t he stoppers . 

( 6 )  Leave to stand in a free zer for 3 0 - 6 0  minut e s  

( opt i ona l )  . 

( 7 )  Deaerate the tube s us ing water aspirat ors . Unscrew 

the stoppers s l owly . 

( 8 )  When fini shed degas sing , screw up the stoppers to 

hand t i ghtne s s  p lus 3 / 4  of a turn . 

( 9 )  Trans fer the t ubes to the P ierce Reacti -Therm heat ing 

b l ock and hydro l y s e  at 1 1 0±1°C for 2 4  hrs . 

( 1 0 )  F i lter the hydr o l ysate into t he 5 0 0  ml RB f l a s k , 

us ing Whatman No . 6 filter pape r . Rinse tubes 3 t ime s 

with demine r a l i s ed water . Rinse a l s o  the st oppers and 

funne l s . 

( 1 1 )  Att ach the f l a s k  to the rot a ry evaporat ors and 

evaporate the hydrol i s ates to dryness . Wash 3 t imes 

with deminer a l i sed water evaporat ing to dryne s s  each 

t ime . 

( 1 2 )  Trans fer quant itat ively the dried hydrolysates int o 

2 5  ml volumet r i c  flasks , us ing 5 x5 . 0  ml a l iquot s o f  

p H  2 . 2±0 . 0 3 s odium citrate loading buffer . Make up t o  

exact vo lume . 

( 1 3 )  F i lter each hydro lysat e  int o  a s ample bot t le us ing 

Whatman No . 3 ,  5 or 6 f i lter pape r . Store s amples in 

a freezer . 

( 1 4 )  Defrost the requi red s amples e ither sub j ect ing them 

t o  cold running water or by st anding them in the 

refrigerat o r  overnight . 

( 1 5 )  Cent ri fuge t he hydro lysates at 5°C at 1 7 0 0 0  rpm for 

2 0 -3 0 minut e s . 
• 

( 1 6 )  Trans fer the cent ri fuged hydr o l y s at e s  (usua l ly 4 0  �1 , 
depending on the percent age N c ontent ) int o vial s . 

The vi a l s  are l oaded into the waters High P res sure 

L iquid Chromatograph ( HPLC )  for analys i s . 
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( 1 7 )  Decant remaining cent ri fuged s amples into 

c orre sponding s ampl e  bott l e s  and s tore them in the 

freez er . 
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APPENDIX 6 .  

INGREDIENT COMPOSI TION 

OF PELLETED BROILER FINI SHER DIET , EXPERIMENTS 1 TO 4 

I ngredient 

Wheat 
Barley 
Mai z e  
Bro l l  
S oybean Mea l  
Meat and Bone Mea l  
Limestone 
S a lt 
Sodium Bicarbonate 
Lys ine 
DL-Methion ine 
P remix 
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percent age 

1 0 . 0 0 
1 1 . 3 5 
4 5 . 0 0 

5 . 0 0 
1 8 . 8 0 

7 . 5 0  
0 . 9 0 
0 . 0 8 
0 . 2 8  
0 . 3 9 
0 . 4 0  
0 . 2 5  



APPENDIX 7 .  

DATA FOR CALCULATIONS OF SWELLING INDEX AND STORAGE MODULUS 

is£ twelve hours 2nd nine hours 

code note A 8 c code note A 8 c Dl E l  SI . l  02 E2 SI . 2  Storaqe 
modulus 

A. l . l  suspension 5 . 4  92 5 3 . 8  A . l . l  suspension 0 . 4  30 2 6 . 3  3 8 . 2  5 .  2 8 98 7 . 22 1  3 . 7  1 .  0368 3 . 5 6 9  5 9 . 7  
A. l . 2  suspension 6 40  20 A . l . 2  paste 0 30 2 4 . 2  2 0  3 . 9938 5 . 00 8  5 . 8  1 .  4353 4 . 04 1  4 3 . 3  
A. 1 . 3  two-phase 1 . 2  60 32 A . l . 3  paste 0 30 2 5  28  4 . 1487 6.  749  5 o .  9311 5 . 370 5 4 . 0  
A . l . 4  suspension 32 . 4  80  53 . 3  A . l . 4  two-phase 4 40  2 6 . 7  2 6 . 7  3 . 2513 8 . 212 1 3 . 3  0 . 9732 13 . 666 64 . 5  
A. 2 . 1  solid 1 1 . 2  80 43 A . 2 . 1  two-phase 4 . 85 30 18 . 7  3 7  4 . 7019 7 . 869 1 1 . 3  1 . 2895 8 .  763 1 3 . 5  
A . 2 . 2  two-phase 5 . 4  50 17  A . 2 . 2  two-phase 0 . 05 50 38 . 3  33 4 . 408 7. 486 11 . 7  1 .  7182 6 . 8 0 9  8 . 97 
A . 2 . 3  two-phase 0 60 35 . 2  A . 2 . 3  two-phase 0 . 8  60 51 2 4 . 8  4 . 0 985 6 . 0 5 1  9 1 .  4 601 6 . 164 1 0 . 2  
A. 2 . 4  suspension 23 . 7  60 25 . 5  A . 2 . 4  two-phase 4 . 4  4 0  27 3 4 . 5  3 . 0 4 27 11 . 33 9  13 1.  5901 8 . 176 * * 
A . 3 . 1  two-phase* 14  70 42  A . 3 . 1  two-phase 4 . 1  30 18 28  7 . 5065 3 . 73 0  12  1 . 9622 6 . 1 1 6  7 6 . 3  
A . 3 . 2  two-phase 0 . 6  40  20 A . 3 . 2  paste 0 40  35  20  7 . 2262 2 . 768 5 2 . 64 1 2  1 . 893 1 4 . 7  
A . 3 . 3  two-phase 4 . 8  50 28 . 5  A . 3 . 3  solid 0 60 4 6 . 4  2 1 . 5  4 . 7912 4 . 48 7  13 . 6  4 . 2714 3 . 1 8 4  2 . 97 
A. 3 . 4  two-phase 8 . 4  50 1 6 . 8  A . 3 . 4  two-phase 5 . 7  4 0  2 4 . 2  3 3 . 2 5 . 9784 5 . 553 1 5 . 8  3 .  0 2 98 5 . 21 5  5 5 . 7  
A. 4 . 1 .  sol id 0 50 13 A. 4 . 1 .  sol i d  0 30 18  3 7  9 . 3619 3 . 95 2  12  2.  7 8 63 4 . 307 2 7 . 3  
A. 4 . 2  suspension 22 1 0 1  22 A . 4 . 2  two-phase 6 . 1  4 0  2 0  7 9  9 . 4803 8 . 333 20 1. 9752 1 0 . 1 2 6  2 5 . 8  
A. 4 . 3  suspension 1 9 . 5  1 24 4 5 . 2  A . 4 . 3  solid 0 4 0  29 . 5  7 8 . 8 8 . 9908 8 . 765 1 0 . 5  2 . 2501 4 . 666 2 5 . 6  
A. 4 . 4  two-phase 6 50 28 A. 4 . 4  nothinq 0 0 0 22  2 . 80 5  7 . 843 0 0 0 1 9 . 9  
A. 5 . 1  suspension 9 . 8  50 28 . 5  A . 5 . 1  two-phase 0. 95 30 23 2 1 . 5  4 . 1 5 73 5 . 172 7 o .  9263 7 . 557 7 5 . 4  
A. 5 . 2  two-phase 3 . 8  50 1 9 . 5  A . 5 . 2  two-phase 0 . 25 30 23 3 0 . 5  4 . 3539 7 . 00 5  7 1 . 0 5 1 7  6 . 656 69 . 1  
A. 5 . 3  two-phase 0 70 4 1 . 8  A . 5 . 3  two-phase 2 . 4  4 0  2 9 . 8  28 . 2  5 .  2064 5 .  4 1 6  1 0 . 2  1 . 1 7 1 0  8 .  7 1 1  5 3 . 5  
A. 5 . 4  solid 0 50 3 9 . 2  A . 5 . 4  paste 0 4 0  3 3  1 0 . 8  3 . 0 1 2  3 . 58 6  7 1 .  4 1 81 4 .  936 69 . 3  
A. 6 . 1  solid 0 60 1 2 . 7  A . 6 . 1  solid 0 30 27 4 7 . 3  3 . 8034 1 2 . 4 3 6  3 0 . 7596 3 .  9 4 9  21 . 5  
A. 6 . 2  sol id 0 40  21 A . 6 . 2  paste 0 30 23 1 9  4 . 5 79 4 . 14 9  7 1 .  2026 5 . 821  1 5 . 0  
A. 6 . 3  two-phase 4 . 4  60 38 . 2  A . 6 . 3  two-phase 0 60 27  2 1 . 8  3 .  6362 5 . 995 33 1. 4 730 2 2 . 403 1 1 . 1  
A. 6 . 4  two-phase 2 . 2  50 2 5 . 6  A . 6 . 4  two-phase 0 . 2  3 0  23 . 6  2 4 . 4  3 . 3 4 34 7 . 298 6 . 4  1 . 01 10 6 . 33 0  7 . 18 
A. 7 . 1  two-phase 0 so 30 A.  7 . 1  two-phase 1 . 6  30 21  20  6 .  0 0 94 3 . 328 9 1 .  8482 4 . 870 105  
A. 7 . 2  two-phase 1 . 4  40  1 6  A . 7 . 2  two-phase 0 3 0  22 . 6  2 4  6 . 3 1 1 1  3 . 80 3  7 . 4  4 .  0 9 1 1  1 . 80 9  5 7 . 8  
A.  7 . 3  two-phase 1 7 . 4  60 20 . 3  A . 7 . 3  two-phase 1 . 6  50 37 3 9 . 7  7 . 4607 5 . 321  13 1 . 5659 8 . 30 2  6 6 . 1  
A.  7 . 4  two-phase 1 50 30 . 8  A . 7 . 4  solid 0 50 37 1 9 . 2  4 .  8071 3 . 994 13 1.  4 685 8 . 853 7 5 . 7  
A. 8 . 1  paste 1 9 . 9  113 4 6 . 5  A . 8 . 1  suspension 0 . 8  60 53 6 6 . 5 7 . 1 38 9 . 3 1 6  7 1 . 3634 5 . 134  4 5 . 0  
A. 8 . 2  sol id 0 70 4 2 . 5  A . 8 . 2  two-phase 4 . 2  30 18 2 7 . 5 6 . 6579 4 . 13 0  12  1 .  4 5 60 8 . 24 2  3 0 . 0  
A . 8 . 3  two-phase 2 . 2  70 2 5 . 2  A . 8 . 3  two-phase 6 . 2  4 0  20 . 6  4 4 . 8  6 . 1 8 1 4  7 . 2 4 8  1 9 . 4  1 .  62 98 1 1 . 903 5 9 . 2  
A. 8 . 4  suspension 5 . 8  1 02 28 A . 8 . 4  two-phase 6 . 4  4 0  1 5 . 5  7 4  6 .  8 1 1 9  1 0 . 8 63 24 . 5  1 .  0 0 4 1  2 4 . 4 0 0  2 6 . 5  
A . 9 . 1  paste 0 1 24 7 A . 9 . 1  two-phase 0 . 15 30 20 . 5  1 1 7  2 3 . 8642 4. 903 9 . 5  1 . 9720 4 . 81 7  1 3 . 8  
A. 9 . 2  solid 0 113  35 A . 9 . 2  solid 0 4 0  23 . 5  78  2 2 . 0 0 98 3 . 54 4  1 6 . 5  4 . 1 2 4 7  4 . 000 23 . 2  
A. 9 . 3  solid 0 124 13 A . 9 . 3  two-phase 1 . 4  50 40  111  2 5 . 4973 4 . 353 10  2.  4 1 52 4 . 14 0  5 . 2  
A. 9 . 4  paste 0 1 64 1 9 . 3  A.  9 . 4  two-phase 1 . 4  50 29  14 4 . 7  2 3 . 0 2 1 6  6 . 2 8 5  2 1  2 . 4 7 4 1  8 . 488 3 . 32 
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A . 10 . 1  paste 0 1 2 4  1 8  A . 1 0 . 1  paste 0 60 30 1 0 6  1 7 . 4 1 8 5  6.  0 8 5  3 0  5 . 1 644  5 . 80 9  9 . 34 
A . 10 . 2  paste 0 1 1 3  8 . 5  A . 1 0 . 2  two-phase 0 60 51 104 . 5  2 3 . 2141  4 . 502 9 2 .  9 1 6 5  3 . 086 1 6 . 5  
A . 1 0 . 3  paste 0 1 1 3  1 6  A . 1 0 . 3  paste 0 70 3 6 . 2  97 1 7 . 9706 5 . 398 33 . 8  5 . 3895 6 .  276 21 . 9  
A . 10 . 4  paste 0 1 2 4  1 6 . 8  A . 1 0 . 4  two-phase 1 50 36 10 7 . 2  1 9 . 1952 5.  585 14  2 . 3854  5 . 869 23 . 6  
A. 11 . 1  paste 0 1 28 0 A . l l . l  solid 0 92 25 127 . 5  1 7 . 0818 7 . 464  67 7 . 8 9 5 6  8 . 48 6  5 . 32 
A. l l . 2  paste 0 1 2 8  0 A . l l . 2  paste 0 40 13 127 . 5  2 0 . 3069 6.  279 27 3 . 8273 7 . 05 5  3 . 13 
A. 1 1 . 3  paste 0 1 1 3  10 . 6  A . l l . 3  paste 0 60 21 10 2 . 4  1 7 . 6709 5 . 795 39 5 . 3 1 7 8  7 . 334 3 . 06 
A. 1 1 . 4  paste 0 1 2 8  0 A . l l . 4  solid 0 . 8  40 17 . 4  12 7 . 5  2 1 . 1 8 4 5  6 .  0 1 9  22 . 6  3 .  0742 7 . 35 2  2 . 4 5 
A. l 2 . 1  paste• 0 1 94 0 A . l 2 . 1  two-phase 6 . 2  60 45 194 21 . 95 4 1  8 . 837 15 1.  6025 9 . 360 2 . 41 
A . 1 2 . 2  two-phase• 0 1 1 4  1 9 . 5  A . l 2 . 2  two-phase 6 . 1  60 45 . 6  94 . 5  2 4 . 9747 3 . 78 4  1 4 . 4  1 .  7786 8 . 096 4 . 08 
A . 1 2 . 3  paste 0 1 0 2  13 . 6  A . l 2 . 3  paste 0 60 4 . 1  88 . 4  1 3 . 4 668 6 . 564 55 . 9  7 . 4 9 61 7 . 4 57 2.  62 
A . 12 . 4  paste 0 1 2 4  21 . 8  A . 1 2 .  4 paste 0 60 1 6 . 8  102 . 2  1 6 . 4814  6 . 20 1  43 . 2  6 . 6238 6 . 522 1.  92 

•-2 cups • •  - not enouqh sample 

Note : 
A - Liquid removed ( cc)  SI - swe l l inq index 
B - Final volume ( cc )  1 - 1 st 12 hour col lect ion 
C • Water added (cc) 2 - final 9 hour collection 
D • Faecal volume (cc) 
E - Faecal dry matter (Q) 
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APPENDIX 8 .  

DATA FROM Cr AND N COMPOSITION 
ARRANGED ACCORDING TO DIETS USED IN EXPERIMENT 2 .  

Treatment rep . Cr Concent rat ion N Concent rat i on 

TR 1 1 
3 
4 

TR 2 1 
2 
3 
4 

TR 3 1 
2 
3 
4 

TR 4 1 
3 
4 

TR 5 1 
2 
3 
4 

TR 6 1 
2 
3 

TR 7 1 
2 
3 
4 

TR 8 1 
2 
3 
4 

TR 9 1 
2 
4 

TR 1 0  1 
2 
3 
4 

TR 1 1  1 
2 
3 
4 

TR 1 2  1 
2 
3 
4 

i n  the 

% 

0 . 2 3 5 9  
0 . 3 6 7 8  
0 . 2 1 8 9  
0 . 2 4 6 3  
0 . 2 7 55 
0 . 1 8 3 6  
0 . 2 3 4 4  
0 . 2 1 0 9  
0 . 2 1 4 7  
0 . 2 3 7 7  
0 . 2 2 3 3  
0 . 2 4 9 6  
0 . 1 9 6 9  
0 . 1 9 7 6  
0 . 3 5 7 4  
0 . 2 2 1 9  
0 . 2 3 4 7  
0 . 2 9 35 
0 . 1 9 8 7  

0 . 2 4 8  
0 . 2 1 1 2  
0 . 2 6 6 4  
0 . 2 5 2 5  
0 . 1 8 9 8  
0 . 1 0 5 1  
0 . 1 7 9 1  
0 . 2 2 9 2 
0 . 1 8 6 0 
0 . 2 2 4 4  
0 . 3 2 6 3  

0 . 2 4 8  
0 . 3 0 4 1  
0 . 2 1 7 8  
0 . 2 4 8 3  
0 . 2 0 6 1  
0 . 2 7 3 8  
0 . 2 1 0 3  
0 . 2 0 5 1  
0 . 1 3 5 6  
0 . 1 8 5 4  
0 . 1 8 8 2  
0 . 2 0 0 8  
0 . 2 0 6 0  
0 . 2 0 2 4  

digest a 

rng/g 

2 . 3 5 9  
3 . 6 7 8  
2 . 1 8 9  
2 . 4 6 3 
2 . 7 55 
1 .  8 3 6  
2 . 3 4 4  
2 . 1 0 9  
2 . 1 4 7  
2 . 3 7 7  
2 . 2 3 3  
2 . 4 9 6  
1 .  9 6 9  
1 .  9 7 6  
3 . 5 7 4  
2 . 2 1 9  
2 . 3 4 7  
2 . 9 3 5  
1 . 9 8 7  

2 . 4 8 
2 . 1 1 2 
2 . 6 6 4 
2 . 5 2 5  
1 .  8 9 8 
1 .  0 5 1  
1 . 7 9 1  
2 . 2 9 2 
1 .  8 6 0  
2 . 2 4 4  
3 . 2 6 3  
2 . 4 8 0  
3 . 0 4 1  
2 . 1 7 8  
2 . 4 8 3  
2 . 0 6 1  
2 . 7 3 8  
2 . 1 0 3  
2 . 0 5 1  
1 . 3 5 6  
1 . 8 5 4  
1 .  8 8 2 
2 . 0 0 8  
2 . 0 6 0  
2 . 0 2 4  

1 4 0  

in diet i n  the dige st a 

rng / g  % rng / g  

2 . 9 4 0  0 . 0 9 9  0 . 9 9 
3 . 0 8 7  0 . 1 5 3  1 . 5 3  
3 . 2 0 0  0 . 2 1 8  2 . 1 8 
2 . 9 7 3  0 . 0 8 8  0 . 8 8 
3 . 0 4 7  0 . 1 6 6 1 . 6 6 
2 . 9 8 0  0 . 0 8 8  0 . 8 8 
3 . 0 6 0 0 . 0 8 6  0 . 8 6 
3 . 0 3 3  0 . 0 7 9  0 . 7 9 
3 . 0 7 3  0 . 1 0 9  1 .  0 9  
3 . 0 4 7  0 . 0 6 5 0 . 6 5 
3 . 0 0 0  0 . 0 6 7 0 . 6 7 
3 . 0 9 3 0 . 1 1 2 1 . 1 2 
3 . 0 4 7  0 . 1 8 7  1 .  8 7  
3 . 0 6 0 0 . 0 8 1  0 . 8 1 
3 . 0 0 5  0 . 0 8 7  0 . 8 7 
2 . 9 9 0 0 . 0 7 7  0 . 7 7 
3 . 0 1 5  0 . 0 8 4  0 . 8 4 
2 . 9 9 0  0 . 0 7 9  0 . 7 9 
2 . 9 9 5 0 . 2 1 1  2 . 1 1 
3 . 0 0 5 0 . 0 5 5  0 . 5 5 
3 . 0 5 0  0 . 1 0 3  1 .  0 3  
3 . 0 0 5  0 . 1 4 3  1 .  4 3  
3 . 0 0 5 0 . 1 1 5  1 . 1 5 
3 . 0 6 0 0 . 1 7 6  1 .  7 6  
2 . 9 9 5 0 . 0 3 3  0 . 3 3 
3 . 0 1 5 0 . 1 3 3  1 . 3 3 
3 . 0 1 0  0 . 1 1 8  1 . 1 8 
3 . 0 6 5 0 . 0 5 4  0 . 5 4 
3 . 0 35 0 . 0 9 0  0 . 9 0 
3 . 0 2 8  0 . 0 9 3 0 . 9 3 
3 . 0 2 0  0 . 1 9 0 1 .  9 0  
2 . 9 9 6  0 . 1 2 6  1 .  2 6  
3 . 0 1 6  0 . 2 2 2  2 . 2 2 
3 . 0 2 0  0 . 2 4 0  2 . 4 0  
3 . 0 32 0 . 3 4 1  3 . 4 1 
3 . 0 1 6  0 . 1 0 5 1 .  o s  
3 . 0 4 4  0 . 1 2 3  1 . 2 3  
3 . 0 0 8  0 . 1 0 3  1 .  0 3  
3 . 0 1 2 0 . 0 9 2 0 . 92 
2 . 9 7 2  0 . 1 5 9  1 . 5 9  
2 . 9 8 4  0 . 1 0 4  1 . 0 4 
3 . 0 0 8  0 . 0 7 7  0 . 7 7 
3 . 0 3 6  0 . 0 7 2  0 . 7 2 
3 . 0 2 0  0 . 0 3 2 0 . 3 2 



APPENDIX 9 .  

DATA FROM Cr AND N COMPOSITION 
ARRANGED ACCORDING TO DIETS USED IN EXPERIMENT 3 .  

Tre atment rep . Cr Concentrat ion N Concentrat ion 
in t he digesta in diet in the digest a 

% mg/g mg/ g  % mg/ g  

T R  1 one 1 0 . 3 0 8 3  3 . 0 8 3  0 . 9 0 6  9 . 0 6 
TR 1 one 2 0 . 2 9 8 9  2 . 9 8 9  1 . 3 1 9  1 3 . 1 9 
TR 1 one 3 0 . 3 1 7 1  3 . 1 7 1  1 . 1 8 3  1 1 . 8 3 
TR 1 one 4 0 . 4 1 1 6  4 . 1 1 6  1 . 8 3 2  1 8 . 32 
TR 2 two 1 0 . 3 3 4  3 . 3 4 2 . 0 9 9  2 0 . 9 9 
TR 2 two 3 0 . 3 9 7 3  3 . 9 7 3  1 . 4 6 8 1 4 . 6 8 
TR 2 two 4 0 . 2 6 9 8  2 . 6 9 8  4 . 8 0 3  4 8 . 0 3 
TR 3 tri 1 0 . 4 2 6 2 4 . 2 6 2  1 . 1 0 1  1 1 . 0 1 
TR 3 tri 2 0 . 3 6 8 9  3 . 6 8 9  4 . 4 7 1  4 4 . 7 1 
TR 3 t r i  3 0 . 4 3 5 1  4 . 3 5 1  2 . 2 0 3  2 2 . 0 3 
TR 3 tri 4 0 . 7 4 7  7 . 4 7 1 . 1 7 7  1 1 . 7 7 
TR 4 four 2 0 . 3 3 2 5  3 . 3 2 5  5 . 3 6 5 3 . 6  
TR 4 four 3 0 . 52 9 3  5 . 2 9 3 5 . 3 2 7  5 3 . 2 7 
TR 4 four 4 0 . 3 9 3 5  3 . 9 3 5  3 . 6 7 5  3 6 . 7 5 
TR 5 one 1 0 . 2 9 1  2 . 9 1 1 .  0 3  1 0 . 3  
TR 5 one 2 0 . 2 7 6 6  2 . 7 6 6  1 . 5 7 2  1 5 . 7 2 
TR 5 one 3 0 . 3 5 4 3  3 . 5 4 3  3 . 8 1 3  3 8 . 1 3 
TR 5 one 4 0 . 3 1 92 3 . 1 92 1 .  9 8 4  1 9 . 8 4 
TR 6 two 1 0 . 3 4 9 3 3 . 4 9 3 1 .  6 5 8  1 6 . 5 8 
TR 6 two 2 0 . 3 8 6 9  3 . 8 6 9  4 . 8 6 9  4 8 . 6 9 
TR 6 two 3 0 . 5 9 9 2  5 . 9 9 2  2 . 9 8 9  2 9 . 8 9 
TR 6 two 4 0 . 4 0 1 5  4 . 0 1 5  4 . 3 0 9  4 3 . 0 9 
TR 7 tri 1 0 . 3 6 5 2  3 . 6 5 2  1 . 8 8 1  1 8 . 8 1 
TR 7 tri 2 0 . 3 7 5 7  3 . 7 5 7  5 . 2 5 1  52 . 5 1 
TR 7 tri 3 0 . 4 2 5 8  4 . 2 5 8  6 . 35 9  6 3 . 5 9 
TR 7 tri 4 0 . 3 5 4 4  3 . 5 4 4  4 . 4 9 7 4 4 . 9 7 
TR 8 four 2 0 . 7 4 9 5 7 . 4 9 5 4 . 0 6 5 4 0 . 6 5 
TR 8 four 3 0 . 7 7 1 8  7 . 7 1 8  5 . 3 5 9  5 3 . 5 9 
TR 8 four 4 0 . 32 7 4  3 . 2 7 4  5 . 2 4  5 2 . 4  
TR 9 one 1 0 . 3 0 8 8  3 . 0 8 8  1 .  4 1  1 4 . 1  
TR 9 one 2 0 . 3 3 4 2  3 . 3 4 2  1 .  4 6 3 1 4 . 6 3 
TR 9 one 3 0 . 2 8 9 8  2 . 8 9 8  2 . 0 6 6  2 0 . 6 6 
TR 9 one 4 0 . 3 9 1 3  3 . 9 1 3  4 . 2 7 3  4 2 . 7 3 
TR 1 0  two 1 0 . 5 0 5 6  5 . 0 5 6  3 . 7 1 2  3 7 . 1 2 
TR 1 0  two 2 0 . 3 4 0 1  3 . 4 0 1  5 . 2 3 6  5 2 . 3 6 
TR 1 0  two 3 0 . 5 0 5 9  5 . 0 5 9  5 . 2 4 2  52 . 4 2 
TR 1 0  two 4 0 . 5 5 0 9  5 . 5 0 9  1 .  8 0 1  1 8 . 0 1 
TR 1 1  tri 1 0 . 2 0 9 2 2 . 0 9 2  2 . 7 0 1  2 7 . 0 1 
TR 1 1  tri 2 0 . 4 0 2 1  4 . 0 2 1  4 . 6 5 4 6 . 5  
TR 1 1  tri 3 1 . 0 4 9  1 0 . 4 9 4 . 9 1 5  4 9 . 1 5 
TR 1 1  tri 4 0 . 5 7 1 5  5 . 7 1 5  3 . 7 5 8  3 7 . 5 8 
TR 1 2  four 1 0 . 8 7 8 1  8 . 7 8 1  3 . 9 5 9  3 9 . 5 9 
TR 1 2  four 2 0 . 8 2 0 8  8 . 2 0 8  5 . 62 5 6 . 2  
TR 1 2  four 4 0 . 7 2 1  7 . 2 1  2 . 8 8 2 8 . 8  

1 4 1  



APPENDIX 1 0  

DATA FROM C r  AND N COMPOSITION 
ARRANGED ACCORD ING TO D IETS USED IN EXPERIMENT 4 .  

Treatment Chromium ana l y s i s  N ana ly s i s  
( T r )  Rep l i cat i on in the dige s t a  in t he dige s t a  

( % )  rng / g  ( % )  mg/ g  

1 1 0 . 2 5 9 7  2 . 5 9 7  5 . 4 8 8  5 4 . 8 8 
1 2 0 . 0 92 0 . 9 2 3 . 6 3 5  3 6 . 35 
1 3 0 . 0 5 2 6  0 . 52 6  4 . 4 0 2  4 4 . 0 2 
1 4 0 . 1 5 5 7  1 . 5 5 7  2 2 0  
1 5 * * * 

* 

1 6 0 . 0 4 5 5  0 . 4 5 5  4 . 9 6 6  4 9 . 6 6 
1 7 0 . 1 7 1 7  1 . 7 1 7  3 . 4 5 6  3 4 . 5 6 
1 8 0 . 0 4 2 7  0 . 4 2 7  5 . 2 4 7  5 2 . 4 7 
2 1 0 . 0 7 7  0 . 7 7 6 . 4 6 5 6 4 . 6 5 
2 2 0 . 2 4 8 8  2 . 4 8 8  1 0 . 4 5 8  1 0 4 . 5 8 
2 3 0 . 0 2 8 8  0 . 2 8 8  1 3 . 4 5 1  1 3 4 . 5 1 
2 4 0 . 2 1 2 2  2 . 1 2 2  2 . 7 3 1  2 7 . 3 1 
2 5 0 . 0 1 5 4  0 . 1 5 4  8 . 5 1 9  8 5 . 1 9 
2 6 * *  * *  6 . 8 2 7  6 8 . 2 7 
2 7 0 . 2 0 6 8 2 . 0 6 8  2 . 8 2 8  2 8 . 2 8 
2 8 0 . 1 6 7 7  1 . 6 7 7  5 . 9 5 9  5 9 . 5 9 
3 1 0 . 0 4 2 1  0 . 4 2 1  1 1 . 9 2 2  1 1 9 . 2 2 
3 2 * *  * *  1 2 . 0 8 2  1 2 0 . 8 2 
3 3 0 . 2 0 9 4  2 . 0 9 4  5 . 3 8 6  5 3 . 8 6 
3 4 0 . 1 3 1 6  1 . 3 1 6  5 . 0 5 7  5 0 . 5 7 
3 5 0 . 0 0 3 4  0 . 0 3 4  4 . 3 2 3  4 3 . 2 3 
3 6 0 . 0 2 2 9 0 . 2 2 9  7 . 0 2 6  7 0 . 2 6  
3 7 0 . 0 5 5 7  0 . 5 5 7  7 . 2 6 9  7 2 . 6 9 
3 8 0 . 0 3 1 1  0 . 3 1 1  8 . 2 2 6  8 2 . 2 6 
4 1 0 . 0 0 6 9  0 . 0 6 9  1 0 . 1 5 5  1 0 1 . 5 5 
4 2 * *  * *  8 . 7 2 6  8 7 . 2 6 
4 3 * *  * *  7 . 1 0 3  7 1 . 0 3 
4 4 0 . 0 0 5 4  0 . 0 5 4  4 . 5 7 3  4 5 . 7 3 
4 5 * *  * *  8 . 3 0 3  8 3 . 0 3 
4 6 * *  * *  9 . 1 52 9 1 . 5 2 
4 7 0 . 0 2 1 7  0 . 2 1 7  7 . 4 9 9  7 4 . 9 9 
4 8 0 . 0 4 1 6  0 . 4 1 6  1 0 . 0 9 3  1 0 0 . 9 3 

* ) the s ampl e  too few ( not enough for analys i s )  
* * ) not detectable 
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APPENDIX 1 1 . 

SUMMARY OF STAT I STICAL ANALYS I S  FOR EXPERIMENT 1 . 

1 . Corre l at ion 

Combinat ion N Pear son P rob> I R I 
Corre l at ion under Ho : Rho=O 

S I . 1  x NDF 1 2  - 0 . 4 0 9 6  0 . 1 8 7 1  

S I . 1  x ADF 1 2  - 0 . 4 6 7 8  0 . 1 2 5 1  

S I . 2  x NDF 1 2  - 0 . 4 1 7 0  0 . 1 7 7 4  

S I . 2  X ADF 1 2  - 0 . 4 32 9  0 . 1 5 9 8  

S M  x NDF 1 2  0 . 2 6 9 4  0 . 3 9 7 1  

SM x ADF 1 2  0 . 3 7 1 7  0 . 2 3 4 1 

S I . l  x SM 1 2  - 0 . 3 8 3 6  0 . 2 1 8 3  

note : 
S I . 1  
S I . 2  
SM 

= 
= 
= 

Swe l l ing index obt a ined from the 1 st 1 2  hours 
Swe l l ing index obt a ined from t he 2nd 9 hours 
Storage modulus ( G ' ) 

2 . One-way ana l y s i s  o f  vari ance 

DF s s  MS Fvalue 
P r>F 

Mode l 
S I . l  = Feedstuffs 1 1  8 8 . 0 0 0 7  8 . 0 0 0 1  2 . 2 1  0 . 0 3 6 5 *  
Error 35 1 3 0 . 5 0 9 0  3 . 6 2 5 2  

Mode l 
S I . 2  = Feedstuffs 1 1  2 1 1 . 5 7 1 9  1 9 . 2 3 3 8  1 . 1 1  0 . 3 7 9 7 
Error 35 6 0 4 . 1 0 1 9  1 7 . 2 6 0 1 

Mode l 
SM = Feedstuffs 1 1  2 7 1 7 5 . 3 6 2 4 7 0 . 4 9 1 3 . 2 2 0 . 0 0 0 1  
Error 35 6 5 4 1 . 2 4 1 8 6 . 8 9 

* )  Sign i f i cant ( P<O . O S )  
* * )  Signi f i cant (P<O . O l )  

1 4 3  



APPENDIX 1 2  . 

SUMMARY OF STATI STICAL ANALYS I S  FOR EXPERIMENT 2 .  

1 .  TWO-WAY ANALYS I S  OF VARIANCE 

DF s s  MS F value 

Mode l 
% N = fl ra f l * ra 1 1  0 . 0 3 8 8  0 . 0 0 3 5  1 . 5 5 0 . 1 6 4 7  
Error 3 1  0 . 0 7 0 6  0 . 0 0 2 3  

Type I I I -S S  
fl  2 0 . 0 0 3 2  0 . 0 0 1 6  0 . 7 1 0 . 4 9 82  
ra 3 0 . 0 1 8 4  0 . 0 0 6 1  2 . 6 9 0 . 0 6 3 5  
f l * r a  6 0 . 0 1 9 0 0 . 0 0 3 2  1 . 3 9  0 . 2 4 8 6  

Mode l 
% CR = fl ra f l * ra 1 1  0 . 0 4 6 3  0 . 0 0 4 2  2 . 1 9 0 . 0426* 
Error 3 1  0 . 0 5 9 5  0 . 0 0 1 9 

Type I I I -S S  
f l  2 0 . 0 0 0 8  0 . 0 0 0 4  0 . 2 0 0 . 82 2 5  
ra 3 0 . 0 4 0 7  0 . 0 1 3 6  7 . 0 7 0 . 0009** 
f l * ra 6 0 . 0 0 4 1  0 . 0 0 0 7  0 . 3 6 0 . 8 9 8 9  

Mode l 
Ntot= f l  ce f l * ce 1 1  3 4 3 8 . 3 8 7 0  3 1 2 . 5 8 0 6  2 . 4 5 0 . 0244* 
Error 3 1  3 9 4 9 . 1 4 1 5 1 2 7 . 3 9 1 7  

Type I I I -S S  
f l  2 2 1 5 . 1 0 6 9  1 0 7 . 5 5 3 5  0 . 8 4 0 . 4 3 95 
ce 3 2 0 0 9 . 6 1 3 1  6 6 9 . 8 7 1 0  5 . 2 6 0 . 0047** 
f l * ce 6 1 0 4 3 . 5 7 1 4  1 7 3 . 9 2 8 6  1 .  3 7  0 . 25 9 4  

. ) - siqnificant (P<O . O S )  
* * ) = hiqhly siqnificant ( P , O . Ol )  

note : 
% CR = the percent age o f  chromium i n  the dige sta 
% N = the percentage o f  nitrogen in the digest a 
Ntot = the t o t a l  nit rogen / intubat i on 
fl  = feeding l eve l 
ra = diet ary rat io 
ce = int ake of cel lulose 

1 4 4  



APPENDIX 12 . 

SUMMARY OF STATI STICAL ANALYSI S  FOR EXPERIMENT 2 .  

1 .  TWO-WAY ANALYS I S  OF VARIANCE 

Mode l 
% N = fl ra fl *ra 
Error 

Type I I I - S S  
f l  
r a  
f l * ra 

Mode l 

DF 

1 1  
3 1  

2 
3 
6 

% CR = f l  ra fl *ra 1 1  
Error 3 1  

T ype I I I - S S  
f l  2 
ra 3 
f l * r a  6 

Mode l 
Ntot = fl ce f l  *ce 
Error 

Type I I I - S S  
f l  
c e  
f l * c e  

* ) - significant (P<0 . 0 5 )  

1 1  
3 1  

2 
3 
6 

* * )  • highly significant ( P , O . O l )  

s s  

0 . 0 3 8 8  
0 . 0 7 0 6  

0 . 0 0 32 
0 . 0 1 8 4  
0 . 0 1 9 0  

0 . 0 4 6 3 
0 . 0 5 9 5 

0 . 0 0 0 8  
0 . 0 4 0 7  
0 . 0 0 4 1  

MS 

0 . 0 0 3 5  
0 . 0 0 2 3  

0 . 0 0 1 6  
0 . 0 0 6 1  
0 . 0 0 3 2  

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

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

34 3 8 . 3 8 7 0  3 1 2 . 5 8 0 6  
3 9 4 9 . 1 4 1 5  1 2 7 . 3 9 1 7 

2 1 5 . 1 0 6 9  1 0 7 . 5 5 3 5  
2 0 0 9 . 6 1 3 1  6 6 9 . 8 7 1 0  
1 0 4 3 . 5 7 1 4  1 7 3 . 9 2 8 6  

note : 
% CR 
% N 
Ntot 
f l  
r a  
ce 

the percent age o f  chromium in 
t he percent age o f  nit rogen in 

= t he t ot a l  n i t r ogen/ intubat ion 
feeding leve l 

the digesta 
the digesta 

= dietary rat i o  
int ake of c e l l u l o se 

1 4 4  

F value 

1 . 5 5 

0 . 7 1 
2 . 6 9 
1 .  3 9  

2 . 1 9 

0 . 2 0  
7 . 0 7 
0 . 3 6 

2 . 4 5 

0 . 8 4 
5 . 2 6  
1 . 3 7 

0 . 1 6 4 7  

0 . 4 9 8 2  
0 . 0 63 5  
0 . 2 4 8 6  

0 . 0426* 

0 . 8 2 2 5  
0 . 0009** 
0 . 8 9 8 9  

0 . 0244* 

0 . 4 3 95 
0 . 0047** 
0 . 2 5 9 4  



2 .  Analysis Regress ion 

DF ss MS F value Pr>F Parameter est imate s  Prob> I T I  

1 .  For Al l observat ion 
Mode l 
Ntot = ce 1 1 7 5 0 . 2 4 3 7  1 7 5 0 . 2 4 3 7 1 2 . 7 3 0 . 0 0 0 9 * *  Intercept 1 2 . 0 4 0 7  0 . 0 1 0 8 *  
Error 4 1  5 6 37 . 2 8 4 9  1 3 7 . 4 9 4 8  ce 1 . 1 5 3 6  0 . 0009** 

2 .  For fl= 1 5  g only 
Mode l 
Ntot = ce 1 2 9 3 . 3 0 1 0  2 93 . 3 0 1 0  6 . 2 4 0 . 0 2 8 0 *  Intercept 1 2 . 4 8 8 6  0 . 02 1 4 *  
Error 12 5 6 4 . 0 7 8 6  4 7 . 0 0 6 6  ce 0 . 8 7 0 0  0 . 0 2 8 0 *  

3 .  For fl=2 0 g only 
Mode l 
Ntot = ce 1 1 4 2 4 . 9 355 1 4 2 4 . 9355 7 . 9 4 5  0 . 0 1 4 5 *  Intercept 5 . 6 4 1 7  0 . 5 1 2 8  
Error 1 3  2 33 1 . 6 4 6 4 1 7 9 . 3574  ce 1 .  6 9 95 0 . 0 1 4 5 *  

4 .  F o r  f l = 2 5  g only 
Mode l 
Ntot = ce 1 2 2 3 . 7 8 4 7  2 2 3 . 7 8 4 7  1 . 1 9 1  0 . 2 9 6 5 Intercept 2 0 . 3 0 1 1  0 . 0 5 3 2  
Error 12 2 2 5 3 . 8 8 9 0  1 8 7 . 8 2 4 1  ce 0 . 7 2 1 1  0 . 2 9 65 

* )  s i gnificant ( P < 0 . 0 5 )  
* * )  s igni ficant ( P < 0 . 0 1 )  

1 4 5  



APPENDIX 1 3 . 

SUMMARY OF STATI STICAL ANALYSI S  FOR EXPERIMENT 3 .  

1 .  TWO-WAY ANALYS I S  OF VARIANCE 

Mode l 
% N = f l  ra f l * ra 
Error 

Type I I I - S S  
f l  
r a  
f l * ra 

Mode l 

DF 

1 1  
3 2  

2 
3 
6 

% Cr = f l  ra f l * ra 1 1  
Error 3 2  

Type I I I -S S  
f l  2 
ra 3 
f l  * r a  6 

Mode l 

s s  

5 7 . 0 2 3 3  
5 8 . 6 8 5 1  

7 . 5 8 8 4  
3 9 . 8 9 1 3  
7 . 8 9 6 4  

0 . 7 7 4 1  
0 . 7 2 5 5  

0 . 1 6 1 8  
0 . 4 5 1 1  
0 . 1 9 0 9  

MS 

5 . 1 8 3 9  
1 . 8 3 3 9  

3 . 7 9 4 2  
1 3 . 2 9 7 1  
1 . 3 1 6 1  

0 . 0 7 0 4  
0 . 0 2 2 7  

0 . 0 8 4 0  
0 . 1 5 0 4  
0 . 0 3 1 8  

F value 

2 . 8 3 

2 . 0 7 
7 . 25 
0 . 72 

3 . 1 0 

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

Ntot = f l  r a  f l * ra 1 1  2 6 2 7 32 2 . 3 3 7  2 3 8 8 4 7 . 4 8 5  2 .  6 0  
Error 32 2 9 3 8 4 0 7 . 3 4 5  9 1 8 2 5 . 2 3 0  

Type I I I - S S  
f l  
r a  
f l * r a  

* )  significant ( P <O . OS )  

* * )  highly s ignificant (P<O . Ol )  

2 
3 
6 

1 4 2 5 0 8 . 2 1 5  7 1 2 5 4 . 1 0 7  
1 62 5 5 9 1 . 8 4 6  5 4 1 8 6 3 . 9 4 9  
8 6 8 6 3 4 . 6 3 7  1 4 4 7 7 2 . 4 4 0  

0 . 7 8 
5 . 9 0 
1 . 5 8 

note : 
% CR 
% N 

the percent age o f  chromium 
the percent age o f  nitrogen 

in the digesta 
in the digesta 

Ntot 
f l  
r a  
ce 

= the total nit r ogen ( mg)  
feeding leve l 
diet ary rat io 
int ake of c e l lul ose 

1 4 6  

P r>F 

0 . 0 1 0 7 *  

0 . 1 4 2 9  
0 . 0 0 0 8 * *  
0 . 6 3 8 2  

0 . 0 0 6 0 * *  

0 . 0 3 5 7 *  
0 . 0 0 1 3 * *  
0 . 2 4 3 8  

0 . 0 1 7 2 *  

0 . 4 6 8 7  
0 . 0 0 25 * *  
0 . 1 8 6 1  



2 .  Regre ss ion 

DF s s  MS F value Pr>F P arameter est imates Prob>F 

1 .  For a l l  observat ions 
Mode l 
Ntot = Pr 1 1552 4 8 9 . 8 2 1  1 5 52 4 8 9 . 8 2 1  1 6 . 2 5 0 . 0 0 0 2 * *  Intercept 1 2 8 . 7 8 8 7  0 . 2 5 9 7  
Error 42 4 0 1 3 2 3 9 . 8 6 0  9 5 5 5 3 . 3 3 0  P r  3 4 . 3 4 8 0  0 . 0002** 

2 .  For f l = 1 5  g only 
Mode l 
Ntot = Pr 1 9 1 9 1 2 4 . 7 6 6 1  9 1 9 1 2 4 . 7 6 6 1  7 . 2 2 0 . 0 1 9 8 *  Intercept -50 . 7 2 7 2  0 . 8 2 7 9 
Error 12 1 5 2 6 7 7 2 . 6 0 1 5 1 2 7 2 3 1 . 0 5 0 1  P r  4 5 . 92 8 9  0 . 0 1 9 8 *  

3 .  For fl=2 0 g only 
Mode l 
Ntot = Pr 1 8 2 4 3 9 8 . 9 6 9 7  8 2 4 3 9 8 . 9 6 9 7  8 . 7 4 0 . 0 1 1 1 *  Intercept 9 9 . 1 32 9  0 . 6 1 5 6  
Error 1 3  1 2 2 5 8 1 0 . 5 4 2 1  9 4 . 2 9 3 . 1 1 8 6  Pr 4 3 . 2 8 55 0 . 0 1 1 1 *  

4 .  For fl=25 g only 
Mode l 
Ntot = Pr 1 8 7 7 1 4 . 1 3 0 8  8 7 7 1 4 . 1 3 0 8  1 .  34  0 . 2 6 7 6  Intercept 3 3 0 . 2 3 8 4  0 . 0 60 3  
Error 1 3  8 4 9 95 3 . 7 6 6 0  6 5 3 8 1 . 0 5 8 9  Pr 1 4 . 1 1 9 1  0 . 2 6 7 6  

* )  s ignificant (P<O . O S )  
* * )  highly significant (P<O . O l )  
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APPENDIX 1 4 . 

SUMMARY OF STATI STICAL ANALYSIS FOR EXPERIMENT 4 .  

1 .  ONE-WAY ANALYS I S  OF VARIANCE 

DF ss MS F value 

Mode l 
Cr1  = t r  3 0 . 0 4 2 8  0 . 0 1 4 3  2 . 35 
Error 2 1  0 . 1 2 7 5  0 . 0 0 6 1  

Type I I I -S S  
f l  2 0 . 1 6 1 8  0 . 0 8 4 0  3 . 7 1 
t r  3 0 . 4 5 1 1  0 . 1 5 0 4  6 . 6 3 
f l * t r  6 0 . 1 9 0 9  0 . 0 3 1 8  1 .  4 0  

Mode l 
Cr2 = t r  3 4 . 2 7 9 0  1 . 4 2 6 3  2 . 3 5 
Error 2 1  1 2 . 7 5 4 1  0 . 6 0 7 3  

Mode l 
N1  = t r  3 7 0 . 8 2 5 0  2 3 . 6 0 8 3  3 . 4 1 
Error 2 7  1 8 6 . 9 3 3 3  6 . 9 2 3 5  

Type I I I -S S  
f l  2 7 . 5 8 8 4  3 . 7 9 4 2  2 . 0 7 
t r  3 3 9 . 8 9 1 3  1 3 . 2 9 7 1  7 . 2 5 
f l * t r  6 7 . 8 9 6 4  1 . 3 1 6 1  0 . 7 2 

Mode l 
N2 = t r  3 7 0 8 2 . 4 9 8 9 2 6 3 0 . 8 3 3 0  3 . 4 1  
Error 2 7  1 8 6 9 3 . 32 9 7  6 9 2 . 3 4 5 5  

Mode l 
Ntot = t r  3 1 1 1 4 5 5 7 5 2 9 7  37 1 5 1 9 1 7 6 6  5 . 1 5 
Error 2 1  1 5 1 3 5 1 0 9 2 7 8  7 2 0 7 1 9 4 8 9  

Type I I I -S S  
f l  2 1 4 2 5 0 8 . 2 1 5  7 1 2 5 4 . 1 0 7  0 . 7 8 
t r  3 1 62 5 5 9 1 . 8 4 6  5 4 1 8 6 3 . 9 4 9  5 . 9 0 
f l * t r  6 8 6 8 6 3 4 . 6 3 7  1 4 4 7 7 2 . 4 4 0  1 . 5 8  

Mode l 
Lys = t r  3 4 5 9 1 0 7 6 0 . 1 9 1 5 3 0 3 5 8 6 . 7 3 1 2 5 0 . 9 4 
Error 4 4 8 9 3 4 . 7 9  1 2 2 3 3 . 7 0 

* )  significant ( P < O . O S )  

* * )  highly significant ( P <O . Ol )  

note : 
CR1 = 

CR2 = 

the percent age o f  chromium in the dige s t a  
mg o f  chromium p e r  g dige st a  

N 1  = 

N2 = 

Ntot 
Lys = 

f l  = 

t r  = 

the percent age o f  nitrogen in the dige s t a  
mg o f  nitrogen p e r  g dige s t a  
the t ot a l  nitrogen (mg )  
the t o t a l  o f  lys ine (mg) 
feeding leve l 
diet ary t reatment 

1 4 8  

P r>F 

0 . 1 0 1 7  

0 . 0 3 5 7 *  
0 . 0 0 1 3 * *  
0 . 2 4 3 8  

0 . 1 0 1 7  

0 . 0 3 1 7 *  

0 . 1 4 2 9  
0 . 0 0 0 8 * *  
0 . 6 3 8 2  

0 . 0 3 1 7 *  

0 . 0 0 7 9 * *  

0 . 4 6 8 7  
0 . 0 0 25 * *  
0 . 1 8 6 1  

0 . 0 0 0 1 * *  



2 .  Regre ss ion 

DF s s  MS F value P r>F P arameter estimate s  Prob>F 

1 .  Mode l 
Ntot = tr 
Error 

2 .  Mode l 
Lys = tr 
Error 

3 .  Mode l 
Ntot-exc = tr 
Error 

4 .  Model 
Lysexc = tr 
Error 

* )  significant ( P<O .OS )  

1 
2 3  

1 
6 

1 
4 

1 
1 9  

* * )  highly significant (P<O . O l )  

Note : 

9 4 9 1 6 6 3 3 7 3  9 4 9 1 6 6 3 3 7 3  
1 6 7 8 9 0 2 1 2 0 2  72 9 9 5 7 4 4 4  

3 0 9 0 2 6 4 4 . 4 2 3 0 9 0 2 6 4 4 . 4 2 
1 5 0 5 7 05 0 . 5 7 2 5 0 9 5 0 8 . 4 3 

2 6 8 4 9 9 . 4 0 9 2 2 6 8 4 9 9 . 4 0 92 
3 3 9 9 8 . 4 0 7 3  8 4 9 9 . 6 0 1 8  

1 7 2 9 9 7 4 3 3 2  1 7 2 9 9 7 4 3 3 2  
75 0 0 9 8 1 9 7 0  3 9 4 7 8 8 5 2 5  

Ntot = mg of nit rogen per g digesta 
t r  = dietary t reatment 
Lys = the total of lys ine 

1 3 . 0 0 0 . 0 0 1 5 * *  

12 . 3 1 0 . 0 1 2 7 *  

3 1 . 5 9 0 . 0 0 4 9 *  

4 . 3 8 0 . 0 5 0 0 *  

Ntot-exc = the total  o f  nit rogen (mg)  with exc luding treatment 4 .  
Lysexc = the total o f  lys ine (mg)  with exc luding treatment 4 .  

1 4 9  

Intercept - 2 2 0 8 5 . 6 3 0 2  0 . 1 0 6 1  
tr 3 7 1 9 . 7 1 0 2  0 . 0 0 1 5 * *  

Intercept - 2 6 3 5 . 2 5 1  0 . 1 0 3 1  
Tr 3 5 1 . 5 8 3 0  0 . 0 1 2 7 *  

Intercept - 1 37 . 2 0 1 0  0 . 2 4 0 3 
Tr 5 1 . 8 1 6 9  0 . 0 0 4 9 *  

Intercept - 9 6 1 5 . 0 2 2 2  0 . 4 1 2 4  
Tr 2 22 3 . 2 37 2  0 . 0 5 0 0 *  
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