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I 

AB S T RACT 

Twe lve F r i e s i an ma l e  c a l ve s  we re used,  in three b l o cks 

e ach with 4 calve s , to a s s e s s  the e f fi c i ency o f  a 

Cont r o l led Re l e a s e  Device ( CRD ) de s i gned t o  provide chromic 

oxide as  a faecal marke r . 

An ima l s  were we ighed a t  t h e  s t a rt and a t  t h e  end o f  

each r ep l i cat e ,  a ft e r  i n i t i a l  we i ght measurement s calve s  

we re randoml y  a l l o cated t o  one o f  4 t reatment s ( gr a s s  on l y ,  

s o y a  and gras s ,  powde red m i l k  and gra s s  and l i qu i d  mi l k ,  

c a rbohydrat e concent rate and g r a s s )  . Cut pasture was 

o f fered ad l ibi t um whi l e  supp l ement s were re s t r i cted at 

f i xed l eve l s  and p r ovided 1 1 . 2 8 MJME ( me t abo l i s ab l e  ene rgy ) 

and 1 7 5  g crude p r o t e i n  ( CP )  p e r  ca l f  dai l y . 

Aft e r  a 5 - day pre l iminary p e r i o d ,  two 5 -day c o l l e ct ion 

peri ods fo l l owed . The CRDs were adm i n i s t e red by u s e  o f  a 

' ba l l ing gun '  wh i ch i n t r oduced t he device gent l y  t o  the 

rumen . Co l l e ct i on o f  fae c a l  and u r i ne s amp l e s  commenced 2 4 h  

a fte r adm i n i s trati on o f  dev i ce s . 

F a e c a l  grab s amp l e s  were c o l l e cted from c alve s (per 

re c t um) da i l y  at 1 0 . 0 0 am , 0 1 . 0 0 pm and 0 4 . 0 0 pm whi l e  a 2 4  

h rep r e s e ntat ive faecal  s amp l e  was t aken every morning from 

the t ot a l  day ' s co l l e ct i on . D a i l y  faecal t ot a l  co l lection 

was s ubsequent l y  bu lked f o r  a 5 -day s amp l ing pe r i od . 

A da i l y  re l e a s e  o f  chromium ( C r )  from CRD s was found to 

be 1 3 3  mg d- 1 ( obt a i ne d  by mea s u r i ng the amount of  Cr 

'l o s s '  from three capsu l e s  whi ch we re regurgitated)  whi ch 

compares with the e xpected 1 3 0  mg d- 1 . 

The re we re no s i gn i f i cant var i at i ons i n  Cr concent rat ion 

between t imes within a day . Ma rked fluctuat i o n s  in Cr 

concent rat i on were not iced i n  P e r i od 1 ( fi r s t  5 - day s ) of 

each block wh i l e concent ration r e ached a mor e  ste ady 

p l at e au i n  P e r i o d  2 o f  e ach b l ock. 

S imi l a r l y  the r e  were var y i n g  C r  r e l e a s e  rat e s  (RR) 
between days howeve r ,  no s t at i s t i ca l  s i gn i f i c ance was shown 

becaus e o f  the sma l l  numbe r o f  c a lve s within t re atment 
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( n= 3 ) . The da i l y  RR was found t o  be l a rge l y  i n f luenced by 

the amount o f  dry mat t e r  intake but not highly i n f l uenced 

by the type o f  rat i on . 

The amount o f  Cr 

s t at i st i c a l l y  di f fe rent 

y i e l d  ( re cove ry rat e )  was not 

from 1 0 0 % . In r e a l  t e rms howeve r ,  

C r  re cove ry from c a lves whi ch were o n  t he l i qu i d  m i l k  

t re atment w a s  genera l ly l ow .  Such a r e cove r y  w a s  as s o c i ated 

with the f l u i d  nature o f  the diet such t hat i t  could not 

int imat e l y  mix with the marke r . 

Two methods o f  dige s t i on were compared f o r  the Cr 

concent rat i o n  a s s ay s . A s i gn i fi cant l y  h ighe r ( p  < 0 .0 0 1 )  Cr 

concent rat i on wa s obt ained from faecal  s amp l e s  whi ch were 

dige sted u s ing a " high" b romate ( HB )  compared w i t h  " l ow" 

bromate ( L B )  dige st i o n . Al s o  within dup l i cate var i at i ons i n  

Cr concent rat i o n  we re l arge l y  e l iminated by u s ing H B .  

Supp l ementat i on con s i de rab l y  imp roved rat ion 

dige s t ib i l i t y ,  Soya ( 0 . 7 7 ) , powde r mi l k  ( 0 . 7 9 )  and l i quid 

mi l k  ( 0 . 8 3 )  a s  compared with gra s s  only rat i on ( 0 . 7 4 )  there 

was a l s o  a favourab l e  re spo n s e  in the n i t roge n  ret ent ion 

( NR )  o f  the calve s  on the l i qu i d  mi l k  d i e t  whi ch were 

supe r i o r ,  whi l e  the g r a s s -fed c a l ve s  pe r fo rmed r e l a t ive l y  

poo r l y . T h e  r e sponse m a y  be a s s o c i at e d  with h i gh e f f i c i ency 

with whi ch d i ge s t ib l e  ene rgy ( D E )  from the m i l k  s upp l ement 

wa s ut i l i z e d  f o r  l ivewe i ght gain . 
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INTRODUCTION 

Mi l k  product i on has neve r met t he demand for m i l k  in 

l e s s  deve l oped count r i e s  ( LDCs ) . Thus mi l k  us ed for cal f 

reari ng i s  al s o  bad l y  needed for human con s umpt ion ,  

part i c ul ar l y  i n  LDCs whe re who l e  mi l k  i s  the maj or baby food . 

The deve l opmerit o f  s o l i d food intake ( part i c ul ar l y  

pas t ure ) in  t h e  cal f i s  c l ear l y  an important t op i c  for 

research , as the e ar l i e r  t h i s  occurs t he l e s s  the amount o f  

who l e  mi l k  i s  requi red . 

Alte rnat ive t e chn i que s for the s t udy o f  cal f intake 

e st imat i on are d i s cus s e d  as a part o f  the l it e rat ure review . 

Whi l e  accurat e  methods are avai l ab l e  for the housed o r  z e ro­

grazed cal f ,  s at i s fact ory t e chn i que s are pre s ent l y  not 

avai l ab l e  for t he graz ing cal f ( G l e e s o n ,  1 9 7 1 )  

The recent comme r c i al avai l ab i l it y  o f  a cont r o l led 

re l ease device ( Capt e c  P t y  N .  Z .  Lt d ,  Auckl and)  whi c h ,  when 

p l aced in the rumen o f  an an imal , i s  said to re l e ase an 

indige s t i b l e  marke r ( C r2 0 3 ) at a c o n s t ant rate , o f fers the 

po s s ib i l it y  o f  accurat e l y  e s t imat i ng fae cal o utput in graz ing 

an imal s .  Food intake can then be c al cul ated from fae cal 

outputs provided an e s t imat e  o f  d i gest ib i l ity i s  al s o  

avai l ab l e . 

This  inve s t i gat i on was de s i gned t o  s t udy the us e fulne s s  

o f  the CRD s f o r  predi ct ing int ake i n  newly weaned calves . 

Spe c i f i c  ob j e ct ive s o f  the s t udy unde rtaken with 1 2 calve s 

fed i ndoors , i n c l ude the f o l l owing: 

( 1 )  To det e rmine the rate o f  e x c ret ion o f  chromi um from 

the CRDs and e s t ab l i sh the main fact o r s  whi ch affect the 

re l ease rat e . Thi s i n fo rmat i on i s  requi red be fore CRD s are 

us ed in graz ing calve s . The RR as s o c i ated with four feeding 

regimes were compared :  P ast ure o n l y  ( G ) , Pas t ure and L i quid 

mi l k  and carbohydrat e  ( L ) , Pas t ure and P owde red m i l k  ( P )  and 

P as t ure and Soya bean s  ( S )  . 

(2) To determine whether the RR var i e s  diurnal l y  or 

ove r t ime ( day 1 t o  day 1 0  aft e r  dev i ce admini s t r at i o n )  . S uch 
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i n format i on i s  needed t o  work out a faecal s amp l ing regime 

f o r  f i e l d  s t udi e s . 

( 3 )  To  study the recove ry o f  admin i s t e red Cr and 

fact o r s  affect i ng i t ,  i n c l uding t he an al y t i cal method . 

( 4 )  I n  addit i on t o  t he as s e s sment o f  the CRD s the 

e xp e r iment provided i n fo rmat i on on the ut i l i z at i on 

( di ge s t ib i l it y  and 'n it rogen retent i on s )  o f  autumn p asture , 

with and without a range o f  s upp l ement s ,  by newly weaned 

calve s . 



----------

CHAP TER 1 

L I TERATURE REVI EW 

1 . 1  ALTERNAT IVE METHOD S FOR MEASURING INTAKE OF PAS TURE-FED 

CALVES 

I NTRODUCT I ON 

A knowl edge o f  pas t ure intake meas urement i n  young 

calve s and the as s e s sment o f  whether t h i s  i s  enough to 

p r omot e  no rmal cal f growth is  of  fundament al importance in 

an i mal product ion . Howeve r ,  the re are great di f f i cul t ie s  in 

meas ur ing herbage intake by young r uminant s and the re fore 

var i ous methods have been deve l oped w i t h  vary i ng degrees o f  

s ucce s s . 

I nt ake o f  s o l i d  feed by calve s can be measured by 

hous ing calve s and feeding them cut p as t ure ( Gl e e s o n ,  1 9 7 1 )  

and intake can be e s t imated i n  a numb e r  o f  di f fe rent ways 

f o r  graz ing requi rement s ( Me i j s ,  1 9 8 1 ;  Le Du and P enning ,  

1 9 8 2 )  . F i e l d  s t udi e s  are nece s s ary i f  there i s  a l ack o f  

i ndoor feeding equipment o r  in a s it uat i on whe re t h e  no rmal 

"envi ronment al condit i o n s "  coul d  i n f l uence graz ing 

behavi our ,  int ake o r  p e r fo rmance . 

Alte rnat ive way s  in whi c h  int ake o f  past ure - fed calve s 

c o ul d  be est imated are reviewed . 

1 . 1 . 1  I NDOOR METHOD 

This  is a method whe reby p as t ure i s  cut from the f i e l d  

then we ighed b e f o re being o f fe red t o  s t al l - fed calve s ,  

commonly cal l e d  ' c ut and cart ' method . The condit i on s  for 

the s ucce s s  of the method are that al l the re fus al s s hould 

be we i ghed so that the past ure intake can be det e rmined by 

s ubtract ing the re fus al from the amo unt o ffered . S im i l ar 

work t o  that done in the p r e s ent s t udy , invo lving 
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measu rement o f  gra s s  intake f o r  hou s e d  calve s ,  was done by 

I r i sh worke r s  ( Gl e e s on , 1 9 7 1  and Keane and Hart e ,  1 9 8 2 ) . The 

method has s ome l imit at i ons in that it doe s  not accu rately 

rep l i c at e  outdoor pa s t u re and envi r onment a l  e f fect s whe re 

swa rd s t ructure i s  l i ke l y  to in fluence t he graz ing anima l 's 

behavi our ( Hodgson , 1 9 7 1 )  . Al s o  s t a l l - fed c a lve s are l imited 

in se l e ct ing the i r  diet a s  compared t o  t he i r  g r a z ing mat e s . 

1 . 1 . 2 OUTDOOR METHOD S 

P a sture intake o f  gra z ing ca lve s  can be e st imated by 

measuring the di s appe a rance o f  p a s t u re f r om the grazed area 

over t ime . 

An imal b a s ed t e chn i qu e s  involve the e s t imat ion o f  

faecal output ( Le D u  and Penn ing , 1 9 8 2 )  t ogethe r with an 

independent e st imate o f  dige s t ibi l it y  ( Me i j s ,  1 9 8 1 )  and both 

of the s e  var i ab l e s  are u s ed in the equat i on . 

Faecal  output ( F )  g d- 1 

Int ake ( I )  ( 1 )  

1 - digest ibi l it y  ( D )  

T h i s  method i s  di s cu s s ed i n  det a i l  b y  Le D u  and P enning 

( 1 9 8 2 ) . 

1 . 1 . 2 . 1  SWARD BASED METHOD S 

The herbage mas s  ( t o t a l  m a s s  o f  he rbage per unit area 

of ground)  i s  e s t imated at the beginn i n g  and at the end o f  

the graz ing pe r i od . The di f fe rence between the two gives an 

e st imate of the apparent quant i t y  o f  he rbage cons umed per 

unit area ( Me i j s  et al, 1 9 8 2 ) . But s ince the herbage may 

a l s o  grow during the g r a z ing pe r i od ,  a co rrect i on h a s  to be 

made t o  a l l ow for th i s ,  otherw i s e  int ake may be 

unde r e s t imat ed . T h i s  c a l cu l ated consumpt i on p e r  un it area i s  



5 

then conve rted t o  int ake per anima l I day by dividing the 

number o f  anima l -day s per un it a r e a . 

An advantage with the swa rd method i s  that the 

mea s u rement s a l s o  p r ovide i n fo rmat i on on the he rbage 

a l l owance ( the we i ght o f  the herbage pe r un it o f  the animal 

l ivewe i ght ) and the e f fi c i ency of g r a z ing ( h e rbage consumed 

exp re s s e d  a s  a p roport i on o f  the he rbage accumu l ated)  . The 

t o p i c  h a s  been fu l l y reviewed by a numb e r  o f  work e r s  ( B rown , 

1 9 5 4 ;  C a rt e r , 1 9 6 2 ; 't Mannet j e  1 9 7 8 ;  F r ame , 1 9 8 1  and Me i j s ,  

1 9 8 1 ) . 

1 . 1 . 2 . 1 . 1  

The s e  

( cut t ing)  

Dest ruct ive and Non-de s t ruct ive Methods 

methods are c l a s s i fi e d  as e i ther de st ruct ive 

o r  non-de s t ruct ive . E ach o f  the s e  has i t s  me r i t s  

and deme r i t s . 

( 1 )  He rb age Cut t ing Methods 

Cutt ing t echn i que s ,  u s ua l l y  i nvo lve the harve st ing of a 

measured proport ion o f  the a r e a  o f  p a s t u re a l l otted t o  the 

anima l  and we ighing and s amp l i ng the cut he rbage . The amount 

o f  re s i du a l  herbage rema ining a ft e r  g r a z ing , i s  s imi l a r l y  

det e rmined . T h i s  t echn i que i s  fu l l y  di s cu s sed b y  the 

Gra s s l and Re s e arch Ins t i t ut e ,  Hur l e y ( 1 9 6 1 ) and Me i j s  e t  a l . 

( 1 9 8 2 ) . 

The l abour invo lved in cutt i n g  he rbage s amp l e s  by hand 

at ground leve l makes the method a di f f i cu l t  one , a l s o  

herbage s amp l e s  cut c l o s e  t o  t h e  ground,  e spe c i a l l y  those 

cut by mach ine are frequent l y  heavi l y  cont aminated by s o i l  

and may nece s s i t at e  washing . F o r  accurate a s s e s sment it  has 

been sugge s t e d  ( Gr a s s l and Re s e arch Ins t i t ut e  Hur l e y ,  1 9 6 1 )  

t o  wo rk on the b a s i s  o f  ash- free o rgan i c  matt e r . 

Thi s method can only indicate how much he rbage 

di s appe a r s  in the course o f  gra z ing , t h i s  quan t i t y  i s  a lmost 

cert a i n l y  great e r  than that actu a l l y  inge sted by the 

expe rimen t a l  anima l s  because it  i n c l ude s herbage e aten by 

wi l d  anima l s ,  i n  c a s e  o f  range l ands ( C o rdova e t  a l ,  1 9 7 8 )  
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and herb age de st royed by t r amp l ing and that unde r dung pads 

( Ho l me s , 1 9 8 0 ) . 

( 2 )  Non-de s t ruct ive Methods 

The s e  inc lude eye e s t imat i on ,  he ight and den s ity 

me a s u rement s and non-veget at ive att r ibut e s .  A review o f  

di f fe rent non-dest ruct ive t e chn i qu e s  h a s  been n a rrated b y  a 

numb e r  o f  work e r s  ( Brown , 1 9 5 4 ;  't Mannet j e ,  1 9 7 8  and F r ame , 

1 9 8 1 ) . 

Eye e st imat i on encomp a s s  e s t ima t i on o f  he rbage by 

v i s u a l  appra i s a l  ( P e chaneck and P i ck fo r d ,  1 9 3 7  c i t e d  by 't 

Mannet j e  1 9 7 8 ) . The sources  o f  b i a s  i n c lude ( a )  i n s u f f i c i ent 

t r a ining - unt rained obs e rver t ends t o  ove re s t imate t a l l  

growing swards and unde r e s t imat e s  den s e  swards ; ( b )  

i d i o s yn c r a s y  o f  ob s e rve r s  - s ome ob s e rve r s , a l t hough t ra ined 

t end t o  pers i st ent l y  ove r - or unde r e s t imate he rbage ma s s ;  

( c )  fat i gue - a ft e r  p r o l onged p e r i ods e .g. ove r 3 hour s  o f  

intens ive pasture e xaminat i o n ,  obs e rver s  tend t o  ove r- or 

unde r e s t imate m a s s .  

He i ght a n d  den s i t y  mea s uremen t s  may be u s e d  t o  e s t imate 

he rbage mas s  a ft e r  having f i r s t  c a l ibrated t he s e  re l at i ons 

by cutt ing and we ighing. He i ght i s  norma l l y  de f i ned a s  

max imum o r  mean and i s  mea s u red by a r u l e r  ( Me i j s  e t  a l, 

1 9 8 2 ) . Den s i t y  i s  de fined a s  the percent age ground cove r and 

i s  e s t imated by po int quadrant or vi s u a l  appr a i s a l  ( Bakhu i s ,  

1 9 6 0 ) . He i ght and den s i t y  mea s urement s a r e  integrated b y  the 

we i ghted di s c  gra s s  met e r  ( E a r  le  and McGowan , 1 9 7 9 )  The 

ma i n  s ou rce o f  b i a s  i n  the s e  var i ab l e s  i n c lude ( a )  sward 

st ructure;  ( b )  lodged o r  t r amp l e d  he rbage ; ( c )  bot anical  

compo s it i on; (d )  s e a s on and ( e )  g r a z ing management . 

Non-veget at ive att r ibut e s . He rbage m a s s  can be 

e st imated from one o f  a numb e r  o f  non-vegetat ive p l ant 

att r ibut e s  ( e .g. c ap a c i t anc e ,  radi o i s ot ope attenuat i o n ,  

spect r a l  ana l y s i s ,  a ft e r  having f i r s t  c a l ibrated the 

r e spect ive paramet e r  with a c t u a l  he rbage ma s s  by cut t i ng and 

we i gh ing. Of the s e  methods capa c i t ance h a s  been most 

intens ive l y  s t udied (Neal and Ne a l , 1 9 7 3 )  Re s e a rch 
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expe r i ence h a s  s hown that ' capac i t ance probe ' has seve re 

l imitat i on s  in p roviding re l i ab l e  herbage mas s  data due to 

the many ext raneous fact o r s  that can in fl uence met er 

readings ( Ange l one e t  al . ,  1 9 8 0 a ) . 

It has been concluded t hat ( i )  a l l  non-de st ruct ive 

t e chn i qu e s  are l e s s  p re c i s e  than cutt ing methods on a per 

s ampl e  b a s i s ,  t he y  the re fore requ i re a greate r  i nt en s ity o f  

s amp l ing t o  achi eve the equ iva l ent l eve l o f  p re c i s i o n ;  ( i i )  

the method b a s ed on cap a c i t ance t end t o  be l e s s  pre c i s e  than 

he i ght me a s urement whi ch in turn t end to be l e s s  than visual  

appr a i s a l  ( Ne a l  and Ne a l ,  1 9 7 3 ) ; ( i i i )  re l at ive prec i s i on is  

l e s s for p o s t  g r a z e d  swards than f o r  pre-grazed swards , and 

( iv )  var i ab i l it y  o f  pasture in t e rms o f  bot ani c a l  

compo s it i on , sward st ructure , mo rpho l ogy , sward den s i t y  and 

moi sture content de crease prec i s i o n  ( Me i j s  et al, 1 9 8 2 ) . 

1 . 1 . 2 . 2  AN I MAL- BASED ME THOD S 

As indicated e a r l i e r ,  t t he i ndi rect e st imat ion o f  intake 

requ i re s  an e s t imate o f  fae c a l  o utput ( Le Du and P enning, 

1 9 8 2 )  and indige s t ib i l i t y  ( 1 - d i ge s t ib i l it y ) . The se a spects 

a re di s cu s sed separat e l y . 

1 . 1 . 2 . 2 . 1  F a e c a l  output e st imat i on 

1 . 1 . 2 . 2 . 1 . 1  Tot a l  Co l l e ct ion can be achieved by fitt ing the 

animal with c o l l e ct i on bags whe re faece s can be t r apped . 

Me a s urement o f  t o t a l  faeca l output unde r  g r a z ing condit i ons 

has been c a r r i e d  out e xten s ive l y  ( Kennedy e t  al, 1 9 5 9 ;  

Ho lme s  e t  al, 1 9 6 1 , Minson and Kemp , 1 9 6 1  and L e  D u  and 

Penn ing,  1 9 8 2 ) . Dung bags and s epa rat o r s  ( faece s / ur ine ) are 

f i t t ed to the anima l s eve ral days be fore the c o l l ect i on day 

to a l l ow t he animal to get u s e d  to the harne s s . 

S ince much t ime i s  spent i n  c o l l e c t i ng faece s ,  this  

method is  gene r a l ly regarded as  t ime consumin g ,  e xpens ive 

and i mpract i c a l  unde r s ome s i t u at i on s  ( B r i s s o n ,  1 9 6 0 ) . In a 
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somewhat sub j ect ive way ,  Co rdova e t  a l  ( 1 9 7 8 )  e s t imated that 

about 70 p e r s on-hou r s  of f i e l d  work we re needed to obt ain 

e ach individu a l  fae c a l  output mea s u rement . T h i s  f igures 

s eems h i gh ,  but is l og i c a l  i f  a l l  det a i l s  of the met hod are 

con s i de red and c a r r i ed out to p e r fect ion . Be s ide s const ant 

chang i n g ,  we ighing and c l e aning o f  fae c a l  bags , other 

prob lems frequent l y  a r i s e , for examp l e , s upe rvi s i on and 

rear ranging o f  the harne s s e s  to prevent faeca l l o s s  ( C ordova 

e t  a l ,  1 9 7 8 ) . 

A negat ive fe ature re l ated t o  the fae c a l  c o l l e ct i on 

apparatus i s  i t s  p o s s i b l e  adve rse e f fect s on animal 

p e r f o rmance and behavi our ( Co rbett , 1 9 60) , for examp le 

reduct i on i n  l ivewe ight ga i n ,  po s s ib l y  due t o  l owe r i nt ake 

and h ighe r  ene rgy e xpendi ture , was reported by Me i j s  ( 1 9 8 1 ) . 

Howeve r ,  Greenha lgh and Corbett ( 1 9 60) bagged s t e e r s  for at 

l e a s t  50 days and indicated that they showed no di s comfort 

but l at e r  ( Bake r ,  1 9 7 4 c i t ed by Me i j s ,  1 9 8 1 )  found t hat 

d i s t ort ion o f  h ind legs  in sheep was due to ext ra we i ght o f  

faece s in t he bags . 

In v i ew o f  ob j e ct i on s  r a i s e d  aga inst t h i s  method for 

e s t imat ing fae c a l  output , and eventua l l y  int ake , it  may be 

conc l uded that a much l e s s  cumbers ome procedure shou l d  be 

found for me a s u r ing faecal output part i cu l a r l y  in s i t u at i ons 

whe re l abour s upp l y  is c r i t i c a l . 

1 . 1 .2 . 2 . 1 . 2 Ma rke r s  a re a s  we l l  t e rmed indicat o r s , t racers 

or re ference mat e r i a l s  whi c h  are u s ed i n  the qua l i t at ive or 

quant i t at ive i ndi rect e s t imat i on o f  faecal output in 

anima l s . 

When marke r s  a re u s ed the l abour requ i rement s for the 

s amp l i ng o f  faeces may be lowe r than when t o t a l  co l le ct ion 

methods are u s ed,  a lthough the preparat i o n ,  admi n i s t rat ion 

and ana l y s i s  o f  the marke r could a l s o  involved a l ot o f  

work . 

A known we i ght o f  a marker i s  fed da i l y  t o  e ach animal 

and i t  i s  t hen a s sumed that thi s marker is quant i t at ive ly 
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exc reted in the faece s ( Kotb and Lucke y ,  1 9 7 2 )  o r  that a 

const ant propo rt i o n  o f  the marker fed i s  e x c reted ( Edin ,  

1 9 1 8  c i t ed b y  Kotb and Luckey ,  1 9 7 2 ) . If a repre sentat ive 

s ampl e  o f  the f a e c a l  e xcret i on i s  obt a i ned and a n a l y s e d  for 

i t s  content o f  the marke r ,  t o t a l  fae c a l  produ ct i on can be 

e s t imated from t he f o l l owing equat i on : 

D a i l y  faeces p roduced ( g )  

we ight o f  the marker given (gd��) x r r  ( 2 )  

mean concent r at i on o f  marker in faeces ( gg- 1 dm ) 

whe re r r  i s  the re cove ry rate o f  the ma rker and i s : 

Tot a l  we ight o f  t he marker excreted in faece s (g) 
Tot a l  we i ght o f  t he marker given ( g )  

Kotb and Luckey ( 1 9 7 2 ) sugge sted t hat before a 

subst ance qua l i fi e s  a s  an e f fect ive nut r it i on a l  marker it 

shou l d :  ( 1 )  be inert with no t o x i c  phys i o l og i c a l  or 

p s ycho l og i c a l  e f fe c t s  ( 2 )  be quant itat ive l y  recove red in the 

faece s ( i . e .  n e i ther abs o rbed nor metabo l i z ed within the 

gast ro - i nt e s t i n a l  ( G 1 ) t r act ( 3 )  have no app r e c i ab l e  bulk 

( 4 )  mix i nt imat e l y  with and rema in un i form l y  d i s t r ibuted in 

the dige s t a  ( 5 )  have no i n f l uence on G l  s e c ret ion,  

dige s t i o n ,  abs o rpt i on o r  n o rma l mort a l i t y  n o r  on the 

micro f l o r a  o f  G 1  t ract ( 6 ) have phy s i c a l - chemi c a l  prope rt ies 

(i . e .  easy t o  ana l y s e ) and cheap . Marker s  may e ither be 

internal  or  ext e rn a l . Externa l marke r s  are t ho s e  which are 

added t o  the diet o r  adm i n i s t e red o r a l l y . They include 

p o l ymers ( p o l yethylene glyco l - PEG, p l a s t i c s , g l a s s  and 

rubbe r ) ; ce l l s  ( Ye a st and bact e r i a); charco a l ; mine r a l  s a l t s  

( B a r i um s u lphat e )  and met a l  ox ides ( C r2 03 , Fe 2 03 , T i 02 ) .  

The se we re fu l l y d i s cu s sed by Kotb and Luckey ( 1 9 7 2 ) only a 

deta i l e d  d i s cu s s i on i s  speci f i c a l l y  g i ven to chromi c o x i de . 

Chromic o x i de (C r2Q3 L 

Chromi c  o x i de o r  chromium s e s qu i oxide 

c o l our and pract i ca l l y  i n s o l ub l e  in wat e r , 

i s  green in 

a l coho l and 

acetone , but s l i ght l y  s o l uble in acids and a l k a l i .  Chromic 
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ox i de , among the external  marke r s , i s  the mo s t  s at i s factory 

f o r  e st imat ing fae c a l  dry mat t e r  output and was f i r s t  

sugge s t e d  by E d i n  ( 1 9 1 8 )  c i t e d  b y  Kotb a n d  Luckey ( 1 9 7 2 ) . 

F a ct o r s  In fluence Accuracy o f  Us ing Chromi c O x i de 

The accuracy o f  the u s e  o f  C r2 0 3 in the e s t imat i on o f  

fae c a l  output depends l a rge l y  o n  the fact that the marker i s  

quant i t at ive l y  recove red ( the quant i t y  o f  C r2 0 3 e xc reted in 

the faece s is exact l y  the s ame a s  t he quant i t y  fed over a 

g iven p e r i o d )  

' c l o se ' t o  

F a i l u re t o  

1 0 0 %  mi ght 

atta in 

be due 

a fae c a l  C r2 0 3 r ecove ry 

t o  l ack o f  faecal 

rep res ent at ive s amp le for C r2 0 3 ana l y s i s  ( St even s on , 1 9 62 ) 

and the e rr o r s  from the type o f  ana l yt i c a l  t e chn i que 

emp l oyed ( Co s t i gan and E l l  i s ,  1 9 8  7 )  . Other fact o r s  wh i ch 

might r e s u l t  in l owe r o r  h i gher than 1 0 0 % C r2 0 3 re cove r i e s  

a r e  di s cu s sed in det a i l . 

1 .  P e r i od from D o s i ng t o  S t a rt o f  S ampl ing 

An i ncomp l e t e  re covery o f  C r2 0 3 c o u l d  be due t o  the 

pe r i od from do s ing o f  cap s u l e  unt i l  s t a rt o f  fae c a l  s amp le 

co l lect i on being too short for Cr2 0 3 r e l e a s e  t o  att a in 

equ i l ib r i um . When C r2 03 was inc o rporated into t he rat i on s , a 

p e r i od between 2 - 5  days fo l l owing the f i r s t  i nge s t ion o f  the 

index mat e r i a l  was found t o  be nece s s ary be fore faecal 

co l l e ct i on to e s t ab l i sh a s t e ady state of C r 2 03 in t he gut 

and ensure a quant itat ive recove ry o f  the marker ( C rampton 

and L l oyd , 1 9 5 1 ;  John s o n ,  D i nus son and B o l i n ,  1 9 6 4 )  . Some 

worke r s  have t r ied a pre - faeca l co l l e ct i on p e r i od o f  up to 

17  days ( s ee T ab l e  1 .  1 )  when C r2 03 wa s adm i n i s t e red in a 

numb e r  o f  di ffe rent forms . I n  other t r i a l s  ( Borde r ,  Harr i s  

and Butche r ,  1 9 6 3 ) sugge sted that 6 t o  7 days we re requ i red 

to reach an equ i l ibr ium wh i l e  R . H .  L aby ( P e r s . Comm . ) 

rec ommended 5 - 7 days for CRD s t o  att a i n  a steady r e l e a s e . 

The t ime requ i red for e x c re t i on o f  C r2 0 3 to attain 

equ i l ibr ium appe a r s  to be i n f luenced,  among othe r  factors , 

by l eve l o f  int ake , va r i at i on between anima l s  and by 

charact e r i s t i c s o f  the feed it s e l f; a s  the rate o f  exc ret ion 



Ta ble 1.1 Mean Cr�o3 recovery and diurnal flu ctuations o f  the marker in faeces. 

First Animal Manage1rent Food Time of Fonn of Time of Recove� Cr 0 \ Pre-dosing 
Author Feeding cr2of Dosing Minimum Maximum Meas6r� Estd. Period 

Adn�n s- Total fron (days) 
tration Collection Grab 

12.00h 18 . 00h 
Hardison 3 Steers Grazing - - lOg capsule 07.30 50 180 100.2 99. 9  (7) 11 
(1953) 06.00 08.00h 16.00h 

3 Steers Indoors Forage 1600 lOg capsule 07 .00. 80 130 101.2 104 (7) 11 

14.00h 24.00h 
Snith 3 CoHs Grazing Alfalfa - lOg capsule 07.00 65 141 97 . 5  100 . 6  ( ) 7 
(1955) 

06.00 12.00h 16 . 00h 
Hardison 4 Co./s Indoors Cone . 14.30 15g capsule 06.00 91 111 
(1956) 06.00 06.00 

4 CONS Indoors Cone 14.30 7.5g capsule 14.30 97 103 

02 .08h 12 . 06h 
Davis 7 CONS Indoors Cone lOg capsule 09.00 76 119 102 ( ) 24h 
(1958) 09 . 00 

8 CONS Indoors Cone Sg capsule 21 . 00 93 ( ) 24h 

04 . 30 04 . 30 17. 00h 09 . 00h Data fron 
Kane 3 Co./s Indoors Cone 13 . 30 In diet 13 . 30 94 108 Hardison 
(1952) (1953) 

Putnam 4 Co./s Indoors Forage 20g capsule 02 . 00 14 . 00h 124 99.6 (10) 2 
(1958) & Cone. 14.00 85 

04 .00h 18.00h 
�ire 6 Steers Indoors Cone. 08. 00 0 . 5\ in diet 94 106 
(1966) 6 tirres/ 14 .00h 22.00h 

6 Steers Indoors Cone. day 0 . 5\ in diet 94 105 

Fran sward 
Co./lishaw 2 Steers Grazing 20g oil 09. 00 99. 1  (5) 10 
(1963) 2 Steers Grazing 20g sch 09. 00 94. 4  (5) 10 

f);I!"Pr 



Ti!ble 1 (cant:) 

First J\nimal Managerren t Food T.I.Ire of Fonn of T.I.Ire of Recovery Cr�\ Pre-dosing 
Author Feeding �fs-

Dosing Mi.nimun Maximun .Meas Es td. Period 
Total !ran (days) 

tration Collection Grab 

10.00 18.00h 08.00h 
Raytrond 4 Wethers IndoOrs Alfalfa lg Cilpsule 17.00 85 120 
(1955) 10.00 l4.00h 04.00h 

5 Wethers Grazing - lg capsule 17.00 70 130 
10.00 

5 Wethers Indoors Forage lg capsule 17.00 99.8 (8) 12 
lg Dentonitc 10.00 

5 Wethers Indoors Forage Drench �,17.00 96.80 (8) u 

Pigden Wethers Grazing lOg capsule once/day 45 180 87 (10) 4 
(1956) Wethers Grazing 5g capsule twice/day 65 135 95 (10) 4 

Wethers Grazing 10/Gg 6 t.I.Ires/ 98 104 101 (10) 4 
capsule day 

4 Wethers Indoors 5g capsule twice/day 97 (4) 10 

Barnlcoat 2 Lambs Indoors EMesMUk 2g capsule 3 t.I.Ires/d 99.2 (4) 5 
(1945) 2 calves Indoors Separated 2g capsule 3 times/d 96.9 (5) 5 

CCMS milk 
1 calf Indoors Separated 2g capsule 3 times/d 92.0 (5) 5 

COtiS milk 
+ m.ixed meal 

2 Wethers Indoors Pasture 2g capsule 3 t.I.Ires Id 91.0 (8) 5 
silage 

Lancaster 3 Cows Grazing 7.5g capsule 06.00 101.3 101.1 (5) 40 
(1953) 16.00 

Sea ut 3 Wcthers'Indoors Forage lg capsule 07.30 90.9 (5) 18 
(1961) . 07.30 

3 Wethers Indoors Forage lg capsule • 16.30 98.5 (4) 18 
3 Wethers Indoors Forage 2g capsule 07.30 97.8 (4) 18 

07.30 
3 Steers Indoor Forage lOg capsule 16.30 97.5 (4) 18 

07.30 
8 Steers Grazing - lOg capsule 16.30 94.4 (8) 32 
8 Steers Grazing - 20g capsule 07.00 95.1 (6) 20 



Table 1 (cont) 

First Animal Managerrent Food Time of 
Author Feeding 

Hardison 8 Heifers Indoors Alfalfa 
(1959) forage 

6 Heifers Indoors Hay 
·. 

3 CoNs Indoors Cone. 

3 CoNs Indoors Cone. 

3 CoNs Indoors Cone. 

Troelsen 2 Wethers Indoors long 08.00 
(1965) Hay 16.00 

2 Wethers Indoors Pellet- 08.00 
ed Hay 16.00 

La.cnQoume 3 Wethers Indoors ad lib 08.30 
(1957b) rye 17.30 

grass 
3 Wethers Indoors 1/? ad 08.30 

lib 17.30 
rye 
grass 

3 Wethers Grazing rye -
grass 

Corbett 4 Wethers Indoors Chopped 07. 00 
dried 11.30 
grass 19.00 

4 Wethers Indoors 1 1  1 1  

4 Wethers Indoors n " 

Elliott 4 Wethers Grazing - -

(1960) 

Fonn of Time of 
cr2ot Dosing Minimum 

Adnin s-
tration 

7.5g capsule 07.00 
16.00 

1.5g capsule 07.00 
16.00 

2.5g capsule 07.00 
16.00 

7.5g capsule 07.00 
• 16.00 

22.5g 07.00 
capsule 16.00 

2g sch 09.00 
paper 
2g sch 09.00 
paper 

1g capsule 08.30 
17.30 

1g capsule 08.30 

1g M::>nst. 07.00 
Blue 16.00 

1g oil 10.00 

1g rolled 10.00 
paper 
1g sch 10.00 
paper 

1g capsule 07.00 

Recovery cr20�\ 
Maximum Measur Estd. 

Total fran 
Collection Grab 

89.4 89.7 

97.5 96.4 

104.3 101.0 

82.9 87.4 

8i.7 80.7 

96 

93-98 

115.3 

104 

102 99 

98.5 

99.5 

98.6 

99.9 

Pre-dosing 
Period 
(days) 

(4) 7 

(3) 6 

(3) 5 

(3) 5 

(3) 5 

Collection 
cont'd for 
several 
days after 
last adnin-
istration 

(5) 10 

(5) 10 

(4) 14 

(15) 12 

(15) 12 

(15) 12 

(5) 15 



Table l (cont) 

First Animal Managerren t Food Time of Form of Time of 
1\uthor Feeding cr2:J Dosing 

Mni s-
tration 

Kane 3 Cows Indoors Forage 15g in diet 
(1953) 

Carneiro 8 Wethers Indoors c;hOpped 08 • 0 0 2g capsule 08.00 
Vi ana forage 
(1959) 8 Wethers Grazing -

Cramp ton 2 Ewes Indoors Cone. 
(1951) 2 ares Indoors Uay 

"' .. U"Cbck 3 Heifers Grazing -

(1957) 

CUrram 8 Preg- Indoors Hay + 
(1957) nant CONS Cone. 

8 Preg , Ipdoors Hay + 
nant cows Cone. 
8 Wethers Grazing -

8 Wethers Grazing -

Qu-istian 12 Wethers Indoors Dried 
(1965) Grass 

Johnson 6 Wethers Indoors Alfalfa 
(1964) Pellets 

6 Wethers Indoors Alfalfa 
Pellets 

16.00 
- 2g capsule 08.00 

once/day 1\ in diet 
once/day 1\ in diet 

-

07.15 
15.15 
07.15 
15.15 

08.00 
13.00 

07.00 
19.00 
07.00 
19.00 

8g capsule 06.00 
16.00 

lOg oil 07.15 
15.15 

0.9\ in diet 07.15 

lg oil in 
diet 

" 

15.15 
15.30 

15.30 

2g cardboard 08.00 
capsule 13.00 

0.25\ paper 
in diet 
0.24\ powder 
in diet 

* Numbers in brackets dosing period prior to faeces collection 

After Valderrabano (1979) 

Recovery Cr �� \ Pre-dosing 
Minimum Maxinlllm Meas Es td. Period 

Total fran (days) 
Collection Grab 

98.1 (10) 4 

99.1 (17) 10 

100.4 (17) 10 

97 (6) 13 
86 (6) 13 

94.2 (10) 4 

89.8 90 (10) 6 

101 99.5 (15) 6 

88.8 (10) 8 

98.5 (10) 8 

92.8 (6) 66 

101.8 (15) 5 

93.3 (15) 5 
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o f  t he marker i s  a f fected by t h e  r a t e  o f  p a s s age o f  inge s t a  

th rough t h e  digest ive t ra ct ( Lambou rne 1 9 5 5 ,  1 9 5 7 a; 

Cowl i shaw and Alde r ,  19 63 and T r o e l sen,  1 9 6 5b ) 

2 . Other s ou r c e s  o f  E r r o r s  

L o w  recove r i e s  ? f C r2 03 c o u l d  be due t o  l o s s e s  o f  C r2 03 

r e s u l t ing from sma l l  amount s b e i ng conve rt e d  t o  s o l ub l e  

chromium s a l t s  ( Chr i s t i an e t  a l, 1 9 6 5 ) o r  b y  a sma l l  amount 

o f  s o lub l e  chromate pres ent a s  an i mpu r i t y  in the o r i ginal 

do s e  be ing ab s o rbed in the d i ge s t i ve t ract of the animal 

( Mo o re , 1 9 5 9 )  . He furthe r r ep o r t e d  that 4 8  h a ft e r  c e s s at i on 

o f  feeding ,  t race s o f  C r2 03 c o u l d  s t i l l  be found in t he gut s 

o f  wether s  wh i l e ,  Deinum , I mm ink and D e i j s  ( 1 9 6 2 ) c i t e d  by 

Va l d e r r abano ( 1 9 7 9 )  found t ra c e s  o f  C r2 03 in l ive r ,  k i dney s  

and l ymph g l ands o f  cows . 

L o s s e s  o f  fine l y  divi ded C r 2 03 p a rt i c l e s  may a l s o  a r i se 

dur ing the proce s s  o f  g r i nding d r i e d  faece s ( St evens on, 

1 9 6 2 ) . 

D i f fe r ent methods f o r  C r2 o 3 dete rminat i on in faece s 

were reported by S church e t  a l  ( 1 9 5 0 )  , B o l  in · e t  a l  ( 1 95 2 ) 

and Chr i s t i an and Coup ( 1 9 5 4 )  Lat e r  the methods we re 

furthe r e l aborated ( Wi l l i am s  e t  a l, 1 9 6 2 , and Fenton and 

Fent on ,  1 9 7 9 )  wh i l e  C o s t i gan and E l l i s  ( 1 9 8 7 )  i mproved the 

p r o cedure to be s u i t ab l e  for ana l y s i s  o f  C r2 o3 de r ived from 

Cont r o l l e d  Re l e a s e  Devi ce s . 

Methods o f  Reduci ng E r r o r s  

A numb e r  o f  attempt s we re made t o  mini m i s e  t h e  e rr o r s  

in t he e s t i mat i on o f  t h e  mean marke r  concent r at i on due t o  

the var i at i on o f  C r2 03 e x c re t i on p a t t e rn . 

1 .  F o rms o f  C r2Q3 Administ rat i on .  D i f fe r ent fo rms o f  C r2 03 

have been examined in an att empt t o  p r ovide a more uni f o rm 

f l ow o f  marker through the d i ge s t ive t ra c t  and the l at e s t  

one s a r e  di s cus s ed . 
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S u s t a ined Re l e a s e  pe l l et s. The s e  we re made from a 

mixture o f  

p roport i ons 

and B r i s son 

fluctuat i ons 

C r 2 0 3 and p l a s t e r  o f  P a r i s  at di f fe rent 

( 50:50 and 2 0:8 0 )  and we re repo rted by P i gden 

( 1 95 7 ) . The s e  pe l l et s reduced t he diurna l 

o f  C r2 03 in fae ce s . Lat e r  i t  wa s found that 

they we re e a s i l y  regu rg i t at e d  by anima l s  both at p a s t u re and 

indo o r s  ( Co rbett e t  al, 1960)  

P ap e r  i mpregnat e d  with C r2 0 3 . By  impregnat ing C r2 03 

int o  a shredded pape r ,  C o rbet t , Greenha l gh and McDona ld 

( 1 95 8 )  found that when the s e  were admini s t e red to cannu l ated 

sheep , the f l ow o f  the marker through the duodenum was more 

regu l a r  than when c r2 0 3 was admini s t e red in ge l at in 

capsule s . Al s o  probl ems in the g e l a t i n  capsu l e s  we re l at e l y  

reported by H o ogendo o rn ( 1 98 6) . The i rregu l a r  e x cret i on o f  

C r2 0 3 when admini s t e red in cap s u l e s  w a s  probab l y  due t o  the 

rap i d  p a s s age o f  C r2 o 3 to the oma sum without be ing prope r l y  

mi xed w i t h  t h e  f o o d  i n  t h e  ret i cu la- oma sum. The v a r i at i on i s  

further inc r e a s e d  i f  t h e  patt e rn o f  feeding i s  i rregu l a r  

( Lang l ands e t  a l, 1 9 63 a )  I t  h a d  e a r l i e r  been obse rved 

( Co rbett e t  a l ,  1 9 60) , that t he va r i ab i l it y  o f  C r2 03 

concent rat i on wa s l owe red when shredded paper was u s e d  t han 

when a s ingl e  sheet o f  r o l l e d  pap e r  was u s e d  a s  a c a r r i e r . 

The ma j o r advant age o f  u s ing p ap e r  a s  a carr i e r  rather than 

an o i l  b a s e  o r  p owde r i s ,  t hat any regurgit at i on o f  the do se 

can be re admini s t e re d  b a ck to the anima l w i thout any l o s s  o f  

the marke r . 

Inc o rp o r at i on o f  marker int o  feed. Th i s  method i s  most 

s u i t a b l e  when anima l s  a r e  indivi du a l l y  fed known quant it i e s  

o f  feed ( u s ua l l y  concent rate s )  . 

Fo l i a r  applicat i on of C r2 0 3 was inve s t i gat e d  by Harr i s  

e t  a l  ( 19 6 7 ) b y  spray ing a m i xt u re o f  C r2 03 and an adhe s ive 

mate r i a l  with a wett ing agent ove r an ungr azed area o f  

pasture . The re s u l t s  were not favourab l e  i n  that the re wa s 

an ove r e s t i ma t i on o f  t he ground c ove r ( p a s t u re dens i t y )  

whi ch a f fected marker dis t r ibut i on a c ro s s  t he p l o t s  and 

there fore marke r concent rat i on on individu a l  p l ant s . 
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Cont r o l l e d  Re l e a s e  D evice s ( CRD s )  . T hi s  i s  the late s t  

techno l og ical deve l opment ( Laby , 1 9 8 0  and Laby e t  a l ,  19 8 4 )  

in wh ich Cr2o3 inco rporated in t he CRD s 

r e l e a s e d  from the car r i e r  mat r i x  int o  t h e  

found t o  be more unifo r m l y  d i s t r ibut e d  

co l l ect e d  within t he day . The st ruct u re 

i s  cont inu o u s l y  

d i ge s t a  and was 

i n  the faece s 

of the device , 

content of t he mat rix , and the mechan i s m  i s  d i s cu s s e d . 

Device st ruct u re . The device const ruct i on was fu l ly 

described by El l i s  e t  a l, 1 9 8 1  and Harr i s on e t  a l, 1 9 8 1, 

1 9 8 2) . It cons i s t s  of a cyl indrica l b a r r e l w i t h  a core of 

d i s s o lub l e  mat r i x  comp r i s ing of powde red b i o l ogica l l y  act ive 

agent and a ca r r i e r  agent m i xed and compre s s e d  int o  shape . 

The p l a s t i c  bqr r e l  d i mens i ons of t he p r e s ent device are 1 . 5  

cm d i amet e r  x 9 . 0  cm l ong ( F i g . 1 . 1 ) . The core of matri x i s  

h e l d  against a d i s s o l ution o r ifice a t  one end o f  t he p l a s t ic 

cy l inder by the act i on of a s p r ing p lunge r compre s s ed ( 25 cm 

l ong with 1 8 5  g fo rce at 7 5 %  compre s s i on )  at the opp o s i t e  

end . 

� 
1·5 cm 

.!J._ 

9 cm 

N 
I 

F i g. 1 . 1  S l ow - re l e a s e  cap s u l e  of chromic o x i de in s ucro s e  
mono - st e a rate ( C  = chromic o x i de m i x t u r e , P p l a s t ic 
p l unge r ,  D da i l y  me a s u rement of p l unge r  movement , S = 

s e a l e d  rubber p lunge r ,  N = nylon threads . 
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Cont ent . According t o  H a r r i s on et al ( 1 9 8 1 ) chrom i c  

o x i de ( 6 5 %  ( w  / w )  i s  m i x e d  with sucro s e  mono s t e a rate ( 50: 50 

w / w )  and the m i xture packed i n t o  a b a r r e l  o f  a 1 0  ml p l a s t i c  

s y r inge with a cent r a l  nozz l e  o f  a n  o r i f i c e  d i amet e r  o f  9 . 53 

mm .  The r e l e a s e  o f  the marke r may be a s s e s s e d  by da i ly 

mea surement o f  p lun�e r movement and was fu l l y de s c r ibed by 

H a r r i s on et al1 ( 1 9 8 2 ) .  

Me chan i sm .  The devi ce h a s  a const ant r e l e a s e  rate whi ch 

i s  cont rolled by ( a )  s p r i n g  st rength ( b )  o r i f i ce d i amet e r  

( c )  mat r i x  compo s i t i o n  ( Laby et a l 1  1 9 8 4 ) . I n  rumen 

f i st u l at e d  sheep the dev i c e  can be r e t a ined in the rumen 

us ing n y l on f i l ament ancho red to t he cannu l a  ( Ha r r i s on et 
al1 1 9 8 1 ) . I n  i nt act a n i ma l s  the f i l ament i s  repl aced by an 

e l a s t i c  s t r ip o f  p l a s t i c  ( 8  x 1 00 mm ) whi ch i s  f o l ded 

a g a i n s t  the c y l inder for o r a l  d o s ing and wh i ch opens i n  to a 

" T "  c o n f i gurat i on f o r  rum i n a l  ret ent i on o f  the devi ce . 

2. F a e c e s  S ampl i ng Methods 

Grab s a mpl ing 

An othe r approach t owards m i n imi s i ng e r r o r s  invo1ved in 

marke r  concent rat i on f l u ctuat i on s  diurna l l y is  the use o f  

grab s amp l ing metho d . The accuracy o f  u s i n g  grab s amp l e s  

depend on t he numb e r  o f  s amp l e s  t aken p e r  day . The methods 

are ful l y  d i s cu s s e d  by Va l de r r abano ( 1 9 7 9 ) . It was s ugge s t e d  

t h a t  grab s amp l e s  should be t aken at t imes whe n  the 

concent rat i on o f  c r2 o3 i s  s im i l a r t o  the mean da i ly value 

( s e e  T ab 1 e 1 . 1 ) 

F requency o f  Grabb ing . Lambourne ( 1 9 5 5 )  p o i n t e d  out 

that a bet t e r  e s t imat i on o f  t he mean marker concent rat i on 

could be e s t ab l i shed by g rabbing twice da i l y  comp a red with 

once p e r  day . I t  wa s sugge s t ed ( P i gden and B r i s s on1 1 9 5 6 ;  

Hardi s o n  et al 1 9 5 6 ;  B a l ch et al 1 1 9 5  7 and Davi s et al I 

1 9 5 8 ) t hat do s ing and g r abbing c ou l d  t ake p l ace i n  a single 

ope rat i o n  twice d a i l y . They concluded that an unb i a s ed 

e s t imate o f  the mean m a r k e r  concent rat i on would be obt a ined 
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by dos ing at 9 and 15 h int e rva l s  and t a k ing grab s amp l e s  at 

t he s ame t ime . S ome worke r s  ( P i gden e t  al, 1 9 5 6 )  have dosed 

C r 2 03 6 t ime s / day ( T ab l e  1 . 1 ) in a move to t ry and 

equ i l ibri ate the mean C r2 03 concent rat i on within the day . 

Rinq S ampl ing 

Anothe r method of s amp l ing i s  t o  co l l ect from a numb e r  

o f  defeacat i ons vo ided ins i de a numb e r  o f  r ings ( 4m2 ) 

di s t r ibut ed at r andom on t he sward ( Raymond and Minson ,  

1 9 5 5 ) . Because o f  t he more r andom nature o f  t h i s  t e chni que 

than grab s amp l ing at fixed t imes , the bias int roduced in 

the e s t imat i on of faeca l output i s  cons i de r ab l y  reduced . 

C e r t a inly the t echnique i s  re l at ive l y  l ab o r i o u s  and e r r o r s  

cou l d  r e s u l t  from diffe rence s in cl imate e ach t ime ins ect s  

and w i l d  anima l s  dwe l l ing i n  the a r e a ; the s e  fact o r s  should 

be t aken int o account when the t echni qu e  is  put int o use 

(Lang l ands , 1 9 7  5 )  . C o l o u red p o l y s t y rene granu l e s  ( Mins on et 

al,  1 9 6 0 ) cou l d  be u s e d  fo r i dent ify ing individu a l  

defeacat i ons o f  cat t l e . 

Minimi z at i on of b i a s  in s ampl ing method . 

S ome bu l k ing p r ocedu r e s  sho u l d  be emp l oy e d  in o rder t o  

compens ate fo r short t e rm e rr o r s  ( Langl ands e t  a l ,  1 9 63 a )  

i nt ro duced i n  e s t imat i ng faeca l output due e xcl u s ive l y  t o  

the s amp l ing p rocedure . Al s o  s amp l e  p reparat i on p r oce s s  

( gr inding o f  the s amp l e s )  fo r chemical ana l y s i s  may r e s u l t  

in s ome cr2 o3 l o s s e s  which can be i dent ified b y  adding known 

quant it i e s  of C r2 o3 t o  faece s and then check the 

quant i t at ive recove ry and the refo r e  avo i d  b i a s ( St evenson,  

1 9 6 2 ) .  

1 . 1 . 2 . 2 . 2 D ige s t ib i l i ty E s t imat i on 

Int roduct i on 

The e s t imat i on of g r a z ing int ak e s  from the equat i on ( 1 ) ( I  = 
""l�D ) invo lves det e rminat i on of t he ind i ge s t ib i l i t y  fact o r s  

( I - D ) which cons e qu ent l y  requ i re s  the det e rm i nat i on of the 

d i ge s t ib i l i t y  of the he rbage consumed. 
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D i rect meas urement s o f  d i ge s t ib i l i t y  o f  he rbage 

harve st e d  mechan i ca l l y  and hand- fed to con f ined anima l s  can 

be accurate but they do not n e ce s s a r i l y  eva luate the 

' ac t u a l ' f o rage con sumed by the animal  g r a z ing the s ame 

pa sture . Thi s i s  due t o  d i f fe re n c e s  in s e l e ct i on o f  spe c i f i c  

p l ant spec i e s  o r  spe c i f i c  part s o f  t h e  s ame p l ant , a hab i t  

whi ch great l y  in fluenc e s  h e rb age d i ge s t i b i l i t y . 

Be fore the u s e  o f  o e s ophage a l  o r  rum i n a l  f i st u l ae 

p r o cedure s ,  the most common l y  u s e d  methods f o r  e s t imat ing 

d i g e s t i b i l i ty of the diet s e l e c t e d  by gra z i ng anima l s  were 

the mark e r - rat i o  t e chn i qu e s  and fae c a l - i ndex methods . The se 

two wi l l  be revi ewed f i r s t  and t hen f o l l owed b y  t e chn i ques 

u s ing f i s t u l at e d  an ima l s  and f i n a l l y t he in - vi t ro/in vi vo 

methods . 

( l )  Marke r- rat i o  t e chnique s  

I n  t h i s  method d i ge s t i b i l i t y  i s  c a l cu l at e d  from two 

re l at ive cont ent s o f  a natu r a l l y  i nd i ge s t i b l e  component 

cont a ined in the herbage g r a z e d  and e x cr e t e d  t ogether with 

faeces ( Kotb and Luckey , 1 9 7 2 and Me i j s ,  1 9 8 1 ) . If the 

amount o f  i ndi cat o r s  i n  the c o n s umed he rbage i s  comp l e t e l y  

indi ge s t ib l e , then t he amount o f  the marke r e x c r e t ed mu st b e  

e qu a l  t o  t h e  amount o f  m a r k e r  i n ge s t e d : 

whe re , 

Herbage int ak e  ( I )  x i h = F a e c e s  output ( F )  x i r 
i h and i r are the % o f  i ndi cat o r  i n  feed and 

faece s re spect ive l y ,  and the rat i o  

F / I  i h / i f , hence t he 

coe f f i c i ent D ( 1  - i h / i r l 1 0 0 . 

d i ge s t i on 

( Me i j s , 1 9 8 1 ) 

S eve r a l  p l ant component s ,  such a s  l ign i n ,  s i l i c a ,  n - a l kane s  

a n d  chromogens , have b e e n  u s e d  a s  i n t e r n a l  i ndi cat o rs and 

they are d i s c u s s e d  in det a i l  in the fo l l owing s e ct i on s . 

L ign i n  Th i s  i s  a g roup o f  s ub s t an c e s  p r e s ent in a p l ant 

ce l l  wa l l  wh i ch is i n s o l ub l e  in a s o l ut i on o f  7 2% s u lphu r i c  

a c i d . T h i s  fract i on o f  the p l ant was thought t o  b e  



comp l et e l y  indige s t ib l e  by t he rumi nant s 

Maynard,  1 9 3 8 ) . 
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( C rampton and 

The u s e  o f  l i gnin as an i nt e rn a l  indi cat o r  in anima l  

nut r it i on s t ud i e s  wa s f i r s t  s ugge s t e d  b y  E l l i s  e t  al ( 1 9 4 6 ) . 

The re c ove ry o f  l i gn i n  c an be t e s ted i n  e xp e r i ment s  

whe re the he rbage i s  hand- fed t o  anima l s  indo o r s  in 

comb i nat i on with t o t a l  c o l l e ct i on of faece s . With t h i s  

t e chn i que an i ncomp l e t e  recove ry o f  l i gnin var y i ng f r om 8 7 -

9 6 %  was found by Kane e t  al, ( 1 95 3 ) ;  E l y  et al ( 1 9 5 3 ) ;  E l l am 

and D av i s  ( 1 9 6 1 )  and E l l am e t  al ( 1 9 6 2 ) .  The s e  l ow 

recove r i e s  may be at t r ibuted t o  d i f fe rences i n  the l ignin 

content of d i e t a ry and fae c a l  s amp l e s  r e s u l t ing from dry ing 

the s amp l e s  with e x ce s s ive l y  h i gh t e mperature ( Van S oe st , 

1 9 6 3 ) .  Al s o  l ow l ignin recove r i e s  c o u l d  r e s u l t  from l o s s  

through digest i on . B a r r y  and Man l e y  ( 1 9 8 4 ) found the 

appa rent digest ib i l i t y  o f  l i gn i n  to vary between 6 and 1 8 % . 

Chromogen . The u s e  o f  chromogen ( p l ant p i gment ) a s  an 

i n t e r n a l  i ndi cat o r  was f i r s t  s ugge s t e d  by Re i d  e t  al ( 1 9 5 0 ) . 

They e x t racted chromogens from feed and faeces w i t h  8 5 %  

aque ous acetone and e s t imated t he i r  concent rat i on by 

spect rophot omet ry . 

Chromogen re cove ry c an be t e s t e d  indo o r s  with t ot a l  

c o l l e ct i on o f  faece s . An ave rage o f  1 0 0 . 5 % o f  chromogen 

sub s t ance was recove red in 3 6 c onven t i on a l  d i ge s t i on t r i a l s  

with sheep and c at t l e  f e d  on forages and s i l age ( Re i d  e t  al, 

1 9 5 0 ;  I rvin et al, 1 9 5 3 and Kemmink and D i j k i st r a ,  1 9 6 8  

c i t e d  by Me i j s ,  1 9 8 1 ) . An i ncomp l e t e  recove ry o f  9 2 % was 

reported by Me i j s  ( 1 9 8 1 ) . The s e  di f fe rences in recove r i e s  

we re s a i d  t o  be att r ibut ed t o  ana l yt i c a l  e r r o r s  p a rt i c u l a r l y  

i n comp l e t e  ext ract i o n  o f  he rbage p i gment s .  Chromogen i s  s a i d  

t o  be a p o o l o f  di f fe rent mate r i a l s  a n d  product s s ub j ect to  

t rans fo rmat i on s  in the digest ive t ract , its  i n d i ge s t ib i l ity 

i s  there fore depending on animal  a s  we l l  a s  t ype of  d i et due 

to the p o s s ib l e  t r ans fo rmat i o n  o f  p i gment in the f o rage with 

growt h st age o r  even du r i ng the feed making proce s s  ( in case  

of  hay o r  s i l age ) . 



18 

n - a l k anes The s e  a re c a rbon cha i n s  p r e s ent i n  h e rbage 

spec i e s  m a i n l y  in the cut i c u l a r  wax , and they have been 

sugge s t e d  ( Mayes and Lamb , 1 9 8 4 }  as i nt e rn a l  markers  because 

they a r e  indige s t ib l e , and re l at ive l y  e a s y  to ana l y s e . Tho s e  

cont a ined i n  herbage spe c i e s  a r e  predom i nant l y  odd-chain in 

t he r ange of  c2 7 �c 3 5 wh i ch i n c l ude nonaco s ane ( C2 9 } 

hent r i a cont ane ( c 3 1 } and t r i t r i acont ane ( C 3 3 } b e i ng the most 

abundant whi l e pent at r i acont ane ( c 3 s }  i s  r e l at ive l y  l e s s  

abundant ( about 1 2 m g  k g- 1 dm } wh i ch may l im i t  the accuracy 

o f  d i ge s t ibi l i t y  e s t imat i on . c 2 9 r c 3 1 and c 3 3  have the 

concent rat i on o f  about 5 - 9  t imes h i gh e r  than C 3 s ·  

T o  m i n i m i s e  e rr o r s  i n  digest ib i l it y  e s t imat i o n  due t o  

betwe e n - an ima l var i at i on in a l kane r e c ove r y  i n  faece s ,  n ­

a l kane s  o f  s imi l a r  cha i n  l ength w e r e  d o s ed t o  t h e  animal  and 

t hen compared with the natura l l y ( odd- cha i n  a lkanes } 

o c c u r r i ng ones  i n  the he rbage . 

I n t a k e  c a l c u l at i on i s  done from a p a i r  o f  a natural  

d i et a r y  a l k ane ( i }  and a do s e d  a l kane ( j }  a s  fo l l ows : 

F i  

he rbage intake F j  
( D j  + 1 c . C j } - 1 c . C  l. 

F i  
H i  - -- . H j 

F j  

Whe re H i ,  C i  and F i  are the r e spect i ve concent rat i ons 

( mgkg- 1 dm ) o f  the n a t u r a l  odd- ch a i n  a lk ane in he rbage , 

concent rate and faece s ;  H j , ·  C j  and F j  a r e  t he r e sp e ct ive 

concent rat i ons ( mgkg- 1 dm } , o f  the eve n - ch a i n  a l kane i n  

he rbage J concentrate a n d  faece s ;  l e  i s  t h e  intake o f  

concent r a t e  ( kgdmd- 1 ) a n d  D j  i s  t he amount o f  a l k ane j ,  

do s e d  by pe l l et ( mgd- 1 ) .  T ab l e  1 . 2 shows the r e s u l t s  o f  the 

work o f  May e s  et al ( 1 9 8 6 )  regarding i n t a k e  e s t imated by 

u s i n g  n - a l kane s . 
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T a b l e  1 . 2 E s t imat e s  o f  da i ly he rbage DM intake (g) u s i ng n­
a l kanes 

A c t u a l  He �bage i n t ake e s t i ma t e s *  

Lamb T �e a t me n t  he �bage C 3 s - f a e c e s  

i nt ak e  c 2 7 - c 2 8  C 2 9 -C2 8  c 3 1 -c 3 2  c 3 r c 3 2  

1 G LA S 0 4  S 0 2  S O S  4 9 5  5 1 S  
2 G LB 4 8 S  4 4 3  4 6 S 4 7 2  4 8 4  
3 G MA 6 7 6  6 2 4  6 3 2  6 2 9  6 6 S  
4 G MB  6 S 7  S 9 4  6 3 0  6 3 4  6 6 4  
5 G HA 8 9 6  8 1 3  8 2 6  8 3 0  8 6 3  
6 G HB 9 0 9  8 4 2  8 6 6  8 6 2 9 0 2  
7 GCLA 3 S 4  3 2 8  3 S 2  3 4 1  3 S S  
8 GCLB 3 S 1  2 9 8  3 4 0  3 3 6  3 S 3  
9 GCMA 4 8 8  S O S  4 9 2 4 7 7  4 9 0  

1 0  GCMB 4 8 3  4 2 0  4 5 1  4 3 9  4 6 6  
1 1  GCHA 5 1 5  4 8 8  5 3 0  S 0 7  5 3 9  
1 2  GCHB 6 3 1  5 7 3  6 2 1  6 1 8  6S 6 

D i sc�epancy ( ac t u a l i n t ake - c a l cu l a t e d  i nt a ke ) : 

( d i s c �e p a n c y ) *  3 2 0 1 2  1 1 3 7 4  1 2 3 2 4  2 7 8 8  
Me a n  d i s c � e p a n c y  4 4  2 0  2 6  0 

* F i � s t  fou � c o lumns �ep�e s e n t  i n t a ke e s t i ma t e s  u s i n g  a l k a n e  p a i r s : 

n a t u � a l  a l kane-dosed a l kane . F i f t h  c o l umn r e p r e s e n t s  i n t a ke 

e s t imate u s i n g  C 3 s as a n  i n d i ge s t i b le i n t e r n a l  ma�ke � .  

o u t p u t  

4 6 0  
4 5 9  
6 5 4  
s 6S  
8 3 S  
8 5 3  
3 4 0 
3 5 0  
4 2 1  
4 60 
4 7 8  
S 8 2  

2 7 7 0 S  
4 1  

L i t t l e  i s  known o f  the i r  fate i n  t he rum i n ant digest ive 

s ystem . It i s  n o t  known i f  d i e t a ry a lk ane s rema in a t t ached 

to part i c u l a r  mat e r i a l  or e n t e r  t he l i qu i d  pha s e  o f  the 

d i g e s t a . 

The u s e  o f  do s e d  a l kane and an a d j a cent short e r  odd­

cha i n  herbage a l k ane wou l d  be e xpected to g i ve a s l i ght 

unde re s t imat i on o f  herbage i n t ake , whe r e a s  the u s e  o f  l onger 

o dd- chain adj acent a l kane should s l i ght l y  ove r - e s t imate 

i nt ake . Thu s a mean of two e s t imat e s  s hou l d  g ive an e s t imate 

of h e rb age i nt ak e  c l o s e  to the t rue va lue . 

The concu rrent do s i ng with C2 9 o r  C 3 2  a l kanes and C r2 03 

e n ab l e s  both he rbage i n t a ke and d i e t  digest ib i l i t y  t o  be 

e s t imated in the s ame anima l . Howeve r ,  hexat r i acontane ( C 3 6 ) 
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is an a l k ane not p r e s e nt i n  t he herbage . I f  it  were to 

behave acco rding to the pat t e rn of r e cove ry of other herbage 

a l kane s , it shou l d  be comp l et e l y  r e c overed and so can 

sub s t itute for C r 2o 3 and, i f  do s e d  t ogether with C28 or C 3 2, 

wou ld a l l ow mea s u rement s o f  int ake and d i ge s t i b i l it y . 

S i l i ca . W i l dt ( 1 8 7 4 )  c i t e d  b y  Kotb and Luckey ( 1 9 7 2) 

sugge sted s i l i ca i n  p l ant s a s  an i n t e rn a l  marke r for 

nut r i t i on studi e s . For a p e l l et e d  r a t i o n ,  Jone s and Handreck 

( 1 9 6 5 )  sugge s t e d  that r e l i ab l e  e s t imat e s  o f  digest ib i l it y  

cou l d  b e  obt a ined with s i l i c a  i f  p r e c aut i ons are t aken t o  

prevent cont aminat i o n . I t  wa s s hown that u r i nary s i l i c a  was 

l e s s  than 1 . 8 % of the i nge s t e d  s i l i c a  even though the s i l i ca 

c ontent of  t he diet wa s abno rma l l y  h i gh . The r e c ove ry o f  

s i l i ca i n  the s e  fae c e s  wa s c l o s e  t o  1 0 0 % . 

I n  another deve l opment , Van Dyne and Meyer ( 1 9 6 4 a )  

found that there was a temp o rary accumu l at i on o f  s i l i ca in 

the d i ge st i on t ract of  g r a z i ng a n ima l s  whi ch cont r ibut ed to 

var i ab l e  re cove r i e s  apart from var i a t i on a r i s ing from 

i nadequate met ho d  of  an a l y s i s  wh i ch is  based on det e rmining 

s i l i ca a s  an acid i n s o l ub l e  a s h  (AIA)  . 

E r r o r s  i n  e s t imat i o n  o f  d i ge s t i b i l it y  by means o f  the 

s i l i ca rat i o  t e chn i que c an a r i s e  from du s t  ( G a l lup , Hobbs 

and B r i gg s , 1 9 4 5 ) , s o i l  c on t aminat i o n  (Van Dyne and Meyer 

1 9 6 4 a ;  Ke l l away ,  1 9 6 9 )  o r  l o s s e s  o f  s i l i c a  i n  u r ine . The 

exc ret i on o f  s i l i ca in u r ine i s  n o t  n e ce s s a r i l y  proport i on a l  

t o  that i nge s t e d  ( F o rman a n d  S aue r ,  1 9 62) .  

Limi t at i ons o f  the indioe s t ib l e  Ma rker Rat i o  Method 

Al though i n t e rn a l  i n d i c at o r s  have been w i d e l y  u s e d ,  a number 

of  wo rke r s  have ques t i oned the i r  adequ a c y  because of  uneven 

d i s t r ibut i o n  o f  the i n t e r n a l  i n d i c at o r  t h roughout the p l ant 

( E l l i ot and F o kkema , 1 9 6 0 a )  . Worke r s  noted a va r i ab l e  

chemi c a l  comp o s i t i on with st ages o f  growt h and even t ime o f  

harve st ing ( K ivimae , 1 9 6 0 )  whi ch had a marked i n f luence on 

the amount o f  i n t e r n a l  i n d i c at o r . Ana l yt i c a l  p rocedu r e s  for 

det e rmi n i ng i ndi cat o r  content i n  both feed and faeces are 

l ab o r i o u s  and sub j ect to b i a s . 
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F o r  the s e  r e a s o n s  t he i n d i c at o r  methods are 

i n frequent l y  u s e d ,  and a l s o  becau s e  o f  the di f fi cu l t y  

i nvo lved in accurat e l y  s amp l i n g  t he he rbage c o n sume d ,  whi ch 

i s  nece s s a r i l y  sub j ect ive and thus potent i a l l y b i a s ed 

( Raymond, 1 9 5 4 ) . 

( 2 ) The F a e c a l  I nde x T e chn ique 

Th i s  t e chn i que i nvo lve s  t he p r e d i ct i on o f  d i ge s t ib i l it y  

f r o m  t he compo s it i on o f  faece s . A s e r i e s  o f  c onvent i on a l  

d i ge s t i on t r i a l s  are condu c t e d  i n  whi ch fo rage o f  va r y i ng 

d i ge s t i b i l i t i e s  are fed t o  a n i ma l s  i ndoor s .  Aft e r  me a s u r i ng 

the content o f  the i n t e r n a l  marker in the fae c e s  ( eg .  N )  an 

equat i on was deve l oped whi ch shows the b e s t  r e l at i onship 

between the cont ent of the marker i n  t he faeces and t he 

d i g e s t i b i l it y . A s imp l e  e quat i on o f  f a e c a l  i ndex p ropo s e d  by 

Ho l me s  ( 1 9 8 0 )  is a s  fo l l ows : 

whe r e  

OMD - 0 . 4  + 0 . 1  ( g  N k g- 1  f a e c a l  DM)  

OMD 

N 

DM 

Kg- 1 

o rgan i c  mat t e r  d i g e s t i b i l i t y  

n i t rogen 

dry mat t e r  

p e r  k i l og r am 

B l ax t e r  and Mitche l l  ( 1 9 4 8 )  s howed that the fae c a l  n i t rogen 

e xcret i on was re l at e d  to DM c o n s umpt i o n . Lat e r  Lan c a s t e r  

( 1 9 5 4 )  deve l oped t h e  faeca l  n i t rogen i ndex ( FN 1  = 1 /  ( 1 -0M) 

d i ge s t ib i l it y )  whi ch de s c r ib e s  the dependence o f  faecal 

n it rogen concent rat i o n  on food OM d i ge s t ib i l it y . 

Howeve r ,  the u s e  o f  n i t rogen a s  an i ndi cat o r  o f  

d i ge s t i b i l i t y  has been c r i t i c i s e d  s i nce a l a rge p ropo rt i on 

o f  fae c a l  n i t rogen i s  o f  m i c r ob i a l  o r ig i n  ( Van S o e s t , 1 9 8 2 ) .  

I f  a fae c a l  i ndex i s  u s e d  t o  e s t imate d i g e s t ib i l i t y ,  i t  

s h o u l d  be b a s e d  o n  cont r o l  a n i ma l s  wh i ch d o  n o t  rece ive any 

supplement but gra z e  on the s ame p a s t u re . Th i s  met hod does 

n o t  account f o r  po s s ib l e  a s s o c i at i ve e f fe ct s  of the 

supp l ement on the d i ge s t ib i l i t y  o f  the p a s t u re . 
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To minimi s e  e rr o r s  in  the e s t imat i on o f  the 

d i g e s t ib i l it y  o f  g r a z e d  p a s t u r e , t he N regre s s i on mu st be 

der ived with mat e r i a l  s imi l a r to that s e l e c t e d  b y  the an i ma l  

when graz ing ( Langl ands , 19  6 7 b )  s ince gen e r a l  r e l at i onships 

have been shown to be i mpre c i s e  a s  a r e s u l t  o f  e f fe ct s  o f  

s e a s on and fe rt i l i s e r  t re atment o n  the re l a t i onship between 

f a e c a l  N and d i ge s t ibi l i t y . 

The t e chn i que i s  t he r e f o re o f  l it t l e  u s e  unde r 

cont i nuous graz ing management whe r e  opp o r t un i t y  e x i s t s  for 

w i de spread s e l e ct i on between p l ant s or part s o f  t he p l ant . 

I t  i s  at i t s  b e s t  under s t r ip g r a z i n g  management i n  whi ch 

h e rbage g r a z e d  i s  equ iva lent t o  that h a rve s t e d  b y  machine 

for i n do o r  digest ib i l it y  t r i a l s . 

( 3 ) T e chn ique s  u s ing F i st u l at e d  An i ma l s  

An i ma l s  may b e  f i t t e d  w i t h  e i th e r  a n  o e s ophagea l  o r  a 

rumen f i st u l a . The s e  t e chn i qu e s  provide a s amp l e  o f  t he feed 

a c tu a l l y  s e l e ct e d  and i nge s t e d  by the an ima l to be 

co l l ected. Th i s  is then u s e d  in i n  vi t ro dete rminat i on s  o f  

d i ge s t ib i l i t y .  

O e s ophage a l  f i stu l a  The e s t ab l i s hment o f  o e s ophagea l  

f i s t u l a s  i n  rum i n ant s was f i r s t  de s cr ib e d  b y  T o re l l  ( 1 9 5 4 ) . 

An o e s ophage a l  f i s t u l a  b a s i c a l l y  c on s i s t s  o f  a l ongitudinal 

s u r g i c a l  opening i n t o  the o e s ophagus o f  the animal  wh i ch 

a l l ows s amp l e s  o f  ma s t i cated herbage m i xed w i t h  s a l iva t o  be 

c o l l e ct e d . Th i s  m i xture is commo n l y  t e rmed ' ext rus a ' . The 

a c c u r a c y  o f  t he t e chn i qu e  f o r  

d i ge s t ib i l i t y  o f  t he he rbage 

obt a i n ing 

s e l e cted 

e s t imat e s  of  the 

depends on the 

s im i l ar i t y  o f  the e xt r u s a  s amp l e  and the h e rb age e a t en . 

The opt imum s i z e  o f  the f i s t u l a  app e a r s  t o  be between 

4 - 6  cm2 in o rder to get an e x t ru s a  s amp l e  we i gh i n g  between 

1 0 0  and 20 0  g. La rge f i s t u l a s  u s u a l l y c au s e  swa l l owing 

p r ob l ems and di f f i cu l t  to keep t he ' p l u g '  i n  p o s it i on . 

Rumen f i s t u l a  A rumen f i s t u l a  e s s ent i a l l y  con s i s t s  o f  

a n  o r i f i ce o f  the approp r i at e  d i men s i ons made on the rumen 

wa l l . A var i ety o f  c l o sure dev i c e s  ( Ha r r i s  et al, 1 9 6 7 )  have 
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been deve l oped whi ch can be opened whe n  s amp l ing o f  rumen 

content s are requ i red . 

I n  a method de s c ribed by C o o k  ( 1 9 6 4 )  a l l  rumen contents 

a r e  removed be fore s amp l ing and the rumen f l u shed with 

wat e r ,  then the animal i s  a l l owed to g ra z e  free l y . After a 

cert a i n  p e r i o d  o f  t ime , the a n i m a l  i s  handl ed aga i n  t o  

remove t h e  rumen content . 

( 4 )  The In - vi t ro t e chn ique 

The two - s t age i n  vi t ro d i ge s t i o n  p r o cedure for 

p r e d i ct i on o f  he rbage d i ge s t i b i l i t y  wa s deve l oped and ful l y  

d i s cu s s e d  b y  T i l le y  a n d  T e r ry ( 1 9 6 3 ) .  I n  t h i s  t e chni que 

s amp l e s  o f  dried he rbage we re e xpo s e d  to 4 8 h i n cubat i o n  with 

a bu f fered rumen l i quo r  cont a i n ing rumen m i c r o o rgan i sms and 

a furthe r 4 8 h i ncubat i o n  with a c i d i f i e d  pep s i n  ( the protein 

d i g e s t ing e n z yme f rom the t rue s t omach ) . The t e chn i que 

cont a i n s  t he e s s ent i a l  two - st ag e s  nece s s ary to s o lub i l i s e 

a l l  the ce l l  content s and s imu l at e  b i o degradab i l i t y  o f  ce l l  

wa l l  fract i o n s . 

The i n - vi t ro t e chn i qu e  has t he advant age s o f  speed , 

che apne s s  and pre c i s i on ( Sh e l t on and Re i d ,  1 9 6 0 )  a s  we l l  a s  

b e i n g  app l i c ab l e  t o  fo rage s i n  a l l  s t a ge s  o f  mat u r i t y .  I t s  

i nhe rent d i s advantage l i e s  i n  i t s  dependence on a supp l y  o f  

rumen i n o c u l um ,  requ i r ing a c ce s s  t o  a n i ma l s  f i t t ed with 

rumen c annu l ae and fed unde r c ont r o l l e d  condit i on s  t o  

m i n i m i s e  v a r i at i on s  in the compo s i t i o n  o f  t h e  rumen l i qu o r . 

The s e  d i s advant ages i n  the two - st age i n - vi t ro t e chn i qu e  l e d  

t o  the deve l opment o f  an ' en z yme ' d i ge s t i o n  t e chn i que wh i ch 

has an obv i o u s  advant age o f  c i r cumvent i n g  the va r i ab i l i t y  o f  

rumen i n o c u l um . 

A ' ce l l u l a s e ' D ige s t i on Te chn ique 

The u s e  o f  comme r c i a l l y  ava i l ab l e  c e l l u l a se e n z yme from 

fungu s ( Tri ch o derma vi ride ) has been thorough l y  d i s cu s s ed 

by John e s  and Hayward ( 1 9 7 3 ) .  

The s amp l e s  o f  he rbage o f  known i n - vi vo dry mat t e r  

d i ge s t i b i l i t y  a r e  we i ghed a n d  t h e  e n z yme s o l ut i on cont a i ning 
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t he appropr i ate amount o f  c e l l u l a s e  added . Then t he 

cont a i n e r s  a r e  i n cubat ed f o r  4 8 h  at 4 0 °C and s haken twice 

da i l y .  Aft e r  4 8 h the r e s i due s are f i l t e re d  o f f  on to  t a red 

s i n t e r e d  g l a s s  f i lt e r s  wa s hed we l l  w i t h  wat e r  and f i na l l y  

acet one . A ft e r  dryi n g  ove r n i ght a t  1 0 0 °C ,  the r e s i du e s  a re 

we i ghed and t he amount d i g e s t e d  c a l cu l at e d  a s  a p e rcent age 

o f  the o r i g i n a l  2 0 0  mg s amp l e . 

In - vi vo digest ibi l it y  may , i f  r e qu i re d ,  be predicted 

from the c e l l u l a s e  va l u e s  from t he equat i o n : 

y 0 . 7 2 x + 3 2 . 9 5 

whe r e , y % i n  vi vo dry mat t e r  d i ge s t i b i l i t y  

x = c e l l u l a s e  dry mat t e r  d i ge s t ib i l it y  

F r om t h e s e  c a l cu l at i on s , John e s  and Hayward ( 1 9 7 3 ) found 

t hat t he amount d i ge s t ed w i t h  c e l l u l a s e  i s ,  nume r i ca l l y ,  

s ome 2 5 u n i t s  l owe r t han the i n  vi vo v a l u e  f o r  s amp l e s  o f  

l ow dige s t ib i l it y  and s ome 1 5  un i t s  l owe r f o r  s amp l e s  o f  

h i gh d i ge s t ib i l it y . 

1 . 1 . 2 . 3 Other T e chn iqu e s  

( 1 )  G r a z i ng Behav i o u r  Met hods 

Feed i n t ake ( I )  by gra z i n g  a n i ma l s  i s  a funct i on o f :  

- t ime spent e at ing ( T )  

- t he numb e r  o f  b i t e s / un i t  o f  t ime ( R ) 

- ave rage s i z e  o f  each b i t e  ( S )  ( Ho dg s o n ,  1 9 8 2 ) .  

The re fore , I = T x R x S 

E a ch o f  t he s e  component s h a s  t o  be me a s u re d  i n  con j unct i on 

w i t h  t he other because g r a z in g  a c t i vi t i e s  ( gr a z i n g ,  

rum i n a t i n g ,  l y ing and s t anding o r  wa l k in g ) s ome t ime s  may 

t ak e  p l ace s imu l t ane ou s l y  ( Hoogendo o r n ,  1 9 8 6 )  Re cent ly 

methods of  me a s u r ing numb e r  of  b i t e s  and b i t e  s i z e s  have 

been deve l oped ( St obbs and Cowp e r , 1 9 7 2 and S t obb s , 1 9 7 3 a ) . 

E s t imat e s  o f  the t ime spent g r a z i n g  may be der ived from 

the c ont inuous mon i t o r i ng o f  act i v i t y  or b y  u s i n g  an 
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i nt e rn a l  s amp l ing t e chn i que ( Hodgs o n ,  1 9 8 2 ) . T h e  f o rme r i s  

l i k e l y  t o  b e  more accurat e ,  but i s  di f fi cu l t  t o  c a r ry out 

un l e s s  aut omat i c  equ ipment i s  avai l ab l e . 

The mean rate o f  b i t ing ove r 2 4 h  o r  a fu l l  gra z i ng 

p e r i o d  may be c a l cu l ated f rom a t ot a l  g r a z ing t ime and the 

t ot a l  numb e r  o f  b i t e s  t aken . Rate o f  b i t ing i s  n o rma l l y  

e s t imated ove r a short p e r i o d  o f  t ime . 

B i t e  s i z e  can be me a s u r e d  w i t h  o e s ophage a l l y  f i st u l at e d  

an ima l s  when t h e  mat e r i a l  e at e n  i s  quant i t at ive l y  r e c ove red 

at t he f i st u l a . With an open o e s ophagu s t he re c ove ry can be 

l ow and var i ab l e . Howeve r ,  when the l owe r o e s ophagu s o f  

c at t l e  was b l o cked with a f o am rubb e r  p l ug the mean recove ry 

o f  o rgan i c  mat t e r  was 9 5 %  ( S t obb s , 1 9 7 3 a )  . 

Hodg s on ( 1 9 8 2 ) added two var i ab l e s  t o  t he above 

equat i on . They are t o t a l  numb e r  o f  g r a z ing b i t e s / day ( the 

p r o du ct o f  T and R) and t he rate o f  he rbage i nt ake ( the 

p r o duct o f  R and I B ,  intake / b i t e ) The s e  f i ve var i abl e s  

conve n i ent l y  de s cr ibe t h e  ingest ive behavi o u r . E s t imat i on o f  

h e r b a g e  c o n s umpt i o n b y  g r a z i n g  c a t t l e  u s i n g  e a t i n g  behav i o u r  

h a s  c on s i de rab l e  me r i t s  b e c a u s e  i t  i s  r e a s onab l y  p re c i s e  

( 1 0  . 1 % c v )  cou l d  b e  app l i cab l e  t o  a w ide range o f  pa sture 

cond i t i on s  ( Chacon e t  al , 1 9 7 6 ) , mea s u rement s a r e  e a s i l y  

t ak e n  a n d  l ab o r at o ry ana l y s e s  a r e  m i ni m i z e d . 

( 2 ) L i vewe ight Methods 

The t e chn i que of we i ghing a n i m a l s ,  b e f o r e  and a ft e r  

feeding t o  get l ivewe i ght change a s  t o  e s t imate i nt ake was 

s ugge s t e d  by E r  i z i an ( 1 9 3 2 ) c i t e d  b y  Le du and P enning 

( 1 9 8 2 ) and used by Al l den ( 1 9 6 9 ) . It  depends on ob s e rvat ions 

made ove r short p e r i ods of  t ime . 
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T h e  formu l a  be l ow was u s ed : 

I 

whe re ,  wt 2 and Wt 1  

L 

F 

u 

R 

= 

= 

= 

= 

( Wt 2 - Wt 1 ) - L + F + U + R 

L ivewe i ght a ft e r  and be fore gra z i n g  
re spect ive l y  

we i ght o f  wat e r  drunk 

we i ght of faeces  produced du r i ng 
pe r i od o f  gra z in g  

we i ght o f  u r ine p r o duced dur ing 
pe r i od of  gra z ing 

l o s s  o f  we i ght by r e s p i rat i on and 
t ran sp i rat i on 

( C 02 , CH4 and H2 0 )  " in s e n s i b l e  l o s s  
o f  we i ght " 

The method requ i re s  the mea s urement o f  vo i ded faec e s  

and u r i ne by harne s s ing the a n i ma l s  w i t h  dung bags and u r i ne 

c o l l e ct i on cont a in e r s  ( Al l den , 1 9 6 9 ) . An i ma l s  a re we i ghed 

and t he n  t u rned out to g r a z e  and any wat e r  c o n s umpt i on i s  

me a su r e d . With ve ry frequent we i gh i ng i n t e rva l s  i t  i s  not 

nece s s a ry to me a sure urine o r  fae c e s  we i ght s s eparat e l y  but 

t he s e  f i gu r e s  can be de r ived from t he changes in animal 

we i ght . 

There a re inaccuracy p r o b lems i n  me a s u r i n g  changes i n  

an ima l we i ght due t o  evapo rat i on ( in s e n s i b l e  l o s s  o f  we ight ) 

i n  t he f i e l d . There fore (Al l den , 1 9 6 9 )  made ob s e rvat i o n s  on 

the s im i l a r  fu l l y  harn e s s e d  a n i ma l s  without a l l owing t hem t o  

g r a z e  dur i ng t he s ame p e r i o d . Due t o  the fact that the s e  

a n i ma l s  we re s ub j e c t e d  t o  l e s s  i n t e n s ive movement and 

there fore l ower met abo l i sm the y were l i ke l y  to be l e s s  

act i ve than t he g r a z ing one s and t h i s  cou l d  l e a d  t o  • 

unde re s t imat i o n  o f  " i n s en s ib l e  l o s s  o f  we i ght " . Al l de n  and 

Young ( 1 9 5 9 )  had e a r l i e r  u s e d  a d i f fe rent method but Horn 

( 1 9 7 8 )  c i t e d  b y  L e  D u  and P e n n i n g  ( 1 9 8 1 )  f i t t e d  l o ad c e l l s  

t o  t he feet o f  cat t l e  by s o  do ing he c o u l d  cont inuou s l y  

mon it o r  the we i ght 

e s t i mat e int ake . 

Th i s  t e chn i qu e  

fre s h  he rbage o f  

change o f  the a n i ma l s ,  and there fore 

p rovided i n t a k e  dat a i n  the fo rm 

unknown dry matt e r  content whi ch 

o f  

i s  
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amb i guous in experiment s l i ke p a s t u re p roduct ivi t y  o r  animal 

nut r i t i on whe re i n f o rmat i on on a dry mat t e r  o r  o rgan i c  

mat t e r  b a s i s  i s  needed . 

I t  i s  import ant there fore , that a repre sentat ive s amp l e  

o f  s e l e cted herbage b e  co l l ected f o r  d r y  mat t e r  o r  o rgan i c  

mat t e r  det e rm inat ion o f  the d i e t  s e l e ct i on . 

The method i s  u s e fu l  for short p e r i od int ake e s t imat ion 

and may be s u i t ab l e  f o r  bite s i z e  and rate of b i t ing 

c a l cu l at i on . 

( 3 ) An imal P roduct i on Methods 

T h i s  method o f fe r s  an a l t e rnat ive to the more demanding 

t e chniques based upon pasture mea s urement s o r  faecal 

output / dige s t ib i l i t y  re l at i onships . It i nvolve s  we i gh i ng the 

animal p roduct and keeping reco rds . 

H e rbage I nt ake ( H I ) i s  e s t imated indi rect l y  from the 

ene rgy requ i rement s for ma int enance and p roduct i on o f  the 

anima l s  invo lved ( Em + p )  and t he t ot a l  requ i rement equated 

with herbage o f  a g iven ene rgy concent rat i on ( En ) . 

Thu s , H I  

Ma int enance 

Em + p 
En Baker ( 1 9 8 2 )  

I t  i s  gene r a l l y  accept ed that maintenance requ i rements 

are p roport i onal t o  s ome powe r ( 0 . 7 5 )  o f  l ivewe i ght and that 

t he y  are dependent a l s o  on the ext ent of the anima l s ' 

act ivit y . The ma intenance requ i rement s o f  graz ing anima l s  i s  

h i ghe r than that o f  s t a l l - fed animal s .  F o r  c a l cu l at ion o f  

dry mat t e r  o r  o rgan i c  mat t e r  intake t he ene rgy content o f  

the con sumed herbage i s  nece s s a r y , requ i ring f i s t u l ated 

anima l s  or sward-cutt ing methods t o  p rovide e s t imat e s  of  the 

s e l e ct i on e f fect of gra z i ng anima l s . 

The e xt ent to whi ch act i v i t y  a l l owance s s ho u l d  be 

increased for graz ing anima l s  c annot be s t ated with 

cert a i nt y . ARC ( 19 80)  conc l uded t hat e s t imat e s  made o f  
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ene rgy lost of  gra z ing do not warrant t he i nc l u s i on of  any 

addit i on a l  a l l owance o f  work o f  g r a z ing but t he y  did 

acknowl edge the increased needs a r i s ing from extra wa l k ing , 

c l imb i ng o r  s t anding . 

Mi l k  

The net ene rgy requ i rement f o r  m i l k  p roduct i on i s  the 

energy va l u e  ( EVu MJ kg- 1 ) o f  the mi l k  s e creted . T h i s  may 

be e s t imated for cows from t he fat ( BF )  prot e in ( P )  and 

l a ct o s e  ( L )  content ( g  kg- 1 ) or f r om fat and s o l ids not fat 

( SNF ) content s ( Ty re l l  and Re i d ,  1 9 6 5 ) : 

or  

EVL 0 . 0 3 8 4 0  BF + 0 . 0 2 2 2 6  P + 0 . 0 1 9 9 2 L  - 0 . 1 0 8 1  

EVL = 0 . 0 3 8 6  BF + 0 . 0 2 0 5  SNF - 0 . 2 3 6  

L i vewe ight Gain o r  Lo s s  

The quant i t y  o f  feed e aten re f l e ct s the amount 

ava i l ab l e  on p a s t u re , and t he t ime it was e aten in re l at i on 

t o  t he t ime o f  we i gh i n g ,  have ma j o r e f fe c t s  on f i l l  and 

ob s e rved l ivewe i ght . There fore e r r o r s  and p o s s ib l e  b i a s  in 

e s t imat e s  o f  ga i n s  can readi l y  a r i s e  from f luctuat i on s  i n  

the quant i t i e s  o f  dige s t a  i n  t h e  a l iment ary t ract ( C o rbett , 

1 9 7 8 ) . 

There are s eve r a l  ways o f  s t andardi z i ng we i ghing 

procedu r e s  

( G ra s s l and 

1 9 6 9 )  . 

s o  that 

Re s earch 

e r r o r s  

I n s t itute , 

and b i a s e s  

Hu r l e y  1 9 6 1  

are 

and 

minimi zed 

Campbe l l ,  

An ima l s ,  p a rt i c u l a r l y  l actat ing one s may go through 

p e r i ods o f  l ivewe i ght l o s s , and ad j ustment s are requ i red to 

e s t i mate requ i rement s .  The ave rage value of  body t i s sue 

energy for cows has been taken a s  2 0  MJ ( MAF F ,  1 9 7 5 )  2 1  MJ 

(Van E s ,  1 9 7 8 )  or 2 5  MJ p e r  kg l ivewe i ght ( NRC , 1 9 7 8  and 

Ve rmo re l ,  1 9 7 8 . 
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1 . 2 ME THOD FOR FEED AND FAECAL CHROMIUM ANALY S I S  

INTRODUC T I ON 

I t  i s  i mport ant that an analyt i c a l  method that i s  

s imp l e ,  speci f i c ,  accurat e ,  rapid and one whi ch requ i re s  

common l aboratory equ ipment b e  deve l oped . 

Techn i qu e s  deve l oped f o r  Cr ana l y s i s  hitherto include 

atom i c  ab s o rpt i on spect ros copy ( AAS ) , i nduct ive l y- coupled 

p l a sma emi s s i on spect r o s copy ( I CPE S )  and t he t it rat i on 

metho d . 

Attent i on wi l l  be p a i d  t o  the common l y  u s e d  t e chn i que 

( AAS ) and a l e s s  det a i l e d  review wi l l  be made regarding the 

othe r  two in an e f fo rt t o  make a comp a r i s on o f  the s e  

methods . 

1 . 2 . 1  At omic Ab s o rpt ion Spe c t r o s copy 

The method was f i r s t  introduced by Wa l s h ( 1 9 5 5 )  c i ted 

by Wi l l i ams et  a l  ( 1 9  62 ) and l at e r  improved by C z a rnocki et 

a l  ( 1 9 6 0 ) . B a s i c a l l y  Cr concent rat i on i n  a s o l ut i on i s  

meas ured by u s e  o f  a f l aming t e chn i que ( n it rous or 

acet y l ene ) a s  de s c r ibed by Gogue l ( 1 9 7 0 ) . 

1 .  2 . 1 . 1  P rocedures I n  AAS procedure s ,  s amp l e  handl ing i s  

done in one cont a i n e r  and thi s e l iminat e s  t he need for 

repe ated di lut i on and re l i e s  upon a s u lphu r i c-pho spho r i c  

a c i d  dige s t i on a n d  b romide o x i dat i on . 

S amp l e  d i s s o lut i on . Three gene r a l  p rocedu r e s  used for 

di s s o lving s amp l e s  into s o l ut i on ready f o r  C r  an a l y s i s  

i n c l uded S odium perox i de ( Na 2 02 ) fu s i o n ,  perchl o r i c  acid 

( H C 1 04 ) dige s t i on ( D ay , 1 9 5 4 )  and o x i dat i on with bromat e and 

phospho r i c  a c i d  s o lut ion ( Wi l l i ams e t  a l ,  1 9 6 2 ) 

During the fu s ion p r o ce s s , N a 2 0 2  o xidis e s  C r 2 0 3  to 

Cro 4 - 1  i ons . The best rat i o  of  Na2 o 2 t o  spec imen wa s found 
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to be 8 : 1 .  Howeve r ,  Me l l or and Thomp s on ( 1 9 3 8 )  c i t ed by 

F i she r et al ( 1 9 7 2 )  pointed out that e x ce s s  perox ide s t i l l  

rema ined at a s t age o f  a c i d i f i cat i on ( the c onve r s i on by 

H2 S 0 4 o f  chromate to di chromat e )  caus ing reduct i on o f  

chromate t o  chrom i c  s a l t s . The s e  workers sugge s t ed that a 

further b o i l ing for 1 5  minut e s  decomp o s e d  any rema in ing 

exce s s  p e r o x ide s  and that t h i s  cou l d  be accomp l i shed in 8 

minu t e s  in the pre s ence o f  a cat a l y s t  s uch a s  fe r r i c  i on s . 

Re act i on s  invo lved in the fu s i on proce s s  a re a s  fo l l ows : 

2Cro 4
2 - + 2 H+ --------�. cr2 o 7

2 - + H2 o 

( F i sher e t  al , 1 9 7 2 )  

P e r ch l o r i c  a c i d  dige s t i on i s  not wide l y  u s ed because 

s at u rated pe rchl orate u s u a l l y  spray un s at i s fact o r i l y  

( Wi l l i ams e t  al , 1 9 6 2 ) , a l s o  crys t a l l i z at i on o f  t h i s  s a l t  i n  

t h e  atomi z e r  c o u l d  e a s i ly l e a d  t o  e r r o r s  and de l a y s  i n  

ana l y s i s . 

Bromate -pho spho r i c  acid o x i dat i on has been pre fe rred as  

comp ared to the other two d i s s o lut i o n  methods becau s e  of  it s 

greater s imp l i c i t y . During the proce s s  chromi urn ( I  I I )  i s  

o x i di z e d  t o  chromium (VI ) . 

C r  ( I I I )  

green 

i n s o lub l e  

------------------------------� e r  (VI ) 

s o lub l e  o range 

di chromate form 

It is a procedure b a s ed on t hat o f  Chr i st i an and Coup 

( 1 9 5 4 )  invo lving dige s t i on o f  the ashed s amp l e  with 

pho spho r i c  a c i d-mangane s e  s u lphate s o lut ion and pot a s s i um 

( KBr03 ) l a t e r  t he procedure was we l l  e l aborated by Wi l l i ams 

e t  al ( 1 9 6 2 ) and s l ight l y  modi f i e d  by Cost igan and E l l  i s  

( 1 9 8 7 )  Wet dige s t i on method o f  Coup and Lan c a s t e r  ( 1 9 5 2 ) 
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wa s a l s o  modi f i ed on s imi l a r l i nes b y  Chr i s t i an and Coup 

( 1 9 5 4 )  l a rge l y  becau s e  o f  i t s  l ow da i l y output . Th i s  was due 

t o  l ong bo i l ing p e r i ods nece s s a ry becau s e  Cr2 0 3 was not 

readi l y  att acked by the o x i di z i ng agent at a t empe rature o f  

the d i l uted a c i d  m i xt u re . S ome worke r s  ( W i l l i ams e t  al,  

1 9 6 2 )  carried out dige s t i on with ha l f  quant i t y  of  the acid 

m i xture ( H2 s o 4 + orthopho spho r i c  acid and manganese 

s u lphat e )  t ogether with one f i fth of bromate ( aqueous 

s o l ut i on ) , and by bo i l ing unt i l  wat e r  had evaporated and the 

H2 s o 4 st arted to fume unt i l  Cr 2 0 3 was brought i n t o  s o l ut i on 

but not a l l  the di chromat e . A further bo i l i ng with a sma l l  

amount o f  KBr03 i n  a di lute s o lut i on was s u f f i c ient t o  

o x i d i s e  a l l  t he chrom i c  compounds t o  di chromat e . The 

p r e s ence o f  H2 S 0 4 i n  the a c i d  m i xt u re kept the t empe rature 

be l ow the c r i t i ca l  p o i nt whe re di chromat e was reduced to 

i n s o l ub l e  chrom i c  compounds . Thu s t he modi f i cat i on reduced 

the l ong b o i l i ng t ime to 1 0 - 1 5  minute s .  

1 . 2 . 1 . 2 F act o r s  Cont ro l l i ng Rat e  o f  D i s s o l ut i on 

Ac i d i ty . Bo l in ,  e t  a l  ( 1 9 5 2 ) found t hat t empe rature , 

d i ge s t i on t ime and a c i d i t y  were c r i t i c a l  f a ct o r s  during the 

d i ge s t i on with the d i ge st m i xture o f  pe rchl o r i c - su lphu r i c  

a c i d . A s ea rch o f  l it e rature ( Sm i t h , 1 9 3 5  c ited b y  Day , 

1 9 5 4 )  s howe d  that hot , concent rated perch l o r i c  a c i d  ( 7 0  t o  

8 5 %  HC l 0 4 , by we ight ) had redu c i ng a s  we l l  a s  o x i d i z ing 

p ropert i e s  and that the reduc ing react i on i n c r e a s ed di rect l y  

w i t h  the concent rat i on o f  the a c i d  and t he t empe rature . 

The se redu c i ng prope rt i e s  are as s umed t o  r e s u l t  from the 

fo rmat i o n  o f  hydrogen p e r o x i de as a decomp o s i t i on p roduct . 

P revi ou s l y i t  wa s demon st rated that addit i o n  o f  H2 S0 4 
t o  cr2 o 3 d i ge s t s  depre s s ed the i r  opt i c a l  den s it i e s . T h i s  was 

supported by Compt on ( 1 9 5 2 )  c it e d  by C z a rn o c k i  et al ( 1 9 6 0 )  

when he de s i gned a study and found a dec r e a s e  i n  opt i c a l  

den s i t y  a s s o c i ated w i t h  incre a s ing H2 s o 4 concent rat i on . A 
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summa ry of  the opt i c a l  den s i t y  dat a is  presented in Table 

1 .  3 .  

The di f fe rence in opt i c a l  den s i t i e s  ( OD )  r e s u l t ing from 

the r ange o f  acid mo l a r i t i e s  encount e red in di f fe rent 

dige s t s  o f  feed and fae c e s  are not nece s s ar i l y  o f  s u f f i ci ent 

magn it ude t o  int roduce ma j o r  e r r o r s  in the Cr2 0 3 a s s ay 

( C z a rnocki e t  a l ,  1 9 6 0 )  . 

T ab l e  1 .  3 The I n f l uence o f  Su lphu r i c  Ac i d  o n  t he Opt ical 
Den s it i e s  of P ot a s s ium D i chromat e S o lut i on si 

Mo l a r i t y2 O . D .  day o f  preparat ion 

1 
2 

0 . 0 0 
0 . 0 5 
0 . 1 0 
0 . 1 5 
0 . 2 0  
0 . 2 5 
0 . 3 0  
1 .  0 0  

Wave l ength 3 5 0  n : � 

0 . 4 2 2  
0 . 4 0 3  
0 . 3 8 8  
0 . 3 7 8  
0 . 3 6 8  
0 . 3 6 0 
0 . 3 5 8  
0 . 2 9 9  

E xpre s s e d  in t e rms o f  s u lphu r i c  a c i d  

O . D .  2 d a y s  l at e r  

0 . 4 2 2  
0 . 3 9 8  
0 . 3 8 1  
0 . 3 7 3  
0 . 3 6 8  
0 . 3 5 8  
0 . 3 4 7  
0 . 2 9 0  

I t  wa s noted that s ome o f  t he s o lut i ons showed an 

app r e c i ab l e  de crease in OD a ft e r  s t o rage f o r  2 days ( Tab le 

1 . 3 ) , the de crease be ing great e s t  at the h i gh e s t  mo l arit i e s . 

T i me o f  digest ion . I t  was advo cated that the dige st ion 

o f  the s amp l e s  be t e rminated when they change i n  c o l ou r  from 

green to ye l l ow,  o range or red . Day ( 1 9 5 4 )  found that t ime 

o f  dige s t i on wa s a crit i ca l  fact o r  when s u l phur i c : perch l o ri c  

a c i d  m i xt u re s we re emp l oyed,  whe r e a s  Kimura a n d  Mi l l er 

( 1 9 5 7 )  reported that t ime of dige s t i on did not a f fe ct Cr2 03 
recove r i e s  when perch l o r i c  a c i d  wa s t he o n l y  a c i d  u s ed . 
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Further r e s u l t s  of  the work of  C z a rnocki e t  al  ( 1 9 6 0 )  

showed t hat the OD o f  the s o l ut i on s  removed immediat e l y  

fo l l owing the co l our change whe re l owe r than t h o s e  o f  the 

s o lut i on s  a l l owed t o  digest for a l onger p e r i od . The mean 

r e s u l t s  o f  the i r  exper iment a re pre s ented in Tab l e  1 . 4 .  

Tab l e  1 . 4  The e f fect o f  Length o f  T ime o f  D ige s t i on on the 
Concent rat i on o f  Chromium in the di luted dige st as  
meas ured by Opt i c a l  Den s it i e s  a t  3 5 0  m� I 

T ime s in m i n �� e s 2 

0 5 1 0  1 5  2 0  2 5  3 0  

Feed 0 .  3 1 3  0 . 4 2 5  0 . 4 4 0  0 . 4 3 4  0 . 4 2 7  0 . 4 1 8  0 . 4 1 9  

Feed C - 3 - 6 0  0 . 3 3 1  0 . 4 1 1  0 .  4 1 8  0 . 4 1 4  0 . 4 0 7  0 . 4 1 4  0 . 3 9 8  

F e e d  C - 2 - 6 0  0 . 3 4 2  0 . 3 9 0  0 . 4 0 2  0 . 3 9 2  0 . 3 9 2 0 . 3 9 5  0 . 3 8 9  

E x c r e t a  T - 3 - 6 0  0 . 3 1 9  0 . 3 3 7  0 . 3 3 8  0 . 3 3 1  0 . 3 3 5  0 . 3 4 1  0 . 3 4 0  

Excre t a  C - 2 - 6 0  0 . 4 5 2  0 . 4 7 7  0 . 4 7 9  0 . 4 7 7  0 .  4 7 1  0 . 4 7 1  0 . 4 0 4  

Me a n  0 . 3 5 1  0 . 4 0 8  0 . 4 1 5  0 . 4 1 0  0 . 4 0 6  0 . 4 0 8  0 . 4 0 4  

' Ec. .. l., va l ue repre s e n t s  t h e  me a n  of t h re e  de t e r m i n a t i o n s  

"7. T,..,e. ""1he a t i n g  a ft e r  c o l ou r  change f r o m  g r e e n  t o  o r ange 

I t  i s  apparent that the OD o f  s o lut i on s  removed 

immedi at e l y  fo l l owing the co l ou r  change we re l owe r than 

tho s e  o f  s o l u t i o n s  a l l owed t o  dige st for a l onger p e r i od . 

S o lut ions digested for 5 t o  3 0  minut e s  f o l l owing the c o l ou r  

change had comparab l e  OD . Ana l y s i s  o f  va r i ance con f i rmed 

that interpretat ion . In view o f  the s e  findings , digest ion 

for 15  minut e s  fo l l owing the co l o u r  change wa s recommended . 

Tempe rat u re o f  dige st i on . Day ( 1 9 5 4 )  s t r e s s e d  that the 

t emperat u re o f  dige st ion cou l d  i n fluence the OD o f  Cr2 0 3 

dige s t s  wh i l e  C z a rnocki e t  al ( 1 9 6 0 ) emp l oyed m i c r oburners 

t o  heat the dige s t i on f l a s k s  and made no comment s concerning 

t emperat ur e s . 
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More studi e s  carried out by C z a rnocki e t  a l  ( 1 9 6 0 ) with 

a rhe o s t at sett ing o f  0 ( l owe s t  heat ) , 3 ,  5 and 8 showed 

mean OD o f  0 . 4 4 0 ,  0 . 4 3 3 ,  0 . 4 2 2  and 0 . 4 3 4  respe ct ive l y . 

An a l y s i s  o f  var i ance fa i l ed t o  reve a l  a s i gn i fi cant 

di f fe rent in OD a s s o c i ated with rhe o s t at sett ings . I t  wou ld 

there fore appear that a l t hough t empe rature va r i at i ons may 

i n f l uence the c r2 o 3 a s s a y ,  s u ch var i at i on wou l d  have to be 

ve ry l a rge t o  int roduce s i gn i f i cant e r r o r . 

Recent l y  Cost igan and E l  l i s  ( 1 9 8 7 )  found t hat rate o f  

heat ing du ring the dige s t i on p r o ce s s  had s ome e f fe ct o n  the 

subsequent r e s u lt s . Too fast  a rate wou l d  re s u l t  i n  s amp l e  

l o s s  due t o  " bump i n g "  whi l e  a ve ry s l ow t empe rature u s e  was 

t ime -wa s t i ng . A t ime span o f  90 m inut e s  proved to be an 

adequate comp romi s e  u s i ng the ava i l ab l e  equ ipment . 

F i gure 1 . 2 shows the e f fect o f  dige s t i on t empe rature on 

ob s e rved concent rat ions o f  Cr2 0 3 det e rmined on faecal 

s amp l e s . There wa s a t emperature ( 1 7 0 °C )  b e l ow whi ch there 

was i ncomp l ete s o l ub i l i z at i on o f  t he chromium , whi le at the 

othe r e xt reme ( above 2 4 0 °C ) , there was an app a rent l o s s  o f  

chromium, probab l y  a r e s u l t  o f  f o rmat ion o f  i n s o l ub l e  

comp l e x e s  ( C z arnocki e t  a l , 1 9 6 0 ) Day ( 1 9 5 4 )  h a d  e a r l i e r  

c r it i s i z ed t he u s e  o f  mixtures o f  two a c i ds becau s e  o f  her 

ob s e rvat i on that t ime of heat i ng with t h i s  mi xture needed 

ve r y  care fu l cont r o l  in o rde r to avo i d  e r r o r s  due t o  

ove rheat ing . Howeve r ,  she adv i s e d  t hat in c a s e  m i xt u re s  are 

to be u s e d ,  H2 so 4 shou ld be a p a rt o f  t he mixt u re because it 

s l ows down and mode rat e s  the ( t emperature / t ime ) dige st i on 

react ions . 
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F i g. 1 .2 E f fe ct o f  dige s t i on t empe rature on observed 
concent r at i on o f  C r2 03 det e rmined on a s t andard faecal 
s ampl e  cont a in ing 2 4 3  P g Cr2 0 3 / g . 

1 .2 .1 .3 Recove rv Te s t s  on Chromium ( I I I ) o x i de 

As a che ck on the p o s s ib l e  accuracy o f  any cho sen 

method,  recove ry t ime of chrom i c  o x i de a dded to faeces 

shou l d  be made. The mean per cent age re cove r i e s  from 

rep l i c a t e  ana l y s e s  o f  s amp l e s  s p i ked b}' t he addit i on o f  

known amount s o f  chromium ( I I I )  o x ide s u spen s i on are 

indi c ated i n  T ab l e  1 .5 a ft e r  the work o f  Co s t i gan and E l l i s  

( 1 9 8 7 ) . Repeated measurement s o f  b l ank and l ow concent rat ion 

s o lut i on s  s howed the det e ct i on l im i t  in s o lut i on t o  be about 

0 . 5 � gg- 1 dm o f  faece s .  
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I n  each inst ance re cove r i e s  from the base s amp l e s  we re 

not pract i c a l l y  di f fe rent from each other within the l im i t s  

o f  det ect i on . Howeve r ,  t h e  t ot a l  re cove ry ( x  9 8 . 6 % )  was 

s i gn i f i cant l y  l e s s  than 1 0 0 %  p o s s ib l y  becau s e  o f  impu r i t i e s  

o r  s ome i n t e r ference ( Wi l l i ams e t  a l, 1 9 6 2 ) . 

Tab l e  1 . 5  Mean pe rcent age recove r i e s  so, N= 1 0) o f  var i ou s  
amount s o f  Cr 2Q3 added t o  dige s t i on tubes 
cont a i ning (AT no faecal mat e r i a l ,  (B) 0 .  2 g o f  
faece s with n o  C r  content, and (C) 0 . 2 g o f  faeces 
ana lysed a s  cont a i n i ng 2 4 3  pg C r2Qllg 

� g C r2 0 3 added 
B a s e  s amp l e  4 0  8 0  1 2 0  1 6 0 2 0 0  

A 9 8 . 7  9 8 . 8  9 8 . 3  9 8 . 9  9 8 . 7  
( 1 .  1 )  ( 0 .  7 )  ( 0 .  6 )  ( 0 .  5 )  ( 0 .  6 )  

B 9 8 . 9  9 9 . 4  9 9 . 0  9 8 . 3  9 8 . 0  
( 1 . 1 )  ( 0 .  7 )  ( 0 .  9 )  ( 0 .  9 )  ( 0 .  8 )  

c 9 8 . 3  9 8 . 5  9 8 . 3  9 8 . 5  
( 1 .  1 )  ( 0 .  7 )  ( 0 .  6 )  ( 0 .  3 )  

1 . 2 . 1 . 4  I nhibitors  o f  C r ( I I I ) ox ide ab s o rpt i on : 

( 1 )  K2C r2Q .  Al though di chromat e added t o  faece s p o s t - ashing 

cou l d  be t ot a l l y  recove red,  t he re i s  u s ua l l y a subst ant i a l  

l o s s  o f  C r  ( I I I )  o x i de when the spike i s  added p r i o r  t o  

ashing ( Co s t i gan and E l l i s ,  1 9 8 7 )  . 
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Tab l e  1 . 6  A compa r i son of the use of C r 2 0 3 and K 2 C r2 0 7 as  
ana lyt i c a l  spi ke s added t o  faece s pr i o r  t o  ashing 
( spi ke s o lut i on o r  s u spens i on both cont a i n i ng the 
equ ival ent o f  4 0 p  o o f  Crz_Ql_/ml) 

Comp o s i t ion of Spike Re cove ry ( % )  

Vo l . o f  c r2 o 3 Vo l .  o f  K2 c r2 o 7 Me an 
s u spen s i on s o lut i on 

( 1 )  ( 1 ) ( n= 4 ) so 

1 0 0 0  0 9 8 . 7  1 . 0  
7 5 0  2 5 0  9 7 . 0  0 . 5  
5 0 0  5 0 0  9 4 . 6  1 . 7  
2 5 0  7 5 0  9 1 . 3  0 . 5 

0 1 0 0 0  9 0 . 6  1 . 9  

The e f fect i s  demonstrated by the dat a i n  T ab l e  1 .  6 .  

C l e a r l y ,  the greater the amount o f  di chromat e added p r i o r  t o  

a s h i n g ,  the l e s s  w a s  the pe rcent age o f  t o t a l  chromium 

re covered . 

( 2 )  Ext rane ous i on s : The i n f luence o f  ext raneous i ons 

l ik e l y  t o  be p r e s ent i n  p l ant o r  faecal mat e r i a l  ob s cu re 

Cr ( I I I )  abs o rpt i on . P revi ous studies  ( Y anag i s awa e t  a l, 1 9 7 0  

and K i t agawa e t  a l ,  1 9 8 0 )  catego r i sed intere lement e f fect s  

i n  f l ames a s  e i ther enhan c i ng ( Cu ,  Al , Mg and Ca ) ; 

dep re s s ive ( N a ,  K ,  Zn and S i )  o r  s e l ect ive ( Fe )  . 

F u rther e x aminat ion o f  the c a l c i um and magne s i um 

i nt e r fe rence s showed that ove r the range 1 0 0 - 1 0 0 0  ppm o f  Ca , 

chromium ab s o rpt i on showed l i t t l e  change and that i n  the 

p r e s ence o f  5 0 0  ppm o f  C a ,  magne s i um did not a f fect the 

ab s o rpt i on . S uppo rt i ng resu l t s  are indi cated i n  T ab l e  1 .  7 

( Wi l l i ams e t  a l ,  1 9 6 2 ) .  
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Tab l e  1 . 7 The e f fect o f  addit i onal i ons on chromium 
ab s o rpt ion in pho sph o r i c  a c i d-mangane se s u lphate­
pot a s s ium bromat e s o l ut i on * in the pre s ence and 
absence o f  5 0 0  ppm o f  c a l c i um . 

Ab s o r p t i o n  b y  s o l u t i o n  c o n t a i n i n g  

I o n  Added 

N i l  

K + 

N a + 

c a 2 + 

Mg2 +  

A l 3 + 

F e 3 + 

50 4 ' '  

P 0 4 
I ,  I 

5 i 0 3 ' '  

Mixture 

C o ncent rat i o n  

( pp m ) 

1 
2 0 0  

2 0 0  

2 0 0  

2 0 0  

1 0 0  

1 0 0  

1 0 0  

2 0 0  

1 0 0  

N o  added 

2 0 ppm C r %  

1 9 . 5  

1 9 . 5  

1 9 . 5  

2 . L O  

2 2 . 5  

2 1 . 0  

1 9 . 5  

2 0 . 0  

2 0 . 0  

6 . 0  

2 2 . 5  

c a l c iu m  5 0 0 ppm o f  added c a l c ium 

5 0 pp m  C r %  2 0 ppm C r %  5 0 ppm C r %  

3 8 . 0  2 3 . 0  4 5 . 0  

3 8 . 0  2 3 . 0  4 5 . 0  

3 8 . 0  2 3 . 0  4 5 . 0  

4 5 . 0  2 3 . 0  4 5 . 0  

4 4 . 0  2 3 . 0  4 5 . 0  

4 0 . 5  2 2 . 5  4 4 . 5  

3 8 . 5  2 3 . 0  4 4 . 5  

3 8 . 5  2 3 . 0  4 5 . 0  

3 9 . 0  2 3 . 0  4 5 . 0  

1 4 . 0  2 2 . 5  4 4 . 0  

4 4 . 5  2 3 . 0  4 4 . 5  

* 3 ml o f  pho spho r i c  a c i d- ma nganese s u l p h a t e  s o l u t i o n ( 3 0  ml o f  1 0 %  w ; w ,  

Mn50 4 . 4 H z 0  i n  1 l o f  8 5 %  H 3 P 0 4 ) a n d  4 m l  o f  4 . 5 %  w; v o f  

p o t a s s i u m  bromate p e r  2 0 0  m l . 

K + ,  N a + ,  C a2 + ,  Mg2 + ,  P 0 4 ' ' '  each 1 0 0  ppm, A l 2 + , 5 i0 4 ' ' ,  

5 02 ' ' each 5 0  ppm . 

I t  i s  t hu s  pos s ib l e  t o  correct f o r  both ea and Mg 

inter ferences by the addit i on o f  s u f fi c i ent ea t o  both 

' s t andards ' and ' t e s t  s o l ut i on ' to ens ure that at l e a s t  1 0 0  

ppm o f  e a  was present . 

S i nce s i l i cate and a l umin ium both i nt e r fere s e r i o u s ly 

in f l ame met hods ( emi s s ion and ab s o rpt i o n )  for det e rminat i on 

o f  e a  ( D av i d ,  1 9 5 9 )  due to the fo rmat i on o f  re fract o ry 

compounds in the f l ame , i t  s e emed p o s s ib l e  that ea may prove 

a s at i s fact ory suppre s s ant fo r the s e  two i n t e r f e r ing i on s  in 

e r ( I I I )  ox i de abs o rpt i on . 
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1 . 2 . 2  Compa r i son of D i f fe rent Met hods 

Methods to be c ompared i n c lude t he AAS , I CP E S  and to a 

l e s s e r extent T i t ra t i o n  method . 

I n s t rument s e n s i t ivity . P ract i c a l l y  a l l  methods seemed 

t o  give good pre c i s i on within batches according to the wo rk 

o f  Lee e t  

The 

ana l y s i s  

( Wi l l i ams 

increased 

al ( 1 9 8 6 ) . 

most s u i t ab l e  

was found t o  

e t  a l ,  1 9 6 2 ) . 

acco rding to 

range o f  Cr concent rat i o n  for 

be 0 . 8 0 - 7 0 . 0 0 ppm in s o l ut i on 

The upp e r  l imit cou l d  cert a i n l y  be 

the cho i ce o f  ' chromium l ine ' . 

Further resu l t s  g iven by Wi l l i ams e t  a l  ( 1 9 62 )  i ndi cated 

that by use o f  AAS ,  Cr concent rat i on c o u l d  be detected down 

t o  a l eve l o f  0 . 1 5 ppm . The var i ab i l i t y  i n  the AAS 

me a su rement s ar i s e from a comb inat i o n  o f  a number o f  

fact o r s : the presence o f  pot ent i a l  i n t e r ferences as 

de s c r ibed by Wi l l i ams e t  a l  ( 1 9 6 2 ) , F i sher et a l  ( 1 9 8 2 ) , 

Ro o faye l e t  a l  ( 1 9 8 4 )  and Lee e t  a l  ( 1 9 8 6 ) ; change in 

ox i dat ion s t at e  ( K i t agawa e t  a l, 1 9 8 0  and Agget t e  e t  a l, 

1 9 8 1 )  and i n ab i l it y  t o  reproduce opt i m i s e d  i n s t rument a l  

ope rating condi t i on s  exact l y  ( Lee e t  a l,. 1 9 8 6  and Cost igan 

and E l l i s ,  1 9 8 7 ) . O f  the two AA methods ( N i t rou s o x i de­

acet y l ene f l ame / a i r  acet y l ene f l ame ) the n it rou s o x i de­

actey lene f l ame g ive s a more con s i s tent c a l ibrat i on curve 

and i t  i s  free from i nt e r fe rence . 

The ICPES di f fe r s  from c l a s s i c a l  f l ame , spark and arc 

di s charge s i n  the means by whi ch free at oms are ' e xcited'  . 

Emi s s ion spect ra from atoms and i o n s  are obse rved when the 

s amp l e  aero s o l  i s  introduced into an i nduct ive ly coupled 

radi o frequency argon ' p l a sma ' t o rch . A p l a sma is  a gas 

i o n i z ed to a degree s u f f i c i ent to have a s i gn i fi cant e f fect 

on i t s  prope rt i e s  ( Le e ,  1 9 8 1 )  The r e s u l t ing interact ion 

produces t empe ratures betwe en 6 , 0 0 0 - 1 0 , 0 0 0 °K .  The s e  

t emperatures a re much hot t e r  t h a n  convent i on a l  AAS f l ames , 

s o  that much o f  t he s amp l e  i s  vapo r i z ed and e x c i t e d  and 

l it t l e  i f  any i s  sub j ect to chem i c a l  i n t e ract i on . There fore 

rea s on s  for excel l ent sens it i v i t y  in I CP E S  are a s s o c i ated 
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with h i gh t empe rature , l ow background, s t ab l e  d i s charge 

( Green fie l d  e t  a l ,  1 9 7 5 )  and a m i n i mum s ampl e  preparat ion 

o ften en count ered in AAS . 

The t it rat ion method has a r e l at ive l y  h i gh demand for 

equ ipment and is u s ua l l y  not s t r a i ght fo rward due t o  l a rge 

numb e r s  o f  chemi c a l  changes that t ake p l ace . Howeve r ,  for 

both AAS and t it rat ion methods , chromium in s o lut i on must be 

oxidi z ed to C r (VI ) whi ch is not a prerequ i s it e  fo r the I CPES 

det e rminat i on . 

Genera l l y AAS has been more popu l a r  t han othe r methods 

becau se AAS i n s t rument s are far more ava i l ab l e , the 

procedure i s  r ap i d  and do not requ i re cont inuous 

ob s e rvat i on . 



CHAP TER 2 

MATERIAL S  AND ME THOD S 

2 . 1  EXPERIMENTAL DE S I GN 

Calve s  o f  s imi l ar we ight and age were brought in do ors 

in groups of four and were arranged in a comp l et e  randomi zed 

b l ock de s i gn with three rep l i cate s .  

The Cont r o l led Re l e a s e  Devi c e s , cont a ining c r2 o 3 , we re 

adm ini s t e red and anima l s  within b l oc k s  a l l ocated at random to 

one o f  the fo l l owing feeding regime s : 

1 .  P a sture only ( G )  

2 . " S oya bean concent rate s uppl ement " and pasture ad l ib 

( S )  

3 .  " P owde red m i l k  supp l ement " and pasture ad l ib ( P )  

4 .  " Li qu i d  mi l k  s upp l ement " and p a s t ure a d  l ib ( L )  

Within each b l o ck an a d j u stment ( p r e l iminary ) p e r i od o f  

at l e ast 5 days was a l l owed and t hen t h i s  was fo l l owed by 2 

c o l l e ct i on p e r i ods o f  5 day s  e a ch during whi c h  int ake s were 

me asured and faecal and u r i ne output s co l l ect ed . 

2 . 2 EXPERIMENTAL FEEDS 

2 . 2 . 1  P a sture 

Fresh pas t u re , predom inant l y  ryegras s ( L .  perenn e )  and 

whi t e  c l ove r ( T . repen s )  was cut from p addo ck No . 3 4  o f  No . 3 

da i ry farm ( Ma s s e y  Un ive r s i t y ) every morn ing between 0 7 . 0 0 

and 0 8 . 0 0 am and a ft e rnoon between 0 1 . 0 0 and 0 2 . 0 0 pm . Two 

sep a rate harve s t s  were made s o  that o n l y  fresh pasture was 

fed to calve s . 

The harve s t ing was done by u s e  o f  a sma l l  reciprocat ing 

l awn mower ( John Al len & S on s , Lt d ,  Cowl e y ,  Ox ford,  England) . 

At the beginning o f  B l ock I I  t h i s  mower was rep l aced with a 

rotary s e l f l o ading mowe r ( Masport , Auck l and)  . The l atter 

mower cou l d  e a s i l y be adj u s t ed to cut the gra s s  regrowth 
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c l o s e  t o  ground l eve l . The harve s ted gra s s  was at a 

veget at ive s t age o f  growth at a l l t ime s o f  harve s t ing t o  

ensure h i gh dige s t ibi l i ty . 

2 . 2 . 2  Mi l k  

Mi l k  u s ed in the exper iment w a s  reconst ituted from a 

fat - fort i f i e d  m i l k  powde r (Anca f )  . 

Mi l k  s ubst i tute powde r was mixed with warm wat e r  ( about 

3 8 °C )  be f o re feeding ( 0 . 5 2 kg o f  powde r in 3 . 4 8 1 o f  l ukewarm 

wat e r )  and was fed h a l f in the morning at 0 8 . 0 0 am and 

another ha l f  at 0 2 . 0 0 pm in the a ft e rnoon making sure that 

each h a l f was recon s t ituted j u s t  be fore feeding . 

2 . 2 . 3  Concent rate s uppl ement s 

Three concent rate supp l ement s were f o rmu l ated a s  shown 

in T ab l e  2 . 1  and fed a s  f o l l ows : s o ybean m i x  ( 1  kg d- 1 ) and 

mi l k  powde r m i x  ( m i l k  powde r + c a rbohydrat e )  ( 0 . 7 5  kg d- 1 ) 

and we re de s i gned t o  p rovide 1 1 . 2 8 MJME and 1 7 5g CP for each 

ca l f  da i l y  bas i ng the c a l cu l at i ons o f  nut r i t ive value on that 

provided by Holme s  and Wi l s on ( 1 9 8 4 ) . The carb ohydrat e { CHO) 

mix ( 0 . 2 3 kg d- 1 ) t ogether with l i qu i d  m i l k  ( 4  1 o f  0 . 5 2 kg 

powde r / day ) a l s o  provided a s i mi l ar l eve l o f  nut r i ent s . 

T ab l e  2 . 1  I ngredi ent s u sed in S uppl ement Compo s i t i on 

I n gredi ent s 

S oybean meal ( 5 0 %  CP ) 
Ma i z e  me a l  ( 8 % CP ) 
B a r l e y  meal ( 1 1 %  CP ) 
t--1i l k  P owde r ( 3 0 %  CP ) 
Mo l a s s e s  

Concentrate Suppl ement s 

Soybean 
mix ( % )  

2 5 . 0  
2 0 . 0  
5 0 . 0  

5 . 0  

1 0 0 . 0  

Mi l k  P owder 
mix ( % )  

8 . 4  
2 1 . 1  
6 9 . 0  

1 . 5  

1 0 0 . 0  

Carbohydrat e 
m i x  ( % )  

2 7 . 0  
6 8 . 0  

5 . 0  

1 0 0 . 0  
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The mi l k  powde r m i x  was fed in a powde r form whi le 

s o ybean mix and carbohydrate mix were fed i n  pe l l eted form . 

F r e s h  suppl ement s were provided eve ry morning at 0 8 . 0 0 am and 

re fu s a l s  we re me asured at the s ame t ime . 

2 . 2 . 4  Wat e r  

Wat er w a s  provided a d  l ib in ten l i t re p l a s t i c  bucket s 

throughout the day . Calve s  were t aught t o  drink wate r  from 

individual bucket s p l aced in each met abo l i sm cage . Wat er 

t empe rature was a lway s  c l o s e  to the room t empe rature ( about 

1 5 °C ) . 

2 . 3  EXPERIMENTAL AN I�.LS 

Twe lve s i x  week o l d  F r i e s i an ma l e  ca lve s we re we ighed 

u s ing an e l ect ron i c  s c a l e , accurate to + 0 .  5 k g ,  at the 

beginning and at the end o f  e a ch b l ock p e r i o d . Al l 

me a s u rement s were done at 0 8 . 0 0 am be fore feeding i n  order to 

minimi s e  the p o s s ib l e  errors due t o  d i f fe rence in gut f i l l . 

A ft e r  we ighing , t he ca lve s  we re random l y  p l aced in 

met ab o l i sm cage s ( 1 . 8 3 x 1 . 1 2m )  const ructed o f  we l d  me sh and 

a met a l  f l o o r . The room in the An imal P hy s i o l ogy Un it was 

we l l  vent i l ated and not t empe rature contro l l ed . 

The re l at ive humidity va r i e d  becau s e  o f  the warm wat er 

u s ed to wa sh the f l o o r  at di f fe rent t ime s o f  the day , 

howeve r ,  it  did not drop be l ow 6 5 % . Light s in the room we re 

on f o r  2 4  h .  

Any ca lve s whi ch s howed s i gn s  o f  s co u r s  were t reated 

immediat e l y  by adm i ni s t e r ing " s courban " ( Vet c . P roducts 

Auck l and)  drench . No regu l a r drenching with ant ibiot i c s  was 

done . 



2 . 4  EXPERIMENTAL PROCEDURE S 

2 . 4 . 1  

( 1 )  

Chemi c a l  ana lys i s  

Food 

The diets  fed were s amp l e d  da i l y . 
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Dup l icates  o f  200 g 

p a s t u re s amp l e s  were t aken at e a ch t ime o f  feeding for both 

oven and fre e z e  drying ( fo r  det e rminat i on of dry matt e r  and 

comp onen t s  ea s i l y de s t royed by h i gh tempe rature , 

re spect ive l y )  The dried pasture and a 5 0  g concent rate 

s amp l e  we re ground through a 1 mm mesh in a l aboratory mi l l  

( Ch r i s t y  and Nor r i s  Lt d .  Che lms ford E s s e x )  and stored in 

a i r t i ght p l a s t i c  cont a ine r s . Chemi c a l  ana l y s e s  carried out 

are as i ndi cated in T ab l e  2 .  2 ,  a l s o  p a s t u re s amp l e s  were 

incubated in vi t ro t o  obt a i n  dige s t i b i l i t y  coe f f i c i ent s . 

T ab l e  2 . 2  Chem i c a l  analys e s  o f  food 

Compo n e n t  

Dry ma t t e r  
( OM )  c o n t e n t  

Ash c o n t e n t  

N - c o n t e nt 

G r o s s  E n e rgy 

( GE )  c o n t e n t  

In - vi t ro 
d i ge s t ib i l i t y  

Chrom i c  o x ide 

Equipme n t / Me t hod 

Force draught 
oven for 12h 

Mu f f l e  furnace 

S S 0 °C for 1 2 h  

K j e l t e c  Au t o  1 0 3 0  

An a l y s e r  

Ad i aba t i c  bomb 

c a l o r i me t e r  

Ce l l u l a s e  me t h o d  

I n s t rumen t a t i o n  

l ab o r a t o r y  4 5 7  AA / AE  
s p e c t roph o t o me t e r  

Ma n u f a c t u r e r  

B i rmingham & 
B l ackburn Con s t r, 
C o . Ltd . 

W . D .  McG rego r L t d  

Te c a t o r  AB 
Hdga n a s  S weden 

Ga l l e n kamp T o we r s  L t d  

Refe rence 

AOAC ( 1 9 8 4 )  

AOAC ( 1 9 8 4 )  

AOAC ( 1 9 8 4 )  

AOAC ( 1 9 8 4 )  

John e s  & 
Hayward ( 1 9 7 3 )  



( 2 )  Faeces 

4 5  

D a i ly representat ive fae c a l  s ampl e s  Each cage had a f l at 

met a l  t ray p l aced on the rear ha l f  o f  the cage f l o o r  t o  t rap 

the faece s . At 0 8 . 0 0 am the da i l y  t o t a l  faecal output for the 

past  2 4  h was c o l l e cted and we i ghed . 

put in the r e f r igerat i on room,  

( dup l i c at e )  s amp l e s  ( 1 0 0 - 1 5 0 g / s amp l e )  

oven dry ing and another f o r  free z e  

faecal  output from each c a l f we re 

pe ri ods within each b l ock . 

Be fore 

fresh 

we re 

dry ing . 

bulked 

t he faeces we re 

repres entat ive 

t aken , one for 

Repres entat ive 

f o r  two- S day 

Grab s ampl e s  Faecal grab s amp l e s  were c o l lected e ither 

direct l y  from the re ctum or t he t op p a rt o f  t he a l ready 

de fecated dung pat . The l a t t e r  was nece s s ary when no faecal 

s amp l e  was obt a ined by st imu l at i ng the rectum . S amp l ing was 

done once / da y  ( 1 0 . 0 0 am ) during B l o ck I,  three t ime s / day 

( 1 0 . 0 0 am,  0 1 . 0 0 pm , 0 4 . 0 0 pm)  during B l o ck s  II and III . 

Aft e r  co l l e ct i on , the grab s amp l e s  were proce s s ed a s  the 

dai l y  repre s entat ive s amp l e s  and grinding was done l i ke the 

procedu re u s e d  in feed proce s s i ng .  A l l  faecal s amp l e s  we re 

ana l y s e d  f o r  DM cont ent , a s h  content , and Cr2 o 3 cont ent . 

( 3 )  Urine 

Urine was co l l ected,  v i a  a l arge met a l  funne l  unde r l ying 

the wi re me s h  f l o o r  of the cage , into a 5 1 p l a s t i c  bucket 

cont a ining 4 0  ml o f  SNHC l per 3 1 o f  urine ( t o  minimi s e  l o s s  

o f  n i t rogen by ammon i a  g a s ) . C o l l e ct i on o f  a 2 4  h ur ine 

samp l e  was done eve ry mo rning at 0 8 . 0 0 am, a s amp l e  ( 1 0  ml or 

1% o f  t o t a l  quant i t y )  wa s ext racted and bulked with p revious 

day s  s ampl e  as to make a comp o s i t e  s amp l e  for e ach c a l f for a 

5 - day co l l ect ion p e r iod wh i ch was s t o red in a free z i ng room 

( - 1 0 °C )  unt i l  when i t  was ana l y s e d  f o r  N and GE content . 

( 4 )  Chromium ( I I I ) o x i de 
I nt roduct i on The st anda rd method for chromi c ox ide 

ana l y s i s  u s e d  in t h i s  l abo rat o ry i n  the p a s t  was e s sent i a l l y  

that o f  C o s t igan and E l  l i s  ( 1 9 8 7 )  and i s  de s c r ibed as  Method 

I b e l ow . Un fortunat e l y  the .c e s u l t s obt ained cont ained some 
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unu s u a l l y  l arge di f fe rences in Cr 2 0 3 concent rat i on between 

dup l i cat e s  and it  wa s su spected that there was l imited 

ox idat i on and there fore l e s s  chromi c  ( I I I )  o x ide was actua l l y 

conve rted t o  chromium (VI ) a s o lub l e  component ( s ee det a i l s  

unde r  L i t e rature Review) . There fore , the ana l y s e s  were 

repeated u s ing Method I I  in  wh i ch a h i gher amount o f  bromate 

( o x i di z ing agent ) was u s e d ,  and compar i s ons we re made between 

the two methods with regard to the repeatab i l i t i e s  between 

fae c a l  s amp l e  dup l icates  for Cr2 0 3 concent rat i on . 

Method I - Low Bromat e ( LB )  

Re agent s : Al l reagent s we re analyt i c a l  grade and 

s o lut i on s  were in a l l  c a s e s  made up in de - i on i s e d  and 

di st i l l e d  wat e r . 

1 .  Ac i d  dige s t i on m i x : 2 5 0  m l  orthopho spho r i c  a c i d  ( 8 5 % )  w;w 
5 0  m l  aqueous �� s o 4 4 H2 o ( 1 0 % )  w;v 

F i n a l  m i xture was : 9 7 . 3  ( v/v ) 

8 5 %  pho sph o r i c  a c i d : 1 0 %  w;v MnS 0 4 . 4 H2 0 

2 . P o t a s s i um b romat e : 4 . 5 % w;v KBr03 
( aqueous s o l ut i o n )  

P rocedure Two 1 .  0 0  g s amp l e s  of  dr i e d  fae c a l  mat e r i a l  

we re we i ghed int o t ared 2 5 ml  p y r e x  beake r s  which were 

numbe red . The be ake r s  and content s we re p l aced into an oven 

at 1 0 5 °C t o  dry f o r  2 4 h .  Aft e r  drying t he beakers were 

we i ghed to det e rmine the dry mat t e r  we i ght and then s amples  

were ashed at 5 5 0 °C in a furnace f o r  1 2 h ove rn i ght . 

D i ge s t i on : The beakers were rewe i ghed t o  det e rmine the 

ash we i ght and then digest i on o f  the a s h  fo l l owed . 

6 ml  o f  a c i d  dige s t a  were added t o  the ash i n  beakers . 

The he a t i ng b l ock was heated to 1 4 0 ° C  and beakers we re 

p l aced in the b l ock whi l e  cove red with g l a s s  t o  prevent 

evaporat i on o f  the m i xture . Bo i l i ng was a l l owed to 

cont i nue for 2 0 min . 

The beakers were l at e r  removed from the b l ock and 

a l l owed to c o o l  t o  be l ow 1 0 0 °C ,  a ft e r  c o o l ing,  3 ml 4 . 5 %  

pot a s s i um bromat e was added t o  e a ch beake r ,  and p l aced 



4 7  

in reheated b l ock w i t h  a f i n a l  t empe rature o f  2 1 0 °C ( at 

cent re ) . G l a s s  was norma l l y  p l aced ove r beake r s . 

Aft e r  4 5  min the beak e r s  we re removed from t he b l o ck ,  

a l l owed t o  c o o l  and the cont ent s t rans fer red int o  5 0  ml 

f l at bottomed con i c a l  f l a s k s . Beak e r s  were t horoughly 

r i ns e d  with di st i l led wat e r  t o  remove any rema in ing 

amount o f  dige s t ion m i xture , then the re s i due added to 

f l a s k s  and vigorou s l y  s haken to di s s o lve the dige s t i on 

m i xt u re . 

F l a s k s  were t opped with di s t i l l e d  wat e r ,  by u s e  o f  a 

di spen s e r ,  r e s u l t ing t o  a f i n a l  vo l ume o f  5 0  m l . 

The f l a s k s  we re then tho rough l y  shaken ( ag i t ated)  and 

a l l owed t o  sett l e  for 2 4  h .  

About 1 0 - 1 5  ml  a l i quot was ' poured o f f '  i n t o  numbered 

p l a s t i c  pott e l e s . By only tak ing sma l l  amount s f rom the 

t op ,  a c l ear s amp le with m i n imal s u spended mat e r i a l  was 

obt a ined for AA spect rophot omet ry . 

Method I I  - H i gh Bromat e ( HB )  

Re agent s : S amp l e  preparat i on and dige s t i on procedures 

were e xact l y  the s ame as in Method I,  e x cept in Method 

I I  8 m l  o f  pot a s s ium b romate ( high b r omat e ,  KBr0 3) we re 

u s e d  f o r  ox i dat ion i n s t e ad o f  the convent i on a l  3 ml . 

P reoa rat i on o f  St andard S o l ut i on f o r  AAS c a l ibrat i on 

Obje ct ive : The u s e  o f  b l ank s o l ut i on on the AAS reading was 

to compen s at e  for any phy s i ca l  and / o r  chemi c a l  i n t e r ference 

a r i s ing from the s amp l e  dige s t ion or background chromium . 

P rocedu re : B l anks ( o r chromium free ) faecal  s amp l e s  we re 

co l l e cted from 4 ca lve s on di f fe rent t re atment s ( as in 

previ ous part o f  Mat e r i a l s  and Methods ) j u s t  be fore CRD s  we re 

adm i n i s tered . The s amp l e s  we re dr i e d ,  a shed and digested by 

u s ing s ame pro cedure as for t he t re atment s amp l e s . Then the 

f o l l owing amount s o f  1 0 0  ppm K2 Cr2 0 7 s o l ut i on was added . 



Tab l e  2 . 3  P ropo rt i on s  u s ed in prepa rat ion of  st anda rds 

St anda rd 

( C r2 + Cone . ppm ) 

0 .  
2 . 5  
5 . 0  

1 0 . 0  
2 0 . 0  

K2 Cr2 0 7 
( m l  added) 

0 
1 .  2 5  
2 . 5 0 
5 . 0 0 

1 0 . 0 0 

48 

The m i xt u re was then made up t o  5 0  ml  volume by the 

addi t i on o f  d i s t i l l ed wat e r  and thorough l y  shaken and a l l owed 

t o  s t and overnight . The fo l l owing morning 1 5 - 2 0  ml were 

poured o f f  into l abe l l ed p l a s t i c  pott e le s  f o r  AAS r e ading . 

Spect rophot omet r i c  P rocedu r e s  

Background : The 1 L  4 5 7  AA/AE spect rophotometer was u s ed for 

det e rmining the concent rat i on o f  C r2 0 3 i n  s o lut i o n s  prepared 

from faecal s amp l e s . The i n s t rument u s e s  an a i r  s uppl y  ( 2 0 % 

o xygen ) and n i t rous o xi de - ace t y l ene f l ame ( 3 0 0 0 °C ) . Lamp 

current , s l it width and wave l e ngth a r e  a s  i ndi cated by the 

I n s t rument at i on Laboratory I n c . ( 1 9 8 1 ) . 

St andards : The inst rument was f i r s t  c a l ibrated by f l aming the 

s t andard s o l u t i o n s  ( a s  prepared in the previ ous s e ct i o n )  and 

gauging them aga i n s t  Chemi s t ry Labo rat o r y  S t andards a l s o  fed 

into the spect rophotomet e r ,  through a b u i l t  in m i c rocomput e r ,  

the i r  ab s o rbence w a s  aut omat i ca l l y di s p l ayed o n  the keyboard 

o f  the spect rophot omet e r  according to the re spect ive 

st andards di lut ion s e r i e s  ( 0 ,  2 . 5 ,  5 ,  1 0  and 2 0 ) . 

F l aming :  Aft e r  c a l ibrat i on o f  the inst rument the 

concent rat i on of chromium in ea ch s amp l e  cont ained in the 

numb e red p l a s t i c potte l e s  was r e ad by f i r s t  dipp ing the 

cap i l l a ry into d i st i l l ed wat e r  f o r  a s econd and then dipping 

the cap i l l ary int o  the s amp l e  s o lut i o n ,  l ong enough ( 5  s e c )  

to  g ive a s t eady reading o n  t h e  keyboard . S omet ime s cap i l l ary 
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was removed from t he s o lu t i o n ,  a s  a p recaut i o n ,  t o  dete rmine 

whethe r  the ace t y l ene f l ow wa s adequ at e . In c a s e  the f l ame 

became fuel - l e an by showing s i gns o f  go ing out , an increase 

of acet y l ene was made unt i l  the f l ame was mainta ined and 

cou l d  give a s t e ady reading . Re adings o f  Cr2 0 3 concent rat ion 

we re in m i c rogram Cr2 0 3 per gram dry mat t e r  o f  the s ampl e  ( pg 

Cr g- 1 dm ) . 
. 

I nt e r fe rence s : C l e an ing o f  the burner and r e c a l ibrat i on o f  

t he i n s t rument was done a ft e r  each 6 0 - s amp l e  run t o  min imi se 

i nt e r fe rences f r om other e l ement s whi ch c o u l d  c l og the 

nebu l i z e r  dur ing the f l aming proce s s . 

2 . 5  S TAT I S T I CAL ANAL Y S I S  

Ana l ys i s  o f  var i ance wa s done f o r  C r  concent rat i on ( High 

and Low B romat e ) , Cr  Re l e a s e  Rat e ,  C r  Recove ry Rat e s  and Cr 

Concent rat i on ( w i t h i n  day s amp l ing t ime s )  . 

S t andard e r r o r s  ( SE )  f o r  me ans o f  Cr recove ry rate , DM 

i n t ake s , DE int akes  and F a e c a l  and Urinary ene rgy output s 

we re c a l cu l ated . 

Regre s s i on equat i on s  were deve l oped t o  re l at e : Nit rogen 

Ret ent i on (NR)  and D ig e s t i b l e  Ene rgy I nt ake ( DE I ) ; D i ge s t ib l e  

Ene rgy Concent rat i on and Supp l ement p roport i on i n  t h e  rat ion . 

Stat i st i c a l  Ana l y s i s  was car r i ed out by u s ing the SP S SX 

and SAS programme . 

The fo l l owing s ymbo l s  have been u s ed i n  t h i s  the s i s  to 

det e rmine t he l eve l of  s i gni f i cance of  di f fe rence between 

mean s . 
* di f fe rence s s i gn i f i cant at the 5 %  l eve l o f  p robab i l ity 
* *  di f fe rences s i gn i f i cant at a 1 %  l eve l o f  p robab i l it y  
* * *  di f fe rence s s i gn i fi cant at 0 . 1 % l eve l o f  probab i l it y  

N S  N o  s ign i fi cant di f fe rence 
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CHAP TER 3 

RE SULT S 

3 . 1  AN I MALS AND CRD ADMI N I S TRAT I ON 

The l ivewe i ght s o f  the 6- 8 week o l d  ca lve s were 

t aken p r i o r  to entering the met abo l i sm crat e s  and at the 

conc l u s i on o f  the e xperiment and are s hown in T ab l e  3 . 1 .  

D at e s  f o r  CRD s  do s ing i n  c a lve s i n  B l oc k  I ,  I I  and I I I  

we re 5 t h  May ,  9th June and 2 9th June r e spect ive l y ,  and 

f o r  commencement o f  co l l ect i on i n  the respect ive B l ocks 

we re 1 9th May ,  l O th June and 3 0 t h  June . The ma j o ri t y  o f  

ca lves rema i ned healthy but a s  indi cated i n  T ab l e  3 . 1  a 

t o t a l  o f  four ca lve s s u f fered from s cou r s , a l l  dur ing the 

f i r s t  5 - day p e r i ods in B l o ck s  I and I I . In e a ch c a s e  3 0  

m l  d- 1  o f  " s courban " ( Vet c P r o duct s ,  Auckl and) was 

adm i n i st e red and thi s qu i ck l y  cont ro l l e d  the prob l em . 

E ar l ie r ,  c a l f No . 6 had regur g i t ated the capsule 

whi l e  on the field and thi s was r e i n s e rted on 1 4  May 

p r i o r  to the s t art o f  B l ock I .  Two more c a l ve s ,  the 

heavi e s t  one s in the experiment ( Tab l e  3 . 1 ) regurgitated 

t he CRD s dur ing the f i r s t  co l l e ct i on p e r i od i n  B l o ck I I  

and they we re r e i n s e rted within 6 h .  

3 . 2 CHEMI CAL DE SCRI P T I ON OF FEE D S  

3 . 2 . 1  H e rbage 

The nut rit ive va lue o f  p a s ture was a s s e s s e d  by 

chemi c a l  analy s i s  of the pasture s amp l e s  ( p rocedures o f  

ana l y s i s  are di s cu s s ed unde r Methods ) and the r e s u lt s are 

shown i n  T ab l e  3 . 2 .  



Table 3.1  Expe rimental details of animals and treatments . 

Block Treat:Jrent Calf Age Live.veight 10-day live.veight Capsule Illnesses or 
No (days at (KG) .9.ain (kg) Irregularity infections 

start of 
Period I) In Out 

I s 2 46 67 74 7 - NIL 
p 7 49 69 73 4 - Scours fran 

19-23/5 
L 1 43 71 76 5 - NIL 
G 6 50 68 70 2 aiD reinserted NIL 

14 May in the 
field 

Means (SE) 68.75 73.25 4.50 
(±0.53) (±1.25) ( ±1. 04) 

II s 24 45 65 69.0 4.0 - NIL 
p 25 43 73 79.2 6.2 - NIL 
L 26 43 65 74.7 9.7 - NIL 
G 23 39 56 61.7 5.7 - NIL 

Means (SE) 64.75 71.15 6.4 
(±3.47) ( ±2.89) ( ±1 . 20) 

III s 27 53 76 78 2 aiD reinserted SWollen knee 
6 July 8 July 

Scours 1-3 July 
p 28 57 76 84.6 8.6 aiD reinserted 

4 July 
L 30 54 73 75.5 2.5 - Scours 1-4 July 
G 29 48 69 73.1 4.1 - Scours 2-3 July 

Means (SE) 73.5 77.8 4.3 
(±1.66) (±2.48) (±1 . 50) 



Tab l e  3 . 2  Chem i ca l Compo s i t i on o f  pa s t u re and the in 
vi t ro (D ry mat t e r) dige s t ib i l i ty .  

Max . Min . 
( SE )  Va l ue Va lue 

Crude P ro t e i n  ( % )  ( Nx 6 . 2 5 )  2 5 . 0 0 ( 0 .  4 3 )  2 6 . 3 6 2 3 . 8 6 

Ash ( % )  1 0 . 9 5 (  0 .  3 6 )  1 2 . 1 2 9 . 8 7 

Gro s s  Ene rgy ( MJ / kg OM) 1 9 . 1 6 ( 0 . 2 4 )  1 9 . 65 1 8 . 6 8 

In vi t ro DDM ( % )  7 5 . 4 2 ( 0 .  0 2 )  7 6 . 9 9 7 4 . 5 3 
* In vi vo DDM ( % )  7 4 . 1 1 ( 1 .  3 6 )  7 9 . 5 0 7 0 . 3 9 

* Me a sured from " gr a s s  on l y "  t re atment ( G )  ( n= 3 )  . 

3 . 2 . 2 Suppl ement s 

5 1  

A summary o f  s ome charact e r i s t i c s  o f  t he supp l ement 

i n c luding the concent rat i on o f  dry mat t e r  ( OM) , crude 

prot e i n  ( CP ) , organ i c  mat t e r  ( OM) , a s h  and gro s s  energy 

( GE )  fed t o  ca lve s dur i ng the t r i a l  i s  g iven in T ab l e  

3 .  3 .  

T ab l e  3 . 3  The mean compo s i t i on of s uppl ement s fed t o  
c a l ve s . 

Supp l ement OM CP OM Ash GE 
( % )  ( %DM ) ( %OM) ( %OM) ( MJ kg- 1 ) 

s 8 9 .  3 2  + 0 . 7 0 2 2 . 2 9 9 5 . 7 3 4 . 2 7 1 8 . 7 4 

p 9 3 . 1 5  + 0 . 0 2 2 7 . 0 0 9 3 . 9 7 6 . 0 3 2 1 . 8 0 

L 95 . 9 7 + 0 . 0 5 3 1 . 0 1 9 3 . 0 7 6 . 9 3 2 2 . 6 0 

* CHO 8 8 . 1 8 + 0 . 0 0 1  1 2 . 1 9 9 6 . 8 7 3 . 1 3 1 8 . 3 5 

* C a rbohydrate m i x  
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Suppl ement s O f fe red 

The carbohydrate concent rat e ( CHO)  wa s fed a l ong 

w i t h  the suckled m i l k  ( L  t re atment ) but wa s mi xed with 

the powde red m i l k  for the P t re atment . The amount s o f  

supp l ement s fed and the quant i t i e s  o f  nut r i ent s o f fe red 

are shown in Tab l e  3 . 4  

Tab l e  3 . 4  The quant it i e s  o f  nut r i ent s o f fered t o  
i ndividu a l  calve s i n  form o f  suppl ement s pe r 
day . 

S upp l ement As fed DM CP 
( g )  ( g )  ( g )  

s 1 0 0 0  8 9 3 . 2 0 1 9 9 . 3 0 

p 7 5 0  6 9 8 . 5 9 1 8 8 . 5 9 

L 7 5 0  7 0 1 . 8 5 1 7 9 . 4 5 

The 

B l ock I )  

s upp l ement s were fed f o r  5 
p r i o r  t o  t he commencement 

co l l e ct i on p e r i ods . 

3 . 3  FEED DRY MAT TER INTAKE S  

OM GE 
( g )  ( MJkg- 1) 

8 5 5 . 0 7 1 6 . 7 3 

6 5 6 . 5 0 1 5 . 2 3 

6 3 5 . 3 0 1 4 . 5 1 

days 

o f  

( 1 0  days for 

the two 5 -day 

Supp l ement s were o f fe red t ogethe r with an ad l ib 

supp l y  o f  herbage ( G )  t o  e ach ca l f .  

Tab l e  3 .  5 shows t he ave rage amount s o f  s upp l emen t s  

a n d  herbage actua l l y e a t e n  b y  ca l ve s  p e r  day dur ing 

consecut ive 5 -day p e r i ods ( P e r i ods 1 and 2 )  within e ach 

o f  the three B l o ck s  I ,  I I ,  I I I )  . H e rbage i n t ake s we re 

much l owe r i n  s upp l emented t re atment s than for t h o s e  fed 

gra s s  o n l y . Al s o  dry mat t e r  i nt ake s were gene r a l l y  h i ghe r 



Tab l e  3 . 5  - 1  Ave rage s of the a c tual amounts ( dmd ) of supplements and he rbage eaten by 
ca l v es during the expe riment (Means ± SE of 5 days)  

T R E A T M E N T S  

Block Period Diet s p L Q 

I 1 Grass (g/calf/d) 519 . 94 (± 42.84) 333 . 83 (± 33 . 30) 439 . 69 (± 31 . 16) 1134 . 95 ( ±  71 . 27) 
Suppl. (g/calf/d) 816 . 03 (± 30 . 14) 664 . 80 (± 19 . 11) 678 . 19 ( ±  0 ) 
Total dm (g/calf/d) 1333 . 97 (± 65 . 98) 998. 63 {±  37 . 73) 1117 . 88 ( ±  31 . 16) 1134 . 95 ( ± 71. 27) 
Suppl. proportion (%) 61 . 17 66 . 57 60 . 67 

2 Grass (g/calf/d) 524 . 23 (± 7 .  77) 277 . 58 ( ± 65 .75) 219 . 74 { ±  71 . 73) 1308 . 22 ( ± 86.40) 
Suppl. (g/calf/d) 902. 30 (± 5 . 20) 696 . 99 ( ± 0 . 00) 678 . 00 ( ±  0 . 00) 
Total dm (g/calf/d) 1426 . 49 ( ± 47. 74) 973 . 58 (± 65 .75) 897 . 93 ( ± 71 . 43) 1308 . 22 ( ± 86 . 40) 
Suppl.proportion (%) 63 . 25 71 . 49 75. 51 

II 1 Grass (g/calf/d) 288 . 84 ( ±  4 1 . 06) 508 . 44 ( ±115 . 43) 326 . 28 ( ±  61 . 83) 713 . 71 (±  40. 55) 
Suppl. (g/calf/d) 367. 91 ( ±  69.  08) 137. 43 ( ±  25 . 91) 625 . 69 ( ± 26. 20) 
Total dm (g/calf/d) 656 . 75 (±  77 . 78) 645 . 87 ( ±  93 . 37) 951 . 95 ( ±  62. 21) 713 . 71 {± 40. 55) 
Suppl.proportion (%)  56 . 02 21 . 28 65 .73 

2 Grass (g/calf/d) 807 . 72 ( ± 22 . 20) 951 . 99 ( ±  23 . 72) 662 . 78 { ±  21. 97) 1120 . 64 (±  53 . 54) 
Suppl. (g/calf/d) 459. 73 (±  99 . 21) 245 . 80 ( ±  54 . 14) 659 . 50 ( ±  4 . 19) 
Total dm (g/calf/d) 1267 . 64 (±106 . 06) 1197 . 79 ( ± 53 . 82) 1322 . 08 (± 23 . 39) 1120 . 64 ( ±  53 . 54) 
Suppl . proportion (%)  36 . 27 20 . 52 49 .88 

Ill 1 Grass (g/calf/d) 876 . 22 (± 42 . 87) 922 . 49 ( ±  58 . 75) 910 . 96 ( ±  88 . 93) 1435 . 22 ( ±105 . 14) 
Suppl. (g/calf/d) 747. 18 (± 3 6 . 09) 586 . 18 ( ±  11 . 77) 678 . 22 ( ± 0 . 002) 
Total dm (g/calf/d) 1623 . 40 ( ± 32 . 33) 1508 . 57 ( ±  70 . 07) 1589 . 18 ( ± 88 . 91) 1435 . 22 ( ±105 . 14) 
Suppl. proportion {%) 4 6 . 03 38. 85 42. 68 

2 Grass {g/calf/d) 975 . 97 ( ± 43 . 53) 1006 . 39 { ± 49. 46) 1072 . 70 { ±  60. 11) 1804 . 92 { ± 97 . 33) 
Suppl. {g/calf/d) 802 . 70 ( ± 25 . 56) 665 . 10 { ± 9. 13) 678 . 10 { ±  0 . 00) 
Total dm {g/calf/d) 1778 . 67 { ± 5 1 . 42) 1671 . 49 { ±  4 6 . 07) 1750 . 80 { ±  60 . 11) 1804 . 92 { ± 97. 33) 
Suppl. proportion {%) 4 5 . 13 39 . 79 38 .73 

Treatment neans {SE) 
Grass 665 . 49 { ±107 . 09) 666 . 79 { ±135. 34) 605 .35  { ±137 . 74) 1252 . 94 { ±148 . 68) 
Suppl. 682 . 64 ( ± 88. 20) 499 . 18 { ±  99. 39) 666 . 28 { ± 8 . 67) 
Total 1347 . 82 { ±158 . 32) 1165 . 99 { ±153 . 78) 1271 . 64 { ±141 . 24) 1252 . 94 { ±148. 68) 
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du ring the s e cond 5 - day c o l l e ct ion pe r i od than i n  the 

f i r s t  pe r i od . 

On ave rage the supp l ement s cont r ibut e d  5 1  ( S ) , 4 3 ( P )  

and 4 5 %  ( L )  o f  t ot a l  dry mat t e r  i nt ake . The l owe r values 

f o r  the P t re atment were l a rge l y  due t o  a very l ow i nt ake 

of dry mat t e r  by the cal f in B l ock I I . 

3 . 4  AS S E S SMENT OF CRD PERFORMANCE 

The phy s i ca l  spe c i f i cat i on s  o f  the CRD provided by 

Capt e c  Pty Ltd ( Manu fact u r e r  of C apt e c  Chrome ) s t a t e  that 

the c ap s u l e s  cont a ined 6 5 %  ( by we i ght ) of chromium 

s e s qu i o x i de i n  the mat r i x . 

The we i ght o f  the mat r i x  l o s t  from 

c a lve s No . 2 7 ,  2 8  and 30 dur i ng the t r i a l  

cap s u l e s  i n  

i n  a 1 0 -day 

c o l l e ct i o n  p e r i od ,  was me a sured by di f fe rence in we i ght . 

Thi s  provided an e s t imat e o f  a r e l e a s e  rate ( RR) o f  1 3 3  

mg chromi um p e r  day ( mg Crd- 1 ) .  Thi s comp a r e s  w i t h  the 

e xpected range provided by the manu facturer o f  1 1 7 - 1 4 3 mg 

Crd- 1 . 

As s e s sment o f  the p e r formance o f  the CRD s depend on 

the e s t ab l i shment of s at i s factory methods for Cr 

det e rminat i o n ,  the mea s urement o f  t ime requ i re d  for the 

CRD to de l iver a con s t ant amount o f  C r  and the 

me a surement o f  t ot a l  fae c a l  dry mat t e r  output in an 

i ndoor e xp e r i ment . Re s u l t s pert a i n i ng to e a ch o f  these 

aspects and c a l cu l at i on s  of C r  recove ry pe rcent ages are 

provided in the fo l l owing s e ct i ons . 

3 . 4 . 1 .  D ige s t i o n  Methods 

I n i t i a l  r e s u l t s  obt a i ned u s ing the st andard Cr 

ana l ys i s  ( s e e  Methods ) for fae c a l  C r  concent rat i on a s  

shown i n  T ab l e  3 . 6 ( de s i gnated a s  " Low B romat e " )  varied 

s i gn i fi cant l y  ( P < O . 0 0 1 )  betwe e n  consecut i ve days and 

appe ared to be ve ry l ow when conve rted to t o t a l  e xcret i on 

p e r  day value s . P o o r  oxidat i o n  was suspect ed . 



Tab l e  3 . 6  D a i ly Cr Conce n t r a t i on (vgg- 1 
dm ) i n  f a e c e s  i n  wh i c h  e r  w a s  de t e rm i n e d  by 

u s i ng both H igh ( HB )  and Low ( LB )  b roma t e  du r i ng the s e cond 5 - day 
me a s u reme n t  pe r iod o f  B l oc k  I I  

s 

Date HB 

24/5 11 . 17 ±l . 060 
25/5 10 . 33 ±0 . 07 0  
26/5 10 . 76 ±1 . 04 0  
27/5 11 . 50 ±0 . 000 
28/5 11 . 29 :!{) .  000 

�ans 11 . 01 ±0 . 002 
(SE) 

Significance of 
Difference (HB & LB) 

p 

LB Hl3 

4 . 10 ±0 .  020 9 .  7 6 ±0 . 000 
6 .  87 ±0 . 002 8 . 05 ±0 . 000 
8.  09 ±0 .  000 8 . 63 ±0 . 00 6  
8 . 76 ±0 . 000 7 . 06 ±0 . 000 
6 . 88 ±3 . 580 7 . 20 ±0 . 000 

6 .  94  ±0 . 400 8 . 14 ±0 . 06 0  

* * *  

T R E A T M E N T  

L G 

LB HB LB HB LB 

3 . 28 ±0 . 000 10 . 3 6 ±0 .  000 6 . 99 ±0 . 000 10 . 29 ±0 . 000 l .  6 6 ±0 . 000 
2 . 2 9 ±0 . 010 11 . 21 ±0 .  000 7 . 68±0 . 010 10 . 61±0 . 000 2 .  7 3 ±0 . 003 
3 . 15 ±0 . 003 13 . 13 ±0 . 100 8 . 94 ±0 . 001 7 . 47 ±0 . 000 1 . 3 0 ±0 . 001 
3 . 00±0 . 000 15 . 24 ±0 .  000 11 . 68 ±0 .  000 7 . 68±0 . 000 3 .  67 ±0 . 490 
2 . 64 ±0 . 010 16 . 28 ±0 . 000 12 . 66 ±0 . 000 8 . 24±0 . 000 1 . 4 2 ±0 . 000 

2 . 87 ±0 . 001 13 . 24 ±1. 130 9 . 50 ±1 . 110 8 . 86 ±0 . 150 2 . 16 ±0 . 040 

* * *  * * *  * * *  
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Faecal  s amp l e s  we re there fore re - a n a l y s e d  u s ing a 

h i gher amount o f  broma t e  in o rder t o  ensure comp l et e  

o x idat ion and a compar i s on between t h e  va lue s i s  

p r e s ent ed i n  T ab l e  3 .  6 f o r  t h e  faecal  s amp l e s  obt a ined 

du r i ng P e r i od 2 o f  B l ock I I ,  as t h i s  was a " s cour free " 

p e r i od . 

The di ffe rence due t o  chem i c a l  methods o f  ana l y s i s  

was h i gh l y  s i gn i fi cant ( P < 0 . 0 0 1 ) . 

The in fluence o f  two leve l s  o f  bromate i s  further 

i l l u st rat ed in F i g . 3 . 1 .  The re we re con s i st ent 

di f fe rence s in a l l  t r e atment s as a r e s u l t  o f  u s i ng 8 ml 

of  b romat e ( HB )  compared with 3 ml ( LB )  The between 

dup l i c a t e  va r i ab i l it y  was a l s o  dimini shed by u s ing HB 

l eve l s . 

3 . 4 . 2 Day t o  D ay Va r i at i on s  in Re l e a s e  Rat e 

The da i l y  e x c ret i on o f  C r  dur ing B l ocks I I  and I I I  

are s hown in F i g . 3 .  2 .  The dat a obt a ined from B l ock I 

we re not comparab l e  a s  t he CRD s were i n s e rt e d  a t  an 

e a r l i e r  date re l at ive to the co l l ect ion p e r i od ( Se e  T ab l e  

3 .  1 )  . 

Acco rding t o  the r e s u l t s  i n d i c a t ed i n  F i g . 3 . 2  there 

are l arge va r i at i on s  of C r  RR between day s . The s e  r e s u l t s  

further indicated that RR was be l ow e xpected l eve l s  ( 1 3 3  

m g  C r  d- 1 ) throughout mo s t  o f  P e r i od 1 within B l ock I I  

and I I I  whe reas  gradu a l  e qu i l ibrat ion s t arted dur ing 

P e r i od 2 .  

The data from the s e cond p e r i od o f  a l l  b l o cks are 

there fore of mo s t  int e r e s t  with re spect to e s t ab l i shing 

" n o rma l " day t o  day var i at i on s  i n  C r  concent rat i o n  whi ch 

i s  an import ant cons ide rat ion when devi s ing ' opt imum ' 

s amp l ing regimes in f i e l d  s t udi e s . 
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Tab l e  3 . 7  Mean re l e a s e  r a te ( RR )  o f  c h rom i um ( mq C rd
- 1

) f rom i nd i v i du a l  c a l ve s  du r i ng 
the s econd pe r i od o f  e a c h  of the three B l oc k s  ( M e a n s  ± S E  f o r  5 d ays ) 

Block s 

I 123 . 14 ± 27 . 87 

I I  148 . 09 ± 23 . 03 

I I I  131 . 37 ± 12 . 98 

Means ( SE) 134 . 20 ± 12 . 72 

T R E A T M E N T S  

p 

98 . 74 ± 14 . 03 

138 . 83 ± 32 . 50 

152 . 96 ± 2 5 .  60 

130 . 18 ± 15 . 45 

L G 

95 . 82 ± 12 . 7 4  116 . 7 9 ± 15 . 08 

90 . 04 ± 15 . 03 141 . 19 ± l7 . 7 9  

120 . 35 ± 23 . 62 125 . 46 ± 23 . 7 6 

103 . 16 ± 29 . 7 6 127 . 82 ± 12 . 37 

Significance 

NS 
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3 . 4 . 3  Rat ion E f fect o n  Chromium Re l e a s e  Rat e 

The i n f l uence o f  p o s s ib l e  rat i o n  e f fe c t s  on r e l e a s e  

rate a r e  shown i n  T a b l e  3 . 7 .  

The r e s u l t s  obt a i ne d  from the ana l y s i s  o f  dat a 

i ndi cated that there were n o  s i gn i fi cant di f fe rences 

caused by the rat i on s  i n  the e x c ret i on of C r  ( s e e  Anova 

in Appendi x T ab l e  2 ) . Howeve r ,  the me ans o f  mo st 

t re atment s and e sp e c i a l l y  that for t he L t re at ment was 

be l ow the expected RR of 1 3 3  mg C r  d- 1 . 

3 . 4 . 4  D ay t o  D ay and D iu r n a l  Va r i a t i on s  i n  Chromium 

Concent rat i o n  

The C r  concent rat i on i n  grab s amp l e s  t aken from a l l  

c a l ve s  at three di f fe rent t ime s o f  t he day o n  i ndivi du a l  

day s du r i ng B l ock I I  a r e  s hown i n  F ig . 3 . 3 .  

Day t o  day var i at i on was c l e a r l y  much l a rge r dur i ng 

the f i r s t  comp a red with the s e cond p e r i od . The day t o  day 

e f fect s appea red mo re import ant than within day 

var i at i on s  ( s ee Appendi x T ab l e  4 )  . The m a i n  e f fe c t s  o f  

t ime o f  s amp l i ng du ring t he day a r e  g iven i n  T ab l e  3 . 8 .  

The s e  r e s u l t s con f i rm that there i s  ve ry l itt l e  

var i at i on a s s o c i at e d  w i t h  t ime o f  s amp l ing a n d  hence t ime 

o f  feedi n g . 

3 . 4 . 5  Chromium Re cove ry 

The concent rat i o n  o f  C r  i n  t he f a e c a l  mat e r i a l  a s  a 

pe rcent age o f  the ( as sumed 1 3 3  mg)  t o t a l  amount o f  C r  fed 

t o  the c a l ve s  via CRD s  was e s t imated du r i ng the s econd 5 -

day c o l l e ct i on pe r i od o f  e ach b l ock . A r e l at ive l y  s t e ady 

RR was expected a ft e r  a p e r i od o f  more 

( s e e  F i g . 3 .  2 )  The re s u l t s  from da i l y  

fae c a l  s amp l e s  o f  individu a l  ca lve s  are 

3 .  9 .  

than f ive days 

repres ent at ive 

shown in Tab l e  
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Tab l e  3 . 8  

T re a tment 

s 

p 

L 

G 

�ans (SE) 

The e f f e c ts of t ime o f  s ampl i ng du r i ng the d ay on c h rom i um conc e n t ra t ion 
(ugg- r-

dm ) i n  f a e c e s  du r i ng pe riod 2 o f  B l oc k  II ( Me a n s  ± SE of 5 days ) 

TIME WITHIN DAY 

10 . 00 am 1 . 00 pn 

10 . 3 2 ± 0 . 10 9 . 34 ± 0 . 03 

10 . 30 ± 0 . 00 10 . 13 ± 0 . 14 

10 . 54 ± 1 . 04 10 . 98 ± 1 . 15 
\ 

9 . 54 ± 0 . 09 10 . 30 ± 0 . 18 

10 . 18 ± 0 . 00 10 . 19 ± 0 . 01 

4 . 00 I!!! 

9 . 39 ± 0 . 11 

10 . 38 ± 0 . 58 

11 . 50 ± 0 . 55 

9 . 11 ± 0 . 49 

10 . 10 ± 0 . 09 

Means (SE) Day'
� Significance 

Representative 
�le 

9 . 68 ± 0 . 02 8 . 87 ± 0 . 11 NS 

10 . 22 ± 0 . 00 9 . 86 ± 0 . 03 NS 

11 . 01 ± 0 . 00 9 . 80 ± 0 . 17 NS 

10 . 08 '± 0 . 01 9 . 32 ± 0 . 03 NS 

10 . 17 ± 0 . 09 9 . 4 6 ± 0 . 01 NS 



Tab l e  3 . 9  Chrom i um Re cove r i e s  ( % ). · f rom dai ly repre s e n ta t ive f aec a l  s ampl e s  taken f rom 
i nd i v i du a i c a l ve s  d u r i ng the second pe r i ods o f  B l o c k s  I ,  I I  a n d  I l l  

T R E A T M E N T S  

Block s p L G LSD 

I 9 2 . 59 72 . 05 67 . 63 87 . 80 

II 111 . 35 104 . 38 67 . 70 106 . 16 

Ill  98 . 77 115 . 00 9 0 . 49 9 4 . 33 

�ans ( ±sE) 100 . 90 ± 5 . 5  97 . 14 ± 12 . 93 7 5 . '?7 ± 7 . 62 9 6 . 10 ± 5 . 34 26 . 71 (NS) 
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Ana l y s i s  o f  vari ance indicated no s i gn i fi cant 

di f fe rence between recovery me an s . However ,  t re atment L 

l ooked s u s p i c i ou s l y  l ow a l t hough i n s i gn i f i cant ( LSD 

2 6 . 7 1 ) . Such a r e s u l t  was due to a sma l l  numb e r  of ca lve s 

u s e d  within t reatment s . 

Mean r ecove r i e s  we re l ow in B l ock I pre sumab l y  due 

t o  exhau s t i on o f  Cr in the CRD s . According t o  the 

manu fact u re r ,  t h e  p r e s cribed l i fe t ime of t he device i s  

2 5 days wher e a s  B l ock I calve s  had had the devi c e s  for 2 5  

days by the end o f  co l l e ct i on pe r i od . 

3 . 5  UT I L I ZAT I ON OF RAT I ONS FOR CALF GROWTH 

3 . 5 . 1  Ene rgy Ut i l i z at i on 

The amount o f  energy 

was found by c a l cu l at ing 

( MJME d- 1 ) consumed by ca lve s 

the d i f fe rence between the 

ene rgy eaten by t he cal f and that l o s t  by way of faeces 

and urine output and a l s o  an a s s umed value for methane 

l o s s e s  ( 1 2 %  o f  d i ge s t i b l e  e n e rgy , f o r  ab ove m a i nt e n a n c e  

l eve l of feeding ; McDonald et al 1 9 8 1 ) . 

The s e  va l u e s  t ogether with e s t imat e s  o f  dige s t ib l e  

energy ( DE )  coe f f i c i e n t s  and t he met abo l i s ab l e  energy 

( ME )  concent rat i on ( MJME kg- 1 ctm ) o f  rat i on s  are provided 

i n  Append i x  T ab l e  6 .  The e f fect s o f  t ime ( age and we i ght ) 

on the ut i l i z at i on o f  rat i on s  i s  a l s o  i ndi cated . A 

s ummary o f  the most important o f  the s e  va r i ab l e s  i s  

indicated i n  T ab l e  4 . 1 .  

The DE int ake and concent rat ions appeared h i gher for 

the L t re atment t han the other 3 t re atment s howeve r ,  t h i s  

w a s  b a s e d  on · ve ry few an ima l s  p e r  t re atment . 

The DE concent rat ion o f  the four rat i on s  du r ing e ach 

o f  the 5 -day p e r i ods for i ndividu a l  c a lve s in re l at i on t o  

t h e  proport i on o f  the t ot a l  intakes  as  supp l ement s are 

s hown in F i g . 3 . 4 .  Gene r a l l y  g ra s s  DE concent rat i on 

de c l ined ove r t ime . It  i s  a l s o  indicated that L t re atment 



Tab l e  4 . 1 Ene rgy U t i l i s e d  by C a l v e s  fed d i f f e re n t  r a t ions 
( Me a n s  ± S E  of 4 pe riods ) 

*�ans of 5 days ( ± SE) 

Apparent DEI ( 1 )  
(MJ I cal f  I d) 

Proportion of UEO ( 2 )  
to DEI ( % )  

DE Concentration ( % )  

ME Concentration 
(MJMEikg OM) 

s 

17 . 17 ± 8 .  00 
(22 . 44 ± 4 . 3 6 )  

9 .  0 0  ± 3 .  00 
(7 . 00 ± 6 . 14 )  

77 • 50 ± 3 • 50)  
(76 . 00 ± 2 . 00 )  

11 . 69 ± o .  7 6  
( l l .  8 9  ± 0 .  0 3 )  

* For Blocks II and Ill 

1 Digestible Energy Intake 

2 Urinary Energy OUtput as % of DEI 

Unbracketed numbers = Period 1 

Bracketed numbers = Period 2 

T R E A T M E N T  

p L 

16 . 51 ± 7 .  70 21 . 88 ± 4 .  73 
(22 . 69 ± 4 . 10 )  (27 . 24 ± 2 . 82 )  

9 .  5 0  ± 2 . 50 5 . 50 ± 0 . 06 
(7 . 50 ± 0 .  06) ( 4 . 50 ± 0 . 06 )  

7 4 . 50 ± 4 . 50 84 . 00 ± 2 . 00 
(78 . 0 ± 0 .  00) (85 . 51 ± 2 . 50 )  

11 . 63 ± 1 . 28 14 . 3 1 ± 0 . 05 
(12 . 65 ± 0 . 003 ) (14 . 89 ± 0 . 15)  

G Significance 
for treabnent 

difference 

15 . 18 ± 4 .  72  NS 
( 2 1 .  01 ± 4 .  8 5 )  

12 . 50 ± 1 . 50 NS 
(7 . 00 ± 0 .  00 ) 

7 4 . 50 ± 2 . 50 * 
(73 . 50 ± 0 . 06 )  

10 . 80 ± 0 . 00 NS 
( 11 . 66 ± 0 . 01 )  
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h a d  s ign i f i cant l y  h i gher ( P < O . 0 5 )  amount o f  DE 

concent rat i on in t he rat i on . 

The p roport i on o f  DE l o s t  in u r ine a l s o  appeared t o  

be re l at ive l y  l ow i n  t h e  L t reatment c a lve s c ompared with 

t he rema in i ng t re at ment s ( T ab l e  4 . 1 ) and thi s proport i on 

a l s o  con s i s t ent l y  dec re a s ed ove r t ime ( Pe r i o d  2 vs P e r i od 

1 )  . The mean ME i nt ake for the 3 ca lves on e ach o f  the 

t re atment s dur ing p e r i od 2 we re 1 6 . 1 0 ,  1 5 . 2 0 ,  1 8 . 4 0 and 

1 4 . 7 3 for S ,  P ,  L and G t reatmen t s  re spect ive l y . The s e  

app a rent d i f fe rence s were a s s o c i at e d  w i t h  di f fe rence s in 

DE i nt a k e s  a s  we l l  a s  fae c a l  and u r inary l o s se s . 

The ME concent rat i on s  we re 1 1 . 2 3 ,  1 1 . 7 9 ,  1 2 . 1 4 and 

1 4 . 6 0 MJME kg- 1 ctm f o r  G, S ,  P and L rat i on s  re spect ive ly . 

The mean l ivewe i ght ( LW )  o f  c a lve s and the i r  we i ght 

g a i n s  during the durat i on o f  the e xp e r iment are s hown in 

T ab l e  4 .  2 .  They ranked P >L > S >G but were based on on l y  

three va l u e s  p e r  t reatment . 

T ab l e  4 . 2 The means o f  l ivewe ight s ( i n i t i a l  and final)  
and dai ly l ivewe ight ga in (LWG) for ca lve s on 
di f fe rent rat i on s  

LW ( kg )  LW ( k g )  LWG CV 
T r e atment s ( I n i t i a l ) ( F ina l )  ( kg d- 1 ) ( % )  

s 6 9 . 3 0 �3 . 7 1  7 3 . 6 7�2 . 5 6 0 . 4 4 3 . 0 6 

p 7 2 . 6 7 �1 . 9 7 7 8 . 9 3�3 . 3 9 0 . 6 3 4 . 1 3 

L 6 9 . 6 7 2:,2 . 3 6 7 4 . 5 0�0 . 0 2 0 . 5 7  3 . 4 5 

G 6 4 . 3 3 +4 . 2 0  6 8 . 2 7 + 3 . 5 8 0 . 3 9  3 . 0 3 

3 . 5 . 2  N i t rogen B a l ance 

The amount o f  - n i t rogen reta i ned ( NR) was found by 

s ubt ract ing the sum o f  the N l o s se s  v i a  faeces and the 
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u r i n e  from the t o t a l  N int ake . The re s u l t s  for B l o cks I ,  

I I  and I I I  are shown in Tab l e  4 .4 .  

During B l ock I I  P e r i o d  1 ,  a l l  c a lve s e xcept L were 

in a negat ive N-ba l ance . T h i s  was a s s o c i ated with l ow 

amoun t s  o f  dry mat t e r  int ake ( See T ab l e  3 .  5 ) . I n  a l l  

B l o c ks s ,  c a l  ve s s  o n  L t re atment had the h ighe s t  NR a s  a 

p roport i on o f  N- int ake . 

The re l at i on ship between NR and dige s t i b l e  energy 

i nt ake i s  further e l aborated in F i g . 3 . 5 .  Ana l y s i s  showed 

a s t rong ove r a l l  p o s i t ive corre l at i on ( r  = 0 . 8 0 )  between 

n i t rogen ret a ined and the quant i t y  o f  d i ge s t ib l e  ene rgy 

con s umed . DE i nt ake had a s i gn i f i c ant ( P < 0 . 0 1 )  e f fect on 

NR . The p o o l e d  regre s s i on was as fo l l ows : 

NR = - 1 8 . 7 9 ( �  6 . 5 2 )  + 1 . 2 4 ( �  0 . 3 0 )  DE I ,  R2 
= 0 . 6 3 

Re l at i onships between NR and DE i nt ak e  o f  individu a l  

rat i on s  we re furthe r comput ed a n d  are pre s ented i n  Tab l e  

4 . 3 

T ab l e  4 .3 Re l at i onship between NR and DE i nt ake for 
individu a l  rat i on s . 

EQUAT I ON 
T re atment a b r R2 S ig n i f i ca n ce 

s y + - 1 6 . 1 7 ( _  7 .  1 3 )  + 1 . 1 9 ( + 0 . 3 1 ) x ;  

p y - 2 8 . 2 1 ( �1 2  . 9 2 ) + 1 . 6 0 (+ 0 . 6 4 ) x ; 

L y - 4 . 4 3 ( �1 4 . 6 3 )  + 0 . 4 6 (+ 0 . 6 3 ) x ;  

G y = - 1 3  . 2 0 ( �0 . 8 0 ) + 0 . 7 5 (+ 0 . 0 4 ) x ;  

Footnot e : 

y 
X 
a 
b 
r 
R2 

= 

= 

= 

NR ( g  d- 1 ) 
DE int ake ( MJ/ c a l f / day ) 
Y inte rcept 
regre s s i on coe f f i c i ent 
corre l at i on coe f f i c i ent 
coe f f i c i ent of det e rminat i on 

0 . 9 7 0 . 9 4 NS 

0 . 9 3 0 . 8 6 N S  

0 . 5 9  0 . 3 5 NS 

1 .  0 0  0 . 9 9 * 



Tab l e  4 .4- Me a n s  N R (gd- 1 ) and a s  a propo r t ion of N- i n t a k e  ( % )  f o r  i nd i v i du a l 
c a l v e s  i n  the three B l o c k s  

Block 

I 

II 

III 

Period 

2 

1 
2 

1 
2 

T R E A T M E N T S  

s p 

13 . 28 (25)  

-7 . 81 (-31) 
7 . 68 ( 16)  

17 . 7 8  ( 28)  
16 . 24 ( 23)  

-0 . 13 (-0 . 30 )  

-7 . 33 (-27 ) 
-1 . 50 (- 3 )  

14 . 54 ( 23 ) 
15 . 28 ( 21)  

Numbers out of brackets = .Means NR for 5-day period 
Numbers in brackets = NR as a proportion of N-intake (%)  

L 

10 . 63 (25)  

13 . 11 (29)  
2 1 . 41 (35)  

23 . 35 (33 ) 
10 . 63 (25)  

G 

5 . 24 ( 10)  

-8 . 20 (-28) 
1 .  7 3  ( 4 )  

2 . 02 ( 3 )  
5 . 24 ( 10 ) 
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The regre s s ion for 

s i gn i fi cant l y  di f fe rent 

calve s . 

the L t re atment ca lve s was 

( P < O . 0 5 )  from that for the G 

3 . 5 . 3  Accuracy o f  in - vi t ro (ce l l u l a se) m e t h o d  o f  

Determining D ige st ibi l ity 

I n  f i e l d  studi e s  CRD s may be u s e d  t o  e s t imate the 

amount o f  faecal output wh i ch i s  requ i red for 

indige s t i b i l it y  e s t i mat i on . Thi s p o s e s  a que s t i on as  to  

whether i n -vi tro dige s t ib i l i t i e s  are s u f f i ci ent l y  

accurate f o r  intake a s s e s sment . T h i s  a spect wa s a s se s sed 

by undert aking in vi t ro d i ge s t i o n  of the he rbage u s e d  t o  

feed the ca lve s indo o r s  a s  s hown i n  T ab l e  4 . 5 .  

T ab l e  4 . 5  The in vi vo and i n  vi t ro d ige s t i b i l ity o f  
he rbage . 

P e r i od/ 
B l ock 

P l B l
+ 

P 2 B 1 
P 1 B2 
P 2 B2 
P 1 B 3 
P 2 B 3 

Me ans ( SE )  

In vi vo 
dige s t ib i l it y  

( %  DMD ) 

7 9 . 6 o a *  

7 4 . 1 1 b 

7 6 . o ob 

7 3 . o ob 

7 0 . 3 9b 

7 1 . 5 6b 

7 4 . 1 1+ 1 . 3 6 

In vi t ro 
digest ib i l it y  

( %  DMD ) 

7 4 . 6 4b 

7 4 . 7 6b 

7 6 . 9 9b 

7 4 . 5 3b 

7 4 . 95b 

7 6 . 5 3b 

7 5 . 4 1+ 0 . 0 0 2  

In vi vo 
dige s t ib i l i t y  

( %  OMD ) 

7 8 . 7 4 

7 9 . 0 2 

8 1 . 5 1 

7 9 . 1 5 

7 9 . 2 4 

8 1 . 0 3 

7 9 . 78 + 0 . 0 8 

* Va l u e s  fo l l owed by a common l e t t e r  are not 
s i gn i fi cant l y  di f ferent ( u s ing L S D )  . 

+ P and B i ndi cate P e r i o d  and B l o ck re spect ive l y . 
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The mean i n  vi vo herbage d i ge s t ib i l i t y  re s u l t  ( 7 4 . 1 1 

± 1 . 3 6 )  was not s ign i fi cant l y  d i f fe rent from the mean in 

vi t ro f i gure ( 7 5 . 4 1 :t 0 . 0 0 2 )  but s ome individu a l  values 

d i f fe red c o n s iderab l y . 

There was � gradu a l  de c l i n e  o f  t he i n  vi vo 

digest ib i l it y  va l u e s  ove r t ime but no such t rend was 

apparent in the in vi t ro va l ue s . 



4 . 1  ANALYT I CAL METHOD 

CHAP TER 4 

D I SCUS S I ON 

The re s u l t s  indicate a s ign i fi cant d i f fe rence 

( P < O . 0 0 1 )  between the u s e  of l ow bromat e , 3 ml s u s ed by 

C o s t igan et al ( 1 9 8 7 )  and the h i gh b r omat e ,  8 ml used in 

the pre sent e xpe r i ment . P reviou s l y ,  a procedure based on 

t hat o f  Chr i s t i an and Coup ( 1 9 5 4 )  i nvolving dige s t ion o f  

t he a shed faecal s amp l e  with phospho r i c  a c i d-mangane s e  

s u lphat e s o lut i on and pot a s s ium b r omate w a s  inve st igated 

by Wi l l i ams et al ( 1 9 6 2 ) and l at e r  w i de l y  adopted . In 

t h i s  e xp e r i ment it  was found that l ack of Cr 

s o lubi l i z at i on was ma i n l y  due to i nadequate o x i dat i on o f  

chromi c ( I  I I )  o x i de whi ch event u a l l y  get s converted t o  

s o l ub l e  chromate whi ch r e l e a s e s  Cr (VI ) in  s o lut i on 

( F i sher and Lee 1 9 8 2  and Lee e t  a l, 1 9 8 6 ) . 

The se resu l t s  con f i rm e a r l i e r  ob s e rvat i on s  ( Cu rran 

e t  a l ,  1 9 6 7 , Krohn and Konggaard,  1 9 7 6 )  that dige st i on 

procedu r e s  mi ght be one o f  the c au s e s  for l ow Cr 

re cove r i e s  and t here fore a s ource of ' l ong- t e rm '  errors 

( Langl ands e t  a l, 1 9 6 3  and Langl ands , 1 9 8 7 )  . 

The HB , apart from acce l e rat ing the rate o f  

o x i dat i on decre ased the between dup l i cate var i ab i l it y  i n  

Cr concent rat ion , thi s i s  indicated b y  t he broad range o f  

S E  0 .  0 0  t o  3 .  3 1 )  dup l i cate means f o r  LB s amp l e s  and 

by a n a rrow range of SE ( 0 .  0 0  - 0 .  4 5 )  for HB s ampl e  

me ans for B l ocks I - I I I . 

A p a ra l l e l  r e l at i onship r e s u lt e d  ( F i g . 3 . 1 ) when 

dat a for HB we re p l otted aga i n s t  LB chromium 

concent rat i on du r ing B l o ck I .  Such a re lat i onship 

c e rt a i n l y  demon s t rated the even di s s o lut i on o f  Cr ( I I I )  at 

a h i gher bromat e l eve l than 3 m l s . To a cert a i n  ext ent 

the behaviour o f  the s e  curve s are a f fected by the t ype o f  
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rat i o n ,  and the amount of  dry mat t e r  int ake ( s ee Appendix 

T ab l e  6 )  . 

Wh i l e the addit i on o f  e xt ra bromat e wa s most 

s u c ce s s fu l  i n  reducing va r i ab i l it y  between dup l i cate 

s amp l e s  and increas ing t he Cr concent rat i o n ,  mo re work i s  

needed t o  i nve s t i gate the ' opt i mum ' amount o f  bromat e t o  

b e  u sed dur i ng d ige s t i on a s  t o  have maximum ox idat ion o f  

Cr ( I I I )  i n t o  s o l ub l e  chromat e . 

4 . 2 VARIAB I L I TY OF MARKER EXCRE T I ON BETWEEN DAY S 

Re s u l t s  i n  F i g . 3 .  2 indicated l arge var i at i on s  in 

marker RR between day s . Acc o rding t o  Lang l ands e t  al  

( 1 9 6 3 a ) , when re ferring t o  g e l a t i n  cap s u l e s  and Cr 

i mp regnat ed p ape r sugge st e d  cau s e s  of such var i at i on 

cou l d  be e ithe r  ' l ong t e rm '  o r  ' short t e rm '  error s . They 

advocated that l ong t e rm e r r o r s  c o u l d  r e s u l t  from an 

inadequat e p r e l iminary p e r i od o f  i ncomp l et e  re covery o f  

t he marker dur ing ana l y s i s  whe reas  short t e rm errors 

t yp i c a l l y  a r i s e  be cau s e  of  d i u r n a l  var i at i on in marker 

e xc ret ion a s  a r e s u l t  of i nadequate m i x ing of feed and 

marker in t he rumeno- ret i cu l um . At l e a s t  s ome of the s e  

r e a s on s  for var i at i on between d a y s  m a y  there fore app l y  t o  

CRD s a s  t o  other forms o f  C r  adm i n i s t rat i on . 

I n  both B l ocks I I and I I I a more even s t at e  o f  Cr 

r e l e a s e  was gene r a l l y  not i ced dur ing the s e cond period 

( F i g . 3 . 2 )  a ft e r  an ave rage o f  7 days fo l l owing i n s e rt i on 

o f  the CRD s . Howeve r ,  accordi ng t o  the manu facturers 

p r e s c r ipt ion for thi s p a rt i c u l a r  t ype of devi ce the 

r e l e a s e  rate i s  expected t o  be con s t ant and steady 

between days 5 and 2 5 o f  the cap s u l e  adm in i s t rat i on . 

Le Du and Penning ( 1 9 8 2 ) recommended a p r e l iminary do s ing 

pe r i od o f  7 days (with anima l s  be i ng do s e d  with Cr twice 

da i l y )  and they a l s o  recommended a 5 -day s amp l i ng period 

s imi l a r  t o  what was u s ed in t he p r e s ent s tudy . The s e  

re s u l t s  we re furthe r con f i rmed by Va l de rrabano ( 1 97 9 )  who 
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adm i n i s t e red Cr to l amb s f o r  a pe r i od o f  7 ,  1 2 ,  1 4 ,  1 9 , 

2 8  and 3 3  days p r i o r  t o  s t art ing fae c a l  c o l l e ct i on ,  and 

s howed that a ft e r  7 days an equ i l ib r ium between marker 

fed and exc reted was re ached . 

I t  can the re fore be conclude d ,  t hat a p r e l iminary 

p e r i o d  of n ot l e s s  than 7 days i s  to enab l e  the CRD to 

g ive an equ i l ibrated C r  r e l e a s e  be fore fae c a l  c o l l e ct i on 

s t a rt s . 

Rat i on e f fect s The r e s u l t s  indicated t hat t he type 

o f  diet did not have a s i gn i fi cant i n f l uence on r e l e a s e  

r at e ,  in  agreement w i t h  r e s u l t s  o f  Laby e t  a l  ( 1 9 8 4 )  . 

Howeve r ,  t he p o s s ib i l it y  rema i n s  t h at t he L t re atment may 

l e ad to l owe r RR of Cr ( s ee T ab l e  4 .  6 )  as t he dat a i n  

thi s e xp e r iment w a s  b a s e d  on few ca lves w i t h i n  t re atment 

( n  = 3 ) . 

The e f fect o f  the s uppl ement in e ach rat i on upon Cr 

r e l e a s e  rate is s umma r i s e d  i n  T ab l e  4 . 6 . 

T a b l e  4 . 6  The propo rt i on o f  suppl ement ( % )  in  e a ch rat ion 

fed t o  ca lve s and the mean RR of C r . 

TRT * RAT I ON COMPONENT S RR ( mgd- 1 ) % Devi at i on from 
Gras s S uppl ement e xpected RR ( 1 3 3  

mg d- 1 ) 

s 4 9 . 3 8 5 0 . 65 1 3 4 . 2 0 a+ 1 2 . 7 2  + 0 . 9 0 

p 5 7 . 1 9 4 2 . 8 1 1 3 0 . 1 8 a+ 1 5 . 4 5  - 2 . 1 2 

L 4 7 . 6 0 5 2 . 4 0 1 0 3 . 1 6 a+ 1 2 . 3 7 - 1 8 . 6 8 

G 1 0 0 . 0 0 1 2 7 . 8 2  a+ 1 2 . 3 7  - 3 . 8 9 

* Data from Tab l e  3 . 4  

Me ans with s ame letter don ' t di f fe r  s i gn i fi cant l y  
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Ca lve s on a l l  rat i on s  ex cept S gave a RR be l ow the 

e xpected . T h i s  t rend wa s previ ous l y documented by other 

worke r s  ( Langl ands et a l ,  1 9 6 3 a ) ; Hopper et a l , 1 9 7 8 ,  and 

Moran et a l , 1 9 8 7 ) , that many fact o r s  a f fect ing RR have a 

dep re s s ive rathe r  t han enhancing i n fluence on Cr r e l e a s e  

( Lee e t  a l ,  1 9 8 6 )  . 

The r e s u l t s  a l s o  indicated that the l owe s t  RR was 

from L ca lves whi ch a l s o  had the l e a s t  p roport ion o f  

g r a s s  ( 4 7 . 6 0 % )  t o t a l  i nt ake and h i ghe s t  propo rt ion o f  

s upp l ement i nt ake ( 5 2 . 4 0 % )  but i n  form o f  l iqui d . The 

f l u i d  nature o f  t he diet m i ght be i mp l i cated with cau s ing 

l ow RR a l though t h i s  was not s t at i s t i ca l l y  di f fe rent from 

t he othe r rat i on s . Langl ands ( 1 9 7 5 ) u s ed g e l at in cap s u l e s  

i n  sheep a n d  h e  w a s  o f  t he v i ew that i ncomp l e t e  m i x ing o f  

t he marker and t he food ( i nt ended t o  b e  marked) i n  the 

digest ive t ract o f  t he animal c o u l d  p a rt l y  lead t o  l ow 

RR . 

4 . 3  DAY TO DAY AND D IURNAL VARIAT I ON I N  CR CONCENTRAT I ON 

4 . 3 . 1  D iu r n a l  E ffect s 

Chromium concent rat i o n  i n  grab s amp l e s  t aken at 

equ i di st ant t ime s o f  the day l i ght did not di ffer 

s ign i f i cant l y . Howeve r ,  t he concent rat i on was at it s 

max i mum at 0 1 . 0 0 pm ( 1 0 . 1 9 ± 0 .  0 1  � g Crg- 1 dm ) . Mo re 

marked di f fe rence s we re e a r l i e r  do cument ed by a number o f  

workers ( Raymond and Min s o n ,  1 9 5 5 ,  Smith and Re i d ,  1 95 5  

and B r i s s o n  e t  a l, 1 95 7 ) whi l e  u s ing ge l at in cap s u l e s  i n  

g r a z i ng cows . They found h i gher Cr concent rat ions in the 

morn ing than a ft e rn oon s amp l e s . H i gh concent rat i on o f  Cr 

i n  morning fae c a l  s amp l e s  was a t t r ibuted t o  more act ive 

feeding and ruminat i on whi ch the c a l f s t a r t s  e a r l y  in the 

morn i n g ,  the re fore by the t ime s amp l i ng s t arted there was 

a l re ady a thorough m i x i ng of feed and t he marke r . Al s o  

N i c o l l  a n d  She r i ngt on ( 1 9 8 4 )  found a s ign i fi cant cyc l i c  
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pattern i n  mean C r  concent rat i on when t hey u sed s h redded 

Cr2 0 3 paper and a frequency o f  twice da i l y  s amp l i ng . 

The dat a i n  T ab l e  3 . 8  backed-up by F i g . 3 . 3  

i ndi cated s ome var i at i ons in d i u rna l C r  concent rat ions 

a l though t he y  were not s t at i st i c a l l y  s ign i fi cant . Thi s 

p robab l y  re flected norma l f lu ct u at i on s  i n  e i ther dry 

mat t e r  i nt ake or di ge s t ib i l it y  or bot h ,  att r ibute s  whi ch 

we re not measured at s amp l i ng t ime s but measured on a 2 4  

h ba s i s . Howeve r ,  there i s  a l ot o f  evidence ( Hodg s o n ,  

1 9 6 8 ) t h a t  a curvi l inear re l at i on s h ip e x i st s between 

digest i b i l it y  o f  t he d i et and t he amount e at e n  whi ch 

event ua l ly i n fl uences the rate o f  food p a s s age i n  the 

ret i cu l a - rumen and i s  there fore re f l e ct e d  i n  the 

concent rat i on o f  Cr in fae c a l  output . The i n f l uence o f  

diet digest ibi l it y  was a l s o  h i gh l i ghted b y  Hopper e t  a l  

( 1 9 7 8 )  who found var i at i on s  in Cr concent rat i on i n  faecal 

mat e r i a l  from s heep fed on f o rage with d i ge s t ibi l it y  

r anging from 7 1  t o  8 1 %  compared w i t h  7 0 - 7 9% i n  the 

p r e s ent s tudy . 

The ext ent o f  diurnal f luctuat i on s  may depend on the 

way in whi ch s upp l ement s are fed . In the present 

e xp e r i ment , s upp l ement s were ava i l ab l e  cont inuou s l y  ( with 

e xcept i on of  l i qui d  mi l k  p ropo rt i on of  L t re atment ) 

rathe r than at di s crete meal s .  T h i s  i s  due t o  the fact 

t hat concent rat e s , who s e  ene rgy i s  readi l y  ava i l ab l e  for 

met abo l i c  purpo s e s ,  rema in in the ant e r i o r  p o rt i on of the 

rumen and t hu s  s e cure a rap i d  ent ry t o  t he ret i cu lum and 

oma s um . Whi l e roughage s ,  who s e  ene rgy i s  not readi l y  

ava i l ab l e  and t he re fore requ i re s  predige s t i on t r eatment 

by the rumen m i c r o o rgani sms , are forced to the rear o f  

t he rumen , from whi ch po int they must make a s l ow 

movement unt i l  regurgitat i on and rema s t i cat i on ( Van S o e st 

1 9 8 2 ) . T o  be ab l e  t o  i s o l at e  the i n f l uence o f  he rbage and 

' dr y '  s upp l ement when fed t ogethe r ,  s ome wo rke r s  ( Uden e t  

a l ,  1 9 8 0 )  u s ed p o l yethyl ene g l y c o l  ( PE G )  I n  t h e  p re s ent 

s tudy P E G  was not u s ed becau s e  it  was found to be 
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a s s o c i at e d  with a number of  s e r i ou s  l im i t at ions l i ke l ack 

o f  a spec i fi c ,  s e n s i t ive and accurate method o f  ana l y s i s  

whi ch exp l a ins part l y  i t s  occa s i onal  fai lu re t o  achieve 

comp l e t e  recove ry o r  reprodu c ib l e  r e s u lt s . The s e  

l im i t at i on s  were e a r l i e r  s ounded b y  MacRae ( 1 9 7 4 ) . 

The r e s u l t s  from the pre s ent s tudy a l s o  s howed that 

t he r e  was no s i gn i fi cant d i f fe rence between Cr 

concent rat i on from the s ampl e s  t aken at equ i d i s t ant t ime s 

o f  the day ( 1 0 . 1 7 .!. 0 . 0 9 � gCr g- 1 drn )  and the day ' s 

rep r e s entat ive fae c a l  s amp l e  concent rat i on ( 9 .  4 6 j: 0 .  0 1  

1-l g  C rg- 1 drn ) , i t  i s  t he re fore concluded that s amp l ing 

mo re t han one t ime within a day i s  un import ant becau se 

fluctuat i on s  in Cr concent rat i on s  wer e  more not i ceab l e  

between days t h a n  within d a y  s amp l e s . T h e  best t ime f o r  

fae c a l  s amp l ing s hou l d  be s ynchron i z e d  with feeding 

s chedu l e  and i f  c a lve s do not defecat e  natura l l y  t he y  

shou l d  be made t o  d o  s o  by rect a l  s t i mu l at ion ( rect a l  

grab s amp l i n g )  a s  demonst rated by Hardi s o n  and Re i d  

( 1 9 5 3 ) . 

I n  t h i s  exper iment the mean o f  s amp l e s  t aken at 

0 4 . 0 0 pm was found to be s imi l a r  t o  t h o s e  comp o s ited for 

a 2 4  h p e r i od . Thi s t ime is a l s o  conve n i ent in New 

Z e a l and whe re rout ine m i l k ing i s  a l s o  at 0 4 . 0 0 pm , a t ime 

whe n  fae c a l  s amp l e s  can be t aken from l act at ing cows . 

I t  was concluded from the r e s u l t s  o f  t h i s  s tudy that 

f l u ctuat i on s  in Cr concent r a t i o n  i s  not s t r i ct l y  diurn a l , 

s ince t he t ime o f  feed consumpt i on and the amount o f  feed 

con s umed at a g iven t ime do not appear to in fluence t he 

Cr concent rat i on-t ime re l at i on s h i p . 

4 . 3 . 2 Day t o  Day E f fect s 

Var i at i on between days i n  fae c a l  Cr concent rat i on 

we re more import ant than diurnal va r i at i on s  i n  the 

p r e s ent s tudy ; and t h i s  was p robab l y  a s s oc i ated with 

e r r at i c  dry mat t e r  intakes whi ch caused inve r s e  

var i at i on s  in Cr concent rat i on . 



6 7  

The s e  var i at i on s  we re not i ce ab l y  l arger in P e r i o d  1 

than P e r i od 2 o f  e ach mea s u red b l o ck ( s ee F i g . 3 . 2 ) . Lack 

o f  con s i s tency in P e r i od 1 was po s s ib l e  due to t he fact 

t hat the p lunge r o f  the CRD requ i red t ime to funct i on in 

a l inear mann e r  but t ime i s  a l s o  requ i red be fore an 

e qu i l ibrium can be reached in t he dige s t a . 

I t  c an there fore be conc l uded that diet 

d i ge s t ib i l it y  and quant i t y  o f  dry matt e r  int ake are 

l a rge l y  respons ib l e  for most o f  t h e  obse rved day t o  day 

var i at i on s  once t he CRD s have b e come equ i l ibrated . I t  

t h e n  fo l l ows t h a t  f a e c a l  s amp l e s  mus t  be t aken on a s  many 

di f ferent days as p o s s ib l e  in o rde r t o  get a ' t ru l y  

repre s ent at ive ' c ompo s it e  s ampl e  p r i o r  t o  Cr anal ys i s ,  i f  

a c cu rate fae c a l  output s are t o  b e  e s t imat e d . 

4 . 4  CHROMI UM RECOVERY 

Re s u l t s from t h i s  exp e r i ment indicated t hat the mean 

Cr recove r i e s  from c a lve s on t re at ment s S ,  P and G 

( 1 0 0 . 9 0 ,  9 7 . 1 4 and 9 6 . 1 0 %  re spect ive l y )  we re c l o s e  t o  

1 0 0 %  where a s  that o f  L t reatment ( 7 5 . 2 7 % )  was much l ower ,  

a l t hough not s t at i st i ca l l y di f fe rent . Recove r i e s  from the 

S ,  P and G c a lve s were s imi l ar t o  t hat e s t imated by Le Du 

and Penning ( 1 9 8 2 ) who s e  pe rcent age was 9 6 . 5 0 ( SD ± 
0 .  0 5 6 ) ; a mean va l ue from 5 5  e xp e r iment s cove r ing both 

cat t l e  and sheep . The l ow re cove r y  found from L calve s 

cou l d  a l s o  be due t o  inadequ ate m i x ing o f  marker and food 

in t he ga s t r o - i nt e s t i n a l  t ract . 

I n  a l l  rat i on s  e xcept S t he Cr recove r i e s  were 

s l i ght l y  b e l ow 1 0 0 % . Langl ands ( 1 9 7 5 ) noted l o s s e s  

through abs o rpt i on whi ch we re unl i ke l y  in t h i s  study 

becau s e  o f  t he young age o f  t he c a lve s ,  he a l s o 

att r ibuted l ow re cove r i e s  t o  l o s s e s  o f  fae ces and 

regurg i t at i on o f  capsu l e s . When t h i s  study was in 

p rogre s s , three ca l ve s  l o st devi c e s  ( se e  T ab l e  3 . 1 ) and 

in each c a s e  regurg i t at i on o f  t he devi ce was from the 
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heav i e s t  ca l f  in t he group . I t  is  specu l ated that the 

s i z e o f  t he c a l f i s  a s s o c i ated with regurgi t at i on because 

a he avy ca l f  is e xpected to have a l arge r o e s ophagus 

whi c h  cou l d  regu rg i t at e  the device mo re e a s i l y . 

Howeve r ,  there was a neg l i g i b l e  i n f l uence o f  

regurg i t at i on o n  C r  recove ry rate becau s e , in  the f i rs t  

p l ace , recove ry e s t i mat e s  we re b a s e d  on a 5 -day mean and 

s e condly it  was obs e rved t hat the devi c e s  had not been 

out o f  the c a lve s for ve ry long ( < 6  h )  be fore they were 

r e i n s e rt e d . S imi l a r  probl ems we re e a r l i e r  obs e rved by 

W i t t ayanuparpyuenyong ( 1 9 8 7 )  when c a r r y i ng out an outdoor 

t r i a l . 

Re cove ry var i at i on s  due t o  di f fe rences between 

i ndividu a l  CRD s  wa s con s i dered t o  be neg l igible in t h i s  

s tudy becau s e  a l l  capsu l e s  used we re o f  a s i ngle s i z e 

( CV= 5 % )  s u i t ab l e  for c a lve s and other spe c i e s  l i ke goats 

and sheep ( E l l i s  et a l, 1 9 8 5 ) . T o  minimi se prob l ems o f  

regurg i t at i on it  can b e  recommended t o  vary wing l engt h ,  

barrel  width/ l ength a n d  wing f l e x ibi l it y  when 

manu facturing CRD s for spec i f i c  s i z e  and spec i e s  o f  

anima l s . 

regurg i t at e  

Rea s o n s  f o r  

t h e  capsu l e s  

rema i n s  amb i guou s . 

heav i e r  anima l s  

than t he l i ght e r  

I n  t h i s  study l o s s  o f  C r  t hrough 

con s i dered t o  be i n s i gn i fi cant . Uden 

the 

e t  

t o  

one s 

e a s i l y  

s t i l l  

u rine was 

al ( 1 9 8 0 )  

c o n f i rmed that t here were neg l i gi b l e  l o s s e s  through ur ine 

and by way of abs o rpt i on . Ro s e  ( 1 9 62 )  c i t ed by Kotb and 

Luckey ( 1 9 7 2 ) had e a r l i e r  sugge s t e d  such inevit ab l e  

l o s s e s  were t o  b e  corrected by a 7 %  fact o r  whi l e  

Va l de r r abano ( 1 9 7 9 ) found a mean o f  1 . 8 4 %  o f  C r2 03 
admin i s t e red wa s not re cove red and wa s att r ibuted t o  the 

ab s o rpt i on o f  the marker in t he digest ive t ract . S ome 

wo rke r s  thought o f  the p o s s ib i l i t y  o f  a s y s t emat i c  

ret ent i on o f  C r  i n  the digest ive t ract o f  rumi nant s 

becau s e  o f  i t s  l ength and comp l e x it y . 
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4 . 5 ENERGY UT I L I ZAT I ON 

The amount o f  ene rgy that a young ca l f  ret a i n s  for 

growth purpo s e s  from the digest i on of food det e rmines the 

p e r i od to t o t a l  weaning and i ndeed has a con s i de rabl e  

b e a r ing on t he e conom i c s  o f  ca l f  r e a r ing . 

Re s u l t s  f r om thi s exp e r iment i ndi cat ed that c a lve s 

whi ch we re on L t re atment ( l i qu i d  mi l k  and gras s )  

consumed a s ign i fi cant l y  l arge r amount ( P < 0 . 0 1 )  o f  DE a s  

compared w i t h  G ( gra s s  o n l y )  t re atment o r  even S ( s oya 

and g r a s s )  and P ( p owe red m i l k  and gras s )  t re atmen t s  ( see 

T ab l e  4 .  7 ) . The i n fe r i o r i t y  of S ,  P and G t re atment s 

compared w i t h  L t re atment was m a i n l y  a s s o c iated with the 

p roport i on o f  DE l o st v i a  faeces a s  it  was s hown that L 

ca lves had t he l e a s t  gro s s  ene rgy i nt ake . 

Furthe r specu l at i on c o u l d  not be made at t h i s  s t age 

b e c au s e  the dat a wa s l im i t ed by sma l l  numb e r s  o f  anima l s  

( n  = 3 p e r  t re at ment ) and t he e xp e riment was not de s i gned 

e spe c i a l l y  for me a s urement o f  r at i on ut i l i z at i on ;  as such 

work was p revi ou s ly done by Whitt ayanup a rp yuenyong 

( 1 9 8 7 ) . 

Leave r e t  a l  ( 1 9 6 9 )  and Aston and T a y l o r  ( 1 9 8 0 )  had 

p revious l y  s hown t hat fibre and c e l l u l o s e  dige s t i on was 

gen e ra l l y reduced when concentrates  we re u s ed t o  

supplement roughage s .  Thi s i s  n o t  u s ua l l y  t he c a s e  with 

l i qui d  s uppl ement s ( t re atment L in this study )  which 

n o rma l l y  by-pas s the rumen through the o e s ophage a l  groove 

( Ka i s e r ,  1 9 7 6 ) . 

The p r e s ent re s u l t s  show that the re spon s e  t o  l i qu i d  

m i l k  supp l ement at i on re l at ive t o  other concent rat e s  was 

a lways h i ghe r  during the f i r s t  than the s e cond 

e xp e r iment a l  pe r i od . Thi s t rend wa s s imi l a r l y  obse rved by 

an I ri sh worker ( Ke ane , 1 9 8 2 )  when work i ng with g r a s s - fed 

c a l ve s . Depending on the p reva i l ing ' co s t  e f fect ive 

s t r at egy ' f o r  s upp l ement i n g  gra s s - fed calve s it  m i ght be 

wo rthwh i l e  feeding mi l k  at ' l ow ' l eve l with ad l ib 



Tab l e  4 . 7  G r o s s  Ene rgy I n take , Faeca l and U r i n a ry e n e rgy l o s s e s  as a pe r c e n t age o f  
DE i n take ( MJ / c a l f /day) (Means + S E  o f  3 B l oc k s  n = 1 2 )  

T R E A T M E N T S  

s p L G .§i9!::!ificance 

b b b a 
Gross Energy Intake 48 . 4 8 49 . 03 43 . 17 54 . 4 0 * 

b b a b 
Apparent DE Intake 19 . 81 ± 2 .  59 19 . 61 ± 3 .  06 24 . 56 ± 2 . 68 18 . 11 ± 2 . 89 * 

+ b b c a 
Faecal EX) (%)  28 . 67 ± 3 . 89 29 . 42 ± 3 . 39 18 . 61 ± 2 .  21 36 . 29 ± 0 . 19 * *  

b b a b 
Urinary EX) (%)  7 .  07 ± l .  55 8 .  40 ± l .  48 ' 5 .  01  ± 0 .  82 9 . 06 ± 3 . 48 * 

+ 
Energy output 

Values having common letters are not significantly different 
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quant i t i e s  o f  good qua l it y  aut umn pa sture dur i ng the 

e a r l y  rea ri ng p e r i od o f  the ca l f .  

The obs e rved di f fe rence s between the L and P 

t re atment s we re due t o  t he form in wh i ch the rat ions were 

p re s ented to calve s . Keane and Harte ( 1 9 8 2 ) a l s o  not i ced 

incon s i s t ence between L and P t re atment and sugge sted 

that powde red m i l k  ent e red the ret i c u l o  rumen whi l e  the 

l iqu id m i l k  byp a s s e d  the rumen hence P was l i k e l y  to have 

been p o o r l y  fe rment ed . 

I t  was not p o s s i b l e  t o  measure ( d i re ct l y )  the 

dige s t ib i l it y  o f  the suppl ement s a l one howeve r ,  " t ext 

book " va l u e s  wou l d  s ugge s t  t hat the two mi l k  s uppl ement s 

wou l d  be e xpected t o  have a value o f  9 0 - 9 5 %  and the soya 

s uppl ement about 8 5 % ,  a l l  s ub st ant i a l l y  above that 

me a su red for the p a sture . 

The d i ge s t ib i l ity o f  the three s uppl emented rat i on s  

( S ,  P ,  L )  wou l d  there fore be expected t o  b e  great e r  t han 

that for G and the extent o f  d i f fe rence depends on t he 

prop o rt i on o f  s upp lement : gra s s  con s umed . The r e l at i on 

actu a l l y  ob s e rved i s  shown i n  F i g . 3 . 4 .  Whi l e  the 

digest i b i l it y  o f  L wa s c l ea r l y  h i gher t han G, the values 

f o r  P and S were not , whi ch sugge s t s  that the s upp lement 

wa s redu c ing the dige s t i b i l i t y  o f  the gra s s  ( o r  vice 

ve r s a )  . The mean compar i s on between the expected and the 

actual ( me a sure d )  d i ge st i b i l i t i e s  are s umma r i z ed in T ab l e  

4 . 8 . 

The e l evat i on in dige st ib i l it y  by 5 %  in P ( gra s s  and 

mi l k  powde r  rat i on ) comp a red to G ( g ra s s  on l y )  provided 

an addi t i on a l  1 . 7 0 MJ/ ca l f / day int ake in t e rms o f  DE . 



T ab l e  4 . 8  Actu a l  and expected dry matter dige s t ib i l it i e s  
o f  he rbage, suppl ement and herbage and 
s uppl ement rat i on . 

TREATMENTS 

Rat i on s p L 
E xp . 'Actu a l  E xp . Actu a l  Exp . Actu a l  

Herbage * 0 . 7 4 0 . 7 4 0 . 7 4 

Supp l ement 0 . 8 5 0 . 9 2 0 . 92 

Herbage & 
Supp l ement 0 . 7 9 5 0 . 7 7 0  0 . 8 3 0  0 . 7 9 0  0 . 8 3 0  0 . 8 3 0  

Exp . Expected 
* Actu a l  mean d i ge st ib i l it y  ( n= 6 )  for G t reatment 

7 1  

S im i l a r l y  by feeding L ( gr a s s  and l iqu i d  m i l k )  and S 

( gr a s s  and s o y a )  t here was a r e spect ive increase i n  

d i ge s t ib i l i t y  by 9 and 3 %  a s  comp a red with G ( gr a s s o n l y )  

rat i on .  T h i s i n c r e a s e  i n  d i ge s t i b i l it y  a s  a r e s u l t  o f  

s uppl ementat i on 

MJ/ c a l f / day DE 

gave an addi t i on a l  6 . 1 5 

for ca lves on L and S 

and 1 . 9  

t re atment s 

re spect i ve l y . P revious work ( Thoma s and H i nks 1 9 8 3 )  gave 

r e s u l t s  s im i l ar t o  the one s in t he pres ent study whi ch 

s howed i nt ake t o  i n c re a s e  t o  a cert a i n  l eve l when 

concent rat e s  we re comb ined with roughage s and 

digest ib i l it y  o f  b a s a l  rat i on were p romoted . 

The r e s u l t s i n  T ab l e s  4 . 1  and 4 . 7 a l s o  show t hat the 

addit i on o f  suppl ement s t o  a gra s s  rat i on de creased the 

proport i on o f  DE whi ch i s  l o s t  i n  t he urine and hence ME 

int ake was much h i gher for the L t reatment , fo l l owed by 

S ,  P and G .  

I t  can 

cont r ibute to 

be concluded 

h i ghe r amount s 

that 

o f  

supp l ement s part l y  

D E  intake when fed 

t ogether with herbage . The re s u l t ant h i gh digest ib i l i t y  
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charact e r i s t i c  o f  s upp l ement i n c r e a s ed the amount o f  DE 

that was actua l l y  eaten as compared with unsuppl emented 

he rbage ( G )  rat i on . 

4 . 5 . 1  Ca l f  P e r fo rmance 

From the l imited amount o f  dat a on t h i s  a spect i t  

w a s  found that ca lves va r i e d  great l y  in t he r a t e  o f  dai l y  

L W  gain . There wa s a p o s i t ive corre l at i on ( r  = 0 . 5 9 ,  

P < 0 . 0 5 )  between the LW g a i n  and the concent rat i on o f  ME 
i n  di f fe r ent rat ions . Ca lves on G t reatment 

( un s upp l emente d )  pe r fo rmed p o o r l y . The r at e s  o f  gain were 

3 9 0 ,  4 4 0 ,  5 7 0  and 6 3 0  g / c a l f / day for c a lve s on G ,  S ,  L 

and P rat i on s  ( see Tab l e  4 .  2 )  . The gen e r a l  re sponse was 

found to be in agreement with that o f  

Whi t t ayanurparpyurenyong ( 1 9 8 7 )  who worked w i t h  out doo r  

ca l ve s  a n d  Byford ( 1 9 7 4 )  who worked w i t h  indoor- fed 

c a lve s . 

we i ght 

The resu l t s  

g a i n s  o f  

from Byford'  s 

5 8 0  and 3 1 0  

work i ndi cated dai l y  

g / ca l f / da y  f o r  the 

s uppl ement ed and unsupp l emented ca l ve s  respect ive l y . The 

obs e rved s l i ght di f fe rence may be due t o  var i at i on i n  

ingredi ent s u s e d  for s upp l ement c ompo s i t i on but herbage 

d i ge s t ib i l it i es , 7 6  and 7 4 %  used i n  By ford' s and present 

exper iment re spe ct ive l y ,  we re not s ign i fi cant l y  

di f fe rent . 

The re l at ive l y  l ow da i l y  LW g a i n  f o r  t he gra s s - fed 

ca l ve s  i n  the pres ent e xp e r iment was a s s o c i at e d  with t he 

e f f i c i ency with whi ch GE was ut i l i z ed for LW gain . 

I n  t he pre s ent e xpe r i ment , ME concent rat ion for 

rat i on s  G,  S ,  P and L we re 1 1 . 2 3 ,  1 1 .  7 9 ,  1 2 . 1 4 and 1 4 . 6 0 

MJME kg- 1 dm respective l y . Thi s o rder o f  increa s ing ene rgy 

concent rat i on wa s p o s it ive l y  a s s o c i at e d  w i t h  we i ght gains 

for respect ive calve s . ARC ( 1 9 8  0 )  a s s o c i ated t he 

e f f i c i ency with wh ich energy was ut i l i z e d  for di f fe rent 

product ive funct i on ( K )  to be p a rt l y  governed by the 

energy concent rat i on . On t he cont rary , Kay e t  a l  ( 1 9 7 0 )  

by feeding diet s o f  1 3 . 0 ,  1 1 . 7  and 1 0 . 0  MJME kg- 1 dm t o  
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early weaned ca lves ( 6 wee k s  of  age ) found h i gher we i ght 

gains on l owe r ME concent rat i on diet . I n  t he i r  exp e r i ment 

it  i s  document ed that h i gh ME concent rat i on wa s achieved 

by i n c l u s i on o f  t a l l ow ,  whi ch m i ght have decreased int ake 

through fat s i n f luence on rumen digest i on .  

4 . 6  N I TROGEN UT I L I ZAT I ON AND DE INTAKE 

The re l at i onship between NR and DE i nt ake ( F i g . 3 . 5 )  

at t ract s a l ot o f  att ent ion becau s e  i t  s hows c le a r  

di f fe rence s between t h e  e ff i c i ency o f  u s e  o f  DE between 

t re atment s .  Thi s sugge s t s  di f fe rence s in ur inary energy 

l o s s e s  or in K-va l u e s  i f  it i s  a s s umed t hat the N content 

o f  the rat i on s  was not l im i t ing growth rate ( and hence N­

retent ion ) . 

4 . 6 . 1 .  N i t rogen B a l ance 

The re s u l t s  o f  the 

amount s o f  N we re l o st 

e xp e r iment s howed that l arge 

through u r i ne . Thi s  is i n  

con form i t y  w i t h  t h e  re s u l t s  o f  B l axt e r  e t  a l  ( 1 9 6 6 ) . The 

amount o f  u rinary N l o s s  var ied s i gn i f i cant l y  ( P< O . 0 1 )  

according t o  rat i on s  on whi ch t he c a l ve s  were fed . The 

l o s s e s  we re c a l cu l ated as a pe rcent age o f  N intake whi ch 

were 5 5 . 5 1 ,  6 9 . 0 6 ,  5 0 . 9 1 and 7 0 . 8 0 %  from ca lve s on 

rat i on s  S ,  P ,  L and G re spect ive l y . 

re l at i o n s h ip between the amount o f  

There was a p o o r  

N _ i ntake a n d  the 

u r i nary N l o s s e s . Faecal  N l o s s e s  we re 1 3 . 6 4 ,  1 1 . 5 0 ,  

1 0 . 2 8 and 1 3 . 9 2 g N d- 1  wh ich account ed f o r  an ave rage o f  

almost 2 5 %  o f  the t ot a l  N i nt ake i n  a l l  r at i ons and were 

l ow ( P < 0 . 0 0 1 )  compared with the ur inary N l o s se s . 

I n  both fae c a l  and u r i nary l o s s e s , gra s s - fed ca lve s 

r e c o rded t he h i ghest N excre t i on ( 2 6 . 7 0 and 7 0 . 8 0 %  

respect ive l y )  . F rom the s e  re s u l t s  i t  can be concluded 

that CP in gra s s - fed calve s  was i ne f f i c i ent l y  ut i l i z ed 

un l e s s  s upp l ement s we re fed . F rom re s u l t s  o f  Re i d  ( 1 9 8 6 ) 

it  s eems un l ike l y  that N was l im i t ing i n  the he rbage fed 



74 

to the calve s . Beeve r e t  al ( 1 9 7 8 )  indicated that N 

content o f  autumn pasture was higher than spring p a sture . 

At t h i s  s t age ene rgy cannot be d i s regarded a s  a l imit ing 

fact o r . 

I n fluence o f  Suppl ement s A s ummary o f  NR r e s u l t s  and 

t he re l at i on between NR and DE i nt ake i s  in T ab l e  4 . 3  was 

p l otted in the graph ( F i g . 3 .  5 )  . It was found that L 

rat i on was out s t andingly s upe r i o r  ( P < O . 0 1 )  compared with 

the othe r s upp l ement s .  The NR f o r  L rat i on was in the 

r ange of 2 5 - 3 5 %  o f  t ot a l  N int ake compared with - 2 8  t o  

1 0 %  f o r  G .  

The s upe r i o r i t y  o f  L t re atment was a s s o c i at e d  with a 

h igh dige s t i b i l it y  and a h i gher rat i o  o f  ME t o  CP i nt ake . 

Thi s view i s  i n  good agreement with r e s u l t s o f  Davey 

( 1 9 7 4 )  who found m i l k  and m i l k  sub s t itut e s  fed to c a lve s 

t o  cont a i n  s u rp lu s  prot e i n  compared w i t h  other 

s uppl ement s where ene rgy rather than p r ot e in i s  u s ua l ly 

l im i t i ng . P re st on e t  a l  ( 1 9 6 5 )  found t hat when calve s 

we re fed on a diet with 2 1 . 7 5 %  CP , ene rgy rathe r than 

p r ot e i n  l imited NR . 

I t  can be conc l uded that l i qu id mi l k  s upp l ement has 

a p o s i t ive NR i n fluence a s  compared with othe r 

s upp l ement s whi ch have a r e l at ive l y  l ow ME :  CP rat i o  and 

the re fore L can r e s u l t  in re l a t ive l y  l a rge amount s o f  NR 

when fed w i t h  herbage whi ch i s  rather poor in ene rgy . 

The P c a lve s were i n  a negat ive N b a l ance dur ing 

B l ocks I and I I  but recove red to an average o f  1 4 . 9 1 %  ( NR 

a s  a p roport i on o f  N i nt ake ) dur ing B l ock I I  ( s ee 

Appendi x T ab l e  5 )  . There was a s t rong re l at i on s h i p  ( r  = 

0 .  9 3 )  between N int ake and the amount o f  N reta ined . I t  

i s  t rue t h a t  l ow d r y  mat t e r  i n t a k e s  dur ing B l o ck I ( 9 8  6 

gd- 1 ) and B l ock I I ( 9 2 1 .  8 3 gd- 1 ) r e s u l t ed in negat ive N 

b a l ance whi le in B l ock I I I  ( 1 5 9 0 . 0 3 gd- 1 ) gave p o s i t ive N 

b a l ance . T h i s  was a s s o c i ated with age o f  the calve s . I n  

B l ocks I a n d  I I  t h e  ca l ve s  o n  P t re atment we re 4 1  and 4 9  

days o l d  re spect ive l y  whi l e  in B l o ck I I I  the c a l f  on 
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s im i l ar t re atment w a s  5 7  d a y s  o l d  ( Table 3 . 1 ) wh i ch had a 

re l at ive l y  we l l  deve l oped digest ive s y s t em t o  dige s t  the 

p owdered mi l k . The s e  r e s u l t s  are s upported by those o f  

the I r i s h  worke r s  ( Ke ane and Harte 1 9 8 2 )  . I t  can 

there fore be concluded that mi l k  powde r  wou l d  not be 

e a s i ly dige sted by a p r e- ruminant c a l f but wi l l  g ive 

higher NR when s u'pp lemented t o  gra s s  than feeding g r a s s  

a l one . 

The r e s u l t s o f  S t re atment c a lve s were r e l at ive l y  

p o o r e r  than c a lve s on L t re at ment s but on aver age better 

than G t re atment in t e rms of NR . An aver age o f  1 0 . 0 5 g N 

d- 1 were ret a ined by ca lve s fed o n  S t re at ment c ompared 

with 3 . 4 5 ,  1 4 . 9 6 and 1 . 8 8 for the P ,  L and G t re atment s 

re spect ive l y . 

The s oya fed c a lve s probab l y  gave s l i ght l y  poorer 

re s u l t s  than l iqu i d  m i l k  fed ca lve s becau s e  s o y a  bean 

prote in had a l owe r digest ib i l it y  and / o r  b i o l o gi c a l  value 

( BV)  when compared with p r o t e i n  o f  l iqu i d  m i l k  o r igin . 

Thi s cont ent ion was a l s o  s upp o rted b y  Go r r i l  and 

N i cho l s on ( 1 9 6 9 )  by rep l a c i ng a l iqui d  m i l k  s uppl ement 

with a s o y a  prot e i n  concent rat e ,  a l ow y i e l d  o f  N and GE 

d i ge st ib i l it y  wa s evident . It i s  s ugge s t e d  that s ome 

i mp rovement s can be made on s oya bean p rot e i n  

ava i l ab i l it y  by u s i ng heat ing t echni que s .  N i t s an e t  a l  

( 1 9 7 1 )  enhanced s o y a  prot e i n  dige s t ib i l i t y  from 7 3  t o  8 9% 

by mo i s t  heat ing . Howeve r ,  the i mp r ovement on s oy a  bean 

can be done as l ong as it i s  e conomi c a l l y  fea s ib l e  a s  

comp a red w i t h  feeding h i gh qua l it y  autumn p a s t u re t o  

young calve s . 

4 . 7  CALF HEALTH 

Four c a lve s s coured du ring the ent i re e xp e r iment a l  

pe r i od . The inc idence was ma i n l y  concent rated i n  B l ock 

I I I  and not a s s o c i ated with any one p a rt i cu l a r  t re atment 
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g roup . The re wa s no evidence to suggest t hat Cr y i e l d  and 

c a l f p e r f o rmance were a f fe ct e d . 



CHAP TER 5 

F INAL D I SCUS S I ON AND CONCLUS I ONS 

The r e s u l t s o f  the p re s ent s t udy i ndi cated that the 

u s e  o f  CRD s  m i n im i z ed a lt hough not comp l e t e l y  removed 

diurnal f l u ctuat i on s  in e r - r e l e a s e . 

that within day var i at i on s  i n  C r  

l i t t l e  pract i c a l  s ign i fi cance i n  

CRD s are u s e d . 

The re we re mo re marked 

I t  is now con f i rmed 

concent rat i on are o f  

s ituat i on s  whe re the 

var i at ions in Cr 

concent rat i on between days . Re s u l t s  o f  the pre s ent s tudy 

a s s o c iated such f l u ctuat i on s  l arge l y  with t ime o f  CRD s 

admi n i s t rat i on / faecal s amp l ing p er i od i c i t y  and errat i c  

dry mat t e r  int ake , dige s t ib i l it y  o r  b ot h . The expected 

p e r i od between CRDs i n s e rt i on and the recommended t ime 

f o r  s amp l i ng i s  at l e a s t  5 days ( R . H .  Laby , pers . comm . ) 

howeve r ,  r e s u l t s from the p re s ent s tudy s howed faecal Cr 

concent rat i on equ i l ibrat i on to s t a rt not e a r l i e r  than 7 

days . 

D a i l y  Cr r e l e a s e  rate was found t o  

i n f l uenced b y  t he amount o f  dry mat t e r  i nt ake 

be markedly 

( Tabl e  3 .  5 )  

and had an i nve r s e  re l at i on s h i p  with faecal output . I t  

c a n  there fore be concluded t h a t  d a y  t o  d a y  change s in 

quant i t i e s  of  dry mat t e r  i nt ake are p a rt l y  respons ible 

f o r  t he obse rved f l u ctuat i on s  in Cr r e l e a s e  rate . 

Although the dat a in t h i s  s tudy we re based on too 

few calve s  t o  be abl e  t o  mea sure va l id s t at i st i cal 

e f fe c t s  cau s ed by rat i on s  on RR ,  i t  was found that there 

wa s no s i gn i fi cant e f fect o f  the t reatment on the rate o f  

C r  r e l e a s e  from the CRD s . Ca lve s  on l iqu i d  mi l k  had the 

l e a s t  p ropo rt ion o f  gra s s  i nt ake and h i ghest proport ion 

of s upp l ement int ake wh ich may h ave r e s u l t e d  in l owe r RR 
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becau s e  of the f l u i d  nature of t he L rat i on compared t o  

S ,  P and G rat i o n s . 

I n  t h i s  s tudy , the CRD s r e s u l t ed i n  Cr y i e lds 

( re cove ry rate s )  wh ich we re not s t at i s t i c a l l y  di f fe rent 

from 1 0 0 % ( se e  Appendix T ab l e  3 )  a l t hough t h o s e  o f  L 

c a lve s we re much l owe r than t h o s e  o f  S ,  P and G calve s . 

W i t h  the e xcept i on o f  t he L t reatment , the Cr y i e ld from 

the CRD s was found not to be i n f luenced by the t ype o f  

the r at i on . The p o s s ib l e  e f fect s o f  a l i qu i d  diet o n  Cr 

r e l e a s e  rate need furthe r s tudy . The obs e rved di f fe rence 

from 1 0 0 %  wou l d  be due to within cap s u l e  di f fe rences 

a l t hough t he manu facturer had e a r l i e r  indicated that 

devi c e s  o f  t he t ype u s ed i n  thi s study had a CV of 5 % . 

Although regurg i t at i on o f  t he devi c e s  remai n  a 

pot ent i a l  p rob lem when u s ed in f i e l d  studie s ,  the i r  l o s s  

i n  t he pre s ent e xp e r i ment had a n  unnot i ce ab l e  i n fluence 

on Cr y i e l d  becau s e  r e i n s e rt i on of t he dev i c e s  was done 

within a short p e r i od o f  t ime . Such Cr l o s s e s  were 

obs cured by the procedure o f  the t echn i qu e  whi ch u s ed 5 -

day co l l e ct i on p e r i o d  mean s . A method o f  measuring empty 

CRD s at t he end of  f i e l d  studie s  wou l d  obvious l y  be a 

de s i r ab l e  deve l opment . I t  can be recommended that a 

modi fi cat i on o f  CRD s ,  by the manu facture r ,  in  t e rms o f  

wing l engt h ,  b a r r e l  w i dt h ,  l ength and a cont r o l  o f  

fact o r s  whi ch lead t o  wing f l e x ib i l it y ,  could p robabl y  

minimi z e  t he inc idences o f  regu r g i t at ion . 

Re s u l t s  o f  t he p r e s ent s tudy con f i rmed that the 

convent i on a l  3 m l  o f  bromate ( KBr0 3 ) was inadequate t o  

br ing about comp l ete o x i dat ion during the conve r s i on o f  

i n s o lub l e  C r  ( I I I )  t o  s o lub l e  C r  ( VI ) . I nc r e a s ing bromat e 

t o  8 ml s ign i fi cant l y  e l evat ed Cr concent rat ion i n  the 

acqueous s o lut i on dur ing s ampl e  

ad j us tment reduced the within 

Howeve r ,  the ' opt i mum ' amount o f  

cau s e  max i mum o x i dat i on o f  C r  ( I  I I )  

dige s t i o n ,  a l s o  the 

dup l icate var i at i on . 

bromat e requ i red t o  

i s  hit herto unknown . 

Further work i s  needed t o  exp l o re t h i s  a spect . 
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The supp l ements studied in t h i s  e xp e r i ment had 

resu lted in s igni f i cant l y  di f fe rent LW g a i n s  in f i e l d  

studies ( Wi t t ay anuparpyuenyong , 1 9 8 7 ) , a n d  t h e  r e su l t s  

from t he p r e sent study sugge st t hat t h e  r e a s on s  for the 

di f fe rences may be due to d i f fe rent intakes o f  DE ( and 

ME) and a l s o  t he e f f i c i ency w i t h  whi ch ME was ut i l i z ed . 

The e f f i c i en c y  o f  u s e  o f  prote i n  fract i on o f  autumn 

pasture s was shown to be p a rt i c u l a r l y  i mport ant . 
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A P P E N 0 I X 

Tab l e  1 An a lys i s  o f  v a r i a n c e  o f  C r  c o nc e n t ra t ion i n  f a e c e s  by u s i ng H igh B roma te ( I  
a n d  Low B roma te ( LB )  for d i f f e re n t  r a t i on s  

SOORCE OF VARIATIOO OF ss MS F-va lue Significance 

Treatments 3 249 . 731 83 . 24 4  3 2 . 326 * * *  

Meth::xl 1 242 . 409 242 . 409 94 . 134  * * *  

Interactions 3 14 . 055  4 . 685 1 . 819 NS 

Residual 32 82 . 404 2 . 575 

Total 3 9  588 . 598 15 . 092 

Tab l e  2 Ana lys i s  o f  v a r i an c e  o n  C r  re l e a s e  r a te f o r  three b l o c k s  

SOORCE OF VAR.IATIOO 

Blocks 

Treatments 

Error 

Total 

Tab l e  3 Ana lys i s  

SOORCE OF VARIATION 

Treatments 

Error 

Total 

o f  

OF 

2 

3 

6 

11 

v a r i ance 

OF 

3 

8 

11 

ss MS F Significance 

1446 . 33 723 . 17 2 . 947 NS (0 . 1284) 

1874 . 22 624 . 7 4  2 . 54 6  NS (0 . 1522) 

1472 . 37 24 5 . 39 

4792 . 92 

on Cr Recov e rv f o r  three b l oc k s  

MS F-Va lue Significance 

1182 . 57 394 . 19 1 . 96 NS (0 . 199t  

1610 . 24 201 . 28 

2792 . 81 

Tab l e  4 Ana lys i s o f  v a r i ance for w i th i n  day t imes o f  f a e c a l  s ampl i ng f o r  
e r  conc e n t r a t ion f o r  B l ock I I  P e r i o d  2 

SOORCE OF VAR.IATIOO OF ss 

Treatments (calves) 3 19 . 89 

Tirres 2 0 . 06 

Error 54 134 . 04 

Total 59 153 . 99 

MS 

6 . 63 

0 . 03 

2 . 48  

F-Va lue 

2 . 67 

0 . 01 

Significance 

NS ( 0 . 0565) 

NS ( 0 . 9873) 



Tab l e  5 - 1  - 1 The re l a t io n s h ip be twee n  NR (q d ) and DE l ( MJ d ) f o r  the t h r e e  
B l ocks ( N R  f igu r e s  a re m e a n s  of two pe r i ods w i th i n  a B l oc k )  

Repl icates NR 

I 13 . 28 

II -0 . 13 

Ill 17 . 01 

s 

DEl NR 

26 . 7 0 -0 . 13 

13 . 63 -4 . 42 

25 . 99 14 . 9 1 

T R E A T M E N T  

p L 

DEI NR DEl 

20 . 36 10 . 63 19 . 42 

13 . 71 17 . 26 20 . 79 

25 . 50 16 . 99 28 . 34 

G 

NR 

5 . 24 

-3 . 24 

3 . 63 

DEl 

24 . 44 

13 . 3 1 

22 . 90 



Tab l e  6 E n e rgy u t i l i s a t i on by c a l ves f e d  d i f f e ren t ra t io n s  du r i ng the e xpe r ime n t a l 
pe r i od ( 5 - day Means ) 

T R E A T M E N T S  

Block s p L Q 

I Total El (ID/calf/d) (26 .70)  (20 . 36 )  ( 19 . 4 2 )  (24 . 44 )  
Faecal ID (ID/cal f/d) ( 5 . 64 )  ( 3 .  4 7 )  ( 3 . 15 )  ( 4 .  75)  
Awarent DEI (ID/calf/d) (21 . 06 )  (17 . 09 )  ( 1 6 . 27 )  ( 19 . 69 )  
DE Concentration ( • 79) ( . 84 )  ( . 84 )  ( . 81) 
Urinary ID (ID/calf/d) ( 1 . 33 )  ( 1 . 59 )  ( 2 . 10 )  ( 1 .  71) 
Est. Methane Loss (ID/calf/d) ( 2 . 53) ( 2 . 05) ( 1 . 95 )  ( 2 .  3 6 )  
Est. ME I  (MJME/calf/d) ( 17 . 20) (13 . 45) ( 12 . 22 )  (15 . 62 )  
ME Concentration (MJME/kgr:M) ( 12 . 06) ( 13 . 81) ( 13 .  62)  ( 1 1 .  9 4 )  

I I  Total E l  (ID/calf/d) 12 . 37 (24 . 28) 12 . 64 (23 . 82 )  19 . 84 (27 . 7 5 )  13 . 53 ( 2 1 .  7 3 )  
Faecal ID (ID/calf/d) 3 . 20 ( 6 . 20) 3 . 85 (  5 . 20) 2 . 69 ( 3 . 33 )  3 . 09 (  5 . 57 )  
Apparent DEI (ID/calf/d) 9 . 17 (18 . 08) 8. 7 9  (18. 62) 17 . 15 (24 . 4 2 )  10 . 4 4  (16 . 16) 
DE Concentration • 74 ( • 74) . 70 (  • 78)  . 86 ( . 88 )  • 77 ( • 74)  
Urinary ID (ID/cal f/d) 1 . 05 ( 1 . 38) 1 . 09 ( 1 . 57 )  1 . 02 ( 0 .  9 8 )  1 . 42 ( 1 . 08) 
Est. Methane Loss (ID/calf/d) 1 . 10 (  2 . 17 )  L OS ( 2 . 23 )  2 . 06 (  2 . 93 )  l .  25 ( l .  9 4 )  . 
Est. MEI (MJME/cal f/d) 7 . 02 (14 . 53) 6 . 65 (14 . 82 )  14 . 07 (20 . 5 1 )  7 . 77 (13 . 14 )  
ME Concentration (MJME/kgr:M) 10 . 69 (11.  46) 10 . 30 ( 12 . 37 )  14 . 98 ( 15 . 51) 10 . 89 (11 . 73 )  

I l l  Total E l  (ID/calf/d) 31 . 04 (34 . 22) 3 0 . 72 (34 . 28) 3 2 . 53 ( 3 6 . 4 1 )  27 . 92 (35 . 47 )  
Faecal ID (ID/cal f/d) 5 . 87 ( 7 . 4 2) 6 . 50 (  7 . 51) 5 . 92 (  6 . 35 )  8 . 01 (  9 . 58) 
Awarent DEI (ID/calf/d) 25 . 17 ( 26 . 80) 24 . 22 (26 . 77 )  26 . 61 (30 . 06 )  19 . 91 ( 26 . 89 )  
DE Concentration . 81 ( • 78) • 7 9  ( • 7 8 )  . 82 ( . 83 )  • 7 2  ( . 73 )  

Urinary ID (ID/calf/d) 1 . 57 ( 1 . 67 )  l.  78 ( 1 . 97 )  1 . 43 ( 1 . 48 )  2 . 15 ( 1 . 88 )  
Es t .  Methane Loss (ID/calf/d) 3 . 02 ( 3 . 22) 2 . 90 (  3 . 21) 3 . 19 ( 3 .  67 ) 2 . 39 ( 3 . 11) 
Est. ME! (MJME/cal f/d) 20 . 58 (21 . 91) 19 . 54 (21 . 59 )  2 1 . 99 (24 . 9 8 )  15 . 37 (20 . 90 )  
ME Concentration (MJME/kgr:M) 12 . 68 ( 12 . 32) 12 . 95 ( 12 . 92)  13 . 84 ( 14 . 27 )  1 0 . 7 1 ( 1 1 . 58) 

+ Averages : 

Total El (ID/cal f/d) 21 . 71 (29 . 25) 2 1 . 68 (29 . 05 )  26 . 19 (32 . 08 )  2 1 . 73 (28 . 60) 
Faecal ID (ID/cal f/d) 4 . 54 ( 6 . 81) 5 . 18 (  6 . 36 )  4 . 31 ( 4 . 83 )  5 . 55 ( 7 . 58) 
Awarent DEI (ID/cal f/d) 17 . 17 (22 . 44 )  16 . 51 (22 . 70) 21 . 88 ( 27 . 24 )  15 . 18 (21 . 03 )  
Urinary ID (ID/calf/d) 1 . 3 1 (  1 . 53 )  1 . 44 ( 1 . 77 )  1 . 23 ( 1 . 23 )  l .  7 9  ( 1 . 48 )  
Es t .  Methane Loss (ID/calf/d) 2 . 06 ( 2 .  70) 1 . 98 (  2 . 7 2 )  2 . 63 ( 3 . 30 )  1 . 82 (  2 . 53 )  
Est. ME! (MJME/calf/d) 13 . 80 ( 18 . 22) 13 . 10 ( 18 .  20)  18 . 03 ( 22 . 75 )  1 1 . 54 ( 17 . 02 )  

+ Blocks II and III 
Bracketed figures = Period 2 
Unbracketed figures = Period 1 
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