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ABST RA CT 

E ight F r ie s ian b ull cal v es f r om  h igh bre e d ing inde x pa rents ( HB I , 

B I  of par ents 1 3 4 )  and e ight f rom l ow  bre e d ing inde x par ents ( LB I ,  

B I  of par ents 1 0 3 )  wer e  use d  to es t imate the ef f e c ts of m il k  intake 

and BI on cal f  gr owth perf orm ance , voluntar y  he rbage int ake , d iges t ion 

and n itrogen metabol ism. 

1 .  The cal ve s  wer e al l ocat ed to one of two l eve l s  of mil k  int ake 

from 3 weeks of age unt il weaning at about 7 . 5  weeks of age . The m il k  

was f ed twice da il y  a t  e ither 4 . 5 ( LM )  or 6 . 0  ( HM )  l it r es / cal f/ d .  

2 .  Da il y  inta k es of fr eshl y harvested her bage ( per e nnial r y e

grass and wh it e  cl over pas ture ) off e red ad l ib itum thr oughout the pre

weaning per iod and f or a f urther 3 weeks per iod f ol l owing wean ing , 

wer e meas u re d .  

3 .  The cal ves were then grazed o n  pas tur e together in a mob and 

the l ivew e ight at 2 1 -2 5  weeks of age was meas ured . 

4 .  C al f  growth rates at var ious s t ages wer e recorde d . The HM 

cal v es gr ew s ig n if icantly ( p<0 . 05 )  f as t er than LM cal ves ( 0 . 55 v 0 . 44 

K g/ d )  in t he pre- wean ing per iod . The ir grow th rat e was sl ower in the 

3 weeks f ol l ow ing weaning ( 0 . 2 1 v 0 . 3 1 Kg/ d ) but t he d if f er enc e in 

t h is per iod was not s ign if icant . 

5 .  The over all growth rat e f rom 3 t o  21 -25 we eks of age was no t 

s ign if icantl y d if f er e nt between HM and LM cal v es ( 0 . 5 2 v 0 . 53 Kg/d ) ,  

nor was the cal f  LW at 21 -25 wee ks of age ( 1 2 4  v 1 30 Kg f or HM and LM 

cal ves r es pec t ivel y ) . 

6 .  LM ca l ves cons umed s ign if icantl y ( p< 0 . 01 ) mor e  her bage 

organic mat t er ( OM ) both bef or e  and af t er weaning ( 0 . 1 8  and 0 . 3 3 K g  

OM/ d pre- wean ing and 1 . 1 3 and 1 . 28 Kg OM/ d post-wean ing f or HM an d  L M  

cal v es r es pe c t ivel y ) . Reduc ing da il y  m il k  intake by 1 K g  incr e as e d  

da il y  her bage O M  intake by 0 . 1 1  Kg  bef or e  wean ing and by 0 . 1 2  K g  af ter 

wean ing . T he d if f er ence in her ba ge intake caused by m il k  intak e  l evel 

pers isted f or  two wee ks f oll ow ing wean ing . I t  was not s ign if icantl y 

d if f erent in the th ird wee k aft er wean ing . 

1 . I t  was demons trat e d  that the LW at the comm en cem ent of the 

e x per iment ( 3  wee ks of age ) was pos it ivel y c orr el at e d  with the m e an  

overal l growth r a t e  ( f rom 3 t o  21 -25  weeks ) .  LW at 3 weeks o f  age was 



also posi ti v el y  c or r el ate d  wi th the vol untar y her bage i ntake i n  the 

third week f ol l owi ng weani ng ,  and also d i ges tibil i ty of her bage 

organi c mat t er i n  the pos t-weani ng peri od . 

8 .  By e xt rapol at i ng the l i near r el at i onshi p between ni trogen 

r et ent i on ( NR) and ni trogen i nt ake ( NI ) per m et abol i c  we i ght ( K g
0 • 7 5

) ,  

the estimat e d  ni trogen r e qu i r ement for maintenance ( Nm )  was 0 . 4 1 8  g 

N/Kg
o " 7 s

/ d .  

9 .  Ther e wer e no si gnif i cant diff er ences i n  growth rat e , her bage 

vol unt ary i ntake , diges ti b il i t y  or ni trogen me tabol i sm between t he BI 

groups , nor any i nt eracti ons between the B I  and l evels of mi l k  i nt ake . 
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INTRODUCTION 

I t  has been shown in the 1 9 50 ' s  in NEW ZEALAND that herbage 

of high quality is an acceptable solid feed for young ruminant s  

(McMeekan , 1 9 54a , b ) . McArthur ( 1 9 5 7 )  and Preston et_al ( 1 95 7 )  

also showed that calves at 4 - 5 weeks o f  age can d iges t grass as 

efficien t l y  as adu l t  ruminants . Calve s o f  e ight weeks o ld can 

digest pas ture as ef fec tively as they d igest concentrates ( Byford , 

1 97 4 ) . However , the amoun ts o f  herbage inges ted by the young 

calves , no mat ter how high the herbage quality , do no t ensure h igh 

growth per formance . This has been shown in Byford ' s  work ( 1 97 4 )  

with early weaned Fr ies ian calves . I t  i s  acknowledged that the 

intake ability i s  the main l imitat ion to the efficient use o f  

herbage b y  the young calf ( Roy , 1 980 ) . The in take o f  sol id feed 

of  young ruminants may ·be contro l led in a far more complex way 

than that of adu l t  ruminants . Hodgson demonstrated in his work 

( 1 97 1 c )  that the intake o f  so lid feed o f  young ruminants was 

mainly l imited by some behavioural factors . I t  i s  generall y  

agreed that the e ffec t of  milk i ntake level upon c a l f  so l id feed 

intake is most important . The solid feed in take in young calves 

is depres sed by high milk feed ing level . But on the o ther hand , 

the cal f growth performance is posit ively corre lated to the milk 

intake leve l . There fore , encouraging calves to eat more solid  

feed i s  always accompanied by a lower growth rate ( Le Du et  al . 

1 976a ) . Work with beef cat tle has s ugge s ted that the growth rate 

in the first 3 - 4 weeks of l i fe is important for later growth 

performance whereas the growth rate a fter that s tage is less 

important , in terms of its dire c t  e ffec t  on later growth rate 

( Davey , 1 97 4 ) . 

Recent work at Massey and in Ruakura showed that HBI Fries ian 

and Jersey cows eat slightly more per unit of metabolic we ight 

than LBI cows ( Davey et al . ,  1 9 83 , Bryant , 1 9 8 3 )  whereas there is 

no s imilar work on HBI and LBI calves reported . 

The object ives of the present e xper iment we re to o bserve the 

e ffec ts of milk feed ing l evel upon : 



1 .  the intake of  herbage and herbage intake deve lopment o f  

H B I  and LBI Fries ian calves from 3 weeks o f  age , 

2 .  the calves growth rates in the pre- and the pos t-wean ing 

period until they reached about 24 weeks of age , 

Ano ther o bject ive was to o bserve the effec t  of  BI on c a l f  

growth rate , herbage in take , and dige s t ibility at d i fferent m i l k  

feed ing leve l s . 

2 

The review of l i terature i s  s tarted with a brief outl ine o f  

the anatomical and phys iological development o f  the alimentary 

trac t , espe c ially reticule-rumen o f  the young calves . Th is 

section descr ibes the e ffect of solid feed in take upon the 

deve lopment o f  the reticule-rumen and rumen papi llat ion and the 

e s tabl ishment of  the rumen microflora . The e ffect o f  inoculation 

of the young ruminan t ' s  rumen with adu l t  ruminant rumen liquior is 

d i scussed . In  the fol lowing sect ion , the development of  so l id 

feed intake o f  young ruminants is described . Emphasis is put on 

1 )  the mechanisms of  the volun tary feed intake , especially so l id 

feed intake o f  young calve s , and 2 )  the factors , o f  environmen tal ,  

feed , and genetical or igins , which influence the solid feed in take 

of the cal ve s . Attempts are made to relate the different feed 

intake mechan isms to each other . 

Then the d iges tion o f  main nutrients , carbohydrates , prote in 

and l ip id , etc . , by pre-rum inant and ruminant calves is described . 

Attention i s  also paid to the effect o f  milk feed ing on so l id feed 

d iges tion in reticule-rumen . Nutrient requirements of  the calves 

and the way of estimating these requi rements are briefly 

d i scussed . Some of  the es timates are presented in the fourth 

section . In the final section , the knowledge of  calf intake , 

d i gest ion and requirements for nutrients ( reviewed in the above 

sections ) ,  are comb ined and d iscussed with a brief review o f  some 

popular cal f rearing sys tems . 



CHAPTER 1 

L ITERATURE REVIEW 

1 . 1 . ANATOMI C AL AND PHYSIOLOG ICAL DEVELOPMENT 

OF THE ALIMENTARY TRACT OF YOUNG CALVES 

3 

New born calves can only digest l iquid feeds , prefe ra bly 

colos trum and who le mi lk . At bi rth , the fores tomach of calves , the 

reticula-rumen and the omasum , is not fully developed and func tiona l .  

The anatomical and physiological deve lopment of the fores tomach , 

e s pecially the reticula-rumen , in early l ife de termines the change of 

calf dige s t ion from a monogastric to a ruminant pat tern . Such 

development is accompanied and promoted strongly by the development of 

solid feed intake and digest ion . 

1 . 1 . 1  Rumen Deve lopment 

The rumen is the organ where fermentation of the ingested feed 

occurs in adult ruminants . It has three important functions in this 

proces s , ( 1 )  accommodating the large amount of feed inges ted , ( 2 )  

providing suitable condi t ions for rumen microbial flora establishment , 

habitation and funct ion and ( 3 )  ruminating . Rumen deve lopment in 

calves is actually the deve lopment of these functions . Because the 

s i ze of the rumen is very small at birth , e i ther a bsolutely or 

relatively the enlargement of reticula-rumen is necessary for the 

intake of large quantity of solid feed in young calves . At birth , 

rumen takes about 30� of the total stomach volume compared with 87� in 

adult cows . The s i ze of rumen appears to be close ly related to the 

amount of solid feed that can be ingested in adu l t  ruminants 

( Campl ing , 1 970) . Al though there are other limiting factors 

influencing solid feed in take in a calf ' s  early l ife , it is a l so a 

poss ible  factor control l ing so lid feed intake in the young ruminant . 

The deve lopment of the reticula-rumen and other parts of the 

s tomach is very dramatic dur ing the first 6 mths of l ife ( Ta ble 1 . 1 ) .  



Table 1 . 1  Percentage o f  Bovine Stomach Tis sue Contributed 

by Each Compartment ( % )  

COMPARTMENT 

RETICULO- RUMEN 

OMASUM 

ABOMASUM 

0 

38 

1 3  

49 

4 

52 

1 2  

36 

AGE (WEEK S )  

8 

60 

1 3  

27  

1 2  

67 

1 4  

22 

1 6  20-26 34- 38 

64 

1 8  

1 5  

64  

22  

14  

64  

25  

1 1  

from : Warner & Flatt ( 1 96 5 ,  c i ted from Church , 1 972 ) 

Table 1 . 2 The Effect of Who le Milk Feeding Level on Stomach 

Deve lopment of  Calves Slaughtered at 1 2  Weeks of Age 

LEVEL OF FEEDING TOTAL STOMACH RETICULO- OMASUM ABOMASUM 

( %  OF LW ) WEIGHT ( g )  RUMEN ( % ) ( % )  ( % )  

8 1 82 1  6 4 . 1 1 6 . 9  1 8 . 9  

1 0  1 87 1  62 . 8  1 1 . 4  1 9 . 8  

1 2  1 8 33 60 . 6  1 5 . 4  24 . 0  

1 4  1 6 5 1  56 . 9  1 4 . 4  28 . 7  

4 

The feeds fed and feeding regime large ly determine the rate o f  

s tomach deve lopmen t ,  e special ly reticule-rumen deve lopmen t . It is 

genera l ly agreed that solid feed encourages the growth of 

reticule-rumen wh i l e  high leve l of l i quid feeding slows the 

deve lopment of  re t i cula-rumen and whole stomach . Kaiser ' s  work ( 1 97 6 )  

c learl y  showed the e ffect o f  milk feed ing level on total stomach 

weight and cont r i bution by each compar tment ( Table 1 . 2 ) . The 

re t icule-rumen o f  the calves under low milk feeding l eve l s  (milk 

a l lowance : 8 and 1 0% o f  liveweight ( LW ) ) was signi ficant l y  larger than 



5 

that o f  those under h igh milk feeding leve l (1 2 and 1 4% o f  LW). 

Relat i ve growth rate of  abomasum was highe r under high milk treatment s  

(1 2% and 1 4% of LW). 

1 . 1 . 2 Rumen Papi l lary Deve lopmen t  

The rumen wa l l  o f  the new born calve s  h a s  quite smal l (1 mm in 

heigh t ) papil lae ( finge r-l ike projections ) .  The pap i l lae increase the 

surface area of  the rumen wa l l  and thus the area through wh ich 

nutrien ts , mainly vo latile fatty acids ( VFAs ) ,  can be absorbed . Some 

work a l so showed that papi l lae may be able to e xcrete amino acids and 

influence the nitrogen metabo l i sm in the rumen ( Boila & M i l li gan , 

1 980). The papi llary deve lopment under normal cond itions is c lose l y  

related t o  rumen func tion . It  is respons i ve to the in take o f  s o l id 

feed and consequen t l y  the presence and concentrations of  VFAs in the 

rumen ( Khouri , 1 9 6 6) .  The papil lae reached complete development at 

7- 8 weeks age if sol id feed was fed ( Tamate et  al . ,  1 96 2). But the 

devel o pment of  rumen pa pil lae is much greater in concentrate fed 

calves than in those given large amounts of hay and o ther roughages 

( Brownlee , 1 956). Thi s  may be due to the l arger amount of VFAs 

produced after inge s t ion o f  concentrates compared with roughage 

inge s t ion . 

1 . 1 . 3  The Es tab l i shmen t  of  Rumen Microflora 

The full fun c tion of  the rumen is eventually dependent upon the 

final es tabl ishmen t  o f  a normal population o f  rumen microflora . Mos t  

o f  the organic mat ter ingested by ruminants i s  diges ted i n  rumen by 

microorganisms ( section 3 . 2  ) . New born calve s  hardl y  have any rumen 

microorgamisms . Compared with adul t  ruminants , whose rumen provide s  

quite favourable environment for microbial growth ( Church , 1 969),  the 

low pH value of calf rumen is probably the main l imiting factor for 

microbial flora deve l o pment ( Ray , 1 9 80). A complete c i liate 

micro fauna become properly e s tablished as rumen pH i s  s ta b l i ze d  nea r  

neutrality ( pH >6) a t  about 8 weeks o f  age ( Mann e t  a l . ,  1 9 54).  
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The solid fee d  intake may be another factor e xe r ting influence on 

the e s tabl ishment of rumen micro flora . First , the inges tion o f  solid 

feed may bring microorganisms or the ir s pores into ru men . Pasture and 

hay are qui te like l y  to be the media of microorganism transfer between 

adul t  ruminants and calves in farm situation . Second , so l i d  feed in 

the rumen supplies energy and pro tein and other nutrients for rumen 

microorganisms . Thi rd , the kind o f  so l i d  feed inges ted may have an 

effect on the nat ure of the organisms which dwe l l  in the rumen . 

Pounde n  & Hibbs (1 9 4 8b) found the growth and predominance o f  an 

organism seemed to de pend , to a large e xtent , upon the substrate 

present in rumen . As this substrate changes with changes o f  diet , so 

does the type of organism that predominate s . 

The e ffec t  o f  inoculation on the e s tablishment o f  the rumen 

micro f lora or the growth rate of the calve s  seems not cons tant . 

According to some earl y  work , rumen bac teria are not like l y  to be 

t rans fered from adults to young calves in the form of s pores because 

o f  the short survi va l  time o f  the s pores (Bryant ,  1 9 59 ) . In this 

view , oral contac t or inhalation of organisms tempo rarily sus pended in 

the air is the poss ible natural way of inoculation and artificial 

inoculation a ppears necessary , or at least bene ficial , for the 

ade quate deve lo pment o f  rumen microflora in early age . But in fac t , 

isolation o f  calves from adult ruminants immediatel y  after birth d id 

not prevent the establishment o f  some typi ca l  rumen bacteria in cal f 

rumen . On the other hand , however ,  the isolated ca lves generally had 

lower levels of ce l l ulolytic organisms (Bryant & Smal l ,  1 960 ) . 

Contact with adult ruminants a ppears to be necessary for proto zoa 

establishment (Bryant et al . ,  1 9 58 . Borhami et a l . ,  1 9 67 . Zio lechi & 

Brigg , 1 9 62 ) . High intake o f  mi lk or grain tends to inhibit 

deve lo pment o f  a c i l iate po pulation , presumably due to low rumen pH 

(Pounden & Hibbs , 1 94 8a).  Th is may be the cause o f  lowe r c e l l u lose 

d igestion unde r  l i be ral milk feeding (Lengemann & Allen , 1 9 59).  

In genera l ,  it  appears that the cal ve s  can eventually  deve lo p 

the ir normal micro flora without a ss i s tance as long as they have free 

access to roughage or pasture . The bac teria a ppear ear lier than 

pro to zoa in rume n  (Singh et al . ,  1 9 83).  So, inoculation would have a 

b i gger e ffect on deve lopment o f  a pro tozoa po pulat ion in the rumen as 
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Bryant & Smal l  (1 956) observed . The fac t  that inoculat ion has 

d i f ferent and incons i s tant resul ts may be pa rtly due the effect o f  

d i e t .  For h ighly d iges t i ble concentrates o r  young pasture inoculat i on 

may not be so use ful . 

The backflow o f  mil k  from abomasum may bring lactobac i l l i  to 

rumen from abomasum and inoculate it  (Roy , 1 980) whereas its e ffect  on 

the establi shment o f  rumen micro flora is doubtful . Schwab et al . 

( 1 980) found that feeding a nonviable lactobac i l lus bulgaricus 

fermentation product to calves beginning at 2 to 9 days o f  age may 

improve we ight ga ins and ad li bitum feed consum ption , particularly 

during the pre -wean ing period . He suggests that the e f fect is l i ke l y  

t o  be i n  the sma l l  inte stine ins tead o f  o n  rumen fermen tation because 

the effect was not s igni ficant after the ca lves were weaned . Lowlar 

and Kealy ( 1 97 1 )  observed in artificially reared lambs that the 

escaping o f  mi l k  i n to rumen was one of the causes of low rumen pH and 

this was related to the low dry food d iges t ibility and a poor 

establishmen t  of rumen microflora . 

1 . 1 . 4 The Changes in the Abomasum and the Intestine 

In preruminant calves , the abomasum and smal l  intestine pla y  the 

dominant ro l e  in d iges tion . The ir func tion continue s  to be necessary 

after the forestomach is ful l y  develo ped . They kee p on growing after 

birth . But the i r  relative s i ze and wei ght , like thei r  importance in 

d igestion , d e c l ine as the cal f  grows . So in adul ts , the abomasum 

occupies only about 8 % o f the to tal c a pac ity o f  the s tomach (Get t y , 

1 975). The deve lo pmen t  o f  the abomasum i s  largel y  d e termined by the 

milk intake leve l .  I t  has been sho wn that the deve lo pment o f  the 

abomasum was s lowed by the decrease in milk intake (Kaiser , 1 9 7 6 ) .  

Work w i t h  she e p  (Wardrop & Commbe , 1 960)  showed that t h e  re lative 

we ight of the intest ine decreased at 4 wks , 8 wks o f  age and maturity 

res pectivel y . The relative capacity of  intestine in the who l e  

gastro-intestinal tract also dec l ines as the animals grow . The 

capac ity o f  intes tine was 7 2. 5 , 67 . 4  and 50 . 9  % o f that o f  the 

gas tro -intest inal t r ac t  at 4 wks , 8 wks of age and matur i t y  

res pective l y .  
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1 . 2 D EVELOPMENT OF SOLID FEED INTAKE OF YOUNG C ALVES 

Calves are inst inc t ive ly able to inges t  and d iges t  m il k  or 

adequate mil k  substitutes . In contrast ,  the volun tary in take and 

d igestion o f  so l id feed has yet to develop in t he earl y  s tages o f  

t he ir l ife . In fact , because o f  t he relations hip between sol id feed 

intake and rumen deve lopment ( Hodgson , 1 97 1 b ), t he early volun tary 

solid feed consumption influences t he potential feed intake after 

wean ing . This has been shown by many e xperiments and farming 

e xperience . Due to the d ifferences in the ir nutrit ive and phys ical 

properties , t he consumption of l iquid feed and sol id feed is very 

d ifferent . The calves generally  can eat more l iquid feed than so l id 

feed in terms o f  dry matter ( DM) before t hey reach 7 0  kg LW . U n t il 

t he y  reach 1 00 kg LW calves cannot inges t  more diges t ib l e  energy ( DE) 

from so l id feed t han from l iquid feed ( Ray , 1 980). In o t her words , 

t hey cannot grow faster t han l iquid fed calves before t he y  rea c h  at 

l east 1 00 Kg LW . There usually  is a period o f  time d ur ing which t he 

d ie t  o f  t he calves g radua l ly c hanges from l iquid feed to l iquid plus 

solid feed , t hen to solid feed only ( weaning). Since t here is obvious 

e conomical advantage in feed ing so l id feed if the e xpected growth rate 

can be achieved , encouraging cal ves to eat more sol id feed at an early 

age , shortening the period during which calves eat l iquid feed , is 

always one o f  t he main topics in calf  nutrit ion research.  This a l so 

reduces t he labour cost for cal f  rearing which is another 

considerat ion in cal f  rearing • Since t he vo luntary sol id feed intake 

is large l y  l imited , e spec ially for young calves , t he decrease o f  

l iquid feed intake cannot be ful l y  compensated by t he increased so l id 

feed intake . Consequently , in t he case where high g row t h  rate is 

required , l ike in veal produc t ion , it is less important to use s o l id 

feed . On t he other hand , for t he herd replacement cal f rearing , early 

weaning encourages t hem to eat so l id feed ear lier in a larger amount 

t han calves fed liquid feed and is a pract ical met ho d . 



1 . 2.1 The Mec han ism s  of Solid Feed Inta ke C ontrol in Y oung Calve s 

I t  i s  we l l  kn own t hat d ifference s i n  voluntary i ntake e x i st 

be tween l iquid feed and solid feed , and between t he var i ou s  solid 

feed s  wit h  d i fferent properties and probably bet ween animal s due t o  

gene tic d i f ference s. 

Que st i on s  natura l ly arising f r om t hese phenomen on are 

1 .  What is(are ) t he mechani sm ( s) c ontrol l i ng fee d  intake 

e special l y  sol id feed intake in y oung rumi nants? 

2 .  How d o  t he y  deve l op? 

3 .  How are t he y  re lated t o  eac h ot her?  

4 .  What fac t or s  influence v oluntary feed intake of calve s  of 

d if ferent age s? 

9 

The first t hree que st i ons w i l l  be discussed in t hi s  se c t i on whi l e  

t he fac t or s  influe ncing v oluntary soli d  feed in take w i l l  be c onsidered 

i n  next sec t i on ( se c ti on 1 . 2 . 2 ) .  

The mec hanisms of feed inta ke regulat i on in ruminan t s  and fac t or s  

i n fluenc i ng feed in take have been intensively reviewed b y  many w or ke r s  

( e . g .  Camp l ing , 1 970 , Bine s, 1 97 6 , Journe t & Rom ond , 1 9 76 , Me i j s ,  

1 98 1 ) .  R oy ( 1 9 80 ) reviewed t he feed i ntake regulati on i n  calves.  

Several mechanisms have been prop osed . It appears t ha t  t he 

t he ories of me tabolic and physical mec hani sm s  are wel l  e sta b l i shed . 

They are mainly ba sed on genet i c  capa c i ty in using t he nutr ients 

absorbed and t he p hysi cal capacity of al imentary t ract in 

accomm odat ing bulky feed . For gra zi ng animals,  t he c omp l i cat i on of 

t he grazi ng pr oc e ss make s the grazing ski l l  or gra zi ng be havi our 

anot her p ossi ble way of limit i ng feed i ntake. Whi le f or y oung 

ruminan t s, t he or opharyngeal fact or s  a ssoci ated w i t h  t he d eve lopmen t  

o f  eating behavi our may c ontr ol t he initial deve l opment of sol id feed 

intake ( Hodg son , 1 9 7 1 d ) .  

The nervous sy stem , more probabl y  t he hypot halamus ,  appear s t o  

play an imp ortant r ole in the c on t r ol of feed intake . Thi s ha s been 

demonst rated w i t h  t he i nc reased intake a fter elec trical and c hemical 

stimula t i on of t he lateral hyp ot halamus in sheep and g oat s ( Me i j s ,  

1 98 1 ) . • Phy si ol ogically , t he hyp ot ha l amus may be sensitive t o  c hange s 

in hormone leve l s ,  some bl ood metab oli te c oncentrat i on s  and ner v ous 
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signal s. But whe t he r  or not t he hy pot halamus play s t he d om inant r ol e  

in the n ormal anima l , i n  balanc ing and integrating signal s fr om 

vari ou s  part s of t he body , remains open t o  que sti on (M orri son , 1 977 ) .  

1 . 2 . 1 . 1  The Metab ol i c  Control 

The metabol i c  c ontrol re sul t s  from some signal s, suc h  a s  t he 

c hange s during a meal of t he pla sma c oncentrat i on of metabol i te s  

arising from d ige sti on and absor pt ion , t he c hange s of body 

temperature , circu l a ting horm ones,  t he si ze of the fat re serves in the 

body e t c  • •  Ba si ca l ly , the metab ol i c  mec han ism of feed intake i s  t o  

kee p t he balance of input and out put of nutrients, par t i cularly 

ene rgy . The above ment i oned signa l s  are a l l  related t o  t he energy 

status of t he anima l s  in e i t he r  short term or l ong term , directly or 

ind ire c t l y . The f ol l owing mec hanism s  may be involved . 

(1 ) C hemostatic me c hani sms 

Thi s  i s  c on sidered t o  be t he main regulati on sy stem f or short 

term c ontrol . The balance be t ween energy input and out put f or ATP 

pr oduc t i on ,  pr ot e i n  and fat synt he si s  i s  l ikel y  to kee p  t he pla sma 

c oncentrati ons of some key metabol i te s  c onstant . Satiety may r e su l t  

fr om t he increase i n  suc h  metabol i t e  c oncentrat i on s .  The nature of 

suc h  metabolite s i s  far from c lear in ruminants t hough gluc ose i s  

found t o  b e  the main signal i n  m on oga str i c  animal s. For prerumi nant 

calve s, t hi s  may a pply because gluc ose i s  a l so t he main energy 

su pplying material and the i r  bl ood sugar leve l c hange s wit h feed 

inge st i on and digest i on .  But t hi s  may n ot last l ong since cal f  bl ood 

sugar leve l  decrease s  and c oncentrati ons of organic acids increase a s  

t he calve s grow .  Suc h  c hange i s  c ompleted a t  about 6 t o  7 wks of age 

( Huber, 1 9 6 9 ,  McCar thy & Ke sler , 1 956 ) . So, if gluc ose is t he 

regulat ing metab ol i te f or preruminant calve s, it w ould be important 

onl y  f or t he first few weeks of li fe .  VFAs thereafter play an 

increasingly impor tant r ole in energy su pply . But the e vidence t hat 

VFAs are t he signal in ruminant s is n ot we l l  establ i shed . Rea son s f or 

t hi s  may be 1 )  VFAs are a grou p  of c om pound s, t he rat i o  of the t hree 
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main acids varying with the feed , 2 )  VFAs production rate in t he rumen 

varie s  wit h  t he d ie t s. Concentrates are fermented muc h  faster t han 

herbage even wi t h  t he sa me d igest i bility . 

(2 ) Lip ostatic mec hani sms 

I t  see ms t ha t  t he above men t i oned signal s  would n ot be sufficient 

to maintain l ong-term stabi l i t y  in energy balance t hat is c ommon l y  

ob served i n  adul t ani ma l s, and t he si ze of t he fat re serve s i n  t he 

body mig ht provide the be st ind icat or of energy status of t he ani ma l s. 

The leve l s  of bl ood free fat t y  acid s re sul ting from ad i p ose ti ssue 

me tab ol i sm may serve a s  a signal f or t he regulati on .  But some 

evidence ha s shown t hat suc h l ong-term regulati on sy st e m  i s  n ot 

per fect . F or e xa mple , Kanarek and Hirsc h  (1 97 7 )  have shown t hat 

nor ma l  ani ma l s  offered highl y  palatable die t s  wil l sli g htly but 

c onsi stently  e xceed t heir predic ted intake of energy and eventually  

bec ome obe se . 

(3 ) Ther mostat i c  mec hani sms 

Thi s  t he ory i s  ba sed on t he e x i stance of temperature sensi t i ve 

centres in t he hyp ot halamus. However , under norma l  p hysi ol ogical 

c ond i t i ons in �u minant s t hi s  e ffect see ms un i mportant ( R ohr 1 97 7  cited 

fr om Me i js , 1 98 1 ) .  On t he othe r  hand , environmen tal te mperature may 

have an e f fect on feed intake by t hi s  mec hani sm a s  a means of 

ad ju sting the energy balance . In a c old envi ron ment t he feed intake 

increased whereas hot c l i mate d epre sse d  intake ( J on e s ,  1 972 , Baile & 

Forbe s,  1 974 , Bines, 1 976 ) . I t  i s  d oubt ful , however , t hat t he nor ma l  

c hange s of te mperature i n  te mpera te areas, can cause marked d i fferenc e  

i n  intake . One e xpe r i ment i n  a te mperate area showed n o  relati onshi p 

between gra zing t i me and a i r  te mperature over a wide te mperature range 

( Ja mie son ,  c i ted from Mei js, 1 98 1 ) .  
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1 . 2 . 1 . 2 The Physical Control 

Rum i nant s fed low quality bulk feed s usually can n ot achieve a 

high i ntake level • Conse quent ly the y  fail t o  fulfil the i r  produc t i on 

potential ( Bine s, 1 97 1 ) .  Obvi ou sly , the v oluntary feed intake i n  such 

a situat i on i s  not l ikely to be c on t r olled by metabolic requirement . 

The capaci ty of the a limentary trac t , e specially the reticule-rumen 

and abd ominal capacity may set a limi tat i on on the a nima l ' s ability t o  

i nge st i n  th i s  si tuati on .  

Since feed i nge st i on, d ige st i on and residua l excre t i on are 

dynamic proc e sse s , there fore , be sides the ab solu te capacity of the 

alimentary tract , the pa ssage rat e  of d ige sta and the c once ntrat i on of 

DM in the rumen c on tent also have in fluence on voluntary feed 

c onsumpt i on ove r a prol onged peri od of time ( Hodgson, 1 97 1 b , e ) .  The 

high pa ssage rate of d ige sta i s  quite l ikely t o  be the r e sult of high 

i ntake . But the fac t or s  influencing the dry matter c ontent of d ige sta 

i n  reticule-rumen are not we ll under st ood . 

( 1 )  The capacity of the alimentary trac t 

Thi s  parame t e r  and other similar but not nece ssarily e qui va lent 

parameters, like rumen f luid v olume , we ight of alime ntary t rac t , the 

d ige sta we i ght in the al imentary tract etc . are m ore or le ss 

assoc iated with solid feed i ntake ( Hodg son , 1 97 1 c ,  Me i j s, 1 98 1 ) .  

The e f fect of rumen si ze on feed in take can a lso be sh own by ora l  

intake change s a f t e r  the rum e n  c onte nt i s  arti ficially changed . 

Hodgson ( 1 97 1 d )  sh owed that removal of d igesta fr om the rumen 

increased solid f ood intake . 

( 2 )  The rate of d igesta pa ssage 

The rate of d ige sta pa ssage rate thr ough the alimentary trac t , 

e specially the re tent i on time in rumen determine s the amount of solid 

feed that can be accommondated in a peri od of time . Th i s  i s  pr obably 

m ore signi ficant f or gra zing ruminants which i nge st the ir diet  over a 

pr ol onged per i od .  



The d isappearance rate of d igesta fr om t he rumen i s  primarily 

dependent up on t he rate of feed part icles breaking d own to a certain 

s i ze .  Suc h a breaking-d own process can be e i t her c hemical or 

phys ical . 

Feed dige s t i bility re presents t he rate of c hemical break-d own . 
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It is kn own t hat the intake of grazing animals increases with organi c  

mat ter d i gestibi l i ty over t he range from 5 0  t o  80 % ( H odgson ,  1 975 ) . 

For c oncentrates , t he v oluntary intake increases unt i l  t he 

digest ibi l ity reaches about 60% (Dinius and Baumgard t ,  1 970 ) .  Suc h  an 

inc rease i n  intake is likely due to t he increased passage rate instead 

of increased re t icul o-rumen fill . It is obse rved t ha t  animals offe red 

dried grass with diges tibilty varying fr om 50 to 70 % have a s imilar 

re t i cul o-rumen fill at t he end of t he meal (Me ij s , 1 98 1 ) .  Alam et 

al . ' s work with lambs and kids also s howed t hat t he higher intake of 

lucerne hay c ompare d wi t h  mead ow hay was assoc iated wi t h  s horter 

re ten t i on time in t he rumen . 

The phy s i cal break d own i s  carried out t hr ough t he ruminat ing 

process . It interacts with t he c hemical break d own . It is observed 

t ha t  leaf frac t i ons and stem fracti ons of grass wit h  s imilar 

d i ge s tibilities have very d i fferent v olun tary intakes because of t he i r  

d i f ferent re tent i on time . The retenti on time i s  much l onger f or s tem 

t han f or leaf f rac t i ons (Poppi et al . ,  1 98 1 a , b ) . Fur t her s tudy 

s howed t hat s hort reten t i on t ime in t he rumen of t he leaf frac t i on was 

ass oc iated wit h  an apparent hig h  rate of dige s t i on of neutral 

de tergent fi bre (NDF )  and its high rate of passage fr om t he rumen 

(P opp i  e t  al . ,  1 98 1 b ) . Interes t ingl y , t he i r  s tudy a l s o  s howe d  t ha t  

t he retenti on t ime of t he small part icles (< 1 . 1 8mm ) has t he m os t  

important influence on t otal dry matter retention t i me instead of t he 

large ones (> 1 . 1 8mm ) .  This i s  in disagreement wi t h  t he general idea 

t hat t he break d own of large particle  is imp ortant in determining t he 

retent i on time . 

1 . 2 . 1 . 3 Be havi oural Control 

Animals have t o  make an e f fort t o  ingest feed offered t o  t hem and 

swa l l ow the feed inges ted . The re f ore , it is p oss ible t hat t he 
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anima l ' s  abi l ity t o  make such e ff ort , whi ch i s  l ikely t o  be limited by 

s ome phy si ol ogical , physical and behavi oural fac t ors in some 

s i tuat i ons , l ike grazing , influences feed intake . 

Such e f f ort i s  probably negligible f or mature anima l s  fed mainly 

c oncentrate s in n on -d i luted c ond i t i on .  But f or the grazing anima l , it 

may erect a l imi tation on v ol un tary in take depending upon the gra zing 

management . Calves are not ski l ful gra ze r s. In add it i on t o  this 

undeve l oped sa livary gland s may have further e ffects on mas ticat i on 

and swa l l owing . So they are m ore li ke ly t o  be l imited by so cal led 

oropharyngeal fac t ors.  The mos t  relevant evidence that sugge st s 

behavi oural c ontrol in y oung ruminant s is from Hodgson ' s  w ork ( 1 97 1 d ) .  

He f ound that the add i t i on of feed material t o  the r umen r e su l ted in a 

depre ssi on in the intake of dry mat ter ( DM I )  which was greater than 

the increa se in DMI f ol l owing the removal of dige sta . Th is sugge st s 

that the y oung ruminant s  are unw i l l ing t o  eat e xtra solid f ood even i f  

the me tabol i c  and physi ca l  ba rrier on in take i s  rem oved . The 

behavioural c ontrol of sol id feed intake in young ruminant s  is a l so 

sh own by the l ong term e ffect of early e xperience on sol id feed intake 

later . Mer ino lambs which we re init ial l y  ( at 5 to 2 0  days of age ) 

given wheat ate signi ficantly  more wheat at 6 ,  1 2 ,  2 4  and even 3 4  

m onths of age ( Green e t  a l . ,  1 984 ) . 

Some research w ork showe d  that art i ficially reared piglets have a 

strong tendency t o  suck anything since the i r  d e sire of sucking is  n ot 

easi ly satis fied by even rubber teat s ( Stephens, 1 9 82 ) .  Such abn ormal 

behav i our may quite l ike l y  affect dry feed inges ting beha vi our though 

this aspec t  is n ot inc luded in the work . 

( 1 )  Prehending and inges ting 

In the gra zing situati on ,  the intake of gra zing animal can be 

c ons ide red as the product of bite s i ze ,  biting rate and gra zing t ime , 

e xpre ssed a s  f ol l owing e quati on :  

DMI ( kg/d ) = Bite si ze ( g /bite ) X Bi ting rate ( Bite s /mi n )  

X Gra zing time ( min/d ) / 1 000 

Under p oor pa st ure c ondi t i on s ,  the decreased intake is often due 
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t o  the decrea sed bite si ze in adul t ruminant s ( St obbs, 1 973a ,  b ) . For 

ind oor fed calve s ,  i t  has al so been ob served t hat t he t i me spent on 

c onsuming pe r un it untreated dr ied herbage wa s muc h  l onger t han t hat 

on pe lleted feed ( 0 . 2 4 min/g DMI v s  0 . 06-0 . 07 min/g DMI )  ( Hodgson , 

1 97 1 a ) . A si mi lar re sul t wa s obta ined in t he c omparison of 

c oncentrate and pa sture in feeding early weaning calve s ( Byford , 

1 97 4 ) . Suc h  d i f ference in eating rate , more probably due t o  t he 

smaller bite si ze rat her t han sl ower biting rate , may be attr i buted t o  

t he f ol l owing rea sons: 

1 .  t he large d i fference in bulk density between t he sol id feeds 

in que st i on ( Byford , 1 97 4 ,  Hodgson , 1 97 1 a ) . So, t he in take per 

mouthful i s  l i mite d ;  

2 .  t he p ossible uppe r l i mit on t he secre t i on of sal i vary j uice 

per unit of t i me .  

( 2 )  Ma st i cat i on and swal l owing 

The masticat i on and swal l owing of t he sol id feed inge ste d  require 

muscular work of t he j aw as wel l  as t he secret i ons of sal ivary gland 

as an aid f or moi st ening . In adult ruminant s, t he fatigue of t he jaw 

muscle i s  n ot c on sidered as a l i miting fac t or in feed intake . But 

t hi s  i s  not c on f i r med in calve s. I t  is kn own t hat t he calf ' s  sal ivary 

gland , l ike t he rumen , is n ot ful l y  deve l oped at  birt h. Acc ording t o  

t he study wi t h  lambs and kids,  rate of sal i vary f l ow wa s signi ficantly 

c orre lated to t he fre sh weight of t he rumen but n ot to body we ight 

( C hurc h ,  1 9 69) . So it  may be a ssumed t hat y oung ruminant s will  have 

proble ms in ma st icating and swal l owing sol id feed first rat he r  t han 

acc ommodating t he solid feed inge sted by reticul a-rumen . Kel laway e t  

al . ( 1 973b ) have shown t hat exhaust i on of t he sal i vary gland wa s an 

i mp or tant fact or in influenc ing t he intake of early-weaned ruminant s. 

Recent ly , work in UK a l so showed t hat feed in take , primari ly r oughage , 

i s  suppre ssed w hen water and e lectrolyte s are in deficit  ( D or i s  & 

Be l l , 1 983 ) .  

Since eating and ruminating pelleted feed take muc h  shorter t i me 

t han l ong roughage and t he product i on rate of sal i va during eating and 

rumi nating is highe r  ( Ke llaway et al . ,  1 973a ) , t he t otal produc t i on of 



16 

sal i vary juice on a pelleted rati on or c oncentrates is l i kely t o  be 

c ons iderably l ower or more DM c ould be inge sted wit hout t he e x haust i on 

of sali va ry j ui ce . 

The resp on se t o  the add i t i on of sweetening agents t o  the rati on s  

appears t o  b e  greater i n  t he y oung r uminant s  t han i n  older r uminants 

( Pres t on ,  1 956 ) . Early weaned ca lves ate 1 1  t o  1 6% more feed t ha t  was 

supple mented by molasse s t han t hey ate of n on -molasse s  s uppl e mented 

feed . This tend s to sugge st t he greater i mp ortance of behav i oural or 

opharyngeal fac t or s  in t he c ontrol of sol id food intake in y oung 

r umi nant s. I t  may be assoc i ated with i t s  sti muli on t he se cre ti on of 

sa livary j uice or me rely be cause it i s  more acceptable . It i s  shown 

t hat hu man infan t s  have an inst i nc tive abi lity t o  taste some flav ours , 

accepting sugar sol ut i on but re jec ting q uinine solution ( Bol l e s ,  

1 98 3 ) . 

1 . 2 . 1 . 4  The Relati onshi p between Di fferent Mec hani sms 

I t  is ackn owledged t hat t he mec hani sms whereby t he intake of f ood 

by r uminant s  is  regulated are hig hly c omplex and t he i r  effects are n ot 

c lear -c ut . A general relati on between metabol i c  c ontrol and p hy sical 

c ontrol has been s ummar i zed in a mod e l  prop osed by M ontgomery & 

Baumgardt ( 19 65 ) ( se e  Fig .  1 . 1 ). 

r--
DISTENSION 

l 

/ 
/ 

// 
cY 

/ 
/ 

/ 

·r CHEMOSTAnc 
THERWOSTATIC 

�--------0 
/

/ ENERGY 

DRY MAITER 

L____ �----�----�---------�---�----�--� 

NUTRITIVE VALUE 

FIG . 1 . 1  Pr obable Relat i onship be tween Energy and Food Intake 

Contr olling Me c hani sms 



The shortcomings o f  thi s  model are : 

1 .  It separates the control o f  two mechanisms sharply , but in 

fact there may be a trans fering stage when both mechanisms function . 

They may also have an e ffect on each other . 

1 7  

The intake is not constant e ven with a low nutritive value feed . 

It is shown that the intake of pasture per unit wei ght varies with the 

production potential of the animal with the digestibility of herbage 

as low as 67 . 3 % ( Curran & Holmes , 1 970 , Hodgson , 1 975 ) . In fact , the 

nutrient deficit ( potential minus actual intake ) to which the animal 

is subjected may to some e xtent adjust the intake limitation e xerted 

by physical control or other control mechanism other than metabolic 

mechanism ( Hodgson , 1 975 ) . The fact that milk feeding leve l strongly 

influence s  the solid food intake give support to this proposal . 

2 .  For young ruminants , the possible behavioural control has not 

been considered in this model . The nutritive value , e xpressed as 

d igestib ility , is not the only factor influencing intake , the 

phys ical form of the feed may be more important ( Hodgson , 1 971a ) . 

3 .  The rumen fermentation characteristics o f  the feed are also 

ignored . Such characteristics have been shown to inf l uence intake 

ability . The typical e xample in adult ruminants is the difference in 

pasture and concentrate dominant d i et intake ( Fig . 1 .2 ) . 
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FIG. 1 .2 Comparison of Two Relationships between Voluntary Intake and 

Digestibility(Dinius & Baumgardt , 1 970, Troelsen & Campbell, 1969 ) 
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In calve s , some indirect e vidence al so suggests that low rumen pH 

may have an e f fect on voluntary so lid feed intake ( Ke l l away et al . ,  

1 97 3a , b )  though the low sal ivary flow rate of  young ruminants may be 

one of the causes s ince its bu f fering abi lity from sal i vary juice is 

smal l .  

1 . 2 . 2  Some Factors Affecting So l i d  Feed Intake of Young Calves 

Encouraging calves to eat more so lid feed at an early age has the 

advantages of decreasing rearing cost and the stres s  caused by 

weaning , i . e .  weaning checks . In practice , voluntary so l i d  feed 

intake of calves d i ffers widely due to many reasons . Below are some 

o f  the important ones . 

1 . 2 . 2 . 1 The Level of  Milk Feeding 

For many reasons , co lostrum and a certain amount o f  who le milk or 

adequate milk substitutes are a necess ity for successfu l  calf re aring . 

Calf health and minimum mortal ity are always cons i dered by 

farmers to be as important as rearing cost . The amount of l iquid feed 

fed is o ften a s soc iated with the growth rate that can be achieved 

( Ka iser , 1 97 6 ) , so it varies with s ituations where d i fferent growth 

rates are required . 

Many e xperimenters have shown that there is a close negative 

correlation between the level o f  l i quid feeding and solid feed intake 

be fore weaning and for a period after weaning ( Hodgson , 1 97 1 e , Leaver 

& Yarrow , 1 9 72 , Baker et al . ,  1 976 , Le Du et al. , 1 97 6a , b ,  Ba ker and 

Barker , 1 977 , Le Du and Baker , 1 9 79 , Penning and Gibb , 1 979 ) . The 

regression o f  voluntary so l id feed intake on the a l lowance o� milk 

substitute be fore and a fter weaning was shown to be s ignificant ( r  

ranging from 0 . 24 to 0 . 64 )  ( Hodgson , 1 97 1 c ) . LW at birth s eems to be 

a notable factor . Walker and Hunt ( 1 98 1 )  showed that the res ponse o f  

young ruminants to restriction of milk a l lowance to maintenance level 

varies with the ir birth we ights . The restriction resulte d  in no 

iricrease in intake o f  pel leted feed both be fore and after weaning for 

l ighter lambs ( birth we ight < 3 . 2  kg ) ,  but for heavier lambs ( birth 
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we ight > 3 . 6  kg ) ,  it resulted in s ignificantly more pe llet intake . It 

may be the interaction of metabolic  regulation- lipostatic mechanism 

and other contro l mechanisms . Similarly , Leaver and Yarrow ( 1 972 ) 

demonstrated a pos itive relationship between birth we ight and 

concentrate consumption by calve s . But in their experiment , a 

constant milk al lowance was fed over a range o f  weight , resulting in 

the heavier ca lve s be ing poss i bly underfed and there fore caused h igh 

solid feed consumption . On the other hand , some work suggested that 

birth we ight had no effect on so lid feed intake . Kay ( 1 9 69 ) examined 

records of 1 50 Fries ian bull calves , birth we ight of which ranged 

between 33 and 48 kg and found no e ffect of birth we ight on the growth 

of these calves from weaning to 1 00 kg live we ight . It i s  assumed , 

however , that comparable growth rate implies comparable intake o f  

solid feed . But Adeneye ( 1 982 ) showed with five breeds ( Friesian , 

Holste in , Holstein X Fries ian , Jersey and Brown Swiss ) that the birth 

we ight exerted a highly s igni ficant influence ( p<0 . 0 1 )  on later body 

we ights ( measured until 1 6  weeks of age ) . 

1 . 2 . 2 . 2  The Properties of  Solid Feed 

Based upon the hypothes i s  of behavioural control and /or phys ical 

control of  solid food intake , the physical and nutritive properties of 

the solid feed offered to the calves wil l , to a large e xtent , 

determine the voluntary solid food intake of young ruminants provided 

the influence of  milk feeding leve l is not cons idered . 

The solid feeds used in most s ituations can be class i fied into 

the following three classes : 

1 .  Concentrates -- meals or whole grains ; 

2 .  Pasture -- e ither gra zing or freshly cut ; 

3 .  Hay and s i lage . 

Furthermore , grind ing and pelleting can largely change some 

physical properties of the feed . So pel leted feed , compared with 

unpe l leted one , has some uni que properties . 

The d i fferences between the feeds mentioned above lies mainly in 

the following aspects : bulk dens ity , d igesti bility and energy content 

per unit wet weight ( Table 1 . 3 ) . 
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( 1 ) Concentrates 

Concentrates are usually charac terized by high d ige s t i bi l i ty , 

high bulk d ensity and high ME content . Consumpt ion o f  concentrates i s  

usually higher than pasture or hay in young ruminants . Byford ( 1 974 ) 

showed that concentrate was a bet ter early-weaning food for calves 

primarily due to its high volun tary consumpt ion . The intake o f  

herbage decreased with the increase of  meal offered o ver 5 t o  1 1  wee ks 

of age ( Poo le , 1 977 ) . 

However , such preference appears to decl ine as the calves grow . 

Castle & Walker ( 1 9 5 9 )  found no advantage in growth rate by 

supplement i ng calve s  on pasture from 8 to 20 weeks o f  age . Work in 

Canada also showed that if  good qua l i ty pasture is  ava i lable , 

supplement ing concentrate does not increase live we ight ga in a fter 8 

weeks of  age (Gorri l l , 1 9 67 ) . This may suggest that the solid feed 

intake of  calves after approximately 8 weeks of  age is less l i kely to 

be contro l l e d  or l im ited by the phys ical mechanism provided good 

quality pas t ure is o ffered . The so l i d  feed intake is increased when 

concentrates are offered to calves consuming low qual i ty roughage 

( Leaver , 1 97 3 ,  Poo l e , 1 977 ) . 

Probably due to the improved rumen fermentation , the calves fed 

concentrate incorporating a certain amount of roughage eat more solid 

feed than those o ffered concentrate only ( Johnson & El l io t t , 1 9 69 , 

Owen et a l . ,  1 9 69 , Stro zinski & Chandler , 1 97 1 , Wes ton , 1 97 9 , Thomas & 

Hinks , 1 9 8 3 ) . The h ighest so lid feed intake occurred at roughage 

concentra tions ranging from 1 5  to 67 . 5% depending upon the qua l ity and 

process ing of the roughage . 

But it  is found that feeding concentrate and roughage se parate ly 

did not increase the total solid feed intake , probably due to the 

cal f's unwi l l ingnes s  to eat roughage . Wes ton ( 1 97 9 )  observe d that 

increases in straw content from 2 to 1 4% were accompanied by the 

increases in 1 )  the rate of flow from rumen of dige s ta , sod ium and 

potas s ium , 2 )  the pH of ruminal con tents and 3) the time s pent on 

ruminating tho ugh the d iges t i bil ity was actua l ly decreased .  It is not 

clear which fac tor was respons ible for the increased volun tary feed 
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intake • The increased rumen pH was a lso observed in l ambs fed who l e  

barley compared with those fed ground barley ( L'Estrange , 1 97 9 ) . 

(2 ) Pasture and its characteristic s  

Herbage of high quality has l ong been shown an acceptable so lid 

feed for young ruminants . Such pasture is o ften characterized as  

be ing short and leafy .  It may have M E  content ranging from 1 1 . 5 -

12 . 0  MJME/kg DM . But due to the low DM content (about 1 5% ) , the 

energy content per unit wet we ight is low , approximate ly 1 . 73 to 1 . 80 

MJME per Kg fresh herbage . Furthermore , such pasture would have a 

crude prote in contant o f  about 1 9% or even higher ( Corbett , 1 9 6 9 ) . 

Work in New Zealand in 1 9 50's demonstrated that calves could be 

put on pasture o f  e xcellent quality as early as 1 - 2 weeks o f  age and 

s pring born calves could be s ucces s fully reared outdoors ( McMeekan , 

1 9 54a , b ) . Mc Arthur ( 1 9 57 ) and Preston et a l . ( 1 957 ) in New Zealand 

also showed that calves at 4-5 weeks of age can digest gras s  as 

effic iently as adult ruminants . Calves of  e ight weeks o f  age can 

digest pasture as effectively as they d igest concentrate ( Byford , 

1 97 4 ) . However , the amount o f  grass ingested by young calves does not 

always ensure satis factory growth performance . In other word s , the 

intake of pasture is the main l imitation in pasture uti l i zation by 

calves in early age ( Byford , 1 974 ) . 

For gra zing c alves , besides the usual problems re lated to the 

properties of the solid feed , the grazing management and environment 

also have an o bvious e ffect on herbage intake . 

Most workers have found that weight gain decreased as the time o f  

year at whi ch calves were born and put outside advanced from s pring to 

mid-s ummer . the decline of  pasture qual ity may be the main reason for 

this . 

Young calves are thought to be extremely selective grazers 

probably due to the ir behavioural factors . For example , Fries ian 

weaners ( aged 2 months ) could select a d iet of 96 . 5% leaf with N 

content as high as 25 . 8  g/KgDM from the pasture with 7 . 3  to 1 9 . 3 g 

N/KgDM (Moss & Murray , 1 984 ) . Under low herbage al lowance they would 

sacri fice the quantity in order to select high qual ity herbage . So a 
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generous herbage a l lowance i s  usua l ly suggested . Roy ( 1 980 )  proposed 

that the calves should be moved to a fresh paddock a fter the gra zing 

height o f  the sward decl ines to below 8cm , as otherwise intake of 

grass will fal l .  An e xperiment i n  UK showed that herbage intake was 

reduced by about 1 8  % as daily herbage al lowance o f  4- 9 months calves 

was reduced from 90 to 30 gDM/kg LW ( Jamieson & Hodgson , 1 97 9 ) . In 

contrast to this , Baker and Barker ( 1 97 7 )  showed that the calve s  of 

approximately 58 up to 95 days of age had s imilar herbage organi c  

matter intake a t  herbage al lowances o f  20 , 40 , 60 and 80 g OM/ kg LW 

respectively . Thereafter ,  herbage intake was depressed by 20g OM/kg 

LW allowance . But i n  their e xperiment , the post-gra zing he ight o f  the 

sward was always h igher than 9 . 7cm , above that suggested by Roy 

( 1 980 ) .  This suggested that the intake o f  herbage o f  the ir calve s  

might b e  very sma l l  a t  all herbage a l lowances probably due h igh m i l k  

intake . 

Table 1 . 3 ComEarison o f  Some Characteristics 

of Concentrate ,  Pasture and Hay 

FEEDS DM% MJDE/KgDM MJDE/KgFW* MJGE/KgDM 

CONCENTRATES 9 1 . 2% 1 4 . 3 1 3 . 0  1 9 . 2  

PASTURE ( SPR ING ) 1 5 . 0% 1 3 . 9  2 . 1 1 8 . 4  

HAY 89 . 5% 1 7 . 7  

* FW :  Fresh weight 

From : Corbett ( 1 9 6 9 ) , Hodgson ( 1 97 1 a ) ,  Byford ( 1 974 ) .  

Pasture chara c teristics , espec ially he ight , dens ity and herbage 

mass have been demonstrated to have an influence on herbage intake o f  

both adult ruminants ( Hodgson , 1 975 , Me i j s , 1 98 1 , Stobbs , 1 97 3a , b )  and 

calves ( Hodgson et a l . ,  1 97 7 ) . Thi s  can be e xplained mainly by 

grazing behaviour . 

( 3 ) Hay and s ilage 

Hay and silage are rarely used as a sole solid feed for young 
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ruminants becaus e  of  the ir low qua l i ty • Hay can be u t i l i ze d  toge ther 

with concentrates so the total so l id feed in take is increased ( see 

abo ve sec t ion ) .  Calves have been reared entirely o n  h igh- pro te in 

l ucerne hay from 8 weeks of age , but growth rate was somewhat 

subnormal (no e xact growth rate was mentioned ) ( Ray , 1 980 ) .  

Hay may have a bigger effect on the development o f  the 

ret icula-rumen s ince it exerts s tronger phys ical s timulat ion on the 

rumen wal l s. I t  also has an ef fect on salivary gland development 

through i t s  mechanical s t imulation ( Church , 1 9 69) . The compa rison o f  

hay and s i lage a s  feed fo r store lambs ( s tart ing we ight 2 8-2 9 kg ) 

showed that the qual ity of  hay had a s ign i f icant pos i t i ve ef fect on 

its consumption whereas the qua l i ty of  s i lage (DDM 62.2 % )  had a 

negat i ve e ffec t  on intake ( Sheeham & Fitzgerald , 1 977 ) .  Thi s  is 

l ike ly to be re l ated to the fe rmen tation in rumen and pH of  the feed. 

Also , vo luntary intake of  s i lage may be less than that o f  hay made 

from the same crop ( Harris & Raymond , 1 96 3 ,  Murdoch , 1 9 6 4 ) .  

( 4 )  The d iges t i b i l ity o f  so lid feed 

--- · 
· �  --- · . 

___.---;- . · ------ . 
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HERBAGE OM DIGESTIBILITY (%) 

FIG. 1 .3 The Re lat ionsh ip between He rgbage OM Diges tibi l i ty ( � )  

and D i ge s t i b i l i ty ( % )  and OM In take ( g/kgLW0 . ? 3) 

Within a class of so l id feed , the d ige stib il ity plays an 

impor tant role i n  de termining vo l untary in take of young ruminants . 

There is a close l i near relationship be tween herbage cons umption of 



2 4  

gra zing calves and the herbage d iges tibi l ity i n  the range 6 8  t o  8 2  % 

( Hodgson , 1 9 68)  ( Figure 1 . 3 ) . Work in Ire land showed that the feed 

intake of  weaned calves decreased when the quality of the gra s s  

decl ined ( G leeson , 1 97 1 ) .  Others' work supported t h i s  relationship 

and further suggested that the other sward charateristics , l ike 

herbage mas s , green : dead ratio of  the herbage and the sward s t ructure 

also had s ignificant e ffects on herbage intake ( see fol lowing 

section ) . 

This re lationship is s imi lar to that in adult ruminants e xcept 

for the pos s ibly greater sens i t ivity o f  young ruminants to changes in 

digestibi l i t y . Th is may be due to the e ffec t  of  the behavioura l 

factors upon solid food intake in young ruminants ( Hodgson , 1 9 7 1 c ) .  

Because o f  the selec tive gra zing , herbage allowance has marker 

influence on herbage intake . But when the herbage allowance i s  

generous , t h e  d ige s t i b i l ity e xerts the dominant influence on herbage 

intake of calves ( Hodgson et a l . ,  1 97 7 ) . 

( 5 ) The processing of the solid feed and its phys ical form 

The process ing here generally re fers to the grinding and 

pe lleting of solid feed , espec ia l ly roughage . 

The phenomenon that grind ing and /or pe l leting so l i d  feed 

, especially roughage , increase vo lun tary solid feed intake has been 

observed by many workers . Mil ling of dr i ed grass increased both so l i d  

feed intake of calves and their growth rate (Misson , 1 9 6 3 ,  Lonsdale 

and Tayler , 1 9 69 ) . Grind ing and then pel leting the dried grass 

increased DM in take o f  calves up to 32-50% ( Hodgson , 1 9 7 1 a , 1 9 73 ) . 

The increase may be at tributed to the fol lowing e ffec t s : 

1 .  the finer par t i c le o f  the coarse feed after grind ing and 

pellet ing increases the passage rate of d iges ta . It  i s  genera l ly 

agreed that sma l l  par ticle s i ze is associated with fas ter passage rate 

of  d iges ta . A negative corre lation has been found between intake and 

modulus of finenes s  of the dried grass (Wilkins et al , 1 9 7 2 ,  M i lne and 

Campl ing , 1 972 ) . Ruminat ing time is nega tively corre lated with feed 

particle s i ze . 

2 .  the change o f  bulk dens ity o f  the s o l id feed . The c o ll a pse 
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of the cel l  wal l  s tructure a l ters volume o f  the  feed ( Church and Pond , 

1 982 ) . The bigger bulk dens ity , e special ly when the feed is pel leted , 

makes the ingestion eas ier . Measured by eating rate ( g  DM/min ) ,  

calves took much less t ime to eat s imilar amount of pe l le t s  compared 

with dried grass before gr inding and pelleting ( 0 . 0 6  - 0 . 0 7  v 0 .24g 

DM/min ) ( Hodgson , 1 9 7 1 a ) . 

( 6 )  The DM content o f  the feed 

The low dry mat ter content due to rain or other reason appears to 

depress herbage intake . Arnold ( c ited from Labas tida , 1 97 9 )  s howed 

that dry matter content below 10% depressed voluntary intake in shee p .  

A pos tive corre lationship between dry-matter �ontent and herbage 

intake has been observed when fresh cut herbage was fed to cat t le 

under indoor feeding condi t ions ( Ha l ley and Dongall , 1 9 62 ) . Sheep ate 

significantly more wilted Tama ryegrass ( dry matter content 20 . 2 %  

than fresh immature Tama ryegrass ( containing 12 . 5% DM ) ( W i l son , 

1 978 ) . But the effec t of  water content was not important when more 

mature Tama ryegrass was fed , probably because then the dige s t ibility 

tended to be the first l imiting factor . This effec t  is  pos s ibly due 

to the smaller intake amount per mouth ful when the feed is  wet . 

There fore , calves intake is more l i kely to be influenced but no data 

are avai lable in this fie ld . 

1 . 2 .2 . 3  The Genotype of the Anima l 

The e ffect of genotype on feed consumption may be se pa rated into 

three pos s ible mechanisms . 

1 .  general s i ze difference , birth we ight , mature we ight e t c . 

be tween s pecies , breeds or genotypes within breeds , 

2 .  e ffect of  the di fference in product ion potential ,  

3 .  other di fferences , such as thicknes s  o f  skin caus ing the 

di fferent requirement in co ld environment . 

The s i ze d i ffe rence may result in di fference in total intake , but 

such differences o ften disappear or become smaller if body we ight o r  

metabo lic body we ight is cons idered . Work i n  N Z  with high breeding 
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index ( HB I )  and low breed ing index ( LB I )  cows showed that there was no 

d i f ference in herbage in take between high breeding index ( HB I )  and low 

breed ing index ( LBI ) Fr ies ian cows but there was a trend that HBI cows 

tended to eat more , based on metabo lic we ight , especia l l y  at high 

herbage a l lowances ( Davey et a l . ,  1 9 83 ) . With HBI & LBI non- lactating 

Jersey cat t le , Bryan t ( 1 983 ) o btained s imilar result but he found HBI 

Jerseys tended to eat more at low herbage a l lowances than LBI Jersey 

cows . 

Mather ( 1 9 59 ) and Freeman ( 1 97 5 )  reviewed the literature on the 

genetic di fferences in food intake con trol of  ruminants . They found 

that part o f  the va riation in intake and the capac ity to cons ume feed 

had a genetic bas is . They concluded that the repeatabi l i ty o f  

cons umpt ion variation was large enough for cows t o  b e  e ffectively 

selected for the purpose of  improving intake rate . 

1 . 2 . 2 . 4  The Environmen ta l  Effe c t  

For gra zing ca l ve s , t hey a r e  subject t o  the influence o f  more 

environmental factors . So the i r  energy requirement and conse quently 

herbage intake are l i ke l y  to be dependent upon the change of 

environment , mainly c l imate . Those calves reared under indoor cond i t ion 

have more constant cond it ion in te rms of  tempe rature and wind 

veloc ity . 

Calves and lambs gra zing pasture ate more so lid feed then indoor 

cal ves and lambs fed fresh cut grass ( Chambers , 1 9 6 1 , Penning & G i bb , 

1 97 9 ) . The increased activity o f  gra zing calves requires more energy 

for maintenance than indoor feeding calves . 

Generally speaking , tempe rature has a negat ive influence on 

volun tary intake . 

Another important environmental factor influencing voluntary 

intake i s  rainfa l l . Its e ffec t  on intake may be comparable with the 

low dry mat ter content of the herbage or may merely increase the s o i l  

contaminat ion o f  pas tures and hence depresses the in take . 
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1 . 3 THE DIGESTION O F  MAIN NUTRI ENTS 

Cal f  diges tion can be se parated into two types : pre- ruminant 

d iges t ion and ruminant dige s t ion . But it is no table that for a 

variable period of  time before weann ing both types o f  dige s tion 

co-exist and the interact ion between them is qui te pos s ible and may be 

important in the deve lopment of cal f  diges t ion . 

Calves d igest the nutrients from colostrum mil k  and o the r milk 

subs ti tutes at birth in a way s imilar to monogastric anima l s . As they 

grow and after solid feed is inges ted , the rumen micro flora are 

gradua l l y  es tabl ished , so does the rumen func tion . The impo rtance o f  

rumen fermentation i n  calf nutrition at this per iod de pends primarily 

upon the amount of  so lid feed inge s ted . 

1 . 3 . 1 The D igestion of Milk or Other Liquid Feeds 

Milk or other l iquid feeds can be digested much more e fficiently 

than so l id feed by young calves . The digestibi l ity o f  mil k  and good 

l i quid feed can be as high as 9 5  % while the highes t value o f  

digestibil i t y  of dry mat ter that can b e  achievied in the ruminant 

calves i s  about 82 % ( Blaxte r , 1 9 62 ) .  The en zymes secreted from the 

cal f  itself  carry out the process of milk diges t ion in the abomasum 

and smal l  intestine . 

1 . 3 . 1 . 1  The En zyme Activity in Sal i vary Juice 

The deve lopmen t  of the sal iva ry gland is gradual ( se e  se ction 

1 . 2 . 1 . 3 ) . A variable amount o f  salivary j uice is se creted in the 

course of feed ingestion de pend ing upon the feed offered and the age 

of the cal f and poss ibly the balance of wate r and e l ec trol y tes . 

It  has been found that there i s  at least one kind of  l i pase , 

called pregastric esterase ( PG E )  in  sal iva ( Roy , 1 980 ) . Recent work 

( Joyce , 1 982 ) demons trated that it is a single enzyme with a mo lecular 

weight val ue o f  52 , 00 0 .  

Hydrolysis of  l i pid i n  t h e  mouth i s  insigni ficant because o f  the 

short t ime during which feed s tays the re . It mainly occurs in the 
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abomasum ( Roy , 1 9 80)  because o f  ( 1 )  the suitable pH environment there 

and ( 2 )  the prolonged period during which the feed i s  in the abomasum . 

PGE functions mos t  e fficiently at pH 4 . 5 - 6 . 0  ( Gros s kopf , 1 9 6 5 ) . It 

may be detected in the sma l l  intest ine (Otterby et a l , 1 9 64b ) but i t s  

a c t i v i t y  was minimal (Gooden , 1 97 3 )  apparently due to the h igh p H  

value in the sma l l  intes tine . 

PGE acts preferentially on the butyrate groups ( c 4 : 0 )  i n  

butterfat tr iglycerides , wh ich account for about 33 % o f  the milk 

triglycerides (wt : wt ) (Grossko p f , 1 9 65 , Ramasey , 1 9 62 , Otterby et a l , 

1 964a ) . It  was relat ive l y  more active in hydro lysing butterfat and 

lowe s t  for refined lard and tal low ( 87 v 1 4% )  ( Siewart and Otte rby , 

1 97 1 ) .  

PGE ac tivity decl ines as the cal f grows but there is no general 

agreement on when its activity declines ( Grossko pf , 1 9 65 , Young et 

a l . ,  1 9 60) . 

1 . 3 . 1 . 2 The D ige s tion in the Abomasum 

The abomasum is the main s ite where milk d iges t i on , espec ial l y  

prote in and fat dige s t ion s tarts . 

( 1 )  Pregastric Esterase ( PG E )  Activity and Fat D ige s t ion 

As discussed above , the hydrolysis of  fat by PGE occur s in the 

abomasum . Thi s  process continue s unt i l  the pH va lue o f  the abomas um 

i s  decreased to the e xtent that the PGE activity is completely 

des troyed ( pH< 2 . 0 - 2 . 5 ) . So ,  i t s  activity is present in the abomasum 

for a few hours a fter a feed . Mylrea ( 1 96 6 )  showed that the p H  va lue 

o f  the abomas um was in the range of  4 . 5-6 . 2  during 30  min to 3 - 5 

hours a fte r a feeding . 

PGE appears to be particularly important for the first week o f  

l i fe since the pancreatic l i pase activity i s  low by then ( Hube r , 

1 9 69 ) . At an o lder age , it may sti l l  d iges t large amounts o f  l ipid . 

Nearly 70% o f  the long chain fatty acids in milk or 37 . 5 % in fatt y  

whey couldbe d iges ted and absorbed without pancreati c  l ipase but this 

was lower than in a normal case (milk long chain fatty acids 9 6 . 5% and 
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82 . 7% for fatty whey ) ( Gooden and Lascel les , 1 97 3 ) . On the other 

hand , pancreatic l ipase is a l so active enough to digest l i p id in older 

calve s . The re was no difference in fat dige s tibility between milk fed 

oral ly and by rumen infus ion ( Russe l l  et  al , 1 9 80) . 

( 2 )  Protein D iges t ion 

Clotti ng o f  the milk protein- case in , is essential for normal 

digestion of protein in calves . The formation of clots in the 

abomasum of the calves is quick and complete for normal who le milk . 

It is the function o f  rennin ( Berridge , 1 94 5 ) . In no rmal heal thy 

young calves fed fresh who le milk , c lotting o f  casein oc curs within 3 

- 4 min of  a meal being inges ted (Mortenson et al . ,  1 9 3 5 )  whi le the 

whey protein begins to be re leased into the duodenum within 5 min 

after feed ing ( Rados t i t s  and Be l l ,  1 970 ) . The c lotted casein i s  

degraded as  a result o f  the action o f  rennin and/or pepsin with the 

presence of gastric acid ( HCl ) .  

Howeve r ,  clotting does not occur with plant protein and does not 

occur properly with milk processed at e xcessive temperature . Thi s  may 

be associated with the ir abil ity to s timulate the secretion o f  gastric 

acid and enzymes . I t  i s  observed that the secretion of gastric acid 

and enzymes were depre s sed when over-heated milk pro t e in was fed 

(Will iams e t  a l . ,  1 97 6 , Garnot et al , 1 977 ) . This may reduce the 

proteolysis in the abomasum ( Leibho l z ,  1 975 ) . Conse quently , more 

indigested protein escaped into the duodenum ( Tagari and Roy , 1 9 6 9 ,  

Johnson & Le ibho l z ,  1 97 6 ) . 

The amount o f  acid secreted into the abomasum increases wit h  age 

( Porter , 1 9 6 9 ) . So the pH value o f  i t  generally decrease s  as the 

calves grow ( Ke s l ey et  a l . ,  1 95 1 ) .  

Pasteuri zed milk , " seve rly heated "  skim milk powder , and mos t  

non-milk protein that are inc luded i n  milk re placer o r  high fat 

content mi l k  replacer ( >200g fat /kg DM ) ,  reduce the secret ion o f  HCl 

( Ternouth et al , 1 97 4 ,  1 97 5 ) . The secretion of rennin seems a l so to 

be reduced by " severel y "  preheated skim milk powder ,  fish pro t e in or 

soya bean flower (Wi l liams et al . ,  1 97 6 )  or whey pro tein ( Garno t et 

al . ,  1 977 ) . 
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( 3 )  Carbohydrate ( C HO ) Digestion 

The main CHO in milk or milk substi tutes is lactose . There i s  no 

evidence to show that CHO undergoes any diges tion in the abomasum of 

young calves s ince salivary amylase and o ther CHO dige s t i ng e n zymes 

are e ither absent or are present in i ns igni ficant amounts in young 

ruminant s ( Otterby & Linn , 1 98 1 ) .  

1 . 3 . 1 . 3 The Dige s t ion in Sma l l  In test ine 

The digestion in small intestine is mainly carried out by the 

pancreat i c  enzymes and enzymes from the sma l l  intestine . The 

proteol y t ic enzymes from the abomasum are not active because o f  the 

high pH va lue in sma l l  intes tine . 

Genera l ly s peaking , after the d iges tion in the small intes tine , 

most o f  the nutrien t s  are in an absorbable form - amino acids , 

monosaccharides and fatty acids etc • .  

The activity o f  mos t  enzymes increases progres s ive ly after b irth 

but adult ruminant s  are lacking in lactase ( Roy , 1 9 80 ) . Therefore , 

digesti b i lity o f  mos t  nutrients increases with age e xcept for lactose . 

( 1 )  Carbohydrate ( CHO ) Digestion 

I t  appears that calves at an early age can only dige s t  l ac tose 

and lack the enzymes for diges ting s tarch . Lactose i s  diges ted in the 

small intes tine by b-Galactos idase , i . e .  lactase , wh ich is secreted 

by the small intes t ine . The calves can absorb some monosaccharides 

includi ng ga lactose and glucose but they can not abso rb fructose . 

Morri l l  et  a l . ( 1 97 0 )  concluded that preruminant calves under 1 00 

days o f  age made ins igni ficant use o f  starch . The poor uti l i zation o f  

s tarch b y  young c a l ve s  i s  shown c learly b y  e i ther the reduced growth 

rate a fter replacing lactose by starch ( Huber et al . ,  1 9 6 8 )  or the 

reduced blood sugar l e ve l - after such feeding . 

The ingestion o f  starch may even influence the d iges tion o f  o ther 

nutrients . Sign i f i cant decreases in dry matter , CHO and prote in 
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d igestibilit i e s  were noted as the dietary s tarch increased ( Ra l s ton , 

1 9 72 ) , but the reason for this is not quite clear . It was sugge s ted 

that the d isappearance o f  a sma l l  proportion o f  starch in the 

al imentary t ract of  preruminant calves seemed to be due to the 

microbial fermentat i on in the caecum and co lon ( Norri s , cited from 

Rals ton , 1 972 ) . Also , the sucrose d isappearance in young cal ve s  may 

be associated with the activity of microorganisms in the lower tract 

because sucrase is v irtually absent in young calves ( Ot terby & Linn , 

1 98 1 ) and it is poorly diges ted (Okamote et al . ,  1 959 ) . If this i s  

so , then the normal diges tion of other nut rients may b e  interfered by 

the microflora in the sma l l  intes tine which re ly on these C HO 

materials .  The activity of  en zymes may be manipulated by the gradual 

change of feed that is offered . Mal tase and isomaltase activity 

increases as the calves grow . But it  may be promoted by the intake o f  

starch ( Shaw et  al . ,  cited from Ral s ton , 1 9 72 ) .  On o ther hand , 

lactase activity decreases with age ( Do l lar & Porter , 1 9 59 ) . It  may 

last longer i f  milk is continously o ffered ( Hube r et al , 1 9 67 , Roy et 

a l . ,  1 973 ) .  

( 2 )  Fat D iges tion 

Pancreati c  l ipase is  of major importance in the hydrolys i s  o f  

tr iglycerides containing long chain fatty acids . Its action seems to 

be enhanced by the pre-ac tion of sal ivary l i pase ( PG E )  ( Edwards-We b b  & 
Thomason , 1 97 7 ) . But as the calves grow , the activity o f  it  

increases . The pre -effect o f  PGE i s  no longer important .  Russe l l  et  

a l . ( 1 980 ) showed that there was no d i fference in d ige s t i b i l i t y  

between m i l k  f a t  norma l l y  inge s ted and rumen infused . 

The activity o f  pancreatic l i pase i s  greatest for but te r fat 

( Adams et  al . ,  1 959 ) though all commercial vegetable oils used i n  milk 

substi tutes can be hydrolysed by it  with release of saturated and 

unsaturated fatty acids ( Roy , 1 980 ) . 

( 3 )  Digestion o f  Prote in 

Pancreatic juice contains protease , chymotrypsin , tryps in e t c . 
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Some evidence showed that the protease activity of pancreat i c  ti s sue 

increased during the first few days o f  l i fe ( Huber , 1 96 9 ) . 

Furthermore , for the production o f  the total proteolytic enzymes , 

their activity per unit body we ight i ncreases with age unt i l  at least 

1 80 days o ld . 

The increased activity o f  pancreatic proteolytic enzymes and the 

increased flow rate of  pancreatic juice possibly account for the 

increased dige s t i b i l ity o f  many non-milk prote ins as calves grow . 

Feeding high level o f  soy protein results in a reduced rate o f  

pancreatic secret ion and low proteolytic activity but this may be 

partly due to the anti-trypsin inh i b i tor in this protein . Some 

evidence suggested that soybean meal caused morpho logical changes in 

the sma l l  intest ine wall s .  Similarly , the inclusion of a " severly" 

pre-heated skim m i lk powder causes a reduction in pancrea t i c  enzyme 

activity . Di fferences in proteolyt ic en zyme activity between animals 

may also e x is t . Fries ian calves have a h igher d iges t i b i l i t y  o f  

protein than other breeds at the same age ( Roy , 1 980 ) . 

1 . 3 . 1 . 4  Immunoglobulin ( Ig) 

Ig is an impor tant component of colos trum which has a v i ta l  

function in calf heal th i n  ear ly age . Its content in colostrum i s  as 

high as 38 . 5  to 47 . 6  J of the total dry mat te r .  The mos t  important 

func tion of it  is i t s  immune e f fec t  for new born calves . 

In order to keep the immune funct ion o f  Ig , it must be absorbed 

intact . This may be achieved by the low proteolysis in the abomasum 

in new born calves probably due to the low HCl secre tion and so nearly 

neutral environment of the abomasum . 

The absorption o f  Ig by new born calves is a compli cated proces s .  

It is taken up by the epithelial c e l l s  o f  the small inte s tine by the 

process of pinocytos is ( engul fing of fluid glubules by pseudopodia ) 

and pas sed into the lymph spaces and then into the blood circulation 

by way of the thoracic lymph duct ( Combine et  al . ,  1 95 1 a ,  b ) . 

The ability to absorb Ig appears to be l imited by some known and 

unknown fac tors . It  was found that the proportion o f  !gm absorbed was 

negatively related to the amount ingested- ( Stott and Mene fee , 1 97 8 ) . 



Because of the rapid decl ine o f  Ig absorbing ability a fte r birth , i t  

is generally sugge s ted that co lostrum should b e  fed as  early as  

pos s ible wi t hin first 24  hours . The absorption of Ig is l imited to 

the first 2 4  to 36  hours of l i fe ( James et al . ,  1 97 6 ) . 

1 . 3 . 2  The D iges tion of So lid Feed 
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It  i s  we l l  known that in the d iges tion o f  so lid feed , the rumen 

plays an important role . As d iscussed above , the rumen develops as 

the calves grow , es pec ially a f te r  solid feed is inges ted , so does the 

rumen func t ion . Calves can d i ge s t  solid feed as early as 2 wee ks of 

age . Calve s o f  3 weeks o f  age can d iges t  grass as e f ficiently as the 

adult ruminant and that this e fficiency is achi eved within 2 days of 

the grass be ing fed ( Pres ton e t  al . ,  1 957 ) . Calves weaned at 3, 5 ,  7 

weeks o f  age fed a grain based s tarter mixture had a s imilar DOM in 

the first week after weaning ( 77 . 1 ,  78 . 7  and 78 . 3% respe c t i vely ) .  It  

was still  s imilar at 7 , 1 3  and 1 9  weeks of  age . A simi lar result was 

also o btained by other people (McAr thur , 1 9 57 , Penning and Gibb , 1 97 9 )  

with calve s  and lambs in early age . But it  is still  not clear whether 

age or body weight has any influence on d iges tibility . Je f fery ( 1 97 6 )  

us ing shee p o bserved a s i gn i ficant correlation between DDM and LW, for 

every Kg LW increase , d i ges t i b i l i ty increased 0 . 34% . Minson & 
Rat cl i ff ' s  e xperiment ( 1 9 82 ) showed that LW had s igni ficant e ffec t  on 

low quality roughage dige s t i b i l ity ( DDM< 50% ) .  Diges tibil i t y  o f  

herbage DM by calves of  5- 1 5  weeks o f  age has been reported as 

approximately 7 5% ( Pres ton et a l . , 1 957 ) . But the d i ges tibil ity o f  

low quality feeds , such as hay or h igh roughage conten t  d ie t s  was 

lower than that in adult ruminant s  ( Flatt et al , 1 9 59  c i ted from Roy , 

1 9 80 ) . This is in acco rdance with the fact that the r umen protozoa 

population and cel lulose dige s t ing ability deve lop later than other 

type of microorganisms ( Singh et al . ,  1 9 83 ) . 

1 . 3 . 2 . 1 Rumen Fermentation 

The rumen fermentat ion is carried out by the rumen microflora . 

It  i s  general l y  agreed that in the normal farm s ituation the 



establ i shmen t  of  m icro flora i s  n o t  a limiting factor for solid feed 

diges t ion . 
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The amount of  VFAs , end products o f  fermentation , increased with 

the age o f  the calves although no d i fferences in the ir concent ration 

in the rumen have been o bserved between calves of  8 and 1 4  weeks o f  

age . Thi s  could b e  due t o  e ither the increased rumen volume a t  the 

same period ( see s e c t ion 1 . 1 )  or the developed abil i t y  of the rumen 

wal l  to absorb VFAs . A marked i nc rease o f  VFAs concentrat ion was 

observed ( Table 1 . 4 ) . The feed used in the ir e xpe riment was 

concentrates whi ch are fermented ve ry quickly . With lambs from 1 5  to 

40 weeks of age , no changes attributable to age or body s i ze were 

observed with the production rate of vo lat i le fatty acids in the rumen 

per uni t  feed intake and the rate of absorption of VFAs from the rumen 

(Wes ton & Margan , 1 97 9 ) . 

Though the d iges tion of s o l i d  feed in calves i s  large l y  s imilar 

to that in adult r um inants , in terms of microbial func t ion , there are 

likely to be some d ifferences in detail . Young calves produced h igher 

leve ls of lactic acid , the highest occurred at about 1 mon th of  age 

( Lengemenn and All en , 1 9 55 ) . A s lightly higher proportion was found 

in calves given a l l  concentrate d i e t s  compared with those given an 

al l-hay diet at 1 6  weeks of age ( St o bo et al . ,  1 9 66a , b ) . The rat io o f  

three main ferment a t ion product s , acetic , butyric and propionic acids 

and the total amount of  them change markedly at an early age ( Table 

1 . 4 ) . 



Table 1 . 4 VFA Concentrations in the Rumen Liquo r , ( Molar ) 

AGE 

(wks ) T 

3 59 

5 205 

7 2 84 

1 1 3 1 8  

1 5  2 1 0  

MILK + 

A% B% PJ + 

55 1 7  28 

46 29 25  

48 2 8  2 4  

47 25 27 

44 26 3 0  

D IETS* 

GRAIN 

T A% BJ PJ 

97 60 1 0  30 

425 49 27 24 

374  49 30 2 1  

694 4 9  30 2 1  

536 50 1 9  3 1  

From : Flatt e t  a l . ( cited from Ray , 1 98 0 )  

*T =Total volatile fatty acids ( mo lar ) ;  

A=Acetic ; B=Butyric ; P = Pro p ionic 

+ 

+ T 

2 2 6  

2 4 2  

3 4 6  

5 8 4  

8 5 4  

GRAIN + H AY 

A% B% PJ 

53  1 5  32 

58 22 2 0  

5 1  2 5  2 4  

5 5  2 2  2 3  

5 0  2 8  22 
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It showed that calves eating roughage can reach h igher fat t y  acid 

concentration and its rumen butyric acid proport ion is higher than 

calves o f fered concentrates .  In a l l  calves , the butyric acid 

propor tion in the total VFAs concentration increase as the calves grow 

while the proportion of the acetic and propionic acid decreases . The 

fact that milk fed calves also had a gradual increase o f  VFA 

concentrat ion wi th age sugge s t s  that 1 )  milk fed calves also have 

rumen fermentation most probably due to the milk escaping into the 

rumen and 2 )  more m i lk es cape into the rumen in older calves s ince the 

total VFAs concentration increases with age . 

The young cal f ' s  ability to d iges t  d i fferent nutrients varies 

considerably . Starch diges tion i s  essentially compl e te ( 9 8-9 9 % ) 

( Huber , 1 969 ) . But the d iges tion o f  cellulose i s  very poor . As for 

protein , part of  the herbage pro te in is in association w i th cell wal l  

and the diges ti b i l i t y  of  this proportion of protein is likely t o  be 

pos it ively correlated with the cell  wal l organi c  mat ter d iges tibil ity . 

So it may not be wel l  diges ted by young calves . 
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1 . 3 . 2 . 2  Some Characteristics o f  the Rumen Fermentation 

The rumen of young calves is s t i l l  in the develo ping s tage even 

if they can digest high quality solid feed sat isfactorily . 

Furthermore , before weaning , they inge s t  both l iquid and so l id feed . 

The l i quid feed ingested may have an e ffec t  on the rumen fermentation 

as discussed below . 

( 1 )  The pos s ible interaction o f  mi lk and solid feed d iges tion 

Such an interaction can be e i ther due the effect o f  milk on 

fermentation ( i f i t  appears in the rumen ) or its  effect on d iges ta 

passage rate from the rumen or the e ffect of solid feed on milk 

inges t ion and d iges tion . At  present , the e ffect of milk on sol id feed 

d iges tion s eems to be s upported by some evidence . Fo r e xample , the 

establishment o f  adult type organisms and cellulose d iges t ion were 

hindered by l i beral milk feeding ( Lengemann & Al len , 1 95 9 ) . 

There are two pos s ible ways for milk get ting into the rumen : 

1 .  The backflow of milk from the abomasum . Thi s  may be caused 

by ove rfeed ing of l iquid feed to the calves and other factors . 

2 .  The incomple te closure o f  oesophageal groove . Thi s  could 

result from e ither genet i c  or management factors , like feed ing method , 

milk temperature etc • •  

The backflow of milk from the abomasum may help to i noculate the 

rumen because the abomasum of young calve s  has a large and d i verse 

population of lactobac i l l i  (Mann & Oxford , 1 9 5 5 ) . The inge s ted milk 

may also bring some bacteria into it . But the accumulation o f  milk in 

the rumen and the fermentation of the milk are general ly cons idered to 

be detrimen tal to the calves ( Radostits  and Bel l , 1 9 7 0 ,  Roy , 1 980 ) but 

l ittle evidence on how it influences the calf performance i s  ava i lable 

at present . With artificially fed lambs , a so-called "ma ladjus tment 

syndrome" was first o bserved by Lawlor & Kealy in 1 97 1 . The lambs 

drank less milk and had a s imilar low pH val ue in the rumen as in the 

abomasum pres umbl y  due to the backflow of abomasal content or e s cape 

of  milk into the rumen in the meal . Arsenault et al . ( 1 98 0 )  found 

that the lambs with "malad j us tment s yndrome " had shown high gas 
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product ion leve l  and low pH in rumen . Using calves of 1 4  - 15 weeks 

old , Keane and Harte ( 1 9 82 ) showed that there was no d i fference 

between the responses to milk feeding i n  l iquid form and so lid form . 

They suggested that the tiny part icles of  milk powder , in fact , we re 

passed down to the abomasum very quickly ins tead of undergo ing 

fermentation in the rumen so they suffered l ittle loss . Of  course the 

pos sible dis turbance it may cause on d iges tion is also likely to be 

minor . But for young ruminant , this conc lus ion may not apply . 

Farming experience and some e xperiemental resul t s  ind icate that 

suckled calves grow faster and have a lowe r inc idenc e of d iarrho ea 

than calves fed milk from pa i l s  ( Chambers and Alder , 1 9 60 , Kuzmin and 

Bagr i i , 1 9 6 5 , Mos s , 1 9 77 ) . But some compa risons of artificial teat 

and pail feeding of mi l k  also resul t in ins igni ficant d i f ference in 

cal f  performance ( Kuzmin & Bagri i , 1 965 , Kesler et al , 1 95 6 , Fal lon & 
Harte , 1 980 ) . The complete closure of  the oesophageal groove , shown 

by some workers ( Lawlor et al . ,  1 97 1 ) in both calves and lambs , i s  

e ssential l y  dependent upon the feed ing procedures . Sucking from a 

teat i s  a necessary s t imules to the complete closure o f  the 

oesophageal groove . On the o ther hand , Abe et al . ( 1 97 9 )  showed with 

bo th lambs and calves that the compl ete closure of  the oe so phageal 

groove in early age i s  independent o f  the feed ing procedures and the 

type of l iquid feed fed provided a training to drink from buckets or 

pails was given . It appears that a fter t raining young rum inants may 

set up the cond itional refle x closure of the oesophageal groove though 

there wi l l  always be some ind ividuals wh ich have malfunc t ions of the 

oesophageal groove . 

1 . 4 ENERGY AND PROTEIN REQU IREMENTS OF YOUNG CALVES 

The requirements of calves for energy and prote in are closely 

assoc iated with the ir body we ight and e xpected growth rate . Other 

nutrients are also quite neccesary for normal growth of the calves 

though they are not l i kely to be deficient in normal s ituations . 
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1 . 4 . 1 Energy Requirements 

In estimat ing energy requi rements of  an animal , the factorial 

method is commonly used ( ARC , 1 980 ) , i . e .  the energy requirement is 

arbitarily separated into maintenance requirement , growth re quirement 

and lactation requirement etc • •  These requirements are estimated 

separatly and the summation of them is cons idered to be the total 

requirement . The energy requirement o f  an animal can be e s t imated by 

the following methods : 

1 .  Calorimetric balance methods - di rect and indire c t ; 

2 .  Slaughter method ; 

3. Inferences from measurement o f  l ivewe ight ga in . 

1 . 4 . 1 . 1  Maintenance Requirements 

Ma intenance energy requirement is the energy used by anima l s  in 

the following three ways : 

1 .  the basal metabolism , which i s  the heat produced as  a res ul t 

o f  oxidation of body tissue to provide energy for res piration , 

c irculation , muscle activity and o ther vital proces s , together with a 

small loss o f  energy in the urine ; 

2 .  the heat produced a s  a resul t o f  normal volun tary activity 

such as drinking , walking , playing , s tanding up and lying down ; 

3. the heat produced in the metabolic processes that oc cur 

within the tissues as a result of feed ing sufficient energy in the 

diet to satis fy both the basal metabo l ism and the energy required for 

volun tary activity ( the heat i ncrement o f  feeding ) .  

Fast ing metabo l ism can be used as  a base to estimate the 

maintenance requirement of animal . It can be o btained with the animal 

in a calorimeter , d irectly measuring heat production and urine energy 

under the following cond it ions : 

a .  the animal is in the post-absorption s tage ; 

b .  environmental temperature i s  within thermoneutral range . 



Table 1 . 5 Some Estimates of HEm of Calves 

SOURCES MJ ME/Kg O .  75 

Blaxter & Wood ( 1 9 52 )  0 . 455 

Gon zalez- Jimene z & Blaxter ( 1962 ) 0 . 4 69 

Van Es et al . ( 1 969 )  0 . 436 

Holmes et al . ( 1 97 5 )  0 . 409 

Holmes & Davey ( 1 97 6 )  0 . 393 

Kirchgesser et al . ( 1 976)  0 . 43 1  

Broo kes & Davey ( 1 977 ) 0 . 394 

Johnson & Elliott ( 1972 )  0 . 42 3  

Fasting heat produc tion is not a constant value but varies with 

the leve l of feeding (Marston , 1 94 8 )  and growth rate of the animal 

immed iately prior to s tarvation (Graham et al , 1 974 ) . Fas ting 

metabolism is not d irectly related to body weight but with the 

metabolic we ight . 
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The es timate o f  maintenance requirement of metabolic energy from . 

many workers in di fferent countries at d i fferent time are general l y  in 

sat i s factory agreement except for a few ( Table 1 . 5 ) . Gene rally 

s peaking , the more recent estimates are somewhat lower than the early 

ones . This is also aknowledged by Roy ( 1 984 )  in a recent review. I t  

seems that the estimates from New Zealand a r e  b i t  lower than those 

from other coun tr ies . But the reason for this i s  by no means clearly 

understood . 

Factors a f fec ting maintenance requirement include age , level o f  

activity , phys iological s tage , sex , variation between breeds and 

ind ividuals and the properties o f  the d iet . 

1 .  Age : 

Fasting metabol ism per unit metabolic weight is h igher in young 

growing animals than in mature animals ( Blaxter et al . ,  1 9 6 6 , Graham 
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and Searle , 1 972a , Kay , 1 976 , Orskov et al , 1 976 ) . The basal 

metabo l ism increases during the first 2 to 3 days of  l i fe proba b l y  as 

a result of  the cal f ' s  e f fort to adapt itse l f  to its new environment .  

2 .  Sex :  

Sex e f fect on the fasting metabolism appears to be s igni ficant 

only in mature animals ,  male i s  usual l y  higher than female . 

3 .  Variation wi th Breeds and Ind ividua l s : 

The effect o f  breed has been shown by some workers in some breeds 

( Blaxter & Wa inman , 1 9 64 , Ve rcoe & Fri s ch , 1 97 4 ,  We bster et al . ,  

1 97 6 ) . But in other experiments , such effect was shown to be smal l  i f  

any ( Vercoe , 1 970 , Pat le and Mudgal , 1 975 , Ho lmes e t  al . ,  1 97 8 ) . The 

variation between ind ividuals is about as much as 8 - 1 0% ( NRC , 1 9 78 ) .  

Fries ian calves are less affected by cold temperature than Jersey 

calves ( Ho lmes & McClean , 1 97 4 ) .  

4 .  Leve l o f  Ac tivity : 

Active animals have a higher maintenance requirement ( Osuj i ,  

1 97 4 ) .  Under low temperature , the animals appear to increase mus cle 

activity in order to mainta in body temperature , so the maintenance 

requirement increases ( Ho lmes & Mclean , 1 975 ) . For the calve s  on 

pasture , they spend longer time and more energy walking aroun d  to 

gra ze herbage . 

5 .  Compositi on o f  the Ration and Km Val ue : 

Km is the e f fic iency o f  ME used for maintenance . It i s  s t rongly 

influenced by the compos ition of the ration . The ine ffic ient use o f  

M E  is shown b y  the heat increment o f  feed ing , which i s  caused by the 

fol lowing processes : 

( 1 )  The process o f  digestion o f  feed in the al imentary tract 

requires energy ( Blaxter , 1 9 62 , Baldwin , 1 9 68 , Osuj i , 1 97 4 ) . 

Logically , the nature o f  the d iet influences this part o f  energy los s 

(Graham et al . ,  1 974 ) .  

( 2 )  Heat aris ing from the fermentation o f  solid feed in the 

rumen , usual ly about 5 - 10 % of  gross energy of the solid feed 
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( McDonald e t  al . ,  1 97 3 ) . Fermentat ion losses are minimal in the calf 

before the rumen becomes functional . 

( 3 ) The energetic ine ffic iency by which absorbed nutrients are 

metabo l i zed to provide ATP for maintenance ( Blaxter , 1 9 62 , Armstrong & 
Blaxter , 1 9 57 ) . 

Mos t  of  the estimates on calf maintenance requirements per un it 

me tabolic weight or per uni t  LW were from calves fed milk or m i l k  

subs t itutes ( Table 1 . 5 ) . Some e xperiments showed that there was no 

di fference between these and those obtained from calve s  fed hay or 

pe lleted feed ( Ho lmes et al . ,  1 978 ) . 

1 . 4 . 1 . 2 The Growth Requirements 

The growth of animal s ,  in fac t , i s  the depos ition of prote in and 

fat p lus water in the live we ight gain . The energy content o f  pro tein 

is lower than that of  fat . 1 00g prote in conta ins about 2 , 437 KJ NE 

while fat contains about 3 , 9 3 3  KJ net energy per 1 00 gram (McDonald et 

al . ,  1 980 ) . On the other hand , the energetic efficiency o f  fat 

synthesis is higher than that of prote in . So , the growth requirement 

is not necessari l y  linearly related to the l ive we ight gain . 

In order to e stimate the growth requirement , the fol lowing 

parame ters must be obtained firs t :  

1 )  The e xpected growth rate ; 

2 )  The energy content o f  the l ive we i ght gain ; 

3 )  The Kg or K f  value . 

1 )  The growth rate o f  calves 

Calves can grow as fast as 1 to 1 . 5 kg/d provided who le m i lk or h igh 

qual ity milk subs t itutes are offered ad l ibitum .  But for dairy herd 

re placements rearing , such h igh growth rate is not necessary and i s  

uneconomic . It may also be harm ful to later milk product ion . Many 

experiments have c learly shown that high growth rates ( > 0 . 7  kg/d ) 

before mat ing have det rimental e ffect upon milk yield i n  first 

lactation and even the first few lactations ( Swanson & Spain , 1 9 54 , 

Gars tand & Mudd , 1 972 , Gardner e t  a l . , 1 977 , Little and Kay , 1 979 ) . 



This may be due to the calving problem ( Little and Kay , 1 97 9 )  and/or 

the abnormal development of  mammary gland ( Se j rsen et al . ,  1 9 82 ,  

1 9 83 ) . The mammary secretary tissue deve lopment was retarded b y  a 

high level o f  feeding . 

42 

There i s  no general agreement on whether the low growth rate at 

an early age , e s pecia l l y  in the first few weeks has a permanent e ffec t  

o n  the later growth and reproductive performance . Work at  Massey 

University showed that the di fference in livewe ight d ue to the 

d i fferent feed ing leve l  in the fourth to ninth week of age diappeared 

by 1 8  weeks of age , but it remained if the di fference res ulted from 

d ifferent feeding leve l s  in the first 4 weeks of  l i fe ( Davey , 1 9 62 ) . 

A conclus ion , therefore , was drawn that the growth rate i n  the first 

few weeks of l i fe is critically important to the future growth and low 

l ivewe ight gain over this period could have a permanant e ffec t on 

growth ( Davey , 1 97 4 ) . This is confirmed by others ' work ( Eve ri t t , 

1 972 , Reardon , & Everitt , 1 9 72 , Brookes & Davey , 1 9 77 ) .  In contras t , 

Jenny & O ' Dell  ( 1 98 1 ) showed in his work that the calves could be 

maintained near birth wei ght for up to 3 weeks without de trimental 

e ffec t on performance at 12 weeks o f  age . Expe riments with Merino 

shee p ( Al lden , 1 97 9 )  showed that nutr i t ional deprivat ion in earl y  l ife 

did not a f fect the reproductive per formance of the ewes or the birth 

we ights and weaning we ights of  the ir progeny . Caution mus t  be paid in 

the e xplanat ion of this result s ince the milk y ield of ewe s  is 

generally much lower than dairy cows even based on the yield pe r unit 

livewe ight . Cons idera t ion is usual ly given to the fol lowing few 

aspects in determining the cal f  growth rate : 1 )  low calf morta l ity , 2 )  

to achieve the targe t  we ight at various growth stage . It i s  genera l ly 

recommended that 0 . 5  to 0 . 6  kg/d i s  the optimum growth rate for heifer 

rearing ( Davey , 1 974 , Sco tt & Smeaton , 1 9 80 ) . 

2 )  The energy content o f  livewe ight gain 

The energy content of  l ivewe ight ga in is another important factor 

determining the energy requiremen t for growth . As d iscussed above , 

the empty body we ight ga in inc ludes prote in , fat and water components .  

The ratio o f  them determines the energy content in pe r -un i t  we i gh t  
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ga in and it varies primarily with the fol lowing few factors : 

1 )  Growth rate ; 

2 )  Se x ;  

3 )  Breed s i ze ;  

4 )  Age ; 

5 )  Quantity and qual ity o f  feeds . 

Furthermore , for l ivewe ight gain , a variable part o f  i t  i s  the 

increase of gut fill which contains undigested feed and und iges table 

feed residue . The pe rcen tage o f  it in livewe ight gain varies with the 

feed properties and cal f age . The ruminant cal f has high gut fill  

whereas calves eat high qual ity feed have less gut fi l l . 

1 )  Growth rate : 

The faster the animal grows , the h igher the fat content in the 

gain , so the energy content is a l so higher ( Lofgreen & Carret t ,  1 968 , 

Searle , 1 97 0 ,  Graham & Searle , 1 972b ) . One equation for e s timating 

the energy content o f  empty body we ight gain is as fol lows ( ARC , 

1 980) : 

2 
E = ( 4 . 1 + 0 . 03 32W - 0 . 0000009W ) / ( 1 - 0 . 1 47 5  nWG ) 

where E is the heat of  combus tion of a gain in livewe ight ( MJ/Kg ) ,  

W is livewe ight and nWG is l ivewe ight ga ins pe r day . 

2 )  Se x :  

Male animals have higher protein and lowe r fat content i n  the 

weight gain , there fore , the energy content per unit we ight gain i s  

lowe r ( Garre tt , 1 970 ) . 

3 )  Breed : 

Large s i zed breeds have a h igher energy content per uni t  we ight 

gain ( ARC , 1 980) . 

4 )  Age : 

As the calves grow , the fat content in l ive we i ght ga in a l so 

increases .  Therefore , the energy content .o f  o lder calves i s  h ighe r 
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than younger calve s . Gut f i l l  increase s  with a n  increase in retention 

time of  digesta in the alimentary tract so factors such as  the 

dige s tibil ity o f  the feed and the particle s i ze o f  i t  have great 

influence . 

5 )  Type o f  Diet : 

The protein content o f  the diet and prote in : energy ratio have an 

effect on the compos i t ion o f  body we ight gain ( Andrews & Orskov , 

1 9 70a , b ,  Orskov e t  al , 1 97 1 , Donne lly & Hut ton , 1 976a , b ,  Orskov et 

al . ,  1 97 6 ) . Low protein diet results in high fat content . 

Bes ides , compensatory growth after a change of diet from low 

protein content to h igh pro tein cause an increase in fat content and 

decrease of water content ( Orskov et al . ,  1 976 ) . It may a l so have an 

influence on energy content of the l ivewe ight gain (Graham & Searle , 

1 97 5 ) . 

3 )  The e ffic iency o f  ME used for growth ( Kg )  

The ME inge s ted above maintenance level i s  used for growth in 

young growing calves . The e fficiency of ME used for growth , Kg , is 

probably lower than Km though some people suggested that they are 

similar , name ly 77 to 8 5% . Recent work gave the Kg va lue 0 . 6 8 7  or 

0 . 6 3  ( Roy , 1 984 ) . Table 1 . 6 l is t s  some estimates of  Kg value . 

The e fficiency o f  use ME for gain ( Kg )  is determ ined e s sentially 

by the ratio of pro tein and fat in per un it we ight o f  gain provided 

other nutrients are not deficient . It is known that it i s  much more 

effic ient to convert feed ME to body fat energy than to pro te in 

energy . Some s tudies s howed that the e ffic iency with which s imple 

stomach s pecies or infant ruminants de pos it fat i s  about 0 . 7 0 but that 

of  the protein depos i tion is much lower , about 0 . 4 5  ( see ARC , 1 9 80 ) . 

The e f fi c iency o f  fat depos i t ion is in accordance with biochemical 

calculation ( Arms trong , 1 9 6 9 ) . A big di fference between adul t s  and 

young calves is the fat percentage in livewe ight gain . In adul t 

anima l s , the energy retained as fat varies from 85 to 9 5  % o f  total 

energy retained while in some young animals , fat retention may accoun t  

for as l ittle a s  50 % .  There fore , as the animals grow , the e ffic iency 



of uti l i zation o f  surplus ME for growth increases . But some results 

showed that there was no s igni ficant increase in Kg as the anima l s  

grew ( Blaxter et al . ,  1 9 66 , Van Es e t  al . ,  1 9 69 ) . 

Table 1 . 6  Some Estimates o f  Kg in Pre-ruminants 

SOURCE SPECIES EFFICIENCY 

Gon zale z-Jimene z & Blaxter ( 1 9 62 ) Cal f 0 . 7 7 - 0 . 8 1  

Van Es e t  al . ( 1 969 ) Cal f 0 . 69 
---

Vermorel et al . ( 1 974 ) Cal f 0 . 69 ---

We bster et al . ( 1 97 6 )  Cal f 0 .  72 
---

Ho lmes et al . ( 1 97 5 )  Calf 0 . 67 

Walker & Jagusch ( 1 969 ) Lamb 0 . 7 1  

Walker & Norton ( 1 97 1 )  Lamb 0 . 69 

The quality o f  the feed a l so has a large influence on Kg val ue . 

For calves and lambs receiving milk or milk substitute s , the 

efficiency ( Kg )  is higher than that of rum inan ting calve s . 

The Kg va lue from ruminant calve s  may be quite s imilar to those 

given abo ve . Holmes et al . ( 1 97 8 )  reported 0 .  5 1  to 0 .  57 . 

1 . 4 . 2  The Protein Requirements 

4 5  

Similar t o  energy requirement ,  the prote in requirement o f  the 

animal ( e xpressed as total tissue n itrogen requirement , T . N . )  

inc ludes two parts , one for maintenance ,  another one for p roduction 

purposes .  The protein requirement for maintenance is assumed t o  be 

equal to the endogenous urinary nitrogen excretion ( U N ( E ) , g/d ) and 

faecal endogenous nitrogen losses plus losses of nitrogen in hair and 

scur f .  The prote in requi rement for production purposes i s  that part 

which is e xpected to be retained in the tissues in growing anima l s  or 

excreted in milk for lactat ing cows ( RN or LN , g/d ) .  The maximum 
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requi rement o f  an animal for prote in can be  estimated by the fol lowing 

way . Increas ing the protein l evel of  diet gradual ly unt il no fur the r 

increase in some measured criterion s uch as l ivewe ight ga in is no 

longer increas ing or nitrogen retention ceases ( Donnelly & Hutton , 

1 976a , b ,  Sto bo & Roy , 1 97 3 ,  Black et al . ,  1 97 3 ,  Black , 1 97 1 , Black & 

Griffiths , 1 97 5 )  then the highest pro tein intake i s  the maximum 

protein requirement for the animal in ques tion . But the prote in level 

that can support maximum growth rate varies with its qual ity , name l y  

i t s  amino acid compos it ion . 

1 . 4 . 2 . 1 Some Components of the To tal Protein Requirements 

1 .  Endogenous urinary N 

Thi s  is the los s of n itrogen as a result o f  metabo l i c  processes 

in the tissue s  and is assumed to be equal to the amount of nitrogen in 

the urine i f  a cal f is given a nitrogen- free d iet . There fo re , it is 

more closely related to the meta bol i c  we ight o f  the body . For 

pre-ruminant calves , the value is between 63 and 82 mg N/kg body 

we ight ( Blaxter & Wood , 1 9 5 1 , Shi l lam & Roy , 1 96 3 )  or 1 84 - 1 93 mg 

N/Kg0 - 7 5  ( Roy et a l . ,  1 970 ) . It decl ines as the cal f grows . 

2 .  Metabolic faecal N 

The loss o f  digestive j uices , bacterial residue and e p ithel ial 

cells is the cause of this part of N losses . In gene ral , i t  is 

related to both the amount o f  feed inges ted and the qual ity o f  the 

feed . In calves offered whole milk or a good quality milk s ubs t itute 

diet , the va lue is about 1 . 9 g N/Kg dry mat ter intake ( Roy et a l . ,  

1 970 ) . I t  is small and constant , so , i t  may be omitted i f  the 

apparent d iges tibility is used ( ARC , 1 98 0 ) . But in ruminant calves 

this value may be much bigger . 

3 .  N content o f  we ight ga in 

Roy ( 1 980 ) reviewed some e xperimental resul ts and proposed that 
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the amount o f  n itrogen depos ited per Kg we ight gain was appro ximate l y  

26 t o  34 g N ,  i . e .  about 1 62 . 5  to 2 1 2 . 5  g protein . But because o f  

the variation in body compos ition , the va lue is qui te variable and 

higher in slow-growing calves and young calves and calve s  offered high 

protein content diet . 

1 . 4 . 2 . 2  The Efficiency of Abso rbed N in Mee ting N Requirements 

and Biological Value ( BV )  

They are two related conce pts . BV of a protein is de fined as the 

pro portion of truly diges ted N that is retained in the t i s s ue s  and is 

used to meet the obl igatory loss in faeces and ur ine , i . e .  

B . V  = RN + FN ( M )  + U N ( E )  I DN + FN ( M )  

where RN = N ret ention 

FN ( M )  = metabolic faecal N 

UN( E )  = endogenous urinary N 

DN = apparently digested N 

The BV o f  milk protein is 80 % or even as  high as  90 % ( Br is son 

et al . ,  1 9 57 , Blaxter & Wood , 1 952 ) provided there i s  an e xcess of  

energy and a l l  o ther nutrients e xcept prote in . For p re-ruminant 

calves , BV is a quite valid measurement of protein u t i l i zation in the 

body . But for ruminants biological value has grave short comings as a 

measure of  e ffic iency of  util i zation o f  absorbed amino acid N .  

1 )  die tary N is intensively conve rted into mi cro bial pro tein in 

ruminant calves . 

2 )  it i s  d i fficult to accura tely measure the metabol i c  faecal N 

part of  whi ch is o f  mi crobial or igin . 

There fore a new concept , the e fficiency o f  absorbed n i t rogen in 

meeting nitrogen requirement of  the ruminants ( Kn ( v ) -) ,  is proposed . 

Accord ing to Ray e t  al . ' s wo rk ( 1 970 ) in calves and Black e t  al . ' s 

work ( 1 973 ) in lambs , Kn ( v )  o f  milk prote in is about 0 . 80 when prote in 

intake is l imited . But protein o f  non-milk or igin have lowe r val ues . 

There is a l so variat ion in Kn ( v )  va lues between di fferent s o l id feeds . 

It  is known that the effic iency of utilization o f  absorbed amino 
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acid N depends on : 

1 )  How c los e l y  the amount and rat io of  absorbed amino acids meet 

the requirements of the tis sues ; 

2 )  The ava i lability o f  o ther feed nutrients in meeting energy 

requirements of the animal ; 

3 )  The ava i lability of  certain micro-nutrients required e ither in 

the formation o f  pe ptide bonds or i n  other reac tions invol ved in amino 

acid metabo l ism or ATP production . 

Though some workers have tried to improve the e ffic iency o f  

ut i l i zat ion by , for example , supplemen ting undegradable pro tein o f  

high quality , the result i n  animal performance is not co ns tant 

( Brookes , 1 9 82 ) . 

1 . 5 SOME APPLICATIONS IN CALF R EARING SY STEMS 

In practice , d e pend ing on the calf rearing purpose , there are a 

wide var iety of  cal f rearing sys tems . Calf rearing sys tems involve 

( 1 )  the amount of  milk used in calf  rearing , ( 2 )  the milk feed ing 

length ( weaning age ) ,  and ( 3 )  feeding techniques used . Fo r every 

system , mod i f icat i on can always be made acco rd ing to the cond itions 

and farmers ' perference . For e xample , considerations are usually 

given to the following four aspects i n  choos ing a herd replacement 

heifer cal f  rearing system : 

1 )  The amount o f  milk or o ther l iquid feed required . Feeding 

calves solid feed is usua l ly cheaper than using milk or m i l k  

substi tutes . For e conomic reasons , calves should be weaned at  the 

youngest age poss i b le provided target we ights and low rate o f  

morbidity and morta l i ty are ensured ( Roy , 1 980 ) . In order to achieve 

this purpose , low m i lk or milk s ubs titute intak� per day in as short 

period as  poss ible , which encourages solid feed intake , i s  neces sary . 

2 )  The convenience of  feeding . Genera l ly s peaking , cal f rearing 

always co inc ides with the bus iest t ime of  dairyfarmers within one 

year . There fore , the low labour costing sys tems , the ones that can be 

adapted to some new feed ing technique s , such as once daily feeding , 

low temperature and automatic feeders ( drum feeders ) are l ike ly to be 

pre fered . 
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3 )  Calf health . The major pro blems encoun tered in the first 

month of life are septicaemia and scours . Pro per colos trum feeding in 

the first 24 hours o f  l i fe i s  more important than any other treatment 

poss ible . 

4 )  Growth rate . D i f ferent growth rates are needed for d i f ferent 

cal f rearing purposes . For he ifer rearing , high growth rate i s  no t so 

necessary as in bee f  cat t le rearing or veal calf rearing . 

Because of the s igni fi cance of  herd replacement cal f rearing in 

NZ , the few calf rear ing systems discusse d below wi l l  be more or less 

used in herd replacement cal f rearing . But o ther information i s  also 

used wi thout hes itat ion i f  it  i s  use ful . 

For herd replacement calves , the aim of early rearing usual l y  i s  

t o  introduce the calves t o  so l id feed , es pec ial l y  pas t ure a t  a n  early 

age wi thout much d i sturbance on cal f health and future milk 

produc t ion . The fol lowing few systems are currently used in New 

Zealand for he rd re p lacement rearing . 

1 . 5 . 1 Ad libi tum Feeding o f  Who le Milk or other L iquid Feeds 

Thi s  system i s  characteri zed by the large amoun t of milk required 

and low labour cos t  especially if some new techniques are used . The 

milk consumption can be as high as 1 to 9 l itres / cal f/d so the growth 

rates are rapid . Friesian calve s  can reach a we i ght of  7 0Kg or so in 

5 to 6 weeks . The calves may have access to pas ture or o ther so l id 

feeds but the intake o f  solid feed is negl igible . 

Single or doubl e  suckl ing ( i . e .  one or two calves sucking one 

cow ) if the milk yield of cow is high , automatic feed ing machines , 

larg� drum ( say , 200 l itre s ) with teats are o ther forms o f  this 

system . Feed can be who le milk , recons tituted mi l k  or stored 

colos trum and preserved milk ( a c id i fied milk , pH 5 . 3  - 5 . 8 ) ( Dawson et 

al . ,  1 9 82 , Davey , 1 9 8 0 ) . Dawson et  al . ' s work i n  1 980 demons trated 

that fermented co los trum is an ideal cold ad l ib i t um feed . Howeve r ,  

under practical cond i t ions , supplies o f  colostrom may not always be 

ade quate . There fore , prese rved milk , recons tituted milk and who le 

milk are a l so used . 

The main advantage i s  i t s  easy management and low labour cost and 
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i ncreased l i veweight ga ins . For i ns tance , if f eedi ng c a l ves wi th 

s tore d  col ostrum or aci dif ied mi l k , topping up the drum wi th col ostrum 

or mi l k  i s  the main j ob .  Par s ons and S tewar t ( 1 98 4 ) showed that calves 

fed ad l i bi tum took much l es s  time to feed c om par ed wi th calves f e d  

even once da il y ( 1 0  v s . 4 0  min . / head/ d ) .  

But the l arge amount of mil k i t  requir es i s  pro babl y the bi ggest 

d i sadvant age of this system . I t  res ul ts i n  both high r eari ng cos t an d 

a pr ol onged weaning check i n  l i v eweight . Re cent wor k showe d that t he 

l ow  pH may l i mi t the mil k int ake of the ca lves (Davey , 1 980 , Dawson et 

al . ,  1 982 ) . Some other methods may also be used f or this pur pos e ,  s uc h  

as di l ut i ng milk wi th water ( R oy , 1 980 ) ,  incr e as i ng t he ca l f : teat 

rati o .  However , it was s hown that dil uti ng ha d no eff ect on ca l f  mi l k  

i ntake unl ess 50% water was adde d t o  the mil k ( D aws on et al . ,  1 9 8 2 ) . 

I n  this  s ys tem , cal ves can b e  weane d earl y if l i v ewei ght s t andard , 

for exampl e ,  70 Kg LW , is  used . Fri es i ans can r each 70 K g  LW in 5 to 6 

wee ks and b e  weaned . But they mus t b e  weane d l ate if the weani ng che ck 

is  to b e  mi nim ized . 

1 . 5 . 2  R es tri cted F eeding of Mil k or Mil k Subs ti tutes 

wi th R el at i vely Ear l y  W ean i ng 

Thi s system i s  charact eri zed by the l ow  l evel of mi l k  f eeding and 

earl y cons umption of s ol i d  feed . Mil k or othe r l i qui d fee ds are 

off er ed at a r es t ri cted l evel . On the o the r hand , co ncentrates and 

high qual i ty pas t ur e  or hay ar e availabl e  both before and aft er we ani ng 

for cal ves to  com pensat e the l ow er i ntake of en ergy from mi l k  by e at i ng 

mor e s ol i d feed (Khouri et  al . ,  1 96 7 , Davey , 1 97 2 ) . Bel ow i s  a gener al 

s ched ul e of t hi s sys t em f or F ri esi an cal v es :  

F eed 

Mil k  

C once ntrates 

Conc entr ates 

Amount 

4 l i tr es/ cal f/d 

To appeti te 

1 Kg/ c al f/d 

Pas t ur e  is  ava i l abl e thr oughout 

Durat i on (we eks ) 

5 - 6 

5 - 6 

6 - 1 0  
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Depend ing on the availab i l i t y  o f  concentrates and pasture 

quantity and quali t y , calves can be weaned early ( 3  - 5 wee ks of age ) 

or later ( 8 - 1 0  weeks o f  age ) .  

The success o f  early weaning i s  dependent primari ly upon the 

quality of  the solid feed offered i f  a relative ly high growth rate is 

required . Concent rates are bet te r than even high qual i t y  pas ture for 

early-weaned calves in this case ( Byford , 1 974 ) because it i s  less 

limited by intake capacity . A concentrate mixture for c a l f  rearing 

may consi s t  of the following components ( Davey , 1 980 ) . 

60 70% cereal gra ins 

20 - 3 0% linseed or meat meal 

1 0% molasses 

The main advantages of  this s ystem a re : 

1 .  Reduce milk or milk subs t itute consump tion . For early weaned 

calves , only 84 to 1 4 0 litres milk are required . 

2 .  Labour cos t  i s  also reduced because less milk i s  hand led . 

Calves can be fed once daily from one week of age provided they are 

healthy . It  i s  gene rally agreed that once daily feed ing i s  l ikely to 

have l i t tle detrimental effect in an early weaning system when 

restricted amount o f  milk is fed ( Ackerman et al . ,  1 9 69 , Fieber , 1 9 72 , 

Khouri ,  1 9 69 , Reddy et  al . ,  1 97 1 ) .  Parsons and Stewart ( 1 9 84 ) 

demons trated that , though compa red with ad libitum feed ing , once daily 

fed calves grew s lower ( 578  v 4 8 1  g/d ) in pre-weaning period , however , 

there were not diffe rences in LW at 6 months o f  age . 

1 . 5 . 3  Trad it ional Method 

Th i s  method o f  calf rearing res tricts milk i ntake moderately ( 4 . 5 

- 5 l itres /cal f /d ) and pasture i s  o ften avai lable to the calve s . 

Because o f  the interaction between milk and so lid feed intake and the 

relativel y  low bul k  density of pasture , the capacity of herbage 

consumpt ion develops s lowly . In o ther words , calves are not l ikely to 

be early weaned in this sys tem . Usually they are weaned o f f  milk at 

about 8 - 1 0  weeks o ld .  There fore , the total milk consumpt ion i s  much 

higher than the above sys tem ( se c t ion 5 . 2 )  ( 250  to 350 1 milk/cal f ) . 
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C HAPTER 2 

MATERIALS AND METHODS 

2 . 1  EXPERIMENT D ES IGN AND PROC EDURE 

The experiment was of  a complete randomi zed block des ign . There 

were four blocks each with four calves . Within each block there were 

two h igh breed ing inde x calves ( HBI , BI of pa rents = 1 3 4 )  and two low 

breeding inde x calves ( LBI , BI of parents : 1 0 3 ) .  One cal f within each 

breed ing index group was fed h igh l eve l of milk ( HM ,  6 l m ilk/day ) and 

the o ther was fed low l evel of milk ( LM ,  4 . 5 l mi lk/day ) . The four 

groups were clas s i fied as fol lows : 

Group HH this group of calves of HBI rece ived HM treatment . 

Group HL this group of  calves o f  HBI rece ived LM treatment .  

Group LH this group of calves of LBI receive d  HM treatment . 

Group LL this group of calves of LBI received LM treatment . 

The four groups were used to compare : 

1 .  the responses of  calves to d i f ferent milk feeding leve l s  ( HM  
or LM )  in herbage in take , growth performanse , d iges tion and n itrogen 

balance and 

2 .  the interact ion o f  feed ing leve l and calf genotype ( e xpres sed 

as breeding index ) . 

The experiment inc luded two main period s , I and I I .  The calves ' 

growth performance was furthe r o bserve d  unt i l  they reached 2 1 - 2 5  weeks 

of age ( period I I I ) ( see Table 2 . 1 ) .  

The experiment lasted from August 30  to November 1 5  in  early 

spring at Massey University , Manawatu area , New Zealand . 
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Table 2 . 1 The Experimental Description 

Pe r iod Age (weeks ) Group Food Amount 

HH Milk 6 l i t re s / cal f /d 

Fresh cut herbage ad l ibitum 

HL Milk 4 . 5 l it res /ca l f/d 

Fresh cut herbage ad l i bitum 

I 3-7 . 5  

LH Milk 6 l it re s /calf /d 

Fresh cut herbage ad l ib i tum 

LL Milk 4 . 5  l i t re s /ca l f/d 

Fresh cut herbage ad l i bitum 

HH 

HL Fresh cut herbage ad l ib i t um 

I I  7 . 5- 1 0 . 5  ( a l l  calves treated uniformly )  

LH 

LL 

I I I  1 0 . 5-23 Al l Calves Gra zing Pature togethe r as  One Mob 



2 . 1 . 1  Period I 

Pe riod I ,  pre-weaning period , was the main expe rimental period . 

Calves were o ffered e i ther a h igh leve l  or low level o f  mi lk . The 

o bjective of this period was to compare 1 )  the responses in herbage 

intake , the l i vewe ight ga in , d iges t i b i l ity and n itrogen retent ion 2 )  

the interact ion between m i lk feeding level and breeding index i n  the 

above mentioned responses in this period . 

5 4  

Therefore , e xcept for m i l k  feed ing level , the calves were treated 

un iformly .  In  order to encourage the solid feed in take and ensure the 

maximum intake of herbage for a l l  four groups of ca lves , fresh cut 

herbage was offered ad l i bitum ,  whi ch means that the he rbage offered 

was at least 20% more than the calves could eat . The calve s  were 

weaned in two days at the end of this period , 7-8 wee ks of age . 

2 . 1 . 2  Period I I  

The objec tive o f  this 3 we ek period was to observe the e ffec t  o f  

milk  feeding leve l on calf  performance and herbage in take shortly 

after weaning and its interaction with breed ing inde x .  

Because what was to b e  observed was the e ffect of  pre-weaning 

t reatment , a l l  calves in this period were to be t reated s imi larly in 

order not to b ias the comparison . Herbage was s t i l l  offered ad 

l i b itum . 

2 . 1 . 3 Period I l l  ( Post-expe rimental pe riod ) 

During this period , a l l  the calves were gra zed together o n  

pasture . A t  the end of  this period , LW was obtained . Because o f  some 

practica l  reasons , LW was measured at same date ( Feb . 1 ,  1 9 8 4 ) rather 

than at same age • 

Livewe ight ga in was measured ove r this period ( ranging from 7 4  to 

1 03 days ) in order to etimate the long te rm effect of treatmen t s  on 

calf per formance .  There fore , the a ctual age at that s tage va ried from 

2 1  to 25 weeks of age , (average 23 wee ks old ) .  
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2 . 2  EXPERIMENTAL FOODS 

2 . 2 . 1 Milk 

Milk used in the e xperiment was the who le fresh milk co l lec ted 

each morning from the No . 3  Dairy of Mas sey University prior to 

commencement of morning feeding • The herd cons isted of Fries ian , 

Je rsey and Fr ies ian X Jer sey cows . The milk was kept at 4 °C for the 

afternoon feeding . The overall milk fat tes t for the herd in October 

was 4 . 4% .  

2 . 2 . 2  Pasture 

Fresh pas ture was cut daily or e very two days from the paddocks 

on No . 3  Dairy • Initial ly , the harves ting was done by a smal l rotary 

lawn mower wi th this later be ing replaced by a large r forage harvester 

mounted on a t ractor . There was an obvious visual d i fference between 

the herbage ha rve sted by these two machines . The second one cut gras s 

whi ch was much more finely chopped than first one . The o f  pasture 

used was predominantly ryegra s s  and wh ite clove r . 

2 . 2 . 3  Water 

Initially , wate r was o f fered in a bucket throughout the day . 

Calves were taught to drink from water trough in the individual pen 

and late r we re to get water from the water t rough . 
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2 . 3  EXPERIMENTAL ANIMALS 

Si xteen Fries ian bul l  calves of 3 weeks o f  age were used . Hal f 

of  them were high breeding index ( HB I )  calves and ano the r hal f  were 

low breed ing index ( LB I )  calve s . They were reared as one group be fore 

the e xperiment . They had had access to leafy pasture bes ides being 

offered milk and a small amount of meal . 

At the t ime they entered the expe riment , they were b locked 

according to the i r  LW . Within each block , there were two HBI calves 

and two LBI calves and they we re randomly allocated to each milk 

treatment . 

40  hours fas ting was ca rried out before the start o f  the 

e xpe r iment . The purpose of  it was to obtain empty body we ight ( EBW ) 

since the ca lves had had access to pas ture be fore . This procedure i s  

also c laimed to minimi ze the risk o f  infectious s cours ( Lawrence and 

Pear c e , 1 965 ) . The cal f ' s  EBW was used to cal culate its empty body 

we ight gain whi le indoors ( EBWG ) . 

Unti l the e xperiment was finished , the calves were kept in 

indi vidual pens . Eight calves were kept in individual metabol ism 

crates for two periods each of 1 3  days during which d iges t i b i l ity 

trial and nitrogen balance trial were carried out . 

The room wher� the calves were kept was wel l  venti lated and the 

temperature was 1 5  c .  The relat i ve humidity was probably high s ince 

the room was washed once daily in order to kee p  it clean . It was 

i l l uminated in the daytime . 

Any ca lves that showed s igns of  s cour ing or scoured were 1 )  

iso lated from o ther calves ; 2 ) treated with VyTrate ( Beecham 

Vete rinary Products , D ivis ion of Beecham Ltd ) ; 3 )  drenched with 

" Scourban" ( Vetc Products Auckland ) and 4 )  stopped feed ing for 1 - 2  

days . But no regular drenching with antibiotics was used . During the 

experimental period , all calves were s prayed once for e l iminating l i c e  

inhabition on the ir skin . 
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2 . 4  EXPERIMENTAL PROCEDURE 

2 . 4 . 1 Intake 

2 . 4 . 1 . 1  Milk 

The milk feed ing time was 0900 - 1 000 h and 1 500 - 1 600 h every 

day . At each of  these feedings , calves were fed hal f  o f  the i r  daily 

milk  allowance . The milk  was fed from buckets e xcept for one ( No 3 3 )  

whi ch was suspected t o  have an incompl ete closure of  oeso phageal 

groove . This calf was fed by teat- sucking from a bucket . 

Tea ching the calves to drink from buckets was required for the 

f irst few days s ince be fore the onset of the e xpe riment , they got 

their whol e  milk or other l iquid feed through teats . 

The milk that co uld not be finished a fter 30  min was taken 

away as milk refusal and we ighed .  In the afternoon , a sma ll amount o f  

hot wate r was added t o  the cold m i lk ( 4°C )  just taken from the 

s tore-room . 

2 . 4 . 1 . 2 Herbage 

Herbage was offered a fter the milk was f in ished or taken away . 

In order that the cal ve s  could eat the herbage ad l i b it um ,  the daily 

herbage a l lowance was roughly dete rmined by a 2 0% increase from in take 

of the previous day . Cons iderat ion was given to the e s ti mated DM 

content o f  the herbage in ques tion . 

The daily herbage a l l owance was o ffered twice or even mo re times 

dai ly . The reasons for this were to keep the herbage as  fresh as 

pos sible and avoid was tage due to s pi l l ing if o f fered too much at one 

t ime . About 60% of  the dai ly herbage allowance was o f fered in the 

morning feed ing . This was because the initial observation showed that 

calves ate a bigger pro portion of daily feed in the daytime . 

Throughout the day herbage was ava i lable continou s l y  e xcept for 

about one hour around morning milk feeding . The herbage re fusa l  o f  

the previous day was taken away and we ighed be fore m i l k  was fed . The 

fresh her bage was offered a fter mil k  feeding was f inished . 



2 . 4 . 2  Calf Growth Per formance 

We i ght gain was measured in two ways : 

1 .  Empty body we ight ga in ( EBWG ) 

2 .  Liveweight gain ( LWG ) 

2 . 4 . 2 . 1 EBWG Meas urement 

Empty body we ight ( EBW ) was measured at three points o f  time in 

the who le experimen tal period . They were at : 

1 .  commencement of the experiment . Calves were fasted for 40 

hours be fore weighing ( from 1 600 h day 1 to 0800 h day 3 ) .  

2 .  weaning t ime . They were s tarved for also 40 hours be fore 

we ighing . 

3 .  end o f  the indoor experiment . Calves were s ta rve d for 48  

hours this t ime due to the increased dry food in take . 
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The purpose o f  measuring the EBW was to estimate the growth rate 

more accurately . But because of  the s tress that fas ting caused on 

animals it was used as little as pos s i b le . 

2 . 4 . 2 . 2  LWG Measurement 

Livewe ight ( LW )  was measured weekly except during d ige s t i b i lity 

trial pe r iods . Al l the measurements were done before the mo rning 

feeding in order to minimize the pos s ible error due to d i fferent gut 

fi l l .  Some calves were we ighed more frequently ( 3- 4  days ) a fter 

weaning to estima te the length o f  the weaning check . D i fference 

method ( Bailey et a l ,  1 958 ) was used t o  calculate the growth rate o f  

the calve s . 

2 . 4 . 3 Apparent D ige s tibil ity o f  the Pas ture 

Two calves from each group ( see section 2 . 1 ) ,  a total of e ight 

calves , were involved in two dige s tion t rial s . The organ i zation o f  

the trials was as in Table 2 . 2 . 



TRIAL 

I 

II 

Tab l e  2 . 2  The Layout o f  the Digestbil ity Tri a l s  

ADAPT ION ( DAY S )  

2 

5 

COLLECTION ( DAY S )  

1 0  

7 

5 9  

Trial I was carried out be fore the calves were weaned whe reas trial I I  

was carried out a fter the calves were weaned ( i . e .  in Per iod I & I I  

respectively ) .  

2 . 4 . 3 . 1  The Dige s t i bil ity of Diet and Pas ture be fore Weaning 

The o bjective o f  determining d iges ti b i lity o f  the d ie t  (mi lk + 

pasture ) and pas t ure in this pe r iod was to observe the e ffect o f  milk 

feeding leve l , tota l  feeding leve l and the genotype o f  the calves on 

the cal f  d igestion of  feed . 

E ight calve s o f  s imilar age we re used . The treatments remained 

the same e xcept that they were moved from ind ividual pen to metabo lism 

crates .  Water was offered i n  buckets a t tached to the crates . 

The total col lection method was used . Faeces were col lected 

daily and bu lked over the who le co l lection period . They were kept at 

- 1 7
°

C be fore the end of  the co l lection . Afte r the tria l , the bulked 

wet faeces were we ighed . Afte r we l l  m ixing , two sampl e s  o f  each about 

200g were taken for analys is . One was used for DM content 

determination . Ano ther was free ze-dried and ground fo r chemical 

analys is . 

2 . 4 . 3 . 2  The Dige s t i bility of Pas ture a fter Weani ng 

The o b j ecti ve of  this trial was to 1 )  continue the o bservat ions 

on treatment effect on diges t i b i l i t y  and 2 )  compare the d i f ferences i n  

diges t i b i l i t y  o f  herbage be fore �nd after weaning i f  any . 

The procedure of collection and sampling we re s imilar to those i n  

the -digestibility trial in the pre-weani ng period ( section 2 . 4 . 2 . 1 ) .  
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2 . 4 . 4  Nitrogen Balance 

Nitrogen balance trials co inc ided with the diges t i b i l i t y  trial s . 

The same groups of  calves were used . 

Cal f urine was co l lected daily and we ighed . 1 0% o f  the daily 

collect ion was kept at  � c .  In order to p revent ammonia los s ( Nf3 ) , a 

small amount ( 1 0 - 30 ml ) of  HzSC4 solution ( concentration 2N ) was 

added to the buckets be fore co l lect ion . 

At the end o f  the co llection period , samples of  ur ine we re taken 

from the urine ke pt after it was we l l  s ti r red for nitrogen and energy 

analys i s . 

2 . 4 . 5  Analysis o f  the Food , Faeces and Urine 

2 . 4 . 5 . 1 Food 

Both mi lk and pasture were sampled da�ly . The milk  samples o f  

e ve ry three days were pooled and kept a t  4°C be fore they were 

free ze-dried and analysed . The fol lowing analyses were carried out on 

m i lk samples . 

1 .  the dry mat ter content o f  the m i l k . Th is was dete rm ined by 

drying the milk sample in a force-drought o ven for 2 4  h at 1 00oc .  

2 .  nitrogen content by Macro-kj e ldahl method . 

3 .  gros s  energy ( G E )  content by calorometric bomb . 

The herbage samp les were kept at - 1 7 0c  be fore they were 

free ze-dried . After drying , the samples were ground through a 1 mm 

mesh and stored in a i r-tight glass jars o r  p las tic bottles . The 

analyses done with herbage samples were : 

1 .  the DM content . This was s imilar to m i l k  DM content 

determination except that it  was done dai l y  with 2 repl icas for 

herbage samples . 

2 .  nitrogen content 

3 .  GE content 

4 .  ash content 

5 .  in vitro d igestibi l ity . It was e s t imated by c e l lulase method 



( Jones e t  al , 1 9 7 3 ) . 

Except the DM conten t , the analyses o f  herbage were done on 

weekly bas is us ing standard methods ( AO AC ,  1 97 5 ) . 

2 . 4 . 5 . 2  Faeces and Urine Analysis 

The faeces co l lected in d iges tibility trials were analysed for 

the fol lowing items : 

1 .  DM content 

2 .  N content 

3 .  GE content 

4 .  Ash con tent 

2 . 4 . 5 . 2 Urine 

U rine was anal ysed for : 

1 .  N content 

2 .  GE conten t  

The analyses on the chemical content o f  these samples were done 

in the s tandard methods ( AOAC , 1 97 5 ) . 

2 . 4 . 5 . 3 Herbage Re fusals 

6 1  

Herbage r e fusals o f  the calves were collected and sampled . They 

were used for DM content determination in order to obtain the DM 

intake daily . Be s ides , the herbage re fusal samples from calves 

involved in the d i ge s tibility trials were fur ther analysed for in 

vitro d iges tibility and ash content in order to es timate the e ffe ct o f  

selection during the inges tion process . 

2 . 5  STATI STICAL ANALYSIS 

The e ffects of milk feeding leve l (ML ) and breeding index ( BI )  of 

the calves upon herbage consumption , weight gain and o ther parameters 

o f  cal f performance were inve s t i gated b y  analysis o f  variance in each 

period and in the whole experimental pe riod . Regress ion analysis was 



further used to e s timate the quant i tative relationship between m i lk 

intake and herbage consumption , growth per formance and some o ther 

variables . 

The s ta t i s t ical analysis was carried out by us ing the " REG" 

program --- a gene ral i zed l inear models programme ( Dept . Animal 

Sc ience of Massey University ) . 

The fol lowing symbols have been used throughout the present 

thesis to descr ibe the level of signi ficance of di fferences between 

means : 

*** D i f fe rences signi ficant at the 0 . 1 %  level o f  probabi lity . 

** D i f fe rences sign i ficant at the 1 %  level o f  probabil ity . 

• Diffe rence s  signi ficant at the 5% leve l of probabi l i t y . 
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In a few occas ions , p< or = 0 . 1 0  was used to represent that the 

d i f ferences between means were s igni ficant at the 5 to 1 0% leve l . 

NS Diffe rences not s igni f i can t . 

S . E .  Standard error o f  the means . 
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CHAPTER 3 

RESULTS 

3 . 1 ANI MAL HEALTH 

I n  the pre- wean i ng per i od ( p er i od I ) , f i ve cal ves ( No . 8 , 1 4 , 32 , 36 ,  

4 6 )  wer e  recor ded to have scour e d  on si x oc casions ( N o . 32 t wi ce ) . The 

age at whi ch they s cour ed var i ed from 3 to 7 weeks ol d .  Bes i des 

s toppi ng the f eedi ng of m i l k  and her bage f or 1 - 2 days , they were 

treated wi th " V iT rat V e t eri nar y Produc ts , D i vi sion of Bee cham L td )  and 

dr enched wi t h  "Scourban" ( V et c  Products , Auc kl and ) .  A l l  of them 

r ecovered i n  l ess than 3 days . There was an i nd i cat i on that LBI  

cal v es were mor e suscep t i bl e  t o  s couring than HBI cal v es ( 5  v 1 )  

( 0 . 1 >p >0 . 05 ) . Cal f N o . 33 was obser ve d t o  have a grossl y d i s t ende d  

abdomen o n  the l ef t  si de i n  the s e cond wee k of the experiment 

( approximat e l y  4 . 5  weeks ol d ) .  Thi s  was suspect e d  t o  be the resul t of 

i nc ompl ete cl os ure of the oesophageal groove s o  that the m i l k  got i nt o  

the rumen . After changi ng the m i l k  f ee d i ng proce dur e for t h i s  cal f  

f r om  dri nki ng directly fr om a buc k et t o  suc k i ng f r om  a rubber t eat , 

the phenom enon di sappear e d . Thi s seemed t o  s uppor t t he s us pi c i on as 

t o  the cause . The cal f  heal t h  s i t uation af t er weani ng w as 

sat i sfactory . Ther e wer e no cas es of di seas e or death r ecor de d pr i or 

t o  the time the cal ves rea ched 2 1 - 2 5  weeks of age ( F eb .  1 ,  1 9 8 4 ) . 

3 . 2  FEED QUALITY 

3 . 2 . 1 M i l k 

The whol e m i l k  used i n  the e xperi ment was obtai ned from a her d  of 

mai nl y F ri esi an and F r i esi an X J ersey cross cows . The m i l k  f at t es t  

f or the who l e  her d  over one month i n  the e xper imental per i od ( Sept . ,  

1 9 8 3 )  was 4 . 4% .  

The mean val ues f or the com posi ti on of the m i l k  sampl es taken 

duri ng the experimental peri od ar e l i s t e d  i n  Tabl e  3 . 1 .  
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T abl e 3 . 1 M i l k  C omposi tion 

FAT% N% PROTE IN% GE ( KJ / KgDM ) DE ( KJ / kgDM ) DM% 

4 . 83�0 . 22 0 . 52 + 0 . 01 3 . 3 1 �0 . 1 3  2 3 . 53�0 . 48 2 2 . 35 1 3 . 95 + 0 . 35 

*DE was obtai ned by as sumi ng that the d i gesti bi l i t y 

of mil k energy is 9 5 %  ( Bl axter , 1 96 2 ,  Broo k es & Davey , 1 977 ) . 

3 . 2 . 2  Her bage 

The pas tur e  used i n  the e xperiment was predomi nantl y ryegrass and 

whi te cl over . The qual i ty of the her bage w as  as sessed i n  the 

f ol l owi ng two ways . 

( 1 )  C hemi cal analysis 

The m ean values of the chemi cal compos i t i on of the her bage 

sampl es f r om  the exper iment ar e shown i n  Tabl e 3 . 2 .  

T abl e 3 . 2 C ompos i t i on of H er bage 

N% ASH% GE ( KJ /KgDM ) DM% 

1 4 . 30�1 . 36 1 7 . 92 +0 . 82 1 6 . 85 +0 . 29 

( 2 ) I n  vi tro and in vi vo DOM of the herbage 

The qual i ty of the her bage was also ass es s ed i n  terms of the i r  i n  

v i tro and i n  v i vo di ges ti b il i ty .  

The i n  vi tro DOMD of her bage sampl es and the change wi th t i m e  ar e 

shown i n  F i g . 3 . 1 .  The mean i n  v i tro DOMD of herbage was 78 . 93�1 . 3 3% . 
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F I G . 3 . 1 The V ar i at i on of in v i tro DOMD and A sh C ontent over Exper i m en t  

T he i n  v i vo DOM of the her bage was es t i mat ed by usi ng two groups of 

f our cal ves ( G 1  and G2 , i ncl ud i ng cal ves of two BI and rece i vi ng two 

m il k  feeding l evel s ) , both b ef ore and aft er weani ng ( see s e c t i on 2 . 4 . 2  

) .  Thes e res ul ts and the i n  v i tro DOMD of her bage f or the s ame per i od 

ar e l i s t e d  i n  Tabl e 3 . 3 . 

T abl e 3 . 3 In v i vo and i n  v i tro D i ge s t i b i l i ty of H erbage OM ( % )  

TIME GROUP* in vi vo DOM** i n  vi tro DOMD - ---

BEFORE WEAN ING G 1  7 4 . 78 + 5 . 5 7  80 . 50 

( PERI O D  I )  G2 7 4 . 88�4 . 31 8 1 . 86 

AFTER WEAN ING G1  7 8 .  32�2 . 05 82 . 1 0 

( PERIOD I I )  G2 7 7 . 64 +0 . 72 7 8 .  64 

* G1 gr oup I i ncl ud i ng cal ves N o .  6 , 8 , 1 0 , 1 3  

G2 group I I  i ncludi ng cal ves N o .  3 2 , 3 3 , 3 6 , 42 

( thes e  two gr oups of cl ave s  wer e chos en because of the 

simil ari ty of their age wi thi n groups ) 

* *  i n  vi vo DOM of the her bage i n  pr e- wean i ng per i od ( per i od I )  

was obtai ned by deduc t i on m etho d  ( see secti on 3 . 5 . 1 ) .  
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Because ther e w er e  not enough repl i cates , i t  was not poss i bl e  to  

stati s ti cally compar e the d i ff erence b etween i n  vi vo and i n  vi tro 
' - -- - ---

di ges ti b i l i ty of the her bage . I t  appeared that i n  vitro DOMD t en ded 

to over- estimate t h e  DOM of her bage f or cal v es f or about 1 to 1 u n i t s  

i n  the present experiment . 

3 . 3  FEED INTAKE 

3 . 3 . 1  M i l k  I ntake 

The mi l k  f eedi ng l evel was a treatment var i abl e in the 

experiment . T he two l e vels use d  i n  the experiment were 6 . 0  1/ cal f / d 

( HM ) and 4 . 5  1 / cal f / d  ( LM ) . The m i l k  f eed i ng peri od was 31 �2 day s . 

C al ves were weaned i n  two days at t he age of 7 . 5  weeks ol d .  T he 

actual m i l k  i ntake per day and over period I i s  as shown i n  T a bl e  3 . 4 .  

T abl e 3 . 4 Cal f  M i l k  C ons umpti on i n  Per i od I 

T REATMENT 

DAI L Y  MILK INTAKE 

TOTAL MIL K CONSUMPT I ON 

IN PERIOD I 

HM LM 

5 . 83 4 . 48 

1 95 . 25 1 48 . 56 

S . E .  SIGN IF I CAN CE 

0 . 1 8  * *  

6 . 42 * *  

Cal ves on HM tr eatment rece i ve d  s i gn i f i cantl y mor e mil k p er day 

or throughout the whole e xperimental period . H owever , ther e were more 

i ns tances when HM cal ves coul d not f i ni sh the amount of mi l k  off er ed . 

LM cal ves f i ni shed nearly 1 00 %  of the m i l k  al l owance whereas HM cal ves 

on average f i ni she d 97 % of the mil k off ered . 
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3 . 3 . 2  H erbage Consum p t i on 

Herbage cons umpt i on was s t rongl y i nfl uenced by mi l k  f ee d i ng l evel 

and cal f mat uri ty repr es ented by ei ther age or LW . The relati onshi p 

between cal f  age an d her bage co ns umpti on i s  shown i n  F i g .  3 . 2 .  

1 .5 

,.... '0 ' 
::::E 1 .0 0 
at .Jtt ....... 
w 

� 
w 

� 0.5 - H8l ... 
ei <r--(} HB1 LM 
X G----E) LSI HM 

� LBI LM 

0 5 I 7 a I 10 
CALF AGE (WEEKS) 

FIG.  3 . 2  The R el at ionshi p of C al f  H er bage I ntake and A ge 

T abl e 3 . 5 The C om par i son of HM & LM C al ves f or Dail y H er bage I ntake 

( Kg OM/ D ) 

AGE ( WEEKS )  HM LM S . E .  S I GNI F I CANCE 

4 0 . 08 +0 . 0 1 6 0 . 1 5 +0 . 02 1  0 . 01 6  * 

5 0 . 1 1 +0 . 020 0 . 22 +0 . 022 o .  01 9 * *  

6 0 . 1 4�0 . 030 0 . 30�0 . 025 0 . 028 * *  

7 0 . 22+0 . 04 5  0 . 4 0 +0 . 04 9  0 . 039 * 

8 0 . 37�0 . 0 50 0 . 6 4 +0 . 084 0 . 058 * 

9 0 .  92 +0 . 051 1 . 1 1 +0 . 04 9  0 . 0 4 3  * 

1 0  1 . 32�0 . 077 1 . 39�0 . 04 1  0 . 043 NS 

R e gr essi on C oeff i c i ent 

( Kg OM/ wk ) 0 . 20+0 . 01 6  0 . 21 �0 . 01 3  0 . 01 1 NS 
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Ther e was no s i gni f i cant diff er en ce i n  the rat e  of her bage 

consumption developm ent ( i . e . the sl o pe of the l i ne , b val ue ) 

( p >0 . 05 ) between mil k treatm ents ,  but LM cal ves cons i stantly  ate mor e  

herbage than H M  cal v es between 4 and 9 weeks of age (Tabl e 3 . 5 ) . 

The i ntake of herbage at vari ous s tages of the experi m en t  and the 

rate of her bage i ntake development wer e  not si gni f i cantl y diff er ent 

between HBI and LBI cal ve s  ( F i g .  3 . 2 ) . D et a il ed r esul ts of her bage 

i ntake in each peri o d  are des cr i bed i n  the f oll owi ng s e c t i o ns .  

3 . 3 . 2 . 1 Her bage C ons umpt i on bef ore W eani ng ( Peri od I )  

Mil k f eed i ng l evel ha d a negat i ve eff ec t on the her bage i nt ake of 

the cal ves ( p< 0 . 0 1 ) ( Tabl e 3 . 5 ) . HM cal v es ate on average 0 . 1 6  Kg 

l es s  her bage OM/ d in this  per i od than LM cal ves . On the other han d , 

t�ey ate on average of 30  g mor e OM/ d i n  total di et than LM cal v es . 

T he corr el ati on coeff i c i en t  between mi l k  i nt ake and da i l y her bage 

organi c matter i ntake ( HOMI ) f or i nd i vi dual cal v es i n  thi s period was 

-0 . 68 ( p< 0 . 01 ) .  The relati onship was as f ol l ows ( F i g . 3 . 3 ) :  

• 

0 0 

0 

HBI HM 

HBI LM 

LBI HM 

LBI LM 

CJ 4 c( .. m a: 
w 
% 

20 25 0.7 5 
MILK INTAKE (g/Kg /d) 

30 

FIG . 3 . 3  The R el at i ons h i p  between M i l k  I ntake and HOMI i n  P er i o d  I 

Y = -0 . 1 1 0 (�0 . 03 2 ) X  + 1 . 0 96 ( +0 . 1 65 )  R 2 
= 0 .  4 6  p<0 . 01 

where Y i s  HOMI Kg / cal f / d  and X i s  mi l k  i ntake K g/ cal f / d  

So , the repl a cement r a t e  w as  0 . 1 1  K g  her bage OM/K g  m ilk . 
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M eas ured as mi l k  dr y mat t er , the rel at i on was as f ol l ows : 

Y = -0 . 81 9 ( �0 . 2 36 ) X  + 1 . 0 96 ( +0 . 1 65 )  R 2 = 0 .  46 p< 0 . 0 1 

where Y i s  herbage i nt ake OM Kg/ d an d X i s  mi l k  i nt ake DM Kg/ d 

T he effect of cal f BI was not si gni f i cant ( p > 0 . 0 5 )  and ther e  was no 

i nt erac t i on between mi l k  f eedi ng l evel  and BI ( p >0 . 05 ) . 

3 . 3 . 2 . 2  H erbage Cons ump ti on aft er Weani ng ( P e r i o d  I I )  

T he dai l y  her bage or gani c mat t er consum p t i o n  i n  this  period was 

negati vel y  corr el ated wi th the mi l k  i nt ake i n  the previ ous per i od ( r =  

- 0 . 63 ,  p< 0 . 0 1 ) ( F ig  3 . 4 ) . I t  was posi ti vely c or r el ated wi th t h e  HOMI 

i n  per i od I ( r=0 . 84 ,  p < 0 . 0001 ) ( Fi g .  3 . 5 ) .  T he corr el at i on 

coeff i ci ents were great er f or LBI cal ves ( r  = 0 . 9 6 ,  p< 0 . 00 1 ) and f or 

H M  cal ves ( r  = 0 . 96 ,  p < 0 . 0001 ) t han f or H B I  and LM cal ves . But i t  was 

not si gni f i cant for LM cal ves ( p >0 . 05 ) . 

T he LW at the commencement of the e xper i m en t  was s i gn i f i can tl y 

c orrel ated ( r=0 . 6 2 ,  p< 0 . 05 ) wi th the her ba ge i ntake i n  the f i nal week 

of the e xperi ment ( aged 9 . 5- 1 0 . 5  weeks ) but not wi th thos e i n  ot her 

weeks . W i thi n �I groups , the cor r el ation was si gni fi cant onl y  f or HBI 

cal ves ( r =0 . 82 ,
' 

p < 0 . 05 ) . On the other han d , the her bage i nt ake of L B I  

cal v es i n  thi s week was si gnifi cantly ( r=0 . 82 ,  p< 0 . 05 )  aff e cted by 

her bage i ntake i n  t he pre- weani ng per i od .  Thi s was no t true for H B I  

cal v es ( p >0 . 05 ) . 
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FI G .  3 . 5 The R el at i ons hi p  between HOMI bef or e  an d af ter W eani ng 

3 . 3 . 2 . 3  S el ecti on of H er bage by C alf duri ng I nges tion Process 

C omparison of her bage qual i ty ( i n  vi tro DOMD % )  showed that 

s el e c tion of herbage d uri ng the i nges tion process may occur . T he 

hi gher as h cont ent of pas tur e refused also s ugge s ts that the ani mal s 

avoi ded soil contami nate d  pas t ure . St ati s ti cal anal ysi s s howed t hat 

the diff er ences i n  i n  v i tro DOMD and ash cont ent bet ween t he her bage 

off er ed and refused wer e s i gn i f i cant ( Tabl e 3 . 6 ) . 

T abl e 3 . 6  C ompari son of H er bage Offer e d  and R ef used 

HERBAGE OFFERED REFUSED S . E .  S I GNIF I CANCE 

ASH% 1 2 . 1 5  1 8 . 55 1 . 8 1 P.< 0 . 1 0  

IN V IT RO DOMD % 80 . 77 71 . 67 0 . 76 * * *  

70 



3 . 4  CALF GROWTH PERFORMANCE AND LW CHANGE 

T he cal f LW changes t hroughout the experiment and post

exp er i mental per i od ar e s hown i n  F i g . 3 . 6 and T abl e 3 . 1 .  

7 1  

T he cal f ' s weani ng LW and the LW at the end of the e xperim ent 

( 1 0 . 5  weeks of age ) after adj us ti ng f or i ni t i al LW and her bage i nt ake 

wer e s i gn i f i cantly ( p<0 . 0 5 )  aff ected by the mil k feedi ng l evel in  

prewean i ng per i od .  But the LW at  21 -25 weeks of  age was not af f ec t e d  

b y  t h e  m i l k  feeding l evel e ven i f  the eff ects o f  i ni ti al LW , her bage 

i nt ake and cal f age at wei ghi ng upon the LW wer e adj us ted . At 21 - 25  

weeks of  age , HM cal ves of HBI appe ared to be  l i ghter than other 

cal ves ( 1 1 9 . 5  v 1 30 . 0  K g )  but t h i s  was not si gn i f i cant ( p >0 . 05 ) .  

T abl e 3 . 7  C al f  LW at D i f f er ent Stages of the Experiment ( Kg ) *  

TREATMENT 

BI 

AT THE START OF 

THE E XPERI MENT 

WEAN ING WEI GHT 

( 7 . 5  WKS OL D )  

F I NAL L IVE WEI GHT 

( 2 1 -25  WKS OL D )  

HM 

HBI LBI 

4 7 . 44 5 1  . 0 8 

( 46 . 66 )  ( 49 . 1 3 ) 

6 5 . 59 6 9 . 1 9  

( 63 . 1 9 )  ( 67 . 3 1 ) 

1 1 9 . 50 1 2 9 . 00 

LM 

HBI 

50 . 1 3  

( 48 . 00 )  

6 6 . 31 

( 62 . 25 )  

1 2 8 . 50 

LBI 

52 . 3 1 

( 50 .  25 ) 

7 1 . 0 6  

( 65 . 94 )  

1 3 1  . 50 

S i gn i 

S .  E .  f i  cance 

1 . 5 6  N S  

1 . 6 6  NS 

4 . 56 NS 

* val ues in  brac kets ar e empty body wei ght ( EBW ) at the sam e  s tage 

The impor t ant f actors whi ch appar ently i nf l uenced the cal f  LW at 

2 1  - 25  weeks of age are: 

1 .  the age at the time of we i gh i ng ( 1 , Feb . 1 98 4 ) ( r=0 . 67 ,  p<0 . 0 1 ) ,  

2 .  LW at 3 weeks of age ( r  = 0 . 5 5 ,  p< 0 . 05 ) , 

3 .  herbage i ntake at 1 0  w eeks of age ( f i nal wee k  i n  the i ndoor 

feedi ng per i od )  ( r  = 0 . 7 8 ,  p< 0 . 0 1 ) .  
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LW at 2 1  - 25 weeks of age can be cal c ul ated fran the f oll owi ng 

equat i on :  

2 R = 0 .  77 p< 0 . 00 1  

wher e Y i s  LW of the cal v es at 2 2  - 25  weeks of a ge 

X 1  i s  LW at 3 weeks of age 

X 2 i s  cal f age i n  day s  

X 3  i s  herbage i nt ake i n  week 1 0  ( OM Kg/ d )  

72 

22 24 
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The mean growth rates of cal ves rece i ved two m i l k t r eatments and 

of two BI groups from 3 to 2 1  - 2 5  weeks ol d and i n  diff er ent pe r i o ds 

ar e shown i n  Tabl es 3 . 8  and 3 . 9 .  

T abl e 3 . 8 The Growth R ate of C al ves R ece i vi ng T wo M i l k T r eatments 

T REATMENT HM LM S . E .  SIGN IFI CANCE 

PERIOD I 0 . 5 5 0 . 44 0 . 0 3 * 

( 3  TO 7 . 5  WKS) 

PERIOD I I  0 .  2 1  0 .  3 1  0 . 03 NS 

( 7 . 5  TO 1 0 . 5  WKS )  

PERI OD I l l  0 . 5 9 0 . 63 0 . 0 3 NS 

( 1 0 . 5  TO 2 2 - 2 5  WKS ) 

WHOLE PERI OD 0 . 52 0 . 53 0 . 02 NS 

( 3  T O  22- 25 WKS) 

Table 3 . 9  T he Gr owth R ate of HBI and LBI C al ves 

B I  HBI LBI S . E . SIGNIF I CANCE 

PERI OD I 0 . 4 8 0 .  51  0 . 03 NS 

PERI OD II 0 . 2 3 0 . 30 0 . 03 NS 

PERIOD I l l  0 . 60 0 .  6 1  0 . 03 NS 

WHOLE PERIOD 0 . 52 0 . 54 0 . 02 NS 

The cal f  growth performance over the whol e observa t ory per i od 

( fr om  3 to 2 1  - 25  weeks of age ) was not si gni f i cantl y diff erent 

between calves fed h i gh and low mi l k  l evel or the two BI groups of the 



cal ves . Ther e was al so no si gni f i cant i nt erac t i on ( Append i x- one , 

Table 1 ) .  
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The growth rat e  over the who l e  per i od was s i gn if i cantl y  

correl ated wi th the growth rate of the cal v es i n  period I l l  ( fr om  1 0 . 5  

to  21 - 25  weeks of age ) .  

Y = 0 . 679 ( +0 . 060 ) X  + 0 . 1 1 6 ( �0 . 037 ) R 2  0 . 90 p< 0 . 0001  

where Y i s  LWG ove r the who l e  per i od f rom 3 to 2 1  -25 weeks of  age 

X i s  LWG from 1 0 . 5  to 2 1  - 25  weeks of age 

But the gr owth rate i n  per i od I ,  dur i ng whi ch HM cal ves grew 

si gni f i cantl y  faster than LM cal v es ( s ee se c t i on 3 . 4 . 1 ) ,  had no 

si gn i f i cant effect on the gr owth rat e over the who l e  per i od ( p >0 . 05 ) .  

H erba ge or gani c matter i ntake ( HOMI ) bef or e weani ng and af ter 

weani ng tended to be pos i ti vely ass oc i at ed wi th the cal f  gr owth rat e 

over the whol e obs ervat ary per i od ( fr om  3 to 2 1  - 25 weeks of age ) 

( r=0 . 46 ,  p =0 . 07 and r=0 . 4 4 ,  p =0 . 09 r es pect i vel y ) . W i thi n mi l k  

treatments , HM cal ves'  gr owth rat e  over the whol e peri od was 

s i gn i f i cant l y  ( p < 0 . 05 )  corr el at ed wi th the HOMI i n  pos t- wean i ng 

period . But f or LM cal v es , their growth r at e  w as not corr el ated wi th 

the herbage i ntake i n  pos t- weani ng per i od .  

The cal ves ' gr owth performance appear e d  to be aff e cted by the 

stress resul ted from cagi ng duri ng the d i gesti on tri al per i ods . The 

ei ght cal v es whi ch wer e  i nvol ved i nto the di ges tion t ri al s  gr ew 

si gni f i cant l y  sl ower than other ei ght calves ( 0 . 37 v 0 . 45 Kg/ d ,  

p< 0 . 05 )  ( over the two periods of the e x periment ) . 

Cal f  growth per f orm ance i n  each per i od i s  des cr i bed i n  de tail  i n  

the f oll owi ng secti ons . 
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3 . 4 . 1  C al f  Growth Perf orm ance in Per i od I ( Pre- weani ng Per i od )  

The mean l i ve weight of the cal ves i n  each treatment group at the 

c ommenc ement of thi s period ( average 2 1 �1 days ol d )  was l i s t e d  i n  

Tabl e 3 . 6 . Ther e was n o  si gnifi cant difference between them ( p > 0 . 0 5 ) . 

3 . 4 . 1 . 1  The R el at i ons hi p bet ween M i l k Plus Her bage I ntake and 

Cal f  Growth Rat e  and the Effect of Br eedi ng I nde x ( BI )  

Calf growth rate i n  thi s per i od was s i gn i f i cantl y aff ected by 

mil k feedi ng l e vel ( s ee Append i x- one , Tabl e 2 ) . T he cal ves whi ch 

rece i ved 6 . 0  l mi l k  /d ( HM )  grew 25% fas ter than cal ves whi ch rece i ve d  

4 . 5  1 mil k/ d ( Tabl e 3 . 8 ) . The correl ation coef f i c i ent between gr owth 

rate and da i l y  mi l k  i nt ake was 0 . 60 ( p< 0 . 05 ) . 

HOMI i n  thi s perio d  was another factor si gni f i cantl y  i nfl uenc i ng 

the gr owt h rat e  of the i nd i vi dual cal ves wi thi n  mi l k  treatments ( Tabl e 

3 . 1 0 ) . 

Tabl e 3 . 1 0  R egressi on Equati ons R el at i ng EBWG to HOMI i n  Per i od I 

E QJAT ION SIGNIF I CANCE 

HM CA LVES 

Y = 0 . 90 9 (�0 . 359 ) X  + 0 . 1 32 (�0 . 1 6 8 )  0 . 52 * 

LM CALVES 

Y = 0 . 79 1 ( �0 . 1 38 ) X  + 0 . 03 5 (�0 . 084 ) 0 . 86 * *  

Where Y i s  EBWG Kg/Cal f/d and X i s  HOMI Kg/ C al f / d  

The mul ti pl e  regressi on anal ysi s showed that the growth rate i n  

per i o d  I was lar gel y det ermi ned by both milk  and her bage i ntake . 
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EBWG ( Kg/ cal f/ d ) = 1 . 69 ( �0 . 3 3 ) X 1  + 0 . 89 (�0 . 2 1 ) X 2 -0 . 85 ( +0 . 26 )  

0 . 6 8 p< O .  001 

where X 1  i s  mi l k  i ntake K g/ cal f / d  

X 2 i s  herbage or gan i c  mat ter i nt ake K g/ cal f/ d  

The mean weani ng wei g ht i s  shown i n  T abl e 3 . 7 . Ther e  was no 

si gni f i cant differ ence i n  weani ng wei ght bet ween ca lves f ed h i gh and 

l ow l e vels of m i l k  or cal ves i n  the d i ff er ent BI groups ( s ee 

Appen d i x- one , Tabl e 3 ) . 

3 . 4 . 1 . 2 The R el at i ons h i p  between ME I ntake and C al f  G rowth R at e  

i n  Per i od I 

I n  cal cul at i ng the ME int ake of the cal ves i n  the present 

e x periment , the ME val ue of mil k was det ermi ne d to be 2 . 9  MJ ME/Kg 

whol e mi l k  f rom i ts gross en ergy cont ent ( s ee T abl e 3 . 1 )  on the basi s 

of 9 4 . 3% diges ti b i l i t y obtai ned by e xtrapol ation method ( s e e  s e c t i o n  

3 . 5 . 1 )  and 9 4 %  metabol i zabil i ty of DE . The M E  o f  herbage was ass umed 

to be 1 1 . 5 MJME/Kg DM al though in real i t y  i t  pro babl y vari e d  from day 

to day ( s ee secti on 3 . 5 . 1 ) .  The total ME i ntake (ME I )  was cl ose l y  

asso c i ated wi th the cal f  gr owth rate ( Tabl e 3 . 1 1  and F i g . 3 . 7 ) . 

T abl e 3 . 1 1  The R egr es s i on Equati ons R el at i ng EBWG to MEI 

E QUAT I ON R
2 

SIGN IF ICANCE 

HM CALV ES 

y = 0 . 1 0 4 ( �0 . 0 3 3 )  X - 1 • 52 4 ( +0 . 665 ) 0 . 62 * 

LM CALVES 

y = 0 . 04 9 ( +0 . 0 1 7 ) X - 0 . 4 4 1 (�0 . 303 ) 0 . 58 * 

Where Y is  EBWG Kg/ CALF/D and X i s  ME I MJ /CALF / D  
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The b val ues of the equati ons , whi ch r epres ent the r es pons es of 

c al ves in  gr owth rate to the in crease of one MJ of ME i ntake , w er e  

d if f er ent between H M  cal ves and L M  cal ves ( F i g . 3 . 7 ) . The HM cal ve s  

grew f aster ( p< 0 . 1 0 ) i n  r es ponse t o  a n  i ncrease of one MJ ME  i ntake 

than LM cal ves ( 0 . 1 04 v 0 . 04 9  Kg f or HM and LM ca lves res pect i ve l y ) . 
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F I G .  3 . 7  The R el at i onship between ME I ntake and Gr owth R ate 

3 . 4 . 2  C alf Growth Per f ormance dur i ng 3 W ee ks F oll owi ng W eani ng 

( Per i od I I ) 

Calf growth rate i n  thi s per i od was rel at i vely poor f or all 

cal v es and not si gnifi cantl y affe cted by BI of the cal ves or mil k 

f ee d i ng l evel bef or e  w eani ng ( Tabl es 3 . 8 ,  3 . 9 and Append i x- one , Tabl e 

4 ) . 

The i nd i v i dual cal f  gr owth tar e  i n  thi s peri od was pos i t i ve l y  

r el ated t o  thei r HOMI i n  thi s peri od ( r  = 0 . 48 ,  p =0 . 0 6 ) . 

3 . 4 . 3  Calf Growth Perf ormance i n  P er i od Il l 

The effects of mi l k  f eeding l evel bef or e  wean i ng and BI of the 

cal v es on calf growth r ate duri ng the pos t- e xperimental gra z i ng per i od 

wer e  not s i gn i f i cant ( Tabl es 3 . 8 ,  3 . 9 and Append i x- one , T abl e 5 ) . 

H erbage organi c matt er i ntakes i n  period I and I I  had a pos i ti ve 
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effect o n  the growth r a t e  of the cal ves i n  per i od I I I  ( r=0 . 42 ,  p =0 . 1 0  

and r=0 . 4 1 , p =0 . 1 1 , r es pe cti vely ) .  T he HOMI i n  the l ast wee k of 

i ndoor f eedi ng stage ( a ge 9 . 5 to 1 0 . 5  weeks ) also had a si gn if i cant 

effect on cal f gr owth rate i n  this per iod ( p< 0 . 0 5 ) . The r egr es s i o n  

equati on i s  as f oll ow i ng : 

y 0 . 389 ( +0 . 1 56 ) X + 0 . 081 ( �0 . 2 1 3 ) 0 .  31 p< 0 . 05 

where Y is  EBWG Kg/ cal f/ d 

X i s  HOMI at the 9 . 5 to 1 0 . 5  weeks of age 

3 . 5  DI GESTI ON AND N ITROGEN ME TABOL ISM 

3 . 5 . 1 D i ges t i b il i ty of the M i l k  and H erbage i n  P eriod I 

T he diges t i b i l i t y  of the whol e d i et was determined by the t otal 

coll e c t i on metho d  and mean va lues ar e shown in T abl e 3 . 1 2 . 

Tabl e 3 . 1 2  DOM of the Whol e D i et i n  Period I ( % ) 

TREATMENT 

HM 

LM 

HB I 

9 1 . 32 

86 . 44 

LBI 

90 . 70 

87 . 73 

MEAN+S . E .  

91 . 0 1 �1 . 03 

87 . 08+0 . 65 * *  

The ef fect of milk  feeding l e vel o n  DOM of the diet was si gnifi cant 

( p < 0 . 0 1 ) .  The d i et of the HM cal ves had a s i gn i f i cant l y  h i ghe r DOM 

val ue than that of LM cal v es ( s ee Appendi x- one , Table 6 ) . 

T he DOM of the her bage i nges ted i n  pre- weani ng per i od was 

determined by the f ol l owi ng two way s :  

1 )  D educ t i on metho d :  

A s  i n  Byf or d ' s ( 1 974 ) and Pres ton e t  al ' s  ( 1 957 ) experi ments , the 

diges ti bi i ty det ermi nations i n  the pr es ent s t udy were cal c ul at e d  on a 
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one day ' l ag ' bas i s ,  i . e .  the f ae ces wer e coll ected 24h af ter the 

perti cul ar day ' s food was fed . T he di ges ti b i l i t y  of the m i l k  organi c 

mat t er i s  assumed to be cons tan t  at 95% ( Blaxter , 1 962 ) . I f  the 

diges ti b i l i ty of mil k organi c matt er i s  ass ume d to be cons t ant , the 

d i ges t i b i l i ty of the non-mi l k  part of the di et , her bage i n  the pres ent 

experiment , can be cal c ul ated by the fol l owi ng e quation: 

DOM of the her bage % = HOMI - (OMf - OMf ( m ) ) X 1 00 

HOMI 

wher e HOMI is H erbage organi c mat t er i ntake Kg/ head/ d 

OMf is  the OM i n  the f ae ces 

OMf ( m )  i s  the OM i n  the f ae c es f r om  milk OM diges t i on 

T abl e 3 . 1 3  l i s ted the DOM of her bage cal cul at ed in thi s way . The 

eff e c ts of mil k i ntake l evel and BI of the cal v es on DOM of the 

her bage obtained by thi s  way wer e not si gn if i cant (Tabl e 3 . 1 3 ) .  

Tabl e 3 . 1 3  "Es timate d" DOM of H er bage i n  ?re-weani ng P e r i od 

TREATMENT 

HM 

LM 

HB I 

77 . 75 

68 . 05 

LBI 

73 . 50 

80 . 00 

MEAN+S . E .  

75 . 86 ( +5 . 75 ) 

74 . 03(�1 . 73 )  

But since the milk  i ntake was a b i g  propor tion of the w hol e di et 

( var yi ng from 55 t o  95% i n  pres ent experi ment ) ,  the small dif f er ences 

i n  m i l k  d i ges ti bil i ty , whi ch i s  l i kel y to occ ur i n  actual s i t uati ons , 

wi l l  res ul t i n  much bi gger var i at i on i n  her bage d i ges ti b i l i t y  

cal c ul ated i n  thi s way . F or exampl e ,  in  pr esent experiment , one uni t 

diff er ence i n  d i ges ti bil i ty of mi l k  r es ul ted i n  4 uni ts diff er ence i n  

herbage di ges t i bil ity . 
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2 )  R egr ession method 

The d i ges t i bi l i ty of mi l k  i s  ge nerall y h i gher than that of 

her bage or other sol i d  feed in cal v es ( Blaxt er ,  1 9 62) . Ther ef ore , as 

the pr opor t i on of mi l k  or gani c  mat t er i n  the whol e diet i ncr eas es , the 

di ges t i b i l i t y  of the di et shoul d i n cr e ase . A ssumi ng that t he 

digesti b i l i ty of bot h mi l k  and her bage does not vary wi th mi l k  i nt ake 

change or herba ge i ntake change , then the di ges ti b il i t y of the di et i s  

l i nearl y rel at ed to mi l k  i ntake l evel . P l ot t i ng d i ges ti bil i ty o f  the 

di et to the proportion of milk  OM i n  the di et , the foll owi ng e quation 

was obtai ned . 

Y 0 . 1 54 ( +0 . 0 6 ) X + 7 8 . 9 ( +4 . 2 )  0 . 57 p< 0 . 05 

where Y i s  the d i ges ti bil i ty of the di et OM ( % ) 

X i s  the propor tion of m i l k  OM i n  di et ( % ) . 

F rom the extrapolat i on to zer o herbage i ntake , the di ges ti bil i t y 

of mi l k  was 94 . 3% .  By same way , the d i ges ti bil i t y  of her bage can be 

cal c ul ated . I t  was 7 8 . 9% .  

3 . 5 . 2  H er bage D i ges ti bi l i ty after W ean i ng ( Peri od II ) 

The mean DOM of herbage f or the f our groups of ca l ves i n  thi s 

peri od ar e i n  Tabl e  3 . 1 4 .  The d i f f er ences i n  DOM ar e not si gni f i cant 

between ei ther two mi l k  f eedi ng l evel s  or two BI groups ( see 

Appendi x- one , Table 7 ) . 

Tabl e 3 . 1 4  DOM of H erbage i n  P os t- wean i ng Peri od ( Per i od I I ) 

T REATMENT 

HM 

LM 

HBI 

7 8 . 21 

7 6 . 1 6  

LBI 

80 . 88 

7 6 . 67 

MEAN+ S . E .  

7 9 . 5 4 ( �1 . 53 )  

7 6 . 4 2 ( +0 . 9 1 ) 
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W i th i n the whol e group o f  cal ve s , the rel ati onshi p between DOM of 

her bage det ermi ned by deduc tion bef or e we ani ng ( period I )  an d af t er 

wean i ng ( per i od II ) was not si gn i f i cant ( p >0 . 05 ) . However ,  DOM of 

her bage i n  thi s per i o d  was cl os el y c orrel ated wi th the her ba ge organi c 

matter i nt ake ( HOMI ) i n  per i od I ( pr e- wean i ng per i od )  ( r =0 . 81 ,  p < 0 . 05 )  

and peri od I I  ( r= - 0 . 70 ,  p =0 . 05 ) . C al v es wi th a hi gher HOMI i n  

pre- weani ng per i od have a higher DOM val ue i n  this per i od .  But the 

i ntake i n  the period I I  had a negati ve eff e ct on herbage 

digesti b i l i ty .  Body weight al so ha d a pos i ti ve eff ect on her bage DOM 

of the cal ves i n  thi s period . A s trong correl ation was obs erved 

bet ween calf LW at the commencement of the experi ment (3 weeks of age ) 

and DOM of her bage i n  thi s period ( r =0 . 89 , p< 0 . 0 1 ) .  Cal f  wei ght at 

the end of the per i od also has a s i gn i f i cant eff ect on her bage 

di ges ti b i l i ty (r = 0 . 7 1 , p =0 . 05 ) . I t  appeare d that the cal v es with a 

heavi er body w e i ght had a hi gher abi l i ty t o  d i ges t herbage i nges ted . 

3 . 5 . 3  N i trogen Metabol i sm of the C al ves 

3 . 5 . 3 . 1  P r e-weani ng P eriod ( P eriod I )  

A summar y of the N bal ance data obtained fr om the di g es ti b i l i ty 

tri al on 8 cal ves dur i ng pre- wean i ng per i od i s  pr esented i n  T abl e 

3 . 1 5 . 

The si gn i f i cant difference i n  ni trogen i ntake from mi l k  res ul ted 

i n  s i gn i f i cant diff er ence in appar ent di ges ti bil i t y of ni tro gen 

( p < 0 . 05 ) . However , there wer e no s i gnif i cant differences i n  other 

paramet ers of ni trogen metabol i sm between ei ther milk feedi ng l e v els 

or B I  groups . 



Tabl e 3 . 1 5  Compar i sons of S om e  P ar am et ers of N i trogen M et abol i sm 

i n  Per i od I 

g N / Kg
o ? s

/ d  HM LM MEAN+S . E .  HB I L B I  MEAN +S . E .  

TOTAL N INTA KE 1 .  79 1 .  6 1  1 . 7 0  ( .:o . 1 3 )  NS 1 .  67 1 .  72 

MIL K N INTAKE 1 .  39 0 .  97 1 . 1 8 (  +0 . 06 ) ** *  1 . 26 1 . 1 0  

HER .  N INTAKE 0 .  42 0 .  64 0 . 53 ( _:0 . 1 1 )  NS 0 . 4 3 0 . 63 

DN ( % ) 1 86 . 5  83 . 2  84 . 8 ( +0 . 87 ) * 8 4 . 9  84 . 8  

DN INTA KE 1 .  55 1 .  33 1 . 4 4 ( +0 . 1 1 ) NS 1 . 42 1 .  4 6  

UN 2 0 . 88 o .  85 0 .  87 ( +0 . 05 ) NS 0 .  95 0 . 79 

NR 3 0 . 65 0 . 53 0 . 59 (_:0 . 1 3 ) NS 0 . 4 5 0 . 72 

2 
DN % i s  appar ent d i gesti bil i ty of di et ni trogen 

UN i s  the ur i ne N 
3 NR i s  ni trogen r et ent i on 

1 . 70 ( +0 . 1 4 )  

1 . 1 8 ( +0 . 1 0 ) 

0 . 5 3  ( .:o . 1 1 ) 

84 . 8 ( +0 . 87 ) 

1 . 4 4 ( +0 . 1 2 )  

0 .  87 ( +0 . 0 5  ) 

0 . 59 ( +0 . 1 2 ) 

N i trogen ret enti on was pos i ti ve l y  corr el ated wi th the total 

ni trogen i ntake (r = 0 . 8 1 , p< 0 . 0 5 )  and the appar ently d i g es t i bl e  

ni trogen i ntake ( r  = 0 . 83 ,  p< 0 . 05 ) .  

NR ( g  N/ cal f/ d )  = 0 . 75 (_:0 . 2 3 ) X - 1 . 5 6 ( +0 . 8 9 )  

p<0 . 05 

wher e X i s  N I  ( g  N / cal f/ d ) , or 

N R  ( g  N / calf/ d )  0 . 89 ( +0 . 25 ) X - 1 . 5 6 ( +0 . 82 )  

p<0 . 05 

wher e X i s  DN I  ( g  N/ cal f/ d )  

NS 

NS 

NS 

NS 

NS 

NS 

NS 
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3 . 5 . 3 . 2  P os t- weani ng P eriod ( P e r i o d  I I )  

T her e  w ere no s i gnifi cant d i f f erences i n  the paramet ers of 

ni trogen metabol ism between cal ves f ed h i gh or l ow l evel mi l k  and 

cal ves of HBI or LBI ( T abl e  3 . 1 6 ) .  

T abl e 3 . 1 6  Compar i sons of S om e  P ar amet ers of N i trogen M et abol i sm 

i n  Per i od I I  

gN /Kg
o ' 7 s

/D 

TOTAL N INTA KE 

DN ( % )  

DN INT A KE 

UN 

NR 

HM LM 

1 .  6 1  1 .  83 

76 . 8  72 . 1 

1 .  28  1 .  36 

0 . 7 1 0 . 80 

0 . 65 0 . 62 

MEAN+S . E . 

1 . 72 ( +0 . 05 ) 

74 . 4 ( +1 . 68 )  

1 . 32 ( +0 . 04  ) 

0 . 76 (�0 . 03 )  

0 . 63 ( �0 . 03 )  

HB I LBI MEAN+S . E .  

NS 1 .  7 1  1 . 73 1 . 72 ( +0 . 07 ) NS 

NS 74 . 0  74 . 9  7 4 . 4 ( + 1 . 6 8 )  NS 

NS 1 .  31  1 .  33 1 . 32 ( �0 . 0 4 ) NS 

NS 0 . 76 0 . 75 0 .  76 ( +0 . 04 ) NS 

NS 0 .  6 1  0 . 66 0 . 63 (�0 . 03 )  NS 

N i trogen retention was posi ti v ely corr elated wi th the ni trogen 

i ntake i n  this per i od (r = 0 . 78 ,  p< 0 . 05 ) . 

The rel ati o ns hi p obtaine d f r om  the pool e d  data ( two bal ance 

peri ods each wi th 8 cal ves i nvol ve d )  between ni tr ogen retent i on ( NR ) 

and ni trogen intake ( N I ) i s  si gni f i cant (me as ured as g/ cal f/ d  or 

g/ Kg
0 • 7 5

/ d ) . Th 1 ·  . 
f 1 1  e 1 near equa t 1 ons ar e as o ows : 

( 1 )  NR ( gN / head/ d )  0 . 359 ( �0 . 1 2 2 ) X - 2 . 1 75 ( +5 . 7 24 ) 

0 . 38 p< 0 . 05 

( 2 )  NR ( gN / Kg
0 • 7 5

/ d )  0 . 399 ( �0 . 1 42 ) X - 0 . 1 7 1 ( �0 . 283 ) 

R 2 = 0 .  36 p<0 . 05 

wher e X i s  N I  g N/ cal f / d  for ( 1 )  and NI g N/Kg
0 • 7 5

/ d  f or ( 2 ) .  

83 
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CHAPTE R 4 

DISCUSS I ON 

4 . 1  CALF FOOD CONSUMPT ION 

The res ul ts of the present experiment showed that f eeding a h i gh 

l evel of milk ( HM )  depressed the i ntake of pas ture off er e d  t o  the 

young cal ves i n  the pre- weani ng peri od and f or a f ew weeks after 

weani ng . These r es ul ts are i n  a gr e ement wi th thos e of Bak er et al . 

( 1 97 6 ) , Baker & Bar k er ( 1 977 ) and Hodgson ( 1 9 7 1 e )  wi th cal v es and 

W al ker & Hunt ( 1 98 1 ) an d D oney et al . ( 1 98 4 ) wi th l ambs . R egar dl ess 

of other f ac t ors i nfl uenc i ng the quanti tati ve rel ati ons between s ol i d  

and l i qui d food i ntake , whi ch w i l l  be di scussed l at er , the repl a c ement 

of herbage or gani c mat t er f or mi l k  dr y mat ter was 0 . 1 1 g OM/ g mi l k  ( or 

0 . 8 2 g  OM/ g mil k DM ) i n  the pr e- weani ng period ( 4 . 5  weeks , from 3 t o  

7 . 5  we eks of age ) . I n  t erms of d i ges ti bl e  energy val ue , the DE i nt ake 

of e xtra herbage cons ume d i n  the pr e-weani ng period by the c al ves 

r ece i vi ng the l ow l evel of mi l k  treatment ( LM )  onl y compens ated f or 

about 50% of the diff er en ce i n  m i l k  energy i ntake between the two 

treatment gr oups dur i ng the pre- weani ng per i od ( s ee F i g . 4 . 1 ) .  

1 000 

800 U� OF �ILK : )4 . 3¥ 
DE% OF ��RBAvE:  7 5¥ 

� erbage DE I n t aY. e  
i n  � e r i od I I  
P.e rbage D E  I n take 
in Period  I 

M i l k  DE I n t a k e  
i n  Period  I 

F I G .  4 . 1  The DE I ntake of C al v es i n  P eriod I and I I  
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But cons i der i ng f rom the who l e  experi mental peri od , the i nt ake of 

her ba ge c ompensated f or about 7 0 %  of the DE i ntake diff er ence between 

HM an d LM cal ves ( s e e  F i g .  4 . 1 ) .  The d i f f er ence in DE i ntake was 

onl y  5% of the total DE i ntake . T he total DE i ntake of c al v es was 

s i mi l ar f or two groups of cal ves . 

A compar i son of the repl acem ent rates wi th those f rom other 

e xperiments ( T abl e 4 . 1 )  sugges ts that s uch quanti tative c omparisons 

can onl y be val i d  when the cond i ti ons of the e xper iments ar e s i mi l ar 

s i n c e  there ar e other factors i nfluenc i ng the replacement rat e . 

T abl e 4 . 1 C om apr i sons of S ol i d  F ood R epl acement f or M il k 

( g  her bage OM/ g m i l k  OM ) 

AliTHOR ANI MAL AGE ( WKS ) TYP E OF FOOD REPLA CEMENT 

PRES ENT CALF 3 -7 . 5  FRESH CUT HE RBAGE 0 . 82 

EXPE RI MENT 

DONE Y  ET AL . LAMB 1 2  GRA ZED PASTUR E 1 . 06  

( 1 9 8 4 ) 

BAKE R  ET AL . CALF 24 GRAZED PASTUR E  1 . 3-2 . 0  

( 1 976 ) 

HODGSON ( 1 97 1  e )  CALF 7 CHOPPED DRI E D  GRASS 0 . 26-0 . 46 

For exampl e ,  the repl acement rat e f or cal ves f ed f resh pas tur e  

i n creas e d  wi th age ( see Tabl e  4 . 1 ) .  T h e  i n creas e  wi th age i n  t he 

repl acement rate may be partl y  d ue to the cumul at i ve effect of a hi gh 

l e vel of sol i d  food i ntake on r e t i c ul a- rumen development and/ or an 

improvement i n  the eff i ci ency of the eat i ng process as the cal ves grow 

( Hodgson , 1 9 7 1 a ) . I n  other wor ds , the i ntake of her ba ge or ot her 

s ol i d  f eed i s  l ess s ever ely l imi ted f or ol der cal ves than f or young 

c al v es .  S om e  me chani sms whi ch have been suggest ed to cont r ol s ol i d  

f ood i ntake by young rumi nants ( s e e  s ec t i on 1 . 2 ) g i ve s upport t o  this  

observation . Gener al l y  s pea k i ng , the  effe c ts of al l thes e  cont rol 

m echani sms ( exce p t  f or met abol i c  cont rol ) decl i ne as the cal ve s  grow . 
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As the calves adapt to  the sol i d  f ood gr aduall y ,  the d i ge s t i ve organs , 

par ti c ul arly the r e t i c ul e- rumen as w ell as the sal i var y gl and , become 

mor e s ui tabl e f or s ol i d  f ood i ntake . Hodgson ( 1 97 1 d )  sug ge s te d  tha t  

the c o ntrol of s ol i d food i ntake by beha v i our al fa ctors i s  mor e  

eff ect i ve i n  younger rum i nants . The h i gh qual i ty o f  the f resh cut 

her bage i n  the pr es ent experiment and gra zed pas t ur e  in other 

exp e r i ments ( Baker & Bar ker , 1 976 , Doney et al . ,  1 984 ) res ul ted i n  

much hi gher repl acement rat es than chopped dri ed gr ass use d  i n  

Hodgs o n' s exper i ment ( T abl e 4 . 1 ) .  

The patt er n of her bage i ntake devel opment was simil ar f or HM and 

LM c al ves and for HBI and LBI cal ves . I t  was als o similar t o  t hose 

obtai ne d  by other wor kers ( Baker et al . 1 97 6 , Le Du et al . 1 97 6 a ,  

Hodg son , 1 97 1 a ) .  The rap i d  i ncr eas e i n  her bage i ntake whi ch occur e d  

aft er weani ng was e x pe c t e d  since t h e  energy i ntake fr om m i l k was 

suddenly decr eas ed to zer o .  Both D avi es & Owen ( 1 967 ) and H odgson 

( 1 97 1 b )  have poi nt e d  towar ds a theory of e qual i zation of nutri ent 

i nt akes i n  at tem p t i ng t o  e xpl ai n  negati ve r e l at i onships observe d 

between l i qui d and sol i d  food i ntak es i n  young ruminants . H owe ver , 

under the cont rol of behav i our al and/ or physi cal cont rol mechani sms ,  

the c al ves cannot f ul l y  e qual i ze the energy i ntake , es pe c i al l y  when 

the qual i ty of sol i d  f ood is l ow .  The weani ng i ts elf , as a bi g change 

of envir onment f or young cal ves , may also ha ve an i nfl uence u pon t he 

cal f  i nges ti ve beha v i our . L e  D u  et al . ( 1 97 6 a )  obser ve d that 

weani ng , rather than the mil k feedi ng l e vel , had the mai n eff ect on 

cal f  grazi ng time . The weaned cal ves gr azed f or s i gn i f i cantly l onger 

time per day than unweaned cal ves but ther e  w as no differ ence i n  

gr azi ng t i me between calves f ed dif f er ent l evels of mi l k  ( Le D u  � 
al . ,  1 976 a ) . The sl ow i ng down of i ntake devel opment wi th age ( s e e  

F i g . 3 . 2 ) , meas ur e d  a s  organi c  mat ter i ntake per uni t  LW , was i n  

agr e ement with Hodgson ' s work ( 1 9 6 5 ,  1 9 7 1 a ) . The decl ine i n  h er ba ge 

qual i ty coul d onl y parti all y e xpl ain the decr eas e  si nce only a smal l 

proportion of t he cal v es i n  the pres ent e x pe ri ment wer e  i nfl uenced b y  

the dr amat i c  decr eas e o f  her bage qua l i t y  whi ch occured i n  t h e  l as t  two· 

wee k s  of indoor f e e d i ng period ( s ee F i g . 3 . 1 ) .  Alternati v ely , i t  may 

be s ugges ted tha t  the cal ves wer e approach i ng the i r  peak i ntake per 

uni t LW based on the physi cal food i ntake cont rol mechani sm at t hat 
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s tage under the condi ti ons of the present experi ment . Thi s sugges ti on 

i s  supported by the fact that the i ntake was l ower f or hay ( 20 g DWKg 

LW ) and f or pas tur e  ( 20 g OM/ Kg LW ) than f or pe l l et ed f oo d  ( 30 g DM/ Kg 

LW ) i n  the experiment by Hodgson ( 1 9 7 1 a ) . T hes e r esul ts i ndi cated the 

overwhelmi ng eff ect of mi l k  f ee d i ng l evel on he rbage i ntake  

dev el o pm e nt . 

T he e x t ent of super i or i ty of LM ca l ves i n  sol i d  f ood i ntake and 

the l ength of time thi s eff e ct persi s ts ar e important s i n c e  t hey 

obv i ousl y determi ne the extent of com pensatory growth of LM ca l ves i n  

the pos t-we ani ng period . The d i ff er ences i n  s ol i d  food i ntake 

es tabl i she d in the pre- weani ng per i od ,  due to the diff er ence i n  mil k 

feedi ng l evel s , pers isted f or two weeks i n  the present e x p eriment . 

Ther eaf ter they d i sappear ed as repor t ed by other wor kers ( D av i es & 

Owen , 1 96 7 , Hodgson,  1 9 7 1 a ) . I t  appeared that the pro per t i es of s ol i d  

food off er ed det ermi ne the l ength o f  th i s  per i od .  Brookes an d D avey 

( 1 9 77 ) obs erved that the animal s r es t ri cted bef ore weani ng di d not 

res pond by i ncr eas i ng the i r  DE  i nt ak e  of concent rat e- hay d i et when i t  

was off er e d  ad l i bi t um aft er weani ng . Thi s i s  probabl y d ue to the 

great er bul ky dens i ty of the concent rat e f ood .  So the physi ca l 

mechani sms of s ol i d  foo d i ntake  w as no l onger l i mi ti ng the such s ol i d  

f ood i nt ake . S o  f or Brookes and
.
D av ey ' s cal ves ( 1 977 ) ,  the capa c i ty 

of r e t i c ul o- rumen was not a f a ctor l i mi t i ng the concentrat e- hay i ntake · 

f or new l y  weaned calves wher eas f or cal ves i n  the pres ent e xperi ment 

the i ntake capa c i t y  was s t i l l  an import ant factor i n  sol i d  food i ntake 

af ter wean i ng .  On the other hand , the e xt ent of the res t ri ct i on of 

mi l k  i ntake in e arl y age may be another factor i nfluen c i ng the l ength 

of the per i od .  The di sappar eance of the diff er ence in s ol i d  f ood 

i ntake soon af ter weani ng sugges ts that the superiori t y  of 

bet t er- devel oped reti cul o- rumen of cal ve s  f ed low l evel of mi l k  i s  

al way s l os t  bef or e the cal ves s t art eat i ng l ar ge amounts of sol i d  

f ood . So the h i gh sol i d  f ood i nt ak e  caused by l ow  mi l k  f ee d i ng l evel 

cannot be e xpe cte d  to be kept f or a long peri o d  or have a si gni f i cant 

eff ect on LW ga i ned at a l at er s tage . I n  other wor ds , the e ff ects of 

cal f feeding regime upon l i qui d and sol i d  food i ntake , and 

cons e quent l y  on the gr owth per f orm an ce , ar e l ar ge l y  l imi ted to  the. 

earl y l if e  of cal ves . 
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The cl ose correlation ( r  = 0 . 84 ,  p < 0 . 0 1 ) between herbage i ntake 

before weani ng and that aft er weani ng f or the whol e group of the 

cal ves ( s e e  secti on 3 . 3 . 2 )  was e xp e ct e d  because of the eff ect of mi l k  

feedi ng l e vel upon r et i c ul o- rumen de velopment (Kai s er , 1 97 6 ) . O n  the 

other hand , the cl os e  rel at i ons h i p  bet ween her bage i nt ake befor e  

weani ng and aft er we ani ng wi thi n HM treatment cal v es ( s e e  s e c t i on 

3 . 3 . 2 ) , was i n  cont ras t  wi th the resul ts of some ear l i er e xp er i ment s  

( L awr ence & P e arce , 1 965 , Davi es & Owen , 1 96 7 ) . However , i t  i s  

l ogi cal to  have such a rel ati ons h i p  si nce a dif f er ence i n  her bage 

i ntake i n  the pre-weani ng period woul d al so r es ul t in  a d i f f er ence i n  

reti cul o- rumen deve l opment . Both H odgson ( 1 97 1 c )  and K i r kwood & 

Pres cott ( 1 98 4 ) concl uded that the abs ol ute and relati ve s i z e  of the 

four s tQffiachs of a young rumi nant , or more generally the gut we i ght , 

incr e as es wi th increasi ng food cons ump tion . F urthermore , t he f ac t ors 

other than mi l k  f ee di ng l evel whi ch i nfl ue nced cal f  sol i d  f ood i nt ake 

in the pr e-weani ng period may s t i l l  ha ve ef fe cts after we ani ng . But 

i t  i s  by no m eans cl ear what thes e f actors and the ir mecha ni sm s  ar e .  

The r el ati vely close r el at i o nship  ( r  = 0 . 5 6 , p< 0 . 0 5 )  between t he 

her bage co ns umpt i on i n  the f i nal wee k  ( 9 . 5 - 1 0 . 5 wks of age ) of the 

e xperiment and the gr owth rate of the cal ves thereafter unt il  2 1 - 2 5  

weeks o f  age ( see secti on 3 . 4 . 3 ) was obser ve d .  This res ul t s ugge s ted 

that t he her bage i ntake in week 1 0  w as pos s i bl y  posi ti vel y c orr el ate d 

to the her bage i ntake at l at er s tages , at l eas t unt il  2 1 - 2 5  weeks of 

age . I t  i s  i nt er es t i ng to noti c e  that the d i ff er ence i n  her bage 

i ntake caused by d i ff er ent m i l k f ee d i ng l eve l s  in the pre- weani ng 

period di sappeared at the same s tage , week 1 0  ( s ee Tabl e  3 . 5 ) . T h i s  

may s ug ge s t  that ther e ar e som e  other f actors i nfluenc i ng the cal f  

her bage i ntake . But befor e weani ng an d shor tl y after weani ng , the 

eff ects of the s e  f ac t ors may be m as ke d  by mi l k  f eedi ng l evel . The 

r el a tion al so suggested that eff e c ts of these fa ctors rather than that 

of mi l k  f eedi ng l eve l have had a prol onge d i nfl uence on cal f  vol unt ar y  

her bage i ntake aft er the cal v es wer e weaned . Analysi s showe d that LW 

at the comm encement of the e xper i m ent ( i . e .  at 3 weeks of age ) was 

posi ti v el y  correl at ed wi th the her bage i ntak e i n  week 1 0  es pe c i al l y  

f or HB I cal ves ( se e  s ecti on 3 . 3 . 2 ) . For L B I  cal ves , the corr e l at i on 

was not si gi nifi cant . Thi s i ndi c at e d  that LW at that stage may b e  one 
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of the f ac t ors whi ch i nfl uenced the her bage i nt ake devel opment f or HBI 

cal ves . At the sam e  t ime , i t  al s o  i ndi cat e d  that the her bage i ntake 

devel opment of HBI and LBI  calves is dif f er ent . W al ker and H un t ' s 

e x periment ( 1 9 8 1 ) wi t h  l ambs showe d that the bi rth LW , whi c h  h as  cl ose 

corr el at i on to l at er LW , was pos i ti vely corr el at ed wi th the pe l l et 

i ntak e of the lambs even thr ee weeks af ter weani ng (weane d at 3 

weeks ) .  But the pr es ent experiment gave no c l ue to  the pos s i bl e  

mechani sms r esponsi bl e . 

The r e  were no di f f er ences bet ween HBI and LBI  cal ves i n  her bage 

i ntake and herbage i ntake devel o pment patt ern ( F i g . 3 . 2 ) . The abs ence 

of diff er e n ces in vol un t ary her bage i nt ake between HBI and LBI calves 

was not qui te i n  agr e ement wi th r es ul ts of sane other e x p eriments 

( D avey et al . ,  1 98 3 , Bryant , 1 98 3 ) . S i nce the dif f erence i n  breed i ng 

i nde x of the cows i s  the res ul t  of sel ecti on f or mi l k  y i el d  pot en ti al 

i t  may be diff i c ul t  t o  r el at e  breedi ng i ndex to  i ts pos s i bl e  eff ect on 

cal ves ' growth pot ent i al or i ntake abi l i ty i n  the i r  ear l y  age . Ther e 

i s  no evi dence yet t o  sugges t that ther e i s  a diff er en c e  i n  growth 

pot enti al between H B I  and L B I  F ri es i an cal ves . R ecent wor k at M assey 

has demonstrated that there ar e some metabol i c  d i ff er en c es betwe e n  HBI 

and LBI cal ves i n  t he i r  ear l y  l if e  (Macken z i e ,  per s . comm . ) . I t  was 

f ound that the HBI c al ves had hi gh l evels of i ns ul i n ,  gl ucose and 

growth hormone ( GH )  c o ncent rat i ons i n  the pl asma . Roy et al ' s  recent 

work ( 1 9 8 3 )  wi th bull cal v es of three breeds ( Aber deen X F ri esi an ,  

H erefor d  X F ri es i an and Fri es i an )  demons trated that the r e  was a 

posi ti ve correl ation between vol untar y  m il k  i ntake an d i ns ul i n : GH 

rati o .  Thi s sugges ted that the ca l ves wi th d if f er ent i ns ul i n : GH 

r a t i os had diff ere nt appet i t es .  H owever , mor e wor k  i s  needed to 

i nves ti ga t e  i ts eff ect upon sol i d  f eed i ntake . The e xt r em e  com pl exi ty 

of cal f  vol untar y s ol i d  feed i ntake control mechani sms mak es i t  

diff i cul t to rel at e  the vol unt ary mi l k  i ntake and sol i d  f eed i ntake 

dire ctly . 

HBI calves i n  t he HM treatm ent s uf f er ed a s udden de cr eas e i n  

herbage i ntake d uring the l ast week of the i ndoor feed i ng period ( aged 

1 0 . 5  weeks ) ( F i g . 3 . 2 ) . Thi s group of cal ves al so had the l owes t LW 

at 2 1 - 2 5  weeks of age ( s e e  Tabl e 3 . 7 ) . So , thi s grou p of cal ves 

presumpl y al so had a low i nt ake l evel i n  the pos t- experimental per i od .  
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Whi l e  thi s f act probabl y rul ed out the poss i bil i t y  of i nt ake 

m e as ur em ent mistakes , i t  was not qui te cl e ar what cause d  the s ud den 

de pres s i on i n  her bage i nt ake . A decl i ne i n  her bage qua l i t y  coul d have 

been the cause si nce two of the f our calves i n  t h i s gr oup wer e 

f i ni she d l at er an d mi ght have been i nfl uenced b y  the de crease i n  

her bage qual i ty .  Thi s res ul t  and the pos i ti ve r e l at i on between 

herbage i ntake in week 1 0  and cal f gr owth rate i n  the perio d  f r om  1 0  

to  21 - 25  weeks of age f or the who l e  group of the cal ves i n  the pres ent 

s t udy demonstrated the import an ce of avoi di ng the severe depr essi on of 

cal f  her bage i ntake i n  the i r  ear l y  age , even af ter wean i ng .  

T h e  si gni fi cant d i ff er ences between the ash cont ents and the i n  

vi tro di ges ti bil i t i es of her bage off ered and r efused ( s ee T abl e 3 . 6 ) , 

i ndi ca t ed that the cal ves s el ec t ed the her bage off ered to them dur i ng 

i nges t i on process i n  the s t al l feedi ng si tuat i on , as obs erved i n  

grazi ng . The y  sel ected the her bage wi th h i gher i n  vi tro DOMD va l ues . 

T he d i f f er ence i n  ash cont ents al s o  suggested that the cal v es avoi de d 

the her bage cont ami nat ed by soil i n  the process of inges ti on .  This i s  

i n  agr e ement wi th K e ane & Hart e ' s ( 1 982 , 1 9 8 3 )  re port . T hi s f a c t  may 

al so i ndi cat e that the cr i ter i on f or sel ecti on used by ca l ve s  dur i ng 

i nges t i o n  i s  probably bas e d  on nut ri ti ve val ue of the f eed . 

F urthermor e , i t  may be pos tul at ed that cal ves ' her bage i nt ak e  i n  the 

pres ent e xperiment , or other i n door feedi ng e x p eriments f e d  fr esh cut 

herbage ( e . g .  K ean e & Har t e , 1 982 ) , is al so l i kely to be l imi ted by 

the amo unt of her bag e  off ered since the her bage al l owance f or ad 

l i bi tum i ntake is generally l ow er than that in mos t  of the grazi ng 

e xper i men ts wi th ca l ves ( Baker & Bar ker , 1 97 7 , Roy , 1 980 ) .  

S i nce only on e type of f r esh c ut her ba ge was use d  i n  the present 

exper i ment , i t  i s  diff i cul t to detect the eff ec t of herbage qual i t y  on 

calf vol untary her ba ge cons umption . Though the herbage qual i t y  

decl i ned gradual l y  a s  the pas tur e grew , however , thi s ef f ec t  was 

probabl y conf oun ded by t he gr owth of cal v es ( LW i ncr ease and 

behavi oural change ) and the wean i ng eff ect . The i ncrease of the 

her ba ge consumption per uni t LW (s ee F i g . 3 . 2 ) s howe d the general 

trend of int ake devel opm ent . The cur v i l inear r e l at i on bet ween age and 

i ntak e  i n  the pr e-we ani ng period was probabl y d u e  to the eff e ct of a 

cons tant mi l k  i nt ake l evel . The cons tant mi l k  f eedi ng l evel over t he 
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who l e  pre- weani ng per i od rather than changi ng the amount of mi l k  

off er e d  wi t h  LW change caus e d  the grad ual i ncre as e  i n  the gap between 

pot enti al en ergy requ i rement ( i . e . the mai nt enance requ i rement + 

potenti al gr owth requ i r ement ) and energ y off er e d  i n  milk . I t  i s  qui te 

l og i cal that the cal ve s  woul d try har der to i nges t mor e  sol i d  f ood t o  

sati sfy the i r  energy r e qui r ements as sugges ted b y  Hodgson ( 1 9 75 ) . 

There was a nega t i ve corr el at i on ( r  = -0 . 70 ) between her bage 

i ntake and herbage di ges t i b i l i t y  me as ured on indi vi dual cal v es i n  the 

pos t- wean i ng per i od .  S i nce the qual i ty of the he rbage off er ed to the 

cal v es at one time can be consi dered to be uni f o rm , the d i ff er en c es in  

d i ge s ti bil i ty may onl y be at tri bu t ed to the ca l f ' s ab il i t y to d i ge s t  

sol i d  f eed . S ame earl i er evi den c e  suggested that the vari ation i n  

di ges ti bil i ty of f eed was caused by the f ee d  i ntake l evel ( see secti on 

4 . 3 . 1 f or detailed di scus s i on ) . 

4 . 2  CALF GROWTH PERFOR MANCE 

The d i f f erences i n  cal f growth rate between HM and LM cal ves wer e  

i n  a ccordan ce wi th the i r  total metabol i zabl e en ergy i nt a k es ( F i g . 3 . 7 ) . 

T he HM cal ves ' growth rate was wi thin the r ange of LW ga i n  general l y  

recommended f or heif er reari ng ( Davey , 1 97 4 ,  S cott and Smeaton , 1 9 80 ) . 

T he LM cal ves grew mor e sl owl y bu t this may not be cons i dered t o  be 

impo rtant in practi c e  f or heif er c al f  reari ng , because 1 )  gra z i ng 

cal ves may have improve d growth perform ance , 2 )  many wor kers have 

shown that for heif ers , a sl ow growth rate at 3 or 4 weeks of a ge has 

l i t tl e i nf l uence on l at er growth rat e .  So unde r co ndi ti ons of hi gh 

l evels of pastur e  feedi ng , the d i ff eren ce i n  LW may not persi s t  l ong 

( D avey , 1 96 2 ) . The d i f f er ence i n  gr owth rat e  i n  the pre- weani ng 

peri od between HM and LM c al v es has not r es ul t e d  i n  a si gni f i c ant 

d i f f er ence i n  LW at weani ng i n  the pres ent experimen t  ( s ee T abl e 3 . 7 ) . 

T h i s  w as to be expe cted because of the short period d uri ng whi c h  t he 

cal ves rece i ved diff er ent l evel of mi l k  f ee d i ng and the rel at i vely 

l ar ge vari ation (C . V . % = 8% ) in LW at the begi ni ng of the experiment 

and the bi g var i at i on i n  growth rate (C . V . %  = 1 7% ) . The pre- weani ng 

gr owth perf ormance of the c al v es i n  the pr esent e x periment was s i m il ar 

to that i n  other experiments wher e  cal ves wer e f ed s i mi l ar l eve l s  of 
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mi l k  ( e . g .  Hodgson , 1 97 1 a ,  K ai s er , 1 97 6 ) .  

For t he whol e group of cal v es , the gr owth r es ponse , to one K g  of 

add i ti onal mi l k  intake , was 73 g i n  the pres ent e xperiment . Thi s i s  

i n  the range of 55 to 8 1  g gi ven by Ba ker & Bar ker ( 1 977 ) and Bak er et 

al .  ( 1 97 6 ) . In the pr esent ex peri ment , the qual i t y  of the l i qui d 

f eed (who l e  mi l k )  mus t  have been hi gher than t hat i n  the i r  exp er i ments 

(reconsti t uted milk ) an d the her ba ge i ntake l ow er , than i n  the gra z i ng 

si tua t i on .  So the di sadvantage of l ow  her bage i ntake mi ght be off set 

by e xtr a milk energy i ntake . Consi der ed fr om an energy i ntake poi nt 

of vi ew ,  the ca lves growth r at es wer e cl os ely corr el at e d  to the i r  

metabol i za bl e  energy i ntak es ( ME I ) . But there appe ars t o  be a 

diff er ence i n  the regress i on co eff i c i ents bet we en H M  and LM groups 

( s ee se c t i on 3 . 4 . 1 . 2  and F ig . 3 . 7 ) . The HM cal v es r esponded more 

f avourabl e to the i ncr eas e of ME I .  The hi gh qua l i ty of the mi l k  

energy i s  the mos t l i k el y r e ason f or thi s .  The K g  eff i ci enc y of ME 

used f or ga i n )  of mi l k  or mi l k  s ubsi ti tutes i s  about 0 . 7 ,  rangi ng f rom 

0 . 6 7 to 0 . 8 1 , wher e as f or her ba ge i t  may be as l ow  as 0 . 4 - 0 . 5  ( ARC , 

1 980 ) .  

The absence of a dif f er ence i n  grow th rat e  b e t ween HM and LM 

cal v es in  the three weeks f oll owi ng weani ng was due to  the bi g 

var i at i on of growt h rate i n  thi s per i od (C . V . %  = 3 1 % ) . Thi s was i n  

accordan c e  wi th the b i g  vari ation i n  her ba ge i ntak e  i n  this period . 

I t  i s  not cl ear why the i nt ake was so vari abl e bu t a r eas on m ay be the 

rel ati vel y  smal l diff er en c e s  i n  mil k i ntak es i n  the pre-we ani ng 

per i od .  The LW may also ha ve an eff ec t on the i ntake of her ba ge but 

the ef f e c t  was not si gni f i c ant for the f i rs t  two weeks f ol l owi ng 

weani ng .  

The calf gr owth rat e i n  the pos t- exper iment al per i od was not 

aff e cted by mil k feedi ng l e vel i n  the pres ent e x periment . T h i s  w as i n  

accor dance wi th D ave y ' s  ear l i er wor k ( 1 962 ) . I t  was also i n  

acc ordan c e  wi th the fact t hat the diff erenc es i n  herba g e  i ntake caused 

by d i f f er ent mi l k  f ee di ng l evel di sappear ed j us t  two w e eks f ol l owi ng 

weani ng . The growth rat e  of cal ves i n  thi s period had si gni f i cant 

eff ect on the cal f LW ga i n  i n  the whol e per i od ( f rom 3 t o  21 - 2 5  weeks 

of age ) . Thi s was shown by the big posi ti ve corr el at �on co ef f i c i ent 

( r  = 0 . 90 )  bet ween over all growth rate and growth rat e i n  per i od I l l  
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( f rom 1 0 . 5  to  21 -25  weeks of age ) .  In  cont r as t  t o  thi s ,  the growth 

r at e  in the pr e-weani ng period ha d no ef f e c t  on c al ves gr owth rates 

over the whol e per i od ( s e e  sect i on 3 . 4 ) . Thi s was i n  agr eem ent wi th 

the sugges tion that the l ower gr owth rate aft er 3 weeks of a ge has no 

de trimental effect on l at er growth perf ormance as al re ady propos ed by 

Davey i n  1 97 4 .  T he r es ul ts of the e xperiment sugg est that under l ow 

to moder at e  mi lk  f ee d i ng l evel wi th the cal ves we aned befor e  8 weeks 

of age , the mil k feedi ng l evel af ter 3 or 4 weeks of a ge has no 

i mpor t ant eff ec t on ca l f  LW and pos t-wean i ng man agement and growth 

r at e  is mor e  important i n  determi ni ng cal f LW at a later s t a ge . 

I t  was f oun d that ca lf  LW at the comm ence�ent of the e xperi ment 

( 3  weeks of age )  w as corr el ated ( r  = 0 . 55 ) wi th the cal ves'  ov eral l  

growth rate ( s ee s ec t i on 3 . 4 ) . This res ul t was s i mil ar t o  t hat 

r eported by Baker & B ar k er ( 1 977 ) though the i ni ti al a ge of the i r  

cal ves was 7 weeks ol d .  The anal ysi s of the rel ati ons between s om e  

r el evant factors demonstr ated tha t f i rs tly , ther e was a cl ose 

r el ati onshi p (r  = 0 . 87 ,  p < 0 . 01 ) bet ween ca l f  LW at  thr e e  weeks of  age 

and di g es ti b i l i t y  of her bage after weani ng ( s ee s e ction 3 . 5 . 2 ) .  This 

i s  i nd i rectl y suppor t ed by J ef f er y ' s wor k wi th s heep ( 1 97 6 ) .  He  

s howe d  that f or e ver y Kg LW i ncre as e  the di g es t i b i l i t y  of  di et 

i ncr eas ed 0 . 34% whi l e  i n  the pres ent wor k ,  i t  was 0 . 63% . S econdl y ,  

the r el a tionship between LW and cal f  i ntak e  i n  the f i nal wee k  of the 

i ndoor f eeding per i od was also si gn i f i can t ( r  = 0 . 62 , p< 0 . 05 ) .  Thes e 

r el at i o ns mi ght p oi nt towar ds two as pe c ts of the eff e ct of LW at an 

ear l y  age upon cal f growth performan ce at l at er s tage ( up t o  about si x 

months ol d i n  the pres e nt e xperiment ) . H owever , the mechani sm of s uch 

a f un c t i on of the ca l f  LW i n  ear l y  age upon the d i gesti bi l i ty or 

i ntak e  i s  not cl e ar . The ef fe ct of LW upo n  i ntake can be consi dered 

as a r es ul t  of a b i gger energy r e qu i rem ent and the bi gger s ol i d  f eed 

i ntake , in t urn , pr omot es the devel opment of the reti c ul cr rumen 

( Hodgs on , 1 97 1 c ) .  The l arge amount of her ba ge i ngested pre- weani ng 

also pr omoted the de vel o pment of diges ti ve abil i ty ,  theref ore , the 

d i ges ti bil i ty i n  the pos t- wean i ng per i od was not only cor r el at e d  wi th 

the LW at the commencement of the experiment but als o  wi th t he her bage 

i ntake i n  the pre- weani ng per i od ( see secti on 3 . 5 . 2 ) . Thes e r es ul ts 

support the theor y that cal ves s houl d be well  f e d  i n  the f i rs t  f ew 
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weeks of l if e  i n  order t o  ens ur e  the bet t er gr owt h  at l at er s t ages . 

But caution must be pai d t o  the fact that the LW differ ence at the 

comm encement of the pres ent exper i ment as wel l  as i n  Baker & Bar ker ' s  

e xperiment ( 1 977 ) was a m i xe d  eff e ct of bi rth LW an d r andom vari ation 

of growth rate bef or e  the comm encement of the e xper iment s i nce the s e  

cal v es w er e  fed simil arly befor e the ex peri ment . S o  any diff er en c e  i n  

the i r  growt h rat e  coul d b e  due the ir i ntake abil i ty dif f er ence or 

util iazation ef f i ci ency . E vi den c e  on the ef f ect of bi rth LW o n  

devel opment of sol i d  f eed i ntake , i n  l i ter at ure , i s  rather conf us e d  at 

the pr es en t  stage ( s ee sect ion 1 . 2 . 2 . 1 ) .  

4 . 3  DI GEST I ON AND NIT ROGEN META BOL ISM 

4 . 3 . 1 D ige s t i on 

The d i gesti on o f  cal f  rat i ons al ways at t racts a l ot of at t ent i on 

f r om  r es e ar ch wor k ers because of the si gni f i cance of the e arly 

ut i l i zat i on of sol i d  f ee d . The pos i t i ve rel at i on between 

di ges ti b i l i t y  of the whol e di et an d mil k feedi ng l evel , or 

mi l k : her bage or gani c m at t er i ntake r at i o ,  s upports the concl usi on that 

young rumi nants can d i ges t mil k or other l i qu i d  f eeds be t t er than 

s ol i d  f e e ds ( Roy , 1 9 8 0 ) . T heor e ti cal l y , on t he assump tion that the 

mi l k  d i ge s ti on and s ol i d  f eed d i ge s t i on do no t i nt er f er e  wi th each 

other , as obs erved by P enni ng & G i bb ( 1 97 8 ) i n  l ambs , the 

di gesti b i l i ty of the whol e di et (mi xtur e of l i qu i d  f ee d  and s ol i d  

feed ) should b e  l i nearl y r el at ed t o  the proportion of m i l k  org ani c 

mat t er i n  the d i et . That i s ,  as the mil k proport i on i n  the d i et 

i ncre as es , the di ges t i b il i ty of the di e t  i ncre as es unt i l  i t  re a ches 

the di ge s ti bil i ty of mi l k .  Bo th the theor eti cal rel at i on and the 

a ct ual r el ation obtained by pl otti ng t he di ges ti b i l i t y  of the di et 

aga i ns t  the propor t i on of mi l k  i n  the di et i s  shown i n  F i g 4 . 2 .  The 

theor eti c al relation was on the basi s of 9 4 . 3 % m i l k  OM diges t i b i l i t y  

( se e  sect i on 3 . 5 . 1 )  and 75 % her bage OM di ge s ti bil i ty ,  whi ch was 

obt ained by deduction m ethod on 9 4 . 3%  mil k OM digesti b i l i ty . T he 

compar i son of the two rel ati ons s ugges ted that the di ge s ti bil i ty of 

di et of cal v es fed l ow l evel of milk was sl i ghtl y improved ( s ee F i g . 
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4 . 2 ) . Thi s was al so i nd i cated by compar i ng herbage di ge s t i b i l i ty 

obtai ned by extr apol a t i o n  to zer o  m i l k  i ntake ( whi ch was 7 8 . 9 % )  wi th 

the ave rage d i ges ti bi l i ty of her bage o btai ned by deducti on method 

( 75 . 00%) . That i s  t o  say , at  a l ow l evel of mil k feedi ng , the actual 

d i ges t i bil i ty of the whol e d i et was bet ter than predi ct ed f rom the 

above ass ump t i on . Such an improvement i n  diges ti b i l i t y  of the di et  i s  

probably r el ated to the total f eed i ng l evel . C al ves off er ed l ow er 

level of mil k usual l y  ha ve l ower t ot al DM or OM i ntake . S ome e arl i er 

experi ments have shown that the d i ges ti bil i t y of i nd i v i dua l an imal s i s  

negati vel y correl at e d  wi th thei r fee di ng l evel ( Raymond & Mi nson , 

1 95 9 , Ander s on et al . ,  1 95 9 , Leaver et al . ,  1 96 9 ) . I n  the pres ent 

experimen t , because of the eff ect of mi l k ,  the correl at i on bet ween 

di ges ti b il i t y of the d i et and the organi c mat t er i ntake was not 

s i gn i f i cant ( p >0 . 05 ) . Such an improvement of d i et diges ti bi l i ty was 

l i kel y a r es ul t  of the mod i f i cat ion of di ges t i on proces s . But i t  was 

not cl ear d i ge s ti bi l i ty of whi ch part of the d i et , mi l k  or he r bage or 

both of them , was improved . 
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FI G .  4 . 2  The C ompar i son of R el at i ons hi ps between M i l k I nt ake 

and D i ges ti b il i t y of the D i et 

The d i ge s ti bil i t y  of her bage appear ed not to ha ve been impr oved 

s i gnifi c antl y af t er weani ng . A l so , ther e was no correl ation between 

her bage d i ges t i l i ty i n  the pre- wean i ng and pos t- weani ng per i od .  This  
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is in agreement wi th t he general bel i ef that the cal f ' s abil ity to 

di ges t high qual i t y s ol i d  feed devel ops at an earl y age ( Hodgson , 

1 97 1 c ) .  But the compari son of var i at i on i n  her bage dige s ti bil ity of 

the whol e group of cal ves s howed that it was more variabl e i n  the 

pre- weaning per i od ( C . V . %  = 1 0 . 7% )  than in t he pos t- weani ng peri od 

( C . V . % = 3 . 7 % ) . T his r es ul t  was simil ar t o  that reported by P r es t on 

et  al . ( 1 95 7 )  and Byf or d  ( 1 97 4 ) .  Thi s change of var i at i on probabl y 

s ugges ted that the de ve l opmen t  of di ge s ti on i n  the pre- weani ng per i od 

was not uniform an d more variabl e than pos t-weani ng s tage . But t he 

poor diges ti on of som e i nd i vi dua l s  was improve d af ter wean i ng , 

t her ef or e  the diff er ence between cal v es de cr eased . Over the period of 

the pre- to pos t- wean i ng d i ge s ti bil i ty tri al s  (at approximately the 

4 t h  to 9 th weeks of t he e x periment ) ,  the de cl ine in pas t ure qual ity 

was sm all ( see F i g . 3 . 1 ) ,  s o  the absence of dige s ti bil i ty improvemen t 

coul d not be attri bute d  t o  the change i n  feed qual ity . 

Bef or e  weani ng , the i nt eract i on of mi l k  f eeding and total f ee d i ng 

l e vel made the r el ationship betwe en the i ntake l evel and diges ti b i l i t y  

o f  i ndi vi dual cal ves uncl ear ( s ee above discussi on ) .  So i t  i s  not 

s ur p ri sing that once the cal v es wer e weaned , the r el ationship between 

her bage i ntake an d her bage diges ti bil i ty became s i gn if icantly 

establi shed . T hi s  confi rmed s ome earl i er worker s '  r es ul ts ( R aymond & 

M i ns on ,  1 95 9 , Anders on et al . ,  1 95 9 , L eaver et al . ,  1 969 ) . They 

s howed wi th adul t ruminants that the dige s ti bil i ty of di et was 

negatively corr el ated wi th the feedi ng l evel of the animal . Hodgs o n ' s 

exp eriment ( 1 97 1 e )  wi th ca l ves gave simi l ar  r es ul ts .  H e  obser ve d  t hat 

a high feed cons umption w as associated wi th a f ast pas sage rate of 

dige s ta an d co nsequent l y  l ow  diges ti bil i ty of the diet . Lei bho l z 

( 1 97 6 )  al s o  showed that a greater foo d  i nt a k e  r es ul ted in a gr e at er 

f l ow of OM dige s ta t o  the duodenum . F or young rumi nants ,  the gut 

capacity , es peci al l y  the r e ticul o- rumen si ze , may det ermine t he e x t ent 

t o  whi ch f eeding l evel has an eff ect upon d i ges ti bi l ity in a 

parti c ul ar animal . The great er capaci ty r es ul ts i n  mor e soli d f eed 

bei ng hel d  i n  the gu t rather than be i ng pass ed down qu i ckl y .  

There was no soun d  evi dence from the pr esent experiment to 

s ugges t that t here is a diff er ence in s ol i d  f eed diges ti bil i ty bet ween 

HBI and LBI cal v es . 
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4 . 3 . 2  N i tr ogen Metabol i sm  

The absence of si gn if i cant diff er ences i n  mos t of the ni trogen 

metabol i sm paramet ers t ested ( s ee Tabl es 3 . 2 3 ,  3 . 2 4 )  i n di cated t he 

simi l ar i ty of ni trogen met abol i sm betweem mi l k  treatm ent s and BI 

groups . H owever , the differ ence i n  mil k ni trogen i ntake di d r es ul t  i n  

a diff er ence i n  the appar ent d i ge s ti bil i t y of ni trogen . The HM ca l ves 

had a hi gher appar ent ni trogen di ges ti b i l i t y  than LM cal v es had . T hi s  

was expec ted si nce the d i ges ti bil i t y  of mi l k  prot e i n  i s  hi gher than 

that of h er bage pr ot ei n .  

The relat i ons h i p  between ni trogen retention (NR ) and n i tr ogen 

i ntake ( N I )  per metabol i c  wei ght ( LW ) i s  shown i n  sect i on 3 . 5 .  F r om  

the extrapo l at i on to z e r o  ni trogen ret ent i on ,  ni trogen r e qu i rem en t  f or 

mai nt enance (Nm )  was 0 . 428 gN/ Kg 0 • 7 5/ d  for the whol e group of cal v es . 

Thi s val ue was s om ewhat hi gher t han those repor t ed by H ughes i n  1 977 

( 0 . 3 5 gN/ Kg 0 ' 7 5 /d ) and Stobo & Roy in 1 9 73  ( 0 . 3 3 gN/Kg 0 • 7 5/ d ) . I t  may 

be due to  the l ower qual i ty of her bage prot e i n .  The d i et i n  the 

pres ent e xperiment cons i s t e d  of m i l k  and her ba ge i n  peri od I and 

her bage onl y  in per i od II wher eas i n  H ughes ' exp er i men t i t  was mi l k  

plus meal . The di ges ti bi l i t y  of her bage prot ei n i n  the p r es ent 

exper imen t  was 74 . 5% compar ed wi th 80 . 9% i n  H ughes '  experi ment ( 1 977 ) .  

4 .  4 CALF HEALTH 

Tho ugh f i ve cal ves s co ur ed in the pre- weani ng per i od ,  the r e  was 

no evi dence to sugges t that scouri ng had a sever e ef fect on calf 

perf ormance in the pres ent experi ment ( p >0 . 05 ) . Theref or e , al l the 

data wer e incl uded i n  the anal y si s . 

T he " bl oat ed" phe nom enon observed on calf N o  33 s eemed to be the 

r es ul t  of inc ompl ete cl os ur e  of the o esophageal groov e since t he 

change of f eedi ng proce dur es f rom buc k et f eedi ng to teat s uc k i ng 

improve d the si tuat ion pr om p tly . N everthel ess , the cal f ' s her bage 

cons umpti on ,  d i ges t i bil i ty and growth perf ormance wer e s om ewha t l ower 

than those of other cal v es i n  the same treatment . U nfortunately , no 

concl usi on can be reached because of l ack of dat a  on pH and 

c omposi t i o n  of rumen cont ent . But the cas e  was qui t e  l i ke that 
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r epor t ed by Lawl or & K eal y ( 1 97 1 ) as " mal adj us tment syn dr om e" i n  

ar t if i ci al l y  rear e d  l ambs . T he i r  work showed that i t  was r el at e d  to 

the i ncompl et e cl os ur e of the o es o phageal groove and i t  occured only 

to a f ew i nd i vi dual s . The dat a fr om this  cal f  were als o  i n cl uded i n  

the anal ys i s of the res ul t  s i nce i t  was not ext reml y abno rmal and also 

for the convi ni ence of the s t at i s ti cal anal yi si s .  

4 .  5 CONCLUS ION 

The res ul ts s howed that l ow l evel s of mi l k  i ntake , wh i ch cannot 

meet the re qui r ements of growth potenti al of the cal v es f or nut ri ents , 

wi ll res ul t i n  i ncr eas ed her bage i nt ake to f i l l  the de f i c i t  bu t th i s  

does not c ompens ate ful l y  for the de cre as e d  mil k energy i ntake . 

Cons e quent l y ,  cal f growth per f ormance i s  al ways de cr eas ed by l ow  

l evel s of m i l k  i ntake . Ther e appeared to be no differ en ces i n  

res ponses i n  her bage i ntake to diff er ent mi l k  f ee di ng l evels  f or HBI 

and LBI cal v es . The overall DE i ntake over the two peri o d s  i s  s i m il ar 

for HM and LM ca l ves . The r es ul ts s ugge s t ed that the diff er ence i n  

her ba ge i ntake i n  the thi r d  wee k  aft er weani ng had a prol o nged eff ect 

on cal f  her bage i nt ake . LW at the comm encement of the e xperiment , 3 

weeks of age , was shown to have a si gnif i cant ef fect on cal f her bage 

i ntake i n  the f i nal week of the e xper i ment , week 1 0 ,  and her bage 

diges ti bil i t y at the same s tage . T hi s  may expl aine the s i gni f i cant 

eff ect of i ni t i al LW on the cal f gr owt h rate after wean i ng at 1 0  weeks 

of age unt il 2 1 - 2 5  weeks of age . Thi s su pports the l ong re cogni zed 

theor y that cal ve s  s houl d be well f ed i n  the f i rs t  f ew  weeks of l if e  

si nce poor growth performance i n  that period has a det rimental eff ect 

on l at er growth per f ormance . On the othe r  hand , af ter 3 weeks of age , 

r el a ti vel y l ow l e vels of mil k feedi ng are l i kel y to ha ve an 

encour agi ng eff ect on cal f  sol i d  f ee d  i ntake de vel opment and have no 

detriment al ef fect on calf gr owth performance i n  the l ong t erm . 

Pos t - weani ng man agement l ar ge l y  de t ermi nes the over al l gr owth rate 

af ter 3 wee ks of age until about 6 months of age . 



REFE REN CES 

ABE , M . ,  T . I ri ki , K . Kondoh & H . S hi bui ( 1 97 9 )  Br . J . N utr . 4 1 : 1 75 

A C KERMAN , R . A . , R . O . T h am as , W . Y . T hayne & D . F . Butcher ( 1 95 9 )  

J . Dairy Sc i . 52 : 1 86 9  

A DAMS , R . S . , J . E . Gande , T . W .Guil i ckson & J . H . Soutl er ( 1 95 9 ) 

J . Dairy Sci . 42 : 1 5 62 

ADENE YE , J . A . ( 1 982 ) J . agri c . Sc i . , C amb . 98 : 289 

99 

ALA M ,  M . R . , D . P . Popp i & A . R . Sykes ( 1 983 ) Proc . N . Z . Anirn . Prod . Soc . 43 : 1 1 9  

ARC ( A g ri c ul t ural R es e arch Coun c i l ) ( 1 980 ) 

Cornmenw eal th Agri cul tural Bur earu . 

ALL DEN , W . G . ( 1 97 9 ) Aust . J . agr i c . R es . 30 : 939 

ANDE RSON , P . E . , J . T . R e i d ,M . J . Ande rs on & J . W . S troud ( 1 959 ) 

A nirn . S ci . 1 8 : 1 299 

ANDREWS , R . P . &  E . R . Ors kov ( 1 97 0 a ) J . agri c . Sc i . , C amb . 75 : 1 1  

AN DREWS , R . P . & E . R . Orskov ( 1 970b ) J . agri c . S ci . , C amb . 75 : 1 9  

AOAS ( 1 9 75 )0ffi c i al M etho ds of Anal ys i s  1 2th E d . 

A ssoc i at i on of O ff i c i al A gr i cul tur al C hemi s ts , Was h i ngton , DC . 

ARMSTR ONG , D . G . ( 1 96 9 ) I n  "H andbuch D er Ti er ernahr ung V ol . 1  

( E ds .Wendi t , K . B . &  E . G r as emann ) 

ARMST RON G ,  D . G . & K . L . Blaxter ( 1 95 7 ) Br . J . Nutr . 1 1 : 2 4 7  

ARSENAULT , G . , G . J . B ri sson , J . R . S eoane & J . D . Jones ( 1 980 ) 

Can . J . Anirn . Sc i . 60 : 3 03 

BAILE , C . A . &  J . M . For bes ( 1 97 4 ) Phys i ol . Rev . 54 : 1 60 

BAILE Y , G . L . , W . H . Bros ter & A . W . A . Burt ( 1 95 8 ) J . a gr i c . Sc i . , Camb . 50 : 1  

BA KE R ,  R .  D . & J .M . Bar k er ( 1 977 ) J . a gri c . Sci . , C amb . 8 8 : 31 

BA KE R ,  R . D . ,Y . L . D . L e  Du & J .M . Bar k er ( 1 976a ) J . a gri c . S ci . , C amb . 87 : 1 87 

BALDWI N ,  R . L . ( 1 9 6 8 ) J . D ai ry Sci . 5 1 : 1 04 

BE RRI DGE , N . J . ( 1 94 5 ) J . B i ochem . 39 : 1 79 

B I NES , J . A . ( 1 9 7 1 ) Proc . N utr . Soc . 30 : 1 1 6  

B I NES , J . A . ( 1 97 6 ) L i vest . Prod . S ci . 3 : 1 1 5  

BLACK , J . L . ( 1 9 7 1 ) Br . J . N utr . 25 : 31 

BLACK , J . L . & D . A . GRIFF IT HS ( 1 9 75 ) Br . J . N utr . 3 3 : 399 

BLACK , J . L . , G . R . PEARCE & R . E . TRIBE( 1 97 3 ) Br . J . N ut r . 30 : 45 

BLAXTE R ,  K . L . ( 1 95 2 ) Br . J . N utr . 6 : 1 2  



BLA XTE R ,  K . L . ( 1 96 2 )  I n"The E ner gy M et abol i sm O f  Rum i nants " 

H utchi nson , London 

BLA XTE R ,  K . L . &  F .  W .Wai nman ( 1 96 4  )J . agri c . Sc i . ,  Camb . 63 : 1 1 3- 1 28 

BLA XTE R ,  K . L . &  W . A .Wood ( 1 95 1 ) Br . J . N utr . 5 : 1 1  

BLA XTE R ,  K . L . &  W . A .Wood ( 1 9 5 2 ) Br . J . N utr . 6 : 56 

BLA XTE R ,  K . L . ,  J . L . C l apperton & F .W .Wai nman ( 1 966 ) 

J . agri c . Sc i . , C amb . 67 : 67 

BOILA , R . J . & L . P . M ill i gan ( 1 980 ) C an . J . Anim . Sc i . 60 : 28 1  

BL OLES , R . C . ( 1 9 83 )  I n  "Animal Cogni t i o n  And Behavi our" 

( E d . R . L .Mel l gr en )  

BORHAMI , B . E . A . , K . el-Sha zl y , A . R . Abou Akkada & I . A . Ahmed ( 1 96 7 ) 

J . Dairy S c i . 50 : 1 65 4  

1 00 

BRI SS ON , G . J . , H . M . C unni ngham & S . R . Has kell ( 1 957 ) C an . J . Anim . Sc i . 37 : 1 57 

BROOKES , I .M . ( 1 9 8 2 ) I n  "Dairy Production From Pas t ure"  

NZ A nim . Prod . Soc . Oc c . Publ . No . B  P21 1 

BROO KES , I . M . & A . W . F . Dave y ( 1 97 7 ) N . Z . J . Agri c . Res . 20 : 1  

BROWNLE E ,  A . ( 1 95 6 ) Br . V et . J  1 1 2 : 36 9  

BRYANT , A .M . ( 1 9 8 3 ) Proc . N . Z . A nim . Prod . Soc . 43 : 63 -6 6  

BRYANT , M . P ( 1 95 9 ) Bact . Rev . 2 3 : 1 25 

BR YANT , M . P . & N . Smal l ( 1 95 6 ) J . D ai ry S c i . 39 : 927 

BR YANT , M . P . , N . Small , C . Bouma & I . Robi nson ( 1 95 8 ) J . Dairy S c i . 4 1 : 1 747 

BR YA NT ,M . P . & N . Smal l ( 1 9 60 ) J . D ai ry S c i . 43 : 654 

BYFORD , M . T . ( 1 9 7 4 ) T hesi s M . Agr . S c i . ,  M assey U ni versity 

CAMPL ING , R . C . ( 1 970 ) I n  " Physi ol og y  O f  D i ges t i on A nd Metabol i sm 

i n  the R umi nants" Ed . Ph i l l i pson 

CASTLE , M . E . &  R . F . R . W al ker ( 1 95 9 ) J . Br . G rassl d . Soc . 1 4 : 88 

CHAMBE RS , D . T . ( 1 9 6 1 ) J . agri c . S c i . , C amb . 57 : 7 1 

CHAMBE RS , D . T . & F . E . Al der ( 1 9 60 ) J . Br . Gr as sl d . Soc . 1 5 : 302 

CHURCH , D .C . ( 1 96 9 )  

I n  " D iges ti ve Physi ol ogy and N utri t i on of R umi nan ts" V ol I 

CHURCH , D . C . ( 1 97 2 )  

I n  " D ige s t i ve Phys i ol ogy and N utr i t i on of Rum i nan t s "  V ol . I I  

CHURCH , D . C . &  W . G . Pond ( 1 982 ) I n " Basi c A nimal N utri ti on A nd F ee d i ng"  

COMBIN E , R . S . , H . E . Rober t s  & D . A . Ti tchen ( 1 95 1 a ) Nat ur e , L ondon 1 67 : 5 6 1  

COMB I NE , R . S . , H . E . Roberts & D . A . T i tchen ( 1 95 1 b ) N at ure , L ondon 1 68 : 84 

CORBETT , J . L . ( 1 969 ) I n"N ut ri ti o n  of A nimals of A g ri c ul t ural Importan c e  

Part 2 "  E d . S i r  Davi d C uthber tson P ergamon Pres s ,  Lon don 



CURRAN M . K . &  W . H olmes ( 1 9 70 ) A nim . Prod . 1 2 : 21 3  

DAVEY , A .W . F . ( 1 9 6 2 ) N . Z . J . A gri c . R es . 5 : 4 60 

DAVEY , A .W . F . ( 1 9 7 2 ) D a i r yf armi ng Annual M assey U ni versity ? 1 0 6  

DAVEY , A .W . F . ( 1 9 7 4 ) P r oc . N . Z . A nim . Prod . So c . 3 4 : 1 3 3 

DAVEY , A .W . F . ( 1 980 ) D a i r yf armi ng Annual M as s ey U ni versity P35 

DAVEY , A .W . F . ,  C . Gr ani ger , D . D . S . M c kenzi e ,  D . S . Flux , G . F . W i l s on ,  

I . M . Br ookes & C . H . Holmes ( 1 98 3 ) Proc . N . Z . Anim . Prod . Soc . 43 : 67  

DAV IES , D . A . R . & J . B . Owen ( 1 96 7 ) A nim . Prod . 9 : 50 1  

DAWSON , J . E . ,  J . D . B . W ar d , T . F . Readon & C . F . C al l ow ( 1 980 ) 

? roe . R ua kura Farmer s '  Conf . ? 1 73  

DAWSCN , J . E . , T . F . R ear don , J . D . B . W ar d  & C . F . C al l ow ( 1 982 ) 

Proc . A us t . A nim . Prod . Soc . 1 4 : 425  

DINI US , D . A . & B . R . Ba umgar dt ( 1 970 ) J . D airy Sci . 5 3 : 31 1  

DOLLA R ,  A .M . & J .W . G . P orter ( 1 95 9 ) I nt . Dair y Congre . IV : 1 85 LON DON 

DONEY , J .M . ,  A . D . M . S m i th , D . A . S im & D . Zygoyanni s ( 1 9 8 4 )  

A nim . Prod . 38 : 1 9 1 

DONNELLY , P . E . &  J . B . Hutt on ( 1 97 6 a ) N . Z . J . Agri c . Res . 1 9 : 289 

DONNELLY , P . E . & J . B . H ut ton( 1 97 6b ) N . Z . J . A gri c . R es . 1 9 : 409 

DORIS ,  P . A . &  F . R . Bel l ( 1 9 8 3 )  

IN " A nnual R epor t  O f  R es ear ch I ns ti t ut e  I n  Dai ry Sc i ence"  ? 5 7  

EDWA RDS-WEBB , J . D . & S . Y . Thomason ( 1 97 7 ) Br . J . Nutr . 37 : 43 1  

EDWARDS-WEBB , J . D . & S . Y . Thamason ( 1 97 8 ) Br . J . N utr . 40 : 1 25 

EVE RITT , G . C . ( 1 9 7 2 ) P roc . N . Z . A nim . Prod . So c . 32 : 20 

FALLON , R . J . &  F . J . H arte ( 1 9 80 ) I r . J . A g ri c . R es . 1 9 : 67 

F I EBE R ,  M . W . ( 1 9 7 2 ) J . D ai ry Sci . 55 : 7 03 

1 0 1  

FREE MAN , A . E . ( 1 975 ) I n " T he E f fect O f  G en et i c  Vari ance O n  N utri ti onal 

Requ i r em ents of A nimal s" N at i onal A cadimy Of Sc i ences , W as h i ngton 

GA RDNE R ,  R . W . ,  J . D . Schuh & L . G . V ar gu s ( 1 977 ) J . D airy Sc i . 60 : 1 94 1  

GA RNOT , P . ,  R . Toul l ec , T . L . T hapon . P .Marti n ,  M . T . Hoang , C .M . Mathi en & 

B . R . D umas ( 1 977 ) J . D ai ry R es . 4 4 : 9 

GA RRETT , W . N . ( 1 970 ) I n " E nergy M et abol i sm O f  F arm A nimal s "  

( E ds . A . S chur ch & C .W enk ) P 1 01  

GA RSTANT , J . R . &  C . H . Mudd ( 1 97 2 ) Expl . Husb . 21 : 1 5  

GETTY , R . ( 1 975 ) I n " S i sson & Grossm an ' s the A natomy of the D imes ti c 

Ani mal s" 5 t h  E d .  W . B . Saun ders C o .  

GLEESON , P . A .  ( 1 97 1  ) I r .  J .  Agri c .  R es . 1 0 :  1 5 1 

GON ZALE Z-J IMENE Z , E . , & K . L . Blaxter ( 1 96 2 ) Br . J . Nutr . 1 6 : 1 9 9 



GOODEN , J .M . ( 1 9 7 3 ) A us t . J . B i ol . Sci . 26 : 1 1 89 

GOO DEN ,  J .M . & A . K . L as cel l es ( 1 9 7 3 ) A us t . J . B i ol . Sc i . 26 : 625 

GORRILL , A . D . L . ( 1 96 7 ) C an . J . A nim . S ci . 47 : 2 1 1 

GRAHAM , N . &  McC . T .W . Se arl e ( 1 97 2a ) J . a gri c . S c i . , C amb . 79 : 383 

GRAHAM , N . , M cC . T .W . Se arl e ( 1 972b ) A us t . J . a g ri c . R es . 2 3 : 97 

GRAHAM , N . , M cC . T .W . Seatl e & D . A . G riff i t hs ( 1 974 ) 

A ust . J . agri c . R es . 25 : 9 57 

GRAHAM , N . M cC . T . W . Sear l e ( 1 975 ) Aust . J . agri c . R es . 26 : 3 43 

1 02 

GREE N , G . C . ,  R . L . El wi n , B . E . M ot t er she a d , R . G . K eo gh & J . J . Lynch ( 1 98 4 ) 

Proc . Aust . A nim . P rod . Soc . 1 5 : 37 3  

GROSSKOP F ,  J . F .W . ( 1 9 65 )0nders t epdort J . V et . R es . 32 : 1 53 

HALLEY , R . J . & B . N . Dongall ( 1 96 2 ) J . D airy R es . 29 : 2 4 1  

HARRIS , C . E . & W . F . R a ymond ( 1 9 6 3 ) J . Br . G r as sl d . Soc . 1 8 : 204 

HODGSON , J . ( 1 965 ) A ni m . P r od . 7 : 7  

HODGSON , J . ( 1 96 8 ) J . agri c . S ci . , C amb . 70 : 47 

HODGSON , J . ( 1 9 7 1 a ) A nim . Prod . 1 3 : 1 5  

HODGSON , J . ( 1 9 7 1 b ) A nim . Prod . 1 3 : 25 

HODGSON , J . ( 1 9 7 1 c ) A nim . Prod . 1 3 : 4 49 

HODGSON , J . ( 1 9 7 1 d ) A nim . Prod . 1 3 :  

HODGSON , J . ( 1 9 7 1 e ) A nim . Pr od . 1 3 : 5 93 

HODGSON , J . ( 1 97 3 ) A nim . Prod . 1 7 : 1 29 

HODGSON , J . ( 1 9 75 ) I n  "Proc . Symp . On P as t ur e  U t i l i z ation 

by the Grazing A nimal s" 

HODGSON , J . , J .M . Rodri gne z Cap ril es & J . S  F enlon( 1 97 7 )  

J . agr i c . Sc i . , C amb . 89 : 7 4 3  

HOLMES , C .W . & A . W . F . Davey ( 1 97 6 ) Ani m . Prod . 2 3 : 43 

H OLMES , C .W . & N . A . M cLean ( 1 975 ) N . Z . J . A gri c . R es . 1 8 : 277 

H OLMES , C .W . & N . R . M cl e an ( 1 9 7 4 ) Proc . N . Z . A ni m . Prod . Soc . 3 4 : 1 32 

H OLMES , C .W . ,  T . P . Hughes & Robyn Chri s t e ns en ( 1 97 8 )  

N . Z . J . Agr i c . Res . 2 1  : 557  

HUBER ,  J . T . ( 1 96 9 ) J . Dai ry Sc i . 52 : 1 30 3  

HUBER ,  J . T . , S . Natraj an & C . E . Pol an ( 1 96 7 ) J . D ai ry Sc i . 50 : 1 1 61 

HUBE R ,  J . T . ,  S . N atr aj an & C . E . P ol an ( 1 96 8 ) J . D airy S ci . 5 1  : 1 08 1  

HUGHES , T . P . ( 1 977 ) M as t er A gri c . S ci . T hesi s ,  M as sey Uni versity 

JAMES , R . E . , C . E . P ol an & M . L . M cG ril l i ard ( 1 976 ) J . Dairy S c i . 62 : 1 41 5  

JAMIESON , W . S . &  J . H odgs on ( 1 97 9 ) J . Br . G r as sl d . Soc . 3 4 : 2 6 1  

JEFFERY , H . ( 1 97 6 ) A us t . J . Exp. A gri c . A nim . H us b . 22 : 1 59 - 1 62 



JENNY , B . F . &  G . D . O ' D ell ( 1 9 8 1 ) J . D airy Sci . 64 : 1 7 35 

J OHNSON , P . T . &  J . L ei bhol z ( 1 9 7 6 ) A us t . J .agri c . R es . 27 : 903 

JOHNSON , P . T . & R . C . El l i ott ( 1 96 9 ) R hod . J . Agri c . R es . 7 : 43 

JOHNSON , P . T . & R . C . El l i ot t 1 972Rhod . J . A gri c . R es . 1 0 : 1 25 

JONES , D . I . H . & Marger et V . H ayward ( 1 97 3 ) J . S c i . Food A g ri c . 2 4 : 1 41 9  

J ONES , G .M . ( 1 9 7 2 ) C an . J . A nim . S c i . 52 : 207 

JOUNNE T , M . & B . R emond ( 1 9 76 ) L i vest . Prod . S ci . 3 : 1 29 

JO YCE , T oothill ( 1 9 82 ) J . Dairy R es . 49 : 347 

KA ISE R ,  A . G . ( 1 97 6 ) J . agri c . S ci . , C amb . 87 : 357 - 363 

KANA REK , R . B . & E . H i rsch ( 1 9 77 ) F e d eration Procedi ngs 36 : 1 54 

KAY , M . ( 1 96 9 ) A . R ep . R owett R es . I ns t . 2 5 : 1 2 3 

KAY , M . ( 1 9 7 6 ) IN " P ri nc i pl es O f  C at tl e  ?redu c ti on" 

( E ds . H . Swan & W . H . Bros t er )  

KEANE , M . G . & F . J . HA RTE ( 1 982 ) I r . J . Agri c . R es . 2 1  : 1 05 

KEA NE , M . G . &  M . J . D  R ennan ( 1 98 3 ) I r . J . A gri c . R es . 22 :  

KELLA WAY , R . C . ,  T . Gr ant & J .W . Chudl ei gh ( 1 9 7 3a )  

A us t . J . Exp . Agr i c . Anim . Hus b . 1 3 : 9 

KELLA WA Y , R . C . ,  T . G rant & J . W . C hud l ei gh ( 1 97 3 b ) 

A us t . J . Exp . A g ri c . A nim . Husb . 1 3 : 2 25 

KESLE R ,  E .M . ,  R . D .McC arthy & C . B . K no dt ( 1 95 6 ) J . D airy Sci . 39 : 542 

KESLE Y , E .M . ,  M . Ro nni ng & C .  B . K nodt ( 1 9 5 1  ) A nim . Sci . 1 9 : 96 9  

KHOUR I ,  R . H . ( 1 96 6 ) Ph . D . T hes i s , M as sey U ni versi ty 

KHOUR I ,  R . H . ( 1 96 9 ) N . Z . J . A gri c . R es . 1 2 : 650 

KHOUR I ,  R . H . ,  J . S trona ch & M . S t el l e ( 1 967 ) 

P roc . Rua kur a F arm ers ' C onf . 1 86 

KI RCH GESSNE R ,  ET A L (  1 97 6  ) c i te d  f rom " ARC" ( 1 980 ) 

KI RKWOOD , J . K . & N . J . Pr escot t ( 1 9 8 4 ) L i vestock Prod . S ci . 1 1  : 4 6 1  

KUZMIN , I . G . & B . A . Bagri i ( 1 9 65 ) D airy Sci . ABSTRACT 27 : 1 62 

L ' EST RAN GE , J . L . ( 1 979 ) I r . J . A gri c . R es . 1 8 : 1 73 

LABAST I D A ,  A .M . ( 1 979 ) D i ssert a t i o n  D i p . Ag . S c i . ,  Mas sey U ni v ers i t y  

LAWL OR , M . J . & J . K . Keal y ( 1 9 7 1 ) V et . Rec . 88 : 2 60 

LAWL O R , M . J . ,  S . P . Hop k i ns & J . K . Kealy ( 1 9 7 1 ) Br . J . N utr . 26 : 439 

LAWREN CE , T . L . J . &  J . Pear ce ( 1 9 6 1 ) A gri c ul t ure 68 : 294 

LAWREN CE , T . L . J . &  J . Pear ce ( 1 9 65 ) A nim . Prod . 7 : 3 9 3 - 3 96 

LE DU , Y . L . D . & R . D . Baker ( 1 97 9 ) J . agri c . S ci . , C amb . 92 : 445 

LE DU , Y . L . D . , Baker , R . D . , & J .M . Bar k er ( 1 976a )  

J . a gr i c . Se i . , C am b . 87 : 1 97 

1 03 



LE DU , Y . L . D . ,  Baker , R . D . ,  & J .M . Bar ker ( 1 9 7 6b ) 

J . agr i c . Sc i . , Camb . 87 : 205 

LEAV E R ,  J . D . ( 1 97 3 ) A ni m . Prod . 1 7 : 4 3 

LE AV E R ,  J . D . & N . H . Y arrow ( 1 97 2 ) Anim . Prod . 1 4 : 1 6 1 

LEAVE R ,  J . D . ,  R . C . C ompl i ng & W . H olmes ( 1 96 9 ) A ni m . Prod . 1 1  : 1 1 

LE IBHOL Z ,  J .  ( 1 9 7 5 ) Aus t . J .agri c . R es . 26 : 62 3  

LE IBH OL Z ,  J . ( 1 97 6 ) A ust . J . agri c . R es . 27 : 287 - 296 

LEN GEMANN , F .W . & N . N . Al l en ( 1 95 5 ) J . D airy S c i . 38 : 651 

LENGEMANN,  F .W . & N . N . Al l en ( 1 95 9 ) J . Dairy S c i . 42 : 1 1 7 1 

L ITT LE , W . & R .W . Kay ( 1 97 9 ) A nim . Prod . 29 : 1 3 1 

L OFGREEN ,  G . P . &  W . N .Garr ett( 1 96 8 ) J . A nim . S ci . 27 : 7 93-806 

LONSDALE , C . R . & J . C . T ayl er ( 1 96 9 ) J . agri c . S ci . , C amb . 73 : 4 83 

�NN , S . O . &  A . E . Oxf ord ( 1 955 ) J . G en .Mi cro b i ol . 1 2 : 1 40 

MANN , S . O . , Frances M .Masson & A . E . Oxf ord ( 1 9 54 ) Br . J . N utr . 8 : 246  

MARSTON , H . R . ( 1 9 4 8 ) Aust . J . Sci . R es . S er . B1 : 93 

MAT HE R ,  R . E . ( 1 95 9 ) J . Dairy Sci . 42 : 878  

McA RTHUR , A . T . G . ( 1 957 ) N . Z . J . Sc i . Tech . A . 38 : 696 

McCA RTHY , R . D . & E .M . K esl er ( 1 95 6 ) J . Dairy S c i . 39 : 1 280 

McDONALD ,  P . , R . A . E dwar ds , & J . F . D .Gr eenhal gh ( 1 9 7 3 )  

I n  " A ni mal N utri t i on" 2nd E d .  

McDONALD , P . , R . A . Edwar ds & J . F . D . G reenhalgh ( 1 980 ) 

I n  "Animal N ut ri t i on" 3r d E d . 

McMEEKAN , C . P . ( 1 95 4a) N . Z . J . A gric . 8 8 : 306 

McMEEKAN , C . P . ( 1 95 4b ) N . Z . J . A gri c . 8 8 : 481  

MEA DOWCR OFT , S . C . &  A . H . Y ul e ( 1 976 ) Experimental H us bandry 31 : 24 - 32 

ME IJS , J . A . C . ( 1 9 8 1 ) Agri c . R es . R ep . 

MIL NE , J . A . &  R . C . C ampl i ng ( 1 97 2 ) J . a gric . S ci . , C amb . 78 : 79 

MINSON , D . J . &  D . R atcl iff ( 1 9 82 ) Aust . J . Exp . A gri c . A ni m . H usb . 2 2 : 1 59 

MISSON , D . J . ( 1 9 6 3 ) J . Br .Grassl d . Soc . 1 8 : 39 

MONTGOMERY , Mc . J . & B . R . Baumgar dt ( 1 965 ) J . D airy Sci . 48 : 569 

MORRILL,  J . L . , W . E . S t ewart , R . J .Mccormi ck & H . C . Fr yer ( 1 9 70 ) 

J . Dairy Sc i . 53 : 72 

MORRI SON , S . D . ( 1 97 7 ) Federat i on P r oceedi ngs 36 : 1 39 - 1 42 

MORTENS ON ,  F . N . , D . L . E spe & C . Y .C annon ( 1 93 5 ) J . Dairy Sc i . 1 8 : 22 9  

MOSS , R . G . ( 1 977 ) A ust . J . Exp . Agri c . A nim . H us b . 1 7 : 25 

MOSS , R . J . &  R .M .Murray ( 1 9 8 4 ) Proc . A ust . Soc . A nim . Prod . 1 5 : 476 

MUR DOCH , J . C . ( 1 9 6 4 ) J . Br .Gras sl d . Soc . 1 9 : 31 6  

1 04 



MYL REA , P . J . ( 1 966 ) J . R es . V et . S c i . 7 : 33 3  

N RC ( NATI ONAL RESEARCH COUN C IL ) ( 1 97 8 )  N utrients R e qui rem ents 

of D omes ti c A nimal s . NATI ONA L ACADEMY OF SC IENCE 

OKAMOT O ,  M . , J . W . Thom as & T . L . J ohns on ( 1 959 ) J . D ai ry Sc i . 42 : 920 

ORS KOV , E . R . , I .M cdonal d ,  D . A . Grubb & K . P e nni e ( 1 97 6 )  

J . agri c . Sc i . , C amb . 86 : 44 1  

ORS KOV , E . R . , I . Mcdo nal d ,  C . Fras er & E . L . C ors e ( 1 97 1 ) 

J . agri c .  Sci . , C amb . 7 7 : 3 51  

OSUJ I ,  P . 0 . ( 1 97 4 ) J . R ange Mgt . 27 : 437 - 443 

OTTERBY , D . E . & J . G . L i nn ( 1 9 8 1 ) J . D airy S ci . 64 : 1 365 

OTTE RBY , D . E . ,  H . A . R amsey & H . J . W i s e ( 1 9 6 4b ) J . D airy Sci . 47 : 997 

OTTE RBY , D . E . , H . A . R amsey & G . H . W i se ( 1 9 6 4a ) J . D ai ry Sci . 47 : 993 

OWE N ,  J . B . , D . A . R . Davi es & W . J . R i dgman ( 1 969 ) A nim . Prod . 1 1  : 5 1 1 

PA RSONS , I .M . &  J . A . S t ewart ( 1 9 8 4 ) Pr oc . A us t . A nim . Prod . Soc . 1 5 : 52 1  

PATLE , B . R . & V . D .Mudgal ( 1 9 75 ) Br . J . N utr . 3 3 : 1 27 

PENN ING , P . D . &  M . J . Gi b b ( 1 979 ) A nim . Prod . 29 : 53 

POOLE , D . A . ( 1 9 77 ) Ex periment al H us bandry 3 3 : 40 

1 05 

POPP I , D . P . , D . J . M i nson , & J . H . T er nouth ( 1 9 8 1 a ) A us t . J . agri c . R es . 32 : 9 9  

POPP I , D . P . , D . J .Mi nson , & J . H . T er nouth ( 1 9 8 1 b ) A us t . J .agri c . R es . 32 : 1 23 

PORTE R ,  J .W . G . ( 1 96 9 ) Proc . N utr . Soc . 28 : 1 1 5 

POUN DEN , W . D . &  J . W  . H i bb s  ( 1 94 8 a  ) J . D ai ry Sc i . 31 : 1 04 1  

POUNDE N , W . D . &  J .W . H i bbs ( 1 94 8b ) J . Dairy S c i . 3 1 : 1 05 1  

P RESTON , T . R . ( 1 956 ) A gri c ul t ure 62 : 4 62 

P RESTON , T . R . , J . D . H . Ar ch i bai d & W . T i ngl er ( 1 95 7 )  

J . agr i c . Sc i . , C amb . 4 8 : 259 

RA DOS T ITS , O . M . & J . M . Bell ( 1 97 0 ) C an . J . A ni m . Sc i . 50 : 405 

RA LST ON , A .  T .  ( 1 9 7 2 ) I n  " D i ges ti ve Physi ol of y  and N utri ti on 

of R umi nants" V ol . I I E d . D . C .C hur c h  et al . 

RAMSEY , .H . A .  ( 1 96 2 ) J  . D airy Sci . 45 : 1 479 

RA YMON D ,  P . E . , D . J . M i ns on & C . E . Harri s ( 1 95 9 ) J . Br . Grassl d . S oc . 1 4 : 7 5  

REARDON , T . F . &  G .C . E veri tt ( 1 9 7 2 ) Proc . N . Z . A nim . Prod . Soc . 32 : 26 

REDDY , C . S . , D . A . S t il es ,  H . H . Olson , D . D . L e e , J r . ( 1 9 7 1 ) 

J . D airy Sc i . 5 4 : 80 1  

ROY , J . H . B . ( 1 980 ) IN "The C al f "  4 t h  E O  

ROY , J . H . B . , I . C . Har t , C ather i ne M . G i l l i es , I . J . F . Stobo , P . G ander t on 

& M .W . Perf i t t ( 1 9 8 3 ) ANIM . PROD . 36 : 237 - 2 5 1  



ROY , J . H . B . , I . J . F . Stobo , H . J . G aston & J . C .Greatorex ( 1 97 0 )  

B r . J . Nutr . 2 4 : 4 4 1  

ROY , J . H . B . , I . J . F . S tobo , P . Gan der ton & S . M . Shotton ( 1 97 3 ) 

A nim . Prod . 1 6 : 21 5  

RUSS ELL , R . W . ,  E . V . C aruol o & G . H . W i se ( 1 980 ) J . D ai ry Sc i . 63 : 1 1 1 4  

SCHWAS ,  C . G . ,  J . T .Moore , P .M . Hoyt & J . L . Pr ent i ce ( 1 980 ) 

J . D airy Sc i . 63 : 1 41 2  

SCOTT , J . D . J . , D . C . Smeaton ( 1 980 ) IN "She e p  A nd C at tl e  N utri ti on" 

E ds . J . D . J . S cot t ,  N . L amo nt , D . C . Sme aton & S . J . Hudson 

SEARLE , T . W . ( 1 97 0 J . agr i c . Sc i . , C amb . 74 : 357 

SEJ RSEN , K . ,  J . T . Huber & H . A . Tuc k er ( 1 98 3 ) J . D airy Sc i . 6 6 : 84 5  

1 06 

SEJ RSEN , K . ,  J . T . Huber , H . A . Tuc k er & R .M . Akers( 1 9 82 ) J . Dairy S c i . 65 : 7 9 3  

SHEEHAN , W . & J . J . F i t zgeral d ( 1 9 77 ) I r . J . A gri c . R es . 1 6 : 83 

SHILLAM , K .W . G . , J . H . B . Roy ( 1 9 6 3 ) Br . J . N utr . 1 7 : 1 71 

S IE WE RT , K . L . & D . E . Ot t erby ( 1 9 7 1 ) J . D airy Sci . 54 : 258 

S IN GH ,  N . ,  J . P . Puri , O . P . N angi a & S . L .Gary ( 1 9 8 3 )  

I nd i an J . Ani m . Sc i . 53 : 93 3  

STE P HENS , D . B . ( 1 98 2 ) I n "Wel f ar e  and Hus bandr y  o f  C al ve s "  

E d .  J .  P .  S i gnor e t  

STOBBS , T . H . ( 1 97 3 a ) Aus t . J . agr i c . R es . 24 : 80 9  

STOBBS , T . H . ( 1 97 3 b ) Aus t . J . agri c . R es . 2 4 : 82 1  

STOB O , I . J . F . &  J . H . B . ROY ( 1 97 3 ) Br . J . Nutr . 30 : 1 1 3  

STOB O ,  I . J . F . , J . H . B . Roy & H . J . C as ton ( 1 966a ) Br . J . Nutr . 20 : 1 7 1 - 1 88 

ST OBO , I . J . F . ,  J . H . B . Roy & H . J . C aston ( 1 9 6 6b ) Br . J . N utr . 20 : 1 89 - 2 1 6 

ST OTT , G . H . & B . E .Menefee ( 1 97 8 ) J . Dairy S c i . 61 : 4 61 

STROZ I NSKI , L . L . & P . T . Chan dl er ( 1 9 7 1 ) J . D airy Sci . 5 4 : 1 4 9 1  

SWA NSON , E .W . & J . D . H arri s ,  J r . ( 1 95 8 ) J . Dairy S c i . 4 1 : 1 768 

SWA NS ON , E .W . & T . R . Spai n ( 1 9 5 4 ) J . A nim . S ci . 1 3 : 1 032 

TAGA R I , H . &  J . H . B . Roy ( 1 96 9 ) Br . J . N utr . 2 3 : 7 63 

TAMATE ,  H . , A . D . M cG i l l i ard , N . L . J acobas on & R . G etty ( 1 9 62 )  

J . D ai ry Sc i . 45 : 408 

TE RNOUTH , J . H . , J . H . B . Roy & R . C . S i ddons ( 1 97 4 ) Br . J . Nutr . 3 1 : 1 3  

TERNOUT H ,  J . H . , J . H . B . Roy ,  S . Y . T h cm pson , J . T oothi ll , C .M . G il l i es & 

J . D . E dwar ds- webb ( 1 97 5 ) Br . J . Nutr . 33 : 1 8 1 

THOMAS , D . B . &  C . E . Hinks ( 1 9 82 ) A ni m . Prod . 35 : 375 

THOMAS , D . B . &  C . E . H inks ( 1 9 83 ) A nim . Prod . 36 : 299 

TROE LSEN , J . E . & J . B . C ampbel l ( 1 96 9 ) J . agri c . S c i . , C amb . 7 3 : 1 45- 1 54 



1 07 

VAN ES , A . J . H . , H . J . Nij kamp , E . J . Van W eerden & K . K .Van H ell em ond ( 1 96 9 ) 

I n  "Energ y M etabol i sm of Farm A nimals" , EAAP Publ . N o . 1 2  P1 97 

VAN SOEST , P . J . ( 1 982 )The E col ogy of R umi nant N utri ti on 

VERCOE , J . E . ( 1 9 7 0 ) EAAP Publ . N o . 1 3  P 85 

VERCOE , J . E . & J . E . F ri s ch ( 1 97 4 ) EAAP Publ . N o . 1 4  P 1 31  

VERMORE L , M . ,  J . C . Bouvi er , P . Thi vend & R . Toul l ec ( 1 97 4 )  

EAAP Publ . N o . 1 4  P1 03 

WAL KE R ,  D . W . & B . W . Nor t on ( 1 97 1  ) J . agri c . Sc i . , C amb . 77 : 363 

WAL KE R , D .W . & J agusch ( 1 96 9 ) ci te d  fr om ARC , 1 980 

WAL KE R ,  D .W . & S . G . H unt ( 1 9 8 1 ) A us t . J . agri c . R es . 32 : 89 

WARDROP , I . D . & J . B . C oombe ( 1 9 60 ) J . agri c . S ci . , C amb . 5 4 : 1 40 

WEBSTE R ,  A . J . F . , J . S . Smi th & G .M oll i son ( 1 97 6 ) EAAP Publ . N o . 1 7  

WE LS HE , M . J . ,  D . K ell eher & J . Connol l y ( 1 9 7 1 ) I r . J . A gri c . R es . 1 0 : 8 1 

WESTON , R . H . ( 1 97 9 ) A us t . J . agri c . R es . 30 : 53 3 - 5 4 1  

WESTON , R . H . &  D . E .Margan ( 1 97 9 ) A ust . J . agri c . R es . 30 : 543- 549 

WIL KINS , R . J . , C . R . Lonsdal e ,  R .M . T etl ow & T . J . F orr est ( 1 9 7 2 )  

A nim . Prod . 1 4 : 1 77 

WILLETT , L . B . , J . L . Albri ght & M . D . C unni ngham ( 1 96 9 ) J . D airy Sc i .52 : 390 

WILL IAMS , V . J . ,  J . H . B . Roy & C .M . G ill i es ( 1 9 7 6 ) Br . J . N utr . 36 : 3 1 7  

WILSON , G . F . ( 1 97 8 ) N . Z . J . e xp . agri c . 60 : 53 

YOUNG , J .W . , H . A . R amsey & G . H .W i se ( 1 9 60 ) J . D airy S c i . 43 : 1 068 

ZI OLEC KI , A . &  C . A . E . B riggs ( 1 9 6 2 ) J . Ap pl . Bact . 24 : 1 48 



APPENDIX ONE 

Tabl e  1 Anal y s i s  of V ari an c e  of C al f  Growth R at e  

ov er the Whol e Ex perimental P e riod 

SOURCE OF VARIATION DF ss MS F val ue 

BI 25 25  0 . 284 

ML 3 3 0 . 034  

I NTE RA CTI ON 2 6  2 6  0 . 289 

E RROR 1 2  1 07 1  89 

T OTAL 1 5  1 1 25 

NS 

NS 

NS 

Tabl e 2 A nal ysis  of V ari ance of C al f  Growth Rat e  i n  P e ri od I 

SOUR CE OF VARI AT ION DF ss MS F val ue 

BI  1 5 .  60  1 5 . 60 2 . 1 0  NS 

ML 72 . 37 72 . 37 1 o .  1 8  ** 

I NTE RA CTI ON 1 1 • 1 7 1 1 • 1 7 1 . 57 NS 

E RROR 1 1 78 . 20 7 .  1 1 

TOTAL 1 4 1 6 7 . 57 

1 08 
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Tabl e  3 Anal ysi s of V ari an c e  on C al f  W e ani ng W ei ght 

SOURCE OF VARIAT ION DF ss MS F val ue 

B I  6 1 . 04 6 1 . 04 1 .  228 NS 

ML 5 . 35 5 . 35 0 . 1 08 NS 
I NTE RA CTI ON o .  1 9  0 .  1 9  0 . 004 NS 

E RROR 1 2  596 . 52 49 . 7 1 

T OTAL 1 5  66 3 . 09 

T abl e 4 Analysi s of V ari an c e  on C al f  Growth R ate i n  P eriod I I  

SOURCE OF VARI AT I ON DF ss MS F val ue 

BI  1 9 . 60 1 9 . 60 1 . 1 39 NS 

ML 3 4 . 2 3 34 . 23 1 .  988 NS 

I NTE RACTI ON o .  03 0 . 03 0 . 00 1  NS 

E RROR 1 2  206 . 50 1 7 . 2 1 

T OTAL 1 5  2 60 . 40 

T a bl e  5 Analysi s of V ari an ce on C al f  Gr owth R ate i n  P eriod I l l  

SOURCE OF VARI AT I ON DF ss MS F val ue 

B I  2 . 25 2 . 2 5 0 . 0 1 3 NS 

ML 56 . 25 56 . 25 0 .  3 3 1  NS 

INTE RACT ION 3 6 . 00 3 6 . 00 0 . 205 NS 

E RROR 1 2  21 02 . 50 1 75 . 20 

T OTAL 1 5  2 1 97 . 00 



1 1 0  

T abl e 6 A n al ysis  of V ari an c e  on DOM of the D i et i n  P eriod I 

SOURCE OF V A RIATION DF ss F val ue 

BI  0 . 1 7  0 . 1 7  0 . 0 62 NS 

ML 30 . 1 5  30 . 1 5  1 0 . 86 2  * 

I NTE RA CTI ON 1 1 . 99 1 .  9 9  0 . 7 1 7  NS 

E RROR 4 1 1 . 1 0  2 . 78 

T OTAL 7 4 3 . 4 1  

Tabl e  7 A n al ysis of V ari ance on DOM of H er ba ge i n  P eriod I I  

SOURCE OF V A RIATION DF ss F val ue 

BI  5 . 04 5 . 04 0 . 657 NS 

ML 1 9 . 5 6  1 9 . 56 2 . 548  NS 

I NTE RA CTI ON 2 . 32 2 . 32 0 . 302 NS 

E RROR 4 30 . 7 1 7 . 68 

TOTAL 7 57 . 63 
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APPENDI X TWO 

THE DIET AND HE RBAGE OM DI GEST IBIL IT Y  OF THE CALVES 

Per i od I Peri od II 

C al f  N o . Treatment BI Whol e D i et H erbage* H er bage 

1 3  HM HBI 93 . 36 84 . 60 77 . 3 7 

42 HM HB I 8 9 . 27 7 0 . 90 7 9 . 05 

1 0  HM LBI 91  . 31 64 . 00 84 . 00 

32 HM LBI 9 0 . 0 9 8 3 . 00 77 . 7 5 

6 LM HBI 86 . 27 69 . 50 7 4 . 20 

33 LM HBI 86 . 60 6 6 . 60 7 8 . 1 2  

8 LM LBI 88 . 76 81 . 00 77 . 69 

36 LM LBI 86 . 6 9  7 0 . 90 7 9 . 05 

MEAN 98 . 05 74 . 85 77 . 98 

C .  V . ( % ) 2 . 8 3 1 0 . 6 5 3 . 68 

* obtai ned by deduction metho d  o n  the assump ti on of milk  

di ges ti bil i t y i s  94 . 3% .  
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