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The sub-p l o t  a nd ma i n- pl o t  e r r o r s  a r e  

l a be l l ed for  c o w  H I . 
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ABSTRACT 

The New Z e a l and D a i ry Indus t ry has b ee n  aiming to b r i n g  

abo u t  gene t i c imp r ovemen t  o f  da iry c a t t l e  by the  u s e  

of gene t i c a l ly s up e r i o r  (pro geny t e s t ed )  bul l s  in  the 

Ar t i f i c i al B r e e ding Scheme . .  There i s  evidenc e t o  s how 

tha t  there has b e en a gene t i c  improvement in the  l evel  

of mi l k  fat produc t i on per  c ow , but lit t l e  evidenc e to 

show t he me chani sms  by wh ich  t he i nc re a s e  ha s b e en 

ach i e ved . 

At p r e s ent t he g ene tic mer i t  of a New Z e a l and cow for 

m i l k  o r  mi l k  fat produc t ion is  me a s ured by her b r e eding 

index ( B I ) . The main obj ec t ive of the wo rk wa s t o  

de te rmine t h e  mec hani sms whe r e by cows o f  h i g h  B I  

produ c e  mo re  mi l k  t han cows of low B I . 

A t o t a l  of 40 F r i e s i an cows wi t h  h i g h  B I  (app roxima t e l y  

1 2 5 )  o r  l o w  B I  ( ap p r oxima t e l y  1 0 0  whi c h  is  equiv a l ent 

xiii 

to t h e  average cow in  1 9 6 0 )  were ident ified and purcha s ed 

from New Z e a l and da i ry farme r s . Exp e r imen t s  were carried 

out to de termine the perfo rmance of h i g h  and l ow B I  cows ; 

when g r a z ed as  one g roup ; when fed cu t  p a s ture 

indiv i dua l ly in s ta l l s  at  two l eve l s  of f eeding ; and 

when s ubj ected  to c omp l e t e  energy and nit rogen b a l ances  

wh i l s t l a c t a t ing and non - l ac ta t ing . 

Over t he who l e  l a c t a tion , h i g h  B I  c ows p roduc ed mo re 

m i l k  fat and gained  l e s s  l i veweight t han low B I  cows . 

The difference b e twe en B I  group s  in mi l k  fat 

produ c t ion wa s in c l o s e  a g r e ement wi t h  t he exp e c t ed 

diff e r enc e s  b a s e d  on B I ' s .  D iffe renc e s  in l iveweight 

chang e s  between g eno t ype s wer e  no t measurable  in the 

s ho r t  t e rm ( approx ima t e l y  f ive week s ) f e e ding expe rimen t s . 



xiv 

One exc ep tion was  in l a t e l a c t a tion when hig h  B I  cows 

p a r titioned significan t l y  ( P  <0 . 1 0 )  more metab o li s a b l e  

e nergy t o  mi l k  a t  the expen s e  o f  body tis sue t han t h e  

l ow B I  cows . 

The two ge no type s h a d  simi l ar in t ak e s of fre s h  c u t  

p as ture offe re d a d  libi t um i n  s ta l l s . Howe ve r high 

B I  cows a t e , o n  ave r age , 7 %  mo re p a s t ure pe r uni t 

me tab o li c  live weigh t than low B I  cows , b ut the diffe rences  

b e twee n  geno type s in intak e  we re significant only in two 

of th e four indoor fe e ding expe rime nts  ( P<O . OS ,  P<O . 1 0 ) . 

There were no significant diff e r e n c e s  b e tween B I  g r o up s  

in their a bi l i t y  t o  metabo li s e  f e e d  energy and in t heir 

efficiency of u s e  of me tabo lis a b l e  energy (as me a s u r e d  

b y  h e a t  p r o duc tion a t  a given energy intake ) . T h e r e  

wa s one anoma l ou s  re sul t during r e s t ric ted feeding in 

e a r l y  l a c t ation when high B I  cows p roduced l e s s  he a t  

( P  < 0 . 0 5 )  a t  a common energy in t a k e  t han low B I  cows . 

Differenc e s  in ni trogen b a l an c e  b e tween geno typ e s  

w e r e  sma l l and inconsis tent . 

The  feed requir e d  to maint ain body condition and t o  

p romo t e  a g ain of body condition during the dry p e riod 

was  simil a r  fo r b o t h  genotype s .  

T h e  s t a ti s ti c a l  methods deve l op ed in the cour s e  of 

analysing t he exp erimen t a l  data  wer e  out lined in d e t ai l  

b ecause it was  c onsidered that t h e  ana l y s e s  wer e  mo r e  

appropria t e  t han tho s e  no rma l l y  u s ed . 



I t  was conc l uded that  h i g h  B I  c ows p roduc ed mo r e  m i l k  

fat  because they a t e  mo r e  and p ar t i t ioned a h i gher  

p roport ion of the ir  metabo l i s ab l e  ene rgy int ake  t o  

t h e  synthe s i s  of m i l k  r a t her  t han t o  l ivewe i ght  g a i n , 

than the low B! cows . 

The imp l ic a t ions of the r e s u l t s  were  cons ide r ed by 

ma k ing s ome p r e l iminary predic t io n s  about the l i k e l y  

eff e c t  of g ene t i c mer i t  o n  farm p r o duct ivity . 
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CHAPTER ONE 

A REV I EW O F  THE RELAT I ON BETWEE N  GENET I C  

MER I T  O F  COWS FOR VOLUME O F  MILK PRODUC T I ON 

AND THE I R  G ENET I C  MER I T  FOR E F F I C I ENCY O F  

M ILK PRODUC T I ON 



1 . 1  I NTRODUCT I ON 

The r e  i s  good evi dence t h a t  g ene t i c improvement  of 

New Z e a l and da iry c a t t l e  h a s  b e en brought about  by 

t he u s e  of gene t i c a l ly s up e r i o r  ( p r o g eny t e s t e d )  bul l s  

in t h e  Ar t if i c i a l  Breeding  Scheme of the Da i ry Bo ard 

Farm Pro duct i on Divis i on ( W i c k ham et a l . 1 9 7 8 ) . 

The r e a s o n s  f o r  t he r e s u l t an t  produc t ion advan t a g e s  

a r e  l a r g e l y  unknown f o r  da i ry ca t t l e  grazed ma i n l y  o n  

p a s t u r e , and B ryant ( 1 9 7 8 )  h a s  p o i n t e d  out t h a t  

quan t ifying t h e  maj o r  c omp o ne n t s  o f  cow eff i c i ency 

is e s s en t i a l  for the fur t h e r  e xp l o i t a t ion of c ows 

gra z ed on p a s t ure . 

The l ac k  of exper imen t a l  e v i denc e o n  the que s t ion  of 

gene t i c me r i t  in r e l a t io n  t o  eff i c i ency of mi l k  

p roduc t ion wa s a l s o  h i g h l i gh t e d  by  t h e  deb a t e  

s urround ing  t h e  h i gh produ c t i o n  o f  t he Jer s ey herd 

at  Ruakura No . 2 Da i ry 

(Camp b e l 1et a 1. 1977; Kar 1 ovsky, 1977 and 

1 9 7 8 ;  Jury , 1 9 7 7 ; Camp b e l l , 1 9 7 8 ;  L inton , 1 9 7 8 ) . 

I n  t h i s  r e v i ew the  eviden c e  of gene t i c  improvement  of 

d a i ry c a t t l e  g r a z ing p a s t u r e  i s  s umma r i sed , w i th the 

ma in emp ha s i s  on t he eff e c t s  of g ene t i c s e l e c t ion  on 

the eff i c i ency of mi l k  p roduc t i on .  In the a b s enc e of 

c r i t i c a l  e v idenc e for the g r a z ing c ow , two app roaches  

have b een t aken t o  d e t e rm i n e  t he factors  wh i c h  mi ght 

be imp o r t a n t  in  exp l a in ing t he inc r e a s e d  l eve l s  of 

mi l k  p roduc t io n  due to g e n e t i c imp rovement . 

F i r s t l y  , t h e  charact e r i s t i c s  of the h i g h  yie l d ing cow 

are  o u t l in e d , drawing upo n  evi dence  from ca l o r ime t r i c  

b a l an c e  s tudi e s , and from nut r i t io n a l  s tud i e s  invo lving  

d ifferent  p l an e s  of nutr i t io n . 
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The s e c ond app roach i s  to  e x am ine t he re sul t s  o f  

gene t i c  s e l ec t ion exp e r imen t s . The only d a t a  

ava i l a b l e  were conf ined n e c e s s a r i ly to  exper imen t s  

where  c ows we r e  fed o n  concen t r a t e s  and con s e rved 

roughag e s . 

Int ere s t  i s  fo c u s e d  on energy , a l though pro t e in 

requi remen t s  and the s t a t u s  o f  high  y i e l ding c ows 

wi th r e gard to  ho rmone s and b l o od me t abo l i t e s  

i s  a l s o  c on s ide red . 

F ina l l y  an out l ine o f  prop o s e d  exp e r imen ts i s  made . 
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1 . 2 EVI DENCE O F  G ENET I C  IMPROVEMENT 

Emp ha s i s  in t h i s  s e c t i on i s  p l aced on the evi den c e  

o f  g e ne t i c imp rovement fo r cows g r a z ing p as ture a s  t h e  

ma in  d i e t . Mo s t  o f  the evidence come s from 

New Z e a l and b e cause of i t s  we l l - d ocument ed h i s t o ry o f  

gene t i c imp rovement . G e ne t i c pro g r e s s  has b e en made 
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in  o t he r c oun t r i e s , for  e x amp l e , Powe l l  e t  a l . ( 1 9 7 7 )  out l ined 

p r o g re s s  made in the Un i t ed Stat e s . 

An e a r l y  analy s i s  o f  the  g ene t i c  s t ruc ture o f  t he 

New Z e a l and d a i ry h e rd i n d i c a t ed that  gene t i c 

d i f f e r en c e s  b e tween herds  were l i k e l y  t o  be sma l l  

( S t ewa r t , 1 9 5 2 ) . Fur t h e r  e v idence t o  suppo r t  t h i s  

fact  wa s o b t a ined by B rumby ( 1 9 6 1 ) . Twenty herds 

i n  which  cows achi eved h i g h  l eve l s  of  p roduc t i on 

and twenty h e rds  in wh i c h  cows a c h i eved low l eve l s  

o f  p roduc t i on were iden t i f i ed wi t h in an 8 0  km radius 

of Ruakura Agr i cul tural  Re s e arch S t a t ion . Two h e i fer  

c a l ve s  from c ows of  produc t i ve l eve l s  c l o s e  t o  t he 

herd ave rage were t aken , e a c h  year fo r thr e e  suc c e s s i ve 

ye a r s  from e a ch o f  the 40 h e rds , reared and s ub s equen t l y  

m i l ked a t  Rua kura . The m i l k  fat p roduct ion o f  a l l  t h e  

c o w s  w a s  s im i l ar i nd i c a t ing that the l a r g e  d i fference 

i n  p ro duc t ion b e tween the  h e rds , in produc t ion p e r cow , 

was ma inly a re su l t  o f  manag ement d i f ference s ,  no t 

gene t i c d i fference s .  

One o f  t he f i r s t  ind i c a t o r s  o f  gene t i c  imp r ovement 

was r e p o r t e d  by C a r t e r  ( 1 9 6 4 ) . The No . 2 D a iry herd 

a t  Rua kura had been a r t i f i c i a l ly bred  s ince the 

i n c ep t i o n  o f  art i fi c i a l  b r e eding in  New Z e a l and in the 
, 

l a t e  1 9 40 ' s ,  and could t h e r e fo r e  b e  regarded to  be o f  

h i g h  gene t i c  mer i t  at  t h e  t ime . A se l ec t i o n  o f  cows 

c o v e r i n g  a wide range o f  p roduc t i on l eve l s  were brought 

t o  Ruakura , g r a z ed a t  No . 2 Da i ry for three y e a r s  and 



the i r  p ro duct i on was comp ared w i t h  t hat o f  the 

Ruakura c ows . T he average m i l k  fat  produc t i on s  

over t he t hree years  were 1 7 2  and 1 4 8kg for Rua kura cows 

and t he farmer ' s  cows res pe c t ive l y . The mea s u red 

d i f fe rence of 2 4 kg m i l k  f a t  was s imi l ar to the expec ted 
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_d i ffe rence o f  2 0kg  whi c h  was  est ima ted from t he ped i g rees 

o f  t he Ruakura cows , and wh i c h  wa s a measure o f  t he i r  

expec ted super i o r i ty i n  da iry mer i t  above t he 

" aver age" da i ry cow . 

Fur t he r  ev i�ence o f  gene t i c  improvemen t was o u t l ined 

by W i c kh am et a l . ( 1 9 7 8 ) . By comp ar ing the herd tes t 

p r o duc t i on o f  cows o f  s im i l a r  age wh ich  had been s i red 

through e i t her art i f i c i a l  b reed i ng or  natural  mat ing 

the p r o duct ion d i fferences a t tr ibutable to t he two 

s o u r ces  of herd s i res  were e s t imated . The average 

mi l k  fat  yield o f  the a r t i f i c i a l ly bred pro geny minus 

t he m i l k  fa t y ield of t he natura l ly b red p r o geny ranged 

from 7 k g  in 1 9 7 0 - 7 1  to 1 1 kg in 1 9 7 5 - 7 6 .  T he mea sured 

d i f ferences in mi l k  fa t y ie l d  be tween the two s ources 

of herd s i re were in a greement w i th t he pred i c ted 

d i f ferences b a sed on t he d i fference in gene t i c  mer i t  

o f  t he s ires invo lved . 

The mea s ure o f  genet i c  v a l ue used in New Zea l and i s  the 

b reed ing index ( B l ) . F o r  a fema le a B l  i s  a we i g hted 

comb inat ion o f  her own product i on rec ords and the B l ' s  

o f  her s i re and dam ( see Appendix 2 . 1 for method o f  

c a l cu l a t ion o f  breed ing indexes ) .  The B l  for  a ma le 

i s  a we ighted comb ina t ion of daughter produc t i ons  and 

t he B l ' s  o f  h i s  s i re and d am .  T he New Zea l and Da i ry 

B o ard , in t he i r  Annua l  Farm Produc t i on Rep o r t , rec o rd 
, 

t he c h ange s  that hav� occurred in B l  value s  fdr c ow s  in 
the New. Ze a l and da i ry herd and p roven bul l s  used in 

a r t i fi c i a l  b ree d�ng . 



5 

S e l e c t ed data from t he 1 9 7 9/ 8 0  Rep o r t  a r e  p r e s ented b e low . 

S e a s on Ave rage B I  o f  p roven Average B I  o f  GOws : 

bul l s  S i red by Al l other  

p roven bul l s  c ows 

1 9 5 3/ 5 4  1 0 7  1 0 0  1 0 0  

1 9 5 9 / 6 0  1 1 3  1 0 5  1 0 0  

1 9 6 9 / 7 0  1 2 4  1 1 0 1 0 4  

1 9 7 9/ 8 0  1 3 4 1 1 8  1 1 0  

C l ea r l y  there  has b e e n  a n  imp rovement in genet ic mer i t  

( a s  a s s e s s ed by B I )  o f  t he p r oven bu l l s  u s ed in 

ar t i f ic i a l  breed ing s in c e  1 9 5 3/ 5 4 ,  and cons e quen t l y  

a n  i ncre a s e  i n  the gene t i c  mer i t  o f  t h e  cows s i red by 

p r oven bu l l s . The ave r a g e  B I  o f  a l l  o ther cows ha s 

inc r e a s e d  a l s o , but no t as  muc h a s  w i t h  t he cows s i red 

by p roven bu l l s . How much of the incr e a s e  in gene t ic 

me r i t  o f  a l l  o t her c ows i s  b e c au s e  of the fact  that  

ar t i f ic i a l  breed ing has  b e en u s ed somewhe re  in 

the i r  anc e s t ry is not known . 

Wic kham ( 1 9 7 9 )  provi ded add i t ional evi denc e that  the 

e s t imated breeding i ndex va lue of a cow is a good measure 

of her  g e ne t ic mer i t  fo r mi l k  fat produc t ion . 

O f  p a r t i c u l a r  int e r e s t  i s  the p ro j e c t  curren t ly b e ing 

c a r r i ed o u t  in P o l and compar ing the produc t i v i ty o f  c ows 

s i r e d  by Fr i e s i an bul l s  from t en d i fferent c ount r i e s  

( S t o l zman , 1 9 8 2 ; J a s i o r ows k i , e t  a l. 1 9 8 2 ) . The 

p ro j e c t,commenced in 1 9 7 4  through c o - op e ra t i o n b e twe en 

the Food and Agr i cul tur e Organ i s a t ion and b r eed o rg an i s a t ions  

and r e s e a r c h  ins t i tu t e s  in t e n  count r i e s , name ly 

C anada , D enmark , Fed e r a l  Repub l i c o f  G e rmany , I s rae l , 

N e t h e r l and s , New Z e a l and , Po l and, Sweden , Un i t ed Kingdom , 

and Un i t ed S t a t e s  o f  Ame r i c a . Semen from about 4 0  bul l s  



from each coun t ry wa s u s ed on a t o t a l  o f  mo r e  than 

3 0 , 000 B l a c k  and Wh i t e  cows in  Po l and . The young 

bul l s  from each coun t ry we r e  s e l ec t ed at r andom f rom 

t ho s e  bul l s  be ing t e s t ed w i t h in  the Art i f i c i a l  Breed ing 

s chemes and from wh ich  the f i n a l  s e l e c t ion o f  top bul l s  

f o r  w ide s p r ead us e would  b e  made . 

Product ion r e su l t s  for appro x i ma t e l y  5 , 500 f i r s t - c ro s s  

( F l ) he i fe r s  when fed ma i n l y  o n  cons erved rougha g e s  

s how that t h e  g enetic mer i t  i n  terms o f  mi l k  f a t  and 

m i l k  y i e l d  of New Z e a l and d a i ry c a t t l e  is among t h e  

h i ghe s t  i n  t h e  wo r l d  (Tab l e  1 . 1 ) ;  a l t hough t he r e s u l t s  

c anno t b e  us ed t o  s how that there  has b e en gene t i c 

imp rovement in New Z ea l and . S im i l ar comp a r i sons  

made in P o l and under  mo re  int ens ive feed ing cond i t i o n s  

have produced s im i l a r  r e s ul t s . 

I t  can b e  conc luded that s e l ec t ion app l ied t o  the 

d a i ry cat t l e  popu l a t ion i n  New Z ea l and has p roduc ed 

a gene t i c inc r e a s e  in m i l k  fat p roduc t ion . There i s  

a l s o  evidence t hat  the e s t ima t e d  breed ing i ndex o f  

a n  an ima l  i s  a good e s t ima t e  o f  i t s  gene t ic me r i t . 
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Tab l e  1 . 1  

Coun t ry o f  

M i l k  and m i l k  f a t  y i e lds  i n  the  f i r s t  

l ac t a t i o n  o f  f i r s t - cro s s  he i fe r s s i r ed 

by s emen from bu l l s  i n  var ious  coun t r i e s  

expre s s ed a s  dev i a t ions from t h e  ave r a g e  

( from S t o l z man , 1 9 8 2 ) . 

M i l k  f a t  y i e l d  * Mi l k  y i e l d  

s i re ' s  o r i g in (kg ) ( k g ) 

U . S . A .  + 10 . 8 + 3 4 7  

New Z ea l and + 1 0 . 6 + 1 80 

I s r a e l  + 8 . 0  + 2 5 8  

C anada + 7 . 3  + 2 1 6  

Sweden - 0 . 6 - 2 1  

U . K .  - 1 . 7  - 4 5  

Denmark - 5 . 0  - 1 5 4 

Ge rmany - 6 . 0  - 1 2 9  

N e t h e r l ands - 6 . 6  - 2 1 5  

Po l and - 1 6 . 8  - 4 3 7  

* Average m i l k  fa t y i e l d  = 1 4 6kg 

t Average  m i l k  y i e l d  = 3 6 1 5kg 

7 
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1 . 3 C HARACTERI ST I C S  O F  THE H I GH Y I ELD I NG COW 

8 

The produc t ive ab i l i ty o f  c ows  revi ewed in t h i s  s ec t ion 

i s  a t t r ibutab l e  b o t h  to gene t i c  and env ironmen t a l  fac tor s 

and i t  i s  no t po s s i b l e  for i nd ividua l cows to d e t e rmine 

t he propo r t ion o f  e a c h  of t h e  componen t s . A measure  

of  t he average  con t r ibut ion to the produc t ive a b i l i t y  

o f  a group o f  cows a t t r ibu t ab l e  t o  g eno typ e , can b e  

m a d e  from gene t ic s e l e c t ion  e xp er iment s  wh i c h  a r e  

r e v i ewed i n  Sec t io n  1 . 4 .  

Wha t i s  meant by a h i g h  y i e l d? 

B r o s ter and Alderman ( 1 9 7 7 )  d i s cu s s ed t he p rob l ems o f  

d e f ining a ' hi gh - y i e l d i ng ' c ow , but cons ide red t hat  a 

h i g h  y i e l d ing cow c o u l d  b e  r e a s onab l y r e garded a s  

p r o duc ing y i e l ds o f  t h e  o r d e r  o f  7 , O O Okg/ l a c t a t ion 

und er  t he feed ing sys t ems that pr eva i l  in Europ e . 

F o r  gra z ing c ows t h e r e  i s  muc h  l e s s  empha s i s  on 

p ro duc t ion p e r  cow . The p a s ture supp l y  var i e s  

markedly i n  b o t h  quan t i ty and qua l i ty t houghout the 

year , r e s u l t ing in wide fluc tuat ions in the l ev e l  o f  

f e ed ing o f  cows . I n  t h i s  s i tuat ion even t he cows w i t h  

t he h i g he s t  y i e l d s  c o u l d  b e  d e s cr ibed a s  " l ow - y i e l d ing" 

when compared w i t h  cows in t h e  U . K .  o r  U . S . A .  That 

m i l k  y i e l d s  are  r e l a t iv e  to environment a l  cond i t ions , was 

c l early demon s t r a t e d  by S t i c hbury ( 1 9 7 9 ) , u s ing 

evidence from the com par i s on of d i fferen t  s tra ins  o f  

F r i e s i an c a t t l e  in  Po l a nd . There wa s a wide range i n  

t h e  produc t ion o f  t he dams o f  t he bul l s  from wh i c h  s emen 

wa s taken and used on F r i e s i an cows in  Po l and , t he range 
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b e ing a s  fo l l ows ; 

M i l k  fa t / l ac t a t i o n  

U . S . A .  dams ( h i ghe s t  p r o duc er s )  ( in U . S . A . ) 4 00kg 

N . Z .  dams ( l owe s t  produce r s )  ( in N . Z . ' ) 209kg 

The p ro duc t ion o f  t he bu l l ' s  daug h t e r s  was ( from Tab l e  1 . 1 ) 

U . S . A .  daug ht e r s  ( in Po l and ) 

N . Z .  daug h t e r s  ( in Po l and ) 

l 5 7 kg 

1 5 7 kg 

Obviou s l y  the h i g h e r  p roduc t i on o f  t he Amer ican d ams wa s 

no t due t o  b r e ed i ng , but t o  env i ronmental  d i f ferenc es . 

An app rop r i a t e  d e f i n i t i on o f  a ' h igh - y i e ld ing ' cow m i ght 

b e  the r e fo r e  : 

"The cow that can p roduce the mo s t  m i l k  under  a 

g iven s e t  o f  env i ronment a l  cond i t ions . "  

1 .  3 . 1  Ev id enc e from energy m e t abo l i sm s tud i e s . 

B e fore  out l in ing c h a r a c t er i s t ic s  o f  h i g h  y i e ld ing cows 

us ing d a t a  from energy bal anc e  s tud i e s , it is e s s en t i a l  

t o  con s ider t h e  e xp e r iment a l  methods u s ed i n  s tud i e s  

o f  energy me t a bo l i sm ,  and the po s s i b l e  l imi tat ions  o f  

t h e  ev idence der ived from energy b a l ance exper iment s .  

The  p a r t i t ion o f  energy w i t h i n  the a n ima l i s  s hown in 

F i gure 1 . 1 .  

The maj o r  t echn i que u s ed t o  s tudy en ergy metabo l i sm 

is  the c a l o r ime t r i c  b a l anc e (ARC , 1 9 80) . In  a 

c a l o r i me t r i c  b a l anc e , d i r e c t  mea s ur emen t s  are  made  

of  the  �r o s s  energy in take and the energy o f  faec e s , 

ur ine , me t hane , and m i l k  ( fo r  l a c t a t i ng anima l s ) . 



To t a l  heat produc t ion i s  u s ua l l y measured ind i r e c t ly 

from r e sp i r a t o ry g a s  exchang e s  and inc l ude s he a t  

r e sul t ing from b o dy t i s s ue c at abo l i s m ,  heat p ro duced 

a s  a r e s ul t o f  ma i n t enance  p r o c e s s e s , heat produced 

dur ing the conve r s ion of d i e t ary energy to mi l k , and 

1 0  

a l s o heat  produced from rumen fermentat i on (Mo e  e t  a l . 1 9 7 1 ) . 

Grbss , energy 

I 
Digestible energy 

Faecal e nergy 

Heat inc rement 

Metabol i sable 
energy 

Urinary 
energy 

Energy used for 
maintenance 

Total heat Production 

I 
Methane 

energy 

Energy 
Stored or Secreted 
(Body ) (mi lk ) 

F IG . l . l: Partition in g  o f  feed energy within the animal 

C hange in body t i s s ue energy i s  no t measured , but i s  

e s t ima t ed b y  d i f f e r e nce ; namely g ro s s  energy int a ke 

m inus the sum o f  f a e ca l , ur inary , m e t hane , heat , and 

m i l k  energ i e s . T i s sue energy i s  subj ect  the r e fore  t o  



the  cumu l a t ive  e r r o r s  o f  m e a surement o f  the o t her 

f iv e  energy o u tput s and is  a s s o c i a t ed with t he 
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l ar ge s t  e r r o r  o f  d e term i na t i on o f  any o f  the mea sur emen t s  

(Moe e t  a l . 1 9 71) . 

The r e  are  a l s o  c o n s iderab l e  pro b l ems a s s oc i a ted w i t h  

t he s t a t i s t i c a l  ana lys i s  o f  c a l o r ime t r i c b a l ance 

e xp e r imen t s . For  examp l e , Mo e et  a l . ( 1 9 7 1 )  out l ined 

t he me thods o f  o b t a ining par t i a l  r e g r e s s ion c o e f f i c i en t s 

wh i c h  r e l a t e  c omp onen t s  o f  energy b a l ance t o  m e t abo l i s a b l e  

ene r gy intake b y  mu l t ip l e  r e g r e s s ion t echnique s .  

The fo l l owing mod e l  wa s u s ed by t hem t o  rep r e s ent the  

r e lat ion b e tween d i e tary energy intake  and the u s e  of  

energy by  t he l ac t a t ing anima l : -

ME = k1MBS + k 2 m i l k  + k3T I SP + k4T I SN + a 

whe r e  

ME = me tabo l i s ab l e  energy 

MBS = l ivewe i ght in kg ra i s ed t o  the 3 / 4  p ower 

TI SP = b o dy t i s s ue energy ga in  

T I SN = b o dy t i s sue energy lo s s  

m i l k  = m i l k  energy 

k = p a r t i a l  regre s s ion c o e f f i c ient 

a = a c on s t ant t e rm . 

Mo e ( 1 9 8 1 )  s t a ted : "Wi t h  s everal  p hys i o l o g i c a l  p r o c e s s e s  

o ccur r i ng s imu l t aneous l y , however , e s t imat e s  o f  p ar t i a l  

e f f i c i ency fo r e a c h  p r o c e s s  are c l ouded by exp e r imen t a l  

e r r o r  and a l s o  by nec e s s ary a s sump t i o n s . The mo s t  

troub l e s ome a s s ump t ion conc e rns ma int enanc e " . 

Some o f  the s t a t i s t i c a l  p r o b l ems a s s o c i ated w i th 

mul t ip l e  r e g r e s s io n  ana ly s e s  such a s  t ho s e  out l ined above 
, 



are : -

there  i s  c o - l inear i ty b e tween the indep endent 

va r i ab l e s , 

- s ome o f  t h e  var i ab l e s  have l a r g e  error s ,  nam e l y  

ME and T I SN and T I SP ; in add i t ion ; e r r o r s  wh i c h  

a r e  common t o  b o t h  indep endent  and dep endent 

var i ab l e s , 

- i t  i s  l i k e l y  that the r e  wi l l  b e  corr e l a t ions  

b e tween t h e  errors  o f  t he va r i a b l e s . 

Van E s  ( 1 9 7 6 )  p o inted out that : 

"The r e s ul t ing reg r e s s ion equa t i o n s  a r e  very we l l  

s u i ted t o  p r e d i c t  the dep end ent v a r i a b l e , but fo r 

s t a t i s t i c a l  r e a s on s  the i r  r egre s s io n  coeff ic i en t s  

l ack phys io l o g i c a l  s i gn i f i c ance . "  

Obvious ly  t he nature o f  c a l o r ime t r i c exp e r imen t s  and 

the s t a t i s t ic a l  method s u s ed to p ro v i de many o f  the  

e s t ima t e s  of  e f f i c i ency , make int e rp r etat ion o f  

ene rgy b a l anc e da t a  very comp l ex . 

1 2  

Ev idenc e from ene r gy b a l ance exp er iment s wh i c h  r e l a t e  t o  

h i g h  p r o duc ing  cows i s  cons ider ed in  te rms o f�-

1 .  The ab i l i ty o f  cows to me tab o l i s e  fe ed  e n e r gy . 

2 �  The intak e , e f fi cien cy o f  use an d parti t ion ing o f  

me tab o l i s able ene r gy t o  m i l k  and 1 i vewe i gh t  g a i n . 



1.3 . 1 . 1  Me tabo l i s ab i l i ty 

The me tabo l i s ab i l i t y  o f  t he g ro s s  energy o f  fe ed ( q )  

i s  d e f ined as  t he me t a b o l i s a b l e  energy o f  a d i e t  

d iv id e d  b y  t h e  gro s s  energy (ARC , 1 9 80) . The  

me tabo l i s ab l e  energy (ME ) of  a feed is  its  g ro s s  

energy l e s s t he energy l o s t i n  the  faeces , ur ine , 

and me thane . The ma in d e t erm inant o f  me t a bo l i s a b i l i ty 

i s  d i g e s t i b i l i ty .  

The d i g e s t i b i l ity o f  a feed  i s  genera l ly e s t ima t ed a t  

t h e  ma in tenanc e l eve l o f  feed ing us ing non - l ac t at ing , 

non - pr e gnant s heep o r  c at t l e . However the v a l u e s  fo r 

d i g e s t i b i l i ty me asured at  four t o  five t ime s 

ma int enanc e intake w i t h  mi l king c ows we re l ower than 

tho s e  value s mad e at ma int enanc e int ake 

( s e e Tyrre l l  and Moe , 1 9 7 5 , for re ference s ) . There  

was , on ave rage , a dep r e s s ion of  four % un i t s  o f  

d i g e s t i b i l i ty for each inc r ea s e  i n  intake equival ent 

t o  ma i n t enance fo r forage/ c oncen t r a t e  d i e t s  

(Tyrre l l  and Mo e ,  1 9 7 5 ) . 

One o f  t he c o n s equen c e s  o f  the d e c r e a s e  in r a t ion 

d i g e s t i b i l i ty w i t h  inc r e a s ing i n t a ke was the  need t o  

inc re a s e the  a l l owance o f  energy p er kg m i l k  w i t h 

inc r e a s i ng p ro duc t i on (NRC , 1 9 6 6 ) . 

There i s  l im i t ed evidenc e ava i l ab l e  c onc ern i ng the 

e f f e c t  of i ncreas ing int ake on the d i ge s t ib i l i ty o f  

pas ture . Dig e s t ib i l i ty meas ur ement s  made w i t h  

l ac t a t i ng d a i ry ·cows (Tr i gg e t  ·ar . 1 9 80) and s h e e p  
(B l axte � , 1 9 6 2 ; Ra tt ray and Joyce , 1969 ; · Gra inge r: 
et a l . 1 9 8 2 )  fed on p as ture at  diffe rent i n t ak e s  have 
con fi rme d the de cl ine . in d i ge s t i b i l i ty w i th in c re as ing 
int ake . 
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H u t t on ( 1 9 6 3) compare d the d i ge s t ib i l i ty o f  p a s ture 

fe d to l ac t a tin g and n on - l ac t a t in g  i de n t i c a l  twin  

cows ove r  a 36  we ek p e r i o d , and  re c o rde d  a w i t h i n -

s e t di f fe re nce i n  di ge s t ib i l i ty a ve raging  0 . 7 

pe rce n tage un i ts in favour o f  the non - l a c t a t i ng group . 

The non - l ac t a t in g  twins , on ave r a ge , consume d on ly 6 5 %  

o f  the intake o f  the i r  l ac t a t i n g  c o - twins. At a l a te r 

da t e , Hut ton ( 1 9 7 1 )  comme nted: 

" B e cause  p l ane o f  nut r i t i on has  a much s ma l l e r  e ffe c t  

on app a ren t di ge s t ib i l i ty o f  p a s t ure herbage th an wi th 

mo s t  r a t i ons avai l ab l e  in  the fe e dl o t , th i s  e ffe c t  i s  

much l e s s  s i gni fi cant i n  the New Z e a l an d  envi ronme n t . "  

Wh i l s t  at  h i ghe r fee d i n g  l e ve l s  the l o s s e s  in  fae c a l  

e n e r gy incre as e , me thane a n d  uri nary ene rgy l o s s e s , 

e xp re s s e d  as a pe rce n t a ge o f  gros s energy , o r  d i ge s t ib l e  

e ne r gy , de c re as e  ( B l a x te r ,  1 9 6 9 ) . 

1 4  

Whe th e r  o r  n o t  the me t ab o l i s ab le e ne rgy o f  a d i e t  fa l l s  

w i th i n c re as ing in tak e  w i l l  de pe nd o n  the e x te n t  t o  wh i ch 

the i n c re as e  in fae c a l  ene r gy l o s s e s are b a l anced by the 

de c re a s e  in me thane and urin ary e ne r gy l os s e s .  Tr i g g  

e t  a l . ( 1 9 80)  found th a t  de cre a s e s  o f  ene rgy d i ge s t ib i l i ty 

a t  h i gh e r  l e ve l s  o f  in t ake we re compen s a te d  fo r by 

concomi t an t  re duc t i on o f  e n e r gy l oss th rough urine and 

me th ane e xcre t i on . The me t ab o l i s ab i l i ty of the pas ture 

in the e xpe r ime n t s  ca r r i ed out by Tr i gg e t  a l . ( 1 9 80)  

range d from 0 . 5 4 to 0 . 6 1 .  Van Es  ( 1 9 7 5 )  s u g ge s te d  th at 

the de c re ase  in me th ane and ur ine e ne rgy l o s s e s  wi th 

i n c re a s i ng in take i s  p a r t ly due to an incre as e d  rate 

o f  p a s s a ge o f  d i ge s t a re s u l t ing i n  l owe r me th ane 

p e rce n t age s , and partly  to the l owe r pe rce nta ge o f  

the foo d N e xc re ted  a s  ure a a t  h i gh e r  m i l k  y i e l ds .  

B l ax te r ( 1 9 6 9 )  comb ine d the da t a  re l a t ing 

me t ab o l i s ab i l i ty o f  the fe e d  to fe e d ing l e ve l  and i ts 

e f fe c t  on dige s t ib i l i ty i n t o  a s in g l e  e q ua t i on . 



qL 

where 

qL 

qm 

L 

= 

= 

= 

= 

qm 
+ (L - 1  ) ( 0 . 20 ( qm - O .  6 2 3  ) )  

me t abo l i s ab i l i ty o f  . g ro s s  energy a t  

feeding l eve l , 

me tabo l i s ab i l ity o f  g ro s s  energy at 

f e e d ing l eve l , 

any 

ma int enanc e 

mu l t ip l e  o f  ma int enan c e  feed ing leve l . 

From t h e  a bove equat ion , f o r  d i e t s  with  a 

me tabo l i s ab i l i ty o f  0 . 6 a t  m a in t enanc e intake , t h e r e  

i s  n o  c hange in metabo l i s a b i l i ty w i t h  inc reas ing intake , 

but when the me tab o l i s ab i l i ty a t  ma intenanc e i s  l e s s  

than 0 . 6 ,  me tabo l i s ab i l i ty d e c r ea s e s  w i t h  i n c r e a s ing 

intake (Tab l e  1 . 2 ) .  

Tab l e  1 . 2  The e f fec t o f  i n t ake on me tabo l i s ab i l i ty 

o f  d i f fe r ent qua l i ty d i e t s pred i c t ed 

from the equa t i o n  o f  B l ax t er , ( 1 9 6 9 ) . 
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Metabo l i s ab i l i ty M e t ab o l i s a b i l i ty Me t a b o l i sab i l i t y  

at ma intenance at t w i c e  ma i n t enanc e a t  four t imes  

intake i n t a k e  ma i n t e nanc e i n t ake 

0 . 60  0 . 60 0 . 5 9  

0 . 5 5  0 . 5 4  0 . 5 1  

0 . 50  0 . 4 8  0 . 4 3  * 

* i t  may not  b e  po s s ib l e  t o  have an  int ake o f  four t imes  

ma i n t enance a t  this  ' q '  va l u e . 

A mo re  d i r e c t  analys i s  o f  7 2  e xp e r imen t s  in wh i c h  l ev e l  

o f  fe ed ing was var i ed , con f i rmed the o ccurenc e o f  

depre s s ions o f  m e t a bo 1 i s ab i l i ty w i t h  poorer d i e t s  

(ARC , 1 9 8 0) . 



In add i t ion t o  the evi dence p resente d  above , whi ch 

ma inly conce rne d  the e f fe c t  o f  fee d i ng leve l  on 

me tab o l i s ab i l i ty ,  F l at t  ( 1 9 80 )  comme n te d , b ased on 

energy me t ab o l i s m  s tudie s done at Be l t s vi l le , tha t  

the re are on ly s ma l l  di f fe rence s  be tween indi v i dual 

anima l s  in  the i r  l o s ses  o f  ene r gy i n  f aeces , ur ine ,  

and me th ane . Thus i t  appe ars  re a s o n ab le to s ug ge s t  

tha t  di f fe ren ce s  i n  the ab i l i ty o f  h i gh and l ow 

pro duc ing cows to  me tab o l i se feed ene r gy are s ma l l 

when re as onab le q ua l i ty die t s  are o f fe red . Howeve r  

there i s  no d i re c t  e v i dence t o  ve r i fy th is  s ug ge s t i on . 

1 . 3 . 1 . 2 .  The i n t ake , e ffi c iency o f  use ,  an d 

par t i t ioning o f  me tabo l i s ab le ene rgy .  

Cal o r ime t r i c  b a l ance s tudie s. have p l aye d an imp o r tant 

role in es tab l i sh i n g  the n a ture o f  the re l a t i on be tween 

me t ab o l i s ab le ene r gy i n t ake (ME l )  and the output o f  

ene r gy i n  mi lk . 

I t  h as been shown th a t  the re i s  a l ine a r  re l a t ion 

be tween t o t al ene r gy b a l ance ( m i lk p l us t i s s ue ene r gy )  
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and ME l ( Moe and Ty rre l l ,  1 9 7 5 ; Van E s  and Van de r Hon i g , 

1 9 7 9 ) . Howeve r  w i th incre a s ing  leve l  o f  nut r i t i on , f o r  an 

indi vi dua l ani m a l , there is an i n c re a s i ng dive rs i on o f  

ene r gy away from mi lk i n to b o dy t i s s ue ,  thus m i l k  

produc t i on doe s n o t  i n c re ase l i ne a r l y  w i th ME l ( F i gure 1 . 2 ) .  

Moe and Ty rre l l  ( 1 9 7 5 )  provided e v i dence wh i ch con fi rme d  

the se re l a t i on s  be tween ME l and the componen ts  o f  t o t a l  

ene r gy b a l ance . When mi lk p r o duc t i on was p l o t te d  a g a i n s t 

ME l the re was a w i de s c a t te r  o f  p o i nts  be cause the 

prop o r t i on o f  e ne rgy fo r b o dy t i s s ue was not  cons i de re d . 

Howeve r , t o t a l  ene r gy b a l ance (mi l k  p l us b o dy t i s s ue)  

was rel a te d  c l o s e ly and l i near l y  t o  MEl . 



ENERGY 
OUTPUT 

TOTAL ENERGY 
BALANCE 

____ -T- MILK ENERGY 
______ -JY2 

X2 

> 

METABOLI SABLE ENERGY INTAKE 

F IG .  1 . 2  I n  contrast to total energy balance , mi lk production 
is not linear with ME intake but is subj ect to 
diminishing returns in that an increasing amount of 
energy is diverted into body ti ssue energy at higher 
feed i ntakes ( from Moe and Tyrrell , 1 9 7 5 ) . 
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Therefore i t  i s  c l ea r  that  the re l a t ion b e tween 

m i l k  produc t i o n  and ME l is no t a s imp l e  one b e c au s e  

o f  concomi t an t  c hang e s  in  body t i s s u e  energy . 

The di fficu l t i e s  in d e t ermin ing p a r t i a l  e f f ic ienc i e s , 

which r e l a t e  c o mp onent s o f  ene r gy b a l ance to ME l , 

are  cons iderab l e  and were d i s cus s ed ear l ier ( s ee 

1 8  

S e c t ion 1 . 3 . 1 ) . F o r  t h i s  rea s on i t  app ear s inapp rop r i a t e  

t o  comp are an ima l s  w i t h  regard to t h e ir part i a l  

e f f i c ienc i e s . De sp i t e  the l imi t a t i ons , there have n e v e r t he l e s s  

b een seve r a l  r e fe renc e s  i n  the l i t e r ature t o  fac t o r s  

a f fect ing p a r t i a l  e f f i c i enc i e s  and Moe and Tyr r e 1 1 ( 1 9 7 5 ) , 

rev iewing energy b a l anc e measuremen t s  made a t  

Be l t svi l l e , conc l uded tha t the r e  i s  l i t t l e  evi denc e t hat  

the p a r t i a l  e f f i c i ency for  mi l k  synthe s i s  ( k� )  var i e s  

w i th l evel o f  mi l k  y i e l d . Fur thermo r e , Moe e t  a l .  ( 1 9 7 2 )  

c onc luded t h a t  k� i s  subj e c t  t o  l i t t l e var i a t ion b e twe en 

c ows s i nce the me tab o l i s a b l e  energy content of the d i e t  

i s  as soc i a t e d  w i t h  8 8 %  o f  the var i a t i on in k� . 

Van Es  ( 1 9 7 6 )  rev i ewing app roxima t e l y  1 1 50 b a l ance t r i a l s 

w i t h  lac t a t ing c ows ( inc lud ing the B e l tsv i l l e  dat a )  

c onc luded t h a t  genet i c a l  variat ion i n  k� be twe en an ima l s  

i s  smal l .  Whe t her o r  no t gene t i c  d i fferenc e s  b e tween 

an ima l s  we re  exp e c t e d  to b e  evident in  the s e  b a l ance 

t r i a l s  i s  no t c l e a r . 

S imi l arly  Van E s  ( 1 9 7 2 )  reviewing da t a  on ma int enanc e 

requiremen t s  f o r  ene r gy conc luded t h a t  within b r e ed s  

there wa s no conc lus ive evidenc e tha t h i gh o r  l ow 

ma int enanc e r equi r ement s a r e  her i t ab l e . Ther e  are , 

however , tru e  b r e ed d i ff e r ence s i n  f a s t ing me t abo l i s m  

( s e e  Web�t e r , 1 9 7 8  fo r r e ferenc e s ) . 

F r i s ch  and Ve r c o e  ( 1 9 8 0) s howed t ha t  s e l ec t ion for growth  

r a t e  in  a harsh t rop i c a l  environmen t ,  within a c l o s ed l ine 



o f  c ro s sbred  He r e fo rd x Shortho rn c a t t l e , wa s 

a s s o c i a t ed w i t h  a decre a s e  in f a s t ing me t abo l i sm .  

I n  a favourab l e  env i r o nmen t the r eve r s e  was  t he c a s e  

( F r i s c h  and Verc o e , 1 9 7 7 ) . 

Hea t  p r o du c t ion which i s  u sua l ly e s t ima t ed i nd i rect ly  

in  c a l o r im e t r i c  b a l ance  s tud i e s , can prov i d e  a mea sure 

of the e f f i c ie ncy of u s e  o f  met abo l i sab l e  energy (ME ) . 

I t  i s  l i ke l y  t o  b e  a mo r e  approp r i a t e  cr i t e r io n  on wh ich 

to comp a r e  t he e f f i c i ency of  energy u s e  by d i f ferent 

an ima l s  fed on one l ev e l  o f  MEl b ecause it  avo ids  many 

o f  the  a s s ump t i o n s  that  a r e  nec e s s ary to p ro v ide 

e s t ima t e s  o f  p a r t ial  e ff i c i enc i e s o f  the comp onents  o f  

ene rgy b a l ance . 

1 9  

B o t h  F l a t t  e t  a l .  (1 9 6 9 )  and Van E s  and Van d e r  Honi g ( 1 9 7 9 )  

conc luded t hat  the e f f i c i ency o f  u s e  o f  ME i s  the s ame 

fo r h i g h  and l ow p roduc ing cows , but the e x t en t  to wh ich 

the d i f fe r e nc e s  in produc t i on a re caused by gene t i c  

d i f fe r enc e s  be tween cows i s  unknown . 

To d a te ene r gy b a l ance e xpe r imen ts have no t b e en 

s p e c i f i c a l ly de s i gne d t o  e xamine whe the r o r  n o t  

h i gh a n d  l ow pro ducing cows di ffe r in  the p r op o r t i ons 

o f  me t ab o l i s ab l e  ene rgy p a r t i t i one d be twe e n  the 

syn the s i s  o f  mi l k  and b o dy t i s s ue .  F l a t t  e t  a l .  ( 1 9 6 9 )  

de mons t r a te d  the c apab i l i ty o f  h i gh produci n g  cows t o  

mob i l i s e  l arge q uan ti t ie s o f  b o dy t i s s ue dur i n g  e arly 

l ac t a t ion  and to depo s i t  i t  during  l a te l ac t a t i on . 

The amoun t o f  mi lk pro duce d ove r  the l ac t a t i on i n  th e i r  

s tudy , r ange d from 5 0 0 0  t o  8 6 0 0  k g , hence i t  was  pos s ib le 

to comp a re h i gh and l ow p ro duce rs . The ene r gy b a l an ce 

d a t a  fOF ind i vi dual cows we re poo l e d  ove r  the wh o l e  

l ac t a t ion , b ut the re w a s  n o  c l e ar re l a t i on b e twe en the 

amoun t o f  mi l k  p ro duce d and the as s oc i ate d ch ange s in . 

b o dy t i s s ue . Th i s  may h ave b een e xpe c te d  b e c aus e the 

i n t ake o f  me t ab o l i s ab le ene r gy w as n o t  f i xe d ; a h i gh l e ve l  o f  



m i l k  p roduc t i on was a s s o c i at ed w i t h  a h i g h  intake . 

Un for tuna t e l y  d a t a  fo r ind i v i dua l c ows w i t h in each  

s t age o f  l a c t a t i on were  no t pre s ent ed . 

Add i t ional  evidence (Mo e and Tyr r e ll , l 9 7 5 )  s howed a l s o 

t hat  t here was no re l a t ion b e tween t he produc t ive 

ab i l i ty of the  c ow and the a s s o c i a ted  c han g e  i n  body 

t i s s ue ; a g a i n  i ntake was no t f ixed . 

I n  con c l us i on , e vi de nce from c a l o r i me t r i c  s tud i e s  

s hows tha t  cows di ffe r i n g  in  p r o duc t i ve ab i l i ty do 

n o t  diffe r  in the effi c i ency w i th wh i ch they us e 

me tabolis abl e energy for total en e rgy b a l ance . 

Th ere fore i t  i s  l i kely that diffe rence s in p roduc t i on 

are re late d to the i n t ake o f  d i e t ary e�ergy , the 

ab i l i ty to  me t ab o l i s e fee d  energy an d an i nc rpased 

p a r t i t i on i n g  o f  die tary energy t o  the syn the s i s  o f  

m i lk rath e r  than body t i s s ue .  H owe ve r ins uffi c i e n t 

e vi den�e i s  ava i l ab l e t o  de te rm i ne the re l a t i ve 

i mportance o f  th e s e  three fac t o r s . 

None o f  the c a l o r ime t r i c  b a l anc e s tud i e s  revi ewed , 

actual ly s e t  out to comp ar e  cows whi ch d i ffered i n  

t he i r  gene t i c  ab i l i ty t o  produc e m i l k .  

( 
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1 . 3 . 2  Evidenc e from nut r i t iona l s tud i e s . 

1 . 3 . 2 . 1 ' F e ed i nt ake and po t e n t i a l  for  l ac t a t ion . 

One o f  t he ma j o r fac t o r s  whi c h  regul a t e s  food intake  

in  the cow , is  her p hys io l o g i c a l  s t a t e  ( B ine s , 1 9 7 6a )  
T hus a c o w  wi t h  a h i g h  l ev e l  o f  m i l k  produc t ion may 

be exp ec ted  to e a t  mo re  t han one g iv ing a l ow m i l k  

y i e ld . Pro  r a t a  feed ing sys t ems a r e  indeed b a s ed 

on the a s sumpt ion that mi l k  y i e l d increases  l inearly  

with  incre a s e s  in food intake ; c hang e s  in  l ivewe ight 

o f  the animal a r e  i gnored . The l im i tat ions o f  t h i s  

approach ar e we l l  recogn i s ed and have been ou t l ined 

by Bro s t e r  ( 1 9 7 6 ) . 

There i s  ev idenc e that l a c t a t ing cows wi l l  e a t  mo r e  

than non - l ac ta t ing cows ( Hut ton , 1 9 6 3 ; Hodg s on , 1 9 7 7 ) . 

Whe ther o r  no t a caus at ive r e l a t ion e x i s t s  b e tween 

mi lk  y i e l d  and l eve l of f e ed intake is s t i l l  in doubt 

( s ee B ro s t e r , 1 9 7 2  for re ferences ) .  Di ffer enc e s  

b e twe en anima l s  i n  l ivewe i ght  c hang e are l i k e l y  t o  ma s k  

the r e l a t i o n . Ano ther p rob l em conce rns the t e c hn i que 

of mu l t ip l e r e g r e s s ion ana l y s i s  wh i c h  is used t o  

p ar t i t ion the var i ance i n  energy intake be tween l ive ­

we ight , l ivewe i g h t  change , and mi l k  y i e l d ; o t h e r  t e rm s  

such a s  a g e  and s t a g e  o f  l ac t a t io n  a r e  s ome t imes 

inc luded a l s o  (Wa l l ac e , 1 9 5 6 ; Hut ton , 1 9 6 2 ; 

Curran and Ho l me s , 1 9 7 0 ;  Mar s h  e t  a l . 1 9 7 1 ; 

Bines et al. 19 77) . 
Curran and Ho lmes  U 9 7 � d i s c u s s ed i n  some d e t a i l  t he 

prob l em s  o f  the us e o f  mu l t ip l e r e g r e s s ion ana ly s i s  t o  

pred i c t  int ake . The ma i n  p r o b lems a r e  the corre l a t ions  
, 

be tween the ind ep endent var i a b l e s  and the p o s s i b i l i ty 

t hat var i ab l e s  which exp l a in a l a r g e  p a r t  o f  the  

var i a t i on in  i n take have been l e f t  out  of  the mode l . 
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The e s t imate d p a r t i al re g re s s ion coe ffi cien t s  w i l l  

b e  b i as s e d ,  h e nce do no t e n a b l e  the dis trib u t i on o f  

ene r gy b e tween p e r forman ce func t i on s  to be 

de t e rmine d ac cur a te ly ( N . B .  a mo re comp l e te d i s cus s i on 

o f  th i s  top i c  i s  g i ve n  i n  Chap te r 4 ) . 

The re l a t i ve imp o r tance o f  vari ous factors a f fe c ti ng 

int ak e  was s umma r i s e d  b y  B ro s te r  e t  a l . ( 1 9 7 8 )  in a 

Tab l e  wh i ch i s  rep roduce d h e re ( Tab l e  1 . 3 ) .  F rom th i s  

Tab l e  i t  i s  c l e ar  tha t  the two fac t o rs wh i ch e xp l a in 

mos t o f  the va r i a t ion i n  i n t ake , wh i ch can b e  accoun te d  

for , a re l i vewe i gh t  and m i l k  yi e l d .  

Tab l e  1 .  3 Re l a t i ve imp o r t ance o f  var i ous f a c t o r s  

i n f l ue ncing  in take in  s ome pub l i s h e d  

e q ua t i ons , b as e d  on a n  e xamp le o f  a 

S O O k g  cow g i vi n g  30 k g  o f  mi lk pe r day , 

l os ing  O . Sk g  l i vewe i gh t  pe r day , and 

re ce i ving  a r a t i on of 7 S %  concen t rate s ;  

2 5 %  forage ( dry mat te r b as i s ; Tab l e  taken 

from B ro s te r  e t  a l e  1 9 7 8 ) . 
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Re fe rence Dry Amo un t o f  dry mat te r  
Ma t te r  intake Ea r t i  ti one d to 
I n t ak e  Live - Mi lk % 

Greenh a l gh and McDona l d  ( 1 9 7 8 ) 

McC u l l o ugh ( 1 9 74 )  

Bine s , Nappe r an d John s o n  
( 19 7 7 )  

Min i s t ry Agri c ul ture and 
F i s he r i e s Foo d ( 1 9 7 S )  

Hypp o l a  ,and H a s une n ( 1 9 70) 

Con rad , Prat t and H i b b s  ( 1 9 6 4 )  

Me an 

* LWC = l i vewe i gh t  change 

( K g )  we i g h t  y i e l d  

1 7 . 1  1 1 . 1  6 . 0 

1 3 . 8  6 . 4  10 . 8  

# 1 3 . S  10 . 6  4 . 1  

l S . S  1 2 . 5  3 . 0 

1 9 . 2  1 7 . 3  1 . 9  

1 6 . 0  1 2 . 0  4 . 3  

1 4 . 7  10 . 6  4 . 9 

# he i fe rs ( v a l ue s  for c ows are about 2 4 %  h i ghe r )  

LWC * con c . 

- 2 . 4 - 1 .  0 

- 1 .  2 

-0 . 3  

- 0 . 6 - 0 . 2  



B ines  ( 1 9 7 6b ) , b a s ed o n  l im i t ed ev idenc e , commen t ed 

that dur ing t he g r owth pha s e  there a r e  some  cons i s tent 

var i at ions  in app e t i te be tween an ima l s  o f  s imi l ar 

l i vewe i g h t  and t h a t  t h i s  may b e  u s e fu l  to pred i c t  

app e t i t e  o f  t h e  ma ture  cow . 

I t  is  c onc luded that  there i s  no s imp l e  r e l a t ion  

b e tween milk  y i e l d  and int a ke . 

1 . 3 . 2 . 2 M i l k  produc t i on and 1 ivewe ight change . 

The is s u e s  cons i d e r ed here  c onc ern the par t i t ion ing 

of d i e t ary energy b e tween m i l k  y i e l d  and 1 ivewe i ght  

change on fi xed d i e t s  and t he respon s e  o f  h i g h  and 

l ow produc ing cow s  to c hang e s  in the i r  food int ake . 
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B i n e s  and Ha rt  ( 1 9 7 8 )  u s ing  data from Bro s t er e t  a 1 . ( 1 9 6 9 )  

demons t r a t ed how t h e  p a r t i t ion ing o f  energy can vary 

b e tween he i fe r s  g i ven equa l r a t ions (Tab le  1 . 4 ) . 

Tab l e  1 . 4  Va r i a t i o n  i n  fo o d  ut i l i s a t i on in  two da iry 

he i fe r s  g iv en e qua l r a t i o n s  fo r the  f i r s t  

6 7  day s o f  l ac t a t ion . 

I n i t i a l  1 ivewe i g h t  ( k g )  

T o t a l  m i l k  y i e l d  ( k g )  

L ivewe i ght c hange ( k g ) 

Cow A (poo r )  Cow B ( g o o d )  

5 1 7  

8 3 7  

+ 3 9  

5 20 

1 3 2 5  

- 5 2  
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Fur ther ev i d enc e ( B ro s t e r  e t  a l . 1 9 6 9 ; Bro s t e r  e t  a 1 . 1 9 7 5 )  

wher e d a t a  from indiv idua l s  w i t h in groups o n  f ixed d i e t s  

� re ana l y s e d  b y  r e gre s s ing 1 ivewe ight chang e o n  m i l k  

produc t i on , showed t h a t  t h e  h i gh y i e l d ing a n ima l 

produced extra  m i l k  at  the exp en s e  o f  body r e s erve s . 

A numbe r  o f  exper ime n t s  have s hown that h i g h  y i e l d i ng 

cow s inc rea s e  the i r  m i l k  y i e l d  mo r e  t han l o w  y i e l d ing 

cows when t he feed ing l ev e l  is  inc r ea s ed ,  e i th e r  w i t h  

a pro r a ta sys t em of f e e d ing 

(Ma t h e r  e t  a l . 1 9 6 0 ;  B rown et  a l . 1 9 6 2 : G r i f f i t hs , 1 9 6 5 ; 

or by a fixed amount 

( B ro s t e r  et a l . 1 9 6 9 ; Bro s t er e t  a l . 1 9 7 5 ;  J o hn s o n , 1 9 7 7 ) . 

Bro s te r  e t  a l. ( 1 9 8 1 )  summar i s ing s ome o f  t h e  exp e r imen t a l  

e s t ima t e s  c a l cu l a t ed a mean va lue o f  0 . 008kg m i l k  change 

in r e sponse . to  1 MJ me tabo l i s a b l e  ene rgy/ kg d i f ferenc e 

in in i t i a l  m i l k  y i e l d . The r e fo r e  an add i t iona l 1 5 kg 

in i t i a l  y i e l d  ( fo r  examp l e , 3 5 kg / d ay versus 20k g / day ) 

l e a d s  t o  a doub l i ng o f  the  mean r e sponse  o f  0 . 1 l 4 kg 

mi l k/MJ me tabo l i s a b l e  ene r gy . 

No t a l l  e xpe rimen t s  h ave fo und a po s i t i ve re l a t i on 

be twe en po ten t i a l  o f  the cow and h er re spon s e  in 

mi lk y i e l d  to an incre as e in i n t ake ( Je ffrey e t  a l . 

19 7 6 ; Johns on , 1 9 7 9 ; Os te rga ard , 1 9 7 9 ; Ste e n  and 

Go r don , 1 9 80 ) . 

Os t e r g aard ( 1 9 7 9 )  and S t e en and G o rdon ( 1 9 8 0) found 

t h a t  re spon s e  was not  r e l a t e d  to po t en t ia l  o f  c ows 

when h i g h  qua l i t y  b a s a l  d i e t s wer e  o f fered ad l i b i tum .  

Bro s t e r  and Thoma s ( 1 9 8 1 )  p rovided an exp l anat i o n  for  

the app arent d i s c r epancy in r e sp o n s e  related  t o  cow 

p o t e n t i a l . They p r opo s ed two y i e l d  r e spons e  curv e s  
, 

( F i gu r e  1 . 3 ) which show that w i t h  l ow and f ix ed l eve l s  

o f  feed ing t he r e spons e by t he h i gh y i e lder i s  great er  

than t h a t  o f  t he l ow y i e l d e r  ( i . e . r l > r 2 ) .  



Cows g iven good qua l i ty f o r a g e  ad l ib i tum wi l l  have a 

h i gh b a s e  l eve l o f  feeding and fur thermore h i g h  y i e ld ing 

cows wi l l  have a h i gher intake t han l ower y i e l d e r s  and 

thus t h e  r e spon s e  to an add i t ional  amount o f  c o nc e n t r a t e  

energy t ends to b e  very s im i l a r  ( i . e .  r3  = r 4 ) . 

Mi lk output 
I I 

I I I I I I I 
I I 

I I 
, 

I 
I 

I 
I I I 

, 
I I 

I 
I 

I 

Ad libitum feeding 

I I 
I 
IFixed feeding 
I 

High y i e lder 

Low yi elder 

Intake of Metabo l isab le energy 

F IG . l . 3 The re sponse o f  low and high yielding cows to an 
add i tional input of energy . ( Taken from Broster 
and Thomas , 1981) . 
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The ex t e n t  to w h i c h  r 2 approaches  r 4  w i l l  dep end o n  t h e  

d i fference in  c ow p o t ent i a l  a n d  t he c o e ffic i ent r e l a t ing 

intake to  curr e n t  y i e l d . This  e f f e c t  may a l so b e  

confounded b y  t he sma l l  inc re a s e  i n  t o ta l  energy intake 
. 

with add i t ional c oncentrat e s  c o ns equent upo n  a h i g h  

sub s t i tut i o n  r a t e .  



Thus when d i f f e renc e s  in r e s p on s e  c aus e d  by the  e f fe c t  

o f  current y i e l d  and var i at ion i n  s ub s t i tut ion r a t e  a r e  

taken into account , t h e  app arent  c on f l i c t  in  r e s p on s e  

obs e rve d w i th f i x e d  and a d  l ib i tum fe e d ing r e g ime s c an 

be  r e s o lved ( B r o s t e r  and Thomas , 1 9 8 1 ) . 

The exp l an a t i on by B ro s t e r  and Thomas ( 1 9 8 1 )  do e s  not  
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app ear  t o  exp l a in why John s o n  ( 1 9 7 9 ) and J e f frey e t  a l. ( 1 9 7 6 )  

d i d  not o b s e rve g r e a t e r  respons e s  from h i g h  y i e l d in g  

cows . I n  t he exp e r imen t  b y  J o hn s on ( 1 9 7 9 )  the  b a s a l  

l evel  o f  f e e d i n g  wa s n o t  ad l i b i tum and two fixed l eve l s  

o f  conc entra t e s , r e gardl e s s  o f  y i e l d  we re fed above t h e  

b a s a l  rat ion . Thi s imp l i e s  t h a t  the  feeding l eve l s  were 

fixed fo r c ows of  b o th y i e l d  p o t en t i a l s ; name ly  me an da i l y 

peak y i e l d s  ( k g ) o f  3 5  and 2 9  for  h i gh and l ow y i e l d c ows . 

The d i ffe rent  l eve l s  o f  conc en t ra t e s  we r e  fed only  dur ing 

the p e r iod from we e k  9 to 2 0  o f  l ac t a t ion and the  

di fferenc e s  in  m i l k  y i e l d  be twe e n  t he two l eve l s  o f  

concen t r a t e s  f e d , were  1 2 0  and l 1 5 k g  fo r h i g h  and l ow 

y i e lding c ows r e sp e c t ive ly . 

Je ffrey e t  a l .  ( 1 9 7 6 )  in  a s e r i e s  o f  exp e rimen t s  found that 

the  re spon s e  to  gr a in supp l ement a t i on for c ows gra z ing on 

pas ture was  s im i l a r  from bo th l ow and h i gh p roduc ing c ows 

and not a f f e c t e d  by s t age of l ac t a t ion o r  a g e . The me an 

mi l k  y i e l d s  o f  the c ows invo l ve d  in t he s e  exp e r iment s  ranged 

from 8 - 1 4 kg cow - I , hehce the o ve ra l l  l evel of f e e d ing  was 

app aren t l y  l ow ,  and a d i fference in  r e sp ons e b e tween h i gh 

and l ow p r o duc ing c ows may have b e e n  exp e c t e d , b a s e d  on 

the e v i dence  of Bro s t e r  and Thomas ( 1 9 8 1 ) . S ince  indi vi dua l 

in t ake s o f  p as ture and grain we re n o t  me asure d ,  i t  was  n o t  

po s s ib le , t o  de t e rmine the' de g re e  o f  s ub s t i tut i on o f  p as t ure 

by grain , o r  whe the r the r a te o f  s ub s t i tution di f fe re d 

b e tween h i gb an d l ow p ro ducing cows . ' 



The type o f  die t fe d m ay al s o  in f l uen ce the re s p on s e  to 

e x t ra fe e d .  B ro s te r and Thomas ( 1 9 8 1 )  s ugge s te d  a 

curvi l ine a r  re l a t i on be twee n  e n e r gy i n t ake an d mi l k  y i e l d  

fo r a fo rage : c on ce nt r ate d i e t . Mo s t  data tha t  are 

ava i l ab l e  fo r pas t ure fe d cows indi c a te a l i ne ar  respon s e  

to  incre as ing l e ve l s  o f  fee din g ( B ry an t , 1 9 8 0 ; 

S t o ckdale  e t  a l . 1 9 8 1 ; Grain ge r  e t  al . 1 9 8 2 ) . Ce r t a i nly 

n o  data a re ava i l ab le to s h ow the curv a t ure in r e s p on s e  

in  c ows o f  h i gh p o te nt i al i s  s i gni fi can t ly l e s s  th an 

th a t  o f  l ow p roduc ing c ows a s  s ug ge s te d by B ro s te r 

( F i gure 1 . 3 ) .  The e ffe c t  o f  ab s o l ute p l ane o f  n ut r i t ion 

on d i f fe re nce in re s p on s e  by g r a z in g  c ows  of di f fe rent  

p o t en t i a l  the re fo re remains  s p e cu l a t i ve . 

Al th ough in gene ra l i t  app e ar s  th at h i gh p ro duc ing  cows 

w i l l  show l ar ge r  re s p on s e s  to e x t r a  fo o d  than l ow 

p roduc i n g  cows , th i s  i s  not a lways  s o . The p a r t i cu l a r  

sys te m o f  fe e ding a n d  the ab s o l ute p l an e  o f  nut r i t ion 

can in fl uen ce the re s p on s e . Furth e r  r e s e arch , 

p a r t icul arly  fo r c ows g r a z in g  on pas ture , wh e re 

s ub s t i tut ion e ffe c t s  c an be imp o r tan t , i s  warrante d .  

1 . 3 . 2 . 3  S t ock ing r a t e  expe r imen t s  w i t h  h igh and low 

produc i ng c ows . 

Ev i denc e on the p e r fo rmanc� o f  h i gh and low pro duc ing cows 

at d i ffe rent s t o c k i ng r a t e s  i s  l im i t e d  to  two exp e r imen t s  

wh i c h  have howeve r no t been  rep o r t e d  i n  any d e t a i l  

( Hut ton , 1 9 7 5 ; G l ee s on , 1 9 7 8 ) . 

Hut t on ( 1 9 7 5 )  r ep o r t ed an e xp e r iment done ove r three  

y e a r s  whe r e  the  p ro duc t ion o f  ident i c a l  twin  cat t l e  

(p r e suma b l y  low p ro duc e r s )  could  be  comp ar e d  to  that 

of h i gh p roduc ing c ows on farm l e t s  wh i c h  wer e  i r r i ga t e d  
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and s t o c ked at 5 . 6  c ows p e r  h e c ta re . The h i gh p ro duc ing  cows 

we r e  s e l e c t ed for a c t u a l  o r  p o t en t i a l l y  h i g h  m i l k  produc t i on .  



High p roduc ing c ows c on s i s t en t ly outproduc ed t h e  l ow 

produc ing  c ows , but the r e l a t ive advantage in  

produc t i on of  the  high  p r o duc ing cows  decre a s e d  over 

the t hr e e  years  of  the exp e r iment (Tab l e  1 . 5 ) . 

Tab le  1 . 5  

I t em 

Mi l k  fa t / cow 

(kg)  

Mi l k  fa t / ha 

The p e r fo rman c e  o f  h i gh ( H )  and l o w  ( L )  

pro duc ing cows o n  i r r i g a t e d  farml e t s  

s t o c k e d  a t  5 . 6  c ows p er he c tare 

( from Hut ton , 1 9 7 5 ) . 

Year H L Re l a t ive 
uc t i on 

H/ L 

1 9 7 2 / 7 3  1 5 1 1 3 4  1 . 1 3 

1 9 7 3 / 7 4  1 2 6  1 1 3  1 . 1 2 

1 9 7 4 / 7 5  1 1 5  1 0 8  1 .  0 6  

1 9 7 2 / 7 3  8 3 9  7 4 6  

1 9 7 3/ 7 4 7 0 1  6 2 7  

1 9 7 4 / 7 5  6 3 9  6 0 1  

2 8  

Prod -

The r e a s ons  for the  d e c l ine in t he r e l at ive p e r fo rmanc e 

of the h i g h  ver sus  low p r o du c ing c ows are not c l ear  s ince  

detai l s  on feed i n t ake s , p a s ture  p a r ameters , and 

l ivewe i g h t  c hang e s  are not g iven . 

Gl e e son ( 1 9 7 8 )  r ep o rted  an exp e r iment  c a r r i e d  o u t  for 

three y e a r s to d e t e rmine the i n fluen c e  of s to c k in g  r a t e  on 

da i ry me r i t . Add i t iona l d e t a i l s  have b e en g i ve n  in  

var ious r e fe renc e s  (Mc Fe e l y , 1 9 7 6  and  1 9 7 7 ;  

Mc F e e ly � t  a l . 1 9 7 7 ) . 
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The four t r e a tmen t s  we r e  h i gh qua l i ty cows s to c k ed 

a t  2 . 5  (HL ) and 3 . 1  (HH)  cows p e r  h e c tare an d l owe r q ua l i ty 

c ows s im i l a r l y  s to c k ed ( L L  and L H ) . The c ows  we r e  

o r i g ina l ly s e l ec t ed in  t he fi r s t  y e a r  o f  the  exp e r iment 

wi thin a p o o l  of 1 5 0  c ows  and t h e r e  were 18  c ows in  e a c h  

o f  t he four g r o up s .  Al l an ima l s  i n  any y e a r  we r e  

in i t i a l ly fed i n d o o r s  for  app r o x ima t e ly s ix weeks  and 

sub s equen t l y  g r a z ed from March to November . C onc en t r a t e s  

we re a l s o  fed , a l though i t  i s  n o t  c l ear  exa c t l y  when 

t h i s  was done . Of  imp o r tance t hough is  t h a t  the h i gh 

me r i t  cows w e r e  g iven mo r e  c onc ent r a t e s  than the l ow me r i t  

c ows , 4 3 0 ve r s u s  3 3 0kg . 

H i g h  me r i t  c ows p roduc ed mo re t han l ow mer i t  c ows at  b o t h  

s t oc king r a t e s  a l though t h e  d i f f e r e n c e  in m i l k  y i e l d  

b e tween the two d i fferent mer i t  group s  was g r e a t e r  a t  the  

l ow ve r sus h i gh s to c k ing rat e , name l y  1044  v e r sus 8 9 5 k g  
cow - I (Tab l e  1 . 6 ) . 

Tab l e  1 . 6  

I t em 

Mi l k  y i e ld 

( kg cow - I ) 

Mi l k  y i e l d  

( kg ha - � ) 

The  p e r fo rmance o f  h i g h  qua l i ty c ows s t o c k e d  

a t  2 . 5  (HL ) and 3 . 1 (HH)  cows / h a  and l ower  

q ua l i ty cows  s im i l a r l y  s toc ked ( L L  and  LH)  

o v e r  a thr e e  ye ar p e r iod  

( from Mc F e e l y  e t  a l . 1 9 7 7 ; Mc Fe e ly , 1 9 7 7 ) . 

H i g h  me r i t  Low me r i t  

HL HH LL LH 

4 1 8 7  3 6 9 2  3 1 4 3  2 7 9 7  

1 0 4 2 5  1 1 4 3 5  7 8 2 0  8 6 6 5  

Whe ther the i n t e r a c t ion b e tween s to c k ing r a t e  and g en e t i c  

me r i t  measured i n  terms o f  y i e l d  p e r  cow i s  s igni f i c a n t  

i s  no t c l e a r . Part  o f  the  o b s erved d i ffer. enc e i n  m i l k  



y i e l d be twe en h i g h  and l ow me r i t  c ows could be  

a t t r ibutab l e  t o  the greater  amount o f  concentrat e s  

r e c e ived b y  the h i g h  c ows . 

B o t h  exp e r iment s (Hut ton , 1 9 7 5 ;  G 1 e e s on , 1 9 7 8 )  p r o v i d e  

evidence that  the p roduc t ive mer i t  o f  c ows h a s  an e f f e c t  

o n  farm p ro duc t ivi ty me asured a s  output p e r  h e c t a re . 

Reasons  for  the inc r eas ed p e r f o rmanc e  are  not  appa r e n t , 

ma inly b e c aus e o f  a l ack o f  d a t a  p r e s ented . Fur the r 

de f i n i t ion o f  t h e  inf l uenc e o f  cow qua l i ty on output 
per  he c t a re i s . req ui re d .  

3 0  



1. 3 . 3 Conc l us ions 

Data  r e v i ewed ind i c a t e  t h a t  the h i gh y i e l d i ng cow 

pro duc e s  mo r e  mi l k  b e c au s e of an increas ed f e e d  intake 

and / o r  a g r e a t e r ab i l i ty to  p a r t i t ion di e t a ry ene rgy 

to  m i l k  y i e l d  a t  the exp en s e  o f  body r e s erve s . 
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The r e  i s  n o  evidenc e t o  sug g e s t  t hat h i g h  p r oduc ing c ows 

d i f f e r  e i ther  in  the i r  ab i l i ty ' to ' me tab o l i s e  f�e d ene rgy o r  

in t h e  e f f i c i ency wi th wh i c h  t h ey ut i l i s e  me t a bo l i s ab l e  

ene r gy . 

B a s ed on l im i t e d  data , p r o duc t iv e  ab i l i ty app e a r s  to  

b e  an i mp o r t ant  fac t o r  in d e t e rmin ing output p er h e c t are , 

a l though fur ther de f in i t i o n  i s  r equi r ed . 



1 . 4  GENE T I C  SELECT I ON EXPE R IMENTS 

Re sponse  to  s e l ec t ion app l i ed to anima l  popul at i ons i s  

a demon s t r a t ion o f  g ene t i c adap t i on to environment a l  

p r e s sur e s . A l though the  f i n a l  p h enotyp ic t r a i t , 

such a s  h i gh e f f i c i ency o f  m i l k  s o l i d s  p roduc t ion in 
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t e rms o f  food u s ed may b e  c l e ar enoug h , the c omb inat i on ( s )  

o f  b i ochemical  and p hys i o l o g i c a l  and b e hav ioural  

c hara c t e r i s t i c s  wh i c h  d e t ermine p heno typ ic p e r fo rmanc e 

for t hat t r a i t  a r e  not  known . The s ame l eve l o f  

p heno typ ic per fo rmance may r e s u l t  from a numb e r  o f  

d i ffe rent comb inat ions o f · c harac t e r i s t i c s , t he s e  having 

d i ffe rent g ene t i c  b a s e s  and s ome b e ing corr e l a t ed 

g ene t i c a l ly wi t h  o t h e r s . 

F r eeman ( 1 9 7 5 )  r ev i ewed exp e r imen t a l  d a t a  r e l a t ing to 

gene t i c  var iat ion in nut r i t ion o f  da i ry catt l e  up to 

1 9 7 5  and conc lud e d  that a l though t h e r e  is no doubt 

that when s e l e c t ion is app l i ed , mi l k  product ion is 

incre a s ed , the r e  is l i t t l e  o r  no r e a l  knowl e d g e  as 

to  the phys io l o g i c a l  changes  caus ed by s e l e c t ion . 

He went  on to s ay ; 

"The gene t i c  info rmat ion r e l a t ing t o  f e e d  use ; i . e .  

he r i t ab i l i t i e s  and g enet ic and env i ronmental  

corre l a t ions , inc l ude s p a r ame ter  e s t ima t e s  bas ed on 

c omponen t s  of var i anc e and r e gr e s s ions  that have g ene t i c  

interp r e t a t ions . T h e s e  par ame ter  e s t ima tes  a r e  c e r t a i n l y  

u s e fu l  and a l low p re d i c t i ons o f  exp e c t ed respon s e  t o  

s e l ec t ion . T h e y  c ertainly g ive a n  i d e a  o f  the  nature 

o f  quan t i tat ive g ene t i c  c ont ro l over g ro s s  mea s u r e s  o f  

f e e d  u s e , but s e l ec t ion exp e r iments  o r  ac tua l exp e r i en c e  

that  a l �ows mea s u r emen t o f  g ene t i c  c hang e s  i s  n e e d e d  t o  

help  v e r i fy the n a tu r e  and magni tude o f  t he s e  r e spons e s . "  



A s ummary o f  the ma in  p o int s from the review by 

Freeman w i l l  be  mad e and mo r e  rec ent evidenc e wi l l  

b e  cons i d e r ed in r e l a t i on to  the  ear l i e r  wo rk . 

1 . 4 . 1 Summary o f  t h e  ma in po int s o f  the r e v i ew 

by Fre eman ( 1 9 7 5 ) . 

The exp e r iment s r e v i ewed by F r e eman ( 1 9 7 5 )  a l l  had one 

common f e a tur e , nam e l y  t ha t  pro r a t a  feeding s y s t ems 

wer e  u s e d . Conc e rn i ng pro r a t a  feeding , Bro s t er ( 1 9 7 6 )  

ha s s t a t e d : 

" I t  s ho u l d  a l s o  b e  n o t e d  that exp er imenta t io n  b a s e d  o n  

r a t e s  o f  f e ed i ng p e r  un i t  m i l k  produc ed invo lves  an  

e l ement of  confound ing of  food and milk  wh i c h  s er ious ly 

l im i t s  interp r e ta t i o n  in terms of e f f i c i ency of food 

convers i on . " 

1 . 4 . 1 . 1  Gro s s  energe t ic e f f i c i ency .  

Many d i f ferent me a s ur e s  o f  gro s s  e f f i c i ency wer e  u s ed , 
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but a l l  we r e  b a s ic a l l y s ome r a t io o f  t h e  ene rgy produced 

in m i l k  to  the to t a l  ene rgy c o nsumed by the an ima l . 

Her i t ab i l i ty i s  t he r a t i o  o f  t h e  add i t ive g e ne t ic var ianc e 

in t h e  p opulat ion to  the  t o t a l  var ianc e . The t o t a l  

var i ance inc lud e s  b o t h  e nv i ro nment a l  and genet ic p o r t ions 

of  the  var i a t ion . He r i t ab i l i ty i s  the  fra c t ion of  the  

s e l e c t ion d i fferent i a l , o r  the  t o t a l s e l ect ion  pr ac t i s ed 

tha t i s  e xp e c t e d  to  r e s ul t in  g ene t i c improvement i n  the  

next  g ene r a t ion . 

The her i t ab i l i t i e s  for gro s s  e ff i c i ency were a l l  p o s i t iv e  

and r e l � t i v e l y  l a r g e  ind i cat ing t h a t  gene t ic di f f e r en c e s  

w i t h i n  a breed are  l a r g e  enoug h  to a l low gene t i c  p r o g r e s s  

t o  b e  mad e . 



1 . 4 . 1 . 2  G ene t i c  d i f f e r e nc e s  i n  consumpt ion . 

One o f  the  mo s t  comp re h e n s ive exp e r iment s  was  done by 

Mi l l e r  e t  a l . ( 1 9 7 2 ) , who found that the  h e r i tab i l i t i e s  

o f  forage  int ake and t o t a l  n e t  ene rgy intake in  c ows 
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g iven fo r a ge a d  l ib i tum and c o nc ent rat e s  a c c o rd ing t o  

p roduc t io n  we re 0 . 1 9 and 0 . 4 2 . I n  genera l , 

r ep e a t ab i l i t i e s  (c o r r e l a t ion b e tween r ep e a t e d  meas ur emen t s  

on t he s ame  cow)  we r e  h i g h , rang i ng from 0 . 2 2 to 0 . 8 6 

and t he h e r i tab i l i t i e s  we re c l ea r l y  greater  t han z e r o . 

1 . 4 . 1 . 3 C o r r e l a t ed r e spo n s e s . 

C o r r e l a t e d  tra i t s  have g ene s in  c ommon wh i c h  i n f l uenc e 

the i r  exp r e s s i on . I f  two t r a i t s  are c o r r e l a t ed , then i f  

s e l e c t ion for one o f  t h e  tra i t s  i s  e ffec t iv e , an 

automa t ic chang e in t he s econd t r a i t  can be e xp e c t ed 

w i t hout any s e l e ct ion  b e ing purp o s e ly app l i ed to tra i t  

two . Phenotyp i c  c o r r e l a t ions  s imp ly measure the d e g r e e  

o f  a s s o c i a t ion b e twee n  two t r a i t s  i n  the  s ame an ima l 

that  i s  c au s ed by bo th  g en e t ic  and envi ronment a l  e f f e c t s .  

The  p heno typ ic  corre l a t ions  b e twe en y i e l d  and consump t ion 

and b e twe e n  y i e l d  and e f f i c i ency are  genera l ly h i g h , 

0 . 6 0 - 0 . 9 5 ,  except for  forage  intake with y i e l d  

(Tab l e  1 . 7 ) . 

G r a in and fo rage int a ke were  n e g a t iv e ly co r r e l a t ed 

b e caus e c ows were fed s o  that the  d i fferenc e b e tween 

r eq u i r emen t s  and to t a l  con sump t i o n  wa s me t by varying 

t he amount o f  g r a in o f f e r e d . In o ther wo rds  the feed ing 

r e g ime !nduced t h i s  c o r r e l at i o n . L ivewe i g h t  g a in wa s 

negat i ve l y  as s oc i at e d  wi th e f f i c i ency , y i e l d  and 

cons ump t i o n . 



Tab l e  1 . 7 Pheno t yp i c  c o r r e l a t io n s  among m e a s u r e s  o f  c o n sump t i o n , e f f ic iency , y i e l d ,  and we i g h t  
(Table taken from Freeman , 1 9 7 5 )  

T ra i t  

Y ie l d  

FCM 

M i l k  

C o n sumpt i o n  

G r a i n  
F o r a g e  
To t a l  

ENE 

To t a l  
t h e rms 

TON I nt a k e  

E f f ic i ency 

FCM/ FU 
FCM/ I O O  FU 
�Ia i n t e nance 
Fe:.!/ ENE 

t h e rm s  
TON t o  p roduce 

1 00 l b FGl 

Co n s umpt L o n  

G r a i n  Fo r a g e  

0 . 8 3b 0 . 1 0 b 

0 . 8 3b O . l O
b 

- 0 . 2 3 b 

0 . 58 b 0 . 6 6 b 

To t a l  
ENE 

0 . 7 Z b 
0 . 6 8 c 

0 . 7 0 ° 

a S i g n d i f (c r s  hecause  o f  de f i n i t i on . 
h �I i I  1 c r e t .1 1 .  ( 1  9 7  2 a )  . 
g Hooven et a 1 .  ( 1 968 ) . 

EfficienCt 
F M!100 
r:U �la i n ­

r:CM / F U  tcnance 

0 . 8 Zd 0 . 9 5 e 

0 . 8 4 i 

We ight 
TDN to Average 

FCM/ E � E  P r oduce Body (Mca l )  1 0 0 l b FCMaW e i g h t  

0 . 8 Zc 
- 0 . 7 1 f - O . l ld 

0 . 4 4 g 

O . O l
d 

0 . 4 2g 

b 0 . 7 4b - 0 . 3 2 
b - 0 . 1 8
b 0 . 4 9 

O . 1 7 b 

0 . 1 4 c 0 . 4 1 b 

0 . 6 4 g  

(1 . 0 8 f 

End of 
Hea r t  We i g h t  l ac t ­
G i r t h G a i n  a t i o n  

O . O Z e - 0 . 5 3 g 

- 0 . 5 3 g - 0 . 1 7 h 

b - O .  4 8
b 0 . 08 

- O . Z S b 0 . Z 7 h 

- 0 . 3 3g 

- 0 . 2 <1 e  - 0 . 4 t h 

- 0 .  5 1  g 

c Hoo v e n  c t  : l l .  ( I  ') 7 2 )  . 

J l;jelst :lJ'lnS :n 
c S y r s t aJ \ 1 � 6 � ) .  
f S t o ne 0 t  a I .  ( I  �1 ( l ll J . 

h M i 1 l 0 r  a t  a 1.  ( l \J 7 2 b l . �Ia S O l\ c r.  a l . 1 1 �I S 7 ) .  



Gen e t i c  c o r r e l at ions  were gene r a l l y  s im i l ar in s i gn t o  

t he p heno typ i c  corre l a t ions a n d  l ar g er in  ma gni tud e for  

t r a i t s  no t invo l v i ng we ight (Tab l e  1 . 8 ) . The  g en e t i c 

corre l a t i o n s  invo l v ing y i e l d , e f f i c iency and con s ump t i on 

a r e  l arge  e xc e p t  for tho s e  inc lud i ng forage intake . 

The g enet i c  c o r r e l a t ions b e twe e n  l ivewe ight g a i n  dur in g  

l a c t a t ion w i th y i e l d , con sump t i o n  and e f f i c i ency a r e  a l l  

l a r g e  and negat ive , excep t  fo r a g e  consumpt ion and l ive ­

we i ght g a i n , wh i c h  was e s t imat e d  a s  0 . 2 6 by 

Mi l l e r  e t  a l . ( 1 9 7 2 ) . 

3 6  

F r e eman conc l ud e d  by add ing a no t e  o f  c aut i o n , men t ioned 

ear l i e r , t h a t  t h e  p ro j e c t ion o f  c o r r e l a t ed r e spon s e s  a r e  

exp ec t ed r e spon s e s  and have no t b e e n  demons t r a t ed 

exp e r iment a l ly .  I n  add i t i on , wh e t her or not  the 

he r i t ab i l i t ie s  and c o r r e l a t ed r e spons e s  wou l d  b e  s im i l ar 

under d i f f e r ent  feeding r e g ime s was no t c l e a r  at the  t ime . 

1 . 4 . 2  Mo r e  r e c ent gene t i c s e l ec t ion s tud i e s . 

Al though t h e  g enet i c  s e l ec t io n  e xp e r imen t don e by 

Hickman ( 1 9 7 1 )  was reported b e fo r e  1 9 7 5 ,  it wa s no t 

inc luded in  the  rev iew by Fre eman ( 1 9 7 5 ) . 

The exp e r iment r ep o r t ed by H i c kman ( 1 9 7 1 ) , wa s s ta r t e d  

in 1 9 5 4  b y  s e l e c t in g  d a i ry c o w s  fo r h i g h  y i e l d  o f  t o t a l  

m i l k  s o l id s  over  t h e  f i r s t  1 8 0  days o f  l a c t a t ion , and t o  

mea sure c o r r e l a t ed gene t ic r e sp on s e s  r e sul t ing from t h e  

s e l ec t ion p r e s s ur e . Tr a i t s m e a s u r ed were feed e f f i c i ency , 

growth , and body s i z e .  

Fe ed cons ump t i o n  ( t o ta l  d i g e s t i b l e nutr i ent consump t i o n ; TDN)  

for eac h he i fe r  was e s t imated dur ing  the growth p ha s e  

( 1 8 0 - 2 4 0  days o f  ag e )  and dur ing  t h e  f i r s t  l a c t a t i o n  

( 6 0 - 1 2 0  d a y s  po s tpartum ) . Me a s u r ement s  o f  1 ivewe i g h t s  



T ab l e  1 . 8  G en e t i c  c o r r e l a t i o n s  a m o n g  m e a s u r e s  o f  c o n s ump t io n ,  
( Tab 1.e taken froITI Freeman , 1 9 7 5 )  

Co n sumEt l o n  ErF1c l e ncz: 
l'CM/ l O O  

T o t a l FU Ma i n -
Pa rame t e r  G r a i n  Fo r a g e  E N E  T h e rms FC�I/ FU t enance 

Y i e ld 
1 . 0 a 0 . 3 Z a a 0 . S 9d 0 . 94 e 0 . 8 S f FCM 0 . 8 Z b 0 . 8 6 

O .  S 3c 

M i l k  1 .  0 a O .  Z Oa 0 . 7 7 a 
0 . 7 6c 0 . S 6d 0 . 9 Sg 

C o n sumEt i o n  
G r a i n  0 . 3 3 a 
F o r a g e  

0 . 8 4 a 0 . 8 0a T o t a l  E N E  
To t a l  t h e rms 

�f f i c i encz: 
I'CM/ FU 
FCM/ l O O  ru 

1·la i n t e n a n c e  
FCM/ E N E  
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a M i l l e r  e t  a 1 .  ( 1 9 7 2a )  d Hooven ct a t .  ( 1 968 ) 
h l Iooven c t  a1 . ( 1 9 7 Z )  (' G j c l s t aJ'lT9S 3 )  
c M i l l e r  TTI1Il f S y r s t a d ( 1 % 6 )  

e f f i c i ency , y i e l d  and we i g h t  

FCM/ ENE 
�Ic a l  

0 . 9 3 b  

0 . 9 0a 
_ 0 1 1  a . a O . S O b 

0 . 6 1  

rCM/ ENE 
The rms 

O . S Sc 

0 . 8 6c 

0 . 4 7c 

0 . 6 4d 

g �Ia s o n  e t  a l .  

We lgfit 
Ave r a g e  

Body 
We i g h t  

e 0 . Z 9d 0 . Z 8 
- O . l l c 

e 0 . 1 9d 0 . 3 0 
- O .  l Zc 

- 0 .  Z l a 
0 . 9 3 a 
o 4 4 a . c 0 . 4 4 d O . S O 

O . 1 3 e 

d - O . 1 7 c - 0 . 5 1 

( 1 9 5 7 )  

Hea r t  We i g h t  
G i r t h  G a i n  

- o . OS f 
- 0 . 7 7c 

- 0 . 9  Sa 
0 . 2 6a 

- 0 . 4 3a 
- 0 . 3 9c 

- O . S S f 

- 0 . 8 Sc 
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heart  g i r t h s  and w i t h e r  h e ight s were  a l s o mad e a t  the s e  

t ime s . P r o  r a t a  f e e d ing wa s us ed w i th the emp ha s i s  on 

h i gh for a g e  consump t ion for hay " and s i l a g e  wh ich  wer e  

fed a d  l ib i tum . Conc entrat e s  were fed t o  l a c tat i ng 

an ima l s  a t  the appro x ima t e  r a t e o f  lk g / 4 � g  

o f  mi l k  p roduced o n  a da i ly b a s i s . 

There  wa s a c l o s ed herd r equi r ement fo r the exp e r iment 

wh i c h  mad e p o s s i b l e  the c a lcul a t i on o f  s e l e c t ion 

d i fferent i a l s  on a l l  d a t a  be ing c o l l ec t ed and an 

e s t ima t io n  of the r e spon s e  to  s e l e c t i on w i th in 

the  p opul a t ion . Bo th  Ho l s t e in and Ayr s h i r e  c a t t l e  

we r e  u s ed . 

3 8  

T h e  r e spon s e  t o  s e l ec t ion for 1 8 0  day t o t a l  s o l i d s  y i e l d  

i n d i c a te d  a t  l e a s t  as  much a s  th e o re t i c a l l y  e xpe c t e d  from 

the s e l e c t i on d i fferent i a l s and h er i t ab i l i t i e s  w i t h  very 

l i t t l e  change in mi l k  c omp o s i t io n . 

The p hys io l o g i c a l  c hang e s  a s s o c i a t e d  w i t h the  s e l ec t ion 

fo r y i e l d  d i ffered in  k ind and amount b e twe en the two 

b r e ed s . He i fer growth r a t e  i nc r ea s ed in b o t h  b r e e d s  

w i t h  inc r e a s ed f e e d  e f f i c i ency 
ttDN/ k g  l i vewe i gh t  gain)  fo r Ho l s te in s , " b ut incre a s e d  

feed consump t ion o f  t"he  Ayr s h i r e s  w i  t h  n o  inc r eas e i n  

e f f i c i ency . There w a s  a decr e a s e  in  heart  g i r th o f  the  

Ho l s t e ins w i thout a c hang e in wi ther  he i ght , h enc e it  i s  

po s s ib l e  that  the chang e i n  feed e f f i c i ency r e f l e c t ed the 

depo s i t ion o f  l e an rather than fat  by the Ho l s te ins . 

Re l a t ion o f  heart  g i r t h  t o  wither  h e i ght in g rowing 

Ayr s h i re s  d i d  no t chang e . 



The e ffi c ie n cy o f  e ne r gy u t i l i s a t i on for  mi l k  

p roduc t i on (TDN / k g  fa t c o r re c te d m i l k )  imp rove d  wi th  

s e le c t ion f o r  y ie l d . in Hol s te in s  and  Ay r s h i r e s , but  

the imp ro vem en t  could be  shown t o  be  s ign i fi c an t 

( P(O . O S )  o n l y  w i th the H o l s te ins . The incre a s e d  

e ffi c i e ncy o f  the Ho l s te in s  w a s  a c comp an i e d  by a 

s i gn i fi can t de c re a s e  i n  we i gh t  g a i n  during l ac t a t i on 

and t h i s  c o ul d  i n d i c a te an in cre a s e  in the ab i l i ty 

to ut i l i s e  fe e d  fo r p ro duc t i on o f  mi l k  ra th e r  th an to  

g a in l i vewe i g h t  during  l ac t a t i on . I n  addi t i on the re 

may have b e e n  s ome de c re ase in the ma inten ance 

requi remen ts  o f  the Ho l s te ins b e cause  withe r he i gh t  

an d heart  g i r th we re s i gn i f i c an t ly re duce d a s  a re s u l t  

o f  s e l e c t i on for y i e ld o f  mi l k  s o l i ds .  

A l l  o f  the  g en e t i c  s e l ec t ion e xp e r ime n t s  r ev i ewed s o  

far have i nvo lved f eed ing anima l s  b y  pro r a t a  

feed ing sys t ems . Two mo re r e c ent  exp e r imen t s  

3 9  

( G r i eve e t  a l . 1 9 7 6 ; H i nd , 1 9 7 9 )  p ro v i de a n  oppo r t un i ty 

to examine the e f f e c t s  o f  s e l ec t i o n  und er a d i fferent  

fe eding r e g ime . I n  both exp e r iments c omp l e t e  d i e t s  

o f  r e l a t ive l y  c on s t ant energy c o nc entra t ion were  fed 

dur i ng l ac t a t ion . 

I n  the s tudy by Gr i eve e t  a l . ( 1 9 7 6 )  there were  t h r e e  

obj ect ive s : -

( i )  To d e t e rmine the r e l a t i o n  b e twe en feed int a k e , 

y i e l d  and e ff i c iency when c omp l ete  d i e t s  we r e  

fed a d  l ib i tum throughout l ac t a t ion , 

(i i )  To inve s t ig a t e  the  r e l a t i o n  be tween e s t imated  

t ransm i t t i ng ab i l i ty (ETA ; an e s t ima t e  o f  

y roduc t ive a b i l ity b a s ed o n  ped i g ree info rma t i o n )  

and future feeding p e r fo rmanc e , 



(i i i )  To  inve s t i ga t e  t h e  r e l a t i on b e twe en ETA and 

r a t ion d i g e s t ib i l i t y . 

Forty - n in e  Ho l s t e in h e i f e r s  we r e  i n d ividual l y  fe d on 

comp l e t e  r a t i o n s  from 6 0  d a y s  p r i o r  to  calv ing t hrough 

the f i r s t  3 0 5  d ays of the i r  f i r s t  l ac tat ion . The 

he i f e r s  were s e l ec t ed to p r o v i d e  a w i de rang e in 

ETA ' s f o r  m i l k  y i e l d . 

The c o r r e l a t i on b e twe en ETA and dry mat t er i n t a k e  

(DMI ) was  0 . 3  during mi d - l ac t a t ion and about ha l f  o f  

that dur ing e a r l y  and l a t e  l ac t a t ion . E a r l y , m i d , 

and l a t e  l ac t a t ion we re d e f i n e d  as  1 - 9 0 ,  9 1 - 1 8 0 ,  and 

1 8 1 - 3 0 5  days  r e spect i ve ly . The c o r r e l a tion  b e twe en 

DM I and s o l ids - c o r r e c t ed m i l k  y i e l d  ( SCM) wa s h i gh ( 0 . 8 ) 

in mid  and l a t e  l a c t a t ion and s imi l ar to tho s e  r ep o r t e d  

b y  Hoo v e n  e t  a 1 . ( 1 9 6 8 ) . Dur i ng e a r l y  l ac t a t i o n  feed 

intake wa s a s s o c i a t ed mo r e  c l o s e l y  with body we i g h t  t han 

with o th e r  tra i t s (r = 0 . 4 4 ) . 

L ivewe i gh t  c hang e s  we r e  n e g a t i v e l y  c o r r e l a t e d  w i t h  feed 

intake dur ing l ac t a t ion ( r  = - 0 . 2 5 )  i n  agreement wi th a 

corre l a t i o n  (r = - 0 . 3 1 )  o b s e rv e d  by Hooven e t  a l . ( 1 9 6 8 ) . 

Feed i n t a k e  wa s a l s o h i g h l y  c o r r e l a t ed wi th g r o s s  

e f f i c i e ncy ove r the 3 0 5  d a y  l ac t a t i on expre s s ed as  the 

rat io  o f  SCM y i e l d to d�y ma t t e r  i n t ake  (r = 0 . 6 2 ) . 

4 0  

Thus mo r e  e ff i c i ent  c ows  c o n s umed m o r e  fee d ,  p roduced mo r e  

mi l k  a n d  d i d  no t g a i n  s o  muc h  1 ivewe ight . The corre l a t i o n  

o f  0 . 6 2 i s  muc h h i gher t h a n  t ho s e  r ep o r ted r ang ing from 
0 . 1 1  to 0 . 1 8 (Hoove n et  a l . 1 9 6 8 ; Hoove n et a l . 1 9 7 2 ; 

Mi l l e r  e t  a l . 1 9 7 2 ) . Hoo v e n e t  a l . ( 1 9 6 8 ) sug g e s ted  that 

e f f i c i e�cy dep ended mo r e  on m i l k  y i e l d  than o n  food 

consump t i o n . I t  i s  i n t e r e s t i ng that the c o rr e l a t i on 
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b e tween feed i n t ake and fe ed e f f i c i ency o f  0 . 6 2 C r 2 = 0 . 3 8 )  

reported by G r i eve e t  a 1 . ( 1 9 7 6 )  app roache s t he 

c o r r e l a t ion 0 . 8 2 Cr 2 = 0 . 6 7 ) b e tween FCM y i e l d  and feed 

e f f i c i ency r e po r t ed by Ho ove n e t  a l . ( 1 9 6 8 ) . 

The former a u t ho r s  s ug g e s t ed that the  d i fferent feed i ng 

r e g imes may e xp l a in t h e  d i fference  i n  corre l a t ions . 

The r e  wa s n o  a s s oc i a t io n  b e twe en r a t ion dige s t ib i l i ty 

and ETA ; e s t ima t ed on 2 4  o f  the  4 9  cows . 

H ind ( 1 9 7 9 )  p r e s ented d e t a i l s  o f  a s tudy d e s igned to  

examine whe t h e r  o r  no t s e l ect i o n  f o r  h i gh m i l k  y i e l d  

i nc r e a s ed e f f i c i ency o f  mi l k  produc t ion . J e r s ey and 

F r i e s ian c a t t le we re  invo l ved , but  d i s cuss ion here  w i l l  

b e  conf ined t o  t h e  F r i e s ians s inc e s ome o f  the  r e l evant 

d a t a  wa s not p r e s en t e d  for Jer s ey s . 

E i ghty - e i ght  fo unda t ion cows were  r eared on a s tand a r d  

comp l e t e  p e 1 1 e t e d  d i e t  f e d  a d  l ib i tum . Foundat ion 

c ows we re mated a l t e rna t e ly to  bul l s  with h i g h and l ow 

b r e eding v a l u e s  (cont emp o rary comp a r i sons o r  CC ) fo r 

m i l k  y i e l d . 

The pro geny o f  h i gh bul l s  produced 7 0 0kg mo r e  m i l k  t han 

the pro geny o f  l ow bu l l s  dur ing  the f i r s t  l ac t at ion wh i c h  

wa s i n  ag r e ement w i t h  t he d i f f e rence  o f  9 3 0 kg o b t a ined 

i n  the na t io n a l  prog eny t e s t . Whi l s t the  d i f fe r enc e s  

b e tween p r o g eny g roup s in mi l k  y i e l d were 2 7 % ( av e r a g e  

o f  two l a c t a t i on s )  there  wa s a concomi tant d e c r e a s e  i n  

the  f a t  and p ro t e i n concentra t i on o f  t h e  mi l k  o f  t he 

h i g h  prog eny g r o up , henc e the d i f fe r ence in  t o t a l  s o l i d s  

w a s  o n l y  1 9 %  ( Ta b l e  1 . 9 ) .  



Tab l e  1 . 9  P roduct ion an d e ff i c i e n cy di ffe re n c e s 

b e twe e n  F r i e s i an p ro g e ny o f  h i gh and 

l ow con te mp o r a ry comp a r i son bul l s  

( Tab l e  tak e n  from H i n d , 1 9 7 9 ) . 

4 2  

I te m  Pro duc t i on (kg) E ff i c i e ncr* C % kg/ kg) 
H i gh % H i gh % 
- Low s .  e . # di f fe re nce + - Low s .  e . d i f fe re nce 

Mi l k  y i e l d  9 7 0 3 4 0  2 7  9 . 2  4 . 4 1 5  

Fa t corre c te d  
m i l k  8 1 0  3 5 0  2 3  7 . 0  4 . 6 1 2  

To t al s o l i ds 5 1  2 5  1 9  0 . 3 0 0 . 3 3 

Foo d  in take 6 6 0  2 6 0  1 1  

* 

# 

+ 

r a t i o  o f  p roduc t ion to cons ump t i on ,  exp re s s e d  a s  a % 

s tandard e rr o r  o f  di f fe rence b e twee n  two me ans 

p e rce n t age by wh i ch h i gh y i e l d i n g  p rogeny e xcee de d  
l ow y ie l di n g  p ro geny . 

H i gh p r o geny a n i ma l s  con s ume d 1 1 %  mo re fe e d  than l ow 

pro g e ny anima l s . Di ffe rence s be tween p ro geny group s  

fo r d i ffe ren t me as ureme n ts o f  e f fi c ie nc ie s  var i e d from 

I S  to  9 %  ( Tab l e  1 . 9 ) . 

Se l e c t ion for i n c re as e d  mi lk  y i e l d  re s ul te d  in  i n c re as e s  

in fee d  int ake and e ffi c iency o f  p r o duc tion . L i vewe i gh t  

chan ge s we re n o t  rep o r t e d .  

9 



1 . 4 . 3  G eno type by env ironment interac t ion . 

Exten s ive revi ews o f  t h i s  t o p ic have rec ent ly  b e en made 

by Fre eman ( 1 9 7 5 )  and Syr s t ad ( 1 9 7 6 ) . The purp o s e  o f  

t h e  comment here  i s  t o  h i g h l i ght c e r t a i n  a s p e c t s  o f  the 

top ic . 

4 3  

T h e  po s s i b i l i ty o f  an int e r ac t io n  b e tween g eno typ e and 

f e e d ing r e g ime wa s examined in  two s im i l ar s tud i e s  whe r e  

daught e r s  o f  bul l s  from J er s ey s ir e s  (Ric hard s on e t  a l . 1 9 7 1 )  

and Ho l s t e i n s i r e s  ( Lamb e t  a l . 1 9 7 7 )  were random ly a l l o c a t ed 

w i t h in p r o g eny g r oup s to  an a l l  forage o r  fo r a g e  p l us  

g r a in r a t ion . I n  e a c h  exp e r iment there  was  at  l e a s t  one  

New Z e a l and s i r e  r ep r e s en t ed . 

Al t hough t he over a l l  c o nc l u s i on from b o t h  s tud i e s  wa s 

that  the r e  wa s no s i r e  x r a t ion  interac t ion , i t  wa s 

int e r e s t ing  to  no t e  that  in each  exper imen t the daug h t e r s  

o f  the  N e w  Z e a l and s i r e  p e r fo rmed at t h e  top o r  near 

the top for  the fo r a g e  rat ion , but ne ar  the b o t tom for 

the concent rat e r a t i on . 

A much mo r e  c omp r e hens ive s t udy i s  cur r en t l y  und e rway in 

Po l and ( S tol zman , 1 9 8 2 ;  J a s i o rows ki et a l . 1 9 8 2 ) ; d e ta i l s  

wer e g iven ear l i e r . F i rs t - c r o s s  he i fe r s  from New Z ea l and 

s i r e s  ranked near t h e  t op for  m i l k  fat y i e l d  and m i l k  

p r o t e in y i e l d r e g a rd l e s s  o f  whether t he d i e t  wa s ma inly 

fo r a g e  or forage  and concent r a t e s . T h i s  sug g e s t s  that 

i n t e r ac t i o n s  b e twe e n  geno typ e and feed ing r e g ime are o f  

l e s s  imp o r tance t h an sugg e s t ed b y  t h e  ear l i e r  wo r k  done 

by R ic ha r d s on e t  a l . ( 1 9 7 1 )  and Lamb et a l . ( 1 9 7 7 ) . 

Whi l s t  t h i s  ha s imp l i c a t ions for  s a l e s  o f  bul l s emen 

i n t e rna t i o na l l y , ,it mus t be r emembered that a l mo s t  a l l  

s e l ec t i on i n  d a i ry c a t t l e  popu l a t i ons i s  b a s ed on re co rds 

o f  mi lk  y i e l d  wh i c h  a r e  co l l e c ted unde r  the environmen t a l  

c ond i t ions  preva i l ing in  commerc i a l  herds in the  c ountry 



in  whi c h  t he s emen wi l l  b e  u s ed . Henc e an i n t e r ac t ion 

b e tween s ir e  and r a t i on wou l d  b e  of  l i t t l e  cons equenc e 

fo r norma l b r e e d ing wo rk  in  p ract i c e  w i th in the s ame 

coun t ry and f e e d i n g  sys tem . 

4 4  

O f  mo r e  imp o r t anc e i s  the o b s erva t i o n , made o n  two 

o c c a s i ons (Brumby , 1 9 6 1 ; Carter , 1 9 6 4 ) , o f  an interac t i o n  

b e twe en g enotyp e  a n d  e nv i ronment . 

Brumby ( 1 9 6 1 )  s p l i t  1 2 0  p a i r s  o f  ident i c a l  twins b e tween 

2 0  h i g h  p roduc ing and 2 0  low produc ing herds . He fo und 

that the  cor r e l a t i o n  b e tween the dev i a t ion in m i l k  y i e l d  

from the herd me an o f  an i d ent i c a l  twin i n  a h i g h  herd 

w i t h  the dev i a t i o n  o f  i t s  c o - twin in a l ow herd was 

0 . 1 1 : 0 . 1 1 .  T h e  twin membe r s  d id no t rank in the  s ame 

o rd e r  at the d i f f e r ent l eve l s  of produc t ion . 

Brumby s p e cu l a t e d  t h a t  the interact ion be tween g eno type 

and herd env i ronment was a t t r i butab l e  to  t he fact  that 

the m i l king t e c hn iq u e  in l ow produc ing herds wa s l e s s  

adap t ed t o  the ind i v idual cow than i n  h i g h  produc ing herds , 

and that p l ane o f  nu t r i t i on d i d  not c o nt r i bute t o  the  

l ar ge interact ion . 

C a r t e r  ( 1 9 6 4 )  comp ar ed the produc t ion o f  ' hi g h ' g enet ic 

mer i t  c ows ( br ed at Rua kur a ) , to a s e l ec t ion of ' averag e ' 

g enet i c  me r i t  cows from commerc i a l  h e rd s ; unde r  contro l l ed 

g r a z ing and s e t  s t o c k ing . Because  o f  t h e  u s e  o f  herd t e s t ing 

and ar t i f i c i a l  ins em ina t ion i t  could be r e a sona b l y  

a s s umed that t h e  Ruakura cows wer e  gene t i c a l l y  s up er io r  a t  

t h a t  t ime . Cows o f  ' h igh ' and ' av e r ag e ' g ene t ic  mer i t  

we r e  g r a z ed t o g e t h e r  under e a c h  gra z ing management . 

T he ave r a g e  p roduc t ion l ev e l  o f  a l l  cows over a 3 0 5  day 

l ac t a t i on (av e r a g e d  over  thr e e  year s ) wa s 1 7 3  and 1 4 8 kg 

m i l k  f a t  under c o n t r o l l ed g r a z ing and s et s to c k ing 

r e s p ec t ive ly .  T h e  d i f fe r enc e s  b etwe en the  cows d i ffer ing 
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in gene t i c me r i t  we re 2 8  and 2 2 k g  mi lk fa t fo r c on t r o l l e d  

g ra z in g  and s e t  s to cking . The imp l i c a t i on i s  t h a t  the 

d i f fe rence s in p ro duc t i on b e twe e n  geno type s we re g re ate r 

a t  the h i ghe r l e ve l s o f  p roduc t i on . H owe ve r the 

s t at i s t i cal s i gn i f i can ce o f  the in te rac t i on c o ul d not be 

te s te d  b e cause a l tho ugh the re was re p l i cat i on o f  an ima l s  

and rep l i c a t i on i n  t ime the re was n o  rep l i c a t i on o r  

r andomi z a t i on i n  sp ace . 

One a s p e c t  whi c h  ha s rece ived no a t t en t ion i s  whether 

o r  not  geno typ e interac t s  w i t h  nut r i t i on at d i fferent 

s t a g e s  o f  the l a c t a t ion cyc l e . Fo r examp l e , if h i g h  

gene t ic me r i t  c ows  u t i l i s e  body r e s erves  i n  e a r l y  

l a c t a t ion to  sup p o r t  the ir  requi rement s for m i l k  

p r oduc t i on t o  a g r e a t er ext ent than low gene t i c me r i t  

cows , provi s ion o f  adequa t e  body r e s erves i s  obv ious l y  

mo re imp o r t ant f o r  t h e  h i g h  g ene t i c mer i t  cows . 

1 . 4 . 4  Conc l u s i on s  

T h e r e  app e a r s  to  b e  l i t t l e  doubt that  when s e l e c t ion i s  

app l i ed , mi lk  p r o duc t ion c an b e  incr e a s ed . The 

p hys i o l o g i c a l  chang e s  wh i c h  acc ompany the inc r e a s e s  in 

y i e l d  are not a s  we l l  d e f ined . Mo s t  emphas i s  so far 

has been p l aced o n  measur ing gro s s  e ff i c i ency and 

c o r re l at ed gene t i c  re spons e s . Tha t  an improvement in 

g ro s s  e f f i c iency has occurred with  s e l e c t ion i s  not 

surp r i s ing s ince mo s t  exp e r iment s  have u s ed pro rata  

feed ing sys t ems . Corre l a t ed gene t i c  r e spon s e s  wh i c h  

app ear to be imp l i c a t e d in the imp roved performance  a r e  

l ivewe i g h t  change s and feed intake s . 

O t her a s p e c t s , fo r examp l e , d i g e s t iv e  e f f ic iency and 

ut i l i s a t ion of f e e d  energy have rece ived l i t t l e  or no 

a t t ent ion . 

The  app l i c ab i l i t y  o f  t he r e s u l t s  from s e l ec t i on s tud i e s  

whe r e  p r o  rata  f e e d ing i s  prac t i s ed to  o ther feed ing 

r e g imes  is  not known . I n  p a r t icular  there i s  a dearth  



o f  i n fo rmation for the c ow g r a z e d  o n  pas ture . 

Un t i l the e ffe c t s  o f  g e ne t i c  s e l e ct ion are mo re c l e a r l y  

de fine d i t  w i l l  be  d i f f i c u l t  t o  de te rmine op t i mum 

fee di n g  manageme n t  s t ra te g i e s  fo r the s e  h i gh l y s e le c te d 

animal s and whe th e r  or n o t  change s in the s e l e c t i on 

proce dure s are n e ce s sary . Gowe and F a i r ful 1 ( 1 9 8 2 ) ,  in 

a di s c us s i on o f  poul try b re e d i n g  s tudi e s ,  h i gh l i ghte d 

the va l ue o f  unde rs t anding the p hy s i o l o g i c a l  change s 

tha t accompan i e d  a l ong - te rm b re e ding p rogramme . Th i s  

e nab l e d  them t o  more e ffe c t i ve l y p ur s ue the s pe c i fi c  

ob j e c t i ve s  o f  the i r  b re e d i n g  p rog ramme with o u t  the 

adve r s e  s i de e ffe cts  wh i c h  h ad previ ous ly o c c urre d .  

1 . 5  ADD I T I ONAL CONS I DERATI ONS 

Two othe r re l ate d aspe c t s  conce rn prote in requi reme nts  

and b l o e d  me t ab o l i te s  and h o rmone s .  I t  is n o t  

intende d t o  re view th e s e  aspe cts  i n  any de ta i l , b ut t o  

con s i de r  them in  re l at ion t o  gene t i c  s e l e c t ion . 

Oth e r  asp ects  s uch as  an i ma l  h e a l th , re produc t i on , 
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mi l k i n g  chara c te r i s t i cs , an d gra z i n g  e ff i c i ency , have 

re ce i ve d  ve ry l i t t l e  atte n t i on in the l i te r a t ure in 

re l a t i on to  gene t ic s e l e c t i on , an d wi l l  not b e  con s i de re d .  

1 . 5 . 1  Re spon s e  to pro te in s uppleme n t a t i on . 

Comme n t s  on two asp e c ts o f  the p ro t e in requ i r e me n t s  o f  

cows g ra z in g  on p as ture a re ma de h e re . 

In  re ce n t  y e ars  mi lk yie l d  re spon s e s  to 



p ro t e in supp l emen t a t ion have b een o b s e rved for  c ows 

fed p a s tur e ind i v i dual ly  in  s t a l l s  

(Ro g e r s  et  a l . 1 9 8 0 ;  T . E .  T r i gg , unpub l i s hed dat a )  and 

by c ows gra z ed o n  p a s ture  ( S tobbs e t  a l . 1 9 7 7 ; 

Mins on ,  1 9 8 1 ) . Me thods o f  pro te i n  s upp lemen t a t ion 

used in t he s e  exp e r imen t s  we r e  e i t he r  by po s t - rum ina l 

infus ion o r  by f e e d ing p r o t e in that was parti a l ly 

p rot e c t ed from d e g r a d a t i o n  i n  the rumen . 

Seve r a l  exp l anat i o n s  have b e en o f f e r e d  for the  o b s e rved 

i ncr e a s e s  in  mi l k  y i e l d due to pro t e in s upp l emen tat ion 

and t he s e  have been summa r i s ed by B r o o ke s ( 1 9 8 2 ) . 

Fact o r s  p o s s ib l y  imp l icated  are ; a n  increas e i n  

p a s ture int ake ; an i nc r e a s ed mob i l i s a t i on o f  body 

r e s e r ve s ; an inc r e as ed supp ly o f  sp e c i f ic amino ac i d s . 

One e xp e r iment no t inc luded in the summa ry by 

B r o o k e s  ( 1 9 8 2 )  has  s hown, with  the a i d  o f  ind i r e c t  

c a l o r ime try , that m i l k  y i e ld r e spon s e s  t o  aboma s a l  
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infus ions o f  cas e i n were l a r g e l y  a r e sul t o f  inc r e a s ed t i s sue  

mob i l i s at ion , and  not to d i f f e r enc e s  in  u t i l i s a t ion o f  

inge s t ed fe ed (T . E .  T r igg , unpub l i s hed dat a ) . 

The  s econd point c o nc e rns the  e f fect  o f  l eve l o f  mi l k  

p roduc t i on o n  t h e  r e s pons e t o  prote in  supp l emen t a t ion . 

C l ark  ( 1 9 7 5 )  in a re view o f  · l·actat i on a l  respon s e s  to p o s t ­

rumin a l  admi n i s t r a t ion o f  p r o t e ins . and amino ac i d s  

conc luded that the  g r e at e s t inc r ea s e s  wer e  from h i gh 

y i e l d i ng cows : inc r e a s e s  were  in  exc e s s  o f  one kg  o f  

mi l k  p er cow per day for c ows produc ing o ver 2 0 kg  mi l k  

p e r  d ay , bu t cows p roduc ing l e s s  than 2 0 k g  p e r  day s e l dom 

incr e a s ed in  m i l k  y i e l d  mo r e  than o n e  kg  per day . 

Ro g e r s  e t  a l . ( 1 9 8 0 )  found t hat cows fed pas tur e in  s ta l l s  

r e sponded to a pro t e c t ed c a s e in supp l emen t  and that  the 

re spo n s e  wa s gre a t e r  by 0 . 5 k g  per kg  inc r ea s e  in l ev e l  

o f  mi l k  p roduct ion . 



App arent  pro te in de f i c i enc i e s  in  p a s ture fo r mi l k  

p ro duc t i on and the l ike l iho o d  th a t  the s e l e c t i on o f  

cows fo r h i gh mi l k  y ie l ds w i l l  a g g ravate the s e  

de fi c i e n c i e s  e mphas i s e  a g r ow in g  n e e d  fo r fur th e r  

re s e arch i n to the p ro te in re q ui reme n t s  o f  g ra z in g  

cows . Th e p a r t i c ul ar  mo de o f  a c t ion o f  pro te in 

s uppl emen t s  in  p romo t in g  an i n c re a s e  in mi lk y i e l d  

nee ds to b e  de fine d .  For  e xamp l e  i f  the re spon s e  to 

p ro te in s upp l e me n t a t i on was a c comp an i e d  by an i n c re a s e  

i n  th e mob i l i s a t i on o f  b o dy re s e r ve s  the n the re may b e  

no l ong - te rm b ene f i t  in the e ffi c i e ncy o f  m i l k  p ro duc t i o n  

( as th e s e  re s e rve s woul d s oone r o r  l a te r  ne e d  to  b e  

re s to re d) . O n  the other  h a n d  i f  the p rote in 

s upp lemen t a t i on i n c re as e d the e ff i c i e ncy o f  d i ge s t i on o r  

o f  inte rme d i a ry me tab o l i s m the n  t h e re may be  a genuine 

in crease  in  the e f fi c ie ncy of m i l k  p ro duct i on . 

1 .  5 . 2 B l o o d  me t a bo l i t e s  and hormone s .  

D i s cus s io n  wi l l  b e  confined t o  o u t l i n ing the maj o r  

potent i a l  b en e f i t s  o f  s tud i e s  i n  wh i c h  b l ood 

charac t e r i s t i c s  w e re me a s ure d .  
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Bauman and Cur r i e  ( 1 9 8 0 )  drew a t t e n t ion to the c o n s i d e ra b l e  

techn i c a l  and int e rpretat iona l d i f f i cul t i e s  invo l ved in 

s tud i e s  o f  b l o od m e t abo l i t e s  and hormone s .  F o r  examp l e ,  

stud i e s  r e l a t ing ho rmone conc en t r a t ions in s erum t o  

me tabo l ic events  do n o t  ac count f o r  p o s s i b l e  c hang e s  in 

b l o od f l ow to a t i s s ue or in a l te r a t ions in numb e r s  o f  

ho rmone r e c ep t o r s  in a targ e t  t i s s ue . P l ane o f  nut r i t i o n  

mus t  be  c o n s i d e r e d  when comp a r ing h i g h  and l ow p roduc ing 

cows , a , p o int we l l  made by comp a r i ng the wo rk  o f  

Hart e t  a l . ( 1 9 7 5 )  t o  that o f  B auman e t  al . ( 1 9 7 9 )  and 

Va s i l ato s and Wan g s ne s s  ( 1 9 8 1 ) . 



Be a r ing t h e s e  l imi t a t ions i n  mind i t  i s  con s i de re d  

that the g re at e s t  po tent i a l  b ene f i t s  o f  s t ud i e s , wh i ch 

at t empt t o  unde rs t and the endo c r in e  control  o f  

p a r t i t i o n i n g  o f  nu t r i en t s  and the u t i l i s at i on o f  

nut r i e nt s , are  two fo l d . The f i rs t  conc e rns the  

i dent i fi c a t i o n  by me a s ur ing b l o o d  charact e r i s t i c s  o f  

the gene t i c me r i t  o f  an indiv i du a l  animal e ar ly i n  i t s  

l i fe .  Th i s  w o u l d  e n ab l e  p o t e n t i a l  s i r e s  fo r u s e  i n  

art i fi c i a l  b re e di n g  t o  be  s c re e n e d  a s  c a lve s  be fo re 

ent e r ing a p r o g eny t e s t ing s ch eme . I n  t h i s  way t h e  

ac curacy o f  t h e  s e l e c t ion p r o c e du r e  cou l d  b e  imp rove d 

the reby e nab l in g  mo re rap i d  p ro g re s s  i n  the gene t i c  

imp roveme n t  o f  mi l k  p rodu c t i o n  t o  b e  made . 

T i l akaratne e t  a l . ( 1 9 8 0 )  foun d t h a t  c a l ves w i th 

d i f fe rent p o t e n t i a l s  fo r m i l k  p ro du c t i o n  va r i e d  i n  

asp e c t s  o f  ene r gy a n d  n i t rogen me t ab o l i s m an d d i s cus s e d  

the p o s s ib i l i ty o f  us ing the me as u r e d  d i ffe renc e s  as  

c r i t e r i a  fo r g e ne t i c  s e l e c t i on fo r mi l k  produc t i o n . 

The s e cond maj o r  bene f i t  can b e  s e en i n  the answe r t o  

the fo l l ow i ng q u e s t i o n : 

" I s  d i r e c t s e l e c t i o n  fo r vo l um e  o f  m i l k  produc t i o n  

a c h i ev ing t he mo s t  rap id improvement i n  the e f f i c i ency 

of  m i l k  p r o duc t ion ? "  
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Fre eman ( 1 9 6 7 )  s ug g e s t ed that s e l e c t i on for mi l k  

produc t i on wou l d  a c h i eve 7 5 - 9 0 %  o f  the p r ogre s s  o f  

d i r e c t  s e l e c t i o n  fo r e f f i c ie ncy o f  m i l k  produc t i on g i ven  

equa l s e l e c t i on i n t e n s i t i e s  for bo t h  tra i t s . The  

s e l ec t ion i n t e n s i ty fo r m i l k  p roduc t i on is  l i k e l y  t o  b e  l a r g e r  

becau s e  i t  i s  much e a s i e r  i n  p r a c t i c e  to me a s u r e  m i l k  

pro duc t i 0n t han e f f i c i enc y . Thus  g r ea t e s t  p r o g r e s s  

wo u l d  b e  made b y  s e l e c t ing fo r mi l k  y i e l d . 



Bal dwin e t  a l . ( 1 9 8 0 )  in  a s p e c u l a t ive pap e r  s ug g e s ted  

that  i d en t i f i cat ion o f  an ima l s  who s e  metabo l ic p a t hways 

app r o a c h  t he o re t i c a l ly max imum e f f i c i ency and 

sub s equent g enet i c  s e l ec t ion for "me taho l ic e f f i c i ency" , 

s hould i f  t he tr a i t s  a r e  h e r i t ab l e , l e ad t o  a g e ne t i c  

inc r ea s e  i n  t he e ff i c i e ncy o f  m i l k  p ro duct ion . 

However even i f  a s imi l a r s e l ec t i on i n t ens i ty to  t ha t  

for mi l k  y i e l d  c o u l d  b e  p r ac t i s e d , s e l e ct ion for 

inc r e a s e d  me t abo l i c e f f i c i ency may be  a t  c ro s s  purpo s e s  

w i t h  s e l e c t i o n  fo r e ff i c i ency o f  mi l k  p roduc t ion . 

I t  i s  l i k e l y  t ha t  the g r e a t e � imp ac t  o f  ident i fy ing 

anima l s  w i th a mo r e  e f f i c i ent  me t abo l i s m  wi l l  be  when 

the und e r ly ing mechanisms  r e spons ib l e  for t h e i r  

improved e f f i c i ency c a n  be d e t ermine d . Then i t  may be 

po s s i b l e  to  man i p u l a t e  through ho rmona l  or o ther means 

the me tabo l i s m  o f  a l l  anima l s  t o  a c h i eve maximum 

me tabo l i c e f f i c i ency , and hence  t o  imp rove the  ave r a g e  

e f f i c iency o f  animal pr oduc t i on .  

5 0  

The app ro ach s ugge s te d  by B a l dw in e t  a l . ( 1 9 8 0 )  i s  

wo rthwh i l e , _ b u t i � · a long - te rm p to j e c t . In the me an t ime 

the re fore , the mo s t  p r a c t i c a l  me ans o f  imp roving the 

e ffi c i e ncy of mi lk  p roduc t i on wi l l  be  ma de by s e l e c t ing 

for h i gh e r  mi l k  p ro duc t i on a s  o u t l ine d by Fre eman ( 1 9 6 7 ) . 



1 . 6  CONCLUS I ONS 

Ar t i fi c i a l b re e ding  has b e e n  us e d  in New Ze a l an d  fo r 

mo re th an th i rty y e a r s  an d th ere i s  no doub t tha t 

s e l ect i on has i n c re a s e d  the l e ve l  o f  m i l k  fat 

5 1  

p roduc t i on p e r  cow . L i t t l e  i s  known o f  the phys i o l o g i c a l  

c h ange s that have accomp anie d t h i s  i mp roveme n t . An 

unde rs t andin g o f  the s e  phy s i o l o g i c a l  chan ge s co u l d  l e a d  

to  a mo re e ffe c t i ve b re e d i n g  programme . I t  coul d a l s o  

then b e  p o s s ib l e  to  devi s e  fe e ding man a geme n t  s t rate g i e s  

s o  th a t  p o t en t i a l ly h i gh p ro duc ing anima l s  coul d e xp re s s  

th e i r  ful l p o t e n t i a l . 

B e caus e o f  the l ack o f  i n fo rma t i on f o r  the g ra z i n g  cow , 

the phy s i o l o gi c a l  change s tha t  ac comp any s e le c t i on h ave 

b e e n  gauge d from the pub l i s he d re s ul t s  from s tud i e s  whe re 

cows we re fe d forage : concentrate die t s . E v i de n c e  from 

nut r i t i ona l and gene t i c  s e l e c t i on s tudi e s  s ug ge s t s  that  

l i ke ly phys i o lo g i ca l  change s a re an i n c re a s e  in fe e d  

in t ake  and a pre fe ren t i a l  p ar t i t i on i n g  o f  di e ta ry ene r gy 

to mi l k  p r oduc t i o n  r a th e r  th an b o dy g a in . Chang e s in the 

ab i l i ty of cows to me t ab o l i s e  fee d  ene r gy and the 

e f fi c i e n cy of us e of me tab o l i s ab l e ene r gy as a re s u l t  o f  

s e l ec t i on , h ave r e c e i ve d  a lmo s t  no a t ten t i on , a l tho ugh 

l imi te d e v i de nce from ene rgy b a l ance s t udi e s  w i th c ows 

di f fe r ing  in mi l k  p r o duc t i on sugge s ts th at any s uch 

d i f fe re nce s are s ma l l . 

O th e r  a s p e c ts s uch as  gra z in g  e ffi c i e n cy , anima l h e a l th , 

re produc t i ve ab i l i ty ,  an d mi l k ing  ch arac te r i s t i cs h ave 

re ce ive d  l i t t le  o r  no a t te nt i o n . 



1 . 7  PURPOSE AND SCOPE OF THE I NVE ST I GAT ION 
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T he ma in o b j e c t i v e  i s  to d e termine t h e  mechani sms 

r e spons i b l e  for incr e a s e s  in m i l k  fat produc t ion r e s u l t i ng 

from gene t i c s e l e c t i on in a g r a z ing envi ronment in 
New Z ea l and . 

Up on r e a l i s a t i on o f  t he ma in o b j e c t ive there  w i l l  b e  

s ome d i s cus s ion  a s  t o  whe ther o r  no t i t  i s  nec e s s a ry t o  

d e r ive d i f f e r en t  man a g ement s t r a t eg i e s  for cows 

d i ffer ing in  b r e e d in g  index . Sp e c i f i c  exp e r imen t a l  

o b j ec t ives  a r e  o u t l ined at the b e g inn ing o f  Chap te r s  

two and thre e .  

I n i t i a l ly two he r d s  o f  c ows d i f f e r i n g  in gene t i c mer i t  

Ca s measured b y  b r e ed ing index ; s e e  Appendix 2 . 1  f o r  

d e t a i l s )  we r e  s e t  up by purcha s ing c ows with  h i g h  

( average B 1  1 2 6 )  o r  l ow (average B I  1 0 2 )  gene t i c  mer i t  

from commerc i a l  d a iry farme r s  in New Z e a l and . The l o w  

B I  group r ep r e s en t  t h e  average g en e t ic mer i t  o f  cows  

in  the b a s e  y e ar ( 1 9 6 0/ 6 1 )  when t h e  B I  s c a l e  was  s e t  

a t  1 0 0  and t h e  h i g h B 1  group a r e  g en e t ical ly 2 6 %  above  

that averag e . T h e  b e s t  e s t ima t e  o f  the ave r a g e  cow i n  

New Z ea l and a t  p r e s en t  i s  approx ima t e ly 1 1 4  

( B  W i c kham , p e r s . comm . ) .  Thus t h e  c ows invo l ved in  

the  exp e r iment s  r ep o r ted in th i s  t he s i s prob ab l y  

rep re s en t  t h e  uppe r and- l owe r e xt reme s on 'a h e r d  b�s i s  

fa r the curre n t  New Z e a l and popul a t i on . 



The exp e r imen t s  r ep o rt ed in  t h i s  t he s i s  a r e  s ummar i s ed 

b e l ow : -

- four indoo r  f e eding exp e r imen t s  where cows were 

fed on cut p a s ture for  p e r i o d s  of  up to  f ive 

we eks ; t h r e e  of the  e xp e r imen t s  invo lved two 

l eve l s  o f  f e e d i ng (C hap t e r  two ) ; 

- a gra z ing exp e r iment in e a r l y  l ac tat ion whe r e  

h i g h  and l o w  b r e e d in g  index c o w s  wer e  g r a z ed 

toge ther and p a s tur e intakes  were  e s t ima t e d  

us ing a n  i nd i g e s t i b l e  f a e c a l  mar ker ( C hapter  two ) ; 

- energy and n i t ro g en b a l ance  exp e r iment s ,  us ing 

ind i r e c t  c a l o r ime try and t o t a l  c o l l e c t ion o f  

excre t a , w i t h  l ac t a t ing and non - l ac tat ing , 

p r e gnant cows ( Chap t e r  thre e ) . 

I n mo s t  o f  the e xp e ri me nts  repo rte d in th i s the s i s · cows 

we re indivi dual l y  fe d · on pas ture in s t a l l s . Th i s  
was n ec e s s ary in  o r d e r  t o  b e  a b l e  t o  measure the 

expec t ed di ffer enc e s  in feed intake b e tween geno typ e s . 

D i ffer enc e s  in g r a z ing e f f ic i ency b e tween genotyp e s , 

a l though they may b e  impo r t ant , have not  been examined 

b e caus e i t  wa s c o n s i d ered that d e f i n i t ion of the 

nut r i t ional  chara c t e r i s t ic s  of the geno typ e s  wa s a mo r e  

l o g i c a l  s tart ing p o i n t . 

Severa l a sp e c t s r e l a t i ng to  the ana l y s i s  o f  the 
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exp e r imen t a l  r e s u l t s  r equ i r e  comment . F i r s t l y , b ec aus e 

t h e r e  was on ave r a g e , a d i f f e r enc e i n  s i z e  b e tween g eno typ e s  

o f  the cows purc ha s ed for the f i r s t  y e a r ' s  exp e r iment s * , 

p e r fo rmanc e var i a b l e s  were exp r e s s ed p e r  un i t  met abo l i c 

l ivewe i g h t  b e fo r e  any s t at i s t i c a l  ana ly s i s was don e . 

* t he r e  was no d i f f er e nc e  i n  the aver a g e  s i z e  o f  the  

g eno type s  o f  c ow s  purcha s ed in  the s ec o nd y e a r . 



The u s e  o f  me t abo l i c l ivewe i ght ( kg 0 . 7 5 )  i s  

debatab l e , but wa s b a s ed on t h e  fo l l owing r e a s o n s . 

- the common l y  ac c ep t ed un i t  o f  s i z e in energy 

metabo l i s m  s tud i e s  i s  m e t ab o l ic l ivewe i g ht 

(Kl e i b er , 1 9 6 5 ) ; 

- rev i ewing the re l a t ion b e tween s i z e and feed i n t a ke 

ARC , ( 1 9 8 0 )  conc luded tha t me tabo l i c 1 ivewe i g h t  

was t he p r e fe r r ed s c a l ing fac tor for intake . 

Evi dence from the p r e s ent  e xpe r imen t s  wh ich a l s o  s uppo r t s  

the us e o f  0 . 7 5 a s  the exp onent fo r s ca l ing p e r fo rmance  

v a r i ab le s  is  out l ined on p . 6 2 .  

T he s econd po i n t  conce rns the me t ho d s  o f  s t a t i s t i c a l  

ana ly s i s  us ed  i n  t h i s  t h e s i s . 

Dur ing the cour s e  o f  the  s tat i s t i c a l  analys i s  o f  the  

resul t s  o f  t h e  energy b a l ance data it  b ecame app ar e n t  

that t h e  c ommo n l y  us ed methods o f  anal y s i s  w e r e  l i k e l y  

to  g ive inva l id te s � o f  s i gni f i canc e bec aus e o f  

corre l a t io n s  b e tween t h e  e r r o r s  o f  t he comp onen t s  o f  a n  

energy b a l anc e . C hap t e r  four out l i ne s the s t at i s t i c a l  

me thods fo r t h e  ana l y s i s  o f  d a t a  from energy ba lance and 

nutr it ion e xp e r imen t s  wh ich are c o n s idered to be mo r e  

approp r i a t e  than tho s e  norma l ly us ed . 

A r e s earch p r o g r amme with  s im i l a r  o b j ect ives to tho s e  

out l ined i n  t h i s  thes i s , but us ing J e r s ey cat t l e , was 

commenc ed at Ruakura Agr i cultur a l  Re s earch C entre  by  

Dr . Arno ld  Bryant  dur ing 1 9 7 9  ( the s ame t ime that  t he 

exp e r im�nt s r ep o r ted in t h i s  the s i s  were commenced ) .  

P r e l iminary r e s u l ts  o f  the wo r k  b e ing  carried  out a t­

Ruakura have b e e n  pub l i s hed 
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( B ryant , 1 9 8 1 ; B ryant and T r i g g , 1 9 8 1 ;  Trigg and P ar r , 1 9 8 1 )  

and wi l l  be c o n s i de r ed in  r e l a t ion  t o  the p r e s ent wor k  

i n  Chap ter f iv e . 



C HAPTE R  TWO 

THE PE RFORMANCE OF 

H I GH AND LOW BREED I NG I NDEX COWS 

UNDER STALL FEED I NG AND G RA Z I NG COND I T I ONS 



2 . 1 EXPER IMENTAL A IMS 

The a ims o f  t h e  exp e r iments  were : -

To examine h i gh ( H )  and l ow ( L )  b r e eding  index ( B I )  

cows in t e rms o f  

- m i l k  p roduc t i o n  and m i l k  compo s i t ion 

- chang e s  in 1 iv ewe ight and c ond i t i on score 

- feed int ake  

2 . 2 

e f f i c i enc i e s  o f  food conve r s ion  under  s t a l l  fe e d in g 

and g r a z ing  c o nd i t i ons . 

MAT E R I ALS AND METHODS 

2 . 2 . 1  Envi ronmen t 

The f i r s t th re e e xp e r iments  we re done during 1 9 7 9 / 8 0  

and the n e x t  two e xpe rime n t s  dur i n g  1 9 8 0 / 8 1  a t  
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Mas s ey Un i ve rs i ty ' s  No . 3 Da i ry Re s e a rch an d De ve l opme n t  

Uni t ,  P a 1me r s t on N o rth , New Z e a l an d . The pas ture con s i s te d  

p re domin ant ly o f  p e rennial  rye gr a s s e s  ( Lo 1 i um pe renne L . , 

cvs . Gras s l ands  Ruan u i  and G r as s l ands Nui ; L o 1 i um x hyb r i dum 

Haus s kn . , cv . G r a s s l ands Ar i k i )  and wh i t e  c l o ve r  ( Tr i fo l ium 

repens L . , cv . G r as s l ands Hu i a )  w i th red  c love r ( T r i fo l ium 

pratense L . , cv . G r as s l ands H amua )  a l s o  b e in g  us e d  i n  s o me 

o f  the e xp e r imen t s . 

2 . 2 . 2  An ima l s  and management 

F r i e s ian c ows w i t h  h i gh (app r o x ima t e l y  1 2 5 ) o r  l ow 

( approxima t e ly 1 0 0 )  breeding i ndex es  were iden t i f i ed 

by the Farm P r o duc t io n  D ivi s i o n  o f  the New Z e a l and 

Da iry Bo �r d  and purchas ed from New Z e a l and da i r y  

farmers . The an ima l s  when purcha s ed we re app r o a c h i n g  

t h e i r  s econd c a lving , had i d en t i f i ed anc e s t r i e s  f o r  

three generat i ons , w i th at l ea s t  two g enerat ions  o f  ma le 

F r i e s i an anc e s t ry . Twenty c ows ( 1 0  H and 10  L B I ) 

in 1 9 7 9 , and n ine t e en cows in  1 9 8 0 ( ' 10 H and 9 L B I )  

were  purcha s ed ( fo r  d e t a i l s  o f  cow s  purcha s ed and t h e  



me t hod o f  c a l c u l a t i n g  b r e ed ing indexe s , refer  

App end i x  2 . 1 ) .  

Pr i o r  to c a l v i n g  the  an ima l s  gra z ed on pasture  and 

we r e  fed hay to e n s ure t ha t  body cond i t ion at c a l ving 

wa s s imi l ar f o r  b o t h  geno type s .  After calv ing the 

cows were gra z e d  on pas ture , exc ep t dur ing t he s t a l l  

fe e d ing p e r i o d s  when pas ture was harve s t ed w i t h  a 

ro t ary mower , and fed t o  t he anima l s  tw ice da i l y a t  
0 8 3 0  and 1 6 0 0  hour s . D e ta i l s  o f  an ima l s  i nvo lved in 

each exper imen t a r e  g iven in Tab l e  2 . 1 . 

Tab l e  l . 1  

Exp e r iment 

Numb e r s  and a g e s  of an ima l s , feed ing 

t r e a tmen t s  and s t age of  l a c t at ion a t  

wh i c h  e ach exper iment commenced fo r 

s t a l l  feeding  (E xp e r i men t s  1 - 4 )  and 

g r a z ing exp e r iments ( Exp e r iment 5 ) . 

Y e a r  No . cows Age c ows  Feed i ng S t a g e  
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No . H L ( ye a r )  trea tment l a c t a t i o n  
exp t . s t a r t e d  
(days  

s inc e c a l v ing ) 

S t a l l fe ed ing e XEe r imen t s  

1 1 9 7 9 / 8 0  1 0  1 0  3 Ad l i b i t um 3 0  

2 1 9 7 9/ 8 0  1 0  1 0  3 Ad l i b i tum ,  8 0  

7 0 %  Ad l ib i tum 

3 1 9 7 9/ 8 0  1 0  1 0  3 Ad l i b i tum ,  1 5 0 

7 0 %  Ad l ib i t um 

4 1 9 8 0 / 8 1  1 0  8 3 Ad l i b i tum , 8 0  

7 0 %  Ad l i b i tum 

G r a z ing �xEe r iment 

5 1 9 8 0 / 8 1  16  16  3 Lax gra z ing 2 0  

( 1 9  cows ) 

4 

( 1 3  cows ) 



Cows were  dr i e d  o ff , on average , a f t e r  2 4 9  days i n  

1 9 7 9 / 8 0  and 2 1 8  days  i n  1 9 8 0 / 8 1 . 

2 . 2 . 3  T re a tme n t s  

The ma in tre a tment wa s genotype , h i gh (H)  o r  l ow ( L )  

(app rox ima t e l y  1 2 5  o r  1 0 0  a s  measured  b y  breeding inde x )  

but the e f fe c t  o f  g enotyp e  wa s examined  a t  d i ffe r ent  

fe e d i n g  l eve l s  as  d e s c r i b e d  below . Stall  feeding  

exp e r imen t s  we r e  o f  f ive weeks  dura t i o n  wi th the f i r s t  

we e k  o f  each p e r i o d  be ing used  a s  a s t anda rd i s a t i on 

per i o d , henc e me a s ureme n t s  dur ing the f i r s t  we ek we re  

not used  in  the ana ly s i s  of  treatment e f fec t s . 

Sta l l  feed ing expe r iments  

Expe r iment 1 :  Twenty cows ( 10 H and 10 L )  wer e  

ind iv i dua l ly fed  p a s t ure a d  l ib i t um i n  s t a l l s , 

commenc ing app r o x ima t e l y  four we e k s  a f t e r  the mean 

ca l v in g  date ( T ab l e  2 . 1 ) .  
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Exp e r imen t s  2 ,  3 ,  a�d 4 :  H i gh and l o w  B I  cows were 

randomly al l o c a t e d  (within BI  group s ) to e i t� e r  ad  l i b i tum 

or 7 0 % o f  pre vi ous l y  de te rmine d ( E xpe r i me n t  1 ) . ad  l ib i  tum 

fe e d ing at app ro x imate l y  1 1  wee k s  a f te r calving ( E xp e r i me n t s 

2 and 4 )  and 2 3  we e k s  a fte t cal vin g  ( E xp e r i men t 3 )  ( Tab I e  2 .  1 )  . 

In add i t i on , f o r  c ows wh ich  were r e s t r i c ted , ( 7 0 %  

ad l ib i tum f e e d ing ) dur ing e ach exp e r i ment , comp a r i s on s  

we r e  made o n  a w i t h in - cow b a s i s  b e tween mi l k  fat 

y i e l d s , a t  t he fo l l owing t imes : me an milk fat y i e l d  

dur ing the l a s t  two weeks o f  the s t a l l  feeding p e r i o d  

and at five we e k s  b e fo r e  and a f t e r  t h i s t ime , when cows 
, 

wer e  b e ing gra z ed o n  p a s ture at h i ghe r l eve l s  o f  

nut r i t i on . Th i s  enab l ed  d i fferenc e s  b e twe en genotyp e s  

in mi l k  fat y i e l d s  to  b e  a s s e s s ed a t  d i fferent l eve l s  

o f  feed ing o n  a w i t hin - c ow b a s i s . 
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Gra z ing e xpe r imen t 

E xpe r imen t  5 :  Th i r ty - two c ows  (1 6 H an d 1 6  L )  we re l ax l y  

g r a z e d  on p as t ure a s  one gro up f o r  four weeks 

c omme nc i n g  app roximate l y  th re e wee k s  a fte r c al v ing . 

Fae c a l  o u tputs we re me as ure d us ing  an i n d i ge s t ib le 

fae c a l  marke r ;  n ame l y  ch romium s e s qui o x i de ( C r 2 0 3 ) .  

Twe l ve c ows ( 6 H and 6 L )  we re ran domly ch o s en 

and dos e d  tw i ce da i l y , a fter  mi l k in g , wi th a ge l a t ine 

cap s ul e  c on ta i n ing 1 0 9  C r 2 0 3 in o i l  ( R . P .  S ch e re r P ty .  

L t d . , Aus t r al i a ) . Ove r the l as t  1 0  days  o f  the 

ch romium dos ing p e r i o d , s amp l e s  o f  fae ce s we re t ak e n  

p e r  re ctum from e ach cow twi ce da i ly a fte r mi l k i ng and 

b u l ke d ove r  fi ve day pe r i ods . 

2 . 2 . 4  Measuremen t s  

M i l k  yi e l d  and compo s i t ion 

M i l k  y i e l d  was me as ured by t h e  u s e  o f  mi l k  s amp l ing me t e r s  

( T ru - t e s t  D i s t r i but o r s  L td . , )  wh i c h  s amp l e d a propo r t i on 

o f  t h e  mi l k  flow o f  each cow . Mi l k  y i e l ds were 

r e c o r ded twice da i l y  on four c o n s e cut ive day s each we ek 

dur ing s t a l l  feed �ng  exp e r iment s  ( Exp er imen t s  1 - 4 ) , fo r 

t hr e e  con s e cut ive days in each week fo r the g r a z ing 

exp e r imen t ( Exp er iment 5 ) , and at l e as t once per we e k  

fo r t he r ema inder o f  l ac t a t i o n . O n  e a c h  t e s t  d a y  a 

compo s i te samp l e  o f  a f t e rnoon and mo rning mi l k  was 

ana l y s ed for m i l k  fa t concen t r a t ion (M i l ko - t e s t e r  Mk I I I , 

Fo s s  E l ec t r i c , Denma r k )  and p r o t e in concentra t i on 

( P r o - m i l k  Mk I I ,  Fo s s  E l ec t r i c , Denmar k ) . The ene r gy 

concentra t ion o f  t h e  m i l k  fo r each cow was p r e d i c t e d  u s ing 

the  fo l l ow ing equa t i on ( e s t ima t e d  from 30 mi l k  s amp l e s  



from s ix F r i e s i an c ows invo lved i n  e n e rgy b a l an c e  

exp er imen t s  r ep o r t e d  in Exp e r imen t 1 ,  Chap t e r  3 ) . 

E = 0 . 4 8 1 7  + 0 . 3 8 0 5  FPC + 0 . 2 8 3 7  PPC (R 2 = 0 . 9 6 )  

whe re E = ene r gy concen t ra t i on o f  the m i l k  (MJ / k g )  

F P C  = mi l k  fat percent a g e  

PPC  = mi l k  pro t e in p e r c en t a g e  

Livewe ight 

L ivewe i g h t s  were recorded a t  0 8 0 0  hour s after a 1 0  

hour fa s t ; o n  three  con s ecut ive days a t  the s t a r t  ( a f t e r  

t h e  we e k  o f  s t and a rd i s a t ion for  c ows i n  s t a l l s ) a n d  end 

of the exp e r iment a l  p e r i o d s  and rout inely once a mo n t h  

dur ing l ac t a t ion for  a l l  c ows . 

L ivewe i g h t  decre a s ed sudden ly when the  feed ing l ev e l  

was chang e d  from ad l ib i tum to  r e s t r i c t ed fe e d in g  and 
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t h i s  was a l mo s t  c e r t a inly  due t o  a r e duc t ion i n  gut c onten t s .  

Me t abo l i c l ivewe i ght ( k g  0 . 7 5 ) wa s ther efore c a l cu l a t ed 

us ing the ave rage  l ivewe i g ht for each  cow over the  

exper imen t a l  p e r i o d , an d ' a t temp t ing to ' adj us t l i vewe i gh t s  to a 

common l eve l o f  gut - f i l l  a s  out l ined b e l ow : -

- the l ivewe i g ht o f  cows on the r e s t r i cted l eve l o f  

fe eding  was u s e d  a s  the b a s e ,  

- the % r e duc t i on in l ivewe i g ht fo r e ach cow due t o  

the r e s t r i ct i o n  in feed i n t ak e  wa s calcu l a t e d  for  

each c ow as  l ivewe ight imme d i at e ly - l i vewe i ght imme d i a tel y  
b e fo r e  feed  r e s t r i c t ion after  r e s t r i c t ion  

l ivewe i g h t  imme d i a t e ly 
a ft e r  feed re s t r i c t ion  

The % r educt i ons we re  aver a g e d  for  all  und e r fed c ows 

in any p a r t i c u l a r  exp e r iment and the ave r a g e  % 

re duc t i on wa s then us ed to  adj us t the l ivewe i gh t s  

o f  c ows on a d  l i b i tum feeding . 



Reduc t i ons  in l i vewe ight fo l l ow i n g  the r e s t r i c t i on o f  

fe ed ranged from 6 - 9 % . 

The body c o nd i t i on o f  each c ow was  s c o red  ( E a r l e , 1 9 7 6 )  

independen t l y by three  ob s erve r s  o n  two cons ecu t ive 

days at the  s t art  and end o f  each exp e r imental  p e r i o d  

and mon t h l y  during l ac t a t ion . 

Chrom ium c oncent r a t ion o f  fa e c e s  

The fae c e s  c o l l e c t e d  from cows g r a z ing o n  p a s tu r e  

(exp er iment 5 )  we r e  d r i ed i n  an o ven a t  8 5degC fo r 

1 day s and subs equen t ly g round ( 1mm s i eve ) . 

The chromium c oncent rat ion o f  the  ground dry fa e c e s  
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was determined by t h e  me thod o f  F enton and Fenton , ( 1 9 7 9 ) . 

Pas ture 

St a l l  feeding expe r iment s 

The int a ke s o f  p a s ture by ind i v idual cows we re measured 

da i ly dur ing e xper iments  1 to  4 b y  we ighing the p a s ture 

o ffered to and r e fus e d  by each cow . 

The dry ma t t e r  concen t r a t i o n  o f  the  p a s ture wa s 

determined by dry ing s amp l e s  o f  p a s tur e s  (done in 

trip l i c a t e )  at 8 5d e g C  for 4 8  hour s . The in v ivo , 

ene rgy and N d i g e s t i b i l i ty o f  the pas t ur e  fed during 

the  s t a l l  feed ing exp e r imen t s  wa s e s t ima ted us ing  

non - pregnan t , non - l ac t a t ing s he ep fed  t o  ma int a i n  

we ight (ARC , 1 9 6 5 ) . 

Ene rgy concen t ra t ion o f  free ze - dri e d ,  g round p as ture and 

she ep fae c e s  was d e t ermined us ing an adiaba t i c  b omb 

calo r ime t � r  and N concent rat ion by the  

ma cro - kj e l da h 1  me t hod . 



Me t ab o l i s ab l e ene r gy in t ak e  was e s t ima ted fo r 

e ach c ow by mul t ip ly i n g  the g ro s s ene r gy in t ake by 

the ene rgy d i ge s t ib i l i ty de t e rmine d in vivo , then by 

the con s t an t  0 . 8 2 (ARC , 1 9 8 0 ) to  conve rt  d i ge s t ib l e  

t o  me t ab o l i s ab l e  ene rgy i n t ake . 

Gr a z ing e xpe r ime nt 

An in v i vo e s t ima te o f  the di ge s t i b i l i ty o f  d ry ma t t e r  

and N w a s  made during the chrom i um do s in g  p e r i o d  in 

Expe r imen t  5 .  She e p  we re fe d on re p re s e nta t i ve 

s amp l e s  o f  p a s ture wh i c h  h a d  been cut wi th a l awn 

mowe r to gra z i ng he i gh t  b e fo re g ra z ing by the cows . 

The fae c a l  o u tput o f  the c ows  d i vi de d  by the in  v i vo 

indi ge s t ib i l i ty o f  the p a s t ure gave an e s t imate o f  

the p a s ture dry ma t te r  i n t ake . 

2 . 2 . 5  S ta t i s t ical me tho ds 

The m i l k  ene r gy output , change  in  l ivewe ight 

(Exp e r iment 5 )  ad l i b i tum int ake ( Exp er imen t s  1 - 4 )  

we re  ana l y sed by regr e s s i on acco r d i ng to the 

fo l l owing mo de l : -

Y i j  = 11 + m i + e i j  for  j t h cow in i t h  g r oup 

whe r e  

i gene t ic l eve l , H o r  L 

j = j t h  cow 

11 = mean fo r L c ows 

mL = 0 
mH = d i f ference in m e an b e tween geno t yp e s  

6 1 

y ' = m i l k  energy p r oduced ( MJ kg - 0 . 7 5 * cow - 1  day - 1 ) 

o r  c hange  in l ivewe i g ht ( kg kg - 0 . 7 5  
o r  ad l i b i tum i n t a k e  (MJ MEt kg - 0 . 7 5  

e = error  

* kg - 0 . 7 5  = per uni t  �e tab o l ic " l ivewe ight 

t ME = "me t abo l i s ab l e  energy 

c ow - 1 per 28 day s ) 

c ow - 1 day - I ) 
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I t  was c on s i de re d  that the us e o f  0 . 7 5 as the e xp onen t  

f o r  s c a l in g  i n t ake and p e r fo rmance v a r i ab le s  w a s  

app rop r i a t e  fo r two re asons . F i r s t ly i t  enab l e d  

comp a r i s on s  t o  b e  made re ad i ly wi th the re s u l t s  o f  many 

o ther worke rs ( s ee p .  5 4 ) . S e condly the actua l e xponent s 

for H an d t cows , c a l cul a t e d  b y  regre s s ion ana l y s e s  o f  

the p r e s e n t  e xp e r imental  dat a , we re 0 . 8 3 : 0 . 1 7 ( s . e . )  

and 0 . 5 3 : 0 . 3 2 fo r the re l a t i on b e tween l o g  10 l ivewe i gh t  

and 1 0 g10 me t ab o l i s ab le ene rgy intake . The two e xp one n t s  

cou l d  n o t  b e  s hown to b e  s i gn i f i c an t ly di ffe ren t , 
+ the re fore a p o o l e d  exponen t  ( 0 . 6 9 - 0 . 1 6 )  was c a l cu l a te d ,  

a va l ue wh i ch was c l o s e  t o  0 . 7 5 .  
The mi l k  e n e rgy produced and change in l ivewe i gh t  

for Exp e r imen t s  1 - 4  wer e ana l ys ed by s t epw i s e  r e g re s s ion  

accord ing t o  the  fo l l owing mo d e l  (Town s ley et  a l . 1 9 8 1 )  

Yij 

where  

= 

i 

j 

).l 

el L 
elH 
Y 

).l + el i + mi X ij + eij 
for j t h cow in i t h  group 

= 

-. 

= 

= 

gene t i c l evel ; H o r  L 

j th cow 

int ercept fo r L cows 

o 
= d i fference in int e r c ep t  ( b e tween g e no typ e s ) 
= m i l k  energy pro duc ed (MJ kg - 0 . 7 5  c ow - 1 day - 1 ) 

o r  change in l ivewe i g ht (kg kg - 0 . 7 5  cow - 1 p e r  

2 8  day s ) 

m = s l ope term 

x = metabo l i sab l e  energy int ake (MJkg - 0 . 7 5 cow - 1 

day - 1 ) 
e = b e tween cow erro r 

Di fferenc e s  b e tween genotyp e s  in  s l ope  were t e s t e d  f i r s t  

fo l l owe d b y  d i ffe rences i n  int ercep t . 

Faecal output  ( Experimen t 5 )  wa s ana ly s ed as  a s p l i t - p l o t  

(Snede c o r  and Cochrane , 1 9 6 7 ) w i t h  cows as who l e  p l o t s , 

and wi t h  who l e  p l o t  trea tmen t s  ( H  and L B I )  " a l l o c a t ed "  

t o  cows . Wi thin cows (who l e - p l o t )  a r e  spl i t - p l o t  

treatment s ( p e r i od s ; 0 - 5 days , 6 - 1 0 days faec a l  c o l l ec t i o n ) . 



The mod e l  was 

Y i j k = II + m ·  + e ' . + Tk + (mT ) j k + £ ij k 1 1 J  
whe re 

y = faec a l  output (kg kg  - 0 • 7 5 cow - 1 day - 1 ) 

m = who l e  p l o t  trea tmen t 

e ' . 1 J  = who l e  p l o t  error 

T = sub - p l o t  t r e a tmen t 

£ ij  k = s ub - p l o t  ( w i t h i n  cow)  error 

1 = g ene t i c  l ev e l  (H , L ) 

j = j t h  cow 

k = o b s e rvat ion on  j th cow ( k= 1 , 2 ) 

Mul t ivar i a t e  ana l y s i s  was u s ed t o  exam ine d i fferenc e s  

b e tween g enotypes  i n  r e spon s e  t o  l evel  o f  feed ing o n  a 

within - cow b a s i s  ( Exp er iment s 2 , 3 , 4 ) , and in m i l k  f a t  

y i e l d  in e a r l y , mid , and l a t e  l a c t a t i o n . 

The ana l y s i s i s  ana l agous t o  a s p l i t - p l o t  ana l y s i s  

where the rep e a ted o b s ervat i o n s  o n  the s ame cow 

corre spond t o  t he s ub - p l o t  fac t o r . The mod e l  wa s : -

Yi j k 
= ll k  + m ik + e i j  k 

where 

y = m i l k  fat  y i e l d  (kg cow - 1 day - 1 ) 

� = mean 

m = t r e a tment e ff e c t  

e = e r ro r 

i = g ene t i c  l eve l (H , L )  

j - j th cow 

k = o b s e rva t i o n  on j th cow ( k= 1 , 2 , 3 ) 

6 3  

The t e s t  � ta t i s t ic u s ed i n  t h e  mu l t ip l e  analys i s  o f  var i an c e  

(MANOVA) i s  W i l ks l ik e l ihood r a t io  t e s t  ( s ee Bo c k , 1 9 7 5 p 1 5 2 ) . 

Ac tua l s i gn i f i c anc e l evel s are  p r e s en t e d  in  t he r e s u l t s , 

and unl e s s  o the rwi s e  s t a t ed , a c r i t i c a l  s i gni f i c an c e  l eve l 

o f  5 %  ha s b een taken . 



2 . 3  

2 . 3 . 1  

RESULTS 

Mi l k  yi e l d and l ivewe ight c hange s over the 

who l e  l a c t a t ion 

H i gh BI cows p r o duc e d  2 8 %  and 1 8 %  mo r e  m i l k  fat t han 

L cows in 1 9 7 9 / 8 0  and 1 9 8 0 / 8 1  r e s p e c t ively (Tab l e  2 . 2 ) .  

Tab l e  2 . 2  Lac t at ion  p e r f o rmance  ( 1 9 7 9 / 8 0  and 1 9 8 0 / 8 1 )  

fo r h i gh (H)  and l ow ( L )  b r e eding index c ows . 

1 9 7 9/ 8 0  1 9 8 0/ 8 1  

H L H L 

No . o f  cows 1 0  1 0  1 9  1 7  

B r e eding index 1 2 7  1 0 0  1 2 6  1 0 2  

Cond i t ion s c o r e  a t  
ca lving 4 . 7  4 . 7  4 . 7  4 . 9  

L ivewe i ght a t  c a lving (kg ) 3 8 3  4 1 1 3 8 9  4 2 1  

Lactat ion l en g t h  (day s ) 2 4 9  2 4 9  2 3 8 2 3 3 

M i l k  y i e l d  ( R. )  3 2 7 0  2 8 1 6  3 5 0 0  3 0 6 0  

M i l k  fat y i e l d  ( k g )  1 5 0  1 1 7  1 5 8  1 3 3  

Mi l k  pro t e in y i e l d ( k g )  1 1 4 9 6  1 2 2  1 0 8  

Mi l k  fat  % 4 . 5 8 4 . 2 2 4 . 4 6 4 . 3 3 

Mi l k  p r o t e i n  % 3 . 4 8 3 . 4 4 3 . 4 8 3 . 5 1 

Change in c o nd i t i on 
s c o r e  dur ing l ac t a t ion - 0 . 8  +0 . 1 - 0 . 6  0 

Change in l i vewe i ght 
dur ing l a c t a t i on ( kg )  + 5  + 3 9  + 2 2  + 3 5  

A l t hough H and L cows ca lved in s imi l ar condi t ion , H c o w s  

l o s t  cond i t ion  dur in g  l a c t a t ion whe r e a s  L cows ma i n t a i n e d  

cond i t ion ( T ab l e  2 . 2 ) . 
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Da i l y m i l k  fat  y i e l d  and c ond i t i o n  s core s for 1 9 7 9 / 8 0  

( F i gure 2 . 1 ) and 1 9 8 0 / 8 1  ( F i gure s 2 . 2  and 2 . 3 ) are 

s hown grap h i c a l ly .  Da t a  fo r three and four year o l d 

cows are p r e s ented s ep a r a t e l y for 1 9 8 0 / 8 1 , b e cause  

three year  o l d  cows were  fed  i ndo o r s  fo r f ive weeks 

a t  d i f ferent l ev e l s  o f  f e e d i n g , whe reas the four year 

old  c ows were g r a z e d  on p a s ture t hroughout l a c t a t i on . 

D i fferenc e s  in m i l k  f a t  y i e l d  b e tween H and L cows 

wer e  a l s o examined at di f f e rent s t a g e s  o f  l ac t a t ion 

(Tab l e  2 . 3 ) .  

Tab l e  2 . 3  M i l k  fa t y i e l d s ( g cow - 1 day - 1 ) fo r 

h i gh (H)  and l ow ( L )  b r e ed ing index cows 

at  d i fferent s t a g e s  of l a c t a t ion during 

1 9 7 9 / 8 0  and 1 9 8 0 / 8 1 .  

1 9 8 0 / 8 1  
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1 9 7 9/ 8 0  

S t a g e  o f  l ac t a t ion 
(days ) 

S t age o f  l ac t a t ion 
(days ) 

3 0  15 0  2 4 0  3 0  1 5 0  2 1 0  

Mi l k  f a t  y i e l d  6 5 9  5 8 9  5 4 5  9 0 1  5 9 4  4 2 4 

H c ows 

( g cow - 1 day - 1) 
D i f fe r ence in mi l k  

f a t  · y i e l d  1 0 7  1 3 7  2 0 4 . 8 6 9 2  6 2  

( H  - L )  

:I: 
s . e .  d i ffe r ence 3 8  3 1  5 0  5 4  2 8  2 6  

H/ L 1 . 1 9  1 . 3 0  1 . 6 0  1 . 1 1  1 . 1 8  1 . 1 7  

:I: the s tandard error ( s . e .  ) o f the di fferenc e in nilk 

fat y i e l d  vlas der ive d from the mul t ivar iate  analys is 

for whi ch the analys i s  o f  var i ance i s  s hm·m in Tab l e  2 . 4  
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The t e s t  o f  indep endence o f  e r rors ( x i 3 d . f . ) wa s 

s i gn i f i c an t  ( P  < 0 . 0 1 )  for 1 9 7 9 / 8 0  and 1 9 8 0/ 8 1  

j us t i fy i n g  t he u s e  o f  mul t iva r i ate  ana l y s i s  i n  

examin i n g  d i fferenc e s  i n  f a t  y i e l d b e tween genotyp e s  

a t  di fferent  s t ag e s  d f  l ac t a t i o n . 

High cows pr oduc e d  s i gn i f i c a n t l y  mo re m i l k fat 

(P  < 0 . 0 1 and P = 0 . 0 2 for 1 9 7 9 / 8 0  and 1 9 8 0 / 8 1  

respec t ive l y )  t han L cows c o n s idered j o intly a t  

the three s t ag e s  o f  l ac t a t i on (Tab l e  2 . 4 ) . 
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I n  1 9 7 9/ 8 0  t he d i f fer enc e s  i n  m i l k  fat  y i e l d  b e tween 

genotyp e s  incr e a s ed as the l ac t a t i o n  p roceeded ( Tab le 2 . 3 ) ,  

but the i n c re as e d  magn i tude o f  the di f fe ren ce was  n o t  

s i gn i f i c an t  (Tab l e  2 . 4 ) . T h e  r e s ul t s  i n  1 9 8 0 / 8 1  

we re in marked c o n t r a s t  t o  t ho s e  from 1 9 7 9/ 8 0  b e c a u s e  

a l t hough the di f f e r ence (H  - L )  i n  f a t  y i e l d  i nc r e a s ed 

from e a r l y  t o  m i d  l ac t at i on ( Tab le 2 . 3 ) ,  i t  de c l i ne d from 

mid . to  l a te l ac t a t i on . H owe ve r "  cons i de red j o i n t l y  at the 

three ' t ime s ' dur ing l a c t a t i on t here  was no B I  x t im e s  

in ter a c t ion in 1 9 8 0 / 8 1  (Tab l e  2 . 4 ) 

The da t a  we r e  fur ther examined  by comp ar ing t h e  

di fference i n  m i l k  f a t  y i e l d  b e t ween genotyp e s  for  

early  v e r s u s  mid and early  v e r s u s  late  lactat i on p e r iods  

us ing c o n t r a s t s , but  the magni tude of  the di f f e rence  

did no t d i ffer s i gn i f i cant l y , fo r t h e  two cont r a s t s  

studied (Tab l e  2 . 4 ) . 



Tab l e  2 . 4  Mu l t ivar i a t e  ana ly s i s  o f  d i f f e renc e s  in  mi l k  f a t  y i e l d  be tween geno typ e s  
( B I )  a t  e a r l y , mid , and l a t e  l ac t at ion ( ' t imes ' )  on a w i t h i n - cow b a s i s  
f o r  1 9 7 9/ 8 0  and 1 9 8 0/ 8 1  ( s e e  t e x t  for fur ther d e t a i l s ) . 

Sourc e  o f  var i a t ion df  Gene r a l i s e d  S S  Lambda d f  2 
Probab i l i t y  X 

hyp o the s i s  Chi 

1 9 7 9/ 8 0  

B I  t 1 0 . 6 1 0 8 6  0 . 4 5 24  1 1 3 . 9  0 . 0 2 

Con t r a s t  1 � 1 0 . 0 4 9 0 5  0 . 9 5 4 1  1 0 . 8  0 . 3 6 

Cont ra s t  2 � 1 0 . !L 6 0 s 9  0 . 8 5 3 5  1 2 . 8  0 . 1 0 

T ime s x B I  � 1 0 . 0 0 2 7 6  0 . 8 2 8 2  2 3 . 2 0 . 2 0 

Erro r 

B I  1 8  0 . 2 7 6 3 5  

Contra s t  1 1 8  0 . 0 4 6 8 0  

Contra s t  2 1 8  0 . 1 3 7 0 6  

T im e s  1 8  0 . 0 0 2 2 9  

1 9 8 0/ 8 1  

B I  1 0 . 7 4 2 5 6 0 . 8 0 7 7  1 5 . 9  0 . 0 2 

Contra s t  1 1 0 . 1 9 0 1 9  0 . 9 9 9 4  1 0 . 0  0 . 9 0 

Contr a s t 2 1 0 . 2 2 8 1 7  0 . 9 9 0 0  1 0 . 3  0 . 6 0 

T imes  x B I  1 0 . 0 0 9 3  0 . 9 3 1 3  2 1 . 9  0 . 3 8 

Erro r 

B I  2 8  0 . 5 9 9 7 4  

Cont r a s t  1 2 8  0 . 1 9 0 0 9  '" 
0 

Contra s t  2 2 8  0 . 2 2 5 8 9  

T ime s 2 8  0 . 0 0 8 6 4 



t T e s t  o f  ave r a g e  d i ffer ence b e tween g eno typ e s  a t  

three s t a g e s  o f  1 ac t a t i o n ( ' t imes ' ) .  

� The contras t s  t e s t  whe ther there i s  a d i f fe r en c e  

in the ' d i f f e r e n c e  in f a t  y i e 1 d ' b e tween geno typ e s  

i n  early  ver s u s  m i d  l ac ta t i on ( c o n t r a s t  1 )  and 

e a r l y  versus  l a t e  l a c t a t ion (con t r a s t  2 ) . 

� T imes  x B I  j o in t l y  t e s t s  whe ther d i fferenc e s  

be tween geno t yp e s  i n  m i l k  f a t  y i e l d c hang e  at  the 

three s t ag e s  o f  l ac t a t i o n . 
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2 . 3 . 2  Fe e d  i n t ake s an d fee d  qual i ty 

Me as ure s  o f  fe e d  qua l i ty fo r the di f fe re n t  e xp e r ime n t s  

a re p re s e n t e d i n  Tab l e  2 . 5 .  

Tab l e  2 . 5  

E xp e r ime n t  

D i ge s t ib i l i ty o f  e ne rgy and n i t ro ge n , 

e s t i mate d me t ab ol i s ab l e e ne rgy 

conce n t ra t i on and c rude p r o t e i n  

conce n t ra t i on o f  the pas ture fo r 

E xpe r imen t s  1 - 5 .  

D ige s t ib i l i  tl ( % ) ComEos i t i on o f  

Ene rgy N i  tro ge n  M e t abo l i s ab l e 

DM 

Crude 

7 2  

ene rgy (MJ / k g )  P ro te in  
% 

1 7 5 . 0  7 5 . 4  1 1 . 2  2 1 .  2 

2 7 0 . 4  6 5 . 9  1 0 . 5  1 6 . 2  

3 6 9 . 4  7 2 . 6  1 0 . 3  2 0 . 6  

4 7 4 . 8  7 0 . 8  1 -1 . 5 1 5 . 9  

5 * 6 9 . 4 # 8 1 . 0  1 0 . 8  2 8 . 5  

* Da t a  pre s e nte d re fe r to the chromi um do s in g  p e r i od 

car r i e d  o u t  o ve r  1 0  days . 

# Dry ma t te r ( DM )  d i ge s t ib i l i ty s o  tha t DM in take 

c an be c a l cul a te d from fae ca l  DM o u tput . 

B o th gen o type s h a d  s imi l ar me t ab o l i s ab l e  ene r gy in t ak e s 

o f  fre sh , cut p a s t ure o f fe re d  ad l ib i t um .  Howe ve r H c ows  

h a d  h i ghe r me t ab o l i s ab l e energy i n t ak e s p e r . un i t  me t ab o l i c  

l i vewe i ght th an L cows , b u t  the s e  d i f fe renge s · i n  i n t ake w e re 

s i gn i f i c ant orily  in  E xp e r iments  1 ( P <  0 . 10 )  and 3 ( P <  0 . 0 5 )  . 



Tab l e  2 . 6  Me tabo l i s ab l e  energy int a k e s  

(MJkg - 0 . 7 5 C O W  - 1 day - 1 ) o f  f r e s h  c u t  

p a s ture  o ff ered ad l ib i tum i n  s t a l l s  t o  

h i gh ( H )  and low ( L )  b r e e d ing index c ows 

(Exp e r iment s 1 - 4 )  
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Exp e r iment No . c ows I n t a ke H - L s .  e .  Probab i l i t y  

* 

H L H d i f f  

1 1 0  1 0  1 .  8 7 2  0 . 0 94 0 . 0 5 0 

( 1 4 7 . 8 ) * ( - 1 . 5 ) 

2 5 5 1 .  9 5 8  0 . 0 0 5  0 . 0 6 5  

( 1 5 9 . 8 ) ( - 5 . 1 ) 

3 5 5 2 . 0 5 0  0 . 2 1 2  0 . 0 4 8  

( 1 6 8 . 1 ) ( 0 . 7 ) 
4 5 4 2 . 0 6 2  0 . 0 1 3  0 . 0 7 6  

( 1 7 6 . 5 ) ( 6 . 0 ) 

F i gure s conta ined in bracke t s  are  me t abo l i s a b l e  

energy intakes  (MJcow - l day- l ) . 

0 . 0 8 

0 . 9 4 

< 0 . 0 1 

0 . 8 6 

E s t ima t e s  o f  faecal  output s  and dry ma t t e r  intakes  fo r 

cows gra z i ng pas ture ( Exper iment 5 )  are p re s ented in  

Tab l e  2 . 7 .  

There we r e  no s i gn i f i c ant d i ff e r enc e s  in fa e c a l  ou tput 

e i t he r  be tween the two f ive day c o l l e c t ion p e r i o d s  or 

b e twe en g eno typ e s  ( r e fer App end ix  2 . 2 . 1  for 

s t a t i s t ic a l  ana lys i s ) .  The l ea s t  s i gn i f icant d i f fer enc e 

� = 0 . 0 5 )  b e tween g eno ty p e s  in fa e c a l  output was 

0 . 0 0 3  w�ereas  the a c tua l d i f fe renc e was 0 . 0 0 1 . kg 

faec a l  DM kg  - 0 . 7 5 c ow - 1  . day -· 1  
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Tab l e  2 . 7  E s t ima ted aver a g e  f a e c a l  o utput s and dry 

mat t e r  intakes fo r s ix h i gh (H) and s ix low (L) 

b r e e d ing index cows g r a z ing pasture  

dur ing c ons ecut ive  f ive day per i o d s  

( Exp e r iment 5 ) . 

Faecal  ouq�ut 

( kg fae c a l  DM 
kg -0 . 7 5  c o w  

H 

L 

E s t ima t e d  drl 
int aKe <ll 

(kg DM cow - 1 
H 

L 

- 1 day 

mat t er 

day - 1 ) 

0 - 5 

P e r i o d s  (day s ) 

6 - 1 0 

- 1 ) 
0 . 0 4 6 4 

( 3 . 9 7 ) * 

0 . 0 4 5 9 

( 3 . 9 9 )  

1 3 . 0  

1 3 . 0  

0 . 0 4 5 1  

( 3 . 8 9 )  

0 . 0 4 4 5 

( 3 . 8 4 )  

1 2 . 7  

1 2 . 5  

* F i gur e s  enc l o s ed in brac k e t s  are faecal  outpu t s  

(kg f a e c a l  DM c o w  - 1  day - 1 ) • 

<ll Ca l cu l a t ed us ing a dry ma t t e r  d i g e s t i b i l i t y  o f  

6 9 . 4 %  ( r e fer T ab l e  2 . 5 ) .  

0 - 1 0  

0 . 0 4 5 7  

( 3 . 9 3 )  

0 . 0 4 5 2  

( 3 . 9 2 )  

1 2 . 8  

1 2 . 8  



2 . 3 . 3  M i l k  produc t i on and l ivewe ight change s 

Expe r imen t 1 

The re was a 2 1 %  inc rea s e in  m i l k  f a t  y i eld o f  the 

H versus L cows c au s e d  by d i fferenc e s  i n  bo t h  m i l k  

yie l d  and m i l k  fat  concen t r a t ion (Tab l e  2 . 8 ) . 

Tab l e  2 . 8  Dry ma t t er int ake , l ivewe i g ht , cond i t ion 

s c o r e , m i l k  produc t ion and m i l k  

comp o s i t ion o f  h i gh ( H )  and low ( L )  

b r e e d i n g  index c ows fed p a s ture a d  l i b i t um 

in s t a l l s  ( Exp e r iment 1 ) . 

I t em 

Ave rage l ivewe i ght t 
ove r exper imen t a l  
per i o d  ( k g )  

Ave rage cond i t i o n  s core 
at s t art o f  exp er iment ­
al p e r iod 

Dry ma t t e r  int a ke 
(kg DM cow - 1  d ay - 1 ) 
Mi l k  y i e l d  ( 2.  c ow - 1 day - 1 ) 
Mi l k  fat y i e l d  
( g  cow - 1  day - 1 ) 
Mi l k  pro t e in y i e l d  
C g cow - 1 day _ 1 ) 
Mi l k  fat % 

Mi l k  pro t e in % 

Change  in l ivewe i ght 
(kg per 28  day s ) 

Change  in cond i t i on 
score  (per 2 8  day s ) 

H 

3 6 3  

3 . 7  

1 3 . 0  

1 5 . 9  

6 7 6 

S 0 2  

4 . 2 7 

3 . 1 6 

+ 4 . 9  

+ 0 . 2 3 

t 1 ivewe i ghts  unadj u s ted for gut - f i l l . 

L 

3 9 7  

3 . 8  

1 3 . 1  

1 4 . 4  

S S 9  

4 5 1  
3 . 8 0 

3 . 0 S 

+ 1 1 . 1  

+ 0 . 3 7 

7 5  



High B I  c ows  p roduce d 2 3 % mo re mi l k  e ne r gy th an L c ows , 

reduc ing t o  1 8 %  a ft e r  cova r i ance  adj u s t ment f o r  

d i f ferenc e s  i n  i n t a k e  (Tab l e  2 . 9 ) .  L o w  B 1  c ows gaine d 

mo re l ivewe i g ht t han H cows dur ing the  experiment , 

but thi s d i f f e renc e was no t s i g n i f ic ant (Tab l e  2 . 9 ) .  

Tab l e  2 . 9 

I t em 

Mean m i l k  energy o u t put (MJ kg - 0 . 7 5  c ow - 1 

d ay - 1 )  and l i vewe i ght c hanges ( k g  kg  - 0 . 7 5  
c ow - 1  day - 1 ) for h i gh ( H )  and l ow ( L )  

b r e e d ing index cows b e fo r e  and a f t er 

cova r i ance  adj u s tment  fo r d i fferenc es in 

i n take  ( Exp er im e n t  1 ) . 

H H - L s . e . Prob -

7 6  

d i f f  ab i l i ty 

M i l k  energy 0 . 6 0 3  0 . 1 1 3  0 . 0 2 4 < 0 . 0 1 

M i l k  energy a ft e r  
cova r i anc e 
adj u s tment 0 . 5 9 3 0 . 0 9 3  0 . 0 2 4  < 0 . 0 1 

L ivewe i ght c hang e 0 . 0 66 - 0 . 0 6 7  0 . 0 6 1 0 . 2 8 

L ivewe ight change 
after cova r i ance 
adj us tmen t 0 . 0 8 8  - 0 . 0 2 2  0 . 0 6 3  0 . 7 3 

Expe r imen t s  2 ,  3 ,  and 4 

Treatment means fo r Exper imen t s  2 ,  3 ,  and 4 ,  whe r e  cows 

we re fed p a s ture in  s t a l l s  at  ad l ib i tum or r e s t r i c t ed 

l eve l s , a r e  p r e s en t e d  in Tab l e s  2 . 1 0 ,  2 . 1 1 ,  and 2 . 1 2 .  

H i gh B 1  " C OWS cons is tently p ro duce d more " mi 1 k  f a t  than L 

cows and th i s  was as s oci a te d  w i th incre a s e s  in mi l k  y i e l d  

and mi lk  fat  conce n t r a t i on . 



Tab l e  2 . 1 0 

I t em 

T r e a t ment means for Exp e r iment 2 fo r 

d i f fe r ent geno type s ( B I )  at  two l eve l s  

o f  f e ed ing ( FL ) . 

H i gh B I  Low B I  
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H i gh F L  L ow FL H i g h  FL L o w  F L  

Dry mat t e r i n t ak e  
( kg DM c o w  - 1  d a y  - 1 ) 
Average l ivewe i g h t  * 
ove r exper iment a l  
per iod ( k g )  

Mi l k  y i e l d ( t  cow - 1 day - 1 ) 
Mi l k  fat y i e l d  
( g cow - 1 day - 1 ) 
Mi l k  pro t e i n  y i e l d  
( g cow - 1 day - 1 ) 
Mi l k  fat % 

Mi l k  p r o t e i n  % 

Change in l i vewe i g ht 
(kg  per 28 day s ) 

Change in cond i t i o n  
score  ( p e r  2 8  day s ) 

1 5 . 1  

3 7 2  

1 3 . 7 

5 7 8  

4 5 0  

4 . 2 3 

3 . 2 9 

+ 1 6  

- O .  O S  

9 . 6  

3 5 3  

1 0 . 5 

4 3 8  

3 2 2 · 

4 . 1 7 

3 . 0 7 

- 2 

- 0 . 1 0 

* l ivewe ight s unad j us t ed fo r gut - f i l l . 

1 5 . 6  9 . 5  

4 0 4 3 9 6  

1 3 . 0  9 . 8  

4 8 0 4 0 0  

4 2 5  3 0 2 

3 . 7 0 4 . 1 0 

3 . 2 7 3 . 1 0  

+ 1 5  + 5 

+ 0 . 0 3 - 0 . 1 5  



Tab l e  2 . 1 1 Treatmen t means for Exp er iment 3 for 

d i f ferent g enotyp e s  ( B I )  at two l eve l s  

o f  feed ing ( F L ) . 

I t em H i gh B I  Low B I  
H i g h  FL  Low FL H i gh F L  

Dry ma t t er intake 1 6 . 2  9 . 6  1 6 . 1  
( k g  DM cow - 1 day - 1 ) 
Ave r a g e  l ivewe ight * 
ove r exper imenta l 
p e r i od (kg ) 3 9 6  3 7 7  4 4 2  

Mi l k  y i e l d  - 1 ) ( 9.  cow - 1 d ay 1 3 . 3  1 0 . 1  1 1 . 1  

Mi l k  fat  y i e l d 
( g cow - 1 day - 1 ) 5 8 8  4 8 3  4 6 1 

Mi l k  prote in y i e l d  
( g c o w  - 1  day - 1 )  4 4 6  3 4 1 3 7 2  

Mi l k  fat  9< 0 4 . 4 3 4 . 8 0 4 . 1 6 

Mi l k  p rote in % 3 . 3 6 3 . 3 9 3 . 3 6 

Change in l ivewe i ght 

Low 

9 . 2  

4 2 4  

8 . 7  

3 9 5  

2 9 4  

4 . 5 2 

3 . 3 7 

(kg  p e r  2 8  days ) - 1 + 7  + 3  + 2  

Change in c ond i t ion 
s c o r e (per 2 8  day s ) 0 + 0 . 0 5 + 0 . 1 7 + 0 . 0 8  

* l i vewe i ght s unadj u s t e d  for gut - fi l l . 
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Tab l e  2 . 1 2 

I t em 

T r e a tment means fo r Exp e r iment 4 for 

d i f f e rent geno typ e s  ( B I ) a t  two l eve l s  

o f  f e eding ( F L ) . 

H i g h  B I  Low B I  
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H i gh F L  Low FL High F L  L o w  FL 

Dry ma t t e r i n t ake 
(kg  DM c ow - 1  day - 1 ) 
Ave rage l ivewe i ght * 
ove r exp e r ime n t a l  
p e r i o d  ( kg )  

Mi l k  y i e l d  ( R.  c o w  - 1  day - 1 ) 
Mi l k  fat  y i e l d  
( g cow - 1 day - 1 )  
Mi l k  pro t e in y i e l d  
( g cow - 1  day - 1 ) 
Mi l k  fat % 

Mi l k  pro t e in % 

Change in  l ivewe i ght 
(kg per 2 8  day s )  

Change i n  cond i t ion  
score  (per 2 8  day s ) 

l 5 . A  

3 9 8 

1 4 . 8  

6 6 0  

4 9 8  

4 . 4 6 

3 . 3 6 

+ 1 6  

+ 0 . 0 4 

1 0 . 5  

3 6 7 

1 1 . 7 

4 8 4  

3 6 6  

4 . 1 4 

3 . 1 3 

+ 3  

- 0 . 0 8 

* l ivewe i ght s unadj us t ed for gut - f i l l . 

1 4 . 9  

3 8 4  

1 3 . 7  

5 6 7  

4 4 8  

4 . 1 4 

3 . 2 7 

+ 2 2  

+ 0 . 0 8 

1 0 . 1 

3 8 2  

1 0 . 4  

4 3 9 

3 3 6  

4 . 2 2 

3 . 2 3 

+ 3  

+ 0 . 1 0  



The s ta t i s t i c a l  ana l y s e s  o f  t he d a t a  have b e en 

conf ined t o  t e s t ing t he s i gni f i canc e o f  d i fferen c e s  

between g e n o t yp e s  f o r  m i l k  ene rgy output  and l ive 

we i ght chang e s . 

Mi l k  energy output i s  cons idered f i r s t . 

Two me a sure s o f  the e f f i c i ency w i t h  wh i c h  the food 

eat en i s  c onve r t ed to m i l k  are  mar g ina l and gro s s  

ef fic i ency . Marg i n a l  e ffic i ency i s  repres ent ed by  

the  regr e s s ion  coe f f i c i en t  e s t ima t e d  from the 

regre s s ion o f  m i l k  energy output on ene r gy intake , i . e .  

the inc r e a s e  in mi l k  energy p e r  un i t  increa s e  in  

feed  energy . Gro s s  e f f i c i ency is  the milk  energy 

produced p e r  un i t  o f  feed ene r gy e a t en 

{ mi l k  energy } 
feed ene rgy 

Al though in  each exp er iment H c ows had grea t e r  

ma rginal  e f f i c i enc i e s  ( r epr e s en t e d  b y  t he regr e s s ion  

coeffi c i ent s )  the d i fferenc e s  b e tween g eno typ e s  were  

no t s i gn i f i c an t , hence a poo l e d c o e ff i c ient was  

c a l cu l a t e d  ( T a b l e  2 . 1 3 ) . 
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The s i gn i f i c ance  l eve l s  for d i fferenc e s  in c o e f f i c i en t s  

be tween geno typ e s  we re P = 0 . 4 2 , 0 . 5 6 and 0 . 2 0 fo r 

Exper imen t s  2 ,  3 ,  and 4 respec t iv e l y  ( r e fer Appe nd i x  2 . 2 . 2  

fo r s ta t i s t i c a l  ana l y s i s ) . On t e s t in g  int ercep t s  ( C ) 

be tween B I  groups , H cows produced s i gn i f ican t l y  mo re 

milk energy a t  a common me t ab o l i s ab l e  energy intake  

than L cows  i . e . H  cows had h i gher gro s s  effi c i enc i e s  o f  

conver s ion o f  feed energy t o  m i l k  en e r gy than L cows  

(Tab l e  2 . � 3 ) . 



Tab l e  2 . 1 3 Re g r e s s ion ana l y s e s  r e l a t ing mi l k  e n e r gy 

ou tput (MJ kg � 0 . 7 5  cow - 1  d ay - � ) and l ive 

we i ght chang e ( k g  kg - 0 . 7 5 cow - 1 day - l ) 

to me t abo l i s ab l e  energy intake 

(ME l ; MJ kg - 0 . 7 5  c ow - 1 d ay - l ) fo r h i g h  

( H )  and low ( L )  b r e eding i ndex c o w s  fo r 

Exp er imen ts 2 ,  3 ,  and 4 .  Y = bME I + C 

* 
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Exper iment Y �E I  
( b  - s.e.) 

� C ( H )  C ( H - L )  s . e . t 

2 Mi l k  energy 0 . 1 5 5  ! 0 . 0 2 1  0 . 1 9 2 0 . 0 56 

Livewe i ght + c hange 0 . 2 1 1 . - 0 . 0 49  - 0 . 2 5 7 - 0 . 04 0  
3 M i l k  ener gy 0 . 1 5 0  ! 0 . 0 2 8  0 . 1 93 0 . 0 8 8 

L ivewe i g ht 
! 0 . 0 4 9  c hange - 0 . 0 64 0 . 1 34 0 . 0 1 2  

4 Mi l k  energy 0 . 1 8 1  ! 0 . 0 2 7  0 . 1 5 9  0 . 0 3 6  

L ivewe i ght 
! 0 . 0 7 3  change 0 . 3 0 0  - 0 . 4 0 6  - 0 . 0 3 4  

� poo l ed r e g r e s s ion c o e ff i c i ent  
* int e r c e p t  for  H breeding index c ows  

t s t andard e rro r o f  di fference in  i n t e rcept  be twe en 

geno typ e s . 

There were n o ' s i gn i f icant d i f fe r enc e s  between g en o t yp e s  

f o r  t h e  c hange in  l ivewe i g h t  p e r  un i t  c hang e i n  energy 

int ake t he r e fo r e  a poo led c o e f f i c i en t  was c a l c u l a t e d . 

I n  Exp e r imen t s  2 ,  and 4 ,  L c ows  gai ned mo re , o r  l o s t  

l e s s  l ivewe i ght  than H c ows a t  a f ix e d  intake , but the 

rever s e  wa s the c a s e  for Exp e r iment 3 a l though t h e  

d i f ference s be tween genotyp e s  were n o t  s i gni f i c an t  

(Tab l e  2 . 1 3 ) . B o t h  H and L c o w s  g a i ned s i gn i f i c an t l y  

0 . 0 1 6  

0 . 0 3 8  

0 . 02 0  

0 . 0 3 5  

0 . 0 1 7  

0 . 0 4 7  



mo r e  1 iv ewe i g h t  a t  the  h i gher l eve l s  o f  intake dur ing 

Exp e r iment s  2 and 4 but not dur ing  Expe r iment 3 

(Tab l e  2 . 1 3 ) . 

Re s p o n s e  to  l eve l o f  feeding  was a l s o  c omp a r ed on a 

w i t h in - cow b a s i s  for  cows wh i c h  were fed  on the l owe r 
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l eve l o f  feed ing dur ing Exp e r imen t s  2 ,  3 ,  and 4 (Tab l e  2 . 1 4 ) . 

The numb e r  o f  cows invo l ved _ we re f ive H and f ive L ;  

five  H and five L ; and five H and four L c ows for 

Exp e r imen t s  2 ,  3 ,  and 4 resp ec t ive l y .  The s i gni f i c anc e 

l e ve l s  for t e s t ing t h e  i ndep endenc e o f  t h e  errors  o f  the 2 
repe a t ed measurement s  X = 3 d f  we r e  P = 0 . 0 7 , P  < 0 . 0 1 

and P = 0 . 8 1 for Exp e r iment s 2 , 3 ,  and 4 r e spec t iv e l y  

(Append i x  2 . 2 . 3 ) .  Mu l t iva r i a t e  ana ly s i s  wa s u s e d  for 

the  thre e exp e r imen t s . I n  E xpe r iment 4 
whe r e  the  erro r s  we re independently  d i s t r i buted , the  

mu l t ivar i a t e  t e s t  of  s i gni f i c anc e may have had  s l i gh t ly 

l e s s  power than the c o r r e sponding un i va r i a t e  t e s t s . 

F o r  Exp e r imen t s  2 ,  and 3 ,  but not  for Exper iment 4 ,  

H cows s howed l arger  c hang e s  in  mi l k  f a t  y i e l d  in  

re s p o n s e  to  chang e s  in  f e ed ing l eve l t han L c ows , 

but t he s e  d i fferenc e s  we re n o t  s i g n i f i c ant  ( re f e r  

App end ix 2 . 2 . 3  fo r d e t a i l s  o f  ana lys i s . )  



Tab l e  2 . 1 4 

I t em 

EXEt 2 

FY - 5 
FY O 

FY+ 5 

EXEt 3 

FY - S  

FY O 

FY+ 5 

EXEt 4 

FY - 5  

FY O 

FY+ 5 

M i l k  fat  y i e l d  and d e r i ved r e spon s e s  for  h i gh ( H )  and l ow ( L )  b r e e d i ng 
index c ows ; f i ve we eks  b e fo r e  under f e ed ing ( FY - 5 ) , dur i ng the  l a s t  two 
we eks  o f  underfeed ing  ( FY O ) i n  Exp er imen t s  2 ,  3 ,  and 4 ,  and f ive weeks 
a f t e r  und e r feed i ng ( FY+ 5 ) . 

M i l k  f a t  y i e l d  Re sponse  to  l ev e l  o f  feeding 

( g cow - I day - I ) ( g fat  c ow - I  3 5  days - I ) 

H L H - L FY - 5 � FYO FYO � FY+ 5 

H L H L 

7 1 8 6 0 0  1 1 8  

4 0 4 3 5 8  4 6  - 3 1 4  - 2 4 2  1 7 6 7 6  
5 8 0  4 3 4 1 4 6  

5 "8 8 4 5 6 1 3 2  

4 3 8 3 4 8  9 0  -: 1 5 0 - 1 0 8 1 2 2  6 2  
5 6 0  4 1 0  1 5 0 

7 2 4 6 6 5  5 9  

4 6 0  3 9 0  7 0  - 2 6 4 - 2 7  5 7 0  9 5  
5 3 0  4 8 5  4 5  



E xpe ri men t 5 

H i gh B I  cows p ro duce d mo re mi l k  f a t  than L cows b u t  

th i s  w a s  a s s o c i a te d  o n l y  w i th a n  in c re a s e  i n  m i l k  

y i e l d  s ince m i l k  fa t con cen t r a t i on was  s i mi l ar f o r  

b o th ge n o typ e s  ( Tab l e  2 . 1 5 ) . H i gh B I  cows p ro duce d 

s i gn i fi cantly  (P(O . O l )  more mi lk ene r gy than L cows 

( 0 . 7 7 4 v .  0 . 6 6 1  MJ kg -0 . 75 cow- l day- l ; s . e .  di ffe ren ce 

= 0 . 0 3 5 )  and had  s i mi l ar we i gh t  g a i n s  to L cows 

( 0 . 2 5 5  v .  0 . 2 3 1  k g  k g  -0 . 75 ; s . e .  di f fe rence = Q . 0 4 7 ) . 

Tab l e  2 . 1 5 T r eatment means f o r  h i g h  ( H )  and l ow ( L )  

b r e ed i ng index cows g r a z ing o n  p a s t u r e  a s  

one group i n  ear l y  l a c t a t ion  (Exp e r iment 5 ) . 

I t em 

Ave rage 1 ivewe i g ht * 
a t  s t art  o f  exp e r imen t a l  
p e r i o d  (kg ) 

Ave rage cond i t i on s c o r e  
a t  s t a r t  o f  exp e r iment a l  
p e r iod  ( k g )  

E s t ima ted d ry ma t t e r  int a ke � 
(kg  DM cow - 1 day - I ) 

Mi l k  y i e l d  

(2. cow - 1 day - 1 ) 

Mi l k  fat y i e l d  
( g cow - 1 day - l ) 

M i l k  p ro t e in y j e l d  
( g cow - 1 day - I ) 

Mi l k  fat % 

Mi l k  pro t e in % 

Chang e in 1 ivewe i g h t  
( k g  p e r  2 8  days ) 

Change in cond i t ion 
score (per  28  d ays ) 

, 

H 

3 8 5 

4 . 0  

1 2 . 8  

2 0 . 3  

9 3 0 

7 2 6  

4 . 6 4 

3 . 5 9 

+ 2 1  

+ 0 . 1  

* 1 ivewe i g h t s  unadj us ted  for gut - f i l l  

L 

4 0 4 

4 . 3  

1 2 . 8  

1 7 . 7  

8 0 5  

6 5 8  

4 . 6 0 

3 . 7 6 

+ 2 0  

+ 0 . 1  

� the pas ture i nt a ke was e s t ima t e d  i nd i rec t ly u s ing 

chromium s e squi o x ide  t o  e s t ima t e  fa e c a l  output fo r 

1 2  o f  the  3 2  cows invo l ved over the  l a s t  t en day s o f  

t he four we e k  exp e r imen t a l  p e r i o d . 
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2 . 4  D I SCUSS I ON 

I n  the 1 9 7 9/ 8 0  l ac t a t ion a d i f f e r en c e  o f  2 7  B I  un i t s  

wa s a s s o c i a t e d  w i th a d i f fer enc e i n  m i l k  fat y i e l d o f  

2 8 %  and i n  1 9 8 0 / 8 1  the d i ffe renc e i n  B I  un i t s  o f  2 4  

wa s a s s o c i a t ed w i t h  a m i l k  fat pr o duc t i o n  d i f ference 

of 1 8 % .  The  a g r e ement be twe en the exp e c t ed d i fference 

(based on b r e e d i n g  indexe s )  and t h e  o b s e rved d i ffer enc e 

in m i l k  fat y i e l d  wa s c l o s e . 

I n  1 9 7 9 / 8 0 ,  mi l k  fat produc t i ons \-Ter e  1m..; 
( O . S  - 0 . 7  kg cow -1 day -I ) in e a r l y  l ac ta t ion becaus e o f  

s evere und e r f e e d ing dur ing the f i r s t  four we eks  o f  

l actat i on wh i c h  was a l s o a s s oc i a t e d  w i t h  the l o s s  o f  

0 . 9  un i t s  o f  b o dy cond i t ion . I n  1 9 8 0 / 8 1  the l ev e l  o f  

feeding in e a r l y  lac t a t i on was b e t t e r and produc t i on 

l e ve l s  we re h i gher , 0 . 8  - 0 . 9kg  m i l k  fat cow - 1 day - I . 
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Howeve r , de s p i te the h i ghe r produc t i on in early  l a c t a t i o n , 

t o t a l  produc t i on dur i n g  1 9 8 0 / 8 1  was  low , but th i s  c ou l d  b e  

part ly acc oun t e d  fo r by a short  l ac t a t i on l ength ( 2 2 0 days ) 

and a l ow ava i l ab i l i ty o f  p as t ure i n  mid and l a te l ac t a t i on . 

Dur ing Exp e r iment 1 cows we re i n di v i dual ly fed i ndo o r s  

whereas  in E xpe r iment 5 cows we re g r a z e d  a s  one g r o up . 

Howeve r the d i ffe rence b e tween geno types in da i ly m i l k  fat  

y i e l d  was  s imi l a r  in b o th expe r i men t s ; 0 . 1 2 kg/ cow . Th i s  

sugge s ts t h a t  c ompe t i t i o n  and g ra z i n g  components are n o t  

important fac t o r s  ac c ount ing fo r d i f fe rence s b e twe e n  

geno type s .  

Both mi lk y i e l d  and the concent r a t i on o f  mi lk fat i n  t h e  

mi l k  o f  the H c ows was cons i s t e n t l y  h i gher than that  o f  

the L cows . Th i s  may indi cate  t h a t  s e l e c t i o n  fo r i n c re a s e d  

leve l s  o f  m i l k  f a t  p ro duct i on p e r  c ow h a s  b e e n  as s o c i at e d  

w i t h  incre a s e s  i n  mi l k  y i e l d  and m i l k  fat c oncent r a t i on . 

Wh i l s t  i t  i s  c l e ar that  the H c ows produced mo re m i l k  

fat than L cows , t h e  reasons  fo r t h e  i ncrea s ed produc t i on 

are no t a s  c l ea r  cut . D i ffe renc e s  in intake and 

part i t ion ing o f  ene r gy b e tween m i l k  and 1 ivewe ight  

app ear to  be  imp l i c a t e d . 
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A cons i s t ent fe ature  o f  the  d a t a  wa s t h a t  in each exp e r iment 

H cows had h i gher in t a kes  p e r  un i t  me t abo l i c l ivewe i g h t  

than L cows , a l though the s e  d i fferenc e s  in  i n t a k e  were 

s i gn i f i cant on ly  in E xpe rime n t s  1 ( P( 0 . 1 0') and 3 ( P( 0 . 0 5 ) . 

H i gh B I  cows al s o  p ar t i t i on e d mo re e n e r gy to m i l k  rathe r 

than l ivewe i ght , than L cows for Exp e r iments  1 ,  2 ,  and 4 ,  

but not  for Exp e r iment s 3 and 5 .  E s t imates  o f  l ivewe i ght 

c hang e s  in  Exp e r i ment 3 app e a r  to  be s u s p ect  a s , fo r 

examp l e , the H c ows l o s t  we i g ht on t h e  h i gh l evel  o f  

feeding , but ga ined we ight  o n  t h e  l ow l evel  o f  feed ing . 

The r e a s on for t h e  i nc ons i s t ent  data  o n  we ight chang e s  

in  Exp e r iment 3 c ompa red t o  t h e  other  exp er imen t s  i s  no t 

known . 

For  Exp er iment 5 t h e  L cows had a s l i gh t ly lower l i vewe i gh t  

ga in t han the H cows but t h i s  wa s p r o b ab ly  becaus e o f  t h e  

s l i ght ly  b e t t e r  c o nd i t ion o f  the  L c o w s  at the  s t a r t  o f  

the  exp er imen t ( 4 . 3  v 4 . 0 ) s ince  cows i n  hi gher 

cond i t ion pa r t i t i o n  l e s s  of t h e i r  ene rgy to l i vewe i ght 

gain ( G r a inger et a l . 1 9 8 2 ) . 

Over t he who l e  l a c t a t ion , d i fferen c e s  in  l ivewe ight  

and cond i t ion score  c han g e s  b e twe en H and L cows we re 

mo re apparent (Ta b l e  2 . 2 ) .  The s e  a r e  d i f feren c e s  in 

l ivewe i g ht or cond i t i o n  t h a t  have oc cur r ed over 

approx ima t e l y  e i g ht month s . I f  thes e d i fferences  are 

expre s s ed on a mon t h l y  b a s i s  then fo r e x amp l e , in 

1 9 7 9/ 8 0  the L cows ga ined 4 . 2 kg mo re l iv ewe i g ht p e r  

month than t h e  H cows . T h i s  d i fference in we i ght g a i n  

i s  obv ious ly v e r y  sma l l  a n d  wou l d  b e  e x t reme l y  d i f f icul t 

to  de t ec t . I t  i s  no t surpr i s i ng the r e fore that the 

l ivewe i g ht change s me asured over the s ho rt p e r i o d s  o f  

Exper imen t s  1 t o  5 a r e  n o t  s i g n i f ic a n t l y  d i f ferent be tween 

genotyp e s . 



To e xamine whe t h e r  o b s e rved d i fferenc e s  in i n t ake 

and energy par t i t ion ing could exp l a i n  t he di fferenc e s  

in m i l k  energy o u tput b e tween geno type s ,  da t a  for 

Exp e r iment s I to 3 were poo l ed (Tab l e  2 . 1 6 ) . 

Tab l e  2 . 1 6 

I t em 

Ob s erved ME l 
(MJ k¥ - 0 • 7 5  
cow - day - I ) 

Mi l k  energ� 
(MJ k¥ - o . 5 
cow - day - I ) 

Ave r a g e  me tabo 1 i s ab l e  e n e r gy intake 

(ME l ) ,  mi l k  energy output and c hange 

i n  t i s sue energy for Exp e r imen t s  1 to 3 .  

H L H - L % 

1 . 7 2 3 1 .  6 1 2 0 . 1 1 1  

0 . 4 9 6  0 . 3 9 9 0 . 0 9 7  

Change in t i s s ue 
ene r gy t 

- 0 . 7 5 
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d i f f e r -
enc e 

HvL 

7 

2 4  

(MJ �r cow day - I ) 0 . 0 4 3  0 . 0 6 4  - 0 . 0 2 1  . - 3 3  

t c a l c ul a t e d  by a s suming 2 0MJ energy r e t a ined per 

kg  l ivewe ight (Ho lmes  et  a l . 1 9 8 1 ) . 

The que s t i on p o s ed was : Could t h e  measured d i fference  

in met abo l i s ab l e  energy intake  b e tween g eno typ e s  be 

exp l a ined in t e rms o f  the  measured d i f ferenc e b e twe en 

geno typ e s  in output o f  m i l k  energy and chang e s  in 

1 iv ewe ight ? 



The proc edure fo l l owed w a s : -

1 The e s t i rnate� di ffe re n c e s  (H - L ) i n  ene r gy 
r e t a ined a s  m i l k  and b o dy t i s s ue  were 

(Tab l e  2 . 1 6 )  :-

D i f ference in  mi l k  energy 

D i f ference  in  t i s s ue energy 

= 0 . 0 9 7  MJ k g  
cow- I 

= - 0 . 0 2 1  .MJ kg 
cow - 1 

- 0 • 7 5  
day - l 

- 0 . 7 5  
day - l 
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2 As s um i n g  s imi l ar rna h tenanc e requi reme nt s  for both 

genotyp e s  k �  and kg va l ue s  of  0 . 6 5 (Holmes  et  a l . 1 9 8 1 ) 

can be u s ed to conve r t  the d i fferenc e s  ( H - L )  in  

m i l k  and t i s s ue energy  be tween geno typ e s  t o  

me tabo l i s ab l e  energy . T h e  equ i va l en t  ME l ' s a r e  -

D i fferenc e s  in m i l k  energy = 0 . 0 9 7  = 0 . 1 4 9 
0 . 65 

D i fference in t i s s ue energy = - 0 , 0 2 1  = - 0 . 0 3 2  
0 . 65 

Therefore  the " e xp e c t ed "  d i fference in  

ME l = 0 . 1 4 9 - 0 . 0 3 2  = 0 . 1 1 7  MJ kg  - 0 . 7 5  cow - 1 day - l 

3 Exp r e s s  the  measured d i ffe renc e i n  ME l 

( 0 . 1 1 1  MJ kg - 0 . 7 5  cow- 1 day - I , from Tab l e  2 . 1 6 )  

as  a r a t i o  o f  the " ex p e c t e d "  d i f ference i n  

M E  I ( 0 . 1 1  7 ) .  

Me a sured d i fference i n  ME l 

" Exp ec t e d "  d i fference in ME l 

0 . 1 1 1  

0 . 1 1 7  
= 0 . 9 5 

Thus a l t hough the d i fferenc e s  i n  in take and part i t ion i ng 

o f  energy b e tween m i l k  and l i vewe i g h t  a r e  s ma l l , they 

e xp l a in 9 5 %  of the o b s e rved d i fference . 

B a s e d  on a s ummary o f  r e c ent nu t r i t ion  exp e r iment s 

( H o l me s  e t  a l . 1 9 8 1 ) , the  mea sured metabo l i s a b l e  energy 

i n t a k e s  app e a r  to b e  h i g h  for the o b s erved ene rgy 

r e t e n t ion in m i l k  and t i s s ue .  I t  i s  s ugg e s t ed that the 

r e a s on for t h i s d i f ference  i s  r e l a t ed to s o i l  contamina t i o n  

o f  the  feed whi c h  wa s no t i ced  dur ing f e e d i n g  i n  a l l  
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e xp e r imen t s , b ut p ar t i cu l ar l y  i n  E xp e r iment 3 .  F o r  th i s  

reason i t  i s  a cknowl e dged that  i n  the indoor e xpe r iments  

the  ash concentra t i on of  the  fee d  should  have been 

moni tore d ,  and tha t  e s t imat e s  o f  intake b as e d  on chromium 

(Expe r ime n t  5 )  s h o u l d  h ave b e e n  e xpre s s e d on an o rg an i c  

mat t e r  b as i s . Howeve r in the indoor fe e ding work i t  wou l d  

have b e e n  d i f f i cu l t  t o  ob t a i n  rep r e s e n t a t ive s ub - s amp l e s  

o f  the s o i l - c on t am inate d fe e d  f o r  two r e as ons . F i r s t ly 

the s o i l  was  unevenly di s t r ibuted  throughout the fee d .  

Se condly any h and l ing o f  the fee d ,  s uch as for 

de t e rmina t i on o f  d ry mat te r  concent rat i on ,  t ende d t o  s hake 

free s ome o f  the s o i l  in  the fee d .  Hence it i s  s ug ge s te d  

that i n  future e xp e r iments whe re t h e  feed  i s  harve s te d ,  

an a t t emp t s h o u l d  b e  made t o  minimi z e  s o i l  cont amina t i on 

o f  the fe e d .  

An e s t i ma t e  o f  s o i l  contaminat i on was o b t ained in Expe ri ment 

3 when fae c a l  outpu t s  of the c ows  we re e s timated 

ind i re c t l y  us i ng chromium s e s qu i o x i de . The s o i l  c ontent 

of the fae c e s  o f  the cows ran g e d  from 1 9  t o  2 9 %  b e ing 

h i gher w i t h  cows on the res t r i c t e d  l eve l of fe e ding  but 

s im i l ar for  b o th g enotyp e s  (Appendix  2 . 3 ) .  When the 

intakes we re adj u s te d  for s o i l  c on t aminat ion the r a t i o  o f  

ob s e rve d/ p re d i ct e d  ME l (bas e d  on me as ure d value s  i n  mi lk 

and t i s s ue e ne rgy ) was 1 . 1 7 ,  but  us ing  unco r re c t e d  int ake s 

the rat i o  was  1 . 3 0 ,  a much g re a t e r  di s c repancy ( Appendix 2 . 3 ) .  

The equi v a l e n t  rat i o s  c a l cu l at e d  for E xpe riment s  1 and 2 

and 4 ,  b u t  uncorre c t e d  for p o s s ib le s o i l  cont aminat i on 

we re 1 . 1 7 ,  1 . 1 8 ,  and 1 . 1 5 re s p e c t i ve ly . 

I t  s e ems l i ke l y , t h e re fore , tha t  the app arent ly h i gh 

int ake s we re due mainly to  s o i l  inge s t i on ,  b ut the extent  

o f  th i s  effe c t  i s  known only f o r  E xpe r iment 3 .  The  data  

cannot  b e  re a d i ly c omp ared w i th o ther e xper imen t a l  wo rk 



b e c au s e  t he e x t en t  o f  t h e  e f fe c t  o f  s o i l  cont ami n a t i on 

on t h e  e s tim a t ion o f  i n t ak e  i s  n o t  known . 

Ano the r p rob l em ,  re cen t ly h i gh l i gh t e d  by Cowan e t  a l . 

( 1 9 8 0 )  i s  t h e  d i ff i cu l t y , p art i cu l a r l y  in the s ho rt - t e rm ,  

o f  ob t a i n in g  re l i ab le e s t ima t e s  o f  changes  i n  l ivewe i gh t . 

The me a s ure d l i vewe i gh t  c h anges  may n o t  p rovi de an 

accur a t e  me a s ure o f  change s in  b o dy t i s s ue ene rgy and 

th i s  may exp l a in s ome o f  t h e  d i s crepancy b e twe en ob s e rved 

and " e xp e c t e d" me t ab o l i s ab l e  ene rgy i n t ake . 

D a t a  o n  the fe e d  requi reme n t s  t o  main t a in and g a i n  b o dy 

con d i t i on f o r  non - l ac t a t in g  H and L cows are p re s en t e d  

in  C h ap t e r  3 .  

2 . S  CONCLUS I ONS 

The h i gh e r  m i l k  and m i l k  fat p r o duc t i on o f  h i gh comp ar e d  

wi th low b r e e d in g  index c ows  c an b e  a lmo s t  c omp l e t e ly 

e xp l a ine d b y  the i r  h i gh e r  i n t ak e s and tha t they ut i l i s e  

a g r e a t e r  p ropo r t i on o f  me t abo l i s ab le ene rgy i n t ake for  
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t�e s yn t he s i s  o f  mi l k  and a sma l l e r  p roport i on for the 

synthe s i s of b o dy t i s s ue . D i f fe rence s in int ake b e twe e n  

geno t yp e s  we re s ma l l b u t  r e a s onab ly cons i s tent . D i ffe renc e s  

i n  p ar t i t ion i n g  o f  ene r gy b e tween m i l k  and b o dy t i s s ue b y  

the d i f fe rent  genotyp e s  c an b e  c l e ar l y  s een ove r t h e  who l e  

l a c t a t i o n , b ut i n  the s h o r t - t e rm , d i f fe renc e s  i n  

p a r t i t i oning o f  ene rgy we re muc h  smal l e r  and were  mor e  

di f fi cu l t  t o  de t e c t . 



CHAPTE R  THREE 

ENERGY AND N I T ROGEN BALANCE EXPERIMENTS 

W I TH LACTAT I NG AND NON - LACTAT I NG H I GH AND LOW 

BREED I NG I NDEX COWS 



3 . 1  EXPER IMENTAL A IMS 

The aims were to measure , fo r  h i gh and low breeding 

index c ows : -

3 . 2  

( a )  Wh i l s t  l ac t a t ing 

- the i n t ake and ut i l i s at ion of ene rgy and 

n i trogen ; 

- t he e f f i c i ency o f  u s e  o f  me tabo l i sab l e  

ene r gy fo r t o t a l  energy re t en t i on a s  m i l k  

and b o dy t i s sue . 

( b )  Wh i l s t  dry 

- the quan t i ty of d i e t a ry ene r gy requ i red  t o  

ma int a in z e ro ene r gy r e t en t ion and z e ro 

change in b o dy cond i t ion ; 

the e f f i c i ency w i t h  which d i e t a ry ene rgy i s  

ut i l i s e d  fo r t h e  r e t ent i on o f  energy and for 

g a in in body cond i t ion and l ivewe i gh t . 

MAT E R IALS AND METHODS 

3 . 2 . 1  Exper iment 1 : Ene rgy b a l anc e s  w i t h  l a c t a t i ng cows 

in early and l a te  l ac t a t ion . 

S i x , four- year- o l d  F r i e s ian c ows ( t h r e e  h i gh and three l ow 

b r e ed i n g  inde x )  were  s e l e c t e d  and accus tomed t o  rout ine s 

and equ ipment fo r exc r e t a c o l l e c t i on and calor ime t ry 

procedure s . Ave rage breeding  inde x e s  and cal ving date s 

we r e  1 2 7  and Augu s t  2nd ; and 1 0 1  and Augus t  5 t h ; for t he 

h i g h  b r e ed ing index ( H ) and l ow b r e e d ing index ( L )  cows 

respec t ive l y . 

Cows we re  pa i r e d , one H and one L ,  a c c o r d i ng t o  c a l v ing 
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date , and each p a i r  ( e ar l i e s t  c a lving p a i r  fir s t ) r e c e ived the 

fo l l ow ing fe eding s equenc e commencing app roxima t e ly 

three we e k s  a ft e r  c a l v ing ; 



ad l ib i tum , 7 0 %  ad l ib i tum , and ad l ib i tum . 

App r o x ima t e l y  s even mon t hs a f t e r  ca l ving each p a i r  we r e  

f e d  a d  l i b i tum , and t h e n  7 0 %  a d  l ib i tum . 

Each feeding l ev e l  comp r i s e d a t e n  day p r e l iminary , and 

a t en day c o l l e c t i on p e r i o d , w i t h  a t o t a l  o f  6 0  and 4 0  

days i n  ear l y  and l a t e  l ac t a t ion r e s p e c t ive ly  (Tab l e  3 . 1 ) .  

Tab l e  3 . 1  P l an o f  Exp er iment 1 ,  o u t l in ing the 

c h r ono l o g i c a l  se quenc e ( day s o f  exp e r iment ) 

by p a i r s  o f  feeding t r e a tmen t s  ad l i b i tum , 

r e s t r i c t e d , ad l i b i tum in early l ac t a t i on 

and ad l ib i tum , r e s t r i c ted  feeding in l a t e  

l ac ta t i o n  dur ing 1 9 8 0/ 8 1  l ac tat ion 

( s e e  t e x t  for fur t h e r  d e t a i l s ) . 
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Ad l i b i tum Re s t r i c ted  Ad l i b i tum * 

Pre l im i n - Pr e l imin - P r e l imin -
ary B a l an c e  ary B a l ance ary B a l ance 

( d ays ) ( d ay s ) ( days ) 

P a i r  1 1 - 1 0  1 1 - 2 0  

Pa i r  2 6 - 1 5  1 6 - 2 5  

Pa i r  3 1 1 - 2 0  2 1 - 3 0  

2 1 - 3 0 

2 6 - 3 5  

3 1 - 4 0  

3 1 - 4 0  

3 6 - 4 5  

4 1 - 5 0  

4 1 - 5 0  

4 6 - 5 5  

5 1 - 6 0 

5 1 - 6 0  

5 6 - 6 5  

6 1 - 7 0  

* In l a t e  l a c t a t ion there  were o n l y  two ba l ance p e r i o d s  

for  e a c h  cow ; ad l i b i tum fo l l owed by r e s t r i c t e d  

feeding . 

Dur ing t h e  l a s t  f i v e  days o f  e a c h  co l l ec t ion p e r i o d , 

me a s ureme n t s  o f  r e s p i ratory g a s  vo lumes  were made . 

Cows we r�  fed a t  0 8 0 0  and 1 5 0 0 hours on p re dominan t l y  

rye gra s s  and wh i t e  c l over p a s t ur e s , harve s t ed d a i l y . 

In early l a c t a t ion the  pas ture wa s mown w i t h  a r o t ary 

mowe r , whe r e a s  i n  l at e  l ac t a t i on t he p as ture wa s cut 



w i t h  a f l a i l - type f o r a g e  harve s t er  (wh i c h  l ac e r a t e d  

and b ru i s ed the  p a s ture r e su l t i ng i n  a mo re rap i d  

de t e r i o r a t i on o f  t h e  harve s t e d  feed ) . 

Cows wer e  we i ghed b e fo r e  and a f t e r  t he c o l l e c t ion p e r i o d , 

a f t e r  a 1 5  hour fas t  on t he r e s t r i c te d  l ev e l  o f  feed ing , 

and t he we i g h t s  ave r a ge d . Me tabo l i c  l ivewe ight was 

c a l c u l a t e d  us ing t h e  exponent 0 . 7 5 ( K l e i b e r , 1 9 6 5 )  and 

t h i s wa s app l i ed to the re s t r i c ted and ad l i b i tum 

feed ing p e r i o d s . 

3 . 2 . 2 Expe r imen t 2 : I ndoo r feeding exper imen t 

inc l ud i ng energy ba l anc e s  w i t h  non - l ac t a t ing cows a t  two 

s t age s  o f  pregnancy . 

Twe lve F r i e s ian cows ( s ix H and s ix L )  app roxima t e l y 

four and a ha l f  y e a r s  o l d were s e l e c t ed , and e i ght o f  the  

twe l ve cows were  accus t omed t o  rou t in e s  and equ ipment fo r 

exc r e t a  c o l l e c t i on and ca l o r imetry p r o c edure s .  

Ave rage  b re ed ing indexes and exp e c t e d  c a l v ing dates  were 

1 2 7  and Augus t 2 0 t h ; and 9 9  and Augus t 1 7 th ,  for H and L 

cows re s p e c t i ve l y . 

3 . 2 . 2 . 1  Indoor feeding e xpe r iment us ing twe lve cows . 

The cows were fe d d a i l y  a t  0 8 0 0  hour s in s t a l l s  on f r e s h  

p a s ture ( cut wi t h  a f l a i l - type harve s t e r )  f o r  6 2  day s , 

commenc ing a t  about  1 8 0  days o f  pre gnancy . Six  cows 

w i th in the s ame geno type were randomly al l o cated to one 

o f  two feeding l eve l s  s o  t h a t  there were t hree cows o f  

each  b r eed ing ind e x  a t  each feed ing l e ve l . The fee d i ng 

l eve l s  were int ended t o  a c h i eve ma int enance o f  body 

cond i t i o n  and two x ma int enance o f  b o dy cond i t ion and were  

adj us t ed , acco rding  t o  s t a g e  o f  p r e gnancy (ARC , 1 9 8 0 ) . 
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3 . 2 . 2 . 2  Ene r gy b a l anc e s  u s i ng e ight  cows at two s t age s  

o f  pr egnancy dur ing t he i ndo o r  fe e d i ng exper imen t . 

Ei ght o f  the  twe lve cows ( two H and two L cows a t  

each l ev e l o f  feeding ) w e r e  each u s e d  for two ene rgy 

bal anc e p e r i o d s  at  app r o x ima t e ly 2 1 0  and 2 3 0  days o f  

pregn ancy (Tab l e  3 . 2 ) .  

Tab l e  3 . 2 P l an o f  Exp e r imen t 2 ,  out l in ing the 

c h rono l o g i c a l  s equenc e ( days o f  e xp er imen t )  

94  

o f  feeding t r e a tments  ( e s t imated to  be ma intenance 

eM) and twi c e  oa intenance o f  b o dy c ondi t ion ( 2M) ) 
b y  p a i r s  for P e r i ods  1 and 2 (app r o x ima t e l y  

d ays 2 1 0  and 2 3 0  o f  pre gnancy r e s p e c t ive l y ) . 

P e r io d  1 P e r i o d  2 

( days ) ( days ) 

Pa i r  1 ( 2M) 1 - 1 0 2 1 - 3 0  

Pa i r  2 (M) 6 - 1 5 2 6 - 3 5  

Pa i r  3 ( 2M)  1 1 - 2 0 3 1 - 4 0  

Pa i r  4 (M) 1 6 - 2 5  3 6 - 4 5  

In o rd e r  t o  measure l ivewe i ght  c hanges wh ich  we r e  unb i a s s e d  

b y  gut - f i l l  o v e r  t h e  s t a l l  f e edi ng p e r iod , t he twe lve c ows 

we re  i n i t ia l l y  gra z ed as one group ( e s t imated intake 4 - 5kg 
_ 1 _ 1 

pas ture  DM c ow day ) to s t andar d i s e  gut - f i l l , 

fo l l owed by a 6 8  hour fa s t  ( w i t h  acc e s s  to wat e r ) .  

Fo r t h e  f ina l f ive days o f  s t a l l  feeding , a l l  cows were fed 

at the ma intenance  l e ve l  o f  feeding (to s t andar d i s e  gut - fi l l )  

befo r e  a fur t h e r  6 8  hour fa s t . L ivewe ight c hanges wer e  then 

c a l c u l a t e �  as the d i ffe rence in we i ght (aft e r  a 68 hour fas t )  

at t h e  s t art  and end o f  the  s ta l l  feeding . 



Metabo l ic l ivewe i gh t , fo r us e in energy balance 

c a l cu l at ions , w a s  a s s e s s ed by interpo l a t ing b e tween 

t he meas ured 4 4  hour fa s ted  we ight  at t he b e g i nn ing  

and end of  the s t a l l  feeding  and us i ng t he exp onent 0 . 7 5 .  

C ond i t ion s c o r e  c hang es  were  c a l cu l a t ed a s  the d i fference  

in cond i t ion s c o r e  e s t ima t e d  on two  cons ecut ive days  a t  

t he s t a r t  and e nd o f  the exper iment b y  t hree o b s erve r s  

s c o r i n g  independent l y .  

3 . 2 . 3 Co l l e c t i o n  P er i ods  

Dry ma t t e r  conc en t r a t ions were me a s ured in t r ip l i c a t e  

fo r f e e d  o f fered  t o  e a c h  p a i r  o f  c o w s  a t  eac h feed ing 

and d a i ly fo r f e e d  r e fu s ed by each cow . In add i t i on , 

s amp l e s  o f  feed o ffe red and r e fu s ed were bul ked over 

the ten day c o l l e c t i on p e r iods  and s t o r ed at - l Od e gC . 

The s e  were sub s equently  t hawed and a r e p r e s e n t a t ive s amp l e  

taken , free z e - d r i ed and ground fo r l a t e r  ana l ys i s . 

Faec e s  were c o l l e c t e d  in a l arge me t a l  cont a iner us ing a 

co l l ec t ion harne s s  ( F igure 3 . 1 )  and ur i ne in a p l a s t ic  

buc k e t  located  in a sump d i r e c t ly b e h i nd the  c ows . 

The u r i ne harn e s s  i s  s hown in F i gure 3 . 1 . 

Faec e s  and ur i ne we re  r emoved and we i ghed a t  0 8 0 0  hour s  

da i l y , each wa s t ho r oughly mixed and a n  al iquo t ( 3 % )  wa s 

taken , bul ked o ve r  t he ten day co l l ec t ion p e r i o d  and 

s t o r e d  at - 1 0d e g C  in a p l a s t i c  buc k e t  w i t h  an a i r t ight  

l id .  

Late r the  bul k ed faece s and urine were  t hawed , we l l  mixed 

and s amp l es t aken f o r  n i t ro gen ana l y s i s , fr e e z e - drying and 

sub s equent ana l y s i s  of ene r gy conc en t r a t ion . F o r  fa e c e s ,  

dry mat t e r  de t e rm in a t ions we re ca r r i e d  out in dup l {c a t e � 

9 5  



+ P a r t  A 

+ P a r t  B 

The  u r i n e  harne s s  deve l o p e d  b y  Mr . J . W .  Hugh e s  o f  

Ruak u r a  Ag r i cul tura l Re s e a rc h  Cen t re . P a rt A i s  g lued 

t o  t h e  c ow an d Part B i s  a t t ached to P a r t  A w i t h  p re s s  

s tuds . 

C ow harnes s e d  fo r t o t a l  c o l l ec t ion a nd measur ement 

o f  r e s p i r atory g a s  vo l ume s . 

F I G  3 . 1 :  The ur i ne and f a e c a l  harn e s s  u s ed for  t o t a l  

co l l ec t ion o f  exc r e t a  ( s e e  a l s o F I G  3 . 2 ) .  
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P r o p o r t iona l a l i quo t s  o f  t he m i l k  wer e  taken a t  e ach 

m i l k i n g , b u l ked over f ive  days , s to r ed a t  2 de gC and 

sub s equ en t l y  ana l y s e d  for  n i t r o gen and gro s s  energy , 

I n  add i t i o n , two - day c ompo s i t e  s amp l e s  ( 5  compo s i t e s  

fo r e a c h  c o l l e c t i on p e r iod ) we r e  ana lysed for  m i l k  

fa t (Mi l ko - t e s t er Mk I I I ,  F o s s  E l ec tr i c , Denmark ) ,  

and p r o t e in concent r a t i o n  ( Pro - mi l k  Mk I I ,  F o s s  

E l ec t r i c , D e nmark ) .  

F i na l ly ,  i n  e arly l a c t a t i o n  on l y ,  the  mi lk  f a t  was 

e x t ra c t e d  f rom at  l e a s t  two s amp l e s  p e r  cow fo r ana l y s i s  

o f  i t s  fat t y  a c i d  c ompo s i t i on .  Change s i n  t h e  p r op o rt i on 

( %  b y  we i gh t ) o f  C 6-14 ( C 6 , C S , C
I O , C 1 2  and C 1 4 ) and 
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C 1 S : O - 1 ( C 1 8 : 0 and C 1 S : 1 ) g i ve an indi cat i o n  o f  the change s 

in t h e  amoun t s  o f  mi l k  f a t  p ro duc t ion a r i s i n g  from d i e t ary 

and b o dy t i s s ue s ource s r e s p e c t i ve ly ( St obb s and B r e t t , 

1 9 7 4 )  • 

Soma t i c c e l l count ( c e l l s / ml ) was measured t w i c e  fo r each 

cow dur ing e ac h  b a l an c e  p e r iod  ( Fo s s oma t i c , F o s s  E l ec t r ic , 

Denmar k ) . 

3 .  2 . 4  C hem i c a l  Me thods 

Al l c hem i c a l  ana l y s e s  were done i n  dup l ica t e , w i t h  

d i s c r ep a nc i e s  g r e a t e r  t han 3 %  requ i r ing a r ep e a t  ana l y s i s . 

N i t rogen 

The n i t r o g e n  c ontent  o f  f e e d , e xc r e ta , and m i l k ,  wa s 

de t e rm in ed by the  macr o - kj e l dahl met hod (AOAC , 1 96 5 ) . 

For f e e d  and fae c e s  about 1 9  o f  fr e e z e - dr ie d , ground ma t e r i a l  

wa s we i gh ed i nto a p o l y thene  b ag , wh i ch h a d  z e ro n i t r o gen  

cont en t , �nd ana l y s ed f o r  N .  For  ur ine and m i l k ,  

we i gh e d  1 09 w e t  s amp l e s  were  p ip e tt ed into sma l l  p l a s t i c 

bags  a nd ana l y s ed for  N .  The accur acy o f  t h e  method 

was a s s e s s e d  b y  d e t e rm in in g  t he n i t r o g en content  of 

L - l y s in e  hydr o c h l o r ide ( 1 5 . 34 %  N ) . The ave r a g e  o f  

thr e e  e s t ima t i on s  wa s 2 . 3 % l owe r t h a n  t he theo r e t ic a l  

va l u e , t h e  r a n g e  wa s from 1 . 6  t o  2 . 9 % l ower . 



Ene rgy 

G ro s s  ene r gy c o n c en t r a t i o ns o f  feed , exc r e ta , 

and m i l k  w e r e  d e t e rm i n e d  w i th an ad i ab a t i c  b omb 

c a l o r ime t e r  ( Ga l l enkamp and C o . , U . K . ) . 

F r e e z e -d r i ed , gr ound s amp l e s o f  feed and f a e c e s  

w e r e  made i n t o  p e l l e t s  (appro x ima t e l y  I g )  and gro s s  

e n e r gy d e t e rm ined . M i l k  s amp l e s  we r e  p r e p a r e d  b y  

p ip e t t i ng 3 g  m i l k  o n t o  we i g� d p o l y t hene f i l m 

f o l l owed b y  fre e z ing and f r e e z e - d ry ing . U r ine  

s amp l e s  we r e  p r ep a r ed b y  p ip e t t i ng S Og of  u r i n e  int o  

a p e t r i - d i s h , f re e z i n g  t h e  s amp l e and t hen p l a c ing 

i t  on a we i gh e d  p o l y t hene  f i l m  b e fo r e  f r e e z e - d ry i n g . 

G r o s s  e n e r g y  d e te rmina t i o n s  w e r e  c a r r i e d  o u t  o n  the 

f re e z e - dr i e d  s amp l e s  o f  ur i n e  and mi l k , c o r r e c t i o n s  

b e i n g  mad e  f o r  t he e n e r gy c on t ent  o f  the p o l y t hene . 

The  a c curacy o f  t h e  bomb c a l o r im e t e r  was  t e s t ed by 

d e t e rm i n i n g  t he g ro s s  e n e r gy c o n t en t  o f  ben z o ic ac id . 

The  ave r a g e  o f  n i n e  s ep a r a t e  d e t ermina t i o n s  wa s w i t h in 

0 . 0 9 %  o f  t h e  t h eo r e t i c a l  va l ue , t h e  range b e i ng from 

2 . 3 % b e l ow t o  1 . 3 % above t he t h e o r e t i c a l  g ro s s  energy 

c o nt en t . 

Ana l ysi s o f  fa t ty a c i d  c ompo s i t i o n  o f  t he m i l k  f a t  

F o r  e x t r a c t i o n  o f  t he m i l k  f a t , s amp l e s  o f  m i l k  ( from 

t he two  day c o mp o s i t e s  u s e d  for fat  and p ro t e in ana l y s i s ) 

and s u l phur i c  ac i d  * ( 1 8m l  o f  eac h )  we r e  p l a c e d  i n t o  

Bab c o c k  t e s t  b o t t l e s  m i x e d  b y  r o t ary a c t ion t he n  spun 

in a c ent r i fu g e  f o r f iv e  m i nu t e s . 

* The s u l p hur i c  a c i d  was mad e b y  a d d i n g  4 S 3 g  s u l p hur i c  

a c i d  (d en s i ty 1 . 8 4 )  t o  4 7  m l  wat e r . 
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Ho t wa t e r  wa s added t o  b r ing fa t up t o  t he neck o f  

t he b o t t l e  and the s amp l e  c ent r i fuged fo r a fur ther two 

m i nu t e s . The fat wa s s iphoned o f f  w i t h  a d i s po s ab l e  

p ip e t t e  and the s amp l e s s to red  i n  g l a s s  b o t t l e s a t  - 1 0d e g C . 

Ana lys i s o f  fa t ty ac ids by ga s  l iqu i d  c hromat ography 

F a t ty ac i d s  were ana l y s ed as the ir  me t hyl  e s t e rs us ing a 

Var i an Aero g r ap h  1 2 0 0  G a s  Chroma tograph b y  a p r oc edur e 

s im i l a r t o  that us ed  by Mo r r i s on ( 1 9 7 6 ) . 

P r o p o r t ions o f  the indiv idua l fat ty ac ids we r e  o b t a i ned 

by u s ing a Va r i an Aerog raph D i g i t a l  I n t eg r a t o r  4 8 0 . 

T h e  fu l l  p r o c edur e fo r ana lys i s  o f  the fa t ty ac ids 

is c o n t a ined in Append i x  3 . 1 . 

3 . 2 . 5  The C a l o r ime t e r s  and the ir  Operat ion 

Me a s urement s o f  r e s p i r a t o ry gas vo l umes we r e  made in 

two vent i l a t ed hoods in an open - c i r cu i t  sys t em wh i c h  

wa s s im i l ar t o  t h a t  de s c r i b e d b y  Young e t  a l .  ( 1 9 7 5 ) . 

The ho o d s  were  cons t ruc t ed o f  ma r i ne p l ywo o d  and had 

c l e a r  p e r s pex pane l s  in t he front and on bo t h  s ides . 

The d i mens ions o f  the hoods  wer e  

0 . 6 0m d e ep x 1 . 0 0m w i d e  x 1 . 4 9m h i g h  ( F i gure 3 . 2 ) . 

A s e a l  was made around t he c ow ' s  neck us ing a c l o s e  

fi t t ing f l e x ib l e  v iny l c o l l a r  ( a t tached t o  the  hood)  

he l d  f i rmly in  po s i t ion by e l a s t i c r ub b e r  c o r d s . 

ASSEY UN IVERSI 
,I RA Y 



- Exhau s t  p ipe  

( a )  Hood  w i th front  r emoved fo r f e e d ing the  c o w . 

Air buffer  s howing 

air i n l e t  ho l e  

1 0 0  

( b )  H o o d  w i t h  front in p l ac e  dur in g  c a l o r imetr i c  me a surements . 

F I G  3 . 2 :  Ho od u s ed in c a l o r ime t ry exper iment s 

( s e e  a l s o  F I G  3 . 1 ) . 



The c ows we r e  a b l e  t o  s t and o r  l i e down comfo r t a b l y  and 

had free ac c e s s  to wa t e r  from a t r o ugh mounted on  t h e  

ins ide o f  t h e  hood . To feed t h e  c ows the front o f  t he 

ho od , wh i c h  s e a l ed onto  a rub b e r  g a s ke t , wa s removed by 

undo ing twe lve wing nut s . A l i quo t gas samp l e s w e r e  not  

t a ken when the cows were be ing fed , whi c h  invo lved a 

t o t a l  l o s s  o f  app r o x imat e l y 3 0  m i nu t e s  o f  g a s  s amp l i ng 

t ime per d ay . 

A i r  was d r awn i nto t he hood through a ho l e  in the  a ir 

buffer ( an a r r angement to pr event outward movement o f  a i r  

t hrough the i n l e t )  a t  a contro l l ed ra t e , between 2 5 0  and 

5 0 0  l i t r e / m i n  d epend ing on t h e  l ev e l  o f  feed ing . 

T h i s  ensur e d  that t h e  exhaus t a i r  conta ined conc en t r a t ions  

of  oxygen , c a rbon d i ox ide and met hane wh ich were 

appro x ima t e l y  1 9 . 3  t o  2 0 .0 , 0 . 7  to 1 . 2  and 0 . 0 5 t o  0 . 1 6 %  

r e sp e c t ive l y .  

The exhau s t a i r  wa s c oo l ed t o  b e tween Odeg and 5degC  i n  

o rder  to r emove wa t e r vapour a n d  t h e  a i r was a s s umed to  

b e  satura t ed w i t h "ater vap our a t  this  temp e ratur e .  

The  a i r  wa s r e - warmed to 2 8 d e g C  and dr awn through d ry 

g a s  me t er s . The a i r temp e r a ture was measured a s  i t  

l e f t the c o o l ing d e v i c e  and a g a i n  as  i t  l e ft t h e  g a s  

m e t e r s . E s t imat e s  o f  wa t e r  vapour p r e s sure  t o g e t he r  w i t h  

b a rome t r i c  p r e s sur e reading s  mad e i t  p o s s ib l e  t o  c o r r e c t  

t h e  mea sured vo lume o f  a i r to  s t andard temp erature  and 

p r e s sure , d ry gas . 

A l iquo t s amp l e s  o f  a i r  wer e dr awn into three sp i rome t e r s  

f i t t ed w i t h  me rcury - 0 - r i ng s e a l ed p i stons ; o n e  f o r  

e xhau s t  a i r  from e a c h  hood and ano ther fo r atmo s p h e r ic  

air  drawn from above  the ho od s . 
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The d r i e d  s amp l es  (us ing s i l i c a  g e l )  were pump e d  

t hrough a n  aut omat i c  infra - r e d  c a rbon d i o x i d e  and 

met hane ana l y s e r  ( G rubb - Pa r s on , U . K . ; range 0 - 1 . 5 % 

CO 2 
and 0 - 0 . 2 % CH4 ) and an automa t i c p arama gne t i c  

oxygen an a l y s e r  ( S e rvomex , Co . ,  L t d . , U . K . ; ran g e  

1 9 - 2 1 %  0 2 ) conn ected  i n  s e r i e s . The outpu t s  o f  t h e s e  

ana 1 y s e r s  we re  conn e c t ed to a p o t en t iome t r i c  c ha r t  

reco rder . 

The gas ana 1y s ers  and the reco rder we re  ca l i br a t e d  

d a i ly b y  p ump ing th rough them two comp r e s s ed g a s  

mixture s ( c ont a in ing 0
2

' CO 2
, and CH

4
) o f  known 

compo s i t i on ; the oxygen , ca rbon d i oxide , and methane 

c ontent o f  the s e  g a s e s  were 1 9 . 3 0 8  and 2 0 . 7 9 8 %  0 2
' 

and 1 . 1 7 7  and 0 . 6 6 9 %  CO 2 , and 0 . 1 5 2 and 0 . 0 5 6 %  CH4 . 

The re ference ga s e s  had been c a l i b r a t e d  at  Rua kur a  

Agr icul tur a l  Re se arch Centre a g a i n s t  gas  mixtur e s  

p r ep ared b y  m i x i ng pure ga s e s  

( New Z e a l and I ndus t r i a l  Gas e s , We l l ington , New Z e a l and ) 

us ing p re c i s ion g a s  mix ing p ump s c onne c t ed in s e r i e s  

( types M 3 0 0  and NA 2 7 ,  Wo s tho f f , Bo chum , W .  G e rmany ) . 

Heat produc t i on was c a l cu l a t e d  from t he equa t i on o f  

Brouwe r ( 1 9 6 5 ) : -

1 0 2  

HP = (0  2 x 1 6 . 1 8 )  + ( CO 2 x 5 .  0 2 )  - (N x 5 .  9 9 )  - ( CH 4 
x 2 .  1 7  ) 

whe re  HP = heat  produc ed ( KJ/ 2 4 h )  

0 2 
= oxy g en consumed ( �/ 2 4 h , STP )  

C O 2 
= carbon d i oxide p r o duced ( t/ 2 4 h , STP ) 

N = urinary n i t r o g en excr e t ed , ave raged  over 
. the t en day c o l l ec t ion p er i o d  ( gN/ 2 4 h )  

C H4 
= me t hane p roduc e d , ( t/ 2 4 h , STP ) 

The cal o rime t r i c  p r o ce du re s  us e d  d i d  n o t  inc l ude the  c a rb on 

d i o x i de and me thane excre te d v i a  the  anus o r  in the urine , 

b u t  neg l e c t  o f  th e s e  quan t i t i e s  c o u l d  only a f fe c t  h e a t  

produc t i on t o  3 p e r  cent (Mu r r ay e t  a l . 1 9 7 6 ; G r ah am , N .  McC . , 

pe rs ona l commun i c a t ion) . See  App e nd i x  3 . 2  fo r c a l cu l at i on 

o f  h e a t  p r o du c t ion from r aw d a t a . 



A s y s tema t i c  e r r o r  ( s ee Ekern e t  a l . 1 9 6 5 )  wa s 

inc o rporated i n  t he e s t ima t e  o f  h e a t  produc t ion o f  t h e  

cows due to r e sp i r a t i on o f  t h e  p a s t u r e  i n  the ho od . 

The r e  mus t have b e en s ome error  f o r  a l l  cows, but g r e a t e r  

fo r cows w i t h  r e s idu a l  feed on t h e  a d  l ib itum l eve l o f  

feeding . T h i s  would probably no t a f fec t t he ma in 

comp a r i son b e tween b r e e d ing ind e x  group s , but wou l d  

affec t t h e  ab s o l u t e  l ev e l s  o f  h e a t  p r o duc t ion and hen c e  

the e s t ima t e  o f  e n e r g y  r e t ent ion in t he body and a l s o  

any ·compar i s ons  w i t h  o ther pub l i s he d  c a l o r ime t ry da t a . 

C o r r e c t i ons were the r e fore  made by d e termining s epar a t e l y  

the oxygen c onsump t ion o f  d i ffer ent w e i g hed quant i t i e s  

o f  g r a s s  p l ac ed in t he hoods and adj us t i ng the e s t ima t ed 

vo l ume s o f  0 2 
and CO

2 
r e sp i red b y  i nd iv idua l c ows f o r  

t h e  vo l ume s o f  0 2 and CO
2 

r e s p i r ed b y  the average 

quant i ty of gras s r e fu s ed by the c ow over the five day 

gas  mea s ur ement p e r i o d . C o r r ec t i ons  were sma l l  ( 1 - 3 % )  

in earl y  l ac t a t i o n  w i t h  the mown g r a s s , but muc h  l a rg e r  

( 1 8 - 2 5 % )  in l a t e  l ac ta t ion wi t h  t he f l a i l - harve s t ed g r a s s . 

No c o r r ec t i o n s  t o  e s t ima ted heat  p r oduc t ions wer e mad e 

fo r Expe r iment 2 o r  when c ows w e r e  on  r e s t r i c t ed l ev e l s  

o f  intake i n  Exp er iment 1 s inc e the r e  were no feed 

re fus a l s  l e f t  in hoo d s  because feed wa s eaten w i t h in 

hou r s  o f  b e ing o f f e r ed . 

Te s t o f  the C a l o r i me te rs 

The wh o l e  c a l o r ime t r i c  sys tem comp r i s ing  the hoods , 
ve n t i l a t i on c i rcui t , dry gas me t e r ,  gas ana l ys e rs , 
re c o rde r an d c a l ib r a t i on gas e s  we re te s ted by admi t t i n g  
dry n i t ro ge n  g a s  in to the hood a t  r a te s  de te rmine d 
vo l ume t r i c a l l y  by a we t gas me te r .  The cal o r ime tr i c  

, 

eq uipme nt was then us e d  to e s t ima te  the gas admi s s i on r a te . 
I n  a se r i e s o f  s e ven te s ts ,  the me a s urements ave rage d 

0 . 9 9 1  accuracy , ran g in g  from 0 . 9 5 4  to  1 . 0 3 3  ac curacy . 
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3 . 2 . 6  S t a t i s t i c a l  Ana lys i s  

Exper iment 1 

The data a r e  mul t ivar i a t e  in two s ens e s . F ir s t ly , 

measuremen t s  have · b e en made o n  s ev e r a l  var iab l e s  ( fa ec e s ,  

ur ine , me t hane , hea t , and m i l k ) , and s econd l y , t he 

va r i ab l e s  have been mea sured a t  d i fferent t imes o n 

ind i v idua l anima l s . F o r  examp l e , w i t h  the ene r gy b a l ance  

d a t a , t he i nput o f  feed ene r gy mus t b e  equal  to the  

c omb ined output of  energy in faec e s , ur ine , methane , hea t , 

m i l k , and t i s s ue ,  w i t h  t i s su e  energy b e ing c a l c u l a ted  a s  

the  r e s idua l o r  d i f ferenc e energy . Corr el a t ions  b e tween 

e rrors  ( o b s erved m inus p r e d i c t ed value s )  a s soc i a t ed w i t h  

the  var i ous  energy output s a r e  t h e r e fo r e  expec ted . 

Henc e a c ow w i th a g r e a t e r  t han e xpec ted  output o f  energy 

i n  fa e c e s  wi l l  have a l e s s  t han e xp ec t ed output o f  

e nergy e l s ewhere i n  the sys t em ( e g , urine ) . 

I gnor ing t he s e c o r r e l at i ons  i f  t hey a r e  p r e s en t , wou l d  

i nva l id a t e  any t e s t s  o f  s i g n i f i c ance p erformed 

E Krame r , 1 9 7 8 ) . 

I n  t he p r e s en t  exper iment t h e r e  were  insuf f i c i ent  cows  

t o  ana l y s e  bo th ' t imes ' and energy output s mu l t iva r i a t e ly , 

hence only ener gy outputs have been ana lys ed mul t ivar i a t e ly . 

The ana l y s i s  o f  t he repea t ed me a s urements over t ime i s  
s imi lar t o  c ovar i anc e ana l y s i s  i n  sp l i t - p l o t  exp e r iment s 
( Snede c o r  and C o c hr an , 1 9 6 7 ) . C ows are ' ma i n  p l o t s ' ,  
and ma i n  p l o t  tr e atmen t s  ( h i g h  and l ow breed ing index ) , 
a r e  a l l oc a t ed to c ows . W i t h in c ows (ma i n  p l o t )  sub -p l ot 
t r eatmen t s  ( l ev e l s o f  feed i ng ; ad l ib i tum ,  7 0 %  ad l ib i tum )  
are  l o c a t ed . 



l O S  

I n  early l ac t a t ion , t he ana l y s i s  was done in two 

p a r t s , b e c a u s e  it was cons i d e r ed that  the phys i o l o g i c a l  

respon s e  o f  t h e  c o w  was l i k e l y  t o  b e  d i f ferent depending 

on whe t h e r  the feed ing s equenc e was ad l ib i t um ,  fo l l owed 

by 7 0 %  ad l i b i t um ,  or 7 0 %  ad l i b i t um fo l l owed by ad l i b i tum . 

F i r s t ly t h e  ad l ib i t um ,  7 0 %  ad l ib i tum s equence was 

ana l y s ed and t hen t h e  7 0 %  ad l i b i tum , ad l i b i tum s equence . 

I t  i s  acknow l e dged that the 7 0 %  ad l ib i tum feed i ng p e r i od 

wa s common t o  both ana lyse s .  

The ana l y s i s  was done in two p ar t s : -

S t ep I :  Sub -pl o t  analys i s  t e s t ing d i f fe renc e s  b e tween 

geno type s  i n  the  s l ope o f  the  l ine j o in ing the two l eve l s  

o f  feed ing . 

The measured energy outpu t s  ( faec e s , u r ine , me t hane , heat , 

and mi l k )  wer e ana l y s e d  mu l t ivar i a t e ly . The r e s idua l 

( t i s sue ene r gy ) was anal y s ed s ep a r a t e ly as  a univar i a t e  

ca s e , s in c e  i f  i t  were inc l ud e d  in t h e  mul t ivar i a t e  

ana lys i s , a l l  o f  t h e  var i a t i o n  wou l d  b e  exp l a in e d . 

Becaus e o f  t h e  sma l l  numbe r  o f  c ows u s e d , i t  wa s no t 

pos s i b l e  t o  do a mu l t ivar i a t e  ana l y s i s  on the  f ive 

energy o u tput s , hence faeca l ,  u r i nary , and me t h an e  energ i e s  

were comb ined int o  a s ing l e  var i ab l e  ( F UM) . 

The e r r o r s  o f  the t hree ene r gy outputs  FUM , h e a t  and 

m i l k  we r e  t e s t e d  fo r indep endenc e u s ing the mo d e l  on 

t he fo l l owing  pag e . 



Yi j k = Cl i j  + 8· i X ij k + e i j k 

whe r e  

y = energy output in 

(MJ kg - 0 • 7 5  cow 

FUM , h e a t  o r  m i l k  

- 1 day - 1 ) 
x = gro s s  energy intake  (MJ kg - 0 • 7 5  cow - 1  

1 = gene t i c l evel  ( H , L )  

J = j th cow 

k = obs erva t ion on j th c ow ( k= l , 2 ) 

e = sub - p l o t  (wi t h i n - cow ) error ( a 2 ) e 

d ay - l  

I f  the e r r o r s  are indep endent l y  d i s t r i buted then t he 

d i fferenc e in s l o p e  b e tween g eno types for t he t h r e e  

energy output s are mo re app r o p r i a t e l y  t e st ed 

un ivari a t e l y . O t herwis e va l id t e s t s  o f  s i gn i f ic anc e 

are  o b t a i ned u s ing the mul t ivar i a t e  t e s t  o f  s i gn i f i c ance . 

I f  there were  di ffer ences  in s l o p e s  b e tween geno typ e s , 

intercep t s  ( Cl j ' S )  wer e pred i c t ed for  each cow for 

d i fferent values  of  x in the range o f  the d a ta s tud i ed . 

I f  ther e were  no d i ffe renc e s  in s l op e s  then a c ommon 

s l ope was f i t ted  and int erc ep t s  ( Clj ' S ) pred i c t e d . 

S t ep 2 :  Main pl o t  ana lys i s  t e s t ing di ffer ence s  in 
intercept s be tween BI  groups .  

B e twe en cow d i ffe r enc es  are due t o  b r e ed ing index and 

erro r .  T h e  app r o p r i a t e  e r r o r  fo r t e s t ing the 

s i gn i f i c an c e  o f  d i ffe rences  i n  B I  group s  is  o b t a i ned 

from be tween cows w i t h i n  BI  group s , t he mode l b e ing : -

Cl ' . 1 J  
where 

= � + A i + e: i j 

Cl = i nt e r c ept 

\l = mean 

i = gene t i c l evel  ( H , L ) 

j = j th c ow 

e: = ma in p l o t  ( b e twe e n - c ow )  error (ka 2 e + a 2 e ) 

1 0 6 

) 



The  indep enden c e  o f  the e r ro r s  was  t e s t e d  i n  a 

mul t iva r i a t e  ana lys i s . I f  the  e r r o r s  were c o r r e l at e d  

t hen t h e  mul t i va r i a t e  t e s t  o f  s i gn i f i c ance i s  the 

c o r r e c t  t e s t ,  but i f  the e r ro r s  are i ndependent l y  

d i s t r i b u t e d , univa r i a te tes t s  a r e  mo r e  approp r i a t e . 

A fur th e r  p o in t  conc e rns  the u s e o f  m e t abo l i s ab l e  

energy int ake as the  indep endent var i ab l e . B e c au s e  

m e tab o l i s ab l e  ene r gy i s  es t ima t ed b y  di f ference  

( g r o s s  ene r gy int a ke minus faec a l , ur inary , and 

1 0 7  

methane e n e r g i e s ) then i t  con t a in s  measurement e r r o r s  

r e l a t ed t o  t h e  me a s ur ement o f  f a e ca l , ur inary , and me thane 

energy . U s e  of o b s e rved me t ab o l i s ab l e  ene rgy i n t ake 

v a l ues  in r e g re s s ion an alys i s  wou l d  g ive b i as s ed 

e s t ima t e s  o f  r e g r e s s ion co - e f f i c i en t s  - th i s  i s  t h e  

p rob l em o f  " e r r o r s  in the va r i ab l e s "  (Johns ton , 1 9 63 ) . 

Whe r e  t h e  var i ab l e  o f  inte r e s t  can b e  e s t imat e d  in t e rms 

o f  cont r o l l e d va r i a b l e s , the me t hod of two - s t a g e  l e a s t 

s quar e s  c an b e  us ed  to o b t a i n  c on s i s t ent  e s t ima t e s  o f  

r eg r e s s i on co - e f f i c i ents  in the  o r i g inal mod e l . 

Me t abo l i s a b l e  ene r gy intake was t he r e fo re p r e d i c t e d  a s  

g ro s s  ene r gy in t a ke minus p re d i c t e d  v a l ues fo r faec a l , 

u r inary and me thane ene rgy ( o b t a ined from the  r e g re s s ions 

w i th gr o s s  energy intake as  t he indep endent var i ab l e ) . 

Expe r iment 2 

The ana ly s i s  o f  t he c a l o r ime t ry ( en e r gy and n i t ro g e n )  

d a t a  fo r t h e  dry , p r e gnant c ows w a s  s imp l i f i e d  b e c au s e  

t h e r e  we r e  n o  r ep e a t ed me a s u r e s  on  t h e  same cow during 

e a c h  t ime p e r i od s tudied ( ap p r o x ima t e ly day 2 10 and 2 3 0 o f  

p r e gnanc y ) ,  howev e r  the mu l t ivar i a t e  nature o f  t h e  d a t a  

r emaine d . 



The mod e l  wa s : -

Y i j 
= 11 + (l i + B i Xi j + e i j 

whe r e  

i = 

j = 

11 = 

(l L 
= 

(lH  = 

Y = 

f o r  j t h cow in i t h  g r o up 

g ene t i c l eve l ; H o r  L 

1 . . . 6 cows 
-

i n t e r c e p t  for L cows 

o 
d i fference in int e r c ep t  be twe en g eno typ e s  

ene r gy o utput i n  fae c e s , ur ine ] methane , o r  
_ 0 . 7 5 _ 1 _ 1 

h e a t  (MJ kg c o w  day ) 

X = g ro s s  en ergy int ake (MJ kg - 0 · 7 5 cow - 1 d ay - I ) 

e = b e tween cow error 

A s t epw i s e  r e g r e s s ion p roc edur e was u s ed t o  t e s t  

d i fferen c e s  i n  s l op e s  b e tween B I  group s , t hen 

d i fferenc e s  in i n t ercep t s . 

O ther  da t a  were ana l y s ed by s i mp l e  l i near r e g r e s s i on . 

Ac tua l s i gn i f i c ance l evel s a r e  p r e s ented in t h e  r e su l t s  

and un l e s s  o t herw i s e  s t ated a c r i t i c a l  s i gn i f i c ance  

l ev e l  of  5 %  has b e en t aken . 

1 0 8 



3 . 3  RESULTS 

3 . 3 . 1 Expe r iment 1 

3 . 3 . 1 . 1  Animal  H e a l t h  

N o  an ima l h e a l th p ro b l ems we re  o b s e rved dur ing the 

exp e r iment a l  p e r i o d s  o r  dur i ng t h e  r ema i nder o f  

l a c t a t ion . There  was no evi denc e o f  mas t i t i s  a s  

ind i c a t e d  by c e l l  c ount s , wh i c h  i n  e a r ly lact a t i o n  

we r e  

< 1 0 0 , 0 0 0  c ount s /ml 

and in l at e  l a c t a t i on were 

< 4 0 0 , 0 0 0  c o un t s /mI . 

The h i g h e r  count in l a t e  lac t a t ion was expected , a s  t he 

count s / m l  norma l l y  inc r e a s e  i n  l a t e  l ac t at io n 

(Nat zke  e t  a l . 1 9 7 2 ) . 

One o f the L c ows wa s exc l uded from the l a te l ac ta t ion 

ana l y s i s  as  s he had fai l ed to  conc e i ve . 

3 . 3 . 1 . 2  Lac t a t i o n  Perfo rmanc e 

The H cows produc e d  4 6  and 3 0 %  mo re mi lk  fat than t he 

L c ows dur ing 1 9 7 9 / 8 0  and 1 9 8 0 / 8 1  ( t he  current l ac t a t ion 

1 0 9  

p e r i o d )  r e s p e c t ive ly  (Tab le  3 . 3 ) .  The average  d i ffe rence 

b e tween a l l  the H and L cows , i . e .  i nc l uding t ho s e  no t In  

t h e  p r e s ent  exp e r imen t s , was  28  and 1 8 %  fo r the  two 

l ac t a t i o n s . 

Ove r  t h e  two l a c t a t ion� L c ows g a ined o r  ma int a i ned 

cond i t i o n  in cont ra s t  to the H c ows wh ich l o s t cond i t i on 
, 

in both y e a r s  (Tab l e  3 . 3 ) . 



Tab l e  3 . 3  

No . Cows 

Fat y i e l d  

M i l k  f a t  y i e l d s , l ac ta t ion l eng th , 

c o nd i t ion score  a t  c a l vi ng and cond i t i o n  

s c o re change o v e r  two l a c t a t ions ( 1 9 7 9 - 8 0  

and 1 9 8 0 - 8 1 )  fo r h i g h  (H)  and low ( L )  

b r eed i ng index cows . 

1 9 7 9 - 8 0  1 98 0 - 8 1  

H L H L 

3 3 3 3 

( k g ) 1 5 5 1 0 6 1 7 2  1 3 2  

Average  l ac t -

a t ion l eng t h  

(days ) 2 5 3  2 2 8  

Cond i t i o n  s co r e  

a t  c a l v i n g  4 . 8  4 . 7  4 . 7  4 . 9  

Cond i t i o n  s c o r e  

change o v e r  

l a c t a t i o n  - 0 . 8  +0 . 2  - 0 . 4  0 . 0  

3 . 3 . 1 . 3  Per formanc e o f  C ows dur ing Co l l ec t i on P er iods  

The  dry ma t t e r  intake s , m i l k  p r o duc t ion and c ompo s i t ion , 
o • 7 5 

and metabo l i c l ive we i g ht ( kg ) for co l l ec t io n  p e r i o d s  

in ear l y  and l a t e  l ac t at ion a r e  p r e s ent ed i n  Tab l e  3 . 4 .  

The H c ows  c ons i s tent ly  p r o duce d mo re  milk  fat t h an L cows 

and th i s  was a s s o c i ate d on ly  w i th an increas e in the  

concen t ra t i on of  milk  fat  in t h e  mi l k  s ince m i l k  y i e lds  

we re  s im i � a r  fo r b o th geno t yp e s . 

1 1 0  



Tab l e  3 . 4  Da i ly dry ma t t er intakes  (DM I ) ,  m i l k  produc t ion and compo s i t ion and 

metabo l i c l ivewe i g ht (kg 0 ' 7 5 )  fo r c o l l ec t ion per i o d s  in early  and 

l a t e  l ac ta t i on for h i g h  (H ) and l ow ( L )  b r e ed i ng index cows . 

M i l k  y i e !� 
kg cO� l 

day 

F a t  y i e !� 
g cOW l 
day 

Pro t e in y ! y 1d  M i l k fat  
g cow _ 1 % 

M i l k  p ro t e i n DM I kg 0 . 7 5 

Earll Lac t a t i on 

Ad l ib i tum 
H 2 2 . 0 1 0 9 7  
L 2 2 . 2  9 6 7  

Re s t r i c t ed 
H 1 6 . 0 7 8 2  
L 1 5 . 9  7 5 1  

Ad L i b i tum 
H 1 9 . 3 9 4 1 
L 1 9 . 8  8 0 6  

Late  Lac t a t i o n  

Ad L i b i tum 
H 9 . 2 5 1 1  
L 8 . 4  3 6 4 

Re s t r i c t ed 
H 6 . 4  4 2 0  
L 6 . 2 2 8 6  
I 

day 

7 6 1  5 . 0 0 
7 1 5  4 . 3 5 

5 0 5  4 . 8 9 
4 7 1  4 . 7 3 

6 5 7  4 . 8 8 
6 1 7  4 . 0 9 

3 5 4 5 . 5 7 
2 7 9  4 . 4 9  

2 6 5  6 . 5 9 
2 2 5  4 . 8 1 

% kg D�l 

3 . 4 7  
3 . 2 3 

3 . 1 6 
2 . 9 7 

3 . 4 1  
3 . 1 3 

3 . 8 3 
3 . 4 3 

4 . 1 6 
3 . 8 2 

c ow - 1 
day 

1 4 . 7 
1 3 . 9 

1 0 . 2 
9 . 9 

1 7 . 0  
1 5 . 6  

1 5 . 1 
1 4 . 0  

1 0 . 4 
9 . 6  

8 5 . 5 
94 . 6  

9 1 . 4 
1 0 1 . 3 



Ene rgy B a l anc e 

Treatment mean va lue s for m e a s u r e d  var i a b l e s , nam e l y  

g ro s s  e n e r gy int ake , faec a l , u r i nary , methane , h e a t , 

and mi l k  ener g i e s  for t he f iv e  c o l l ec t ion p e r i o d s  

dur ing l ac t a t ion are  p r e s en t ed i n  App end ix 3 . 3 . 1 .  

The gro s s  e n e rgy i n t akes  o f  t h e  H cows during a d  l ib i t um 
fe e ding p e r i o ds w e r e  s i gni f i cant ly  h i gh e r  than the L cows 
in two o u t  o f  th r e e  pe r i o ds , varying from 1 5  to 2 8 %  
h i ghe r (Tab l e  3 . 5 ) . The s e  d i f fe renc e s  in intake b e tween 
geno type s were l a rge . In p re v i o us e xp e r imen t s  ( s e e  
Chap t e r  2 )  t h e re was , on ave rage , a d i f ference o f  o n ly 
7 % . Howe ve r the l arge di f fe rence  was p artly e xp e c t e d 
b e c au s e  i n  t h e  p re v i ous l ac t a t i on when the s ame s ix cows 
we re  fe d ad l ib i tum in e a r l y  l ac t a t i on (Exp e r i me n t  1 ,  
Chap t e r  2 )  the  di f fe rence in i nt ake was 1 1 % , b ut only 5 %  
fo r a l l  o f  t h e  H and L cows ( 1 0 H and 1 0  L ) . The 
me t ab o l i s ab i l ity (me t abo l i s ab l e ene r gy / g ros s ene rgy ) o f  
the fe e d  w a s  0 . 6 4  and 0 . 5 4 i n  e a r ly and late l ac t at i on 
respec t i ve l y . 

Tab l e  3 . 5  Gro s s  energy int a k e s  ( G E l )  dur i ng ad l i b i tum 

feeding p e r i o d s  f o r  high  ( H )  and l ow ( L )  

breed ing index cows in ear l y  and l a t e  

l ac t a t i on . 

- 0  7 5 - 1 day - 1 ) G E I  (MJ kg  . cow 

1 1 2  

H L H/ L · Probab i l ity 

Earll L a c t a t ion 
, 

Ad l ib i tum 1 3 . 2 4 6  2 . 8 1 3  1 . 1 5 0 . 1 2 

Ad l ib i tum 2 3 . 8 6 6 3 . 0 8 0  1 .  2 6  < 0 . 0 1 

Late  L a c t at ion 

Ad l ib i tum 3 . 0 7 6  2 . 4 1 1  1 .  2 8  0 . 0 4 



The ave r a g e  m i l k  energy output was  cons i s t ent l y  h i gher 

for t he H cows vary ing from 1 5 - 9 7 %  h i g her (Tab l e  3 . 6 ) .  

Tab l e  3 . 6  

H 

L 

H - L  

H I L  

S t ep 1 

Average m i l k  ene r gy output (MJ kg - 0 . 7 5 

c ow - 1 day - 1 )  for h i g h  ( H )  and l ow ( L )  

breed ing index c ows dur i ng co l l ec t i on 

per i o d s  in ear l y  l a c t a t ion ; ad l i b i tum 

CAL 1 ) , r e s t r i c t ed CR  1 ) , ad l i b i tum (AL 2 )  

feed ing and in - l a t e l a c t a t ion ; 

ad l i b i tum (AL ) and re s t r i c t ed ( R )  f e e d ing . 

E a r ly L ac ta t ion Late  Lac t a t i o n  

A L  1 R 1 AL 2 AL R 

. 8 2 2  . 6 0 5  . 7 6 5  . 3 8 0  . 2 8 8  

. 6 6 1  . 5 2 7  . 6 2 2  . 2 0 2  . 1 4 6  

. 1 6 1  . 0 7 8  . 1 4 3  . 1 7 8  . 1 4 2  

1 . 2 4  1 . 1 5  1 .  2 3  1 . 8 8  1 .  9 7  

Sub - p l o t  ana lys i s  t e s t i ng d i f f e r enc e s  betwe en g eno typ e s  

i n  t h e  s l o p e  o f  t h e  l ine j o i n i ng t he two feed i ng l eve l s . 

A Gro s s  ene rgy intake a s  t he i ndep endent var i a b l e .  

A de t a i l ed examp l e  o f  t he s t a t i s t i c a l  ana lys i s  i s  

out l ined i n  App end ix 3 . 4 . 

( i ) Mul t i var i at e  Ana lys i s  

1 1 3  

T he var i ab l e s inc luded i n  t h e  ana lys i s  were FUM ( faec e s , 

ur ine , and me t hane ) ,  heat and m i l k  p r o duced . The 

probab i l i ty for t e s t s  o f  c o r r e l a t i on s  between erro r s  were : 
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P r o b ab i l i t y  

Early l ac t a t ion 

Ear l y  l a c t a t i o n  

Late  l ac t a t ion 

t (A+R )  a d  l i b i tum 

f e ed i n g  

( A  + R )  t 
2 

� 2 
(R  + A) ct> X 2 
(A + R )  X 
fo l l owed by 

3d . f . 

3d . f . 

3d . f . 

re s t r i c t ed 

0 . 9 4 

0 . 6 7  

0 . 8 5 
( 7 0 %  ad l i b i tum ) 

ct> (R+A ) r e s t r i c ted  ( 7 0 % ad l i b i tum ) fo l l owed by ad l i b i tum 
feedi ng 

Ci i )  Univar i a t e  Ana ly s i s  

Becau s e  t h e  e r r o r s  were i nd e p end e n t l y  d i s t r i b u t e d  

un iva r i a t e  ana l y s e s  were mo re  app r op r iate . There  

were  no  s i gn i f icant di ffe r enc e s  in s l opes b e tw e en 

B I  group s  fo r any o f  the d e p endent variab l e s . T he 

probab i l i t i e s  for di fferenc e s  in s l op e s  be tween B I  

group s  w e r e : -

Early lac t a t i o n  E a r ly l ac t a t i on L a t e  l a c t a t ion 

(A + R)  (R + A )  ( R  + A )  

FUM * 0 . 1 6 0 . 9 6 0 . 9 1 

Hea t  0 . 0 6 0 . 1 0 0 . 8 9 

M i l k  0 . 6 8 0 . 6 2 0 . 5 5 

T i s sue 0 . 1 4 0 . 2 9 0 . 8 6 

Energy r e t ained 

as  pro t e i n  0 . 1 1 0 . 8 7 0 . 4 1  

Ene r gy r e t ained 

as f a t  0 . 4 4 0 . 5 3 0 . 8 5  

As t h e r e  were no s i gn i f i c ant  d i f f e r ences in s l op e s , common 

s l o p e s  were f i t t ed and i n t e r c ep t s  ( a .  ' s ) p r e d ic ted .  J 

I n  e a r ly l ac t a t ion (A4 R )  the  p rob ab i l i ty fo r d i ffe rence s 

in s l ope s be twe en B I  g roup s f o r  h e a t  ene rgy app roached 

s i gn i fi c ance (P  = 0 . 0 6 ) . The data were furt h e r e xami n e d  

*The S t a t i s t i ca l  ana lys e s  o f  t h e  s in g l e  comp on e n t s o f  FUM 

( faece s , u r in e  and me t h an e ) a re p re s ented in Append i x  3 . 7 .  



1'3 Heat ener gy 

(MJk g- O • 7 5cow- 1 day- l ) 
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F IG . 3 . 3 :  Heat energy versus gros s  ene r gy i n take ( GE I )  for h i gh ( H )  
and l ow ( L )  breeding i ndex cows ; regression l ines ( ) 
wi th 9 5 %  confidence l irni ts for H ( - -------- ) and L ( . . . . . . • .• ) 
cows . 
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b y  fi t t ing  a d i f fe rent s lope fo r e ach B I  group w i th the 

9 5 %  confi dence l imi ts . ( F i gure 3 . 3 ) The con f i dence 

l im i t s  we re c a l c u l a t e d  us ing  the s ub - p lo t  (wi th in - cow)  

e rro r . From F i gure 3 . 3  i t  c an be  s e en that a t  the l owe r 

l eve l o f  i n t ake ( approx imate ly 2 . 0MJ g ro s s  ene r gy 
- 0 . 75 - 1  - 1  k g  c ow day ) the two geno typ e s  we re 

s i gn i f i c an t l y  d i f fe rent , but t he d i f fer ence was no t 

l arge enoug h to f i t  d i fferent s l opes  for each g r o up 

when c o n s ide r ing the ad l i b i tum l evel  o f  intake  

a s  we l l .  

B Pred i c t ed me tabo l i s ab l e  energy int ake as  the  

independent var i ab l e . 

( i )  Mu l t i va r i a t e  ana lys i s  

The dep endent va r i ab l e s  inc l uded i n  the ana lys i s  wer e  

heat and m i l k  ene r g i e s . The p r o b ab i l i t i es f o r  t e s t s  

o f  indep endenc e o f  errors we r e : -
2 Pro b ab i l i ty 

E a r ly l a c t a t ion (A + R ) X 1 d .  f .  0 . 8 9 2 
E a r ly l ac t a t ion ( R  + A) X 2 1 d .  f .  0 . 8 1 

L a t e  l ac t a t ion  (A + R ) X 1 d .  f .  0 . 4 3 

( i i )  Un iva r i a t e  ana lys e s  we re  therefore  app ro p r i a t e . 

There we r e  no s i gni fi cant d i fferenc e s  in s l opes  

b e tween BI  group s for  any of  the  d ep endent var i a b l e s . 
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The prob ab i l i t i e s  for  d i f f e r enc e s  i n  s lope s b e twe en B I  group s  

were : -

Ear l y  lactat ion E a r l y  l ac ta t ion L a t e  l ac t a t ion 

(A + R )  ( R  + A )  (A + R )  

Heat 0 . 0 6 0 . 1 0 0 . 8 9 

M i l k  0 . 6 8 0 . 6 2 0 . 5 5 

T i s sue 0 . 2 2  0 . 1 3 0 . 7 9 

As  there we r e  no s i gni f icant d i fferenc e s  in s l op e s , 

common s l op e s  we r e  f i t ted and i n t ercepts  ( aj ' s )  

p r ed i c t ed . 



Step 2 

Who l e  p lo t  ana l y s i s  t e s t i ng d i fferences  in i n t e r c ep t s  

between B I  group s . 

A Gro s s  energy intake a s  the indep endent va r i ab l e . 

( i )  Mul t ivar i a te ana lys i s  

The probab i l i t i e s  for  the t e s t s  o f  indep endenc e o f  the 

1 1 7  

e r r o r s  we r e : -

E a r l y  l a c t a t ion (A + R) 
2 

X 2 3 d .  f .  
P r o b ab i l i ty 

0 . 9 3 
E a r l y  l a c t a t i on ( R  + A )  X 2 3 d .  f .  

Late  l ac t a t ion (A  + R )  X 3 d . f . 

( i i )  Un i va r i a t e  ana l ys e s  we r e  t h e r e fo re mo r e  

app ropr i a t e . 

E a r l y  l a c tat ion (A + R )  

0 . 3 8 

0 . 34 

I n t ercept  H H - L  s . e . d i f f  

FUM - 0 . 1 4 3  0 . 0 0 5  0 . 0 1 8  

Heat 0 . 2 0 9 - 0 . 0 7 9  0 . 0 4 0  

Mi l k  0 . 2 4 9  0 . 0 5 ,9 0 . 0 5 2  

T i s s ue - 0 . 3 1 5  0 . 0 1 6  0 . 0 7 2  

Energy r e t a ined 
as p r o t e in 0 . 1 7 4  0 . 0 0 4  0 . 0 5 6  

Energy r e t a ined 
as  fa t - 0 . 4 04 - 0 . 0 0 5  0 . 0 6 1  

Pro b -
a b i l i t y  

0 . 7 9 

0 . 1 2 

0 . 3 2 

0 . 8 4 

0 . 94 

0 . 94 



E a r l y  l ac t a t i o n  (R  -+ A )  

I n t e r c e p t  H H - L  s . e . d i ff 

FUM - 0 . 0 8 4  - 0 . 010  0 . 0 2 0  

He a t  0 . 2 8 0  - 0 . 0 4 9 0 . 0 2 7 
Mi l k  0 . 4 09 0 . 0 6 2  0 . 0 3 4  

T i s s u e  - 0 . 6 0 4  - 0 . 0 0 4 " 0 . 0 2 0  

Ene r gy r e t a ined 
as p ro t e i n - 0 . 0 2 6 - 0 . 0 0 7  0 . 0 2 0  

Ene r gy r e t a i ned 
a s  f a t  - 0 . 5 3 6  - 0 . 0 1 9  0 . 0 2 8  

L a t e  l a c t a t ion (A -+ R )  

I nt e rcep t H H - L  s . e . d i f f  

FUM 0 . 1 0 3  0 . 0 0 9  0 . 0 4 2  

He a t  0 . 3 7 9  0 . 0 0 9  0 . 0 3 8  

Mi l k  0 , 0 9 9  0 . 1 0 7  0 . 0 1 9  

T i s sue - O .  5 8 1 - 0 . 1 2 5  0 . 0 6 2  

Ene r gy r e t a ined 
as p ro t e in  0 . 0 6 3 0 . 0 4 9  O .  O S  2 

Energy r e t a ined 
as f a t  - 0 . 5 2 7  - 0 . 0 8 3 0 . 0 5 5  

I n  l a t e l a c t a t ion the H cows r e t a ined s i g n i f i cant l y  

mo re  mi l k  e n e r gy at a common ene r gy intake than the 

L c ows , o t he rw i se  d i fferenc e s  in  interc ep t s  b e tween 

group s we r e  not  s i gn i f icant . 

B Pred ic t e d  m e t abo l i s ab l e  ene r gy a s  the indep endent 

va r i ab l e . 

( i ) Mul t ivar i a t e  ana l y s i s  

1 1 8  

P r o b  -
a b i l i ty 

0 . 6 6 

0 . 1 4 

0 . 1 4 

0 . 8 5  

0 . 7 5 

0 . 5 3 

P r o b  -
ab i l i ty 

0 . 8 4 

0 . 8 3 

0 . 0 1 * * *  

0 . 1 4 

0 . 4 1 

0 . 2 4 

The p ro b ab i l i t i e s  for the tes t s  o f  indep endence o f  t h e  

erro r s  we r e : - P r o b a b i l i ty 2 
Early  l ac ta t i o n  (A -+ R )  X 2 1 d . f .  0 . 7 6 

Early l a c t a t i o n  ( R  -+ A )  X 2 1 d .  f .  0 . 8 1  

La t e  l ac t a t ion (A  -+ R )  X 1 d .  f .  0 . 4 5  



1 1 9  

( i i )  Un ivar i a t e  a na l y s e s  wer e  there fore mor e  appropr i a t e . 

Heat  

M i l k  

T i s s ue 

Heat  

Mi l k  

T i s sue 

He a t  

Mi l k  

T i s sue 

Early  l a c t a t ion 

I n t e r c ep t  H 

0 . 1 3 3  

0 . 2 0 7  

- 0 . 3 4 0  

E a r l y  l a c t a t ion 

I n t e r c ep t  

0 . 2 4 1  

0 . 3 96 

- 0 . 6 3 7  

L a t e  lac tat ion  

I n terc ep t 

0 . 4 1 5 

0 . 1 1 5  

- 0 . 5 30 

(A + R) 

H - L  

- 0 . 0 7 7  

0 . 0 6 0  

0 . 0 1 6 . 

( R  + A) 

H - L  

- 0 . 0 5 3  

0 . 0 6 il.  

- 0 . 0 0 8 

(A + R) 

s . e . d i f f  P r o b -
ab i l ity 

0 . 0 4 3 ' 0 . 1 5 

0 . 0 5 4  0 . 3 3 

0 . 0 7 0  0 . 8 3 

s . e . d i f f  Prob -
ab i l i ty 

0 . 0 2 6  0 . 1 2 

0 . 0 3 3  0 . 1 4 

0 . 0 1 7  0 . 6 8 

H - L  s . e . d i ff Pro b -
ab i l i ty 

0 . 0 1 2  0 . 0 5 0  0 . 8 3 

0 . 1 0 8  0 . 0 1 3  < 0 . 0 1 * * *  

- 0 . 1 2 0 : 0 . 0 4 4  0 . 0 7 
Aga in in  l a t e  l a c t a t ion the H cows r e t a ined s i gni f i c an t l y  

mo r e  mi l k  energy a t  a g iven energy int ake than the L cows , 

o t herwi s e  d i f ferenc e s  in int e r c e p t s  we r e  not s i g n i f icant . 

Summar i e s  o f  regr e s s ion equa t i o n s  w i t h  gro s s  energy a nd 

me t a bo l i s ab 1 e  ene r gy a s  the i ndep endent varia b l e s  f o r  

ear l y  l a c t a t ion (A  + R) , early l a c ta t ion  (R + A ) , a nd 

l a t e  l a c t a t ion  (A + R)  are p r e s ented in  Tab l e s  3 . 7 ,  3 . 8 ,  
and 3 . 9 .  He a t , m i l k  and t i s sue ener g i e s  with p r ed i c t ed 

me t a bo l i s a b l e  energy intake a s  t h e  i nd ep endent va r i ab l e  

are p re s en t ed grap h i c a l l y  for  the three periods  dur in g  

l a c t a t io� , e a r ly l ac t at ion (A + R ) , e a r l y  lac t a t ion ( R + A ) , 

and l a t e  l a c t a t ion (A + R)  ( F igur e s  3 . 4 ,  3 . 5 ,  and 3 . 6 ) . 



Tab l e  3 . 7 Summary o f  p oo l ed r e g r e s s ion equa t i o ns 

w i t h  gros s energy intake ( GE I )  and 

me tabo l i s ab l e  ene rgy intake (ME I )  a s  

t he independent var i ab l e s  fo r e a r l y 

l ac ta t ion . (A -+ R ) . 

x y 

GE I FUM 

(MJkg 
- 0 . 7 5 

- 1 d - 1 ) cow ay He a t  

M i l k  

T i s sue 

b ( : ) s . e .  

0 . 4 2 1 ( � 0 . 0 1 7  ) 

0 . 3 0 "7 

0 . 1 7 1  

0 . 1 0 1  

( : 0 . 0 2 8  ) 
( � 0 . 0 4 l ) 

+ ( - 0 . 0 6 2 . ) 
Ene rgy 

r e ta ined 
a s  pro t e i n - 0 . 0 5 7  ( � 0 . 0 1 3  ) 

Ene rgy 
r e t a i ned 

as fat 
A * *  ME I 

(MJkg
- O • 7 5 

_ 1 
d _ 1 ) COW · ay 

Heat 

M i l k  

T i s sue 

ETOT * 

+ 0 . 1 2 7 ( - 0 . 0 4 5  ) 

0 . 5 3 0  ( : 0 . 0 4 8  ) 

0 . 2 9 5  ( � 0 . 0 7 l ) 

0 . 1 7 4  ( � 0 . 0 9 0  ) 

0 . 4 7 0 ( � 0 . 0 4 8  ) 

* M i l k  p l u s  t i s sue energy 

I nt ercept 

- 0 . 1 4 5  

0 . 2 4 9 

0 . 2 .2 0  

- 0 . 3 2 3  

0 . 1 7 2  

- 0 . 4 0 1  

0 . 1 7 2  

0 . 1 7 7 

- 0 . 3 4 8  

- 0 . 1 7 2 

* *  " P r e d i c t ed" metabo l i s ab l e  energy 

s t a t i s t ic�l m e t hods ) 

intake ( r e fer  

1 2 0  



Tab l e  3 . 8 Summary o f  po o l ed r e gr e s s ion equa t i on s  

w i th gro s s  energy intake (GE l ) and 

metabo l i s a b l e  ener gy intake (ME l )  

a s  t h e  independent var i ab l e s  fo r 

early  lac ta t ion ( R  + A ) . 

X Y 
+ 

b - s . e . )  

GE l FUM 0 . 3 8 9  ( � 0 . 0 2 3 

(MJ k g  - 0 • 7 5  
cow - l day - 1 ) Heat 0 . 2 7 9  ( � 0 . 0 3 0  

M i l k  0 . 0 9 1  ( : 0 . 0 1 4 

T i s sue 0 . 2 4 1  ( � 0 . 0 4 8  

Ene r gy r e t a ined 
0 . 0 3 7 · ( � 0 . 0 24 as  p r o t e i n  

Ener gy r e t a i ned 
( � 0 . 0 4 3  as  fat  0 . 1 9 0  

A t ( � 0 . 0 5 0  ME l Heat 0 . 4 5 6 

(MJ k g - 0 . 7 5  
0 . 1 5 0 ·· ( � 0 . 0 2 3 cow - 1  day - l ) M i l k  

T i s s ue 0 . 3 9 4 ( � 0 . 0 6 0  

ETOT * 0 . 5 4 4  ( � O . O S O  

* M i l k  p l u s  t i s sue energy 

t P r e d i c t e d  me t abo l i s ab 1 e  ene rgy int ake 

( r e fe r  s t at i s t ical  m e t ho d s )  

I n t e r c ep t  

) - 0 . 0 8 0  

) 0 . 3 0 4  

) 0 . 3 7 8  

) - 0 . 6 0 2  

) - 0 . 0 2 2 · 

) - 0 . 5 2 7  

) 0 . 2 6 8  

) 0 . 3 6 6  

) - 0 . 6 3 4  

) - 0 . 2 6 8  

1 2 1  



1 2 2 

T ab l e  3 . 9  Summary o f  r e g re s s ion equat ions w i t h 

g ro s s energy int a ke (GE � and m e t a bo l i s ab l e  

energy intake (ME l )  a s  t he ind ep endent 

var i ab l e s fo r l a t e  l ac t a t ion (A � R ) . 

x y 
+ 

b ( - s . e . ) I nt e rcept * * *  

G E l FUM 

(MJkg - O • 7 5 
c ow - 1 day - I ) Heat 

0 . 4 2 4  ( : 0 . 0 4 0  ) 

0 . 1 9 9  ( : 0 . 0 4 6  ) 

0 . 0 9 0  ( � 0 . 0 1 4  ) 

ME l * *  

M i l k  

T i s sue 0 . 2 8 7  ( � 0 . 0 5 7  ) 

Ene rgy r e ta ined 
as pro t e i n - 0 . 0 1 2  ( � 0 . 0 4 4  ) 

Energy r e ta ined 
as  fa t 0 . 2 54 ( � 0 . 0 4 l  ) 

Heat 0 . 3 4 6  ( � 0 . 0 8 l ) 

(MJ k g - O • 7 5 

c o w- I day- l M i l k  
+ 

0 . 1 5 7 . ( - 0 . 0 2 5  ) 

0 . 0 9 8  

0 . 3 7 5  

0 . 0 9 9  

- 0 . 0 0 8  

- 0 . 5 1 8  

0 . 0 4 3  

- 0 . 4 94 

0 . 4 0 9 

0 . 1 1 5  

H 

L 

H 

0 . 0 0 7  L 

* 

* *  

T i s sue 

ETOT 
* 

M i l k  p l u s  t i s s ue energy 

0 . 4 9 7  ( � 0 . 0 9 7  ) 

0 . 6 5 4 ' ( � 0 . 0 8 l  ) 

- 0 . 4 8 2  

- 0 . 4 0 9  

" P r ed i c t ed" metabo l i s ab l e  energy intake ( r e fer 

s t a t i s t ic a l  metho d s ) 

* * *  I n  m i l k energy produc ed the r e  was a s i gn i f i c ant 

d i fference in  int e r c ep t b e tween B I  group s . 



1'4 

1 · 0  

0 · 6  

Heat energy 
( MJkg- O • 7 5cow- 1 day - l ) 

Mi lk energy 

fitted regre s s ion line 

1 ' 0  ( MJkg- O . 7 5cow- l day- l ) 

0 ' 6  

0·2 

0 ' 4  

o 

-0,4 

0 ' 6  

o 0 

Ti ssue energy 
(MJkg- O • 7 5 cow- 1 day- l ) 

• 

1 ·0 

o 

1-4 1 - 8  2-2 2 ·6 

ME l  ( MJkg- O • 7 5 cow- 1 day- l ) 

F lG . 3 . 4 :  Heat , mi lk and body t i s sue energy productions regressed 
against predicted me tabo l isable energy intake ( ME l )  for 
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high ( 0 )  and low ( . ) breeding index cows in early lactation 
when the feeding sequence was ad l ibitum fol l owed by 
restricted feeding . 



' · 4  

' · 0  

0 · 6 

Hea t  energy 
(MJkg_ O . 7 5 cow- 1 day- l ) 

Mi lk energy 
'·0 (MJkg- O • 7 5cow- 1 day- l ) 

0·6  

0 ·2  

0 · 4 

o 

-0 ·4  

00° 
• 

Tissue energy 
(MJkg- O . 7 5cow- 1 day- l ) 

• 

o 
° 

regre s s ion l ine 

0.;;6----;';:;.0;---�,.-.74 ---7, ·-;;8----:2;-;;·2:----�2�·":"6 ----

1 2 4  

F lG . 3 . 5 :  Hea t ,  milk and body t i s sue energy produc tions re9ressed 
against predicted metabol isab l e  energy intake ( ME l ) for 
high ( 0 )  and low ( . ) breed ing index c ows i n  earl y  
l ac tation when the feed ing sequence w a s  restricted fol lowed 
by ad libitum feeding . 



1 -0 

0-6 

0 - 2  

0 - 4 

o 

- 0- 4  

0-6 

Heat energy 
( MJkg-O • 7 5cow- 1 day- l ) 

Milk ene rgy 
( MJkg- O . 7 5cow- l day- l ) 

Tissue energy 
( MJkg- O • 7 5cow- 1 day- l ) 

fitted regre s s ion l ine 

H 

1-0 1 -4 1 -8  2-2 

ME l  ( MJkg- O • 7 5 cow- 1 day- l ) 

FlG. 3 . 6 :  H�at mi lk and body t issue e nergy produ ctions regressed 
against predicted me tabo l i s ab le energy intake ( ME l )  
fo r high ( 0 ) and low ( . )  breeding index cows i n  
late lactation when the feeding sequence was ad l ib itum 
fol lowed by restr icted feeding . 

1 2 5  



Ni �rogen bal anc e 

S t ep 1 Sub - p l o t  ana l y s i s  t e s t ing d i f f e r enc e s  in 

s l opes  be twe en B I  groups . 

C i )  Mul t ivar i a t e  ana lys i s  

Dependent var iab l e s  we r e  faec a l , ur inary , and mi l k  

n i t ro g en w i t h  n i t ro g en intake  as  the indep endent 

va r i ab l e . T i s sue n i t r o g en ( r e ta ined or l o s t )  wa s 

ana lysed  univar i a t e ly . The probab i l i t i e s  fo r the 

t e s t s  o f  independ enc e of e r r o r s  wer e : -

2 Probab i l ity 
Early l ac t at ion (A -+- R )  X 2 3 d .  f .  0 . 1 0 
E a r ly l ac t at ion ( R  -+- A) X 2 3 d . f . 0 . 5 6 
L a t e  l a c t a t i on (A -+- R)  X 3 d .  f .  0 . 4 1 

F o r  t e s t ing t he indep endenc e o f  erro r s  a c r i t ic a l  

s i g n i f i c ance l evel  o f  1 0 %  ha s b e e n  t aken . The r e f o r e  

1 2 6  

in  ear l y  l ac t a t ion (A + R )  the errors  a r e  no t 

independent ly d i s t r i bu t ed and the j o i nt te s t  o f  the 

d i fferenc e s  in s l o p e s  b e tween B I  group s i s  the app r op r i a t e  2 
t e s t .  The j o int t e s t  was a X t e s t  w i t h  3 d . f .  

and the probab i l i t y  o f  the d i fferenc e in  s l opes  wa s 0 . 3 3 ,  

a c ommo n s l op e  was t her e fo r e  f i t t ed and intercept s ( a .  ' s ) J 
p r e d i c t ed . 

( i i )  Un ivar i a t e  ana ly s i s  

F o r  ear ly l ac tat ion ( R  + A )  and l at e  l ac ta t ion (A + R )  

the e r r o r s  we re i ndep endent l y  d i s t r i bu t e d  and henc e 

un i var i a t e  analy s e s  were  done . The p r o b a b i l i t i e s  for 

d i fferenc e s  in s l o p e s  b e tween B I  groups wer e : -
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Early l ac ta t ion 

(A + R )  

E a r l y  l ac ta t ion L a t e  l a c t a t i on 

Faecal  N 

Ur inary N 

M i l k  N 

T i s sue N 0 . 3 2 

(R  + A )  (A+ R )  

0 . 6 2 

0 . 9 3 

0 . 9 3 

0 . 7 5 

0 . 9 7 

0 . 9 8 

0 . 3 8 

0 . 4 3 

A s  the r e  wer e no s i gn i f ic ant d i f fe re nc e s  in s l op e s , 

common s l o p e s  wer e f i t t ed and interc ep t s  ( U j  I S ) 
p r ed i c t ed . 

S t ep 2 

Who l e - p l o t  analy s i s  t e s t i ng d i f f e renc e s  in int e r c ep t s  

b e twe en B I  group s . 

( i )  Mul t ivar i a t e  ana l y s i s  

T h e  p r o b ab i l i t i e s  for  the t e s t s  o f  i ndep endenc e o f  the  

e rrors  were : -

2 Probab i l i t y  

E a r ly l ac t a t ion (A + R) X 2 3 d .  f .  0 . 1 5 

E a r ly l ac t a t ion (R + A) X 2 3 d .  f .  0 . 3 8 

L a t e  l ac t a t ion (A + R)  X 3 d .  f .  0 . 6 9 

( i i )  Un iva r i a t e  ana lys e s  were ther e fo r e  mo re  appropr i a t e . 

E a r l y  l ac t a t ion (A + R) 

I nt e r c ep t  H H - L s . e . d iff  Pro b -
a b i l i ty 

F a e c a l  N - 0 . 4 7 0  - 0 . 0 11 0 . 1 3 0  0 . 94 

U r i nary N - 0 . 6 4 1  - 0 . 0 2 0  0 . 2 1 9  0 . 9 3 

M i l k  N - 0 . 0 73 9 · 0 08 0 . 1 37 0 . 9 6 

T i s s ue N 1 . 1 8 4  0 . 0 2 3  0 . 4 4 4  0 . 9 6 



Early  lac t a t i o n  ( R  + A )  

Interc e p t  H H - L  s . e . d i f f  Prob -
ab i l i ty 

Faecal  N - 0 . 3 6 7  0 . 0 3 1  0 . 0 6 2  0 . 6 4 

Ur inary N 0 . 5 3 3  0 . 0 2 6 0 . 1 4 7 0 . 8 7 

Mi l k  N 0 . 3 6 0 0 . 0 3 5 0 . 0 5 5  0 . 5 6 

T i s sue N - 0 . 5 2 6 - 0 . 0 9 1  0 . 1 2 8  0 . 5 1 

Late  l ac t a t ion (A � R) 

I nterc e p t  H H - L  s . e . d i ff Prob -
ab i l i ty 

Faecal  N - 0 . 1 9 0  - 0 . 1 3 1  0 . 1 1 5 0 . 4 3 

Ur i nary N - 0 . 3 4 8  - 0 . 2 4 6  0 . 2 0 0 0 . 3 1 

M i l k  N 0 . 1 7 4  0 . 1 3 8  0 . 0 2 3 0 . 0 2 * 

T i s sue N 0 . 3 6 4  0 . 2 4 0 0 . 3 4 2  0 . 5 3 

I n  l a t e  l a c t a t i o n  t h e  cows ( H )  r e t a i ned s i gn i f i cant ly 

mo re  n i trogen in t h e i r  mi l k  at a g iven n i t r o g en intake , 

t h an the L cows , o t herwi s e  d i fferenc e s  in int e r c ep t s  

b e tween group s w e r e  no t s i gn i f icant . Summar i e s  o f  

re gr e s s ion equat i o n s  r e l a t ing t o  n i t ro g e n  b a l anc e are  

p r e s en ted in Tab l e  3 . 1 0 .  

1 2 8  



Tab l e  3 . 1 0 Summary o f  r e gr e s s io n  equat ions w i t h  

n i t ro g en intake a s  t h e  independ ent v a r i ab l e  

fo r e a r l y  (A + R )  and ( R  + A) , and l a t e  

l a c t a t i o n  ( A  + R) . 

x y 
+ 

b ( - s . e . ) Interc ep t 

E a r ly l a c t a t ion (A + R) 

N i tr o g en intake Faecal  N 0 . 3 3 1  ( � O .  0 3 5  ) - 0 . 4 6 5 

( gm N LW 
- 0 • 7 5) Ur inary N 0 . 6 5 4  ( � 0 . 0 4 0 ) - 0 . 6 3 1  

M i l k  N 0 . 2 1 9  ( � O .  0 5 3  ) - 0 . 0 7 6  

T i s s ue N - 0 . 2 0 4  ( � 0 . 0 7 8  ) 1 . 1 7 2  

E a r ll l a c t a t ion ( R  + A )  

N i t r o g en intake Faecal  N 0 . 3 1 4  ( � O .  0 5 6  ) - 0 . 3 8 3  
- 0 7 5  

( gm N LW 
. 

) Ur inary N 0 . 3 8 2  ( � O .  0 34 ) 0 . 5 2 0  

M i l k  N 0 . 1 1 1  ( � 0 . 0 1 6  ) 0 . 34 3  

T i s sue N 0 . 1 9 2 ( : 0 . 0 8 2  ) - 0 . 4 8 0  

L a t e  l ac tat ion (A + R) 

N i tr o g en intake F a e c a l  N 0 . 3 6 7  ( � O .  0 8 3  ) 

( gm N LW 
- 0 . 7 5 

Ur i nary N 0 . 6 1 0  ( : 0 . 0 9 0  ) 

M i l k  N 0 . 0 8 5  ( � O .  0 1 5  ) 0 . 1 7 4  

0 . 0 3 6 . 
T i s s ue N - 0 . 0 6 2  ( 0 . 1 7 5  ) 0 . 2 6 8  

1 2 9  

H B I  

L B I  



F a t ty a c i d  comp o s i t i on o f  the  mi lk 

The f a t ty acid c ompo s i t i on of the m i l k  f a t  dur ing 

co l l e ct i on p e r i o ds i n  e a r ly l ac t a t i on i s  p re s ented  in 

Tab l e  3 . 1 1 . 

Tab l e  3 . 1 1 P e r c e n t a g e  by wei ght o f  C
6

- 1 4  and C 1 8 : O - 1 
fat ty ac ids fo r h i g h  ( H )  a nd low ( L )  

1 3 0  

b r e ed i ng ind ex c ows a t  the  mean ene r gy i n t a k e s  

dur i ng a d  l i b i tum , r e s t r i c t ed , ad l ib i tum 

f e e d ing in e a r ly l a c t a t i o n . 

Ad l i b i tum Re s t r i c t ed Ad l i b i tum 

H L H L H 

C 6 - 1 4  
( %  by we i g h t )  1 9 . 1  1 9 . 0  1 9 . 9  1 3 . 0 2 1 .  2 

C 1 8 : O - 1 
( %  by we igh t )  4 2 . 3  4 0 . 3  3 9 . 0  4 9 . 5 3 6 . 9  

When L cows were  und e r fed the propo r t i o n  o f  C 1 8 : O - 1 i n  

the ir  m i l k  f a t  inc r e a s ed and t h e  propo r t ion o f  C 6 - 1 4  
dec r e a s ed , ind ic a t ing g r e a t e r  us e o f  b o dy r e s erves t o  

sup p o r t  m i lk p r o duc t ion dur i ng r e s t r i c t ed feed ing . 

I n  contra s t , for  H c ows the  p ropo r t ion o f  C 1 8 : O - 1 in 

the m i l k  fat d e c r e a s ed s l ightly and the prop o r t ion o f  

C
6 - l 4  r ema ined r e l a t ively constan t , ind icat ing that 

there was no g r e a t e r  mob i l i s at ion of b o dy r e s erves  when 

L 

2 5 . 7  

3 1 . 7  



H cows were  und e r fed . The s e  imp l i e d  c hang es  in 

body t i s sue energy b a s ed on c hang e s  in fa tty ac id  

comp o s i t ion of  the  milk  fat  a r e  i n  a g r e ement with  

the  o b s erved c hang e s  in body t i s s u e  energy a s  e s t ima t ed 

by c a l o rime t r i c b a l ance ( F igure 3 . 7 ) 

Upon re - feed ing the propo rt ion o f  C 1 8 : O - 1  in the m i l k  

1 3 1  

fa t d e c r e a s e d  and t he propo r t ion o f  C 6 7 1 4 inc r e a s ed for  

bo t h  H and L cows  w i t h  mo r e  marked c hang es  in the  L c ows . 

Thi s  sugg e s t s  t h a t  the r e l a t ive c o nt r i but ion o f  p r ecur s o r s 

from ad ipo s e  t i s s ue to mi l k  fat s ynt he s i s  was dec r e a s i ng 

and that o f  d i e t ary sour c e s  was inc r e a s ing in a g r e ement 

wi t h  the t i s s u e  c ha ng e s  es t imated b y  c a l o r imetry ( F i gu r e  

3 . 7 ) . 

3 . 3 . 2  Expe r iment 2 

3 . 3 . 2 . 1  Co l l ec t i o n  pe r i o d s  

(a ) Energy b a l anc e 

Each  p e r iod was  ana ly s ed s eparat e l y , p er i ods 1 and 2 

being approx ima t e l y  day 2 1 0  and 2 3 0  o f  pregnancy 

re s p e c t ive l y . T h e  me tabo l i s ab i 1 i ty o f  the feed w a s  

0 . 5 9  and 0 . 6 4 fo r p er iods  1 and 2 r e s p ec t ively . 

Trea tment me an v a l u e s  for measured var iab l e s , nam e l y  

gro s s  energy intake , faec a l , ur inar y , methane , and 

heat  ene r g i e s  at t he two s t a g e s  o f  p r e gnancy a r e  

pr e s ented in App end ix 3 . 3 . 2 .  

A Gro s s  ene rgy intake a s  the i nd e p endent var i ab l e  

( i )  Mu l t ivar i a t e  ana l y s i s  

The var i � b l e s  inc l uded i n  the  ana l y s i s  were faec e s , 

ur i n e , methane and heat . The p r o b ab i l i t i e s  for t e s t s  

o f . independ enc e o f  errors  were : -



% by we ight 
C 1 8 : 0- 1  

20 

o �------------�-
Tissue change (MJkg- O • 7 5 cow- 1 day- l ) 

0 '4 

0·2 

-0 I A U  I R I A L 2  I 

1 3 2  

F IG .  3 . 7 :  Percentage by we ight o f  C18 : O- 1  fatty acids , and t i s sue 

change s for H ( D )  and L ( . ) BI cows at the mean 
energy intakes during col lection periods in the sequence 
ad libitum (ALI ) , restric ted ( R) ,  ad l ibitum (AL 2 ) 
feeding in early lac tation . 



P e r iod  1 
P e r iod  2 

x 2 6 d . f . 

X 2 6 d . f . 

Prob ab i l i t y  

0 . 0 2 
0 . 0 7 

As the c r i t i c a l  s i g n i f ic anc e l ev e l  was s e t  at  p = 0 . 10  

then t he e r r o r s  are  no t i ndep endent ly d i s t r i buted , henc e 

t e s t s  o f  d i f f e r enc e s  b e tween B I  group s  in s l op e s  and 

i n t e r c ep t s  mus t  be done j o in t l y  for the four energy 

output s . The j o int  t e s t s  uf d i fferenc e s  in s l o p e s  

be twe en B I  g r o up s  wer e : -

P e r iod  1 

P e r iod  2 
4 d . .f .  

4 d .  f .  

P r o bab i l ity 
0 . 06  

0 . 1 0  

As there we r e  no s i g n i f ic ant d i f fe r enc e s  in s l o p e s  

be tween B I  g r o up s , c ommon s l o p e s  w e r e  f i t ted and 

intercep t s  t e s t ed .  The j o int  t e s t  o f  d i ffer enc e s  

b e tween B I  

P e r iod  1 

P e r iod 2 

g r oup s 

X 2 
X 2 

i n  

4 

4 

int e r c ep t s  were : -
Probab i l ity 

d .  f .  0 . 4 2 

d .  f .  0 . 6 5 

As there w e r e  no  d i fferenc e s  i n  s l op e s  o r  int e rc ep t s  

t h e  s imp l e s t  mo d e l  w i t h  a commo n  s l op e and common 

intercept wa s f i t t ed . 

( i i )  Un i va r i a t e  ana lys i s  

T h e  p robab i l i t i e s  f o r  d i f fer enc e s  i n  s l op e s  b e tween 

BI  group s  for t i s su e  ene r gy r e t en t ion and t i s sue 

energy r e t en t i o n  as  fat and p r o t e in were : -

P e r iod 1 P er iod 2 
T i s sue ene r gy 0 . 5 6 0 . 3 1 

Energy r e t a ined as  
p r o t e in ' 0 . 4 7  0 . 0 7 

Energy r e t a i ne d  a s  
fat  0 . 5 3 0 . 3 8 

1 3 3  



As there wer e  no s i gn i f icant d i f f er enc e s  in s l op e s , 

common s l o p e s  wer e  f i t ted . T h e  p ro b a b i l it i e s  f o r  

d i f fer enc e s  i n  int e r c e p t s  b e twe en B I  g roup s wer e : -

P e r iod 1 P er iod  2 

T i s s ue ene r gy 0 . 3 3 0 . 7 9 
Energy r e t a ined a s  
p r o t e in 0 . 7 0 0 . 9 1 
Energy r e t a ined as  
fat  0 . 4 6 0 . 7 8 

1 3 4  

As there w e r e no s i gn i f icant d i f f erenc e s  in s l o p e s  o r  

intercep t s  b e tween B I  group s , c ommon s l opes  and int e r c ep t s  

we r e  f i t t e d . 

B Pred i c t ed me t ab o l i s a b l e  energy intake a s  t h e  

independent  var i ab l e . 

( i )  Univar i a t e  ana lys i s  

Mu l t ivar i a t e  ana ly s i s  was no t app r opr i a t e  in t h i s  c a s e  

b e c au s e  o n l y  one o u tput o f  energy ( h e a t )  wa s mea sured , 

the  res idua l ene r g y  ( t i s s ue ) b e i n g  c a l c u l a t ed b y  d i fferenc e . 

The p r o b ab i l i t i e s  for t e s t ing d i fferenc es  in s l o p e s  were : -

Heat  

T i s s ue 

Per i o d  1 

0 . 3 7 
0 . 3 7 

Per iod  2 

0 . 2 8 
0 . 2 8 

As there w e r e  no s i gn i f icant d i f f erenc e s  in s l op e s , c ommo n 

s l op e s  were  f i t t ed  and int e r c e p t s  t e s t ed . 

P e r iod 1 
I n t e r c e p t  H H - L  s . e . d i f f  P r o b  -

a b i l i t y  

H e a t  0 . 4 1 2 0 . 0 7 1 0 . 0 4 1 0 . 1 5 
T i s s ue - 0 . 4 1 2 - 0 . 0 7 1 0 . 0 4 1 0 . 1 5 



P e r iod 2 

Heat 
T i s sue 

I nt e r c ep t  

0 . 3 4 6  
- 0 . 3 4 6  

H H - L  

- 0 . 0 0 2  
0 . 0 0 2  

s . e . di ff P r o b -
ab i l i ty 

0 . 04 0  0 . 9 6 
0 . 0 4 0 0 . 9 6 

As ther e wer e  no s i g n i f ic a n t  d i ffer enc e s  in s l op e s  o r  
i n t e r c ep t s , c ommo n  s l o p e s  and i nt e r c ep t s  were f i t ted  for 
the regr e s s io n  equat ions . 

A summar y  o f  r e g r e s s i o n  equa t i o n s  w i th gross  e n e r gy and 
me t abo 1 i s a b 1 e  ene r gy intake a s  t he independent var i ab l e s  

1 3 5  

are  p r e s e n t e d  i n  Tab l e  3 . 1 2 ,  f o r  P e r i o d  l and 3 . 1 3 fo r Per iod 2 .  

Tab l e  3 . 1 2 

x 

G E l  

Summary o f  p o o l ed r eg r e s s ion equa t io n s  w i t h  
gro s s  ener gy i n t a k e  ( GE l )  and me tabo l i s ab l e  
energy intake (ME l )  a s  the  indep endent 
var i ab l e s  for  P e r i o d  1 .  

y 

F a e c e s  

+ b ( - s . e . )  I nt e r c ep t  

+ 0 . 3 2 1  ( - 0 . 0 3 2 . ) - 0 . 0 3 2  
(MJkg - 0 • 7 5 
c ow- I day- I )  Ur i ne 0 . 0 35 ( : 0 . 0 03 ) 

0 . 0 54 ( : 0 . 0 0 6 ) 
o . 2 8 5 ( : 0 • 0 52 ) 
0 . 3 0 5  ( 0 . 068  ) 

0 . 0 1 3  
M e t hane 
Heat  
T i s sue  

0 . 0 1 5  
0 . 3 6 �  

- 0 . 3 63 
Energy r e t a ined 
as p ro t e in 0 . 1 1 4  ( : 0 . 0 17 ) - 0 . 0 7 5  
Energy r e t a ined 
as  fat 0 . 19 0  ( : 0 . 0 7 9 ) - 0 . 2 86 

ME l Heat  
(MJkg - 0 .'7 5 
c ow- I day- I )  T i s sue 

0 . 4 8 3  ( : 0 . 08 7 ) 0 . 3 65 

o . 5 1 7  ( : 0 . 0 8 7 ) - 0 . 3 65 



Tab l e  3 . 1 3 

x 

GE l 
(MJkg - 0 • 7 5  
cow - I d ay - I )  

ME l 
(MJkg - 0 • 7 5  
cow - I day - I ) 

Summary o f  po o l ed regr e s s ion equa t i o n s  
w i t h  gro s s  ener gy intake ( GE l )  and 
metabo l i s ab l e  energy int ake (ME l )  a s  
t h e  i ndependent var i ab l e s  for P e r i o d  2 .  

y 

Faec e s  

Ur ine 
Methane 
Heat 
T i s sue 

+ b ( - s . e . )  I nt e rcept  

0 . 2 6 0  ( � 0 . 0 5 5 ) - 0 . 0 0 9  

o . 0 43 ( : 0 . 0 0 2 ) 
0 . 0 4 0  ( � 0 . 0 0 2  ) 
o . 3 1  5 ( � O .  043 ) 
0 . 3 4 1  ( � 0 . 0 9 5  ) 

o 
0 . 0 4 4  
0 . 3 3 1  

- 0 . 3 6 6  
Energy re t a i ned 

a s p rot e i n  0 . 0 24 . ( � 0 . 0 15 )  0 . 0 5 5 
Energy reta i n e d  

a s  f a t  0 . 3 1 7  ( � 0 . 084 ) - 0 . 4 2 0  

Heat 

T i s sue 

o . 4 8 0 ( � O .  065 ) 0 . 34  8 

o . 52 0 ( : 0 . 0 65 ) - 0 . 3 4  8 

Da t a  r e l a t i ng t o  me tabo l i s ab l e  ener gy intake and t i s s ue 
energy r e t a ined for p e r i o d s  1 and 2 i s  shown g r ap h i c a l l y  
(F i gure 3 . 8 ) 

( b )  N i t rogen b a lance 

( i )  Mul t ivar i a t e  analys i s  

Dependent var iab l e s  were fa ec a l , and ur inary n i t ro g en 
with n i t r o gen intake as t he i nd ependent var i ab l e . 
The p r o b ab i l i t i e s  fo r the t e s t s  of independence o f  
erro r s  w e r e : -

1 3 6  



PERIOD 1 

Ti s sue energy retention 
(MJkg- O • 7 5cow- 1 day- l ) 

0·6 

0·4 

1 3 7  

Regress ion l i ne 

0·2 

Tissue energy =-0 . 3 6 5  + 0 . 5 1 7  ME l 
( ±  0 . 087 ) 

R2 = 0 . 85 

O r-----------��-.�--------------------

-0·2 

0·6 

0·. 

0·2 

PERIOD 2 

Regr e s s ion line 

Ti ssue energy = - 0 . 348 + 0 . 5 20 MEl 
( ±  0 . 065 ) 

RL = 0 . 91 

o �----��--���----��----��------
0·4 1 · 2 ' · 6 

Metabol isable e nergy intake 
(MJkg- O • 7 5cow- 1 day- l ) 

F IG .  3 . 8 :  Tissue energy re tention versus metabol isable energy 
intake ( ME l )  for H ( � )  and L ( ... ) BI cows a t  
approximately 2 10 ( Period 1 )  and 2 3 0  ( Period 2 )  days 
o f  pregnancy . 



P e r i o d  1 

P e r i o d  2 

1 d . f .  
1 d .  f .  

Probab i l i ty 
0 . 3 2 

0 . 0 2 

As t he e r r o r s  were i ndep endent ly d i s tr ibuted i n  
P e r i o d  1 ,  un iva r i a t e  ana l y s e s  we r e  mo r e  app r o p r i a t e , 
but in P er io d  2 the e r r o r s  were c o r r e l ated , henc e 
j o in t  t e s t s  o f  s i gn i f ic anc e we re  done . 

P e r i od 2 

The j o i nt  t e s t  o f  d i f fe r en c e  in s l o p e s  b e twe en B I  

1 3 8  

g r o up s f o r  f a e c a l  and ur i na ry N was x 2 2 d . f . P = 0 . 0 2 .  

Hen c e  d i fferent  s l op e s  we re  f i t t ed fo r each B I  group 
fo r fa e c a l  and ur i nary N .  

( i i )  Univa r i a t e  ana l y s i s  

P e r i o d  1 

The p ro b ab i l i t i e s  for the d i fferenc e s  in s l o p e s  b e twe en 
B I  g roup s we r e : -

Fae c a l  N 
Ur i na ry N 
T i s s u e  N 

Probab i l i t y  
0 . 1 1 

0 . 7 0 

0 . 9 9 

As t h e r e  we r e  no s i gn i f ic a n t  d i fferenc e s  in s l o p e s , 
comm o n  s l o p e s  wer e  f i t t ed and di fferenc e s  i n  i nt er c ep t s  
t e s t ed , and t he probab i l i t i e s  were : -

Faec a l  N 
Ur i n a ry N 
T i s s u e  N 

P r o bab i l i t y  
0 . 5 9 

0 . 8 1 

0 . 6 5 

As t h e r e  wer e  no s i gni f i c a n t  d i fferenc e s  in s l o p e s o r  
int e r c ep t s , c o mmon s l op es  and interc e p t s  were f i t t ed . 



1 3 9  

Per io d  2 

D i f f erenc es  i n  s l ope b e tween B I  g roups for t i s su e  N 
wer e  s i g n i f i c ant  ( P  = 0 . 0 4 ) , hence d i ffer ent s lopes  
for  each BI  g roup we re f i t t e d . 

I n  P e r iod  2 a t  low N i n t a k e s ( 2 . 7 - 3 . 5gm Nkg- O • 7 5 ) 
H c ows l o s t  mo r e  N in ur ine and faec e s  and r e t a ined 
l e s s i n  t i s su e  than L c ows , the r ev er s e  be ing t he 
c a s e  at  h i gher N intake s ( 3 . 5 - 5 . 0 gm N kg - 0 . 7 5 ) .  
Th i s  e f f e c t  wa s not c o n s i s t ent w i t h  P er iod 1 when 
t h e r e  wa s no d i fference  b e tween B I  group s  in 
p ar t i t i o n ing of N .  

A s ummary o f  regr e s s ion equat i o n s  r e l a t ing to  
N b a l ance  in  P e r i od s  1 and 2 i s  g iven i n  Tab l e  3 . 1 4 .  

T a b l e  3 . 1 4 

x 

Summary o f  r e g re s s ion equat ions  w i th n i tro g en 
in take a s  t he i ndep endent var i ab l e  fo r 
per iods  1 and 2 fo r h i gh ( H )  and l ow ( L )  
b r e eding index cow s . 

y 

P e r iod 1 

b ( : ) s . e .  I nt ercept  

+ 
- 0 . 1 1 5 N i tr o gen i nt ake Faecal  N 0 . 2 6 i7 " ( - 0 . 0 1 6  ) 

( gm N kg - 0 
• 7 5 

c ow - 1  day - l ) Ur ine N 0 . 3 8 1  ( : 0 . 0 54 ) 0 . 6 98 
T i s sue  N 0 . 3 5 3  ( : 0 . 0 4 8  ) - 0 . 5 8 3  

P e r iod 2 

F a e c a l  N 0 . 2 3 0  ( : 0 . 0 8 4  . ) 0 . 04 5  
0 . 3 1 9  + ( - 0 . 1 0 S ) - 0 . 3 1 2  

Ur ine N 0 . 5 7 9  ( : 0 . 0 4 6  ) 0 . 0 0 2 
0 . 7 0 5 . ( : 0 . 0 5 9 ) - 0 . 4 2 3 

T i s sue  N 0 . 1 9 0 ( : 0 . 0 4 3  ) - O . O O S ' 
- 0 . 0 2 4 ' ( : 0 . 0 5 5 ) 0 . 7 35 

H 
L 
H 
L 
H 
L 



3 . 3 . 2 . 2  -Indo or f e ed ing e xpe r iment 

As there  we r e  no s i g n i f i c ant d i ff e r enc e s  be twe en 
g e no typ e s  in  energy b a l anc e , t he da ta  for the twe l v e  
c o ws o v e r  t he 6 2  day indoor f e eding p e r i od have b e en 

p o o l ed a c ro s s  B I  group s . 

D r y  ma t t e r  intake s , 1 ivewe ight , and c o nd i t io n  s c o r e  
chan g e s  and avera g e  1 ivewe i ght  over t h e  indoor f e ed ing 
p e r i o d  are  g iven i n  T ab l e  3 . 1 5 .  

T ab l e  3 . 1 5  Dry ma t t e r  intak e s , 1 ivewe i ght and 
cond i t ion  s c ore  chang e s  and ave rage 
1 ivewe i ght over the i ndoo r  feed ing 
p e r i o d  ( 1 8 0 - 2 4 2  days of p r e gnancy) 
for cows fed at  two l eve l s ; ma i n t enance 
of body c o nd i t io n  (M) and twice 
ma intenanc e of body c o nd i t i o n  ( 2M) . 

I t em 

No . c ows 
Dry ma t t e r  intake 
( k g  DM cow - 1 day - I ) 
C o nd i t ion s c o r e  ( s t a r t )  
C o nd i t ion s c o r e  ( end ) 
Chang e in cond i t io n  s c or e  

( 6 2  Day s )  
L iv ewe i ght  * ( s t art ) ( kg )  
L iv ewe i ght * ( end ) ( kg )  
Chan g e  i n  1 ivewe ight * 

( 6 2  day s )  
Ave r a g e 1 ivewe i ght * * ( k g )  

(dur i�g exper iment )  

M 

6 

5 . 8 4 
4 . 1 4 
4 . 0 3 

- 0 . 1 1 
4 1 5  
4 1 4  

- 1  
4 2 6  

* L iv ewe i ght s are 6 8  hour fa s t ed we i g ht s  
* * L iv ewe i ght s are 4 4  hour fa s t ed we i ght s 

2M 

6 

9 . 7 3 
4 . 2 2 
5 . 1 4 

0 . 9 2 
4 1 4 
4 6 0  

+ 4 6  
4 4 7  

1 4 0 



The re l a t i o n  betwee n  c hange i n  l ivewe i ght  ( ba s ed o n  
6 8  hour fas t ed we i g ht s )  and change i n  c o nd i t i o n  
s c o r e  o ve r  t h e  6 2  day indoo r  fe e d ing p e r i o d  was : -

DLW 
whe re  

+ 
= 5 . 3  + 4 3 . 8 ( - 7 . 6 ) DCS  R 2 = 0 . 7 7 

DCS  = c hang e i n  c o nd i t ion s c o r e  
D LW = change i n  l ivewe i ght ( k g )  

A chan g e  in one c o nd i t i o n  un i t  c o r r e s p onded t o  a n  
i n c r e a s e i n  l ivewe i ght o f  4 3 . 8 kg . 

The r e l a t i o n  between e s t ima t ed metabo l i s ab l e  energy 
int ake and chang e in c o nd i t i on s c o r e  over the indoor  
fe ed ing p e r iod ( exp r e s s ed p e r  un i t  me tabo l i c l ivewe i g ht ) 
wa s : -

1 4 1 

6C Skg - O • 7 5 = - 2 . 0 5 0  + 2 . 7 1 1 ( : 0 . 2 9 4 )  ME I kg - O • 7 5  R 2 = 0 . 8 9 
whe r e  6 C Skg - O • 7 5 = chang e in cond i t i on s c o r e per  (un i t  

me tabo l ic l ivewe i ght x 1 0- � ) ove r the 
i ndoor feed i ng p e r i od 

ME l kg - O • 7 5  = me t abo l i s ab 1 e  energy intake * p e r  
un i t  metabo l ic l ivewe ight day - I . 

F r om t h i s  r e l a t i ons h ip i t  c an b e  c a l cu l a t ed t hat  t o  
improve t h e  cond i t i o n  s c o r e  o f  a 4 0 0kg c ow by o n e  un i t , 
dur ing the p e r iod 1 8 0 - 2 4 2  days o f  pregnancy , wou l d  r equ i r e  
an add i t ional  2 2 8 8 MJ o f  me tabo l i s ab l e  energy , over and 
above the feed requ i red to ma int a i n  the c ow ' s current 
l eve l o f  body cond i t ion ( r e fe r  Append i x  3 . 6 . 1 . 2 ) . 

* The metabo l i s ab l e  energy intake was e s t ima t ed for each 
c ow by mul t ip l y i n g  the dry mat t er i nt ake by the ene rgy 
c onc e n t ra t i on (MJ me tabo l i s ab l e  energy per  kg DM) o f  
the feed . The energy concent r a t i o n  o f  the f e ed wa s 
c a l cu l a t ed as t h e  ave r a g e  ene rgy c o nc ent r a t ion o f  the 
feed over the two c o l l ec t ion p e r iods  ( to t a l  o f  4 5  days ) .  
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To ma i n t a i n  body c o nd i t i o n  dur ing the p e r i o d  1 8 0 - 2 4 2  
days o f  pregnancy , the f e ed r equ i r ement can b e  c a l cul a t ed 
( from the above equa t ion)  to  be  0 . 7 6MJ MEkg - O � 7 5  c ow- 1 da y - l 

( r e fe r  Appendix 3 . 6 . 1 . 1 ) .  



3 . 4  D I SCUS S I ON 

3 . 4 . 1 Energy b a l an c e  

3 . 4 . 1 . 1  Exper iment 1 :  Lac t a t ing C ows 

The H c ows produced mo r e  m i l k  energy i n  ear l y  and l a t e  
l ac t a t i on than t h e  L cows (Tab l e  3 . 6 ) , and t he s e  
d i ff e r enc e s  we r e  as s o c i a t e d  w i t h  a g r e a t er ene r gy 
i n t a k e  (Ta b l e  3 . 5 ) and d i f ferenc e s  i n  p a r t i t ion i ng 
o f  nutr i en t s  b e tween mi l k  and body t i s sue . 
F l a t t  e t  a l . 1 9 6 9 )  r e ached a s imi l a r  conc lus i o n  for  
cows vary ing i n  p roduc t ive ab i l i t y  and f ed vary ing 
prop o r t ions  of a l fa l fa : conc ent r a t e s  in t he d i e t . 

The energy l o s s e s  i n  fa ece s ,  ur ine , and methane , wer e  
s im i l a r fo r H and L cows , henc e t h e  d i f ferenc e s  in 
the p a r t i t ion i ng of energy r e l ated  to d i fferen c e s  i n  
t h e  p a r t i t i oning o f  metabo l i s ab l e  energy . A f t e r  
adj u s tmen t f o r  d i f f e renc e s  i n  i n t a k e  b e tween g eno typ e s , 
only in l a te l ac t a t i o n  were there s i gn i f icant 
d i f ferenc e s  be twe en geno typ e s  in par t i t ioning o f  
me t abo l i s ab l e  energy . However t r ends i n  p ar t i t ioning  
o f  metabo l i s ab l e  energy have been  examined by f i t t in g  a 

different s l ope and a d i f ferent in t e r c ep t* for each 

B I  group ( re fer s t a t i s t i c a l  ana l y s i s ) . The s e  equa t i on s  

were us e d  t o  p re d i c t  the ou tpu ts o f  energy (hea t , mi lk 
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and t i s s ue )  for e a ch B I  group at the mean energy in t ake s 

(average of H and L cows ) dur ing e ach o f  the f ive c o l l e c t i on 

periods over l a c t a t ion ( Figure 3 . 9 ) . 

* The inter c ep t  for e a ch B I  group was calcu l a t e d  a s  the 

average o f  the intercep t s  o f  t h e  individua l cows in 

each group . 



Dur ing four o f  t he five c o l l ec t i o n  p e r iods , lo s s e s  
o f  ene r gy a s  h e a t  were s imi l ar f o r  H a nd L c ows , 
hen c e  t o t a l  ene r gy (m i l k  p l us  t i s s u e ) retained wa s a l s o  
s im i l ar . Howeve r  H cows p a r t i t ioned more o f  the 
ene rgy r e t a in e d  t o  m i l k  and l e s s  t o  t i s sue than the 
L c ows ( F i gur e 3 . 9 ) .  

I n  t he o t her  c o l l e c t i on p e r i od ( r e s t r i c t ed feeding i n  
e a r ly l a c t a t i o n )  H cows l o-s t  l e s s  energy a s  hea t , 
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r e t a ined only s l i gh t l y  ( 7 % )  mo re m i l k  energy and mo b i l i s ed 
l e s s  t i s s ue e n e r gy than the L cows ( F i gure 3 . 9 ) .  

I t  i s  o f  int e r e s t ,  and r e a s s u r ing that  an indep enden t 
e s t ima t e  o f  r e l a t ive t i s s ue mo b i l i s a t i on ,  namely the 

p r o p o r t i o n  o f  l o n g  cha in fat ty a c i d s  in the m i l k  fat , 
a l s o  ind i c a t e d  that  the L cows mob i l i s ed mo r e  t i s s ue 
r e s e rv e s  on the r e s tr i c t ed l evel o f  feed ing in early  
l a c t a t ion than the H c ows ( F i gur e 3 . 7 ) . 

Cau s e s  o f  d i f fe r en c e s  in mi l k  energy output b e twe en 
genotyp e s  can b e  c l ear l y  s e e n  by exam i n ing the 
r a t i o  ( H : L )  i n  m i l k  energy output b e fore and a f t e r  
adj u s t ing f o r  d i fferenc e s  be tween g eno typ e s  i n  
int ake , and i n t a k e  p l u s  t i s s ue chan g e s  (F igure 3 . 1 0 ) . 
I n  e a r l y  l ac t a t i on d i fferenc e s  in m i l k  energy output 
we r e  equa l l y e xp l a ined by d i fferenc e s  b e twe en B I  g ro up s 
in  intake and t i s sue chan g e s . 

I n  l a t e  l ac t a t i o n  6 0 %  o f  the obs e rved d i fference was due 
to  d i ff e r enc e s  in t i s sue chang es  b e twe en BI group s , 
and only 4 0 %  t o  d i f fe r enc e s  in intake . The excep t i o n  
wa s dur ing r e s t r i c t ed feeding i n  e a r l y  lactat i on whe r e  
the r e  were d i f fe r en c e s  in he a t  p r o duc t i on .  
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ad l ib i tum ( AL2 ) feeding in earl y  l actation , and ad l ib i tum 
(AL) , restricted (R) feeding in l ate lactation ( see text 

for furthe r  detail s )  
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The me asured h e a t  p ro duc t i ons i n  th i s  s tudy we re  p ar t ly 
due to  h e a t  p r o duce d  by re sp i rat i on o f  the pas ture i n  
t h e  hoods . A l though a c o r re c t i on w a s  made to a l l ow f o r  
the heat p r o du c e d  by t h e  resp i ra t i on o f  t h e  pas ture i t  
i s  worthwh i l e e xamin in g  h ow the ab s o lute  leve l s  o f  h e a t  
p roduc t i on , a f t e r  c o rr e c t i on f o r  he rb age  resp i ra t i on , compare 

w i t h  o the r pub l i shed c a l o r ime t ry data  wher e  pas t u r e  
fo rms the d i e t . When t h e  r e gr e s s i o n s  o f  energy 

r e t ent ion ( m i l k  p l us t i s s ue energy)  aga i n s t  metabo l i s ab l e  
energy int ake obta i ned from t h i s s tudy have b een 
compa red w i t h  o t her  pub l i shed data ( F i gu r e  3 . 1 1 )  t h e r e  
i s  r e a sona b l e  a gr e ement , g iv ing mo r e  c o n f idenc e t o  t he 
c o r r e c t ed heat  p roduc t ion s . Further de t a i l s  o f  the 
regre s s i on equ a t i o n s  s hown in F i gure 3 . 1 1  are g iv en i n  
App end ix  3 . 5 .  

In  the p r e s ent exp e r iment , dur ing r e s t r i c t ed f e e d i ng 
in early  l ac t a t ion , the H cows had a g r e a t er 
e f f i c i ency o f  mi l k  p roduc t ion b e caus e o f  a lower 
heat  produc t i on r e l a t ive to  the L cows , no t to  a 
g r e a t e r  mob i l i s at i on o f  body r e s e r ve s . Growth 
hormone h a s  b e en s hown to i n c r e a s e  the e f f i c i ency 
of m i l k . p r o duc t i on (mea s ured a s  mi l k  energy p r o duc ed 
d i v i ded by g r o s s  energy)  in d a i ry cows ( Hutton , 1 9 5 7 ; 
Mach1 in , 1 9 7 3 ; Pe e l  e t  a l . 1 9 8 0 ) . 

Whe t her  t he i ncrea s ed e f f ic i ency i s  due to a lowered 
heat  p ro duc t i on and / o r  a mo r e  favourab l e  part i t i o n i ng 
o f  nut r i ent s to m i l k  rathe r than t i s s ue energy i s  n o t  
known , a l though c u r r ent r e s e a r c h  at C o rne l l  Un i ve r s i ty 
( P e e l , C . J .  p e r s o n a l  commun i c a t i o n )  should c l ar i fy the mode o f  
act i on o f  g rowth ho rmone . Growth hormone c onc en t r a t i ons 
we r e  no t meas ured i n  the current exp e r iment , but  have 
been o b s e rved to  be  hi gher for h i gh versus low b r e e d i n g  
index c o w s  ( F l ux ,  D . S . , Mac ken z i e , D . D . S . , and W i l s on , G . F . , 
unpub l i s hed data ) and are  a l s o a t  the i r  highe s t  conc ent r a t ion 
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in e a r l y  l a c t a t i on (Vas i 1 ato s and Wang s ne s s , 1 9 8 1 ) . 
F l ux , Mac ken z i e and Wi l s o n  (unpub l i s hed da t a )  
o b s e rved tha t when intake w a s  r e s t r ic ted i n  m i d ­
l ac t a t i o n , g r owth ho rmo ne concen t r a t i ons i nc r e a s ed 
i n  h i g h  and l ow breed i n g  i nd ex c ows w i t h  a gr e a t er 
inc r e a s e fo r the h i gh b r e e d i ng i ndex cows . 

I t  m i ght be s p ecul ated t h e r e fo r e  that chan g e s  i n  
growth hormone  met abo l i sm may have p l ayed s ome 
ro l e  i n  the ra ther unexp e c t ed d i fference in heat  
produc t i on b e tween the B I  group s mea sured dur i ng 
r e s t r i c t ed feed ing in e a r l y  l a c t a t i o n . 

3 . 4 . 1 . 2  E xpe r iment ' 2 Non - l ac tat ing c ows 

There were o n l y  smal l ,  non - s i g n i f i c ant d i f f e r en c e s  
b e twe en geno typ e s  i n  l o s s e s  o f  e n e r g y  i n  faec e s , 
ur ine , and methane , and in the e f f i c i ency o f  
ut i l i s a t i on o f  metabo l i s ab l e  energy . The data has 
t h e r e fo re b een poo l ed a c ro s s  g eno typ es  and c an be 
c o mpa red  to  o t her exp e r imenta l l y  and theore t i c a l ly 
d e r i v e d  es t ima t e s  r e l a t ing to f e e d i ng o f  dry , 
p r e gnant c ows on pas tur e . 

Maint enan c e  o f  body cond i t ion 

I n  the p r e s ent  exp e r imen t the r e  were two e s t imat e s  
o f  t h e  feed required t o  maint a i n  body cond i t ion . 
F i r s t ly u s ing data from t he 6 2  day indoor  f e e d i ng 
p e r i o d  ( 1 2  cows ) the f e e d  r equ i r ed to ma int a in body 
cond i t ion was O . 7 6MJkg  - 0 . 7 5 c ow- 1 day- l ( s e e  resul t s )  

A s ec ond e s t imate c an b e  made by c a l cu l at i n g  the 
me ta b ol i s ab l e  energy i nt ake (ME l )  requ i r ed to ma i n t a i n  
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zero ma t e rna l body energy r e t en t i o n . The c a l o r i me tr ic 
balance e s t imat e s  the amount o f  ME r r e qu i r ed f o r  to t a l  
z e ro energy r e t ent i on in the d a m  and the foetus , however 
at  thi s int ake the darn \<li l l  be in nega t ive 

1 5 0 

energy b a l an c e  b ecaus e a p o rt i o n  o f  the i ntake i s  ut i l i s ed 
to ma i n t a i n  the growt h o f  the f o e t u s . T here f o r e  to 
ma int a in z e ro ma t e rnal body energy r e t en t ion , e x t r a  
intake , equival ent t o  t h e  ME r requ i r ed to  ma i n t a i n  the 
growth o f  t he fo e tus  mu s t  b�  added to the es t i ma t e d  
ME r r e qu i red to ma in t a in t o t a l  zero  energy r e t ent i o n . 
Us ing t h i s  me thod the feed  required  t o  ma inta i n  z e ro 
ma ternal  body energy re t en t i o n  for p e r iods  1 and 2 
( app r o x i ma t e l y  day 2 1 0  and 2 3 0  o f  pr e gnancy ) wa s 0 . 7 9 
and 0 . 8 0MJ MEkg - O . 7 5 CQ\Al- l day - l ( s e e  App endix 3 . . 3 for 

ful l  c a l cu l at i ons ) .  

The r e  i s  c l o s e  agre ement b e twe en the e s t imat e s  o f  
feed energy requ i r ed to ma i nt a in b ody c ond i t i o n  and 
zero ma t e rnal body energy r e t ent i o n , name ly 0 . 7 6 
and 0 . 8 0 ( 0 . 7 9 and 0 . 8 0 ) MJ ME kg - O . 7 5 c ow- 1 day - 1 wh ich 

g iv e s  s ome conf idenc e i n  the v i s u a l  a s s es sment o f  
chan g e s  i n  body cond i t i o n . 

The o r e t i c a l  and rec ent exp e r imen t a l  e s t imat e s  o f  
feed r equ i r ed t o  ma int a i n  body cond i t i on o f  da i ry 
cows are  summar i s ed in Tab l e  3 . 1 6 . The agreement 
be twe en t heo r e t i c a l ly de r i ved e s t ima t e s  (ARC , 1 9 8 0 )  to maint a in 

z ero ma t erna l body energy r e t ent i on and e s t ima t e s  for anima l s  

fed indo o r s  i n  s ta l l s  ( p r e s en t  exp er iment a n d  G ray e t  a l . 
1 981 ) i s  reas onab l e , the two e s t ima t e s  be ing a b out 
3 0 %  h i ghe r .  However the e s t ima t e  for gra z ing c a t t l e 
(Ho l me s  and McC l enaghan , 1 9 8 0 )  i s  7 0 %  h i ghe r t han the 
theo r e t i c a l  � s t ima t e  p o s s i b l y  i nd i c a t ing a g r e a t e r  
requ i r emen t b e c au s e  o f  env i ronment a l  fac t o r s  such a s  



wind , c o l d , o r  t o  the g r e a t e r  ac t iv i ty o f  the 
gr a z ing animal . 

Tab l e  3 . 1 6 Some exp e r imen t a l ly mea s u r ed and 
theo r e t i c a l l y  der ived e s t ima t e s  o f  the 
me tabo l i s ab l e  energy r equ i r ed by dry 
cows fed p a s tu r e . 

1 5 1 

Re ferenc e and 
exp e r imental 
deta i l s  

E s t ima t i on o f  
c hange s i n  
body c ond i t i on 

S t a g e  
o f  

pre gnancy 
(day s ) 

M e t abo l i s ab l e  energy 
r equ i red to 
ma inta i n  body * *  

c o nd i t ion 
(MJ kg - 0 • 7 5  day- 1 ) 

Pr e s ent 
exp e r iment 
St a l l  fed o n  
p a s ture Vi sua l 1 8 0 - 2 4 2  0 . 7 6 

Pr e s ent * exp e r imen t  C a l o r i me t ry 2 1 0  0 . 7 9 
( approx ) 

P r e s e nt * exp e r iment C a l o r ime t ry 2 3 0  0 . 8 0 
( app rox ) 

Gray e t  a l  ( 1 98 1  ) 
* S t a l l fed on S l aught er  1 8 0 - 2 3 0  0 . 7 1 

p a s tu r e  p l u s  
s i l a g e  

Ho lme s and 
Mc C l enaghan ( 1 9 8 0 )  V i s u a l  1 9 5 - 2 3 7 1 .  0 2  G r a z ed on 
p a s tur e 

ARC ( 1 9 8 0 )  C a l o r ime try 2 5 2 0 . 6 9 

2 2 4 0 . 6 0 

* C a l cu l ated for  z e ro c hang e in body energy content  
p lu s  p r e gn ancy a l l owanc e . 

* *  Al l values  a re exp re s s e d  pe r fas t e d  l ivewe i gh t . 



Gain i n  b o dy con'di  t ion 

Ho 1mei �t a l . ( 1 9 8 1 ) drew a tt e n t ion to the fact t h a t  the 
few e s t imat e s  of  the quant i ty o f  me t ab o l i s ab l e  e n e rgy 
requi r e d  to i n c r e as e b o dy c on d i t ion o f  the non - l a c t at ing 
cow by one c ondi t i o n  s co re a re ab out twi ce as l arge as  
that p r e d i c t e d  the o re t i ca l ly .  In th e p re s ent e xp e r iment 
the ne t ene r gy r e t e nt i on for one un i t  o f  b ody c ondi t i on 
(4 3 . 8  k g  l iv ewe i gh t )  was 1 2 � 6  MJ ( � 3 6 6  x 0 . 5 1 8 )  o r  
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2 8 . 0  MJ/ k g  l ivewe i gh t  gai n . Th i s  i s  oniy 1 . 3  t imes  gre a t e r 
than t h e  mos t  re cent e s t im a t e  b y  the Agr i cul t u r a l  Re s e arch 
Counc i l  ( 1 9 8 0 )  o f  2 1 . 6 MJ/ k g  l ivewe i ght  gain . 



A summary o f  e s t ima t e s  o f  me tabo 1 i s ab l e  ene r gy 
required per  gain i n  c o nd i t i o n  s c o r e  a r e  p r e s ented 
in Tab l e  3 . 1 7 .  

Tab l e  3 . 1 7  

Re fe renc e 

Some e s t ima t e s  o f  the feed  requ i r ed 
for i nc r e a s ing body cond i t i o n  i n  
dry c ows . 

Me tab o l i s ab l e  ene rgy requi red 
t o  inc r ea s e  body c o nd i t i o n  * 
by one un i t  (MJ * cow - I )  

Hu t t on and Bryant ( 1 9 7 6 )  
Ho lme s and McC l ena g han ( 1 9 8 0 )  
Gra inger e t  a 1  ( 1 9 7 8 )  

1 9 2 5  
2 3 1 0  
2 9 0 0  
1 6 2 8  
1 8 2 8  
1 4 0 0  

Gray et a l  ( 1 98 1 ) 
Pr e s ent exp e r iment 
ARC ( 1 9 8 0 )  

* One un i t  o f  cond i t i o n  a s s umed t o  be e qua l to 
3 Skg 1 ivewe ight . 

* Me t abo l i s ab l e  ene rgy o f  the feed a s s umed t o  b e  
1 lMJ / kg DM . 

S in c e  the feed requi reme n t s  t o  ma i nt a i n  and promo t e  a 
g a i n  o f  one  un i t  o f  body cond i t ion are  s im i l ar fo r H and 
L cows , t he H cows w i l l  requ i r e ex tra feed dur ing t he 
dry p e r i o d  i n  o rder to  c a lve i n  a s imi l ar c o nd i t i on t o  
t h e  L cows . 
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3 . 4 . 2  N i tro g en b a l anc e 

3 . 4 . 2 . 1  Expe r iment 1 

I n  e a r l y  l a c t a t i o n  d i fferenc e s  b e twe en geno typ es  in 
part i t i o n ing of N were s ma l l  and no t s i gn i f i c ant . 
An i n t e r e s t ing o b s e rva t i o n  wa s that  dur ing the f ir s t  
ad l i b i tum fe e d i ng p e r i o d , the  c ows actua l l y  r e t a i ned 
l e s s  n i t r o g en i n  the body than dur i ng the r e s t r i c ted 
feed ing p e r iod , a l t hough in t he s ec o nd ad l i b i tum 
feed i n g  p e r iod  the cows g a ined mo r e  n i t rogen . The 
reasons for the d i f fer enc e i n  n i t ro g en reten t i o n  in 
t i s s u e s  b e twe en the two ad  l i b i tum feed ing p e r i o d s , 
we re  that the c ows dur ing the f i r s t  ad l ib i tum 
feed ing per iod l o s t  mo re N in faec e s  and r e t a ined 
mo re  N in m i l k  than dur i n g  the s e co nd ad l ib i tum 
fe ed ing p e r i od . As a r e s u l t the cows r e ta i ned l e s s  N 
in the body dur i ng the f i r s t  ad l ib i tum p e r i od . 

I n  l a t e  l a c t at i o n  the H c ows r e t a i n e d  a sma l l  but 
s i gn i f icantly  greater amo unt of  N i n  the mi l k  at  a 
g iven N i n take than the L c ows . T h i s was b e c a u s e  the 
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L c ows , a t  a g iven intake , l o s t  mo r e  N in fa e c e s  and 
urine and a l t hough they w e r e  a l s o  in ne gat ive N b a l anc e 
( a s  o pp o s ed to  the H cows i n  po s i t i v e  N ba l anc e )  th i s  wa s 
no t s u f f i c ient to o f f s e t  the g r e a t e r  l o s s e s  o f  N i n  fa e c e s  
and ur ine . Cons equen t ly the L c ows r e t a ined l e s s  N i n  
the i r  mi l k . 

I n  g en e r a l  di ffe renc e s  be twe en genotyp e s  in N b a l ance 
wer e  sma l l . 



3 . 4 . 2 . 2  Expe r iment 2 

Dur ing p e r i o d  2 there wer e  sma l l  but s i g n i f i c a n t  
d i f fe r e nc e s  in N b a l an c e  b e twe en g eno typ e s . Low 

cows had g r e a t e r  l o s s e s  o f  N in fa e c e s  and ur ine 
at h i gh intakes  and sma l l e r  l o s s e s at  l ow intake s , 
hen c e  L cows r e t a ined l e s s  N a t  h i g h  and mor e  N at  
low i ntake s  than the  H c ows . However the d i f fe r enc e s  
be twe en geno typ e s  i n  N b a l anc e wer e  n o t  cons i s t ent  
be twe en per i ods  s ince i n  P e r iod  I there  were  no 
d i f fe r e n c e s  in N bal an c e  b e twe en g enotyp e s . The 
o b s erved d i f f e r ences  i n  N b a l an c e  be twe en geno t yp e s  i n  
P e r i o d  2 are  po s s i b l y  a r e s u l t o f  t h e  sma l l  numb e r s  o f  
cows i nvo lved . 

I t  i s  conc l uded that t h e r e  are  only sma l l  d i f fe r enc e s  
i n  N b a l anc e be twe en g eno type s .  

I S S  



3.5 CONCLUS I ON 

Lo s s e s  o f  energy i n  fa e c e s , ur i ne , m e t hane , and 
heat a r e  s im i l a r  for H and L c ows . H i gh B I  cows 
produc e mo re mi l k  ene r gy b e c au s e  of a h i gher 
intake and by p ar t i t i o n ing mo r e  o f  t h e  energy 
reta ined into m i l k  at the e�p e n s e  o f  body t i s s ue . 
The anoma l ous  r e s u l t ,  wher e  H c ows had a l ower heat 
produc t io n  than L cows  dur i ng r e s tr i c t ed feed i ng i n  
e a r l y  l ac t a t ion , r equ i r e s  fur ther i nv e s t i gat i on . 

The feed requ i r e d  t o  m a i n t a i n  and p r omo t e  a g a i n  
in body cond i t i on dur i ng t h e  dry p e r i o d  i s  s i mi l ar 
fo r H and L cows . H i gh B I  cows w i l l  r e qu i r e  mo r e  
feed o v e r  the dry p e r iod  i n  o r d e r  t o  a t t a in a 
s imi l ar l evel o f  b ody cond i t ion at  the next c a l v ing 
to  the L cows , s i nce H cows are in l i g h t e r  cond i t ion 
at  the end o f  l ac t a t i on than L cows . 
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CHAPTER FOUR 

THE I MP L I CAT IONS OF CORRELATED ERRORS 
-

TO THE ANALYS I S  AND I NTERPRETAT ION OF 

NUTR I T ION EXPER I MENTS 



4 . 1 INTRODUCT I ON 

One o f  the ma i n  o bj e c t i v e s  o f  t he p r e s ent the s i s  was 
to determine  how h i g h  b r e ed ing i ndex c ows produc e 
mo re m i l k  t han low b r e e d i ng i nd ex cows . One o f  t h e  
me thods u s ed was  to  comp a r e  the energy bal anc e s for  
each g eno t yp e  at  d i f f e r ent s t a g e s  of  l ac t a t i o n  and 
dur ing the dry per i od . ( s ee C hap t e r  3 ) . 

I n  th i s  c hap t e r  d i s cus s i on wi l l  focus on p o s s i b l e  
corre l a t i o n s  b e twe en erro r s  o f  t h e  component s o f  an 
energy b a l anc e and on the sub s equent s t a t i s t i c a l  
analys i s  and interp r e t at i on o f  t h e  energy b a l anc e 
data . 
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Ano ther method used  i n  t h i s  t h e s i s  was t o  compare  the 
perfo rmanc e o f  each g e no typ e under s ta l l f e ed ing 
cond i t ions  whe r e  mea s ur emen t s  are made of feed i n t a ke s , 
m i l k  y i e l ds , l ivewe i g h t  c hang e s , and l ivewe i g ht for ' 
ind i v i dual  c ows ( s ee C hap t e r  2 ) . Po s s i b l e c o r r e l a t i o n s  
b e twe en the e r r o r s  o f  t h e  mea sured var i ab l e s , i n  
par t ic u l a r  m i l k  y i e ld a n d  l iv ewe i gh t  chang e s , a r e  
con s idered w i t h  par t i c u l ar re f e r enc e to  t h e  c o r r e l a t i o n s  
wh i c h  might  b e  ' exp e c t ed ' ,  b a s ed o n  t h e  preced ing 
d i s cus s io n  r e l a t ing to  the comp l e t e  energy b a l anc e . 

F inal l y  c o n s i d e rat i o n  i s  g i ve n  t o  the e ffe c t s  o f '  
po s s ib l e  c o r r e l a t ions  b e tween e r ro r s  o f  mea sured var i a b l e s  
o n  t h e  s ta t i s t i c a l  ana l y s i s  and int erpretat ion o f  s ta l l  

feeding exp er iments . 
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4 . 2  ENERGY BALANCE EXPER IMENTS 

4 . 2 . 1 C o r r e l a ted e r r o r s  and energy b a l ance exper imen t s  

T h e  maj o r  t echn ique u s ed t o  s tudy energy metabo l i sm 
i s  the c a l o r imetr i c  b a l anc e (ARC , 1 9 8 0 ) . A 
c a l o r ime tr i c  b a l anc e equa t i o n  for  the c ow can b e  wr i t t en : 

Ene rgy i nput 

G E I + E 

where GEl 
FE 

UE 

CE 
HE 
ME 
TE 

E 

Energy ou tput 

F E  + E l  
UE + E 2 
C E  + E 3  

HE + E 4  

ME + E S 
- - - - - - - - -

TE + E 6  

= gro s s  energy int ak e  

= fae c a l  energy 

= ur inary energy 

= methane energy 
= hea t energy 
= mi l k  energy 
= t i s s u e  energy 
= error  t erm 

T i s sue energy ( T E ) i s  not measured , but  o b t a ined by 
d i f fe r ence (TE = G E I - ( FE  + DE + CE + HE + ME ) )  henc e 
i t  conta ini erro r s  a s s o c i ated  w i t h  the mea surement 
of gro s s  energy i nt a k e , faec a l , ur i nary , methane , 
heat , and m i l k  e n e r g i e s . C l ea r l y  TE  may b e  a negat ive , 
z ero , o r  p o s i t iv e  value . 



Metabo l i s a b l e  ene rgy intake (ME l )  and total  energy 
reta ined ( ETOT ) are a l s o  o b t a ined by d i ffer enc e . 

ME l I!j GE l ( F E  + D E  + C E )  
ETOT 

= GE l ( F E  + D E  + CE + HE ) 
= ME l HE = ME + TE 

The p r op o r t i o n s  of energy wi l l  c hange as  a func t ion 
o f  the  values  of  s evera l var i abl e s . 
inc l ud e : 

me t abo l ic s i z e ,  
s t a g e  o f  l a c ta t ion , 
env i ronment , 
amount o f  G E l ,  
typ e  and qua l i ty of d i e t , 
age , 
gene t ic mer i t ,  
s t a t e  o f  body r e s erve s ,  
b r e e d . 

Suc h var iab l es 

The e f fe c t s  o f  met abo l i c s i z e can be reduc ed by 
exp r e s s ing energy va lues  p e r  un i t  metabo l ic l ivewe i g ht . 
The mo s t  c ommon l y  accep t ed un i t  o f  s i z e i s  l ivewe i g ht 
ra i s ed to the power 0 . 7 5 (ARC , 1 9 8 0 ) . Other 
var i ab l e s  suc h a s  tho s e  l i s t e d  above can be  h e l d  
con s t ant  i n  any par t icu l a r  exper iment s o  a s  t o  s tudy 
the e ff e c t  o f  one var iab l e  such a s  g ene t ic mer i t  on 
the p r o po r t i o n s  of energy . 
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By exp r e s s ing energy va l u e s  p e r  un it  me tabo l i c l iv ewe i ght 
and making the nec e s s ary s imp l i fy i ng as sump t ions , the 
var i o u s  outpu t s  o f  energy ( FE , l� , CE , HE , ME , and TE ) 
can b e  r e l a t ed to the e n e r gy input ( GE l )  by a s er i e s  o f  
equ a t ions : -

FE  = a l + b i GE l + e 1 ( 1 . 1  ) 
CE = a 2 + b 2 GE l + e 2 ( 1 . 2 )  
C E  = a 3  + b 3  GE l + e 3 ( 1 .  3 )  
HE = a 4  + b 4  GE l + e 4 ( 1 . 4 )  
ME = a s + b s GE l + e s ( 1 . 5 )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

TE = a 6 + b 6 GE l + e 6 ( 1 . 6 )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

B e c au s e  GE l = FE + UE + C E  + HE + ME + TE 
it  fo l l ows that : 

L a . = 0 J 
L b . = 1 J 

I n  add i t i o n , 

L e .  = 0 
J 

C o rr e l at i on s  between e r r o r s  ( e . )  are therefo r e  exp ec t ed . 1 
Henc e a cow with  an output o f  energy in faec e s  wh i c h  i s  
g r e a t e r  t han expec t ed w i l l  have a n  output o f  energy wh i c h  
i s  l e s s  t han expec t ed e l s ewher e  i n  t h e  sys t em ( e . g .  ur ine 
and methane ) .  

I f  the equa t ions  do no t e xp l a in a large  part o f  the 
o b s erved var i a t ion then this  could be du e t o : 

( a )  Measurement e r r o r s . 
( b )  ' The funct iona l form o f  the equa t io n s  - the equat i o n s  

m i ght b e  mo r e  a d e quat e l y  de scr i bed w i th curv i l inear 
ra ther than l inear t erms . 

(c ) M i s s ing var i ab l e s  - var i ab l e s  that d e t e rm ine a 
s ig n i f i c ant p a r t  6 f  the o b s erved var i at i o n  may 
have b e en om i t t ed unwi t t ing ly . 



4 . 2 . 2 I mpl i ca t i o n s  o f  c o r r e l a t ed errors  t o  t h e  
s t a t i s t i c a l  ana lys i s  and i n t erpre t a t i o n  o f  
energy b a l anc e e xper iment s .  
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I f  t he h i gh and l ow breed ing index cows wer e  comp ared fo r 
the va r ious  energy output s  a s  though each energy output 
we r e  ful l y  i nd ep end ent , t hen it i s  l i ke ly t ha t  t e s t s  o f  
s i gn i f i c ance woul d  b e  i nva l id ( Kr amer , 1 9 7 8 ) . 
A mo r e  v a l id app r a i s a l  o f  the di fferenc es b e twe en 
geno t yp e s  in t he i r  u t i l i s a t i o n  of energy s ho u l d  be made 
by c o mp a r i ng energy output s j o in t l y  v i a  s imul t aneous 
con f i d e n c e  int erva l s  b a s ed on a mul t ivar iat e d i s t r ibu t i o n  
( G i l l , 1 9 8 1 ) . 

Whil s t  d i f fer enc e s  b e twe en genotyp e s  in ene r g y  b a l anc e 
are t he focus  o f  a t t en t i o n  i n  t h i s  t he s i s , the p r i nc ip l e s  
app l y  equa l l y t o  o t her c a s e s . For  examp l e , d i f fe r enc e s  
i n  energy b a l an c e  be twe e n  d i fferent d i e t s  o r  b e tween 
group s of c ows w i t h d i ffer ent nut r i t i ona l h i s t o r i e s , 
could b e  examined . 

The exp e r imen t a l  d e s i gn o f  energy b a l anc e exp e r iment s i s  
gene r a l l y  o ne o f  two typ e s .  The f i r s t  invo l v e s  data 
obta ined from c ows fed at d i fferent l eve l s , each cow 
be ing o f f e r ed o n ly one f e ed ing l ev e l  at  any p a r t icu l ar 
s t age o f  l ac t a t ion . The s ec ond type involve s d a t a  
obta i n e d  f r o m  each cow a t  two l evel s o f  feed ing ( fo r  
examp l e , ad l i b i tum and appr o x ima t e l y  7 0 %  ad l i b i tum) , 
at  each s t age  o f  l ac t at ion . The data  i n  the s ec ond 
c a s e  i nvo l ve rep e a t ed measur emen t s  on t he same an ima l . 

The s t a t i s t ic a l  proc edur e s  deve lop ed i n  t he c o ur s e  o f  
, 

analy s i n g  t he c a l o r imetry data  in the pre sent t he s i s  
are out l ined i n  de t a i l  b e c au s e  t he ana l y s i s  i s  
d i ffe r e n t  from , but mo re approp r ia t e  t han that u s ed 
no rma l l y . 



4 . 2 . 2 . 1  Energy b a l anc e w i t h  r epe ated mea sureme n t s 
on the s ame cow (wi t h i n - cow) . 

The data a r e  mu l t i var i a t e  in two s en s e s . F i r s t l y  
mea sureme n t s  have b e en made o n  s ev e r a l  var i ab l e s  
( faeces , u r i ne , methane , heat , and mi l k )  wh ich a r e  
no t ful l y  i ndependent o f  one ano t her . Second l y  
t h e  var i ab l e s  have b e en mea sured a t  d i fferent t im e s  
o n  ind i v i dual animal s ,  henc e i nvo l ve repeat ed 
meas ur emen t s . 

The mea s u r ed energy outputs ( fa ec e s , ur i ne , me than e , 
heat , and m i l k )  a r e  analysed mul t ivar i a t e l y . The  
r e s i dual ( t i s s ue energy)  i s  ana l y s ed s eparately  a s  a 
un iva r i a t e  c a s e  s in c e  i f  i t  wer e  i nc luded in the 
mul t ivar i a t e  analy s i s , a l l  o f  the var i a t ion wou l d  b e  
exp l a ined . 

The ana l y s i s o f  t h e  repeated mea s urement s over t ime 
i s  s im i l a r  to  cova r i anc e ana l y s i s  in sp l i t - p l o t  
exp e r imen t s  ( Sned e c o r  and C o c hr an , 1 9 6 7 ) . Cows a r e  
' ma in - p l o t s ' and ma i n - p lo t  t r e a tment s ( H  and L B I )  
are ' a l l o c a t ed ' t o  cows . W i t h i n  cows (main - p l o t )  
sub - p l o t  t r e a tmen t s  ( l ev e l s  o f  f e e d i ng ; ad l i b i tum , 
7 0 %  ad l i b i tum ) a r e  l o c a t ed . 
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The s equen c e  o f  l ev e l s  o f  f e ed i n g  can b e  ei ther a d  l i b i tum 
fol l owed by 7 0 %  ad l i b i tum , o r  7 0 %  ad l ib itum fo l l owed 
by ad l i b i tum . I t  i s  l i ke l y  that  the phys io l o g i c a l  
r e sponse  o f  the c o w  wi l l  b e  d i f f e r ent  depend ing o n  t h e  
feed ing s equenc e , cons equent l y  data for each feed ing 
s equenc e s hou ld b e  analysed s ep a r a t e l y . 



The ana l y s i s  i s  done in two par t s . D i ffer enc e s  
be tween g e no typ e s  i n  mar g inal  e f f i c i ency ( r a t e  o f  
change o f  e n e r gy ou tput per un i t  i nc rea s e  i n  energy 
i npu t )  are  c omp a r ed f i r s t , fo l l owed by d i fferenc e s  i n  
gro s s  e f f i c i ency 

energy output 
ene rgy input } 

S t ep 1 Sub -pl o t  ana lys i �  t e s t i ng d i fferenc e s  in 
s l ope s (ma rgina l e f f i c i ency) betwe en BI  gro ups . 

( a )  The e r r o r s  o f  the f ive energy o utputs  ( faec a l , 
ur inary , methane , heat , and mi l k )  a r e  t e sted  for 
i ndependence i n  a mu l t ivar iat e analy s i s  us i ng the 
fo l l owing mo d e l  ( d i f f e r ent i nt e r c ep t  for each cow , 
o ne s l ope fo r each B I  group )  -

Y i j k = 

where 

y = 

x = 

ex = 

i = 

j = 

k = 

e ij k  
= 

faec al , u r inary , me thane , heat , m i l k  
ene r g i e s  (MJ kg - 0 . 7 5  cow - l day - I ) 

gro s s  energy intake  ( s ub - p l o t  t r eatment ) 
(MJkg - 0 . 7 5 cow - l day - I )  

i n terc ept  te rm 
g enet i c  l eve l (H , L ) 

j t h cow 
o b s e rvat ion o n  j t h  c ow ( k  = 1 , 2 ) 
s ub - p l o t  (wi t h i n - c ow )  error ( cr 2 e )  

The app rop r i a t e  e r r o r  fo r sub - p l o t  t r eatmen t s  i s  
o b t a ined from w i t h i n - cow data ( F i gur e 4 . 1 ) .  The 
ma in inte r e s t  l i e s  i n  whe t her or not there  is any 
s ub - p l o t  t r e a tment by B I  interac t i o n , i . e .  whe ther 
t he mar g in a l  e f f i c i ency d i f f e r s  b etween BI  group s . 
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Energy 
output 

FIG . 4 . 1  

Error ( e  . .  k ) - wi thin cows/sub-plot error 
1. J  
Error ( E  . .  ) - between cows/ma i n-plot error 

1. J  

- - - - -

. - ­
- - - -

- - - - -
- - - -

Cow Hi 

Mean H BI 

Cow H 2  

__ --------------------------------------
--- cow Ll 

Mean L B I  
- - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - Cow L2 

Energy input 

Schematic representation of split-plot error s truc ture . The mean slope of the l i ne 
for h igh ( H )  and low ( L )  breeding i ndex ( B I )  cows and individual s lopes for two 
H ( Hl and H 2 ) and two L ( Ll and L2 ) B I  cows are pre sented . The sub-plot and 
main-plot errors are lab e l led for cow Hl . 



I f  t h e  e r r o r s  are  i ndep endent ly d i s tr i buted t h en 
the d i f f e r enc e s  in s l o p e  b e tween B I  gr oup s fo r t he 
five energy output s are mo r e  appropr i a t e l y  t e s t ed 
un ivar i a t e ly . Otherwi s e  va l id t e s t s  o f  s i gn i f icanc e 
are o b t a i ned us ing the mu l t i var i a t e  t e s t  o f  
s i g n i f i canc e . 

( b )  ( i )  Un ivar i a t e  ana lys i s  

The nul l hyp o the s i s  i s  t hat  the d i ff e r ence i n  s l ope  
between B I  g r oups for  each of  the energy outpu t s , 
t e s t ed i ndep endently , i s  z e r o . T h i s  i s  exac t ly 
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ana l agous  t o  t he f i r s t  s t ep i n  a n  ana lys i s  o f  covar i anc e 
wher e  i t  i s  t e s t ed to s e e whether the w i t h i n  gr oup 
( u s ua l ly t r eatment - in t h i s  ca s e  ma i n - p l o t  t r ea tment 
group s )  reg r e s s ions  have the s ame s l ope . 

I f  the nul l  hyp o t�es i s  i s  accep ted , a common s lope i s  

f i t t ed and int erc ep t s  ( a j  ) predic te d . 

I f  the nu l l  hypo thes i s  i s  r e j e c t ed , then t h e r e  are 
d i f f e r enc e s  in s l op e s  be tween BI  group s . To exam i ne 
the d i ffe r enc e s  in s l op e s  it  i s  sugg es ted that  the 
s l op e s  fo r each BI  group s hould be  p l o t t ed w i t h  the i r  
c o n f i denc e interva l s . When c a l culat ing t he conf idence 
i n t e rval s 
mus t  b e  u s ed . 

the app r op r i a t e  error (wi t h i n - cow err o r )  

( b )  ( i i )  Mul t ivar i a t e  ana lys i s  

The nu l l  hypo t he s i s  i s  t hat the di fferenc e i n  s l o p e  
be twe en B I  group s fo r each o f  t he energy o u tput s , 
t e s t ed 'j o i ntly , i s  z e ro . I f  the nul l  hypo the s i s  i s  
acc epted a common s l ope i s  f i t t ed and int e r c ept s ( a j ' s ) 
p r ed i c ted . I t  i s  wor t h  no t i ng that the e s t ima t ed 
r e gr e s s i o n  c o e f f i c i en t s  c a l c u l a t ed e i ther mu l t ivar i a t e l y 
o r  univar i a t e ly a r e  ident i ca l . Only the t e s � o f  
s i g n i f ic anc e are  a ff e c t ed b y  the form o f  ana lys i s . 



As sum i ng the nul l  hypo the s i s  i s  r e j ec t e d , then there 
are d i f ferenc e s  i n  s l o p e s  b e tween B I  g r oup s . To 
chara c t er i s e exac t l y  wha t the s e  d i ffer enc e s  a r e , 
i t  i s  nec e s sary to  p erform a cano n i c a l  var i at e s  
ana l y s i s  (CVA) . CVA f i nds a l i near funct ion o f  the 
ene r g y  outputs  wh i c h  max im i s e s  the d i fferenc e  b e twe en 
the B I  groups  ( Co o l ey and Lohne s , 1 9 7 1 ) . 

S t ep 2 Ma in -pl o t  ana lys i s  t e s t ing d i f fer enc e s  in 
int e r c ept s (pred ic t ed aj ' s ) be twe en B I  groups 

As sum i ng that  t he r e  were  no s ub - p l o t  tr eatmen t by 
breed ing index i n t e r ac t i o n s , d i fferenc e s  in intercep t s  
can b e  t e s t ed . B e tween - c ow di ffer enc e s  are due to 
breed ing index and error . The appropriate error for 
t e s t i ng the s i gn i f i c anc e o f  d i fferenc e s  betwe en B I  
group s i s  obta i ned from be twe en cows wi t h in B I  group s , 
the mod e l  be ing -

wher e  
a = i n t e r c e p t  
� = mean 
i = gene t i c  l ev e l  ( H , L ) 
j = j t h cow 

£ i j = ma in - p l o t  ( b e tween - cow)  error (ka � + a 2e ) 

( a )  The indep end ence o f  errors  a r e  t e s ted in a mu l t i ­
var i a t e  ana lys i s  u s ing the above mod e l  to  de termine 
whether  the data s hould b e  analys ed mul t ivar i a t e l y o r  
univa r iate1y . 
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( b )  C i )  Uni va r i a t e  ana lys i s  

The nul l hypo t h e s i s  i s  that  the d i f f e r enc e i n  interc ep t  
be tween B I  g ro up s  for each o f  the energy output s ,  
t e s t ed i ndep end ent ly , i s  z ero . 

( b )  ( i i )  Mul t ivar i a te ana lys i s  

The nul l  hypo the s i s  i s  that the d i f f e r enc e i n  int e r c ep t  
be tween B I  groups  f o r  each o f  t h e  energy outpu ts , 
t e s t ed j o int l y , i s  zero . I f  the nu l l  hypo the s i s  
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i s  r e j e c t ed then d i ffer enc e s  be twe en B I  groups in 
intercept for the f ive energy outpu t s  can be charac t er ­
i s ed by cano n i c a l  var iat e s  analys i s  a s  prev i o u s l y  
out l ined . 

4 . 2 . 2 . 2  Energy b a l anc e w i th no r epea t ed mea sur ement s 
on e a c h  c ow 

As t here are no r e p eated me asureme n t s  o n  eac h cow the 
ana l y s i s  is  s imp l i f i ed ,  but the mu l t ivar iat e nature 
of t he data , w i t h  r e spec t to the energy output s ,  
s t i l l  rema ins . The proc edure i s  t o  u s e  st epwi s e  
regr e s s ion anal y s i s  us ing the fo l l owing mod e l  ( di fferent 

int ercep t for e ach BI group , di f ferent s lope for e a ch BI group ) 

whe r e  

Yi j  = J..l + el i + (3 i Xi j  + e i j  
fo r j t h cow in i th g r o up 

i = gen e t ic  l eve l ; H or L 
j = 1 . . •  6 c ows 
J..l = int e rc ep t  for  L cows 

el L = 0 
elH = di f f e r enc e in intercept  b e tween g eno typ e s  

Y = ene r g y  output i n  faec e s , ur ine , me thane o r  h e a t  

(MJkg  - 0 . 7 5  cow - I day - I ) 
x = gro s s  energy intake (MJkg - 0 . 7 5  cow - I day - I ) 

e i j  = be twe e n - c ow e r r o r  



The o rder  o f  f i t t i n g  o f  the var i a b l e s  s hould be ; 
gro s s  energy intake , br eed i ng index , g ro s s  energy 
i ntake by breed ing i ndex interac t i on . By us ing a 
s t epwi s e  procedur e t h e  error u s ed in t e s t ing the 
s i gn i f i c anc e of the ma i n  effec t s  ( gro s s  energy 
intake and breeding i nd e x )  and the interac t i o n  
( gr o s s  energy i n t a k e  X b r e ed i ng index ) i s  t he 
e r r o r  from the fu l l  mod e l  (model  with a d i ff erent 
i n t e rcept and s l op e  for  each BI  gr oup . 

The dec i s i on to  u s e  e i ther un ivar iate  o r  mul t ivar i a t e  
ana l ys i s  dep end s o n  whe ther or  n o t  the erro r s  are  
c o r r e l a t ed . 

Q 

4 . 2 . 3 Add i t ional c o n s iderat ions 

The sys t em of equa t i o n s  d e s c r ibed ear l i er wh ich 
r e l a t ed the component s of  energy balanc e  to gro s s  
energy intake can b e  u s ed t o  i l l u s t ra t e  two fur ther 
po i n t s  c oncern ing 

( a )  the e s t ima t i o n  o f  the r e l a t i o n  be tween 
t i s sue energy and gro s s  energy intake , 

(b ) the s t a t i s t i c a l  procedur e when 
metabo 1 i s a b 1 e  energy intake i s  u s ed as  the 
indep endent  var iab l e .  
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4 . 2 . 3 . 1  T he e s t imat i o n  o f  the r e l at ion b e tween 
t i s sue energy b a l anc e and gro s s  energy 
intake 

The r e la t i o n  
TE  = a + bG E l  

i s  e s t imat ed by p r ed i c t ing va lues  for TE from 

GE l - ( FE + VB + CE + HE + ME ) . 
Rearrang ing we o b t a in : 

( FE + DE + C E  + HE + ME ) = - a  + ( I - b )  G E l  

A s  a n  examp l e , the reg r e s s i on equat ions  r e l a t ing the 
ener gy output s to  GE l ( u s ing data from Chap t e r  3)  a r e : 

Ene r gy output 

FE 
DE 
CE 
HE 
ME 

C o n s tant 
( '  a '  va lue ) 

- 0 . 1 7 5 ·  
0 . 0 7 1  
0 . 0 2 5  
0 . 3 0 4 
0 . 3 7 '8 

G E l 
( '  b '  v a l u e )  

0 . 3 0 6  
0 . 0 2 8  
0 . 0 5 5  
0 . 2 7 9  
0 . 0 9 1  

From the above r e l at i o n s , the l ea s t  squa r e s  e s t ima t e  o f  
- a  i s  g iven by the sum o f  the e s t ima t ed cons tant t e rms , 
and the l e a s t  square s e s t imate o f  ( I - b )  i s  g iven by 
the s um of the e s t ima t ed s l opes . 

A 

T he r e fo r e , TE = - 0 . 6 0 3 + 0 . 2 4 1  G E l  
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4 . 2 . 3 . 2  The s t a t i s t i c a l  pro c edur e when metabo l i s ab l e  
energy intake i s  u s ed a s  the i ndependent 
var i ab l e  
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Metabo l i s ab l e  ene rgy al l ows for d i ffer enc e s  between feeds 
in  t he i r  me tabo l i s ab i l i ty .  

T t  i s  c o mmon prac t i c e  t o  r e l a t e  m i l k  and t i s su e  energy 
or heat ene rgy to  metabo 1 i s ab l e  energy int ake (ME T )  by 
r e g r e s s i o n  with ME T a s  the i ndep endent var iab l e . 

B e c aus e ME T va l u e s  are  e s t imated by d i fferenc e 
( G E T  - FE  - UE - C E )  they c o n t a i n  e r ro r s  r e l a t ed to  
the me a s ur ement of  g r o s s  energy intake , faec a l , 
ur inary , and me thane ener g i e s . U s e  o f  obs erved 
me tabo l i s ab l e  energy intake va lues  i n  r egr e s s i o n  
ana l y s i s  would g ive b i a s s ed e s t ima t e s  o f  regr e s s ion  
c o e f f i c i ents  - t h i s  i s  the p r o b l em of  " e rro r s  i n  the 
var i ab l e s "  (John s t on , 1 9 63 ) . 

Van E s  ( 1 9 7 2 )  o u t l in ing t he e s t ima t i o n  o f  ma intenanc e 
requ i r emen ts by means o f  r e g r e s s i o n  methods has 
rec o gn i s ed tha t : " In any kind of regre s s ion the 

r e l i ab i l i ty of the regr e s s i o n  c o e f f i c i ent s is h i g he s t  
when the ind ep endent var i ab l e  ( in th i s  cas e ME T )  ha s 
no measurement error , when t he r e  i s  a gr eat  va r i at i o n  
o f  th i s  var i ab l e  i n  the mat e r i a l  us ed and when the 
va r i a t i on o f  the d ependent var i ab l e  i s  caus ed ma i n l y  
b y  t h e  var i a t i o n  o f  t h e  indep endent var i ab l e  ( s ) . 
Al l errors  o f  mea surement o f  the var iab l e s , o r  erro r s  
due t o  the u s e  o f  an i nc omp l e t e  o r  i nco r r e c t  model , 
r e s u l t  in a l owe r r e l iab i l i ty o f  the se c o e f f i c i ent s . "  



Wher e  t he var i ab l e  o f  i n t er e s t  can b e  e s t ima t ed i n  
terms o f  contro l l ed var i ab l es , the me thod o f  two ­
s t a g e  l e a s t  s quar es  can  b e  u s ed to o b t a i n  c on s i s t ent 
e s t ima t e s  of regr e s s ion c o e f f i c i en t s  in the o r i g i nal  
mo de l .  Ther e fore  ME l s ho u l d  be p r e d i c ted a s  
ob s e rved GE l minus pr ed i c t e d  v a l u e s  f o r  faec a l , 
ur i nary , and me thane ener gy (obta i ned from the 
regr e s s i o n  equat ions w i t h  G E l a s  the indep endent 
var i a b l e ) . The me thod i s ' d emons trated b e l ow . 

Co n s i d e r i ng a s  before , t h e  equat i on s  r e lat i ng t he '" 
var i o u s  c omponents o f  energy bal ance to GE l , ME l 
can b e  e s t imated -'" 

ME I = GE  I - (- 0 . 0 7 9  + 0 . 3 8 9  GEl )  
whe r e  the term i n  brac k e t s  i s  the sum o f  t h e  thr e e  
reg r e s s i o n  equat ions ( F,E ,  UE ,  and C E ) . 
The r e f o r e  '" 

ME l = 0 . 0 7 9  + 0 . 6 1 1  G E l .  

The s ec o nd s t ep i s  to u s e  the pred i c ted va l u e s  for 
ME l to e s t ima t e , for examp l e , the r e l a t i on f o r  
mi l k  energy (ME ) -'" 

ME = a + b ME l + e r r o r . 

We c o u l d  o b t a i n  the ( two - s t a g e )  l ea s t  squa r e s  e s t imat e s  '" 
for a and b e i ther d i r ec t l y  by r e g r e s s ion o f  ME on ME l ,  
or  i nd i r ec t ly , as  fo l l ows : -

'" 
Sub s t i t ut ing for ME l from above , we o b t a i n : 

ME = a + b ( 0 . 0 7 9 ' + O .  6 1 1  G E l )  
= a + b ( 0 . 0 7 9 . ) + b ( 0 . 6 1 1 )  G E l  
= a + (3 GE l 

1 7 1 



The l e a s t  s quar e s  e s t ima t e  for a and b ( 0 . 0 7 9  ) wi l l  
equ a t e  with  the l ea s t  s quar e s  e s t imate fo r � ,  and 
s im i l a r l y  for  b ( 0 . 6 1 1 )  and S .  S inc e the l e a s t  
s qua r e s  e s t ima t e s  for � and 8 have a l ready b e en 
c a l c u l a t ed ( s e e  above ) , the l e a s t  square s es t imat e s  
fo r a and b c an b e  o b t a ined -

b = S ( 0 . 6 1 1 ) - 1 = 0 . 0 9 1 · ( 0 . 6 1 1 ) - 1  
= 0 . 1 4 g ,  

a = � - b ( 0 . 0 7 9  ) = 0 . 3 6 6 , 

Thus 
� '" 

ME = 0 . 3 6 .6  .. + 0 . 1 4 9 :  ME l 

That  the e s t ima t ed r e l a t i o n s  a r e  d i f ferent , dep end i ng 
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o n  whe ther ME l o r  ME l i s  u s ed a s  the ind ependent var i a b l e , 
i s  s hown i n  Tab l e  4 . 1 .  

Tab l e  4 . 1  

y 

Heat 
Heat 
M i l k  
M i l k  
T i s s u e  
T i s su e  

Compar i s o n  o f  
and int e rc ep t  
me tabo l i s ab 1 e  

r e g r e s s i o n  c o e f f i c i ent s ( b )  
te rms ( a )  u s i ng p r ed ic ted 

'" 

energy in take (ME l )  and 
metabo l i s ab l e  ene r gy i nt ake (ME l )  as the  
indep endent var i ab l e s  and heat , m i l k , and 
t i s s ue energ i e s  (MJkg - 0 . 7 5 cow - 1 day - I ) a s  
the dependent var i abl e s  ( s e e  text  fo r d e t a i l s ) . 

+ 
X a b ( - s . e . )  

'" + 0 . 0 5 0  ME l 0 . 2 6 8  0 . 4 5 6 · -
ME l 0 . 2 8 0  0 . 4 4 9 : + 0 . 0 5 8  -

'" + ME l 0 . 3 6 6  0 . 1 4 9  - 0 . 0 2 3 
ME l 0 . 3 6 6  0 . 1 5 0 ' + 0 . 0 2 2  

'" + ME l - 0 . 6 3 .4  0 . 3 9 4 : - 0 . 0 6 0  
ME l - 0 . 6 4 6  0 . 4 0 1  + 0 . 0 6 9  -



4 . 3 NUT R I T I ON EXPER IMENT S  

4 . 3 . 1 C o rr e l a t ed erro r s  and nut r i t ion exper ime n t s  

In  s t a l l - feeding exp er iment s , ene r gy b a l anc e d a t a  a r e  
no t ava i l ab l e , but measurement s a r e  general ly made o n  
mi l k  yie l d  and mi l k  c ompo s i t io n , l ivewei ght c hange 
and feed i n t ake  fo r ind i v idual  cows . In t h i s  
ca s e , the b a l ance i s  no t c omp l e t e , i . e .  i t  i s  no t 
exp e c t ed t h a t  the sum o f  the p ar t s : ma int enanc e and 
mi l k  and t i s s ue ba lanc e wi l l  e qua l the whol e .  
Mi s s ing p a r t s inc lude s ome o f  the  component s o f  
to t a l  heat  produc t i on o f  t h e  c ow and a l s o l o s s e s  o f  
ene r gy in  faec e s , ur ine , and m e t hane . 

Thus , s ome fr a c t i o n  o f  intake i s  p ar t i t ioned be tween 
ma intenanc e ,  m i l k y i e l d , and l ivewe ight  chang e . 
Ma in int e r e s t  is  fo cu s s ed on the part i t ion o f  ene r gy 
be tween t h e  two c omponent s o f  t o t a l  energy bal anc e 
(ETOT ) '  m i l k  y i e l d and l ivewe i g h t  change . 

S inc e i t  i s  g ene r a l ly a c c ep t ed that there  are  o n l y  
sma l l  d i f fe r enc e s  b e tween anima l s  in l o s s e s  o f  energy 
as faece s ,  ur ine , methane , and heat ( F l a t t , 1 9 6 9 )  
i t  m i ght b e  expec t ed that a cow wh i c h  produc e s  an 
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output o f  ene rgy i n  m i l k  wh i c h  i s  great er t han exp ec t ed , 
wil l have an output o f  ene r gy in  body t i s sue wh i c h  wi l l  
be l e s s  t han expec ted . Sup p o r t  fo r t h i s  hypo t he s i s  s t ems 
from the o b s e rvat ions t hat for individual c ows wi t h i n  
group s o n  c o n s tant d i e t s  t h e r e  a r e  negat ive r e gr e s s ions 
o f  l ivewe i ght change on m i l k  y i e l d  
(Bro s t �r e t  a l . 1 9 6 9 ; Bro s t e r  e t  al . 1 9 7 5 ) . I t  s ho u l d  
be n o t e d  that  c o r r e l at ions  b e tween the erro r s  o f  
measured var i ab l e s  and co r r e l a t i ons be twe en t he measured 
var iab l e s  a r e  equ ival ent when t he feed ing l ev e l  is  f ixed . 



Fur t her  examp l e s o f  c o r r e l a t i o n s  b e twe en t h e  erro r s  
o f  m i l k  y i e l d  and l ivewe i g ht c hange are now 
cons i d e r ed . 

Mo e  and Tyrr e l l  ( 1 9 7 5 )  t e rmed the uncertai nty r e g ard ing 
d i s t r i but ion of energy b e twe e n  m i l k  and body t i s sue a s  
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the "par t i t i on prob l em" . Mo re  r ec en t l y  Town s l ey e t  a l .  ( 1 9 8 1 )  
out l i ned a mod e l l ing app r o a c h  t o  the "part i t i o n  p r o b l em" 
and the i r  app r o ach i s  out l ined b r i e f l y . 

The mo del  comp r i s e s  thr e e  equ a t ions : 

whe r e  

FCM = f 1 (W O . 7 5 ,  DM I )  + e l 

�W = f 2 (W O . 7 5 .  DM I )  + e 2 
e l * = f 3 ( e 2 ) 

FCM = fat correc ted m i l k  
W O . 7 5  = me t abo l ic l iv ewe i g h t  

DM I = dry ma t t e r  int ake 
�W = body t i s sue c hange 
e = err o r  t erm . 

( 1 . 1 )  

( 1 .  2 )  
( 1 .  3 )  

Equat ion ( 1 . 3 ) l i nks equa t i o n s  ( 1 . 1 ) and (1 . 2 ) and may in part 
cap ture d i fferenc e s  in gene t i c  a b i l i ty betwe en a n i ma l s  
and i n  p a r t  the effect  o f  d i f f e r enc e s  i n  nu t r i t i on a l  
hi story be tween anima l s . 

* S inc e t he r e  i s  no a pr i o r i  r e a son t o  cons ider o n e  
o f  the e r r o r s  as  dep endent o n  t h e  v a l u e s  o f  t he o the r 
the r e l a t i on may be  mo r e  appropr i at e ly wr i t t en a s : 



The e s t imat e d  e quat i ons * p re s en t e d  in the p ap e r  fo r 
the analys i s  o f  a nut r i t i on e xp e ri ment we re : -
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FY O - 2 0  = 6 5 . 1 1  - 0 . 6 2 DM I + 1 . 4 9CS + 0 . 6 7 C S * DM I ( 1 . 1 ) 

R2 = 0 . 4 0 

CS O - 2 0 = 2 . 2 7 + 0 . 1 0DM I - 0 . 4 8 CS  - 0 . 0 2C S * DM I ( 1 . 2 ) 

R2 = 0 . 6 3 
where  

* 

CS O - 2 0 

CS  
DMI 

= cumu l a t ive m i l k  fat y i eld ( kg )  
0 - 2 0 weeks o f  l ac t a t i o n  

= change i n  c o nd i t i o n  score , 
0 - 2 0  we eks  o f  l ac tat ion 

= cond i t io n  s c o r e  a t  calvi ng 
= dry ma t t e r i n t a k e  (kgDM cow - I day - I ) ,  

0 - 5 weeks o f  l a c t a t ion . 

I t  i s  l i k e l y  tha t add i t ional  var iat ion would  
be  exp l a ined i f  a t erm fo r l ivewe i ght wa s 
i nc l uded i n  the mod e l . 

The third equa t i on ( 1 . 3 )  wa s n o t  p r e s ented , but i s  g iven 
b e l ow : 

= - 7 . 9 6 8 ( � 1 . 6 2 7 )  e 2 R2 
= 0 . 1 1 

The e s t ima t e  o f  equat ion ( 1 . 3 ) ind i c a t e s  a nega t i v e  
corr e l a t i o n  be twe en t he erro r s  o f  equa t i ons ( 1 . 1 ) and 

, 

( 1 . 2 ) i n  s uppo r t  o f  the o b s e rved negat ive r e gr e s s i o n s  
o f  l ivewe i ght c hange on m i l k  y i e l d  for ind i v idua l c ows 

( 1 . 3 ) 



wi t h i n  group s  o n  c o n s t ant  d i e t s  
(Bro s t er  e t  a l . 1 9 6 9 ; and Bro s t er e t  a l . 1 9 7 5 ) . 

To t e s t  the hypo the s i s  fur ther t hat  there i s  a 
negat ive cor r e l a t i o n  b e tween the e s t imated erro r s  o f  
l ivewe i ght c hang e and m i l k  y i eld , and t o  exam ine  the 
po s s i b l e  influence  of g ene t i c  mer i t  o n  this  r e l a t io n , 
da t a  from Exp e r imen t s  2 and 4 (Chap t er 2 )  we t e  
ana l y s ed acc o r d ing t o  the mo del propo s ed by 
Towns l ey et a l. ( 1 9 8 1 )  . Exper iment 3 was exc luded 
as there we r e  no s i gn i f i c ant r e l a t i on s  be tween 
we i ght c hange and intake and/or  b r e ed i ng index . 
On l y  c o r re l a t i o n s  b e tween the erro r s  o f  equat i o n s  
1 . 1 and 1 . 2  a r e  g iven b e low be cau s e  the equa t ions ( 1 . 1 
and 1 . 2 ) we re g i ven in Chap ter 2 .  

Expe r iment 2 e l = - 0 . 0 3 0  ( � 0 . 0 9 9  ) e 2 R2 = 0 . 0 1 

Expe r iment 4 e l = + 0 . 1 2 6  ( - 0 . 0 8 7  ) e 2 R2 = 0 . 1 2 

A negat ive c o r r e l a t i on be tween the errors was  o b s erved 
for Exper iment 2 ,  but a po s i t ive c o r r e lat i o n  for 
Exp er iment 4 ,  a l though n e i ther c o r r e lat ion w a s  
s i gn i f icant ( P  > 0 . 0 5 ) . 

From d i s cus s io n  o f  t he c a l o r imetr i c  balanc e equa t i o n s , 
cons idered ear l i e r  i n  t h i s  chap t e r , i t  i s  known tha t 
the exp e c t e d  v a l ue o f  the sum o f  a l l  the e r r o r s  ( E e j ) 
i s  equa l t o  z e r o . The r e  w i l l  be  s ome po s i t ive and 
s ome nega t iv e  c o r r e l a t i o n s  be twe en the erro r s  of the 
s i x energy output s ( fa ec e s , ur ine , me thane , heat , m i l k , 
and t i s s ue energ i e s ) .  F o r  examp l e , a cow w i t h  an 
outpui of energy in m i l k  wh i c h  i s  g r ea t e r  than exp e c t ed 
may have an output o f  energy in hea t  or fae c e s  wh i c h  i s  
sma l l e r t han expec t ed , but no t nec e s s ar i ly an output 
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o f  energy i n  body t i s sue wh i c h  i s  sma l l er than 
exp ec t ed . I n  any par t i c u l a r  exper iment , the 
cor r e l a t i o n s  be twe en erro r s  a r e  p o s s i b l y  un i qu e  to 
tha t  exp e r iment . 

Measurement e r r o r s ,  par t ic u l a r l y  r e l a t ed to the 
me a surement of c hang e s  in body t i s sue energy may be 
affec t ing t h e  o b s erved va l u e s  for  t he corr e l a t i o n s  
be tween t he erro r s . I n  f e e d ing exper iment s l iv ewe i ght 
chang e s  a r e  ' the b e s t ' e s t ima t e  of changes in body 
t i s s ue ener gy , but  i t  i s  we l l  known that l ivewe i ght 

' chang e do e s  no t p r ov ide accur a t e  e s t imat e s  of chang e s  
i n  body t i s s ue , a po int  r ec en t l y  hi ghl i ghted by 
Cowan et a l. ( 1 9 8 0 ) . In the  c a l o r imet r i c  b a l anc e , 
t i s sue energy i s  e s t ima t ed by d i fference the r e f o r e  
cont a i n s  measur ement erro r s  a s s o c i a t ed w i t h  t he 
measur ement o f  G E l , FE , U E , C E , HE , and ME . 

I t  i s  c l ear from the above d i s c u s s ion that i n  any 
par t i cul a r  feed ing exper iment t he c o r r e l a t i o n s  
betwe en t he err o r s  o f  l i vewe i g ht change and m i l k  
y i e l d may b e  z e ro , po s i t iv e  o r  nega t ive . 

4 . 3 . 2  I mpl i c a t ions  o f  c o r r e l a t ed errors to the 
s t a t i s t i c a l  analys i s  and interpretat i o n  o f  
nut r i t i o n  exper ime n t s  

There a r e  two p o in t s  to b e  mad e . 
The f i r s t  p o int  wa s ra i s ed by T own s l ey et a l .  ( 1 9 8 1 )  
and i t  c o nc ern s t he e s t ima t io n  o f  the ' part i a l ' 
bal anc e equat i o n  i n  a feed ing exp er iment a s  a s ing l e  
equa t i o n , for examp l e  i n  t h e  form : 

DM I = a + bW O • 7 5 + c FCM + d�W + e 

Thi s mod e l  wou l d  be  u s e fu l  i f  the exp er imen t e r  
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wi s hed t o  e s t ima t e  t he d r y  ma t t er intake a s s o c i a t ed w i th 



d i ffer ent o b s e rved l evel s o f  t he p er fo rmanc e var i a b l e s . 
D i r e c t  e s t imat ion o f  the equa t i o n , a s  outl i ned , l eads  
t o  b i a s s ed e s t ima t e s  o f  the par t i a l  r egres s ion 
c o e f f i c i ent s , henc e do e s  no t enab l e  t he exp er imenter to 
p r ed i c t  t he d i s t r i bu t ion o f  energy b e tween p e r formanc e 
func t ions . 

When the obj e c t i v e  o f  a p a r t icular  f e ed ing exper iment 
i s  t o  ana l y s e  the ef fec t s  of a l t ernat ive feed i ng 
s t r a t e g i e s , a mod e l l ing appro a c h  ( equat ions 1 . 1 ,  1 . 2 ) 
can be u s ed . Th i s  has the advant a g e  that unb i a s s ed 
e s t ima t e s  o f  the par t ial  r egre s s i o n  c o e ff i c i en t s  a r e  
made and ena b l e s  t he exp e r imenter to  e s t ima t e  
p e r fo rmanc e r e sp o n s e  to d i fferent feed ing l eve l s  a t  
d i fferent s t ag e s  o f  l a c t a t ion , henc e i s  us e ful from a 
manag ement v i ewpo int . 

The s e cond p o int  concerns t e s t s  o f  s i gn i ficanc e . 
S ince the var ious  mea surement s o n  each indiv idual 
cow are o ft e n  c o r r e l a t ed , i t  is i nappropr i a t e  to 
app l y  univar i a t e  ana l y s e s  s epar a t e l y  to each of t he 
r e s pon s e  var i ab l e s . Thus equat i o n s  1 . 1  and 1 . 2  
s hould be ana l y s ed j o in t l y  in a mu l t ivar iat e ana l y s i s  
i n  order to o b t a i n  va l id t e s t s  o f  s i gni ficanc e . 

Kramer ( 1 9 7 8 ) s t a t ed : "Un iva r i a t e  ana lys i s  i s  r a t h e r  
a s imp l i f ic a t ion o p e n  to t h e  exp e r imenter who happen s  
t o  b e  measur ing o n l y  one c harac t er i s t i c o f  h i s  
exp e r iment al  ma t e r i a l " .  I t  mus t  be  rare i ndeed f o r  
an ima l nutr i t ion i s t s  to  me a s ur e o n l y  o n e  charac ter i s t i c 
o f  the i r  exp er iment� ma t er i a l , b u t  how o ft en are  
mul t ivar i a t e  s t a t i s t i c a l  me thod s u s ed to ana lys e t h e  
exp e r imental  dat a ?  
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4 . 4  CONCLUS I ON 

I t  i s  appa r e n t  tha t c o rr e l a t i o n s  b e tween the errors 

o f  measured var i ab l e s  have imp l i c a t ions  to the 
s t at i s t i c a l  ana l y s i s  and i n t e rp r e t at ion o f  
nutr i t i o n  exp e r iment s .  The s t a t i s t ic a l  methods  
deve l oped i n  the cour s e  o f  analys i ng the 
exper imen t a l  data in the p r e s ent  thes i s  have b e e n  
ou t l ined b e c a u s e  i t  i s  c on s i d e r ed that the 
ana l y s e s  a r e  mo re  app rop r i a t e  t han tho se  norma l l y  
u s ed . 

The s t a t i s t i c a l  methods out l i n e d  i n  t h i s  chap t e r  
a r e  n o t  new , but have b e e n  r a r e l y  u s ed by an ima l 
nut r i t ion i s t s . I n  contra s t , s c i ent i s t s in the 
So c i a l  Sc i enc e s  have been awa r e  for s ome t ime , o f  
for examp l e , t he me thods o f  a nd the advant a g e s  
that mul t ivar i a te analys i s  o f f e r s  when several 
mea sureme n t s a r e  made o n  the o n e  i nd i v idua l 
( s ee t ex t s  by Coo l ey and Lohne s , 1 9 7 1 ; and 
Bo c k , 1 9 7 5 ) . 
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CHAPTER F IVE 

G ENERAL D I SCUS S I ON 
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5 . 1  I NT RODUCT I ON 

The main obj e c t ive o f  the wo rk rep o rt e d  i n  th i s  the s i s 
was t o  de t e rmine the fac tors  as s o c i at e d  w i th the i n c re as e s  
i n  m i lk fat produc t i on r e s u l t i n g  from gene t i c  s e l e c t i on i n  
a g r a z ing env i r onme n t . Some as p e c t s  o f  the e xp e r imental  
re s u l ts have b e en d i s cus s ed a l re ady i n  the p re ce d i n g  
chap t e r s . The purp o s e s  o f  th i s  chap t e r  a re : -

to  s ummar i s e  and synthe s i s e  the re s ul ts o f  the p r e s e n t  
e xp e r iment s , wh i ch h ave comp a re d  t h e  p e r f o rmanc e  o f  
h i gh and l ow b re e ding  i n d e x  c ows when f e d  i n d i vi dua l ly 
i n  s t a l l s  on cut  p as ture , and when g r a z e d  as  one g roup , 

t o  c omp are the r e s u l t s w i th other wo rk revi ewe d i n  
Chap t e r  one and a l s o  wi th the work b e in g  done concur rently  
a t  Ruakura , wi th  Je r s e y  c ows , 

t o  make s ome p re l i m i nary p redi c t i on s  ab out the e ffe c t  
o f  genotype on f a rm p roduc t i  vi  ty , 

t o  i dent i fy the g ap s  that e xi s t  i n  the know le dge ab out 
g eno typ e  in re l at i on t o  farm p roduc t i v i t y  and to out l ine 
the d i re c t i on o f  future work . 

The i mp l i c a t i ons o f  c o r re l at e d  e rrors on the analys i s  and 
i n t e rp re t a t i on o f  nut r i t i on e xpe r iment s we re cove r e d  i n  
de t a i l in Chap t e r  four , and the re fo re w i l l  no t b e  d i s cus s e d  
he re . 

5 . 2  SUMMARY AND SYNTHES I S  OF  THE E XPER I MENTAL RESULTS 

Al though the ma in r e s u l t s  have b e en di s cus s ed and s umma r i s e d  
e ar l i e r  in  the thes i s , n o  att emp t  has b e e n  made t o  s yn the s i s e 
the r e s u l t s  o f  the s t a l l  feeding  and g r a z ing  e xp e ri me n t s  
rep o r t e d  i n  Chap t e r  two , and the ene rgy a n d  n i t ro ge n  b a l ance 



e xp er imen t s  rep o r te d i n  Chap t e r  three . A bri e £  s ummary 
o f  the main resul t s  in e ach Chap t e r  are  g i ven and the 
resul ts are d i s cu s s e d  j o int ly . 

5 . 2 . 1 Ch apt e r  two : Pe r fo rmance o f  H and' L cow's' when 
gra z e d  and fe d indiVidual ly in s t a l ls o'n cut 
pas ture . 
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( a )  H i gh cows con s i s tently pr oduced more m i l k  f a t  than the 
L c ows in the s h o rt - t e rm expe rime n t s , and over the 
who l e  l actat i o n ; the re was c l o s e  agre ement b e twee n  
t h e  e xp e c t e d  d i f fe renc e s  (b a s e d  o n  b reeding indexe s )  
and the meas ure d di f fe rences in m i lk fat y i e l d .  

(b ) The two genotyp e s  had s imi l ar intakes  o f  fre sh  cut 
p a s ture o ffe red ad l ib i t um in s t a l l s . Howeve r H cows 
a t e , on ave rage , 7% mo r e  pas ture p e r  un i t  me t ab o l i c  
l ivewe i ght than l ow B I  cows , but the di fferences  
b e twe e n  geno typ e s  in int ake we re s i gn i fi cant only in 
two o f  the four i ndoo r  fe e ding e xp e r i ment s  ( P<O . 0 5 ,  
P<O . l O ) . 

( c )  A l though di f fe rences b e twe en geno typ e s  i n  the i r  
l ivewe i ght ch an g e s  c ou l d  not b e  s hown t o  b e  s i gni f i cant 
in the short - te rm feedin g expe r i me n t s , ove r the who le  
l ac t a t ion L c ows appe are d to gain mo r e  l ivewe i ght 
than H cows . 

( d )  The di f fe rences  b e twe e n  genotyp e s  in e i the r i n t ak e  o r  
the p ar t i t i o n ing o f  e ne rgy b e twe en mi lk p r o duct io n  and 
l ivewe ight chan g e  we re s ma l l .  They did , however , 
e xp l ain 9 5 %  o f  the ob s e rved di fference in m i l k  ene rgy 
output , b e twe e n  the genotype s .  Th i s  was as s uming that  
maintenance e ne rgy requi rements and net e ff i c i en c i e s  
o f  m i l k  produc t io n  and t is s ue depo s i tion were the s ame 
for b o th geno type s .  



( e )  The di ffe rence  b e tween g e no type s  i n  s i z e  was n o t  
re garde d as  s i g n i f i c an t  b e c aus e a l t hough the re  was  
a di fference b e twe en genotype s  i n  s i ze of  the 
anima l s  purchas e d  i n  the f i rs t y e a r , in the s e cond 
year the geno type s  were  s im i l a r  in s i ze . 

S . 2 . 2  Ch apte r  t h r e e : Energy and n i t r ogen b a l an c e  
e xper ime n t s  wi th l a c t a t ing and n on - l ac t a t ing 
H and L b re e ding index cows . 

l �  

( a )  Di f fe rence s b e tween geno types  i n  th e i r  ab i l i ty t o  
me tab o l i s e  fe e d  ene r gy we re s ma l l and non - s i gn i f i c an t . 

( b )  H i gh B I  c ows  had h i ghe r me t ab o l i s ab le ene rgy intakes  
p e r  uni t  me t ab o l i c  l ivewe i ght  than L cows . 

( c )  D i ffe rence s i n  heat p r o duc t i o n  b e tween genotyp e s  
we re sma l l  and non - s i gn i f i can t e xc e p t  i n  one cas e 
when H cows h a d  a l owe r he at  p r o du c t ion than L c ow s  
dur ing r e s t r i c t e d  feeding in e ar l y  lactat i on . 
Th i s  anoma l ous re s u l t  was d i s c us s e d  in S e c t ion 3 . 4 . 1 . 1 . 

and w i l l  n o t  b e  di s cus s e d  furt h er .  

(d)  Hi gh B I  c ows p art i t ioned a g r e a t e r  p ropo r t ion of  t h e i r  
me tab o l i s e d  e n e rgy t o  mi lk and a l es s e r  p ropo r t i o n  � o  
body t i s s ue than the L cows ; the  d i fferences b e tw e e n  
geno types  we r e  s i gni fi cant (P(O . O S ,  P(O . 10 )  i n  l at e  
l ac t at i o n , b ut no t i n  e a r ly l ac t a t ion (P) O . 1 0 ,  P) O . 1 0 ) . 

There was an anoma l ous resul t dur i n g  re s tr i c t e d  f e e d i n g  
in e ar ly l ac ta t ion whe n  H c ows l o s t l e s s  ene rgy a s  
h e at , re t a i n e d  s l ightly ( 7 % )  mo re  mi lk ene r gy and 
mob i l i s e d  l e s s  t i s s ue ene rgy than the L c ows . 

(e ) The feed requi red to  ma intain b o dy cond i t ion and p r omo te 
a uni t  of g a i n  of b o dy condi t i on during the dry p e r i o d  
was s imi l ar fo r b o th H and L c ows . 
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( f) D i ffe ren c e s  i n  N b a l an c e  b e tween geno typ e s  we re s ma l l  
and incons i s tent . 

S . 2 . 3  Overa l l  con c lus i o n . 

Cons i de ri n g  the results  o f  a l l the exp e r iment s  t o gethe r ,  
th ere i s  n o  doubt that the us e o f  a r t i fi c i al b re e d in g  and 
gene t i c  s e l e c t i on has in c r e a s e d  the l eve l of m i l k  fat 
produc t i on pe r cow . · The re-s u l  ts  from the di f fe rent 
expe r imen t s  are  in agreement with e ach o the r i n  that the 
two main factors  a s s oc i a t e d  w i th the incre as e s  i n  mi l k  fat 
pro du c t i on we r e : -

( a )  H i gh B I  c ows ate  more t h an L cows , 
(b ) H i gh B I  c ows p art i t i one d a g r e a t e r  propo r t i on o f  the i r  

me tab o l i s ab le e nergy i nt ake t o  mi l k , r a th e r  than t o  
l ivewe i gh t  g a i n , than the  L cows . 

5 . 3  COMPAR I SON OF  E XPERIMENTAL RESULTS WI TH OTHER 
PUB L I SHED WORK 

5 . 3 . 1 .  Ene rgy b a l ance e xp e r i ments . 

Be fo re  the current s e r i e s  o f  e xpe r i ments were i n i t i a t e d  
a t  Mas s ey Un i ve rs i ty and Ruakura Ag r i c u l tura l Re s e arch 
Cent r e , the re h ad b een n o  a t t emp t t o  c omp are the ene rgy 
b a l an c e s  of c ows wh i ch we r e  gene t i c a l ly h i gh and l ow 
produ c e r s . A pre l iminary report  on the c a l o r i me t ry work  
done at Ruakura , wh i ch c ompared Je r s ey cows d i f fe r in g  i n  
b re e d ing inde xe s , w a s  g iven b y  T r i g g  and P a r r  ( 19 8 1 ) . 
Of i n t e re s t  i n  the Ruakura w o rk , was the obs e rvat i on 
that H c ows p a rt i t i one d a sma l l  but s i gn i f i c an t ly (P<O . O S )  

h i ghe r prop o r t ion o f  g r o s s  e n e rgy t o  d i ge s te d  e n e rgy than 
the L c ows i n  e a r ly l a c t a t i on , but no s uch e ffe c t  was found 
in mid  l actat i on . The re  was  no e ffect  o f  genotype o n  
ene r gy d i ges t i b i l i ty i n  t h e  Mas s ey s tudies  ( th e  e xp e r i ments 
rep o r t e d  in th i s  thes i s ) , or  i n  the e xp e riment b y  
G r ieve  e t  al . ( 1 9 76 ) . 
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The re was gene r a l  agreement b e tw e e n  the Ruakura and Mas s ey 
e xp e r ime nt s , that  the int ake o f  me t ab o l i s ab le e ne r gy p e r  
un i t  me t ab o l i c  l ivewe i gh t  was h i gh e r  f o r  the H v e r s us L 

cows and that the e ff i c i ency o f  us e o f  met ab o l i s ab le 
e n e r gy f o r  mi lk  p lus t i s s ue (as me as ured by h e a t  p ro duc t i on)  
was  s imi lar  f o r  b o th geno typ e s . 

Not  a s  we l l  de f ined i s  the e ffec t  o f  geno typ e  on the 
p a rt i t i oning of  ene r gy b e twe en mi lk  and l ivewe i ght  chan g e . 
I n  the Mas s ey e xpe r imen t s , at  a f ixed int ake , H cows 
p ar t i t i oned more o f  the i r  me t ab o l i s ab le ene rgy to  the 
s ynthes i s  of  mi l k  and l e s s  t o  l i vewe i ght  g ain than the L 
c ows . The e xc ep t i on was dur ing r e s t r i c t e d  fee ding in e ar ly 
l a c t a t ion ( s e e  S e c t i on 3 . 4 . 1 . 1 . fo r di s cus s ion)  when L c ows 
mob i l i s e d  mor e  t i s s ue re s e rves , b u t  p r oduced le s s  m i l k  than 
H cows . 

Be fore  dis cus s in g  the work done at  Ruakura , i t  i s  ne c e s s ary 
to  po int out two e rrors  in the p ap e r  o f  T r i g g  and P a r r  
( 1 9 8 1 ) . F i rs t l y  i n  the i r  T ab l e  2 ,  a negat ive s i gn ( - ) h a s  
b een  omi t t e d  f o r  t h e  d i f f e rence i n  inte rcepts b e tween 
genotyp e s  f o r  t i s s ue ene rgy (Tr i g g  T . E . ,  p e rs on a l  
commun i c at i on ) . I t  i s  s ug ge s t ed t h a t  the tab le  s h o u l d  h ave 
b e en as shown on the f o l l owing p age ( cons i de r in g  on l y  that  
p art  o f  the i r  T ab l e  2 whe re ME i . e .  me t ab o l i s ab l e ene r gy , 
was the independe n t  var i ab le ) . 



T ab l e  2 Regres � i on analys i s  o f  ene r gy p a r t i t ioning i n  
e ar ly l ac t a t i on y = b x + C 1 

( remade from T r i g g  and P arr , 1 9 8 1 ) . 

3 4 
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x y b ( : s e )  C (H)  C ( H - L )  s . e .  

ME He a t  E 
B a 1 2 E 
Mi l k  E 
T i s s ue E 

1 KJ k g -O • 75 

2 M i lk and t i s s ue 

0 . 3 2 4 : 0 . 0 5 7  5 0 2  
0 . 6 7 5 : 0-. 0 5 8  - 5 0 0  
0 . 1 9 3 : 0 . 1 1 9  4 3 6  
0 . 4 8 2 : 0 . 1 5 3  - 9 3 6  

3 I nte rcept  for h i gh b re e di ng index c ows  

3 
- 3  
4 2  

- 4 45 

4 D i ffe rence in i n t e r c e p t s  b e twe en genotyp e s  
5 Th i s  value was i n c o r re c t ly l ab e l l e d  as + 4 4 i n  the 

o r i g i n a l  pape r ( N . B .  M i l k  E + T i s s ue E mus t equal 
Ba1 E ) . 

2 0  
2 0  
4 0  
4 2  

The s e cond e r r o r  appe a r s  t o  b e  one o f  i n t e rp re t at i o n . T r i g g  
and Parr s howe d in the i r  p ape r that ME i n take p e r  un i t  
me t ab o l i c  1 ivewe i gh t  was h i gh e r  for H th an L cows i n  e a r ly 
l a c t a t i o n . They a l s o  p r e s en t e d  data re l a t in g  t o  change s  
i n  t i s s ue f a t  o f  cows fe d ad l ib i tum i n  e ar ly l a c t a t i o n  
( th e i r  T ab l e  3 ) , wh i ch s howe d  that H c ow s  l o s t l e s s  t i s s ue 
fat ( 1 2 3 g fat )  than L cows ( 2 5 7g fat ) . T r i g g  and Parr s t a t e d : 

"Re l at i ve to  LB I cows , the s m a l l e r  t i s s ue fa t l o s s  by 
HB I c ows i n  e a r ly l ac t at i on doe s  n o t  agree w i th over s eas  
dat a  ( B ro s te r  e t  a l . 1 9 6 9 ) . "  
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Howeve r Bros t e r  fe d h i s  cows a t  f i xe d  l eve l s  o f  fee ding , 
whe re a s  i n  T r i gg ' s  work the d i fference  in t i s s ue fat  l os s  
be twe en H and L cows i s  confounde d w i th the d i f fe rence 
in i n t ake . Tab l e  2 (p . 1 8 5 ) , indi c a t e s  that i f  ME int ake 
was the s ame f o r b o th geno type s ,  then H cows l o s e  mo re  
t i s s ue fat than th e L c ows , in agre ement w i th Bro s te r ' s 
work . 

I t  i s  worth r e i t e r a t ing ( s ee Se c t i on 2 . 4 ) tha t  the 
di fferences  in l iv ewe i gh t  change b e tween genotype s ,  
b as e d  on the meas ured ch ange s ove r the who le l ac t a t i on , 
wou l d  be  very s ma l l  ove r s h o r t  p e r i o ds o f  t ime , and 
ext reme ly di f f i cu l t  to  de t e c t . Accept ing th i s , the  
c a l o r ime t r i c  b a l an c e  s tudi e s  at  Mas s ey and Ruakura 
indi cate , at  a common i n t ake , that the H cows p ar t i t i on a 
gre ate r p rop o r t i on o f  metab o l i s e d  ene r gy to  the s yn the s i s  
o f  mi lk and a l e s s e r  p ropo r t i on t o  l ivewe i ght  g a i n  than 
the L cows . 

5 . 3 . 2 .  E xpe r iment s  i n  whi ch an ima l s  were fe d ind i v i du a l ly 
in s ta l l s  o r  gra z e d . 

5 . 3 . 2 . 1  Mi lk  fat  produc t i o n  a n d  changes in l ivewe ight 
and condi t ion s c ore ove r th e l ac t at i on .  

Re s ul t s  from Ruakura ( B ry an t , 19 8 1 ; B ryant and T r i gg , 1 9 8 1 ) 
and Mas s ey a r e  i n  agreement in s howing that H c ows p ro duce 
mo re m i lk fat and gain l e s s  l i vewe i gh t  and condi t ion ove r 
the l actat ion than L c ows . I t  i s  inte re s t ing to  no t e  
th a t  a s imi l ar conc lus i on was re ach e d  from gene t i c  
se l e c t ion e xp e ri me n t s  i n  wh i ch the ani ma l s  we re  f e d  
acco r d ing t o  y i e l d  (Hooven e t  a l . 1 9 6 8 ;  Mi l l e r  e t  a l . 1 9 7 2 ) . 

Howeve r th i s  i s  no t s u rp r i s ing whe n  i t  i s  cons i de r e d  t h a t  
unde r both  s y s t ems o f  fee ding the an ima l s  o f  h i gh gene t i c  
me r i t  ate  mo re  than an ima l s  o f  l ow gene t i c  me r i t . 
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The magn i t ude o f  the d i f fe rence b e tween genotypes  i n  m i l k  
fat y i e ld ( k g / day) a s  l actat i o n  p ro g re s s e d  has b e e n  
ob s e rve d to  i n c r e as e  ( B ryant and T r i gg ,  1 9 8 1 ; 1 9 79 / 8 0 
l ac t a t i on , t h i s  the s i s ) , de c re a s e  ( 1 9 8 0 / 8 1  l a c ta t i on , th i s  
thes i s )  o r  rema i n  cons t ant  ( C a r te r , 1 9 6 4 ) . Howeve r none 
o f  the re s e a rche rs h ave b e en ab l e  t o  de t e c t  s i gni f i cant 
changes  in the magn i tude of the d i f fe rence in mi l k  fat  
y i e l d as l ac t at i on p ro g re s s e s . The r e f o re unt i l  e v i dence  
is  p roduced t o  t he cont rary- i t  mus t be  a s s ume d th a t  the 
d i f fe rence b e tween genotype s  in m i l k  fat yie l d  rema ins  
c ons tant t h roughout l a c tat i on . 

5 . 3 . 2 . 2 .  M a rgi n al and gro s s  e£f i �i ency o f  mi lk fat  
pro duc t i o n . 

Mar g inal  e ff i c i e ncy i . e .  the i n c re a s e  i n  milk p r o duc t i on 
p e r  un i t  i n c re a s e  in fe e d  ene rgy is cons i dere d  f i rs t . 

Cows wh ich are  g ra z e d  a re inva r i ab ly unde rfed at  s ome 
s t age o f  the i r  l ac t a t i on b e caus e o f  s e as onal and day t o  
day fluc tua t i ons in pas ture g r owth . When the s upp ly o f  
pas ture i mp rove s i t  i s  imp o r t an t  that an imal s r e s p ond 
by  incre a s i n g  the i r  mi lk y i e l d s . Many expe r i me n t s  
( s e e  S e c t i on 1 . 3 . 2 . 2 .  fo r re fe renc e s )  have shown t h a t  when 
the fe eding leve l i s  increas e d , h i gh p roducing  c ows 
incre ase the i r  mi l k  y i e ld to a g re ate r e xtent than do l ow 
produc ing c ows , but  c r i t i c a l  e v i dence for  the g ra z i ng 
animal i s  s p a rs e . 

I n  the p r e s ent the s i s , H cows h ad g re at e r  mar g i n a l  
e ff i ci en c i e s  ( e s t imated b o th w i th in and b e tween cows ) 
than the L c ows , b u t  the di ffe rence s  b e tween geno type s  
we re not s i gn i f i cant ( P )  0 . 0 5 ) . B ryant ( 19 8 1 )  a l s o  found 
that mar g i n a l  e ff i c i e n c i e s  d i d  not  di ffer  be twe en geno typ e s  
when marg in a l  e ffi c i enc i e s  we re e s t ima ted o n  a w i th i n  c ow 
bas i s  whe re  e a ch c ow was s ub j e c t e d  to  two l e ve l s  o f  fe e di n g . 



The re fo re a t  this  s tage i t  i s  c onclude d that when the 
fe e ding l e ve l  i s  i n c re a s e d  the ext ra mi l k  fat p r o duced 
w i l l  be s imi l a r  fo r cows d i f fe r in g  i n  geno type . Howe ve r 
e xp e r imen t s  to  date have b e e n  con fined t o  an ima l s  fed 
cut pas ture i n  ind i v i dual  s t a l l s  and mo re evidence i s  
requi re d fo r the g r a z i n g  an ima l . 
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G ro s s e ff i c iency i s  de f ined a s  the m i l k  p roduce d  pe r un i t  
o f  food e aten . The ave r age  g r o s s  e ff i c i en c i e s  o f  the 
H c ows we re almo s t  i nva r i ab ly h i gher  than tho s e  o f  the 
L cows in b o th th e Mas s ey and Ruakura e xp e rimen t s . 

Ano the r me as ure o f  g r o s s e ff i c iency i s  t o  compare , at  a 
g iven i n take , the amoun t o f  mi lk fat p ro duced pe r un i t  
o f  int ake . G ro s s  e ff i c iency me asur e d  i n  t h i s  way was 
s i gn i fi c ant ly gre a t e r  (P< 0 . 0 5 )  for  the H cows than fo r 
the L c ows fo r the five expe r i me n t s  r e p o r t e d  in Chap t e r  
two , and i n  the l at e  l actat i on phas e o f  t h e  c a l o r ime t r i c  
b a l ance e xpe r imen t  rep o rted i n  Chap t e r  three . The 
r e a s on fo r the h i gh e r  g ro s s  e ff i c i en cy o f  the H ve r s us L 
cows , a t  a f ixed i n t ak e , app ears  to  b e  a s s oc i at e d  w i th 
the fact that the L cows p a rt i t i on more o f  the i r  
me t abo l i s ab l e ene r gy t o  l i vewe i gh t  g a i n  than to  m i l k  
p r o duc t i on ,  wh ereas  wi th the H c ows t h e  s i tuat i on i s  
revers e d .  Th i s  e xp l anat ion w a s  s upp o r t e d  b y  c a l c u l a t i on s  
done i n  S e c t i on 2 . 4 , wh ich s howe d t h a t  the me as ured 
d i f fe re n c e s  in i n t ak e  and ene r gy part i t i on ing could  
e xp l a i n  9 5 %  o f  the d i f fe rence s i n  mi l k  ene rgy output 
be twe e n  genotype s .  

A s imi l ar conclus i o n  c an b e  re ached b y  e xamining  the 
ene rgy b a l ance d a t a  fo r H and L cows in l ate l a c t a t i on 
( Chap t e r  ,thre e ) . I f  the c r i t i c a l  s i gn i fi canc e  l eve l 
i s  s e t  at  P = 0 . 1 0 then d i f fe rence b e tween genotyp e s  i n  



inte r c e p t s  for b o th m i l k  e ne rgy and t i s s ue ene rgy a re 
s i gn i f i cant . The e s t ima t e d  re gre s s i on equat i on s  a re : -

High B l  

Mi lk ene rgy = 0 . 1 1 5 + 0 . 1 5 7  ME l 
(MJ k g  -0 . 75 cow -1 day -1 ) 
T is s ue ene rgy = - 0 . 5 30  + 0 . 4 9 7ME l 
( MJ k g  - 0 . 7 5 cow 1 day - 1 ) 

Low B l  
Mi lk ene rgy 
T i s s ue energy 

= 0 . 0 0 7 + 0 . 1 5 7  ME l 
= - 0 . 4 0 9  + 0 . 4 9 7  ME l 

whe re ME l = p re d i c t e d  me tab o l i s ab l e  ene rgy intak e . 
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From the ab ove equa t i ons the fol l ow ing data c an b e  de r ived 
for H and L cows w i t h  a me t ab o l i s ab l e ene rgy intake o f  

-0 75 - 1 - 1  1 . 4MJ k g  . cow day : -

Mi l k  ene rgy 
T i s s ue ene rgy 
Mi l k  + t i s sue energy 
(To t a l  ene rgy b a l an c e )  

H 
0 . 3 3 5  
0 . 1 6 6 . 

0 . 501 

* 
L 

0 . 2 2 7 
0 . 2 8 7  

O .  51 4 

* un i t s  are MJ kg  - O . 7 5 cow- 1day - 1 

The dat a s how that a l though the t o t a l  energy b a l ance 
(mi l k  + t i s s ue energy) i s  s im i l a r  for b o th geno type s , 
the g r o s s  e ff i c i en c y  o f  the H cows 

( 0 . 3 3 5  
1.4 = 0 . 2 3 9 MJ m i l k  pe r MJ ME ) 

i s  h i gh e r  than that o f  the L cows 

( 0 . 2 2 6  
1.4 = 0 . 1 6 1  MJ m i l k  pe r MJ ME ) 

and th i s  i s  b e c aus e the L cows p ar t i t i one d l e s s  o f  the i r  



me tab o l i s ab l e  ene r gy to  mi l k  and mo re to l i vewe i ght  g a in 
than the H cows . 

5 . 4  ME CHAN I SMS OF I NCREASE D  PRODUCT ION . 
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The p r imary o b j e c t ive o f  th i s  the s i s was t o  de t e rmine how 
H cows p r o duce mo re mi l k  than L c ows . The e xpe r imen t s  
carried o u t  ma de i t  po s s ib l e to  compare geno typ e s  w i th 
re spect  t o  the fo l l owing i tems : -

p as t ure intake 
the ab i l i ty to me t ab o l i s e  fe ed ene rgy 
the e ff i c i ency o f  us e of me t ab o l i s ab l e ene rgy 
the p roport i ons o f  me t ab o l i s ab l e  e n e r gy 
p a rt i t i one d t o  the synthe s i s  of mi l k  and t o  
l i vewe i ght g a in . 

The e vidence  i n  th i s  thes i s  wh i ch i s  a l s o  supp o rt e d  by the 
re sul ts  ob t a in e d  at Ruakura ,  s ugge s t s that di ffe rence s 
b e twe en ge notyp e s  in the i r  ab i l i ty t o  me tabo l i s e  fee d  
ene rgy and the e ff i c iency o f  u s e  o f  me t ab o l i s ab l e ene rgy 
are smal l .  The h i ghe r mi l k  p r o duc t i on o f  the H cows can 
be  exp l ained p a r t ly by the i r  h i ghe r in take and p a r t ly by 
the i r  ab i l i ty to part i t i on a g r e a t e r prop o r ti on o f  the i r  
me tab o l i s ab l e ene rgy to the s yn the s i s o f  mi lk . 

Why the H c ows e a t  mo re and p a r t i t i o n  the i r  me tab o l i s ab l e  
energy more  favourab ly t o  m i l k  p ro du c t i on than the L c ows 
i s  l e s s c l e a r ?  F o rb e s  ( 1 9 8 0 )  r e i t e rated the conce p t  that  
food i s  e aten in o rde r to  p re s e rve an equi l ib r i um b e tween 
e ne rgy flow i n t o  and out  of  the  b o dy .  I n  s upport o f  th i s  
theory B ryant ( 1 9 8 1 )  noted that d i ffe ren c e s  b e tween genotyp e s  
i n  int ake ' that o c curred dur ing l a c t a t i on we re not p re s en t  
dur in g  the dry p e r i o d . Fac t o rs a s s o c i at e d  w i th l a c t a t i on 
may the refore b e  re s p ons i b l e  for  the di ffe rence s b e tween 



genotyp e s  i n  i n t ake . Whe the r the s e  f a c t o r s  a r i s e  from 
the mammary g l and i t s e l f ,  d i ge s t i on· end- p roduc t s  o r  
hormonal s t at us i s  unc l ear  a t  th i s  s t age . 

One aspe c t  o f  the cur rent work a t  Mas s ey Un ive r s i ty i s  

1 9 1  

the mea s urement o f  the conc e nt ra t i on s  o f  b lood me t ab o l i t e s  
and hormone s  o f  c ows di ffe r in g  i n  b re e ding  inde x .  I t  i s  
apparent from me a s urements  made s o  far that dur i n g  l a ct a t i o n  
H cows h ave a h i ghe r concen t ra t i on o f  g r owth ho rmone i n  
the i r  b l o o d  than L c ows . Th i s  i s  p ar t i cu l arly i nt e re s t in g  
be caus e Pe e l  ( 1 9 8 2 )  h a s  shown t h a t  cows rece i v i n g  da i ly 
inj ect ions  ( 5 1  I U / day) o f  b o v ine g rowth ho rmone i n c r e a s e  
the i r  m i l k  f a t  y i e l d  b y  2 0  t o  40 % w i th a s mal l ,  n o n ­
s i gn i fi c an t  decre a s e  in fee d  i n t ake . I n  addi t i on energy 
b a l ance meas urements made by i n d i r e c t  c a l o rime t ry indi c a t e d  
tha t t h e  e x t r a  m i l k  ene rgy p ro duced had come f r o m  the 
mob i l i s at i on of b o dy t i s s ue . Th e r e fo re i t  is p o s s ib le  
that di f fe r e nces  b e twe en genotyp e s  i n  growth ho rmone 
me tabo l i s m  c ou l d  e xp l a i n  why H c ows h ave a g re a t e r  ab i l i ty 
to di re c t  nut r i en t s  to the synth e s i s  o f  m i lk rather  than 
body t i s s ue . Bauman and Curr i e  ( 1 9 8 0 )  h ave po i n te d out 
that var i a t i on in regu l a t i on o f  nut r i ent part i t i o n i n g  
could invo l ve i nhe r i ted di ffe re n c e s  i n  c i rcu l a t in g  h o rmone s ,  
in numb e rs o f  h o rmone re ce p t o rs in a t a rget t i s s ue and i n  
the syn the s i s / d e gradat ion o f  re gul a t o ry en zyme s . 

5 . 5  I MP L I CAT I ONS OF  RES ULTS ON FARM PRODUCT I V I TY 

The e v i dence in th i s  the s i s  c an be  u s e d  to  make s ome 
pre l iminary p re d i c t ions ab out the l i ke ly e f fe c t  o f  gen e t i c  
me r i t  o n  farm p ro duc t i v i ty . The c a l cu l at ions out l ined 
be l ow i gn o re con f i dence l im i t s  and a s s ume that a l l f i gure s 
are p re c i s e , hence can o n l y  b e  reg a rde d as s p e cu l a t i ve . 
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5 . 5 . 1  E ff i c i ency o f  fee d  conve r s ion to mi l k  fat  dur ing 
lac t a t i on . 

During the 1 9 7 9 / 8 0  l actat i on the H and L cows we re fed 
indo o rs at three s t age s of l ac t a t i on and p as ture i n t ak e s  
we re me a s u re d  for a t o t a l  o f  1 2  we e k s . Us ing the g r o s s  
e f f i c i en c i e s  o f  f e e d  conve r s i on ( k g  DM/kg  mi l k  fa t )  
me asur e d  a t  the s e  three t ime s , the ave rage g r o s s 
e ff i c ie nc i e s  ove r the who l e  l ac t a t i on we re e s t i ma t e d  t o  
be  2 3 . 2  and 2 8 . 7  kg  DM/kg  m i l k  fat  f o r  H and L cows 
re s p e c t i v e l y  ( s e e  Appendix 5 . 1  for de t a i l s ) . 

The ave rage  p e r  c ow l ac tat i on ( 1 9 7 9 / 8 0 )  p roduc t i on s  o f  
1 5 0  and 1 1 7  k g  f o r  the H and L c ows we re b e l ow t h e  f ive 
ye a r  ave rage l a c t a t i on mi l k  fat p r o du ct i on o f  1 5 2  kg f o r  
a l l  cows that  we re herd - t e s t e d  i n  N e w  Z e a l and dur i n g  t h e  
p e r i o d  from 1 9 7 5 / 7 6  to 1 9 7 9 / 8 0  ( New Z e a land D a i ry B o ard , 
1 9 7 9 ) . The r e  w e r e  s everal  r e as ons why the p ro duc t i ons 
we re l owe r than m i gh t  have b e e n  expe c t e d .  F i r s t ly the cows 
invo l ve d  we re on ly three - y e ar - o l d  animal s .  The ave r age 
mi lk fat p roduc t i on of a l l  p e d i g re e  F r i e s i an c ows was 
12  kg  h i ghe r than that o f  thre e - ye a r - o l d  cows ( New 
Zealand Da i ry B o ard , 1 9 7 9 ) . I f  such an age c o r re c t i on was 
app l i e d  then the adj us ted  p ro duc t io n  o f  the H c ows ( 1 6 2  k g )  
would  b e  gre ate r than the ave rage  m i l k  f a t  p r o duc t i on o f  
1 5 2  k g  f o r  a l l  cows herd- t e s t e d  in New Z e a land b e twe en 
1 9 7 5 / 7 6  and 1 9 7 9 / 8 0 . However  no c o r r e c t i ons to p e r  cow 
produc t i on s  have b e e n  made b e cause  as w i l l  be  s hown l a t e r  
any s uch c o rr e c t ions  make l i t t l e  d i ffe rence e i the r t o  the 
ma in c omp a r i s on b e tween genotyp e s  or to the ab s o l u t e  
produc t i on pe r h e c t are . 
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Se condly the H and L c ows w e re s ub j e c t e d  to s eve r e  
unde r fe e ding  dur i n g  the f i r s t  four we e k s  o f  l a c ta t i on and 
in add i t i on hal f o f  the cows o f  e a ch geno type we re 
del ibe rate ly unde r fe d  for a t o t a l  of 10 weeks dur i n g  
expe r imen t a l  p e r i o ds . S i n c e  the g r o s s  e f fic i en c i e s  o f  
feed conve r s ion t o  b e  us e d  i n  s ub s e quent cal cu l a t i ons 
we re b as e d  on c ows fe d ad l ib i tum i n  s t a l l s  i t  was 
nece s s a ry to adj u s t  the p r o duc t i on s  of tho se c ows that 
we re unde r fe d  i n  s t a l l s . The p roduc t i on adde d to that o f  
cows unde r fe d  i n  s t al l s  was c a l cul ated a s  the s um o f  the 
p roduc t i on fore g one  dur in g  unde r fe e ding and s ub s e quen t l y  
unt i l  da i ly p ro duc t i on re c o ve re d t o  t h a t  o f  tho s e  c ows 
p revi ous ly fed ad l ib i tum indo o rs . The total  l o s s  in 
produc t i on from un de r fe eding  in s t a l l s  was 5 and 3 kg 
mi lk fat p e r  cow for E xpe r imen t s  2 and 3 re s p e c t i ve ly . 
Th ere fo re the l a c t a t i on y i e l ds adj us ted  for the un de rfee d ing 
in  s t a l l s  we re 1 5 4  and 1 2 1 kg  p e r  cow for H and L c ows 
re spe c t i ve ly . 

The fe e d  requ i r e d  ove r the who l e  l ac t a t i o n  i s  c a l cu l at e d  
a s  fo l l ows : -

Mi lk fat p r o duce d ( k g )  
K g  DM/ k g  mi l k  f a t  
T o t a l  fee d  requ i re d  ( kg DM) 

H 
1 5 4  

2 3 . 2 
3 5 7 3  

L 

1 2 1  
2 8 . 7  
3 4 7 3  

The ave r age  lac t at i on length w a s  2 4 9 days wh i ch i s  s im i lar  
to  the  ave r age l ac t at i on l en g th o f  2 5 1  days fo r a l l cows 
he rd - t e s t e d  in New Zealand b e twe en 1 9 7 5 / 7 6 and 1 9 7 9 / 8 0 . 

The e s t imat e d  fe e d  intake s f o r  t h e  who le lac t a t i on ind i c a t e  
that H cows a t e  app rox imat e ly 2 . 9 % more  feed p e r  cow than 

, 

the L cows . Th i s  d i fference in int ake a l though s ma l l  was 
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unexpe c t e d  b e c aus e ove r the s h o r t - te rm feeding e xp e r iment s  
there was l i t t l e d i ffe rence b e tween geno types i n  i n t ake . 

5 . 5 . 2 E ff i c iency o f  feed c onve rs i o n  to  mi l k  fat ove r 
1 2  months . 

Me as ureme n t s  made during May and June 1 9 8 0 indi c a t e d  that 
it requ i r e d  an ave rage of 5 . 6  kg DM cow- 1 day- l to ma i n t a i n  
b o dy condi t i on ( C a r ruthers , 1 9 8 0 ) . The fe ed r e q u i r e d  to  
p romo te a gain  o f  one un i t  of  c ondi t i on c an be  e s t imated , 
from dat a  g iven i n  Se c t i on 3 . 4 . 1 . 2 ,  to  b e  2 2 8 8  MJ 
me tabo l i s ab l e ene r gy ( approximat e ly 2 0 0  kg  DM ; a s s uming a 
me t ab o l i s ab l e ene rgy concent r a t i on o f  the fe ed o f  1 1 . 3  MJ 
ME /kg  DM) . 

The body condi t i on o f  the cow s ,  wh i ch was on ave rage  4 . 7  
fo r both genotyp e s  at  calvin g , d i ffe red ma rke d ly by the 
end o f  l ac t at i on (H  = 3 . 9 ,  L = 4 . 8 ;  s ee Tab l e  2 . 2 ) . 
Un l e s s  the H cows we re fe d at  a h i ghe r l eve l t h an the L 
cows dur i n g  the d ry pe r i o d , i t  i s  l i ke ly that the i r  
produc t i on dur i n g  the s ub s e quent l a c t a t ion wou l d  s u f fe r . 
To avo i d  t h i s , e x t r a  feed mus t b e  g iven to the H c ows . 
The fe e d  req u i re d  t o  b r ing the b ody c ond i t ion o f  b o th 
groups t o  a c ond i t i on s core o f  f ive o ve r  the 1 1 6 day dry 
pe r i o d  c an b e  c a l cu l ated as fo l l ows : -



Fe e d  Re�ui re·men·t s  
( k g  DM) 

H L 

Fe e d  fo r ma inten ance o f  
b ody condi t i on 

E ar ly p regn ancy 2 8 0  2 8 0 
( 5 0 d ay s  x 5 . 6 ) 

L ate  p re gn ancy* 4 4 2  4 4 2  
( 6 6  days x 6 . 7 ) 

Fe e d  requ i re d  f o r  condi t i on 2 2 0  4 0  
s co re g a in ( 1 . 1 x 2 0 0 )  (0 . 2  x 2 0 0 )  

Tot a l  Fe e d  requi r e d  9 4 2  7 6 2 

*The i n c re a s e  in feed requ i re me n t s  a l l ows for c a l f  
deve l opmen t .  

The fe e d  i n takes over the 1 2  months are the s um o f  the 
fe e d  i n t a k e s  ove r  l ac tat ion and the dry pe riod , n ame ly 
4 5 1 5  ( 3 5 7 3  + 9 4 2 )  and 4 2 3 5 k g  DM ( 3 4 7 3 + 7 6 2 )  fo r the H 
and L c ows re s pe c t ively . 

5 . 5 . 3 P r e d i c t e d  per fo rmanc e  o f  h igh and l ow b re e ding 
i ndex c ows on a hypo th� t i c a l  farm . 
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On the a s s ump t ion that 1 6 , 0 0 0  k g  pas ture DM are h a rve s ted 
annua l ly the p roduct i on per h e c t a re c an be  e s t i ma t e d  as : -

Total  fe e d  e aten ( k g  DM) 
Feed ( k g  DM c ow- I ) 
Stock ing rate  ( cows ha- I 

Mi l k  fat  ( k g  cow- I ) 
Mi l k  fat  ( k g  ha- I ) 

H 
1 6 0 0 0  

4 5 1 5  
3 . 5 4 

1 5 4  
5 4 5  

L 
1 6 0 0 0  

4 2 3 5 
3 . 7 8 

1 2 1  
4 5 7  



The c a l culat i o n s  i n d i c a t e  that the H c ows p roduce 1 9 % 
more mi l k  fat p e r  h e c t are than L c ows . 
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The re fo re b as e d  o n  a di f fe re nce o f  2 7  b re e ding i nde x un i t s  
the o b s e rved d i ffe rence i n  p e r  cow m i l k  fat produc t i o n  
was 2 8 % , howeve r t h e  ac tua l advan t age t o  the H cows i n  
te rms o f  mi l k  f a t  p e r  h e c t are was reduced to  a di f fe rence 
o f  1 9 % . I f  the p r o duc t i on s  were adj us ted for a ge as  
out l ined pre v i ous l y , then the per c ow p ro duc t i ons fo r H and 
L cows would b e  1 6 6  and 1 3 3  kg m i l k  fat and mi l k  fat p e r  
h e c t a re could b e  c a l cu l at e d  t o  b e  S S 2  and 4 6 4  k g , a 1 9 %  
i n c reas e ,  ind i c a t i n g  that a c o r re c t i o n  fo r age wou l d  make 
l i t t l e  di ffe rence to the c a l cul at i on . 

I t  i s  emphas i z e d  that the e ffe c t  o f  b re e d i ng i nde x on 
produc t i on pe r h e c tare is o n ly s p e c u l a t i ve at th i s  s t age , 
but the pre c e d i n g  c a l cul at i on s  g ive s ome indi c a t i on o f  the 
l ike ly e ffe c t s . S imi l ar c a l cu l a t i on s  w i th Je rs ey c ows 
di ffe r in g  i n  b re e d i ng i ndex ind i c a t e d  that for a d i f fe rence 
of  2 1  b reeding i ndex un i ts the re wou l d  b e  a d i fference i n  
te rms o f  mi l k  fat per h e c t a re o f  1 5 %  ( B ryant , 1 9 8 1 ) . 

S . 6 FUT URE RESEARCH 

The maj o r  c on t r i b ut i o n  o f  the work reported in th i s  the s i s  
has b e e n  t o  con f i rm that the d i f fe rences  me asured i n  m i l k  
f a t  p roduc t i on a g ree w i th e s t imates  from B I , and t o  
i den t i fy the me chan i sms whe reby cows o f  h i gh gene t i c  me r i t  
p r oduce mo re m i l k  fat than cows o f  l ow gene t i c  me r i t  
H oweve r , the p re s ent  wo rk can b e  re ga rded as only a f i r s t 
s tep in the p r o c e s s  o f  de t e rmi n i n g  the e ffe c t s  o f  i mp ro v i n g  
the genet i c  m e r i t o f  cows o n  f a rm p roduct ivi ty . Ob v i ous ly 
there are 'many que s t i on s  "that r ema i n  t o  be ans we re d , b ut 
i f  the p r imary ob j e c t ive i s  t o  de te rmine the e ffe c t  o f  
geno type on farm p ro duc t iv i ty , then what  i s  the b e s t  w ay o f  
ach i eving  th i s  o b j e c t ive ? 
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Out l ine d b e l ow i s  wha t  i s  cons i de red t o  b e  an approp r i at e  
me th o d  o f  ach i e ving t h e  ob j e c t i ve out l in e d  ab ove . 
There are three spe c i f i c  gap s that e x i s t  i n  the know l e dge  
at p re s en t  wh ich requ i re c l ar i fi c at i on . The  re spons e 
o f  cows d i f fe r ing i n  B I , to di ffe rent l e ve l s o f  cond i t i on 
a t  ca lv i ng  needs t o  b e  define d . Th i s  i s  p ar t i cu l a r ly 
i mp o r t ant  b e c aus e H c ows are l i gh t e r  i n  condi t i on that 
L cows at  the end of l a c t a t ion , and it  i s  n o t  known 
a t  p r e s e n t  wh at the cons equences  are , o f  c a lv ing H c ows 
i n  l i ghte r cond i t i on than L cows . 

Mo s t  o f  the fee ding e xpe r imen t s  that h ave b e e n  done s o  
f a r  h ave b e e n  con fined  t o  e a r l y  an d m i d  l ac t a t i on . 
Mo re p re c i s e  defini t i on o f  the r e spons e s  o f  cows d i ffer ing 
in BI  to d i f fe rent l eve l s  o f  feed ing i n  late  l ac t a t ion 
are  requ i red . 

O f  import ance a l s o  i s  the gra z in g  e ff i c i ency o f  cows 
d i f fe ring  in b re e d i n g  index . G r a z i n g  e ff i c i ency o r  de gree  
of  de fo l i at i on i s  de f in e d  as  the  h e rb age consume d a t  e ach 
de fo l i a t i on expre s s e d  as a p roport i on o f  the herb ag e  mas s 
o r i g in a l l y  pres ent (Hodg s on , 1 9 7 9 ) . Be c ause H cows ach i e ve 
a p roport i on o f  the i r  e x t ra mi l k  fat by  e a t ing mo re than 
L cows , i t  i s  n e ce s s ary to  i dent i fy the s i tua t i on s  wh i ch 
re duce the di f fe rence  b e twe en geno type s in the i r  in takes 
and as a re s u l t  reduce the advan tage in mi lk fat p roduc t i on 
o f  the H c ows . L im i ted  evidence ob t a i ne d  s o  far ( s e e  p . 8 S )  
s ugge s t s that comp e t i t ion and g r a z ing c omponen t s  are not  
importan t  factors  a ccoun t ing for d i ffe rences  b e tween 
geno type s .  Howeve r the res ponses  of H and L cows to  a 
range o f  he rbage a l l owan c e s  when g r a z e d  t o ge the r and 
s e p arate l y  needs t o  b e  de fine d . 

The s e  th en are the three  s pe c i f i c  gaps t h at e xi s t  i n  the 
know l e dg e  at p re s e n t . Re s e arch is curre n t ly under way at 
b o th Ruakura and Mas s ey wh i ch a ims to  p rovide informat i on 
on the s e  aspects . 



The next s tep in ach i e vin g the s t ated ob j e c t ive i s  t o  
a t t emp t s ome fo rm o f  " sys tems app roach" . But b e fo re 
g o i n g  on it is app r op r i at e  to a s k : 

"Can the ob j ec t ive b e  ach i e ve d  s imp ly by  runn ing farm l e t  
t r i a l s ?" 
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A maj o r  c r i t i c i sm o f  farm l e t  t r i a l s  i s  that the re s ul t s  
are on ly app l i c ab l e  t o  the envi ronment and ye ars i n  wh i ch 
the work was c a r r i e d  out . F o r  examp l e , the farm l e t  t r i a l s  
o f  G ray and Matthews ( 1 9 8 2 )  and B ryant and C o o k  ( 1 9 8 0 ) , 
e xamin ing di f fe rent w i n t e r i n g  sys t ems for  da i ry c ows , 
have p roduc e d  oppo s i te re s u l t s . 

The re are no c l e a r  r e a s on s  as  to why the re s u l t s  d i ffe r .  
W i l l  t he s ame con fus i on e x i s t  afte r farm l e t  wo rk to de fine 
the e ffe ct  of geno type on farm p roduc t i vi ty has  b e e n  
c a r r i e d  out ? 

A s y s t ems app roach i s  d e fined as  the app l i c a t i on o f  
the s c i ent i f i c  me thod t o  t he s tudy o f  comp le x  sys tems 
(Wr i gh t , 1 9 8 0 ) . I t  i s  n o t  intende d  to g o  into any de t a i l  
ab out sys tems res e a r ch , e x cept t o  po int out that the maj o r  
fe atures  are ; prob lem o r i entat i on , an i n t e rdi s c i p l inary 
app r o a ch and the us e o f  ma themat i c a l  me thods . 

Wh i l s t  the b ene f i t s  o f  a s ys t ems app roach rema in l arge ly 
unp roven as  y e t , it i s  s ug ge s te d  that the next s t ep in 
a ch i ev ing the s t ated ob j e c t ive is to deve l op a mathema t i ca l  
mo de l o f  the s ys t em b a s e d  o n  the in format i on ava i l ab l e 
a t  p r e s ent , and t o  a t t e mp t  to va l i date  and whe re nece s s ary , 
re f ine  the mo de l us in g data f rom farm l e t  e xp e r iments  
run con cu�rent ly . In  the  sho rt t e rm the mode l wou l d  
p ro b ab l y  b e  o f  mo s t  u s e  in ident i fying the mo s t  s e n s i t i ve 



components  o f  the sys t e m , b ut i n  the longe r t e rm ,  the 
re f in e d  mo de l may have much w i de r  app l i c ab i l i ty than 
the r e s u l t s  o f  farmle t e xp e r ime n t s  run on the i r  own . 

S t ud i e s  o f  b l ood me t ab o l i t e s  and ho rmone s  c an and are 
be i n g  run c o n current ly w i th the nut r i t i on e xpe r imen ts . 
The maj o r  po tent i a l  b ene f i ts o f  the s e  de t a i l e d  s tud i e s  
we re  o u t l ined i n  Se c t i on 1 . 5 .  A l s o  o f  i mp o rt ance , but 
s e condary t o  the p r imary ob j � c t i ve , is  the  adequate 
de f i n i t ion of the re s p o n s e  of cows di f fe r in g  in b re e ding  
i n de x  to p rote in supp l em en t s  ( s ee S e c t i on 1 . 5 . 1 ) .  
O t h e r  as p e c t s  s uch a s  the m i l k in g  chara c t e r i s t i c s  o f  h i gh 
and l ow b re e ding index c ows are current ly b e ing s tud i e d  
a t  Mas s ey and Ruakura . 

Th e two geno types  s tud i e s  in th i s  the s i s  have provi ded 
a us e ful framewo rk to g a in a g re a t e r  unde r s tand i n g  o f  
the nut r i t i onal  and phys i o l o g i c a l  ch arac t e r i s t i c s  o f  
the da i ry cow . 
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APPEND I X  2 . 1  DETA I L S OF  THE COWS PURCHASED FOR 
THE EXPE R I MENT S  REPORTED IN TH I S  
THE S I S ,  AND THE METHOD O F  
CALCULAT I NG BREED I NG I ND EXES . 

Appendix 2 . 1 . 1  D e t a i l s  o f  c ows purc ha s ed for u s e  
i n  exper imen t s . -

Su i t a b l e  cows wer e  in i t i a l ly i d en t i f i e d  by the 

2 0 0  

Farm Product i o n  D i v i s i o n  o f  the N ew Z ea l and D a i r y  Board . 
The s e l e c t ion c r i t e r i a were : -

- each cow t o  have ful ly ident i f i e d  anc e s t ry 
i n forma t i o n  for the three p r e c ed ing generat i o n s , 

- the cows we r e  to be  Fr i e s i an , w i th no mo r e  than 
1 / 8  J e r s ey b l o o d , 

- the cows , when purcha s ed , had to be approaching 
their  s ec ond c a l v ing w i t h  an e xp ected c a l ving d a t e  
i n  Augus t  o r  e a r l y  Sep t emb e r , 

- b r e ed ing i nd ex e s  had to  be h i g h  
( > 1 2 0 )  o r  low « 1 1 0 )  , 

Po tent i a l l y  u s e fu l  exp e r imen t a l  a n ima l s , a s  de t erm i n e d  
by t h e  above c r i t e r i a , wer e insp ec t ed f o r  ove ral l 
s oundne s s  ( i nc lud ing pr egnancy ) , and , i f  found s u i t ab l e , 
were purcha s ed . 

D e t a i l s  o f  the c ows purcha s ed i n  1 9 7 9  and 1 9 8 0  a r e  g iven 
b e l ow .  The v a l u e s  for br eed ing and produc t i on i nd e x e s  
p r e s ented a r e  t ho s e  c a l cul ated by t he New Z ea l and 
Da i ry Board a ft e r  the c omp l e t i o n  o f  the f i r s t  l ac t a t i o n . 

, 



2 0 1  

Cows purcha s ed i n  1 9 7 9  

Cow B r e e d ing i ndex P r o du c t ion index B i r t h  Date  

High B I  
1 5 4 1 2 6 1 2 3  6 . 8 . 7 6 
1 5 6  1 2 5  1 2 5  2 2 . 7 . 7 6 
1 5 9  1 2 4 1 0 8  4 . 9 . 7 6 
1 6 8  * 1 2 1  1 0 1  8 . 8 . 7 6 
1 7 6  1 3 3 1 3 6  1 7 . 8 . 7 6 
1 7 8  1 2 5  1 2 4 1 . 9 . 7 6 
1 8 0  1 3 1  1 4 9  1 3 . 8 . 7 6 
1 8 2  1 2 7  1 3 3  2 1 . 7 . 7 6 
1 9 1  1 2 6 1 2 7  1 1 . 8 . 7 6 
1 9 3  1 3 3 1 2 7  2 6 . 7 . 7 6 
1 9 5  1 2 4 1 0 7  1 . 1 0 . 7 6 

Low B I  
1 5 1  1 0 1 1 0 0  1 2 . 9 . 7 6  
1 5 3 1 0 0 8 4  2 7 . 7 . 7 6 
1 5 8 9 7  7 8  2 2 . 4 . 7 6 
1 6 0  1 0 1  9 1  2 3 . 4 . 7 6 
1 6 6  9 9  7 5  3 . 8 . 7 6 
1 8 1  1 0 3  9 6  3 0 . 6 . 7 6 
1 8 6  1 0 4 1 1 0  1 7 . 7 . 7 6 
1 8 7  9 9  9 3  5 . 8 . 7 6 
1 8 8  1 0 1  8 3  3 1 . 7 . 7 6  
1 8 9  9 6  8 5  1 2 . 8 . 7 6 

* No t used  i n  e xper imen t s  dur ing 1 9 7 9 / 8 0 . 
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Cows pur c ha s ed i n  1 9 8 0  

Cow Br e eding  index P r o duc t ion i ndex B ir t h  Da t e  

High B I  
1 4 9  1 2 4  1 1 4  9 . 8 . 7 7 
1 5 0  1 2 8  1 2 3  2 5 . 7 . 7 7 
1 6 3  1 2 3  1 1 7  1 7 . 8 . 7 7 
1 6 9  1 3 4 1 3 8  2 8 . 7 . 7 7 
1 7 1  1 2 7  1 1 8 1 2 . 8 . 7 7 
1 8 3  1 2 1  1 1 6  1 5 . 9 . 7 7 
1 9 0  1 2 3  1 1 8 5 . 8 . 7 7 
1 9 6 1 2 5  1 2 1  2 0 . 8 . 7 7 
2 0 0  1 2 6  1 2 8 3 . 8 . 7 7 
2 0 7  1 2 6  1 3 3  2 9 . 7 . 7 7 

Low B I  

1 7 0  1 0 4  1 1 4 1 4 . 6 . 7 7 
2 0 1  1 0 0  1 0 5  1 0 . 8 . 7 7 
2 0 2  1 0 7  1 0 5  7 . 8 . 7 7 
2 0 3  1 0 6  9 8  2 4 . 7 . 7 7 
2 0 4 1 0 2  98  9 . 7 . 7 7 
2 0 5  1 0 7  1 0 7 2 0 . 8 . 7 7  
2 0 6 1 0 2  1 1 2  2 4 . 8 . 7 7 
2 0 9  9 9  1 0 6 2 6 . 7 . 7 7 
2 1 0  1 0 4  1 1 3 1 4 . 8 . 7 7 



Append ix 2 . 1 . 2 C a l cu l a t i on o f  b r e e d i ng index e s . 

The method o f  c a l cu l a t i ng b r e ed i ng indexes ha s b e e n  
out l i ned i n  fu l l  in a paper p r e s ented at  a n  I n t e r ­
nat ional  Symp o s ium on S i r e  and Cow Evaluat ion 

2 0 3  

held  i n  War s aw ,  Po land , 1 9 8 0  (Wi c kham and S t i c hbury , 1 9 8 0 ) . 

The fo rmu l a  for  c a l cu l a t ing b r e e d ing index e s  o f  c ows i s : -

B I  = + 

wher e  B I  = breed ing i ndex , 
B l ANC 

= b r e ed ing i nd ex bas ed on anc e s t r y  
c a l c u l a t e d  a s  t h e  average o f  t he 
indexes for  i t s  s i r e  and dam , 

= r eg r e s s i o n  c o e f f i c i e n t  ( exp l a i ned i n  
mo re  deta i l  b e low) , 

L P I  = c ow ' s l i fe t ime produc t ion index 
( s e e b e l ow fo r further deta i l ) . 

The reg r e s s i o n  c o e f f ic i ent � )  i s  e s t ima ted from the 
regr e s s i o n  of a c ow ' s BI  (non - anc e s t ry )  on the d i f f e r enc e 
be tween her a c tua l L P I  and her expec t ed LP I , b a s ed o n  
anc e s t ry B I . The formula  for  8 i s : -

8 = 

Whe r e  

2 5N 

2 5N + 3 5N + 4 0  
1 - R 

N = number o f  l ac tat ions i nc luded i n  L P I  
R = r e l iab i l ity o f  t he anc e s try informat ion 

( �  of the s i r e ' s  r e l iab i l i t y  p l u s  
� o f  the dam ' s  r e l i a b i l i t y )  

The a s s ump t i o n s  i nherent in the f o rmu l a  f o r  8 g iv e n  
above , �r e  t h a t  the her i tab i l ity (h 2 ) o f  mi l k  f a t  
produc t i o n  i s  0 . 2 5  and that  the r ep eatab i l i ty o f  
l a c t a t i o n  rec o rds  by the s ame anima l  i s  0 . 6 .  



The L P I i s  the  average product i o n  i nd e x  ( P I ) o f  a l l  
lac tat ions  up t o  and inc l ud ing t h e  n i n t h  l ac t a t i on . 
The P I  i s  b a s e d  o n  herd t e s t  resul t s  and p r ov ide s an 
e s t imat e of the p roduc t ive mer i t  of a cow w i t hin a 
he rd , after  t a k i ng into account  the a g e  and s t age  
o f  l ac tat i o n  of  t h e  cow . 

An e xamp l e  o f  the c a l c u l a t ion o f  a b r e eding i ndex 
is g iven b e l ow .  

Exampl e o f  B I  c a l cu l a t i on 

Info rmat ion fo r cow 1 8 2  

B I  . S 1 r e  
B I d am 

= 1 3 1  

= 1 2 1  

r e l i ab i l i ty = 0 . 7 6 

r e l i ab i l i ty = 0 . 5 3 

L P I  = 1 3 3  ( b a s ed on one lac t a t i o n , the r e fo r e  N = 1 )  

The formu l a  i s : -

B I  = B lANC 
= � ( 1 3 1  

= 1 2 6  + 

= 1 2 6  + 

= 1 2 7  

+ B ( L P I - B lANC ) 

+ 1 2 1 )  + [ 2 S  r 3 - 1 2 6j 
2 5  + ( 3 5 + 4 0 )  

1 - 0 . 2 5 ( 0 . 7 6 + 0 . 5 3 

0 . 1 8 4  x 7 
1 

2 0 4 



APPEND I X  2 . 2  EXAMPLES OF  THE STAT I ST I CAL 
ANALYSES USED IN CHAPTER 2 

Append ix 2 . 2 . 1  Spl i t -pl o t  analys i s  exam i n i ng 
d i fferences  i n  f a e c a l  outpu t s  
b e tween geno type s and pe r i o d s  
( 0 - 5 and 6 - 1 0  days o f  co l l e c t i o n ) . 

The s p l i t - p l o t  ana l y s i s  has b e en done s inc e i t  u s e s  the 
app rop r i a t e  e r r o r s  fo r t e s t i ng d i ffer enc e s  in fa e c a l  
output be twe en p e r iods  and the B I  x per iod i n t e r ac t i o n  
(wi t h i n - �ow e r r o r )  and geno typ e s  ( b e tween � cow e r r o r ) . 
The analys i s  o f  var i anc e tab l e  i s  g i ven b e l ow : -

Sour c e  o f  var i a t ion d.f. S S  MS F 

Ma in Elot  
Br eeding i ndex 1 0 . 0 1 6 0 1 7  0 . 0 1 6 0 1 7  0 . 0 4 

E r r o r  1 0  3 . 6 2 2 1 3 2  0 . 3 6 2 2 1 3  

Sub -El o t  
P e r iod 1 0 . 1 0 6 6 6 7  0 . 1 0 6 6 6 7  0 . 8 5 

B r e ed ing i nd e x  
x 

P e r iod 1 0 . 0 0 0 2 6 7  0 . 0 0 0 2 6 7  0 . 0 0 

E r ro r  1 0  1 .  2 4 9 1 6 6  0 . 1 2 4 9 1 7  

2 0 5  



Append i x  2 . 2 . 2  S t epw i s e  r egr e s s i o n  ana lys i s  t e s t i ng 
d i f fe r enc e s  b e tween genotype s i n  the 
r e l a t ion b e tween me tabo l i s ab l e  energy 
i n t ak e  and output o f  energy in m i l k . 

2 0 6 

The o rder o f  f i t t ing o f  var i a b l e s  wa s me tabo l i s a b l e  
energy intake (ME l )  fo l l owed b y  genotyp e s  ( B I ) , then 
the int erac t i on B I  X ME l is f i t t ed wh i c h  t e s t s  whe t her  
there i s  a d i f f e r ence  in s l op e s  betwe en B I  group s . 
The ana l y s i s  o f  var i ance tab l e  i s  p r e s ented be low . 

Source o f  var i a t i o n  df. SS MS F 

ME l I 0 . 0 7 8 7 8 4  0 . 0 7 8 7 8 4  5 9 . 9  

B I  1 0 . 0 1 5 5 1 7  0 . 0 1 5 5 1 7  1 1 .  8 

B I  X ME l 1 0 . 0 0 0 9 2 0  0 . 0 0 0 9 2 0  0 . 7  

E r r o r  1 6  0 . 0 2 1 0 5 5  0 . 0 0 1 3 1 6  

To t a l  1 9  0 . 1 1 6 2 7 5  

Al l the regr e s s i o n  equat ions p r e s en t ed i n  Tab l e  2 . 1 3 

have b e en ana lys ed in the s ame way a s  ou t l ined above . 

Pro b ­
ab i l i t y  

< 0 . 0 1 

< 0 . 0 1 

0 . 4 2 



Append ix 2 . 2 . 3  Mul t ivar i a t e  ana lys i s  o f  d i ffe renc e s  
i n  m i l k  fat yi e ld be tween geno type s , 
before , dur i ng ,  and after  und e r f e e d i ng 
on a w i t h i n - c ow ba s i s . 

T he mul t ivar i a t e  ana lys i s  i s  approp r i a t e  b e c a u s e  
r e p e a t ed measurement s have b e en made on t h e  s ame c o w  
a t  d i f ferent ' t ime s ' ,  henc e i t  i s  l i k e l y  t h a t  there  
i s  a c o rr e l at ion be tween the  e r r o r s  o f . the  repeated 
mea suremen t s . Mul t iva r i a t e  ana l y s i s  takes  into 
ac c o unt  the c o r r e l a t i o n  b e twe en the error s hence the 
t e s t s  of s i gn i f i canc e are val id . 

No t e s  for the ana lys i s  o f  va r i an c e  t ab l e  shown ove r l e a f  
a r e  p r e s en t ed be l ow . 

t T e s t  o f  average  d i ffer ence b e tween g eno t yp e s  b e fo r e , 
dur i ng , and a fter under feed ing (cons idered a s  
thr e e  ' t imes ' ) .  

2 0 7  

� The con t r a s t s  t e s t  whe ther the  d i fferenc e in fat y i eld  
b e tween geno typ e s  chang e s ; f ive wee k s  b e fo r e , v e r sus 
dur ing unde r feed ing ( c ontra s t  1 )  and dur ing und e r f e edi ng 
ver sus f ive weeks l a t er ( c ont r a s t  2 ) . 

* T ime s X B I  j o int l y  t e s t s  whe ther di fferenc e s  in fat  y i e l d  
be tween geno t yp e s  chang e s  a t  the thr e e  ' t imes ' .  



2 0 8  

Sour c e  o f  eLf. G e ne r a l i s e d  Lambda d.£ x 2 Prob -
var i a t ion S S  C h i  ab i l i ty 

EXJ2e r iment 2 

B I  t 1 1 6 . 6 6 7  0 . 5 1 9 5  1 4 . 9 1 0 . 0 3 
Contra s t  1 � 1 2 . 1 5 8  0 . 6 9 9 7  1 2 . 6 8 0 . 1 0 
Cont r a s t  2 � 1 3 . 5 6 2  0 . 6 4 9 1  i 3 . 2 4 0 . 0 7 
T im e s  X B I  :It 1 3 9 5 . 8 0 3  0 . 6 1 3 5  2 3 . 4 2 0 . 1 8 

E r r o r  
B I  8 8 . 6 5 9  
Contra s t  1 8 1 .  5 1 0  
Contra s t  2 8 2 . 3 1 2  
T ime s 8 2 4 2 . 8 1 6  

E XJ2e r iment 3 

B I  1 2 6 . 4 9 3 0 . 5 6 4 7 1 4 . 2 9 0 . 0 4 
Contra s t  1 1 0 . 9 6 4  0 . 7 7 1 4  1 1 .  9 5  0 . 1 6 
Contra s t  2 1 3 . 8 0 8  0 . 8 8 1 8  1 0 . 9 4 0 . 3 3 
T im e s  X B I  1 2 1 3 . 2 7 4  0 . 7 6 9 4  2 1 .  8 4  0 . 4 0 

E r r o r  
B I  8 1 4 . 9 6 1  
C o n tr a s t  1 8 0 . 7 4 4  
C o n tr a s t 2 8 3 . 3 5 8  
T im e s  8 1 6 4 . 0 8 8  

EXJ2e r iment 4 

B I  1 7 . 1 0 0  0 . 6 8 4 1 1 2 . 4 7 0 . 1 2 
C o n t ra s t  1 1 5 . 6 8 4  0 . 9 9 7 6  1 0 . 0 2 0 . 9 0 
Contr a s t  2 1 0 . 6 2 4  0 . 8 8 8 8  1 0 . 7 7 0 . 3 8 
T im e s  X B I  1 3 0 8 . 6 4 6 0 . 8 8 2 9  2 0 . 7 5  0 . 6 9 

E r r o r  
B I  7 4 . 8 5 7  
Cont r a s t 1 7 5 . 6 7 1  
Contr a s t 2 7 0 . 5 5 5  
T im e s  7 2 7 2 . 4 9 0 



APPEND I X  2 . 3  CALCULAT ION O F  THE EFFECT OF SO I L  

I NG E ST ION ON E ST IMAT ION OF I NTAKE 

FOR EXPER IMENT 3 .  

Dur ing t h e  l a s t  2 0  days o f  Exp er iment 3 ,  a l l c ows 

( 2 0  i n  t o t a l ) were do s ed twi c e  d a i ly  with 1 0 9 c hromium 

s e s qu i o x i de . Over the l a s  t t en days o f  the c hr om ium 

do s ing p e r io d , faeces  wer e  r andomly s amp l ed from the 

faec e s  immed i a t e ly behind e a c h  cow in the feed barn , 

twi c e  d a i l y a t  0 8 0 0 and 1 6 0 0  hour s , and bul ked over 

the  1 0  day p e r iod . Chromium concentrat ion of  the  

fae c e s  wa s d e t erm ined as  de s c r ib ed p r ev i ous l y  

( s e e  Ma t e r i a l s and Met hod s , Chap ter 2 ) . 

To e s t ima t e  t he r ecovery o f  c hromium in the faec e s , 

to t a l  c o l l ec t ion o f  fa e c e s  wa s done fo r two cows and 

the p r e d i c ted c hrom ium conc entrat ion in the f a ec e s , 

b a s e d  on  the mea sur ed faec a l  output , wa s comp ar ed to 

the measured c hromium conc en t rat i o n  of the faec e s . 

When the mea s ure4 conc e n t r a t ion o f  c hrom ium wa s d iv i ded 

by p r ed i c t ed c hromium c onc ent rat ion in faec e s , the 

ag r e ement wa s 0 . 8 8 3 4 . As  r e c overy of chromium was 

inc omp l e t e  the faec a l  o u tp u t s  o f  the r emaining c ows 

we r e  adj u s ted on  the b a s i s  o f  th i s  rat io . 

To e s t ima t e  s o i l  content o f  t he faec e s  the fo l l ow ing 

proc edur e wa s u s e d , b a s ed on t he metho d  of 

Hea l e y  and Ludw i g , ( 1 9 6 5 ) . 

The faec a l  s amp l e s  were d r i e d  at l O OdegC , w e i ghed and 

ashed a t  5 5 0 d e gC for four  hour s . The a sh wa s p l aced  

on  a we i ghed f i l t er  p ap e r  and wa s hed w i t h  3 N  HC l ,  
, 

fo l l owed by d i s t i l l ed wa t e r . The f i l t er  p ap er p l us 

re s i due wa s oven dr i ed and then w e i ghed to d e t e rm ine 

the amount of s o i l  p r e s ent . The s o i l  p erc ent a g e  wa s 

2 0 9  



then c a l cu l a t ed a s  a p ercentage  o f  the o r i g in a l  dr i ed 

s amp l e  o f  faec e s . A l t ernat ive ly t he so i l  c o n t ent o f  

the faec e s  c o u l d  have b e en e s t ima t e d  from the measured 

ash content of the fa e c e s  accord ing to the equa t ion o f  

Hea l ey ( 1 9 6 8 ) : -

Y = 1 . 8 3 X - 3 3 . 6  

Wher e  Y = s o i l  cont ent  o f  faec e s  

X = a s h  content o f  faece s .  

The ave r a g e  a s h  cont ent o f  t h e  faec e s  o f  the  2 0  c ows 

wa s 3 0 . 3 % .  U s e  o f  the e qua t ion above gave a s o i l  

con t e n t  i n  t h e  faec e s  o f  2 1 . 8 % and t h i s  i s  s im i l a r  

t o  t h e  va lue  o f  2 3 . 0 %  e s t imated b y  us ing t h e  

p r o c e d u r e  d e s c r i bed abov e . 

On i gn i t i o n  s o i l  under go e s  a l o s s  in we ight owing to 

oxidat i o n  o f  o r gan ic ma t t e r  and r emoval of b ound wa t e r . 

The LO r ( l o s s  on  i gn i t io n )  in the p r e s ent exp er iment 

woul d  have b e e n  only 3 - 4 % , b a s ed on  the data o f  

Hea l ey ( 1 9 6 9 ) , hence ha s b e e n  i gno r ed . 

A samp l e  c a l cu l at ion o f  t h e  adj us tment o f  int ake for 

s o i l  i ng e s t ion is g iven b e l ow .  

Data fo r cow 1 5 1  

2 .1 0 

Dry ma t t e r  intake  (unco r r e c t e d ) 

Faecal output  

= 1 1 . 2 0 kgDM cow- 1 day - l  

( b a s ed o n  8 8 . 3 4 %  recovery ) 

So i l  c o n t ent o f  fa e c e s  

Ca l cul a t i o n  

T h e  s o i i ( kg )  p r e s ent i n  faec e s  

= 4 . 3 0 kgDM c ow - 1 day - l 

= 2 6 . 1 8 %  

= 

= 
4 . 3 0 x 2 6 . 1 8 % 

1 . 1 3 kg 

therefo r e  t h e  c o r rec ted intake and fa e c a l  output a r e  

1 0 . 0 7 kg p a s tu r e  D M  and 3 . l 7 kg faecal  DM . 



Intakes  fo r a l l  t h e  c ows wer e  adj u s t ed in t h i s  way 

and the ave r a g e  me tabo l i s ab 1 e  energy int ake wa s 

re - c a l cu l a t ed to b e  

2 1 1  

1 . 4 3 9  MJMEkg - O . 7 S  c ow - I day - I ( the  unc o r rec t ed v a l u e  wa s 

1 . 6 0 2  MJMEkg - 0 . 7 5  cow - I  day - I ) .  

The obs erved energy re t ent i o n  ( average  o f  a l l  cows ) wa s 

0 . 4 1 0  , compr i s ing 0 . 3 8 9  m i l k  energy and 0 . 0 2 1 · t i s s ue 

energy . As s uming a k va lue o f  0 . 6 5 and a ma int enan c e  

va lue o f  0 . 6 MJkg - O • 7 5  (Ho lm e s  e t  a l . 1 9 8 1 )  the  

e s t ima t ed ME l wou l d  b e  1 . 2 3 1  MJkg - O • 7 5  cow- I day - I . 

The rat io  o f  mea s ured to  p r e d ic ted ME l would b e  

1 .  4 3 9  
= 1 .  1 7  The r a t io , us ing inta k e s  1 .  2 3 1  

unc o r r ec t e d  f o r  s o i l  contam i na t i o n  wa s 

1 .  6 0 2  
= 1 .  3 0 .  1 .  2 3 1  

The int a k e s  c o r r e c t ed for s o i l  ing e s t ion agr e e  mo r e  

c l o s e l y  w i t h  pred i c t ed ME l ba s ed o n  t heor e t i c a l  

e s t ima t e s  ( Ho lme s  e t  a l . 1 9 8 1 ) . 

The s o i l  c o n t ent o f  the fa e c e s  wa s s im i l ar for H and L 

cows , 2 2 . 7  and 2 3 . 2 %  r e sp ec t iv e l y ,  and grea t e r , a s  

exp ec ted , on  the l ow l ev e l  o f  f e e d i ng ; 2 0 . 8  and 2 5 . 2 %  

fo r h i g h  and l ow l ev e l s o f  f e ed i ng . 



APPEND I X  3 . 1  GAS L I QU I D  CHROMATOGRA PHY OF FATTY AC I D S  

O F  M I L K  FAT 

Append ix 3 . 1 . 1  Analys i s  o f  fa t ty a c i d s . 

F a t ty acids  were  ana l y sed a s  the i r  me t hy l  e s t er s  us ing 

an Aero graph Var i an 1 2 0 0 Gas Chroma t o gr aph f i t t ed w i t h  

a hydrogen f l ame ion i s at ion detec t o r . The s t a i n l e s s  

s t e e l  co lumn ( 2 0 0 cm x 0 . 2cm i . d . ) wa s pac ked w i t h  

1 5 . 8 6 %  d i ethyl ene g l y c o l  suc c inat e  p o lye s t e r  ( DEG ' s ) 

on C hromo s o r b  WHP ( 6 0 - 8 0  me sh) . T h e  " furme l c o a t ing 

m e t hod" (McNa i r  and Bone l l i ,  1 9 6 8 ) wa s u s ed fo r 

p r eparat ion o f  t h e  c o l umn pack i ng . C o l umn cond i t ion i ng 

wa s carried out from 5 0 - 2 0 0degC over a p er i o d  o f  f ive 

days wi th N2  flow o f  1 0m l / m in . 

Samp l e s wer e  inj e c t e d  on to the c o l umn at an ini t i a l  

c o l umn temp eratur e o f  5 0degC , then t he oven t emp er a t u r e  

wa s pro grammed t o  inc r e a s e  a t  a r a t e  o f  6degC/min t o  a 

f i na l  t emp e r a tu r e  o f  2 0 0degC , a t  wh i c h  t emp erature t h e  

oven wa s he l d  unt i l  t he l a s t  o f  t h e  s amp l e  h a d  p a s s ed 

t hrough the c o l umn . The mob i l e  g a s  pha s e  wa s N2 , 

f l owing at 3 0m 1 / m in . The de t e c t o r  wa s operated a t  

2 4 0degC us ing H2  and a i r  flows o f  3 0  and 2 0 0m 1 / min 

r e sp e c t ive l y . The inj ector  wa s he l d  a t  2 4 0degC . 

2 1 2 



2 1 3 

Append ix 3 . 1 . 2  Prepa r a t i o n  o f  fa t ty ac id me t hyl e s t e r s . 

2 5 � � o f  trans e s t er i fy i ng r e a g ent ( 1 . 5ml  0 . 5M s od ium 

me thox i d e  in me thano l , 6ml h exane and 2 . 5ml d i e t hyl  e ther ) 

wa s added to  a 1 - 4mg s amp l e  o f  l ip id in a 0 . 3ml reac t i on 

v i a l  ( Ko nt e s  G l a s s  Co . ,  U . S . A . ) and immed i a t e l y  c l o s ed w i t h  

a vapour - t i ght  rubber s e a l . T h e  v i a l  wa s r o t a t ed gent l y  

fo r two minu t e s  to  m i x  t h e  content s ,  2 5 � �  hexane wa s added 

(by i nj e c t i on through the rubb er  s ea l )  and the v i a l  

ro t a t e d  gen t l y  f o r  a fur t he r  two minu t e s  ( S h e hata  et  a l . 1 9 7 0 ) . 

1 - 8 � �  o f  the s o lvent m ix tur e wa s u s ed for ana l y s i s  by g . l . c .  

The t r an s e s t e r i fy ing r e a g en t  wa s p r epared fr e s h  every two 

or t hr e e  days from a s t o c k  s o lut ion o f  O . SM s o d ium methox ide 

in m e t hano l ( p r epared by d i s s o l v ing 2 . 7gm s o d ium meta l in 

1 0 0m l  a b s o l u t e  me thano l )  wh i c h  wa s s t o r ed at  Sd egC in 

tub e s  f i t t ed with  t e f l on - l i ned s c r ew c ap s . 

Quan t i t a t iv e  measurement o f  fat ty ac i d s  by g . l . c .  

Me thyl  e s t e r s  o f  fatty a c i d s  wer e ident i f i ed by compar i s on 

w i t h  s t andard me t hyl e s t e r s  " ( from the B io c h em i s try 

Dep a r tment , Ma s s ey Un iver s i ty)  c hroma tog raphed under 

iden t i c a l  cond i t ions . 

P r o p o r t ions o f  the  ind iv i dua l fa t ty a c i d s  were  obta ined by 

us ing a Var i an Aero graph D i g i t a l  I ntegrator  4 8 0 . 



APPEND I X  3 . 2 CALCULAT I ON OF HEAT PRODUCT ION F ROM 

RAW DATA 

An exampl e  

Cow : 1 8 1  Re s t r ic t e d  f e ed ing 

Date : 2 2 / 2 3  Sep t emb e r , 1 9 8 0  

Vent i l a t i on rat e 

Mea sured r a t e  = 2 7 8 . 1 3 l i t r e s /min 

= 2 7 8 . 1 3 x 1 4 4 0  (min/ day) 

= 4 0 0 5 1 2 . 6 9 l i t r e s / day 

Correc t i on to STP 

A i r  p r e s sure 7 5 0 . 8mm 

Dew temp e r a ture 1 3 . 6degC c o r r e sp ond s 

p r e s s u r e  (measured at a i r  c oo l e r )  

Temp e r a tu r e  o f  a i r  i n  gas me t e r  room 

Correc t ion fac t o r  = 7 5 0 . 8  - 1 9 . 7 

7 6 0  

t o  1 9 . 7mm vapour 

2 1 degC 

2 7 3  
x 

2 7 3+ 2 1  

= 0 . 8 9 3  

Correc t ed v en t i l a t i on rate  = 4 0 0 5 1 2 . 6 9 x 0 . 8 9 3 

OXl�en c o n sumEt ion 

Referenc e g a s  

A 

B 

D i f f e r ence 

O2  p er d i v i s i o n  = 

= 
, 

Known 

1 9 . 3 0 8  

2 0 . 7 9 8 

1 .  4 9 0  

1 .  4 9 0  

6 1 . 8 

0 . 0 2 4 1 %  

% 

= 3 5 7 6 5 7 . 8 3 l i t r e s / day 

STP (dry g a s ) 

Recorder 
C hart d iv i s i o n s  

8 0 . 1  

1 8 . 3  

6 1 . 8  

D i fferenc e b e tween exhaust  g a s  and a i r  in 

fo r cow 1 8 1  ( 2 2 - 2 3 / 9 ) chart r ea d i ng wa s 3 8 . 5  d iv i s i o n s . 

Therefo r e  % 0 2  = 3 8 . 5  x 0 . 0 2 4 1 %  

= 0 . 9 2 8 % O 2  

Vo lume O 2  p r o duc e d  = 0 . 9 2 8 % x 3 5 7 6 5 7 . 8 3 

= 3 3 1 9 . 9 1 l i t r e s / d ay 

2 1 4 



CO2 pr o duced 

Re ference  gas 

A 

B 

Fr e s h  a i r ( I N )  

Known % 

1 . 1 7 7  

0 . 6 6 9  

C hart d iv i s ions  

7 . 0  

2 7 . 3  

6 2 . 3  

A - I N  = 5 5 . 3  d iv i s i o n s  B - I N  = 3 5 . 0 d iv i s ions 

Becau s e  t he r e l a t i on b e tween the c oncentra t i on of CO2  

and the e l ec t r i c a l  output of  the  ana l y s er r ead ing 

(no . o f  c hart d iv i s ions ) is  no t l inear as  in the c a s e  

o f  O 2 % an d an a l y s e r ,  t h e  % C O2 f r o m  t h e  e xhaus t gas 

mus t b e  c a l c u l a t e d  by i n t e rp o l a t ing from t he re g re s s i on 

o f  re fe rence gas e s  ve r s us c h a rt d i v i s i ons (F i gure A 3 . 1 ) . 

The 4 7 . 3 chart d i vi s ion s di f f e rence fo r exh aus t ga s 

minus a i r  in f o r  cow 1 8 1 was equiva l ent to 0 . 9 7 5 %  CO2 ,  

Vo l ume CO2 p r o duc e d  = 0 . 9 7 5 % x 3 5 7 6 5 7 . 8 3  

= 34 8 7 . 16  l i t re s / day 

CH!i Er o duced 

2 1 5  

Re fe rence gas Known % Chart d iv i s ions 

A O .  1 5 2  

B 0 . 0 5 6  

Fr e s h  a i r  ( I N )  

3 1 . 8 

6 1 . 0 

7 7 . 3 

A - I N  = 4 5 . 5  d i v i s i o n s  B - I N  = 1 6 . 3  div i s i ons 

Int e rp o l at ing from graph ( F i g ure A 3 . 1 )  the 2 2 . 0  chart 

divi s i ons  d i f fer enc e be twe en e xhaus t gas  and a i r  in 

= 0 . 0 7 5  % C Hit 

Vo l ume CHit  pro duc ed = 0 . 0 7 5 %  x 3 5 7 6 5 7 . 8 3 

= 2 6 8 . 2 4 1 i t re s / day 

Ur inary n i trogen 

Ur inary n i t ro g en e xc re t e d  = 1 9 1 . 6 0 g/ day 

He at Er o duc t i on ( Brouwe r , 1 9 6 5 )  

'* 

HP = (02 x 1 6 . 1 8 )  + (C02  x 5 . 0 2 )  - (CHit x 2 . 1 7 )  - (N x 5 . 9 9 )  

= ' ( 3 3 1 9 . 9 1 x 1 6 . 1 8 ) + ( 3 4 8 7 . 1 6x 5 . 0 2 ) - ( 2 6 8 . 2 4 x 2 . 1 7 ) -
'* 

( 1 9 1 .  6 0x 5 . 9 9 )  

= 6 9 . 4 9 2MJ/ day 

The v a l ue o f  1 9 1 . 6 0 g  n i t ro gen i s  t he average da i l y  

N e xc r e t eo over t he t e n  day co l l e c t ion p e r io d .  
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0·600 t 0·700 
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B 

0 . 669% CO
2 

22  
divi s ions 

0·04 0'06 

Cyl inder 
B 

0 . 0 56%CH4 

0·800 0·900 

0 . 0 7 5 %  CH4 , 
0·08 0'10 
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),,0 . 97 5 %  
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Cyl inder 
A 

1 . 1 7 7 %  
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A 
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2 1 6 

F IG . A3 . 1 : '  An examp l e  of the method used to calculate the d i fferenc e 
in CO2 % o r  CH4 % between the air i n  and the exhaust a i r  
from the calorimeter b y  interpolating from the relation 
of reference gases to the e le c tr i cal output of the 
anal yser read ing (number of char t  divisions ) . 



APPEND I X  3 . 3 MEAN VALUES FOR GRO S S  ENERGY I NTA KE , 
FAECAL , U R I NARY , METHANE , HEAT AND M I L K  
ENERG I E S  FOR COLLECT I ON P ER IOD S  DUR I NG 
LACTATION AND THE DRY PER I OD FOR H I G H  AND 
LOW BREED ING I NDEX COWS . 

Append ix  3 . 3 . 1 Co l l e c t i on pe r i o d s  dur i ng lact at i o n  
( a )  E ar ly l a c tat ion ( energy uni t s  a r e  MJcow- l day - l  ) 

Leve l o f  Feeding 
Ad l ib i tum Re s t r i c t e d  Ad l ib i t um 

H 
Gro s s  e n e r gy 
intake 2 7 7 . 9 

Faecal 
energy 
Ur inary 
ene rgy 
Methane 
energy 
He at 
energy 
M i l k 
ene rgy 
L i vewe i ght  

(kg ) 

7 0 . 6  

1 7 . 9  

1 7 . 0  

1 0 5 . 1 

7 0 . 0  

(measur e d  dur ing 
re s t r i c t e d feed ing ) 

L H L H 

2 6 5 . 9  1 8 6 . 6  1 8 0 . 2  33 0 . 6  

6 2 . 7  4 1 . 5 

1 6 . 7  1 2 . 0  

1 7 . 2 1 1 .  8 

1 0 6 . 6 7 3 . 5 

6 2 . 5  5 1 . 8  

3 7 7  

38 . 8  8 5 . 9  

1 0 . 9  1 5 . 4 

1 3 . 2  2 0 . 3  

8 5 . 7  1 1 8 . 7  

4 9 . 8  6 5 . 3  

4 3 2  

L 

2 9 0 . 8  

7 3 . 0 

1 4 . 7  

1 8 . 4  

1 0 7 . 9  

5 8 . 7  

21 7 



(b ) Late  l ac t a t i on ( energy un i t s  are  MJ cow - 1 day - I ) 

Leve l o f  fe e d i ng 

Gro s s  ene rgy 
int ake 

Faecal  ene rgy 

Ur i nary energy 

Me thane energy 

Heat energy 

M i l k  en e r gy 

L ivewe i ght  (kg ) 
(me a sur ed dur ing 

Ad l ib i t um 

H 

2 8 1 . 5 

1 0 1 . 4 

1 0 . 4  

1 6 . 8  

9 1 .  2 

3 4 . 8  

r e s t r i c ted feed i n g ) 

L 

2 6 1 . 2 

9 3 . 0  

1 1 .  2 

1 6 . 8  

9 1 . 9 

2 2 . 0  

Re s t r i c t ed 

H L 

1 9 4 . 5  1 7 6 . 1  

7 1 .  6 6 4 . 4  

7 . 7 7 . 5  

1 2 . 3  1 2 . 6  

7 3 . 0  7 5 . 5  

2 6 . 3  1 5 . 8  

4 1 2  5 1 6  

App endix 3 . 3 . 2  Co l l e ct ion pe r iods  at two s t age s  o f  

pregnancy ; approx imat e ly 2 1 0 and 2 3 0  

days o f  pregnancy . 

·2 18 

Appendix 3 . 3 . 2 . 1  At 2 1 0  day s o f  p r e gnancy ( energy un i t s  are  

MJ cow - I day - I ) 

Leve l o f  feed i ng 
2 x Main tenance Ma in tenance. 

H L H L 

G ro s s  ene r gy 
intake 1 7 3 . 1 1 7 8 . 1  9 3 . 0  9 1 . 6 

F a e c a l  ene rgy 5 3 . 9  5 5 . 1 2 5 . 8 2 5 . 2 

Ur inary energy 7 . 3  7 . 4  4 . 3  4 . 6  

Me thane energy 1 0 . 6  1 0 . 9 6 . 3  6 . 9 

He at  energy 8 7 . 9 8 7 . 1 6 2 . 8  5 6 . 3  

L ivewe i ght (kg ) 4 2 7  4 7 6  4 1 0 4 5 0  



Append ix 3 . 3 . 2 . 2  At 2 3 0  days o f  pr egnancy ( energy 
un i t s  a r e  MJ c ow- 1  day- I ) 

L eve l o f  f e e d i ng 
2 x Ma inte nance Mai n t e nance 

H L H L 
Gro s s  ene r gy 
intake 2 1 8 . 5 2 1 7 . 8  1 3 0 . 7  1 3 2 . 7  

F a e c a l  energy 5 5 . 9  5 5 . 5 3 6 . 0  3 1 . 2 

Ur inary energy 9 . 3 9 . 2 5 .  7 5 . 4  

Met hane energy 1 3 . 0 1 3 . 5 9 . 3  9 . 8 

Heat ene r gy 9 9 . 2  1 0 4 . 8  7 2 . 9  7 2 . 2 

L ivewe i ght (kg ) 4 4 2 4 8 4  4 0 6 4 4 7  

2 19 



AP PEND IX  3 . 4  AN EXAMPLE OF T HE METHOD OF STAT I ST I CA L  

ANALYS I S  USED I N  ANALYS ING THE ENERGY 

BALANC E DATA . 

The examp l e  i s  for ear ly  lac t a t i o n  w i t h  the  feed ing 

s e quence ad l i b i t um fo l l owed b y  r e s t r ic t ed feeding . 

The indep endent var i ab l e  is  g ro s s  energy i n take and 

the dependent var i a b l e  i s  mi l k  ene rgy output . 

Stat i s t i c a l  ana lys i s 

Before p r o c e e d i ng w i t h  un iva r i a t e  ana l ys i s , po s s i b l e  

corre l a t ions  b e twe en errors  o f  t he measured va r i ab l e s  

mu s t  b e  exami ned . 

1 .  Mul t iva r i a t e  ana lys i s : The dependent var i ab l e s  a r e  

FUM ( fa e c e s  + ur ine + met hane ) ,  heat , and mi l k , 

The indep endent variab l e  i s  g ro s s  energy intak e . 

The t e s t  o f  indep endence o f  the  e r r o r s  wa s 

x 2 = 0 . 3 9 9  w i t h 3 degrees  o f  fre edom . The 

probab i l i t y  o f  t h i s  x 2 va lue  is 0 . 9 4 ,  he nc e the 

erro r s  of the three var iab l e s  are no t c o r r e l a t e d  

and un iva r i a t e  ana l y s i s  is  approp r i a t e . 

2 .  A d i fferent s l ope i s  f i t ted  for  e ach B I  g roup and 

a d i fferent intercept  for e a c h  c o w .  Int e r e s t  h e r e  

l i e s  i n  whe t h e r  t h e r e  i s  a d i ffer ence in s l ope 

b e tween BI  group s . This  is  the sub - p l o t  part  o f  

the ana l y s i s  and t he approp r i a t e  error  come s from 

within cows . 

follows . 

The ana l ys i s  o f  v a r i anc e t ab l e  i s  a s  

2 2 0  



2 2 1  

Source o f  d.f. SS * MS F P r o b a b i l i ty 
var i a t ion 

G E l  I O .  0 27 2 7 8 0 . 0 2 7 2 7 8 4 . 5 4 < 0 . 0 1 

B l  X GE l 1 0 . 0 0 1 1 2 9  0 . 0 0 1 1 2 9  0 . 1 9 0 . 1 0 

Cows 6 0 . 0 6 9 6 4 8  0 . 0 1 1 6 0 8 1 .  9 3  0 . 6 8 

Error  4 0 . 0 2 4 0 3 2  0 . 0 0 6 0 08  

To t a l  1 2  

whe r e  GE l = gro s s  ene r gy i n take 

B l  = breed ing index 

B l  X G E l = t e rm for f i t t i n g  a d i f ferent  s l o p e  

t o  each B l  g ro up 

c ows = intercept t e rms for t he s i x c ows . 

The p robab i l i t y  t h a t  the re i s  a d i fferent  s l op e  b e twe en 

B l  group s  is  r e j e c t ed as the Bl  X GE l t e rm i s  only 

s i g n i f i cant at  the  0. 1 0 l ev e l  o f  p ro b ab i l i ty . The  data 

.wi t h  a di f fe r e n t  s l ope f i  t t ed for each  Bl  group is  s hown in  

Figure A3 . 4 .  1 .  

* s ums o f  s qua r e s  a r e  adj u s t ed for a l l  o ther t erms . 

3 .  S ince there i s  no s i gn i f i c ant d i f fe r ence i n  s l op e s  

b e twe en B l  g roup s , a c ommon o r  p o o l e d  s lo p e  i s  

f i t t ed ( F i gu r e  A 3 . 4 . 1 ) and i n t e r c ep t s  pred i c t ed 

f o r  each o f  the  s i x cows . 

4 .  A mul t ivar i a t e  ana lys i s  mus t  be done to  check for 

c o r r e l a t ions b e tween e r r o r s  of the  p redic t e d  

int eTcep t s . The terms inc lude d are  FUM , heat , and 

m i l k . The t e s t  o f  indep endence o f  t he e r r o r s  wa s a 

x 2 = 0 . 4 6 7  w i t h  t hree d . f .  The p ro b ab i l i ty o f  th i s  

x 2 va lue i s  0 . 9 3 ,  henc e the erro r s  o f  the t hr e e  

var iab l e s  are  n o t  corre l a t e d  an d  un ivariate  ana lys i s  

i s  approp r i a t e .  



Milk energy 
( MJkg- 0 .7 5 cow- 1 day- I ) 
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Gross energy intake (MJ kg- O • 7 5 cow- 1 day- l ) 

2 2 2  

F IG . A3 . 4 . l : Milk energy output versus gro s s  energy i ntake for h i gh ( �  ) 
and low ( � ) breeding index cows : Different slope for 
each BI group (Mode l l ) , common slope , but d i fferent 
i ntercept for each BI group (Model 2 ) , common s lope and 
intercept for each BI group ( Model 3 ) . 



5 .  T h e  ana l y s i s  o f  var i ance tab l e  fo r tes t ing whe t h e r  

t h e r e  are s i gn i f i cant d i f ferenc e s  i n  i n t e r c ep t s  . 

b e tween B l  g roups  i s  g iven b e l ow .  

2 2 3 

Sour c e  o f  d.£ S S  MS F Probab i l i ty 
var i a t i o n  

B l  1 0 . 0 0 5 1 9 7 0 . 0 0 5 1 9 7  1 . 3  0 . 3 2 

Erro r 4 0 . 0 1 6 2 4 8  0 . 0 0 4 0 6 2  

To t a l  5 0 . 0 2 1 4 4 4  

The p r o b a b i l i ty o f  di fferenc e s  i n  interc ep t s  b e tween B l  

group s i s  s i gn i f ic ant a t  the 0 . 3 2 l evel  o f  p r o b a b i l i ty . 

6 .  Hence , as  t he r e  are no d i f ferenc e s  be twe en B I  group s 

in e i t her s l o p e s  or  int e r c ep t s  a p oo l ed r e gr e s s ion  i s  

f i t t ed ( F i gure A 3 . 4 . 1 ) . 

The s t a t i s t i c a l  me thod i s  p e r hap s mo s t  c l ear l y  summa r i s e d  

i n  F i gu r e  A 3 . 4 . 1 ,  however t h e  thr e e  ma in s t a g e s  a r e  

summa r i s ed b e l ow .  

Mod e l l :  D i ffer ent s l ope  for  eac h B l  group . 

H Mi l k  ene rgy = 0 . 2 0 4 + 0 . 1 8 7  G E l  

L Mi l k  en ergy = 0 . 2 4 4  + 0 . 1 4 8  G E l  

Mode l 2 :  C ommo n s l ope fo r e a c h  B I  group , d i f f erent  

int e r c ep t  * fo r e a c h  Bl  g r o up . 

H M i l k  ene rgy = 0 . 2 4 9  + 0 . 1 7 1  G E l  

L M i l k  ene rgy = 0 . 1 9 0  + 0 . 1 7 1  GE l 

Mod e l  3 :  Commo n s l ope and int ercept  for eac h B I  group . 

H and L Mi l k  ene r gy = 0 . 2 1 9  + 0 . 1 7 1  GE l 

* The i n t e rcep t  for each B l  g roup i s  c a l cu l a t ed a s  the  

ave r a g e  of  t h e  intercep t s  o f  the c ows in  each g roup . 



2 2 4 . 

APPEND I X  3 . 5 A COMPAR I SON OF THE RELAT I ON BETWEEN 

ENERGY RETENT ION (M I L K PLUS BODY T I S SUE ) 

AND METABOL I SABLE ENERGY I NTAKE OBTA I NED 

I N  THE PRE SENT STUDY WITH OTHER 

PUB L I SHED DATA FROM EXPER I MENT S WHERE 

COWS WERE FED ON PASTURE . 

The equat ions r e fe r r ed to  in Chap t e r  3 r e l a t ing t o t a l  

ene r gy r e t ent i o n  to  me tabo l i s a b l e  energy intake (ME l )  

are p r e s ented b e l o w  w i t h  t he p r ed i c t ed energy r e t ent i o n s  

at  ME l ' s  o f  1 . 0 and 2 . 0  MJkg - O • 7 5  cow - 1 day - l f o r  each 

equat ion . 

Re ference I n t e rcept 

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

( a )  

Tr i g g  e t a 1 .  ( 1  9 8 0 ) - 0 . 3 3 5  

T r i g g  and Parr ( 1 9 8 1 )  

- 0 . 5 0 2  

Van E s  ( 1 9 7 5 )  - 0 . 4 8 5  

E a r l y  l ac t a t ion 
(Ad l i b itum + r e s t r i c t e d )  

- 0 . 1 7 2  

E a r l y  l ac t a t ion 

( Re s t r i c t ed + ad l i b i tum ) 

- 0 . 2 6 8  

L a t e  l ac t a t ion 
(Ad l i b i tum + r e s t r i c t ed )  

- 0 . 4 0 9  

S l o p e  Ene rgy retent i on 
( k )  ME I = 1 .  0 ME I = 2 . 0  

0 . 5 7 1  0 . 2 3 6  0 . 8 0 7  

0 . 6 7 5  0 . 1 7 3  0 . 8 4 8  

0 . 7 2 0  0 . 2 3 5  0 . 9 5 5  

0 . 4 7 0  0 . 2 9 8 0 . 7 6 8  

0 . 5 4 4  0 . 2 7 6  0 . 8 2 0  

0 . 6 5 4 0 . 2 4 5 0 . 8 9 9 

The p r e d ic t ed ener gy r e t e n t ions  at me tabo l i s ab l e  energy 

i n t a k e s. of 1 . 0  and 2 . 0  s how cons iderab l e  var i a t ions , but 

there i s  no con s i s t ent  p a t t e rn in t he data to s ug g e s t  

t h a t  one  e s t ima te i s  par t ic u l ar l y  d i f ferent from t h e  o t h�r 

e s t imat e s . 

at : 



APPEND I X  3 . 6  DETA I L S  OF T HE CALCULAT I ONS RELAT I NG 

TO THE ENERGY REQU I RED TO MA I NTA I N  AND 

GA I N  BODY COND I T ION FOR DRY , PREGNANT , 

DA I RY COWS . 

Append i x  3 . 6 . 1  E s t i ma t i on o f  energy requ i r e d  to  

ma intain  and ga i n  body cond i t ion 

f o r  the 6 2  day indoo r  f e eding 

pe r i o d  ( 1 2  c ows ) . 

Append i x  3 . 6 . 1 . 1  Ma intenanc e o f  body condi t ion . 

Us ing the  e s t ima t e d  e quat i o n : -

� C S  kg - O . 7 5  = - 2 . 0 50 + 2 . 7 1 1  MJMEkg - 0 • 7 5  

where 

�CS kg - 0 ' 7 5  = c hange in cond i t ion s c o r e' p e r  

2 2 5  

(un i t  metabo l ic l ivewe ight  x 1 0 - 2
) ove r t h e  

6 2  d ay feed ing p er i o d , 

MJMEkg - 0 . 7 5  

As sumpt ions 

= me t ab o l i s ab le ene r gy i n t ake p e r  un i t  
- 1 me t ab o l i c  l i ve�e i gh t  daj . 

c hang e in cond i t i o n  s c ore ( � C S )  = 0 

me t abo l i c l ivewe i gh t  = 8 9 . 4 4 (4 0 0 0 • 7 5 ) 

o = - 2 . 0 50 + 2 . 7 1 1MJMEkg - 0 • 7 5  

therefore  

2 . 0 5 x 8 9 . 4 4 = 2 . 7 1 1MJME 

therefo r e  

MJME = 6 7 . 6MJ . 

Therefo r e  to ma int a in con s t ant body c ond i t ion i t  

required 6 7 . 6MJ m e t abo l i sab l e  energy o r  0 . 7 6MJMEkg - O • 7 5  

dur ing t h e  p e r i o d  1 8 0 - 2 4 2  days o f  pr egnancy . 



Append ix 3 . 6 . 1 .  2 

i f  lI C S  = 1 

G a i n  i n  b o dy cond i t ion .  

then 1 /0 . 8 9 4  = - 2 . 0 50 + 2 . 7 1 1 MJME/ 8 9 . 4 4 

1 . 1 1 9  + 2 . 0 5 0  = 2 . 7 1 1  MJME / 8 9 . 4 4 

MJME = 1 0 4 . 5MJ 

there fore  extra  f e ed requ i r ed p er day 

= 1 0 4 . 5 - 6 7 . 6  

= 3 6 . 9MJME day - l 

= 2 2 8 8MJME fo r 6 2  days 

There fo r e  to  g a i n  one body c o nd i t ion s c o re an add i t ional  

2 2 8 8MJ metabo l i s a b l e  energy i s  requ i r ed over and above  

the feed r equ ired to ma intain  t h e  body c ond i t ion  o f  

the cow . 

Append ix 3 . 6 . 2  E s t ima t ion o f  energy r equired to  

2 2 6 

ma intain z e ro mat erna l energy r e t ent ion 

a t  two s t age s  o f  pregnancy ( approx imat e ly 

2 1 0  and 2 3 0  d ays o f  pr egnancy) by 

ind i r ec t c a l o r imetry . 

App end i x  3 . 6 . 2 . 1  Per iod 1 ( approxima t e ly day 2 1 0  o f  

pr egnancy ) .  

From the e s t imated 

ERkg - O • 7 S  = - 0 . 3 6 4 

where 

equat ion : -

+ 0 . 5 l 7MJME kg - O • 7 S • 

ERkg - O • 7 S  = ene r gy r e t ent i o n  (MJday - l ) per  un i t  

me t abo l ic l ivewe i g h t  

MJMEkg - O • 7 S  2 pred ic t ed metabo l i s ab l e  energy intake 

(MJday - l ) per  un i t  metabo l ic l ivewe i g h t  

MEm 
= 0 . 7 0  MJ kg - O • 7 S d ay - l ( 0 . 3 64 . ) 

( 0 . 517 ) 

wher e  MEm 
= me tabo l i s ab l e  energy intake requ i r ed for  

z e r o  energy r e t ent i on . 



To o b t a in an e s t ima t e  o f  m e t a bo l i s a b l e  energy intake 

requi r e d  fo r ma int enance of z ero ma t e rna l energy 

r e t ent ion an a l l owance  fo r p r e gnancy mus t  b e  mad e . 

The equ a t ion o f  Mo e and Tyr r e l l ( 1 9 7 2 )  ha s b e e n  u s ed 

to  e s t ima t e  the e n e r gy requ i r ement for pregnancy . 

y 1 0 0 . 8  + 0 . 5 6 7  e 0 . 0 1 7 4 t  = 

whe r e  

y = kc al MEkg - O . 7 5  day - I 

t = numb er of days p r egnant 

e = natur a l  l o ga r i t hm 

when t = 2 1 0  

Y = 1 0 0 . 8  + 0 . 5 6 7 e 3 . 6 5 4 

= 1 0 0 . 8  + 0 . 5 6 7  x 3 8 . 6 2 8 9  

= 1 0 0 . 8  + 2 1 . 9 

The  con s t ant te rm ( 1 0 0 . 8 kc a l  MEkg - O . 7 5 ) i s  the  energy 

r equ i r e d  to ma inta in the no n - p re gnant anima l . The  

ext ra energy requ i r ement of  p r egnancy i s  

2 1 . 9 kc a l  o r  0 . 0 9MJMEkg - O . 7 5  day - I . 

The ene rgy requ i r e d  to ma i nt a in body cond i t ion i s : -

= 

= 

0 . 7 0 (ME ) + 0 . 0 9 (ME ) 

0 . 7 9MJM�kg - O . 7 5 d ay - � 

Append i x  3 . 6 . 2 . 2  P e r i o d  2 :  (approxima t e ly day 2 3 0  

o f  p r e gnancy ) . 

From the  equat ion 

ERkg - O . 7 5  = - 0 . 3 4 8  + 0 . 5 2 0MJMEkg - O • 7 5  

MEm = 0 . 6 7MJ kg - O • 7 5  day - I 

2 2 7  

MEp 
= 0 . 1 3MJkg - O . 7 5  day - I (Mo e  and Tyrre l l , 1 9 7 2 )  

MEmp 
= 0 . 8 0MJMEkg - O . 7 5  day - I 

The  e s t ima t e s  o f  e n e r gy r equ i r ed for ma int e nanc e o f  z ero 

ma t e rna l ene rgy r e t ent ion o b t a ined from ind i r e c t  c a l o r ime t ry 

wer e  0 . 7 9  and 0 . 8 0 MJMEkg - O . 7 5 day - I fo r p e r iods I and 2 

r e s p e c t ive l y .  



Append ix 3 . 6 . 3 T heo r e t i c a l  e s t ima t e s  o f  the  

me tabo l i s a b l e  energy required to  

maintain and ga i n  b o dy cond i t ion 

(ARC , 1 9 8 0 ) . 

From P 1 0 9  T ab l e  3 . 2 3 in ARC ( 1 9 8 0 ) . 

and P 1 1 3  Tab l e  3 . 3 0 in ARC ( 1 9 8 0 ) . 

Append ix 3 . 6 . 3 . 1  Ma int enanc e of z e ro mat erna l 

energy r e t ent ion . 

As sume that  c a l f  b i r thwe ight is  3 2 kg 

MEm 

ME p 

ME 

cow we i ght  is  4 0 0kg 

q (me tabo l i s ab i l i ty of the feed ) = 0 . 6  

= 4 2MJ day - l ( Tab l e  3 . 2 3 )  

= 1 1 . 4MJ day - l ( 8  weeks b e fo re par t ur i t io n )  

= 1 9 . 7MJ day - l ( 4  weeks b e fo r e  par tur i t io n )  

( T a b l e  3 . 3 0 )  

= 5 3 . 4 MJ day - l 

2 2 8  

} 
mp 8 weeks b e fore  p a r tur i t ion 

0 . 6 0MJ kg - O • 7 5  day - l o r  

ME = 6 1  . 7 MJ day - 1 

} 
mp 4 weeks b e fo r e  p a r tu r i t ion 

or 0 . 6 9MJ kg - O • 7 5  day - l 



Append i x  3 . 6 . 3 . 2  G a in in body cond i t ion . 

A s s ume : q 

(Tab l e  3 . 2 3 ,  P 1 0 9 , ARC , 1 98 0 ) . 

= 0 . 6 

c ow we i g h t  * = 4 4 0kg 

l ivewe i ght  g a in * = 0 . 7 5 kg cow - I day - I  

2 2 9  

The p r e gnancy requ i r ement has b een l e ft out o f  the p r e s ent 

c a l c ul a t i on a s  it is a s s umed that  it is the s ame for c ows 

whe th e r  they are ma i n t a i n ing or g a i n ing body cond i t i o n . 

MEm ( 4 4 0 kg cow- I ) 

MEmg 

ME g 

4 4 . 4  MJ day - I 

7 2 . 4  MJ day - I 

3 0  MJ day - I 

MEmg i s  the energy requ i r ement for  a cow we i g h ing on 

ave r a g e  4 4 0 kg to  gain 0 . 7 5 kg  day - I . 

ME g i s  the extra ene r gy r equ i r ed over and above ma int enance 

to g a i n  O . 7 S kg day - I . 

To g a i n  3 S kg l i vewe i g h t  i t  wi l l  r equ i r e  4 6 . 7  days 

( 3 5 / 0 . 7 5 ) .  The energy r equirement i s  4 6 . 7  days x 3 0MJ d ay - I 

= 1 4 0 0MJME . 

The t h e o r e t i c a l  energy r equ i r ement , fo r a cow we ighing on  

aver a g e  4 4 0kg and gaining a t  a r a t e  of  0 . 7 5kg  day - I , t o  

ga in 3 5 kg  l ivewe ight ( o n e  c o nd i t i o n  s c or e )  i s  1 4 0 0MJ 

me tabo l i s ab l e  energy . 

* ave r a g e  l ivewe i ght and l iv ewe i ght  g a i n  from p r e s ent 

exp e r iment . 
, 
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APPEND I X  3 . 7 STAT I ST I CAL ANALYS E S  OF THE FAE CE S , URINE 

AND METHANE COMPONENTS OF ENERGY BALANCES 

CARRIED OUT DURI NG LACTAT I ON .  

Y 

F ae c e s  

Ur ine 

Me t hane 

F ae c e s  

Ur ine 

Me th ane 

F ae c e s  

Urine 

Me than e  

Re g re s s ion analy s e s  o f  fae ce s , ur ine and 

methane ene r g i e s  f o r  h i gh (H) and l ow ( L )  

b re eding index cows are p r e s e n t e d  b e l ow .  
* 

Y = bX + C 

x + b * * - s . e .  s . e . * * *  

E a r ly l a c t a t i o n  ( ad l ib i t um to  re s tr i c t e d  fe e d in g )  

G r o s s  e ne rgy 

i n t ake 

0 . 30 ( � 0 . 0 1 6 
0 . 0 6 8 : 0 . 0 0 9  
0 . 0 5 ( �· 0 . 0 0 7  

- 0 . 1 6 1  0 . 0 1 2  
- 0 . 0 1 1  0 . 0 0 4  

0 . 0 2 9  - 0 . 0 1 1  

0 . 0 1 8  
0 . 0 1 1  
0 . 0 0 7  

E a r l y  l ac t at i on ( re s tr i c t e d  t o  ad l ib i tum fee d in g )  

G r o s s e ne rgy 

int ake 

0 . 3 0 6 � 0 . 0 2 1  
0 . 0 2 8 � 0 . 0 0 7  
0 . 0 5 5 � 0 . 0 0 3  

- 0 . 1 8 0  - 0 . 0 1 0  
0 . 0 7 5  0 . 0 0 9  
0 . 0 2 1  - 0 . 0 0 9  

0 . 0 2 5  
0 . 0 0 8  
0 . 0 0 4  

Late  l ac t at ion (ad l ib i tum to re s t r i c t e d  fe eding ) 

G ro s s  ene rgy 

i n t ake 

0 . 3 3 8 � 0 . 0 3 4 
0 . 0 36 � 0 . 0 0 6  
0 . 0 5 0 ! 0 . 0 0 7 

0 . 0 6 6  0 . 0 2 3  0 . 0 3 7  
0 . 0 0 5  - 0 . 0 0 8  0 . 0 0 7  
0 . 0 30 - 0 . 0 0 5  0 . 0 1 3  

* Un i t s  a re MJ k g
- O

•
7 5

cow
- 1

d ay- l 

* *  Th e r e  were no  s i gn i fi c an t  d i ffe rences b e tween geno typ e s  

i n  the , regr e s s i on coe f f i c i e n t  hence only the p o o l e d  

coe f f i c i ent h a s  b e en p re s ent e d . 

* * *  S t andard e r r o r  o f  the di f fe rence b e tween genotyp e s  i n  the 

i n t e r c ep t . 
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The re were no s i gn i fi c ant di ffe rences b e twe en geno type s i n  

the re g re s s ion c o e ff i c i ent s o r  t h e  i n t e rcepts  h ence p o o l e d  

regres s i ons  c ou l d  b e  c a l cu l at e d . 
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APPEND I X  5 . 1  CALCULAT I ON O F  KG DM EATEN PER KG  M I L K  FAT 

PRODUCED F O R  T HE 1 9 7 9 / 8 0  LACTAT I ON .  

The d a t a  h ave b e e n  t aken from Tab l e s  2 . 8 , 2 . 1 0 and 2 . 1 1 .  

Gro s s  e ff i c i en c i e s  ( kg DM/ k g  fat ) h ave only b e en c a l c u l a t e d  

for c ow s  fed  ad l ib i tum dur i n g  exp er i mental p e r i o ds b e c aus e 

the mi l k  fat  p roduc t ion f o r- t h e s e  c ows were s im i l a r  b e fo r e , 

dur i n g  and aft e r  the exp e r imen t a l  p e r i o ds . 

Exp t . B re e di n g  DMI * Mi lk fat y i e l d  k g  DM/ kg fat 
cow-' day 

- I  
( g  cow - I  day.-' ) I ndex ( k g  ) 

1 H 1 2 . 9  6 7 6  1 9 . 1  

L 1 3 . 0  5 5 9  2 3 . 3  

2 H 1 4 . 2  5 7 8  2 4 . 6  

L 1 4 . 7  4 8 0 30 . 6  

3 H 1 5 . 2  5 8 8  2 5 . 8  

L 1 5 . 1  4 6 1  3 2 . 8  

* The d ry mat te r  intakes ( DM I ) h ave b e en s t an dardi s e d  t o  

a common DM d i ge s t ib i l i ty o f  7 5 %  ( the  DM d i ge s t i b i 1 i t i e s  

we re  7 4 . 4 ,  7 0 . 6  and 7 0 . 4  f o r  E xp e r iments 1 ,  2 and 3 

r e s p e c t ive l y ) . I n  add i t i o n  the dry mat t e r  int ake s fo r 

Exp e r iment 3 h ave b e e n  c o r re c t e d  fo r s o i l  c o n t aminat i on 

( s e e  Append i x  2 . 3  for de t a i ls ) . 

The ave r a g e  l ac t at i on length for  H and L cows was  2 49 day s  

thus t o  ob tain t h e  ave rage g r o s s  e ff i c iency o f  fee d  

conve r s i on  ove r the lac t a t i on , fe e d  e ff i c i enc i e s  were needed 

fo r t h e  fo l l owing t imes : -



- 4 2  days 

4 2  + 8 3 = 1 2 5  days 

4 2  + 8 3  + 8 3  = 2 0 8  days 

( N . B .  2 49 days = 3 x 8 3  day s )  

Gro s s  e ff i c ienc i e s  were me a s ur e d  dur ing l actat i on a t  the 

fo l l ow i n g  t imes : -

Exp t . Days  from c a l ving 

Start  S t art  to mid - po int T o t a l  

1 30  1 8  

2 8 0  1 8  

3 1 6 0  1 8  

The gro s s  e f fi c i e nc i es  a t  4 2 , 1 2 5  and 2 0 8  days from 

c a l ving c an be e s t ima t e d  from the d i a g ram b e l ow .  

kgDM/ 
kg fat 

4 0  
208 125 LBI 

30 

20 

LO 

o � ______ � ______ � ______ � ______ � ______ � 
150 200 250 50 100 

days from c alvin g 

4 8  

9 8  

1 7 8  

2 3 3  



The e s t ima t e d  g r o s s e ff i c i enc i es we r e : -

Days from c a lving 

4 2  

1 2 5  

2 0 8  

P re d i c te d  e f fi c i en c i e s  
(kg DM/kg fat ) 

H 

1 8 . 0  

2 5 . 0  

2 6 . 5  

L 

2 2 . 0  

3 1 . 0  

3 3 . 0  

F rom the ab ove d a t a  the ave rage g ro s s  e ffici enc i e s o f  

feed conve rs i on c an b e  e s t i ma t e d  t o  b e  2 3 . 2 and 2 8 . 7  

k g  DM/ k g  mi l k  f a t  fo r H and L cows r e s p e ct ive ly . 
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