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ABSTRACT 

This expe riment was undertaken to compa re the e f fects o f  two met hods o f  

p r e - l amb s he a ring o n  phys i o logi cal and produc t i on c h a r a c t e r i s t i c s  o f  

ewe s a n d  t h e i r  l ambs w i t h  t he ob j ec t i ve o f  dete rmi n i n g  which me thod 

gives the greater advantages . 

I n  Jul y ,  approximately 2 0 - 6 3  days be fore lambing,  s ixty Romney ewes were 

divide d  a t  random i n t o  two equal gro ups , one group was s h o rn w i t h  a 

conventional comb and t he other using a cover comb . The f o rme r l e ft wool 

1 - 3 mm i n  l e ngth and t he l atter  6 - 1 3  mm of w o o l  on the a n ima l a f t e r  

s hea ring . The ewes were run together o n  a rye grass white c l over past ure 

for a 67 day period after shearing . Climat i c  c onditions we re conside red 

mi l d  w i t h  ave rage minimum tempe rature of 5 . 2  °C ,  and average maximum 

t empe r a t u re o f  1 3 . 4  ° C ,  ave rage w i n d  speeds  o f  8 . 5 km/ h, re l a t i v e  

humidi ty 80 . 1  % ,  sunshi ne 4 . 7  h and 1. 2 mm of rainfa l l  ove r the 6 7  days 

pe riod after shea ring . 

F o o d  i nt a ke , me a s u re d  i nd i r e c t l y  u s i ng c on t r o l l e d - re l e a s e  c a p s u l e s  

c o n t a i ning ch romi um s e squioxide p l a ced i n  t he rume n ,  d i d  n o t  di f f e r  

be t w e e n  t he g r o u p s  ove r a 2 1  day pe r i od a f t e r  s he a r i n g . T h i s  w a s  

re f l ected i n  a l a c k  o f  e f fect o f  t reatment on the l ive weight o f  the 

ewe s ,  bi r t h  weight o f  t he l ambs , 

g r o w t h  o f  t h e e w e s  o v e r t h e  6 7  

growth rate s o f  t he l amb s 

d a y  p e r i o d . E w e s  s h o r n 

o r  

b y  

wool 

t h e  

conve n t i o n a l  comb , h oweve r ,  we re mo re severely stres sed than the ewes 

shorn with the cove r comb as indicated by the highe r concent ra t i ons o f  

non-esteri fied fatty acid (NEFA ) and 3 -hydroxybutyrate i n  t he p l asma o f  

t h e  f o rme r g roup on days 1 and 3 after shea ring . Rectal tempe rat ure w a s  

a l e s s  sensitive mea sure than the concentrations of t he metabolites  a n d  

the d i ffe rence bet ween the g roups i n  rectal tempe rature a f t e r  s he a ri ng 

w a s  not statistica l ly significant.  I t  was concluded that s hearing with a 

c ov e r  c omb reduce s t he cold s t re s s  on  the ewe i n  c omp a r i s o n  with t he 

c o nve nt i on a l  met h o d  o f  shea r i ng . Furthermo re ,  i t  w a s  s ugge s t ed t h a t  

u n de r more s ev e r e  c l i ma t i c  c ondi t i o n s  t h a n  t ho s e  expe r i e n c e d  i n  t he 

present experiment , t hat shea ring with t he cover c omb might be expected 

t o  result i n  increased product ion . 



i i  

ACKNOWLEDGEMENTS 

Bismi l l ah i r rakhmani rrahim, 

In the Name of Al l ah (God) , the Compassiona te , the Me rci ful , P r a i s e  be 

t o  A l l ah ,  Lord o f  t he universe . 

The f i rst o f  a ll ,  I thank Allah ( God) for H i s  guidance and mercy t o  me . 

My s i nc e re thanks go t o  my teachers Professors D . D . S .  Macke n z i e ,  c.w. 

Holme s ,  R . D .  Ande rs on; Drs I . M .  Brooke s ,  W . J .  P a rker f o r  the i r  v a luable 

guidance , assistance,  advice and encouragement t hroughout my s t udi e s . I 

am i n debted particularly to my supe rvi sor P ro fe s s o r  D . D . S .  Macken z i e  who 

has guided me in writ ing up my thesi s .  

I w o u l d  l i ke t o  t hank Mr K .  Ki lmi ster  for  t a k i ng c a re o f  t h e  s he ep 

dur i ng my expe riment ; the chief inst ruct o r  o f  New Zeal and Wool B o a rd for 

s h e a r i ng of  t h e  s h eep ; Mr D . L .  Bu rnham, M r  G . S .  P u rcha s ,  Mi s s  Y . H .  

Cot t am, Ms C . M . C .  Jenki nson, Ms F . S .  Jackson and Mr Z .  Xu for t h e i r  help 

in  s hearing, rnids ide patch , measuring of rect a l  t empe rature,  c o l lecting 

f a e c a l  and b l o o d  s a mp l e s ; Ms F . S .  Jac k s o n  a nd Mi s s  M . F .  S c o t t  f o r  

met abolite analys i s ;  Mr D . A .  Hami lton for pastu re analy s i s ;  Mrs B a rba ra 

P u r c h a s  and Mrs K a t hy Mo rton for ch romi um a n a l y s i s  a nd a l s o  to those 

people who have helped me directly o r  indi rect l y . 

I a c k owledge a l s o  the valuable a s s i s t ance 

Cho z i n . 

f rom Mr J .  D j egho and Mr M .  

I w o u l d  a l s o  l ike t o  thank the New Zeal and g o v e rnment f o r  the 

scholarship that all owed me to carry out my studies and the I ndone s i an 

government for allowing me to study in New Zealand. 

I would like to extend a very special thanks to my late parents who 

reared, guided and educated me . I will never forget their kindness. 

Lastly, but the most important to my dear wife Euis Maryamah for her 

love, patience, comprehension, support and encouragement and also my 

fervent thanks to my children Ramdhan, Eka and M. Fauzie who were the 

main source of my inspiration . 



i i i  

TABLE OF CONTENTS 

Abst ract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

Ac knowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i i  

Table o f  content s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i i i  

List o f  t ables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v i  

Li st  o f  f i gures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vii  

List of  abbrevia t ions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  viii  

List o f  appendix A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ix  

Chap t e r  1 .  Int roduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

Chapte r  2 .  Review o f  l i terature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

2 .  1 .  S hearing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

2 .  1 .  1 .  P re-1amb shearing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

2 .  1 .  1 .  P re-1amb shea ring met hods . . . . . . . . . . . . . . . . . . . . . . 6 

2 .  2 .  Body tempe rature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

2 .  2 .  1 .  Heat production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

2 . 2 . 1 .  Factors af fecting heat production . . . . . . . . . . . . . .  9 

2 . 2 . 3 . Heat loss  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  

2 . 2 . 3 . 1 .  Non evapo rat ive heat l o s s  . . . . . . . . . . . .  1 0  

2 . 2 . 3 . 2 .  Evaporative heat loss  . . . . . . . . . . . . . . . .  1 2  

2 . 3 . 4 .  Regulation o f  deep body tempe rature . . . . . . . . . . .  1 3  

2 . 3 .  Feed I ntake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

2 . 3 . 1 .  Physiological cont rol of intake . . . . . . . . . . . . . . .  1 6  

2 . 3 . 1 . 1 .  S ingle f a c t o r  theorie s  . . . . . . . . . . . . . . .  1 6  

2 . 3 . 1 . 2 .  Mult iple factor t heories . . . . . . . . . . . . .  1 8  

2 . 3 . 2 .  Factors af fecting i n t a ke . . . . . . . . . . . . . . . . . . . . . .  1 9  

2 . 3 . 2 . 1 .  Animal factors  . . . . . . . . . . . . . . . . . . . . . . .  1 9  

2 .  3 .  2 .  2 .  Feed factors  . . . . . . . . . . . . . . . . . . . . . . . . .  2 2  

2 .  3 .  2 .  3 .  Climatic  e f fects . . . . . . . . . . . . . . . . . . . . .  2 4  

2 . 3 . 3 .  Feed intake mea s urement . . . . . . . . . . . . . . . . . . . . . . .  2 5  

2 .  3 .  3 . 1 .  Direct met hods . . . . . . . . . . . . . . . . . . . . . . .  2 6  

2 .  3 .  3 .  2 .  Indi rect met hods . . . . . . . . . . . . . . . . . . . . .  2 6  

2 .  4 .  Metabolic effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 1  

2 . 4 . 1 .  Glucose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 2  



iv 

2 . 4 . 1 . 1 .  Glucose requirements . . . . . . . . . . . . . . . . .  3 2  

2 . 4 . 1 . 2 .  Glucose precursors . . . . . . . . . . . . . . . . . . .  3 3  

2 . 4 . 1 . 3 .  Glucose utili z ation . . . . . . . . . . . . . . . . . .  3 3  

2 . 4 . 1 . 4 .  Fact ors af fect ing glucose met abolism . 3 5  

2 . 4 . 2 .  NEFA ( non esteri fied fatty acids )  . . . . . . . . . . . . .  3 8  

2 . 4 . 2 . 1 .  NEFA requi rements . . . . . . . . . . . . . . . . . . . .  3 8  

2 . 4 . 2 . 2 .  NEFA precur s o rs . . . . . . . . . . . . . . . . . . . . . .  3 9  

2 .  4 .  2 .  3 .  NEFA metabolism . . . . . . . . . . . . . . . . . . . . . .  3 9  

2 . 4 . 2 . 4 .  Factors  a f fecting NEFA metabo l i sm . . . .  4 0  

2 . 4 . 3 .  3-hydroxybutyrate . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 2  

2 . 4 . 3 . 1 .  3 -hydroxybutyrate requi rements . . . . . . .  4 2  

2 . 4 . 3 . 2 .  3 -hydroxybutyrate precurso rs . . . . . . . . .  4 2  

2 . 4 . 3 . 3 .  3 -hydroxybutyrate concent ration . . . . . .  4 3  

2 . 4 . 3 . 4 .  Factors a f fecting 3-hydroxybutyrate . .  4 3  

2 . 4 . 4 .  Urea and c reatinine concent ration . . . . . . . . . . . . .  4 4  

2 . 5 .  E f fects of pre-l amb shea ring o n  animal production . . . .  4 6  

2 . 5 . 1 .  Lamb birth we ight . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 6  

2 . 5 .  2 . Lamb and ewe growth . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 7 

2 .  5 .  3 .  Wool production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 

2 . 5 . 3 . 1 .  P regnancy and lactation . . . . . . . . . . . . . .  4 8  

2 . 5 . 3 . 2 .  Nut ri t i on . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 9  

2 . 5 . 3 . 3 .  Shearing . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

2 . 5 . 3 . 4 .  Age and breed . . . . . . . . . . . . . . . . . . . . . . . .  5 2  

Chapter 3 .  Mate rials and methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 3  

3 .  1 .  Expe rimental anima ls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 3  

3 . 2 .  Expe riment al s procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 3  

3 . 2 . 1 .  Shearing t reatment . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 3  

3 . 2 . 2 . Intake measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 4  

3 . 2 . 3 .  Collect ion of  blood samples . . . . . . . . . . . . . . . . . . .  5 5  

3 . 2 . 4 .  Measurement o f  rectal temperature . . . . . . . . . . . . .  5 6  

3 . 2 . 5 .  Measurement o f  residual wool after  shea ring and 

wool growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 6  

3 . 2 . 6 .  Weighing ewes and l ambs . . . . . . . . . . . . . . . . . . . . . . . 5 7  

3.2.7. Measurement o f  herbage mass . . . . . . . . . . . . . . . . . . .  5 7  

3 .  3 .  Analytical methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 9  

3 .  3 . 1 .  Plasma metabol i t e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 9  

3 . 3 . 1 . 1 .  Gluco s e  . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .  5 9  



V 

3 . 3 . 1 . 2 .  NEFA ( Non e s t e ri fied fatty acids ) . . . . 6 0  

3 . 3 . 1 . 3 .  3-hydoxybutyrate . . . . . . . . . . . . . . . . . . . . . 6 0  

3 .  3 .1 . 4 .  Urea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 1  

3 .  3 .1 . 5 .  Creatinine . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 

3 .  3 .  2 .  Wool P roduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 

3 .  3 .  3 .  Analysis o f  Feed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 

3 .  3 .  4 .  Chromium analys i s  ....... . .. . ..... ........... . .  6 4  

3 . 4 .  Environmental measurements . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 5  

3 . 4 . 1 .  Temperature and wind vel ocity . . . . . . . . . . . . . . . . .  6 5  

3 . 4 . 2. Rel ative humidi t y ,  rainfall and sunshine . . . . .  6 6  

3 .  4 .  Stati stical analysis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 6  

Chapt e r  4 .  Res u l t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 2  

4 . 1 .  Faeca l  output ; feed and ene rgy intake . . . . . . . . . . . . . . . .  7 2  

4 . 2 .  Rectal  temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 4  

4 . 3 . Lamb bi rt h weight and ave rage dai ly gain . . . . . . . . . . . . . 7 7  

4 . 4 .  Met abolic effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9  

4 . 5 .  Wool growth and ewe l ive wei ght . . . . . . . . . . . . . . . . . . . . . .  87 

Chapte r  5 .  Discuss ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89 

5 . 1. Live weight , feed intake,  l amb bi rth weight and 

ave rage daily ga in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 

5 .  2 .  Rectal tempe rature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 1  

5 .  3 .  Metabolic effects . . . . . .  1 • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  9 2  

5 .  4 .  Wool growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 6  

Chapter 6 .  Conc lusi ons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 8  

Appendix A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 9 

Re f e rences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 2  



LIST OF TABLES 

Tab l e  

4 .1 .  Compa rison o f  mean (±S E )  dry mat t e r  ( DM ) , o rganic matter 

( OM )  and ene rgy i ntake and faecal  output of 1 0  ewes shorn 

by a conventional  method and 10  ewes shorn with a cover 

c ombs in t h re e  periods each of 4 ,5,6 ;1 1 ,1 2 ,1 3 ; 1 8 , 1 9 ,2 0  

vi 

days after shea ring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 3  

4 . 2 .  Compa rison o f  the me an ( ±SE ) re c t a l  tempe rat ure (°C )  o f  

3 0  ewes sho rn w i th conventional combs and 3 0  8wes sho rn 

w i t h  cove r c ombs two days be f o re she a ring and 1 ,3 ,7 ,1 4  

days after shea ring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 5 

4 . 3 .  Comparison o f  t he mean ( ±SE ) l amb birth weight ( kg )  and 

t he average dai l y  gain (g/d)  of l ambs of convent ional and 

cove r combs sho rn ewes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 8 

4 . 4 .  Comparison o f  the mean ( ±SE ) c o n c en t r a t i o n  o f  v a r i o us 

metabol ites in  the plasma of ewes f rom two groups each o f  

3 0  ewes shorn e ither w i t h  conventional or cove r combs two 

days be fore shearing and 1 ,3 ,7 ,1 4  days after shearing . . . . . . . . . . . . 8 1  

4 . 5. The mea n  (±S E )  mid-side patch wool growth o n  day 6 7  a fter 

she a r i n g  a nd ewe l i ve weights on days 0 and 6 7  a f t e r  

shearing o f  ewes shorn with a convent ional comb or with a 

c ove r c omb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 8  



LIST OF F IGURES 

Figure 

4 . 1 .  Me a n  r e c t a l  t e mpe r a t u r e s  ( °C )  of  3 0  ewes s h o rn w i t h  

c onventional c ombs and 30 ewes s ho rn with cover combs two 

vii 

days be f o re s hea ring and 1 , 3 , 7 , 1 4 days a fter shea ring . . . . . . . . . . . .  7 6  

4 . 2 .  Mean g l u c o s e  c oncent rations  (mmol / 1 )  o f  3 0  ewes s h o r n  

w i t h  c o n v e n t i on a l  c omb s a n d  3 0  e w e s  s h o r n  with  cove r 

combs two days be fore shearing a nd 1 , 3 , 7 , 1 4 days a ft e r  

shearing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 2  

4 . 3 . Me an non e s t e r i fied fat ty a c i d  ( NEFA ) c oncent r a t i o n s  

( �eq/1 ) o f  3 0  e wes shorn with conventional combs and 3 0  

ewes shorn with  cover combs two days be fore shearing and 

1 , 3 , 7 , 1 4  days a f ter shearing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 3  

4 . 4 .  Mean 3 -hydroxybutyrate concent rati ons (mmol / 1 )  o f  3 0  ewes 

s h o r n w i t h  c onvent i on a l  c omb s and 3 0  ewes shorn w i t h  

c ove r c ombs t w o  day s be f o re shea ring and 1 , 3 , 7 , 1 4 day s  

a ft e r  shea ring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 4  

4 . 5 .  Mean urea concent rations (mmol / 1 )  b f  3 0  ewes shorn w i t h  

convent i onal combs and 3 0  ewes s ho rn with cover combs two 

days be f o re shea ring and 1 , 3 , 7 , 1 4 days after shea ring . . . . . . . . . . . . 8 5  

4 . 6 . Mean c re a t i nine concent rations ( �ol /1) of 30 ewes shorn 

w i t h  c o nv e n t i o n a l  c ombs and 3 0  ewes shorn with c ove r 
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I .  INTRODUCTION 

S heep production in a gra z i ng s y s t em i s  a f f ected by t h e  genetic 

make up of t h e  a nima l s  and e nv i r o nme n t a l  f a ct o rs ( fe e d ,  c l imate a nd 

management ) . The improvement o f  environment can have a g reat impact on 

sheep product i on , the refore the obj ect ive of management practices should 

be to get most bene fit for the f a rme r .  

Shearing,  t o  h a rve st the woo l ,  i s  an impo rtant practice which can 

be ma n a g e d  i n  di f f e r e n t w a y s . T w o  me t h o d s  o f  p r e - l a mb s he a r i n g ,  

convent i onal and cove r methods were int roduced i n  New Zealand many ye ars 

ago , but l i t t l e  informa tion i s  ava i l able on the comparat ive e f fects of 

t hese me t hods on sheep production a n d  phy s i o logical respon s e s  ( Bowen,  

1 9 6 3 ;  Wodzicka-Tomas zewska , 1 9 6 3 ;  Thoms e n ,  1 9 7 1 ) . 

Sheep exposed to cold conditions will  lose heat t o  the environment , 

part icularly recent ly shorn sheep and t herefore t hey need mo re ene rgy to 

c ope w i t h  t he cold s t ress . In f o rmati o n  c o l l e cted f rom over the world 

both i n  the field and unde r housed systems of  management have shown that 

p re - l amb s h e a r i ng i n c reases feed i nt a ke . Lamb birth w e i gh t  i n c reased 

following pre-lamb shea ring, perhaps c aused by the increased feed intake 

whi ch was reflected i n  the faster growth rates o f  the l ambs ( Austin and 

Young, 1977; Symonds et al. 198 6) . S heep can maint a i n  t he i r  deep body 

tempe rature relatively constant , howeve r ,  eventually under ext reme s o f  

e n v i r o nm e n t a l  t e�p e r a t u re r e c t a l  t empe r a t u r e  ma y c h a n ge . Re c t a l  

temperatu re o f  she ep exposed t o  cold stress  tended t o  b e  l ower ( Bligh , 
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1 9 7 3  a n d  S t a i n e r  e t  a l . 1 9 8 4 ) . P r e - l a mb sh e a r i n g i n c r e ased t h e 

c oncent rat i ons o f  non-esterified f a t ty acid ( NEFA ) and 3 -hydroxybutyrate 

i n  b l o o d  p l a sma . Th e se p l asma me t a b o l i t e s  have i mp o r t a n t  r o l e s i n  

supplying energy du ring cold c ondit i ons ( Thompson et a l . 1 9 8 2 ;  Symonds 

e t  a l . 1 9 8 5 ;  1 9 8 6 ;  Ast rup and Nedkvi tne , 1 9 8 8 ) . P re - l arnb shea r i ng also 

st imul a t e d  w o o l  growth as me asu red by mi dside - p a t c h  w o o l  produ c t i on 

( B i gham, 1 9 7 4 ) . 

H oweve r ,  t hese results were obt a i ned unde r vari ous condi t i ons ln 

di f f erent expe riments and invest iga t i ons i n t o  the e f f e c t  of methods of 

pre-larnb shearing on feed intake , rectal temperature ,  l amb bi rth weight, 

met abol i c  e f f ec ts and wool growth have not been done simult aneously in 

o n e  e xp e r i men t . There f o r e ,  t he p resent expe r i ment w a s  undert a ken to 

c ompa re t he e f fects o f  the methods o f  pre-larnb shearing on physi ological 

and produc t i on cha ra cte rist i cs with the object ive of de t e rmi ning which 

method gives t he grea test advantages to the farme r in  New Zea land . 
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I I . REVIEW OF LITERATURE 

2.1. Shearing 

The pract i ce of shea ring sheep to harvest the i r  wool st retches back 

i n t o  p r e h i s t o r i c  t ime s . It i s  p r obable t h a t  i n i t i a l l y  the t i ming of 

s he a r i n g  w a s  h apha z a rd but gradu a l l y  a need f o r  a f l eece of u s e abl e 

staple l ength a nd t he adoption o f  a yea rly farming cal ender would have 

s e e n  c e rt a i n p e r i ods o f  t h e  yea r being set a s ide f o r  s he a r i ng . More 

re c e n t l y  t he t iming o f  shea r i ng has been i n f l ue nced by mo re speci fic 

f a r m i n g  obje c t i v e s . T h u s  f o u r  t i me s o f  s he a r i ng a re common in  New 

Zea l a nd ( Ga�da r , 1 9 6 5 ) . The s e  a re p re - l amb , immediat e l y  po s t - l ambing , 

mi d - l a c t a t i o n  a n d p o s t - w e a n i n g . A l l  t h e s e h a v e  a dv a n t a g e s  a n d  

di s a dvant ages with st rong di f fe rences in  opi nion among the farme r s  abou� 

t he c o r rect t ime to shear  pregnant or l a ctat ing ewes (Livingston and 

. 

Pa rke r ,  1 9 8 5 ) . I n  t h i s  report only pre -lamb shearing will  be di s c u s sed . 

2.1.1. Pre-lamb shearing 

The exact time when pre-larnb shearing was introduced in New Zealand 

i s  unknown. Some authors suggest it may have been introduced in the 

195 0's (Wodzicka-Tomaszewska, 196 3 ) . Certainly, since that t ime , 

particularly in the South Island, it has been more common for the 
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f a rme r s  t o  she a r  the pregnant  ewes in  Augus t ,  a few weeks ( 4 - 6  weeks ) 

be f o re l ambing commences ( S to ry , 1 9 5 5 ;  Ganda r ,  1 9 6 5 ) . T h i s  practice has 

cons ide rable a dvant ages from t he point of  view of  sheep management and 

w o o l  qua l i ty ,  whi l e  there a re a l s o  s ome di s advantage s . Many excellent 

r e f e r e n c e s  ( S t o ry ,  1 9 5 5 ; B o w e n  1 9 6 3 ;  W o d z i c k a - T oma s z e w s k a  1 9 6 3 ; 

Hende r s o n  1 9 6 5 ;  Livingston and P a rke r 1 9 8 5 )  out l i n e  the advantages and 

d i s a dv a n t a g e s  o f  p r e - l a mb s h e a r i n g o f  e w e s  a nd t h e s e  h a v e  b e e n  

summa r i zed as follows : 

(1) . Advantages 

a .  In bad wea ther du ring l ambing shorn ewes seek shelter and thus 

t e n d  t o  l o s e  fewe r l amb s . T h e re has be en l i t t l e  f o rma l evide nce t o  

substantiate t hi s  cl aim made by farmers . 

b .  Suck l i ng i s  faci l i tated due to removal of wool around the udder 

' 

o f  ewe , the reby i n c re a s i n g  t h e  cha nce o f  the l amb s u rvi ving . This i s  

mimi c ked in  partial shea r i ng pol icies by crutching around the udder and 

rea r  e nd of t he ewe prior t o  l ambing . 

c .  During Novembe r - s h e a ring ( pre-wean ) ,  the l ambs are necessarily 

s ep a r a t e d  f r om t h e i r  moth e r s  f o r  a pe r i od .  Thi s  may r e s u l t  i n  mi s -

mot he ring which may check the i r  developme nt . This problem i s  avoided by 

s h e a r i n g  be f o re l ambing o r  by de l aying s h e a r i n g  u nt i l  t h e  l ambs a r e  

weaned ( Decembe r-January ) . 

d .  When ewes heavy i n  l amb a re carrying a ful l f leece there i s  a 

greater tendency fo r them to be cast and be unable to get on the i r  feet 
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again .  It i s  therefore nece s s a ry to check them at least daily t o  detect 

any t hat a re cast be fore they die . Pa rker ( 1 9 8 4 )  found that t he length 

of f l eece was not st rongly rel ated t o  the incidence of casting, but this 

percept i on i s  held st rongly by f a rmers . P re-lamb s hearing may reduce the 

i n cidence of cas ting and a s s ociated ewe losses . 

e .  Shearers are gen e ra l ly mo re available i n  July -August when t hey 

a re ma inly employed for c rut ching than in Novembe r ,  though this depends 

upon t he number of farme rs who wish to shear early . 

f .  Improved wool qua l ity due to a lower incidence o f  cot t i ng . 

g .  I mp r o v e d  w o o l  qu a l i t y b e c a u s e  pre-l amb she a r i ng reduces the 

p ropo r t i o n  of wool f i b r e s  b r o ken du ring proce s s i ng . It is a l s o  l e s s  

c ont aminated with pl ant mat erial . 

h .  Imp r oved l amb growth rates probably re s ulting indi rectly from 

i n c re a sed feed intake and mi l k  product ion . 

(2)  . Disadvantages 

a .  The ewes need mo re feed to cope with cold stress  at  a t ime when 

gra s s  g rowt h is l ow in w i nt e r . I f  feed ava i l ab i l ity is poor t h i s  wi l l  

increase the i ncidence o f  pregnancy t oxernia ('sleepy s icknes s ' ) . 

b .  I t  i s  norma l ly more di f ficult to shea r p regnant ewe s ,  which must 

be h a ndled mo re careful l y . I t  i s  a l s o  h a rde r to penet rate t he wool of 

pregnant ewes with t he b lades or comb . 

c .  The re i s  a conside rable ris k  o f  ewes shorn bef o re l ambing dying 

f r om cold s t re s s  i f  there is a sudden change with very bad weathe r .  
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d .  S h o r n  e w e s  a re h a rde r t o  c a t c h a t  l amb i ng i f  t h ey r e qu i re 

a s s i s t ance due to  l ambi ng di f f i culties . 

e .  Weat he r  condi t i o n s  a re u s u a l l y  wetter i n  the early spring and 

this makes it mo re di f fi c u l t  t o  have sheep dry pri o r  to fleece remova l . 

Delays in  s hearing,  due t o  wet weather,  may cause mo re s leepy s i c kness  

to  o c c u r  i f  e w e s  a re h e l d  o n  r e s t r i c t e d  a r e a s  n e a r  t h e s h e a r i ng 

f ac i l i t ies . 

2 . 1 . 2 .  Pre - l amb shearing methods 

T h e  h i s t o r y  o f  s h e ep s he a r i ng me t h ods i n  Ne w Z e a l and has  been 

reviewed by Bowen ( 19 6 3 )  and Thomsen ( 19 71 ) . 

I n  t h e  n i n e t e e n t h  c e n t u ry s h eep were s h o r n w i t h  b l a de s ( h an d

s h e a r s ) a nd even a f t e r  t he invention o f  a shea ring ma chine by Aus t i n  

Smi t h  o f  Hawkes Bay in  1 8 9 0  many f a rme rs s t i l l  pre ferred t o  have t he i r  

sheep shorn with t he blades . The reason for t hi s  preference was  because 

a greater cover o f  wool was left on  the sheep by the blade she a re r s  a nd 

t h i s  protected t he sheep f rom sudden cold snaps o r  storms which can c ome 

a t  a l mo s t  a n y  t i me o f  t h e y e a r  i n  N e w  Z e a l a n d ( B o w e n ,  1 9 6 3 ) . 

Neverthel e s s  t he machines requi red less skill  and e f fo rt by t he shearers 

a nd except i n  s pe c i a l  a re a s  have p r a c t i c a l l y r e pl a c e d  t he b l a de s . 

I ni t i a l l y  the na rrow o r  conventional comb was used which leaves only 1-3 

mm o f  wool on the s heep . 
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I n  1 9 1 3 ,  Thoms on Hokiaga o f  Po rangahau , Hawke s Bay , int roduced a 

new t ype of cornb, the s now comb, f rom Au st ra l i a  which left 6 - 1 3  mm of 

w o o l  o n  the s heep . T h i s  is equ i v a l e n t  t o  t h ree week s  growth a nd i s  

s imi l a r  t o  that left by the bl ade shearers . 

2 . 2 . Body t emperature 

S heep a re homeothermi c animals which means that they can maintain 

their deep body temperature even though the exte rnal tempe rature varies 

o v e r  a w i de ra nge . B ody t empe r a t u re is  ma i n t a i ned c o n s t a n t  by t h e  

metabo l i c  act ivity o f  t he t i s sues gene rat ing heat and mechani sms which 

regulate heat loss f rom t he body . For further informa t ion re fer to the 

rev i e w s  o f  I ng ram and Mount ( 1 9 7 5 ) ; Holme s  ( 1 9 7 9 ) ; Mount ( 1 9 7 9 )  and 

Sta ine r et a l . ( 1 9 8 4 ) . 

I nc re a s e d  heat p roduction o f  fed s heep a f t e r  shearing have been 

obs e rved by F a re l l  a n d  C o rbet t  ( 1 9 7 0 ) ; Davey ( 1 9 7 3 ) ; Davey and Holme s  

( 1 9 7 7 ) . 

S heep l o s e  mo re h e a t  in  a cold envi ronme n t , p a rt i c ul a r l y  a f t e r  

s he a r i ng . F a r e l l  a n d  C o rb e t t  ( 1 9 7 0 ) , re p o r t e d  t h a t  f a s t i ng h e a t  

produ c t ion i n  gra z i ng s heep increased 4 4  % a f t e r  shea ring . Mo reover ,  

heat p roduct ion increased 6 0 -8 0  % in  a group o f  shorn ewes compared with 

a group of unshorn ewes  at 10  °C (Farell e t  al. 1 9 7 2 ) . 
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2.2.1. Heat production 

Even t hough homeothe rmi c anima l s  a re able to maintain t he i r  deep 

body t empe r a t u re ove r a wide range of external temperature event u a l l y  

u nde r e x t reme condi t i o n s  spec i a l  a c t i o n  h a s  t o  b e  t a k e n  e i t h e r  t o  

gene rate ext ra heat t o  keep t he body wa rm o r  t o  di ss ipate exce s s  heat 

(Mount , 19 79 ) . 

In cold condit i ons , the homeotherm as  wel l  as produci ng ext ra heat 

a l s o  i n c re a s e s  overa l l  t herma l i n s u l a t i o n  by adopt i ng a mo re c ompact 

body posture and by p i l o  erect ion and vasoconst riction . The combinat i on 

o f  b o t h  he a t  p r o d u c t i o n a n d  t h e rma l i n s ula t i o n e n a b l e  t h e c o re 

tempe rature t o  be ma intained . I f  condi t ions become too cold, the demand 

f o r  h e a t  p roduct i o n  exceeds the a n ima l s  me t a boli c capacity and body 

tempe rature begins t o  decl ine . 

' 

When the external tempe rat ure condit ions become wa rme r o r  hot , the 

animal gains heat f rom the surroundings and then it di s s ipates heat and 

redu c e s  i n s u l a t i on . Thi s is achieved by adopt i ng an ext ended p o s t ure 

with a rai sed s k i n  tempe rature due t o  pe riphe ral vasodi l atation and an 

increa sed s k i n  bl ood flow and by los ing heat by evaporation e i t h e r  by 

swea ting o r  by panting . 

T h e  uppe r a nd low e r  l imi t s  o f  e n v i ronment a l  t e mp e r a t u re f o r  

t h e rmoregu l a t ion i n  t h e  homeot h e rm a r e  t h u s  dete rmined by t h e  heat 

production capacity at low temperatures and by the heat dissipating 
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capa c i ty at high t empe ratures . The range of  envi ronmenta l  tempe rature i n  

w h i c h  t h e a n i m a l ' s  me t a bo l i c  r a t e  i s  a t  a mi n imu m ,  c o n s t a n t  a n d  

i ndependent of  the envi ronmental tempe ratu re i s  classically known a s  the 

zone of t he rmal neut rali ty . The lowe r and upper tempe ratures of t hat a re 

called l ower ( LC T )  and upper criti cal temperatu re (UCT ) . Below the LCT , 

the a nima l  must i n c re a s e  the rate of heat production ( HP )  t o  ma intain  

home o t he rmy , the rate  o f  HP  i s  dependent upon ambient t he rmal demand . 

Abov e  UCT , body t empe rature may increa se even though heat produ c t i o n  

dec reases because evapo rative heat l o s s  i s  inadequate . 

2 . 2 . 2 .  Factors affecting heat production 

Unde r the rma l neut ral condi t i ons heat i s  produced at  a c o n s t a n t  

rate to ma intain no rmal body function . The amount of  heat pr oduced i s  

propo rtional to W 0·75 where W i s  the body weight , although in  newbo rn 

. 

l ambs heat produ c t i o n  may be di rect ly propo r t i onal t o  body w e ight o r  

a c c o rding t o  s ome a ut ho r i t i e s  the surface a rea o f  t he l ambs ( Kleibe r ,  

1 9 6 1 ; Stainer e t  al . 1 9 8 4 ) . 

The pattern of  heat production varies over the day reflect ing the 

diurnal pattern o f  activity characteristic o f  the sheep. Thus during the 

day metabolic activity associated with muscle movement and ingestion of 

food increases the amount of heat produced in comparison with that 

produced at night when the animal is resting (Stainer e t  al . 1 98 4 ) . 
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Cold condi tions can be enhanced by i nc reased wind vel ocity and by 

s he a r i ng . Gra h am e t  a l . ( 1 9 59 )  repo rted f rom calo rimet ric expe riments 

that in s t i l l  air at 1 0  °C the heat produ c t i o n  o f  cl osely s h o rn sheep 

fed a t  app roximately mai ntenance requirement i nc reased by more than 50 

% .  T hu s ,  Joyce a n d  B l axter ( 1 9 6 4 ) reported t hat he a t  p roduc t i on by a 

sheep with a short f leece kept at -3 °C in a wind of 4 . 2  mi l e s  pe r hour 

was i n c reased 3 . 3  t ime s of that noted when it  was in the the rmoneut ral 

z one. Moreove r ,  Blaxter and Wainman ( 1 9 6 4 ) showed that wind of 1 5  km/h 

increased heat loss  by 2 0 0 0  kcal /day , and rain by 1 0 0 0  kcal /d,  and cold, 

w i nd and r a i n  t o ge t h e r  c reated heat l o s s e s  2 - 3  t ime s g re a t e r  t h a n  

norma l . 

2.2.3. Heat loss 

The ma i nt e n a n c e  o f  a r e l a t iv e l y  c o n s t a nt co re tempe r a t u r e in 

. 

anima l s  exposed t o  fl uctuating envi ronmental t empe rat u res is  achi eved by 

c o n t r o l l i ng h e a t  l o s s  either th rough n o n -evapo ra t i ve or ev apo rative 

coo l i ng . 

2.2.3.1. Non-evaporative heat loss 

Heat can be lost from the body by n on evap ora t ive me ch a nisms 

through radiation, convection and conduction. Such mechanism have 
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impo rtant roles part icul arly in cold conditions , in maintenance o f  body 

t empe rature . 

( a )  . Conduction 

Heat t ra n s fer by conduc t i on is the exchange o f  heat f rom s k i n  to 

t he e nv i r o nment by di rect contact . The amount of heat t ra ns fe red will 

depend o n  t he n a t u re o f  t h e  ma t e r i a l  in c o n t a c t  w i t h  the s k i n ,  i n  

pa rticul a r  i t s  t h e rma l conduct ivity . Conductive he a t  t rans f e r  f rom the 

s heep gene r a l l y  pl ays a sma l l  role i n  the  t o t a l  heat t r a n s f e r  to the 

envi ronment , but heat t ransfer by conduction through the t i s sues with in 

t he body is import ant . 

(b) . Convection 

This system involves the movement of a fluid o r  gas a d j acent to the 

skin whos e  t empe rature change s as a result of conduction o f  heat f rom 

t h e  s k i n  t o  t he f l u i d  o r  g a s . T h e re f o re ,  i t  depends o n  t h e  s u r face 

temperatu re o f  body ,  i t s  shape , surface characteri stics  and s i ze as wel l  

a s  the movement o f  the gas o r  f lui d .  
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(c) . Radiation 

Heat  t rans f e r  by radi a t io n  i nvolves e lect romagnet i c  radiat ion o f  

v a r i o u s  w a v e l e n gt h s . H e a t  e x c h a nge by r a di a t i o n  i n  a n i ma l s  i s  

r.onsi de r e d  i n  t w o  p a r t s . T h e  f i r s t  p a rt dea l s  w i t h  e x c h a nge when 

radi a t ion f rom the surroundi ngs i s  all 'l ong wave' that i s ,  emi t ted by 

a l l  s u rfaces whose temperatures i s  above 0 °K ( -2 73 °C ) . The second part 

o f  radi a nt exchange i ncludes the e f fects o f  shorter wavelength that i s ,  

emi t t e d  o n l y  b y  ob j e c t s  a t  v e r y  h i gh t empe r a t u r e a n d  a l s o  s h o r t 

wavel ength can be re fl ected by surfaces . 

2. 2. 3. 2. Evaporative heat loss 

Th i s  me chanism has an impo rtant role in di s s i p a t i ng heat to the 

. 

surroundings i n  hot conditions because i n  these ci rcums tances when the 

temperat ure gradient between body and env i ronment is  sma l l ,  the rate of 

h e a t  transfer by n o n  evapo r a t i ve pathway is v e ry s l o w . The process  

occurs on the s ki n  surface or in the respiratory tract. 

( a )  . Skin 

Heat is dissipated by the evaporative cooling of water secreted 

from the sweat glands. Therefore, the number and activity of the sweat 
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g l a nds w i l l  i n f l uence the heat l o s s  f rom t he body o f  the anima l . The 

numbe r of sweat gland in sheep is about 2 4 0-3 4 0  per cm squa re . 

(b) . Respiratory tract 

Evaporat ive c o o l i ng also  occurs in t he respirat o ry t ract . I t  i s  

f a c i l i t a t e d  b y  a s p e c i a l  respi r a t o ry moveme n t  c a l l e d  p a n t i n g . T h i s  

c o ns i s t s  of sha l l ow rapid respi ratory movement s that grea tly increase 

the movement of air to and from the uppe r respi rat ory t ract , leading to 

a corre spondi ng increase in evapo rative cooling . 

2.2.4 . Regulation of deep body temperature 

. 

The hottest parts of the homeotherm a re the heart , the l iver and in 

c e r t a i n  condi t i on s  t h e  brown fat . The s e  a re t he organs whe re a l a rge 

p a rt o f  the rest i ng body heat is gene r a t e d ,  w h i le the tempe rature o f  

othe r o rgans a t  rest depends l a rgely o n  t h e  f l ow o f  blood f rom moment t o  

moment ( Stainer et al . 19 8 4 ) .  

Re c t a l  t emp e r a t u r e  i s  w i de l y  u s e d  f o r  b o t h  t he c l i n i c a l  a n d  

experime n t a l  mea s u rement of  core tempe rature because it  i s  e a s i ly and 

s a fe ly mea sured ( Bl i gh ,  19 7 3 ) . The rect a l  temperature of s heep varies 

between 3 8.5 - 41 °c. This body temperature will b e  influenced by 
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envi ronme n t a l  t empe rature , exerc i s e , s t re s s  ( i ncludi ng t h e  s t re s s  o f  

h a nd l i ng f o r  ma k i ng t he me a s u reme n t ) ,  f e e d  i n t ake a n d  t i me o f  day 

( B l i g h ,  19 7 3  a n d  S t a i n e r  e t  a l . 19 8 4 ) .  E v e n  t h o u g h , d e e p  b o dy 

tempe rat u re rema i n s  rel a tively con s t ant , s ki n  temperature can exhibit 

l a rg e  v a r i a t i o n . There f o re ,  Ho lme s  ( 19 7 9 )  s ugge s t s  c a l c u l at i ng the 

average body tempe rature of an anima l f rom mea s u reme n t s  o f  both deep 

body and skin tempe rature as follows : 

Tav 0 . 7  Tr + 0 . 3  Ts 

where 

Tav ave rage temperature of the body 

Tr deep body , rectal tempe rature 

Ts ave rage s kin tempe rature 

Regu l a t i o n  of body tempe rature is very complex and i nv o l v e s  t he 

integration o f  t he activity o f  a l a rge number o f  organs t h roughout the 

body . The t h e rmo s t a t  in the hyp o t h a l amu s receives i n f o rmat i o n  f rom 

temperature sensors throughout the body and then evokes t he appropriate 

response by pe ripheral tissues ( Bl igh , 19 7 3 ; Holme s ,  19 7 9 ;  a nd S tainer 

e t  a l . 19 8 4 ). 
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2.3. Feed Int ake 

Shearing a f fe c t s  the intake o f  feed . F o r  instance , s h e a ri ng when 

t he t emperature was 1 6 -1 7  °C inc rea s ed the feed requi remen t  by 1 8  % for 

housed sheep and by 24 % for expo sed sheep ( Elvidge and Coop , 1 9 7 4 ) . It 

i s  k n o w n  t h a t  v a r i a t i o n i n  f e e d  i n t a k e h a s  many e f f e c t s on t h e  

p e r f o rmance o f  s heep inc ludi ng ene rgy balance ( Symonds e t  a l . 1 9 8 6 ) , 

l amb birth weight (Au s t i n  and Young , 1 9 7 7 ; Symonds e t  a l . 1 9 8 6 ) , lamb 

g r o w t h  r a t e  ( A u s t i n  a nd Young , 1 9 7 7 ; S umn e r  e t  al . 1 9 8 2 ) , ewe l ive 

weight ( S umne r et a l . 1 9 8 2 )  and wool produc t i o n  (Hawke r et a l . 1 9 8 2, 

1 9 8 4 ) . 

The level o f  feed intake and the nut ritive value o f  t he feed have 

i mp o r t a n t  r o l e s  i n  a c h i e v i n g  p r o d u c t i o n  pe r f o rma n c e  by a n i mals . 

The r e f o r e ,  feed i nt a ke and i t s  v a r i a t i on i s  one of t h e  major factors 

de t e rmi n i ng l e v e l  a n d  ef ficiency of a n i ma l p rodu c t i o n  f rom p a s t u re 

I 

( Bines , 1 9 7 9 ;  Hodgson , 1 9 82 ; Chase 1 9 8 5 and Leave r ,  19 8 5) . 

The cont rol o f  feed intake h a s  been s tudied wide ly unde r i ndoo r 

feeding c on di t i o n s . H o weve r p r i n c i p l e s  c a n  be app l i e d  f o r  g r a z i ng 

anima l s  with certain rest rictions (Arnold,  1 9 7 0 )  . Moreove r ,  feed i ntake 

by grazing anima l s  will also be a f fected by many other f a c t o rs by which 

indo o r  anima l s  a re not i nfluenced . 

Volu n t a ry feed i nt ake unde r i ndoo r c ondit ions i s  a f fected by two 

mai n  facto r s . Fi rstly,  factors which i n fluence the animal ' s  requi rement 
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f o r  n u t r i e n t s  a n d  i t s  abi l i t y  t o  me t a bo l i z e  ab s o r b e d  n u t r i e n t s . 

S econdl y ,  f a c t o r s  which i n f l uence t he a nimal ' s  abi lity t o  consume the 

feed, accommodate and digest it  in the digest ive t ract ( Baumga rdt , 1 9 7 0 ; 

B i ne s , 1 9 7 1 ) . I n  g r a z i n g  anima l s  t h e  i nt e r r e l a t i o n s h i p  between the 

metabo l i c ,  phy s i c a l  a nd behav i o r a l  f a c t o rs det e rmine the mechanism of 

feed int a ke ( Hodgson,  1 9 7 7  and Min s o n ,  1 9 8 2 )  . Therefore i n  this sect ion , 

p hy s i o logi c a l  cont rol o f  int ake and f a c tors a f fecting feed int ake are 

c on s i de r e d  t o  unde r s t and be t t e r  t he e f f e c t  o f  p re - l amb s hea ring on 

i ntake and product ion . 

2.3.1. Phys iological control of intake 

The regul ation o f  feed intake i n  animal s  has been inv e s t i gated ove r 

a l o ng t i me a nd t h e  many t h e o r i e s  o f  f e e d  i n t a k e r e g u l a t i o n w e r e 

recently r e v i ewed by Baile and D e l l a-F e ra ( 1 9 8 1 )  a nd F o rbes ( 1 9 8 6 ) . 

These the o ries may be classi fied into tw� main groups . The s i ngle factor 

o r  classical t heories and the multiple factor or mode rn t h e o ries . 

2.3.1.1. S ingle factor theories 

The re a re three ma j o r  single facto r  theories .  
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( a) . Glucostatic control . 

I n  t h i s  t h e o ry g l u c o s e  i s  rega rded a s  p a r t  o f  t h e  c o n t r o l l i ng 

system for feeding in monogas t ric anima l s . I n  1953, Mayer s uggested that 

bl ood glucose concent rat ion in the animal c ont rol s feed intake . Then in 

1953 the same author reported that blood glucose concentration increases 

a f t e r  eat ing and then dec reases be f o re t he next meal ( F o rbe s ,  1986) . 

Howeve r ,  in  the ruminant animal the re is  l i t t l e  evidence suppo rting the 

i n v o l veme n t  o f  g l uc o s e  in the regu l a t i o n  o f  f e ed int a ke ( Ba i l e  and 

Della -Fe r a ,  1981) . 

(b) . Thermostatic control 

The principle of t hermostatic control t heory is that feed int ake is 

. 

needed t o  produce heat and ma intain body tempe r a t ure o f  t he animal . A 

consequence , i s  that i n  cold condit ions , feed intake increases while in 

w a rm c o n di t i o n s  it w i l l  decre a s e . F o rbe s (1986) repo rted t h a t  t h i s  

t he o ry was suggested by Brobeck in 1948 . 

( c )  . Lipostatic control 

It is known that free fatty acid concentrations in plasma a re 

useful predictors of the mobilization of body fat reserves (Aulie e t  al . 
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1 9 7 1 ) . I t  i s  suggested that an increase o f  p l asma f ree fatty acids a ft e r  

f a s t i ng o r  a p e r i o d  w i t h o u t  e a t ing might a c t  a s  a s ignal t o  induce 

feeding ( Baile  and Del l a -Fera , 1 9 8 1 ) . 

As a general conc l usion,  single fact o r  t heories a re not rega rded a s  

s a t i s facto ry and the s uppo rt f o r  several single factor theories indicate 

t h a t  r e g u l a t i o n  o f  f e e d  i n t a k e  is v e ry c ompl ex and i n v o l v e s  ma ny 

factors . 

2.3.1.2. Multiple factor theories 

Single factor theories only concentrate on one va riable , such a s  

bl ood concent ration o f  a metabolite , while t he mul t iple factor theories 

incorporate many aspe c t s  of metabolism and dige s t ion . 

Such an approach has been taken by Forbe s ( 1 9 8 6 )  who conside rs that 

t he ene rgy bal ance of t he animal has an import ant role  in  regulat ing 

feed intake . The reby , .t he anima l eats t o  meet nut rient requi rement s but 

sensory facto rs are i nvolved whe re , the anima l  w i l l  select only highly 

palatable feed . 

An alternative hypothesis has been proposed by Baile and Della-Fera 

(1981) i n  which the central nervous system (CNS) i s  the primary site  

responsible f o r  t h e  overall c o n t r o l  o f  feed intake but certainly 

involves many peripheral factors too. The various signals involved in 
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t he c o n t r o l  o f  feeding behavi o u r  are regul ated a nd int egrated by the 

hyp o t h a l amus ( De l l a -Fera and B a i l e , 19 8 4 ) .  Even though det ails o f  the 

me c h a n i sms f o r  r e c e i v i n g  a n d  c ompi l i ng t h e i n f o rma t i o n  f r o m  t h e  

p e r i ph e r y  a n d  t h e n  g e n e r a t i n g t h e  a p p r o p r i a t e  r e sp o nse f r om t h e  

hypothalamus a re not unde rst ood (Baile and Del l a -Fera , 19 8 1) Evidence 

t h a t  t he hypot ha l amus has t h e  key role  in regu l a t ing feed i nt a ke is 

revi ewed by B a i l e  et al . ( 19 6 7  a ) . They repo rted that lesions in the 

vent romedial a reas o f  the hypot ha l amus in goat causes hyperphagia and 

subse q u e n t  r a p i d  w e i gh t  i n c r e a se s  a nd l esi ons in t he l a t e r a l  and 

ant e ri o r  hypo thalamic a rea causes temporary aphagia (Baile e t  al . 19 6 8 ) .  

2.3.2. Factors a ffecting i ntake 

F e e d  i n t ake h a s  a c e n t r a l  r o l e  in t he p e r f o rma nce o f  anima l s ,  

h oweve r ,  i n t a k e  depends o n  many f a c t o rs w h i c h  are disc ussed in t h e  

f o l l owing sec t i ons . 

2.3. 2.1. Animal factors 

( a )  . Ingestive behaviour 

The anima l i n  h a rvesting pasture may s en s e  the pasture condition 

through the use of sight, taste, smell and touch to select the pasture 

e aten ( P appi e t  al . 198 7 ) . 
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The mechani sm o f  grazing intake has been reviewed by Hodgson (1985) 

and P oppi e t  a l . (1987) and can be expressed as fol lows 

I I B  x RB x GT 

where 

I pasture i n t a ke (g/d )  

IB  the weight o f  pas ture eaten pe r bite  (g/bite ) 

RB the rate o f  biting du ring gra zing (bites /minute )  

GT the t ime spent gra z i ng (minutes pe r day ) 

I n t a ke pe r b i t e  i s  t he mo s t  se ns i t ive o f  t he g r a z i ng behaviour 

pa rame t e r s  t o  changing sward c ondi t i o n ,  and both i n t a k e  per bite and 

rate o f  bi t i ng a re i n fluenced by pasture charact eri s t i c s . I nt a ke pe r 

b i t e  dec l i n es w i t h  reduced av a i l a bi l i t y  o f  p a s t u r e . T h e r eby , da i l y 

pa sture i n t ake commonly mi rrors change s i n  i ntake pe r bite . The graz ing 

t ime rarely exceeds 12-13 h / d  and intake
' 

i s  not often ma i nt a i ned th rough 

i n c r e a s i ng gra z i ng t ime ( Ra t t r a y  and C l a r k ,  1984 a nd Ra t t ray e t  a l . 

1987) 0 

(b) . Age 

Intake i s  influenced by energy demand o f  the animal. Thus, 

voluntary feed intake increases progressively until 30-40 % of mature 
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b ody we i gh t  i s  a c hi e ved a n d  a f t e r  t h a t  rema i n s  ste ady o r  de c re a s e s  

s l ight ly . Howeve r ,  when volunt a ry feed int ake was expre s sed per u n i t  BW 

0 . 7 5 a s t eady de c re a s e  was s hown a fter the maximum o f  about 35 % of 

mat u re body weight was reached, c onsequently the volun t a ry f eed int ake 

at  mat u ri t y  was about 50% of the maximum att ained (West o n , 1 9 8 2 ) . 

( c) . P regnancy and lactation 

P regnancy s t a t u s  a f f ec t s  feed i n t a ke . I t  was f o u n d  t ha t  i n t a ke 

i n c re a s e s  f o r  ewes ca rrying s i ngle foe t u s e s  whil e f o r  ewes ca r rying 

twins and t riplets there was a s l ight dec line with advancing p regnancy 

( Hadj ipieri s and Holme s ,  1 9 6 6 )  . This is supported by Owen and I ngleton 

( 1 9 6 3 )  who repo rted that int a ke did not increase concurrently with the 

dema nds o f  the foetus  du ring the l a ter s t ages of  p regnancy and even 

became depres sed as  parturition approached . 

Lambing and ensuing lactat ion resulted in an immedi ate inc rease i n  

f e e d  i n t a ke ( Owen and I ngleton , 1 9 6 3 ;  Hadjipieris and Holme s ,  1 9 6 6 ) . 

Feed intake o f  l actating ewes was s igni ficantly highe r t han t hat o f  dry 

o r  pregnant ewes and higher in ewes suckl ing twins than singles (Arnold, 

1970 ) . Furthermo re , Hadjipier i s  and Holmes (1 96 6 )  noted that l a ctating 

ewes rea ri ng twins ate 1.85 kg/day over 10 weeks of lactat i on o f  dried 

g ra s s  pel le t s  whereas ewes rearing a s ingle l amb a t e  1 . 55 kg DOM per 

day , c ompared with dry ewes which ate only 1 .14 kg/day . 
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2.3.2.2. Feed factors 

The two major feed factors a f fecting intake in p a s tu re fed anima l 

i s  the avail abil ity a nd the qual i t y  o f  the pasture offere d .  

( a )  . Ava i l ability 

In gene ral the level of intake inc reases with the pas ture allowance 

whe re pasture a l l owance is the amount of pasture avai lable to the an imal 

and is de fi ned as t he weight o f  he rbage per an imal per unit time ( kg 

DM/ ewe /day ) ( Ra t t r a y  and Cla r k ,  1984 ) . Fu rthermo re , i nt a ke reaches a 

maximum with pasture allowance 3-5 t imes the intake . 

I t  is se l f  evident that t he amount eaten by an animal is a function 

of the amo u n t  o f f e r e d  but t he r e l a t i o nship ln a g r a z ing s y s tem is 

compl ex in t h a t  the densi ty ( kg DM/ ha ) of the past u re and the height 

( cm )  o f  t he p a s t u r e  �i l l  i n f l uence i ntake at any given a l l owance ( kg 

DM/ e we / day ) . Thus the reducti o n  o f  pasture mass from 4020 kg DM/ha to 

3290 kg DM/ha dec re a sed intake p e r  bite by 28 % ( Fo rbes and Hodgs on , 

1 985) . 

E f fect o f  the pasture ma s s  h a s  been i nvestigated by Poppi et al. 

( 1987) who s howed pre-gra zing pasture mas s  which ranged between 2 , 000 to 

5,000 kg DM/ha did not have a ny e f fect either on l amb intake or  growth 
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rate . H oweve r ,  with pre -gra zing pa sture ma ss between 1,100 t o  1 , 4 4 5  kg 

kg DM/ha (90 % green mat e rial ) intakes of the ewes were reduced ( Ratt ray 

and C l a r k ,  1984 ) . 

(b)  . Quality 

(i ) . Dead material content 

Grazing sheep pre f e r  green leafy pa sture and reject de ad ma t e r i a l  

( L ' Hui l l i e r  e t  a l .  1984 ) . Dead mat erial has a very l o w  digestibi l i ty ( 4 0  

% )  c ompa r e d  w i t h  g r e e n  ma t e ri a l  (80 % )  ( Ra t t ray and C l a r k ,  1984 ) . 

Mo reove r ,  But l e r  e t  a l . (1987) noted that a nimal performance ove r l ate 

spring and summer may be inf luenced by the level of leaf ma s s  and dead 

mat t e r  in pasture but not the level of green grass s tern . 

(ii ) . Proportion of legume 

Leg u me s  have a n  important effe ct o n  intake at l ow pasture 

allowances (Rattray et al. 1987) . They are very palatable and with the 

aerial distribution of their leaves they are easily prehended especially 

at low allowance. The rate of passage of legumes through the digestive 

tract is fast. Legumes are more digestible and the digested nutrient 
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mo re e f f i c i e n t l y  u t i l i zed for gains t ha n  g r a s s e s  ( Rat t ra y  a n d  C l a r k ,  

1984 ) For instance,  at l ow pasture a l l owances lamb growth rate  can be 

150 to 200 g/d h i gher on clove r dominant pasture (60-80 % c l ove r )  than 

rye grass domin a nt pa sture (0-25 % clove r ) . While ewes ga ined 50-100 g/d 

more on clover dominant pasture (60-80 % clove r )  compared w i t h  rye grass 

domi nant white clover (25- 30 % c l ove r )  whe n the same DM a l l owance of 

each pasture w a s  o f f e red . 

(iii) . Grass characteristics 

Grass as a ma in source of feed for the graz ing anima l  h a s  spec i f i c  

c h a r a c t e ri s t i c s  i n  t he di s t r i but i o n  o f  p l a n t s , l engt h o f  t i l l e r  and 

he i gh t  w h i ch c a n  i n f l uence s e l e c t i o n ,  rate of i n t a k e  o r  b i t e  s i z e 

( Hodgs on , 1982) F o r  i n s t ance , lea f w a s  e a ten in  pre f e r e n c e  t o  s t em 

( Mi n s on , 1982) . A l s o  a s  p a s t u re p l a n t s ma t u r e there w a s  u s u a l ly a n  

. 

i ncrease i n  the p roport i on of fibre and a reduction in the protein and 

non s t ructura l ca rbohydrate of the ce l l  conten t s  ( Thornton a nd Mi nson,  

1973) . 

2.3.2.3. Climatic effects 

The effect of the temperature on sheep has been investigated by 

Bhattacharya and Uwayjan (1975) who reported that feed intake of sheep 
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unde r cool  condi t i on (11-22 °C . ) was higher t han under hot conditions 

(2 7 -32 ° C )  M o r e  p a rt i c u l a r l y  e x p o s u r e  t o  c o l d  s t r e s s  i n c r e a s e s  

vol unt a ry i nt ake i n  l ambs and sheep . D ry ma tter inta ke wa s greater in 

growing l ambs expo sed to 0 °C compa red t o  23 °C ( S ode rqu i s t  a nd Knox , 

1967 ) and feed i ntake i nc reased in mature sheep housed i ndoo r s  a s  still  

a i r  tempe rature fell (Webster e t  al . 1969) 

Cold s t re s s  can be induced by s hearing and the increase i n  appet ite 

f o l l owing shearing is  dependent on the tempe ratu re, preva i l ing weathe r 

conditions and qual ity of avai lable feed.  I n  one expe riment with pen fed 

sheep i nt a ke i n c reased by 4 0-50 % a f ter shea ring in winter ( Wodzicka

Tomas zewska , 1963) , whi le in another an increase of up t o  70 % i n int ake 

was obs e rved a f t e r  shear ing at 7 -10 °C ( S umne r  et a l . 1983) . Unde r 

g r a z i n g c o n di t i o n s , s h e e p  s ub j e c t e d  t o  c o l d  (14 -27 ° C )  f o l l o w i n g  

shearing i nc reased feed int ake sign i ficant ly b y  42-62 % (Wheel e r  et a l . 

1963 and Sumne r et al . 1983) . The e f fect s of the va rious components of 

cl imate on vol unt a ry feed intake have not been s t udi ed comprehe nsively 

(Weston,  1982 ) . Howeve r ,  wind can decrease the cold tole rance of f reshly 

shorn adult sheep . Sheep with 7 mm of f leece wi thstood -15 °C but when 

t hey were wet and exposed to a 7 m/ s w i nd t hey withst o o d  o n l y  13 °C 

( NRC , 1981 ) . 

2.3.3. Feed intake measurement 

Mea s u rement o f  feed int a ke i s  impo rtant i n  any s t udy o n  f a c t o rs 

affecting feed intake and its control. Methods for measuring feed intake 

may be cla s s i f ied as  direct o r  i ndi rect . 



2 6  

2 . 3 . 3 . 1 .  Direct methods 

Feed intake by ruminant animal s in s t a l l s  o r  pens c a n  be readi ly 

measu red by weighing the initial amount o f  feed o f f e red and subt ract i ng 

the weight not eaten . Howeve r ,  the measurement o f  feed i n t ake by grazing 

a nima l s  i s  more di fficult and relies on indi rect met hods ( F o rbe s ,  1986; 

Geenty and Rattray,  1987) . 

2 . 3 . 3 . 2 .  Indirect methods 

An i ndi rect  e s t ima te o f  f e e d  i n t ake by g r a z i n g  a n i ma l s  c a n  be 

obt ained by measuring faecal output and estimat ing t he dige s t ibil ity of 

the p a s t u re eate n .  Th is intake i s  calculated by the 

t he f o rmul a  for cal culat ing diges tibility . 

D ( I -FO ) / I  x 100 

where 

D digestibility of pasture 

I = feed i ntake 

FO = faecal output 

rea r rangement of  



s o  that 

I ( F0 / 1 -D )  x 1 0 0  
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The accuracy o f  t he measure o f  i ntake w i l l  be dependent upon how 

accu rat e ly faecal output and digestibi l i ty of t he c onsumed he rbage can 

be e s t imated.  

I ndi rect met hods commonly rely on t he use o f  a ma rker t o  est imate 

faecal output ( Kobt and Luckey , 1 9 7 2 ,  Mei j s  1 9 8 1 ) . The animal i s  dosed 

r e gu l a r l y  w i t h  a known amount o f  a ma r k e r  s u b s t a n c e  w h i c h i s  not 

abso rbed o r  bro ken down during i t s  pa ss age th rough t he al iment ary t ract . 

I f  t h e s e  c o ndi t i o ns a re me t t hen a l l  the ma rke r wi l l  appear i n  the 

faeces . If  it  i s  further a s s umed that the ma rke r  is  evenly di st ributed 

t h r o ug h o u t  t h e  f a e c e s  t h e n  t he concent r a t i o n  o f  the ma rker wi l l  be 

i n v e r s e l y  re l a t ed to t h e  v o l ume of f a e c e s . T h u s  by de t e rmi ning the 

concent ration o f  t he ma rker in a subs ample of  the f aeces an estimate of 

the total  volume o f  faeces can be made . 

( a )  . Faecal output 

Faecal output can be measured by di rect c ol l ection or by i ndi rect 

met hods . The f o rmer can be carried out by total collect i on of faeces in 

bags attached to the anima l  (Me ijs , 1 981 ) . Unf ortunately this  system can 

be a s ource o f  e rror because the collection equipment i s  a burden and 
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i nconvenient f o r  the anima l s o  faeces  may be l o s t . A ma rke r  which i s  

c ommo n l y  u s e d  i s  c h r omi um ox ide ( C r 2 o 3 ) ( Raymo nd and Min s o n , 1 9 5 5 ;  

F o rbes , 1 9 8 6 ;  Geenty and Rat t ray , 1 9 8 7 ) . Chromium oxide i s  used widely 

a s  a marker because it is inert and non toxic and is not absorbed ( Lee 

et al . 1 9 8 6 )  . 

D a i l y  f a e c a l  output f rom t h e  gra z i ng animal can be calculated as  

f o ll ows ( Geenty and Rat t ray, 1 9 8 7 ) . 

FO ( 1 , 0 0 0 X ) /Y  

where 

FO faecal output (g/d)  

X C r2 o 3 administered (g/d)  

Y c r2o 3 in faeces (mg/g DM) 

( 1) . Administration of Cr203 

Ch r omi u m  o x ide may be admi n i s t e red a s  a drench o r  i n  capsules  

d e p o s i t e d  i n  the rume n ( Ra y m o n d  a nd Mi n s o n ,  1 9 5 5 ) . T h e  c a p s u l e  

cons i s t i ng e i t he r  o f  a gel a t i n  she l l  con t a i n i ng a st a ndard weight of 

chromium or a device which slowly releases cr2o3 f rom a mat rix cont ai ned 

within a p l a s t i c  barre l  (Ellis and Rodden ,  1 9 8 7  and Laby et al . 1 9 8 4 ) . 
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E a rl y  s t ud i e s  i n  which the C r2 o3 w a s  drenched once da i l y  s howed 

l a rge v a r i a t i on in e s t imate s  of f a e c a l  output becaus e  mi x i ng o f  t he 

marke r and food i n  the gast rointest inal t ract was incomplete . Therefore 

to imp rove t he mix i ng t he c r2 o 3 was  given t w i ce ( Raymond and Minson , 

1 9 5 5 )  o r  more f requently each day ( P igden and B risson,  1 9 5 6 )  . 

Mo re r e c e n t l y ,  t he u s e  o f  g e l a t i n  c a p s u l e s  h a s  i n c r e a s e d  t h e  

uni f o rmi ty o f  di spersion o f  the ma rke r and reduced the observed di urnal 

v a r i a t i o n i n  f a e c a l  c h r o mi um c o n t e n t . T h i s  has f a c i l i t a t e d  t h e 

es t imat i on o f  f ae c a l  o utput in groups o f  gra zing anima l s  and has  the 

po t e n t i a l  f o r  a pp l i c a t i on in individu a l  an ima l s  ( E l l i s  and Redde n ,  

1 9 8 7 ) . The u s e  o f  c o n t rol l ed- r e l e a s e  c a p s u l e  ( CRC ) c o nt a i ni ng c r2 o 3 

al lows mo re uni f o rm di s t ributi on o f  Cr2o3 in  the faeces o f  sheep and the 

diurnal va riat i on o f  Cr2o3 exc retion obse rved with twice daily do s ing is 

redu c e d  by one t h i rd ( E l l i s  e t  a l . 1 9 8 1 ;  P a rke r e t  a l . 1 9 8 9 ) . The 

rema ining variabi lity in Cr2o3 concent ration is more close ly a s s ocia ted 

with t he pattern o f  feed intake and f l ow of  digesta ( Laby e t  a l . 1 9 8 4 ) . 

( 2 )  . Recovery o f  Cr203 . 

The recovery o f  cr2o3 foll owing administ ration o f  gel a t i n  capsules 

is bet t e r  t h a n  t h a t  f o l l ow i n g  d r e n c h i n g  w i t h  c r2o3 in a s uspe n s i on 

( Raymond and Min s o n ,  1955) . This di f fe rence may be due t o  s l i ght los ses 

of  cr2o3 during drenching whe reas a l l  t h e  Cr2o3 enters  the rumen when 

given by capsul e s . 
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cr2o3 concent rat i on in the faeces can reach s table value s  5 - 6  days 

after  inserting the capsule into the rumen and was simi l a r  to the daily 

release o f  cr2o3 ( Ha r rison e t  al . 1 9 8 1  and Laby e t  al . 1 9 8 4 )  and cr2o3 

release i s  linear and uni form over the period 5 t o  3 0  days a f t e r  dos ing 

( E l l i s  and Rodde n ,  1 9 8 7 )  . 

Rec ove ry o f  c r2 o 3 f o r  c a t t le ra nge f rom 7 6  t o  1 1 9  % w i t h  l a rge 

v a r i a t i o n  w i t h i n  a n d  be t w e e n  days  ( C a r r u t h e r s and B r y a n t , 1 9 8 3 ) . 

F u r t h e rmo r e ,  Raymonds and Mi n s on ( 1 9 5 5 ) , repo r t e d  t h a t  t h e  

content o f  faeces  f rom t reated dai ry cows varied between mo rning and 

evening sampl i ngs by as much as 1 5  % with a low value at 1 0 - 1 2  am and a 

h i gh content at 2 - 4  pm . I n  the field t he recovery in sheep ranged from 

7 0  % t o  1 3 0  % and i ndoo r s between 8 5  t o  1 2 0  % ( Raymonds and Minson , 

1 9 5 5 ) . More recently,  Parker e t  al . ( 1 9 8 9 )  repo rted that recove ries were 

gene rally wi thin 9 0 - 1 1 0  % in s heep given CRC . 

(b)  . Digestibility 

Digest ibi l ity o f  feed eaten by the animal i s  af fected by the age , 

types o f  plant and c l imatic condition s . The ave rage dige st ib i l i ties o f  

gra s s e s  i n  t empe rate count ries were highe r ( 6 8 . 2 % )  than in t ropical 

c ount ries (55 . 4 % )  (Minson, 1 9 8 2 ) . 

Digestibil ity o f  pasture can be measured by several met hods , these 

i n c l ude marke r - ra t i o ,  faecal  inde x ,  f i s t ul a t e d  animal s and in vitro 
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t e ch n i q u e s  ( Roughan a n d  Ho l l a nd ,  1 9 7 7 ;  Holme s ,  1 9 8 0 ;  Mei j s ,  1 9 8 1 ) . 

Howeve r ,  the i n  vitro technique has t he advant ages of speed, cheapnes s  

a n d  p r e c i s i o n  a n d  i s  

maturi t y . 

2 . 4 .  Met abolic effects 

a l s o  appl i c able to f o rages at a l l  s t a ges o f  

N e w  Z e a l an d  i s  a tempe r a t e  c o unt ry w h e r e  t h e r e  i s  a di s t i n c t  

seasonal variation in envi ronmental temperature f rom c o l d  i n  winter to  

w a rm or  hot  i n  s umme r . Coinc i di ng with t h i s ,  p regn a ncy and l amb ing 

c ommon l y  o c c u r  in the cold condi t i ons of winter  and e a r l y  spring . I n  

a ddi t i o n  s ome f a rme rs shea r t he i r  sheep be f o re l ambi ng at the end o f  

w i nt e r . A l t h o ugh l i t t l e  i s  known about t h e  e f f e c t s o f  p r e - l amb i n g  

shea ring a n d  expo sure o f  the ewe t o  cold condit ion o n  t h e  concent ration 

of s p e c i f i c  me t a bo l i t e s  such as gluco s e , non e s t e r i f ied fatty acids 

( NEFA ) , 3 hydroxybutyrate ( BHOB ) , urea and creat inine i n  the pla sma , t he 

c once n t r a t ions o f  some o f  these me tabo l i t e s  vary in response t o  cold 

s t re s s . The p r e s e n t  expe rime n t s were unde r t a ken to obt a i n  f u r t h e r  

i n f o rmat ion o n  t he ef fect o f  cold s t ress o n  t he concent ration o f  various 

plasma met a bo l i t e s  and to asses the seve rity o f  the s t re s s  imposed by 

di f f e r e n t  me t h o d s  o f  s he a r i ng by me a s u ri n g  t h e  c h a nge s i n  p l a sma 

concentration of various metabolite s . 
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2.4 .1. Glucose 

Glucose i s  an i mport ant energy source for ruminants incl uding t he 

sheep . I t  i s  needed by a variety o f  t i s s ue s , especially t he brain,  in  

o rde r to  maintain no rmal function and consequently its concent r a t i on in 

plasma i s  mai n t a ined very constant by complex homeostatic mechani sms . 

2.4 .1.1. Gluco s e  requirement 

The activity o f  the whole body i s  cont rol led by the cent r a l  ne rvous 

system with the hypothalamus as a ma in regu l at o r . A cons tant s upply of 

g l u c o s e  is n e e d e d  to ma i n t a i n  t h e a c t i v i t y  o f  t h e  n e r v o u s  s y s t em 

i n c l uding t h e  b r a i n  o f  sheep . Furthermore , Linzell ( 1 9 7 4 ) showed that 

about 3 0 - 5 0  % o f  the ene rgy of the fed goat is  gained f rom the oxida t i on 

o f  glucose . 

P regnancy and lactati on increa se t he demand for energy e s pecially 

glucose . I n  pregnant sheep , the uti l i zation of  glucose by t h e  conceptus 

i s  large ( Hay et al. 198 3 )  and the rate of  gluconeogenes i s  increases two 

fold in late p regnancy (Faulkne r,  198 3 ) . During lactation in goa t s  up to 

85 % of the glucose available to  the body is  used by the mammary gland 

for mil k  synthe s i s  for which it is  an e s sential precurso r  (Davies and 

Bauman, 1974) . 
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2 . 4 . 1 . 2 .  Glucose precursors 

There are t h ree source s of gl ucose in the ruminant a nima l . Fi rstly 

a l i t t l e  g l uc o se can be gained f rom t he dige s t i v e  t ra c t  S e condly , 

glycero l  released f rom body fat re s e rv e s , ami n o  a c i d s  f rom t i s s ue 

p ro t e i n  a n d  g l y c ogen r e s e r v e s ,  a r e  p o t e n t i a l  s o u r c e s o f  g l u c o s e . 

T h i r dl y ,  t he ma j o r  port i o n  o f  g l u c o s e  a v a i l a b l e  t o  t he rumi na n t  i s  

supp l i e d  b y  gluc ogene s i s  f rom product s  of  dige s t ion such as  propionic 

a c i d  a nd ami n o  a c i ds ( L i nd s a y , 1 9 7 0 ) The re f o r e ,  t h e  p r o v i s i o n  o f  

gl u c o s e  i s  a n  ene rget i c a l l y  expensive proce ss and t h e  ruminant an imal 

may be expected t o  have evolved a variety of mechani sms for conse rving 

g l u c o s e  ca rbo n . These me chani sms play parti cula rly important roles i n  

s it u a t i on s  where glucose demand is  high, suc h  as  in l a t e  pregnancy and 

e a r l y  l actation ( Linzel l ,  1 9 7 4 ) . 

The l ive r is  the main s ource of  glucose production ( 6 5 - 8 0  % )  during 

bot h  pregnany and l acta t i on (Van de r Walt et a l . 1 9 8 3 ) . Ot he r s ources 

are t h e  port a l -drained viscera ( absorbed glucose ) and t h e  kidneys . 

2 . 4 . 1 . 3 .  Glucose utilization 

I n  the non-lactating ruminant oxidation of glucose is an important 

sourc e of energy for t issues such as the central nervous system. 

Oxidation of g lucose via the pentose phosphate pathway provide a 



3 4  

p ropo r t i o n  o f  t h e  NAD P H  requ i red f o r  f a t  s y n t he s i s  i n  t h e  adipo s e  

t i s sue . Glucose i s  al s o  a n  important precursor f o r  the glycerol moiety 

of the t ri a cyl glycerides formed in the adipo se t i s s ue . G l u c o s e  is  an 

important p recu r s o r  of  oxaloacetate and hence plays a ma j o r  role in t he 

f unct i on o f  the t rica rboxylic acid cycl e . Ove r 8 0  % o f  t he glucose is  

u t i l i zed by t h e  peripheral t i s s ue s  in  t he non p regnant , non l actating 

s heep wit h  app roximately 3 5 -4 0  % o f  the ut i l i za t ion being a t t ributable 

to t he hind qua rt ers ( Van der Walt et al . 1 9 8 3 ) . 

The glucose concent ration in t he bl ood of  ruminant a nima l s  va ries 

between 4 0 - 6 0  mg/ 1 0 0 ml ( Schul t z ,  1 9 7 4 ) . This concent ration is neces sary 

t o  ma int a i n  t h e norma l f u n c t i o n  o f  many body t i s s u e s . L o w e r b l o o d  

g l u c o s e  c on ce n t r a t i o n s  c a n  l e ad t o  t h e  dev e l opment o f  k e t o s i s  w h i l e  

h i gher concent ration s  inc re ase t he r a t e  o f  glucose ut i l i z a t ion . Blood 

c oncent ration can be inf luenced by many factors part i cu l a rly pregnancy 

a nd l a c t a t i o n  ( Ch a i y abut r e t  a l . 1 9 8 2  and B a i rd e t  a l . 1 9 8 3 ) , cold 

s t re s s  due t o  s he a r i n g  ( Symonds e t  a l . 1 9 8 5 ,  1 9 8 6 ) , a nd pl ane o f  

nut rition ( Chandl e r  e t  al . 1 9 8 5 ;  Me t z  and Van den B e r g ,  1 9 7 7 ) . Blood 

glucose concent ration s , however are an unrel iable indi c a t o r  of the rate 

of glucose met abolism . 

The rate of glucose uti l i z at ion by the t i ssues can be e s t imated by 

mea suring t he entry rate of glucose into the ci rcula t i o n  u s i ng i s otope 

dil ut ion techniques . The ent ry rate of glucose w a s  2 8  % h ighe r in shorn 

ewes compa red with unshorn, even t hough there was no d i f f e rence in t he 

a r t e r i a l  p l a s ma c o n c e n t r a t i o n o f  g l u c o s e  ( Mc K a y  e t  a l . 1 9 7 4 ) . 

Furthe rmo re ,  studies in  fed non pregnant ewes after shea r i ng showed that 
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glucose entry rate was increased from 2 . 0 7  gC /d pe r kg l ive wei gh t  0 · 7 5 

when mea s u red a t  1 8  °C to  5. 0 7 gC /d per kg l ive weight 0 · 7 5 
a f t e r  being 

mai n t a i ned at a n  env i ronmental tempe rature o f  -2 °C for  6 weeks . 

2 . 4 . 1 . 4 .  Factors affecting glucose metabolism 

As out l i ned glucose concent ration and metabo l i sm can be i n f l uenced 

by many fact o rs . 

( a )  . P regnancy and lactation 

P regnant s heep have a highe r rate of glucose product i on because the 

utili zation rate of glucose by t he concept us i s  l a rge ( Hay et a l . 1 9 8 3 )  

' 

and glucose concent ration in ewe s is a f fected by pregnancy and the level 

o f  n u t rient i nt a ke ( Davies e t  al . 1 9 7 1 ) . Thus gluc o se synthe s i s  and 

uti l i z at ion i nc reased during pregnancy and lact a t i on i n  fed but not in 

s t a r v e d  g o a t s  ( C h a i y a b u t r  e t  a l . 1 9 8 2 ) .  I n  e w e s ,  c i r c u l a t i ng 

concentration o f  glucose t end t o  be highe r du ring lactation t ha n  during 

pregnancy ( Ba i rd e t  al . 198 3 ) . In the lactat ing a nimal more than 50 % o f  

t h i s  glucose w a s  removed by the mamma ry glands ( Chaiyabut r e t  a l . 198 2 ) . 
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(b) . Nut rition 

Undernut rit i on caused s igni ficant decreases i n  mat e rnal and foetal 

blood glucose concent rations which were accompanied by 46-63 % dec reases 

in t he upt a ke o f  glucose by t h e  v a r i o u s  t i s s ue s o f  t h e  u t e ru s  a nd 

c o n c e p t u s  ( Ch a n d l e r  e t  a l . 1985) S t a rva t i o n  de c re a s e s  the rate o f  

glucose synthes i s  and increases the dependence o f  the t i s s ues on l ipid 

as an e ne rgy source ( Bergman , 1973) . The immediate effect of i ncomplete 

s t a rv a t i on was to lowe r plasma glucose concentration ( P a t t e rson , 1964) . 

D i f fe rences in  glucose met abo l i sm measurements be tween thin and fat 

sheep w e r e  gre a t e r  on a high plane of feeding whi le t he di f fe re nces 

became less  o r  di sappeared during fast ing (McNiven , 1 9 8 4 ) . 

( c )  . Cold s t re s s  and shearing 

I n  c o l d  c ondit i o n s ,  p regnancy i n c re a s e s  t he produc t i o n  of heat 

which could be used t o  maintain body tempe rature by about 40 % ( Aulie et 

al . 1 97 1) . Mo reover ,  Tsuda et al . ( 1 984) reported that heat production 

of  sheep exposed to  0 °C incre ased 2 . 14 t imes compared with those at 2 0  

0c . At 0 ° C t h e  p e r c e n t a g e  o f  t ot a l  h e a t  p r o duc t i on de r i v e d  f rom 

oxidation of acetic acid dec reased a nd the subst ances which cont ributed 

50 % of t he heat were not ident i fied a nd remained unknown . However ,  they 

sugg e s t e d  i t  w a s  produced f rom t h e  oxida t i o n  o f  l a c t i c  a c i d ,  amino 
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a cids and de rivat ives o f  butyric acid . I n  addi t i on , t he t urnover rate o f  

acetic acid, which i s  the mai n  ene rgy source f o r  the ruminant , showed no 

di f fe rence between the two regimes but t he t u rnover of glucose i nc reased 

s igni f i cantly at 0 °C .  Therefore , glucose is  one of t he important energy 

s ou rc e s  when t he anima l l a c k s  energy either due t o  cold condi t i on o r  

s t a rvation ( P at terson e t  al . 1 9 6 4 ) . 

The glucose concen t r a t i ons o f  shorn sheep exposed t o  cold ( 8  °C )  

was higher than that o f  sheep i n  hot condit ions ( 3 0  °C )  ( Hall iday e t  al . 

1 9 6 9 )  and pregnant sheep ( Mellor e t  a l . 1 9 7 5 ;  Thompson et a l . 1 9 8 2 ) . The 

e f f e c t s  o f  b o t h  a c u t e  a n d  c h ro n i c  expo s u re to cold were s t udied by 

Thompson e t  al . ( 1 9 8 2 )  Expo sure t o  a cold envi r onme nt f o r  a pe r i od 

b e t w e e n  0 . 5  a n d  2 h o u r  i n c re a s e d  t h e  c o n c e n t rat ion o f  g l u c o s e  i n  

mate rnal plasma . Furth e rmo re ,  at the end o f  2 hours i n  the cold,  foetal 

plasma glucose concent ration was  also highe r than cont rol values in  t he 

neut ral e nvi ronment . There fore , t here was a positive correlation between 

ma t e rnal a nd foetal  p l a sma glucose concent r a t i o n  in  c o l d  condi t i on s  

( Thompson e t  al . 1 9 8 2 ) . Fol l owing a long t e rm exposure to  c o l d ,  there 

was also a significant i nc rease in whole body glucose ent ry in t he shorn 

pregnant ewe ( Symonds e t  a l . 1 9 8 8 ) . 

C o l d  s t r e s s  c a n  b e  i n d u c e d  b y  s h e a r i n g .  P l a s m a  g l u c o s e  

c oncent rations  in p regnant ewes t empo r a r i l y  i n c reased a ft e r  s he a ring 

then fell shortly bef o re l ambing (Ast rup a nd Nedkvitne , 1 9 8 8 ) . Symonds 

e t  a l . ( 1 9  8 5 ,  1 9 8 6 )  r e p o rt e d  t h a t  p l a s ma g l u c o s e  concent r a t i o n  i s  

i n c r e a s e d  i n  t he pregnant ewe sho rn three w e e k s  be f o re parturat i o n . 

There a re many fact o r  a s s ociated with this . Glucose concent rat ion may 
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have increased as  a result of  an increase i n  mat ernal glucose product i on 

o r  a dec rease in  glucose utili zation or bot h . A dec rea se in  ut i l i zat i on 

being due to  increase i n  ma te rnal fat oxida t i o n ,  whi le an increase in 

p rodu c t i o n  of g l u c o s e  i s  p e r h a p s  more l i ke l y s i nce l o ng t e rm c o l d  

exposure o f  non pregnant s heep results i n  higher oxidat ive requi rements 

f o r  glucose (McKay et al . 1 9 7 4 )  

2 . 4 . 2 .  NEFA (Non esterified fatty acids) 

I n  1 9 5 6 ,  Dole found a positive co rrel a t i on between the nut rit ional 

state o f  human subj ects  a nd plasma NEFA concent ration (Anni son , 1 9 6 0 ) . 

S i nce t ha t  t ime pla sma c o ncent ration of NEFA have proven to be useful 

indi c a t o rs o f  f a t  mobi l i z a t i o n  (Aulie et  a l . 1 9 7 1 ) . The reby ,  changing 

levels o f  NEFA in  plasma generally re flects changes in the rate o f  depot 

fat mobi li zation ( H a l l i day et  a l . 1 9 6 9 ) . 

2 . 4 . 2 . 1 .  NEFA requirements 

NEFA are an import ant source of energy ( Au l i e  et al . 1 9 7 1 and 

Syrnonds et al . 1 986) , particularly in fasted sheep (Graham and Phillips, 

1 981) . The energy demand in early lactation is high and o ften results in 

a negative energy balance . Cows mobilize their adipose tissue to support 

the shortage o f  energy and this is reflected in the increasing NEFA 

concentrations (Miettinen and Huhtanen, 1989) . 
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2 . 4 . 2 . 2 .  NEFA precursors 

T ri glyce rides ( t ri acylglyce rol s )  present in t he adipose t i s sue a re 

r e g a r d e d  a s  a p o t e n t i a l  s o u r c e o f  e n e rgy w h e n  e n e r g y  i n t a k e  i s  

i n s u f f i c ient t o  mee t  the demands o f  t he animal . The t riglyce rides a re 

hydr o l y s e d  by a hormone - s e n s i t ive l ipase re l e a s i ng glycerol and NEFA 

int o t he blood s t ream .  The glycerol can be conve rted t o  gluco se in  t he 

l ive r w h i l e  t he NEFA may unde rgo breakdown i n  a number o f  t i s sues by 

bet a -oxidation to acetyl CoA which enters the t ricarboxylic acid ( TCA ) 

cycle and i s  oxidi zed ( Me t z  and Van den Be rg ,  1 9 7 7 ) . NEFA are a l s o  ma j o r  

p recu r s o r s  f o r  ketone body f o rmation in t h e  rumi nant anima l and it  was 

s howed by Schul t z  ( 1 9 7 4 )  that mo re t han 4 0  % of the ket ones in fed goa t s  

we re de rived f rom NEFA w h i l e  in t h e  fas ted ket o t i c  animal a l l  o f  t hem 

come f rom NEFA . Finally NEFA may be re synthes i sed into t riglyce rides ln  

the liver and relea sed into t he ci rcul ation as l ipoproteins . 

2 . 4 . 2 . 3 .  NEFA Metabolism 

The concent ration of NEFA in the plasma of non-pregnant sheep lies  

between 0 . 1  - 0 . 9  �equiv / 1  (Anni son ,  1 9 6 0 ) . Changes in the concent rat i on 

of  NEFA reflects changes i n  the deposition and mobili zation o f  fat f rom 

t he adipose t i s sue (Hall iday et al . 1 9 6 9  and Aul i e  et al . 1 9 7 1 ) . 
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2 . 4 . 2 . 4 .  Factors a ffecting NEFA metabolism 

There a re many fact ors a ffecti ng NEFA concent ration in s heep . The 

mos t  important factors are summeri zed as fol lows . 

( a )  . Pregnancy 

During the first two months of pregnancy NEFA concen t ra t i ons were 

low and relat ively const ant (mean 0 . 4 3 �equiv/ 1 )  (Aulie e t  a l . 1 9 7 1 )  but 

i n c re a s i ng to relatively h i gh concent rat i o ns ( 1 -2 . 5  �equiv / 1 )  l at e  in 

lactation (Annison,  1960) . 

(b )  . Fasting and unde r feeding condition 

When non pregnant s heep were fasted, plasma NEFA s teadily increased 

r e a c h i ng a max imum a f t e r  3-5 day s ,  w h i l e  i n  pregna nt s he e p ,  f a s t ing 

resulted in a rapid r i se in plasma NEFA concent ration with a 5-10 fold 

i ncrease occurring within 2 4  hours (Anni s o n ,  1 960) . Furt h e rmo re , t he 

plasma l evel o f  NEFA in starved sheep can be up t o  6 t imes higher t han 

those of fed sheep ( P atterson, 1 963) . Howeve r ,  the immediate e f fect of  

incomplete s t a rvati on was to raise the pla sma NEFA level and lower the 

plasma glucose level . 
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C handle r  e t  a l . ( 1985), repo rted t h a t  me an arteri a l  p l a sma NEFA 

concentration was mo re than double in unde rnourished ewes comp a red with 

fed ewes . Exe rcise caused s igni ficant i ncreases in arte rial p l a sma NEFA 

concent ration i n  both fed and underfed ewes . 

( c )  . Cold stre s s  and s hearing 

P l a s ma N E FA c o n c e n t r a t i o n s  i n  s he e p  c a n  be a f f e c t e d  by c o l d  

condi t i on s  ( H a l l i day e t  a l . 1969 ; S t o t t  and S l ee ,  1985) . The a c ute 

exposure of p re gnant sheep to  cold i ncreased concent ration of NEFA in 

ma t e rnal p l a sma , howeve r t he concent r a t i o n  in foetal plasma dec re a sed 

( T hompson et al . 1982) . When shorn sheep with a fleece length o f  5-10 mm 

were t rans fe rred f rom a thermoneut ral tempe rature and exposed t o  -20 °c , 

p l a sma NEFA c o ncent r a t i o n  increased t o  3500 �equiv / 1  during t he f i rst 

day o f  expo s u re ( Ha l l iday e t  a l . 1969) . Moreove r ,  E l vidge and Coop 

. 

( 1 9 7 4 ) rep o r t e d  NEFA concent rat i on i n  wool l y  s heep o f  a round 300-600 

�equiv / 1  whi l e  in shorn s heep the concent rat i on were 500-1200 �equiv / 1 . 

NEFA concent rat i on were elevated on days 4 and 10 a ft e r  shea ring 

i n  p regnant e w e s , but t h e r e  w e re no s igni fi cant di f ferences  b e t ween 

s h o rn a nd u n s h o r n  ove r t he rema i n i ng seven weeks of  pregnancy (Ast rup 

and Nedkvitne , 1 9 8 8  and Symonds et al . 1 9 8 8 a ) . 
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2 . 4 . 3 .  3-hydroxybutyrate 

3 - h y d r o x y b u t y r a t e  i s  o n e  o f  t h e  k e t o n e  bod i e s  a n d  i t  i s  a n  

imp o r t a n t  a l t e r n a t i v e s ub s t r a t e  t o  g l u c o s e  f o r  s upp l y i n g e n e rgy 

(Wi l l i ams on,  1981) . It is  produced f rom the butyrate abs o rbed f rom the 

rumen and by incomplete oxidation of  NEFA . 

2 . 4 . 3 . 1 .  3 - hydroxybutyrate requi rement s 

3 - hydroxybuty ra t e  l S  an impo rtant p recurs o r  for the synt hes i s  of 

f a t t y  a c i ds in the adipose t i s s ue a nd a l s o  a s  a source of e n e rgy in 

mu s c le a nd mamma ry gland ( P a lmquist  e t  a l . 1969) S h a w  a n d  Knodt in 

194 1, demo n s t r a t e d t ha t  3 - hydr oxyb u t y r a t e  c o n t r i b u t e d  to mi l k  f a t 

synthes i s ,  as indica ted by the considerable upt ake of t h i s  hydroxy acid 

' 

by t he lactat ing udde r of the cow (D avi s and Bauman,  1974) . Subsequent 

s tudies have s hown conclusively that 3 -hydroxybutyrate is i n c o rporated 

i nt o  mi l k  fatty acid ( Palmquist et al . 1969) . Moreove r ,  8 % of t he total 

f a t t y  a c i d  c a rbon was de rived from this  met abo l i t e . 

2 . 4 . 3 . 2 .  3-hydroxybutyrate precursors 

Up t o  5 0  % of the 3 -hydroxybutyrate is fo rmed f rom buty r i c  a c id as 

i t  is abso rbed by the rumen epithel i um or in the l iv e r  ( Wi l l i ams o n ,  
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1 9 8 1 ) . The remai nde r i s  fo rmed by incomplete oxidation o f  l ong chain 

f atty acids in the live r .  

2 . 4 . 3 . 3 .  3-hydroxybutyrate concent ration 

The c o n c e nL r a t i on of 3 - hydroxybutyrate i n  norma l s heep we re on 

average 0 . 62 mM (Wi l l i ams on , 1 9 8 1 ) . Howeve r ,  it will vary depending on 

many factors . 

2 . 4 . 3 . 4 .  Factors affecting 3-hydroxybutyrate concentration 

(a )  . Cold s t re s s  and shearing 

Symonds et al . ( 1 9 8 6 ) , found t hat shea ring did not i n f l uence the 

p l a sma c o ncent ration pf 3-hydroxybutyrate ove r a 2 4  h pe r iod 1 9  days 

be fore l ambing . Furthermore , plasma 3-hydroxybutyrate concent rations i n  

winter  s h o r n  ewes were similar t o  o r  even lower than unshorn cont rol s 

particul a rly over the final 4 weeks o f  pregnancy , despite t he increase 

e n e rgy requi reme n t s  of t he s h o r n  a nima l ( S ymonds et a l . 1 9 8 8 ) . I n  

contra s t , Rus s e l  e t  a l . ( 1 9 8 5 )  repo rted that plasma 3 -hydroxybutyrate 

concent rat i ons of shorn pregnant ewes were s igni f i c a n t l y  higher t h a n  

those o f  unshorn pregnant ewes when t h e  envi ronmental t empe rature ranged 

between 3 - 1 0  °C .  
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(b) . Underfeeding 

I n  r e s t i n g ,  u n de r n o u r i s h e d  ew e s , me a n  a r t e r i a l  p l a s m a  3 -

hydroxybutyrate leve l s  were i nc rea sed almo s t  4 f o l d  ( Ch a ndl e r  e t  a l . 

1 9 8 5 )  . 

2 . 4 . 4 .  Urea and creatinine concentration 

P rotein inge sted by sheep i s  hydroly zed in the rumen to ami no ac ids 

a n d  p e p t i de s  a n d  t h e n  de ami n a t e d  w i t h  s u b s e qu e n t  a c c umu l a t i o n o f  

ammoni a . This i s  absorbed f rom t h e  rumen into t he port a l  blood ve ssel 

in which i t  i s  carried to the liver where it i s  conve rted to urea and 

subseque n t l y  exc reted in  t he u r i ne ( Mc i ntyre , 1 9 7 0 ;  Campbe l l ,  1 9 7 3 ;  

Ma rshall  and Hughes ,  1 9 8 0 ) . S imi l arly the deaminat ion o f  amino ac ids in 

the body a l s o  leads to  the product ion of urea principa l ly in the l iver . 

Cre a t i ni n e  is  a complex n i t roge n -c ontaining subs tance de r ived f rom t he 

breakdown o f  endogenous c reatine phosphate i n  t he body t i s sues ( Ma rs ha l l  

a n d  Hughes ,  1 9 8 0 ) . The amount produced is  approximately p ropo rt i onal t o  

the mas s  of muscle . 
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Factors affecting urea and creatinine metaboli sm 

( a )  . Shearing 

P l a sma u re a  conce n t r a t i o n  gen e r a l ly i n c re a s e s  as i n t a ke o f  feed 

i n c r e a s e s  ( Th o r n t on , 1 9 7 0 ) , h o w e v e r ,  u re a  c on c e n t r a t i o n de c re a sed 

s igni f i cant l y  8 days a fter shearing de spite an i nc rease i n  food intake 

a ft e r  shea r i ng (Ast rup a nd Nedkv i t ne ,  1 9 8 8 ) . No expl a n a t i on was given 

f o r  this dec rease in urea concent rat i on . 

(b) . Feed 

P lasma u rea increased with i n c reased int ake o f  feed due to nit rogen 

i n t a ke i n c re a s i ng ( Goodwin and W i l l i a� , 1 9 8 4 ) . Howev e r ,  p l a sma urea 

increased due to  the reduction i n  food i nt a ke during l a t e  p regnancy in 

the ewe ( Guada e t  al . 1 9 7 6 ) . 

P lasma u rea concent rati on dec l i ned by about 25 % during f a s t i ng (52 

h )  whi l e  c re a t i nine rema i ned s t ab l e  i n  Romney rams ( McCutcheon et al . 

1 9 8 7 ) . 
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2 . 5 .  Effects o f  pre-lamb shearing o n  a nimal producti o n  

T h e r e  i s  o n l y  l imited evide n c e , p a rt i c u l a r l y  f o r  Ne w Z e a l and 

f a rmi ng c o n di t i o n s , s uppo rting t he hypothe s i s  that p re - l arnb s h e a ring 

s t imulates l amb bi rth weight , lamb growth ,  ewe weight and wool g rowth . 

2 . 5 . 1 .  Lamb b i rt h  weight 

T h e r e  h a s  been e x t e n s i v e  r e s e a r c h  on t he e f f e c t s o f  p re - l amb 

s hea ring on l amb birth weight bot h in the field and unde r housed rearing 

systems . Ove r a l l  the re sults of  these indicate t hat lamb b i r t h  weight i s  

i n c re a s e d  f o l l owing pre-l amb shea ring even though t h e  increase  is not 

always s i gn i f icant (Nedkvi tne , 1 9 7 2 ;  Austin and Young, 1 9 7 7 ; Rus s el e t  

a l . 1 9 8 5  and Symonds e t  a l . 1 9 8 6 ) . Thu s ,  unde r housed c ondi t i ons birth 

weight s of s i ngle lambs and twins we re heavie r  f o r  s h o r n  t han unshorn 

ewes ( Au s t i n  and Young , 1 9 7 7 ;  Rus sel e t  al . 1 9 8 5 ) . I n c rea sed l amb birth 

weight f r om s ho rn ewe s was as s ociated with inc rea sed feed intake after 

shearing ( Wodz icka-Toma s zewska,  1 9 6 3 ;  Austin and Young , 1 9 7 7  and Maund, 

1 9 8 0 ) . F o r  i n s t ance , the shorn ewes consumed 1 4  % more hay than unshorn 

ewes ( Au s t i n  a nd Young , 1 9 7 7 ) . Expos u re of pregnant s heep t o  cold can 

alter  the partitioning of nut rients between mother and foetus ( Thompson 

et al . 1 9 8 2 )  a l t h o ugh the me c h a n i sms a re n o t  unde r s t ood . Mo reove r ,  

inc reased l amb bi rth weight i s  not always due t o  inc rea sed feed intake . 

Thomp s o n  et al. ( 1 9 8 2 )  repo rted a 1 5  % increase i n  l amb bi rth weight 
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w h e n  s h o rn e w e s  w e r e  ma i n t a i ned a t  1 - 2  °C and food int a ke was  kept 

simi l a r  to t hat of a cont rol group housed in a the rmoneut ral envi ronment 

( 1 5  °C ) . 

Unde r field condi tion winter shea ring o f  pregnant ewes during the 

f i n a l  1 0  w e e k s  of ge s t a t i o n  i n c re a s e d  bi r t h  w e i gh t  of s i ng l e  l amb 

( Symonds e t  a l . ( 1 9 8 6 )  and a l s o  t he mean lamb bi rth weight o f  twins o r  

t riplets (Maund, 1 9 8 6 )  . 

I t  might be ant ic ipated that because the lambs a re bigger that pre

l amb s he a r i ng would reduce t he l amb mo rt a l i t y . In one expe riment the 

mo rt a l i ty of twin and triplet lambs was reduced ( Nedkvitne,  1 9 7 2 ) , but 

i n  a no t he r the re w a s  no i n c re a s e  i n  lamb survival  f o l l ow i ng s hearing 

ewes 4 - 6  weeks be fore lambing ( Sumner e t  al . 1 9 8 2 ) . 

2 . 5 . 2 .  Lamb and ewe g rowth 

I t  h a s  been r e c ogni z e d  t h a t  s he a ring st imu l ates volunt a ry feed 

i n t a ke of pregnant and n o n - p regnant s heep (Web s t e r  and Lynch ,  1 9 6 6 ;  

Ternouth and Beat t i e ,  1 970 ; Maund, 1 98 0  and Rus s el e t  a l . 1 98 5 )  I t  

therefore fol lows with t he i ncrease in feed intake after s hearing t hat 

mo re protein and ene rgy is ava i l able to the sheep . If e ne rgy avai l able 

is greater t han that needed to meet the requi rement for increased heat 

production a p roportion of t he ext ra nut rient ingested may be avai lable 

f o r  s h o r t  t e rm i n c r e a s e  i n  b ody g r o w t h o r  f o r  a ddi t i o n a l  mi l k  
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p roduction . S hearing housed pregnant ewes at about t he end o f  t h e  f i rst  

t r ime s t e r  of  p r e g n a n c y  re s u l t e d  i n  i n c r e a s e d  e w e  live w e i g h t  g a i n  

( Aus t i n  and Young, 1 9 7 7 ) . Al s o ,  t he lambs b o rn t o  t he shorn ewes grew 

faste r than those born to t he woolly ewes (Aus t i n  and Young, 1 9 7 7  and 

Sumn e r  e t  a l . 1 9 8 2 ) . 

2 . 5 . 3 .  Wool production 

W o o l  i s  a v a l u a b l e  p r o d u c t  f o r  N e w  Z e a l a n d  s h e e p  f a r me r s  

cont ribut ing 3 0 - 7 0  % o f  total  gross inc ome . Howeve r ,  wool  growth  and 

p rodu c t i o n  a re i n f l uenced by many fact o rs which de termi ne the qua l i ty 

and quant ity of  wool , and eventua lly the income of  the f a rme r . Factors 

a f fecting wool product ion are summa ri zed be l ow : 

2 . 5 . 3 . 1 .  P regnancy and lactation 

It has been showed that pregnancy reduces clean wool growth in mid 

to late pregnancy and t hroughout l actat i on ( Oddy , 1 9 8 5 )  . Furth e rmore , in 

ge n e r a l  t h e  l a rge s t  dep r e s s i o n  in w o o l  g r o w t h  due t o  pregnancy and 

l a c t a t i o n  occurs  in t ho s e  ewes which produ c e  t he g r e a t e s t  amount of 

woo l . 

Wool grow t h  depr e s s i on du r i ng pregna n c y  may be r e l a t e d  t o  l amb 

bi r t h  we ight a nd du r i ng l a c t a t i on t o  mi l k  p roduct i o n  ( C o rb e t t  a nd 
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Furnival , 1 9 7 6 ) . Ewes with  a single l amb generally produce 1 0 - 2 0 % ( 0 . 3 -

0 .  5 kg gre a s y  w o o l ) l e s s  f l e e c e  w o o l  t h a n  t hose t hat do n o t  bec ome 

p regnant ( Wi l l i ams e t  a l . 1 9 7 8 ) . Mo reove r ,  the bea ring o f  t w i n  lambs 

reduces annual w o o l  product ion by a f u r t h e r  0 - 1 0 % ( 0 - 0 . 5  kg greasy 

w o o l ) . D u r i n g  l a c t a t i o n the c l e a n  w o o l  g r o w t h de c re a s e d as mi l k  

p roduct i on i nc reased and for eve ry l i t re o f  mil k  produced t he re was a 

de c rease o f  1 2  g c l ean wool ( Oddy , 1 9 8 5 )  . A  reduc t i on i n  clean f leece 

we ight of about 5 % occurs at weaning after 5 months lact a t i o n  compared 

w i t h  6 weeks ( Co rbett and Furnival , 1 9 7 6 ) . Sumner e t  a l . ( 1 9 8 5 )  reported 

t hat fleece weight in  New Zealand s heep is dep re s sed by between 3 and 5 

% for each addi t ional lamb rea red . Annual wool growth in  Me rino ewes i s  

dec reased f rom 7 - 2 6  % as  a re sult o f  bearing and rearing l ambs ( Co rbett , 

1 9 7 9 )  and the dec rease i s  greatest i n  ewes rearing twins ( Oddy , 1 9 8 5 ) . 

2 . 5 . 3 . 2 .  Nutrition 

T h e  a v a i l a b i l i t y  o f  f e e d  a f f e c t s  w o o l  p r odu c t i o n a n d i t  i s  

a s sociated w i t h  the season . Wool growth response s of New Zeal and Romney 

ewes to increas ing pa s t ure al lowance i n  the autumn , wint e r ,  spring and 

s umme r have been repo rted by Hawke r e t  a l . ( 1 9 8 2 ,  1 9 8 4 ) . Wool growth 

i nc reased curv i l i nearly with pa sture all owance in each s e a s on with the 

response bei ng greater in summer and autumn than in wint e r ,  with  spring 

intermediate . I t  i s  known that wool grows up t o  4 t imes f a s t e r  in summer 

t h a n  in l a t e  w i n t e r - e a rly sp ring and t h e  mi nimum r a t e  dec re a s e s  and 

occurs l a t e r  with an increasing numbe r of l ambs ( Story and Ros s ,  1 9 6 0 ;  
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Ganda r ,  1 9 6 5 ) . The sheep which were h ighe r wool p roduce r s  under gra zing 

c o nd i t i o n we re a l s o  h i gh e r  w o o l  p r odu c e r s  when f e d  i n  p e n s . They 

produced 2 5  % more clean scou red wool than the l owe r wool p roducers on 

r e s t r i c t e d  i n t a k e  a nd 3 0  % mo re under ad l i b i t um feeding condi t i on 

(Wodzi cka -Toma s zewska , 1 9 6 3 ) . Early weaning and good feeding of  t he ewe 

i ncreased wool growth and mean fibre diameter ( Smeaton e t  al . 1 9 8 3 ) . 

During the final four weeks o f  p regnancy and the f i r s t  six weeks of 

l a c t a t i on supplementation wi t h  c a s e i n  inc reased wool growth and fibre 

diame t e r  ( Wi l l iams e t  a l . 1 9 7 8 ) . Furthermo re ,  ewes s up p l eme nted w i t h  

methionine a n d  cyst ine produced wool with t he greatest s ulphur content . 

Wool sulphur content inc reased du ring pregnancy but not du ring lactat ion 

( Oddy , 1 9 8 5 )  Casein and the sulphur cont aining amino ac ids , cysteine 

and methionine cause la rge and immediate i nc reases in  t h e  rate o f  wool 

growt h  when i n f u sed di rectly i n t o  the aboma sum of n o n -breeding sheep 

c o n s um i n g  r o ugh age d i e t s  ( W i l l i ams et a l . 1 9 7 8 ) . T h e  r a t e  o f  wool  

p roduc t i o n  appears  t o  be  i n f luenced l a rgely by the q u a n t i t y  o f  ami no 

acids , absorbed from the intestines ,  although the supply of ene rgy can 

appa rent ly modi fy the response ( Black et al . 1 9 7 3 ) . 

2 . 5 . 3 . 3 .  Shearing 

Shea ring s t imulated wool growth and altered the annual wool growth 

cycle as  measured by t he midside patch technique ( Bigham , 1 9 7 4 ) . 
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W o o l  production has a w e l l  de fined annual cycle which is  a s s ociated 

w i t h  a reduction in fibre di ame t e r  du ring t he pe riod o f  sl owe st growth 

( w i n t e r )  P re - l amb s h o rn wool  i s  sound be cause i t  i s  shorn near the 

t i me when fibre di amet e r  i s  a t  a mi n imum a nd wool shorn at any other 

t ime h a s  a t h i n  regi on where it i s  l i kely to  break ( S t o ry and Ros s ,  

1 9 6 0 )  . W o o l  f i b re di ame t e r  w a s  reduced d u r i n g  t h e  f i r s t  mo n t h  o f  

l a c t a t i on ( Oddy , 1 9 8 5 ) . 

T h e  t ime a nd f reque ncy o f  s he a ring have t he gre a t e s t  impact on 

s ubsequent man ufactu ring pe rformance o f  the wool . Twice shorn Romney and 

P e re nda l e  ewe s grew mo re gre a s y  and cl ean wool t h a n  once s h o rn ewes 

( Ga nda r ,  1 9 6 5 ) . Total clean wool product i on of  twice shorn Romney ewes 

was greater than once shorn ewes with the ef fect being greater fol lowing 

second shea ring in May and October ( Sumner and Wi l l o ughby , 1 9 8 5 ;  Sumne r 

and Arms t r ong , 1 9 8 7 ) . Wo o l s  s ho rn between May and Oc t obe r w e re l e s s  

di s c o l o u red t han wools shorn between Novembe r a n d  Febru ary ( S umner and 

A rms t r ong , 1 9 8 7 )  Furthermo re ,  once shorn wool s were mo re di scoloured 

t h a n  t w i c e  s h o rn wo o l s  ( Smi t h ,  1 9 8 0  and S umne r  and A rmst rong,  1 9 8 7 ) . 

A v e rage n e t  r e t u r n s  t o  t he f a rme r we re g r e at e r  f o r  once s h o rn ewe s 

( S umne r and Willoughby , 1 9 8 5  and Sumne r and Arms t rong , 1 9 8 7 ) . Thus the 

mai n  d i s a dvant age o f  double shearing is the reduced wool fibre length 

( Smit h  e t  a l . 1 9 8 0 ) . The feeding l evel du ring mid-pregnancy p roduced 

s i gn i f i cant di f ferences in s taple s t rength and diameter at t he point o f  

b r e a k  ( F i t zgerald and Smeat o n ,  1 9 8 4 ) . 
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2 . 5 . 3 . 4 .  Age and breed 

Wool product i on increases with age reaching a maximum at 3 - 4  yea rs 

o f  age be fore s l owly declining ( Sumner e t  a l . 1 9 8 5 ) . In  addi t i o n ,  breed 

can i n fl uence the wool grow t h . Sumne r  ( 1 9 8 3 )  repo rted in hogge t s  that 

wool growth rate o f  t he Cheviot was 4 0  % less  than that o f  t he D rysdale 

and Romney and was less  influenced by feed a l l owance t ha n  the other two 

breeds . F u r t h e rmo re ,  i t s  f l eece cha r a c t e r i s t i c wa s b o t h  c o a r s e r  and 

bulkier than Drysdale or Romney wool . Howeve r ,  Romney wool was yel lower 

than the other two breeds . 
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I I I . MATERIALS AND METHODS 

3 . 1 .  Experimental an�ls 

Sixty Romney ewes aged between 2 and 6 years and weighing 5 8 . 1 1 ± 

0 . 8 8 kg at the begi nning of expe riment were used . The ewes we re mated to  

two Romney rams between 10  Ma rch and 1 5  April 1 9 8 9 .  The ewes were grazed 

o n  a m i x e d  rye g r a s s -white c l ov e r  p a s t u re at a s t o c k i ng rate o f  1 0  

ewes /ha on t he Sheep and Beef Cattle  Resea rch Unit , Ma s sey Univers ity . 

3 . 2 .  Experimental procedures 

3 . 2 . 1 .  Shearing treatment 

The ewes were shorn on 2 7  July 1 9 8 9  ( day 0 )  by the chief inst ructor 

of the New Z e a l a nd Wool Boa rd s he a ring s chool . For  s h e a r ing the ewes 

we re divided at random into two equa l group s ,  one g ro up were shorn by 

the c o nventional  method and t h e  other u s i ng a cove r c omb . The former 

left wool 1 -3 mm l ong and the l at t e r  6 - 1 3  mm l ong o n  the animal after 

she a ring . 
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3 . 2 . 2 .  Intake measurement 

Feed i nt a k e  was meas u red by an i ndirect method u s i ng cont rol led

re l e a s e  c a p s u l e s  ( CRC ) placed i n  the rumen wh i c h  un i f o rmly relea sed 

chromium sesquioxide (Cr2o3 ) .  Three days prior to s hea r i ng ( 2 4  July ; day 

- 3 )  a s ingle CRC was dosed t o  each of ten ewes selected at random f rom 

each o f  the shearing groups . 

C o l l e c t i o n  o f  f a e c a l s a mp l e s  c omme n c e d  7 da y s  a f t e r  c a p s u l e  

admi n i s t ration and was carried out o n  days 4 ,  5 , 6 ,  1 1 ,  1 2 ,  1 3 ,  1 8 ,  1 9 ,  

and 2 0  a fter shea ring . At each col lection ewes were ya rded and a sample 

of faeces was rec ove red f rom the rectum of each ewe . Faecal samples were 

dr i e d  i n  a n  o v e n  a t  1 1 0  ° C f o r  2 4  h o u r s  i n  p r epa r a t i o n  f o r  C r 2 o 3 

analy s i s  ( 3 . 3 . 3 . 4 ) . The output of faecal dry mat t e r  was calculated from 

t he re l a t i onship : 

FO X /Y 

whe re 

X ( C r2o3 ) faeces (mgCr / gDM) 

Y (Cr2o3 ) released/day { mgCr )  

S ub s equen t l y ,  feed i n t a ke w a s  c a l c u l at ed f rom t h e  re l a t i onship 

between f aecal output , feed i nt ake and digest ibi l ity o f  t he feed . 



FI F0/ ( 1 -d) 

whe re 

FI feed int ake ( kg/d)  

FO faecal output ( kg/d)  

d diges tibi l i ty of  pasture (estimat i on out lined on 3 . 3 . 3 . 3) 

3 . 2 . 3 .  Collection o f  blood samples 
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Bl ood sampl es f rom each ewe were collected between 0 8 0 0  and 0 9 0 0  h 

on each of  the two days immediately before shea ring ( days -1  and -2 ) and 

on days 1 ,  3, 7 and 1 4  after shea ring . 

B l o o d  s a mp l e s  ( 1 0  ml ) we re w i t hd r a w n  by venipun c t u re f rom the 

j ugu l a r  v e i n  u s i ng hepa rini z e d  vacut a i n e r s  ( Neo t ube , Nipro Medi c a l  

I ndu s t ries , Tokyo , Japa n ) . P l a sma was  s ep a r a t ed by cent ri fuga t i o n  a t  

3 0 0 0  r p m  f o r  2 0  mi n u t e s  a n d  s t o r ed a t  - 2 0  °C u n t i l  r e qu i re d  f o r  

det e rmi na t i o n  o f  p l a sma gluco s e ,  non e s te r i f i ed fatty acid (NEFA ) , 3-

hydroxybutyrat e ,  u rea and c reatinine . 
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3 . 2 . 4 .  Measurement o f  rectal temperature 

Rectal temperatures of all t he ewes we re measured between 0730 and 

0830 h on the two days immediately be fore s he a ring and on days 1 ,  3, 7 

and 1 4  a fter shea ring . Rectal tempe ratures we re determined by inserting 

a Zeal  clinical the rmometer in to t he rectum for at least 3 mi nutes . 

3 . 2 . 5 .  Measurement o f  residual wool after shearing and wool growth 

The amount of wool left on t he anima l by the di ffe rent methods o f  

shearing was measured by cl ipping a l l  t he residual wool f rom a midside 

patch ( Bigham, 1 9 7 4 ) . A rect angul ar pa tch app roximately 10 cm x 1 0  cm on 

the left s ide of the ewe was cl ipped with a set of sma l l  animal cl ippe rs 

f i t t e d  w i t h  a f i ne c omb ( Oo s t i  001 b l a d e s ) .  The w o o l  c l i pp e d  w a s  

r e c overed qua n t i t a t ively and pl aced i n  a sma l l  plas t i c  bag . Each s ide 

and one diagonal o f  t he rectangul ar patch were mea sured with  cal ipers to  

a l l ow calculat ion o f  t he area o f  t he patch . 

On day 67 , t he wool was clipped from within t he previously prepared 

mi dside area to measure wool growth by each ewe a fter shearing . 

Wool samples were stored i n  opened p l a s t i c  bags i n  a room with a 

relat i ve humidity of  65 % until required f o r  weighing and scouring . 
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3 . 2 . 6 .  Weighing ewes and lambs 

E w e s  we r e  w e i ghed on days  0 and 6 7  a f t e r  s h ea r i ng . Lambs were 

w e i g h e d  w i t h i n  2 4  h o u r s  o f  bi r t h  and with t he ewes o n  day 6 7  a f t e r  

shea ring . 

Elect ronic s c ales { T ru-test AG 30 0 )  with a 2 0 0  kg s uspens ion cell 

were u sed f o r  weighing ewes and older lambs . Newborn l ambs were weighed 

using a conventional spring bal ance . 

Lamb growth rate { LGR; g / d )  was calcul ated using the formu la 

LGR { W2 - Wl ) / a 

where 

W2 l amb weight at day 6 7  { kg )  

Wl Lamb birth weight { kg )  

a l amb a ge { days ; 6 7 -day o f  lambing ) 

3 . 2 . 7 .  Measurement of herbage mass 

Herbage mas s  was mea sured to dete rmine the relat ionship between the 

amount o f  pasture o f fered and the pasture eaten by the ewes du ring the 
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i nt a ke mea s u reme nt peri ods . Twice wee kly me asu rement o f  he rbage he ight 

c o mme n c e d  o n  day -2 and c o n t i n u e d  t o  day 2 0  c o r re sp o n d i ng to t he 

collect i o n  o f  f aecal samples . Measurement o f  he rbage height was carried 

o u t  by an E l l ibank r i s i ng p l a t e  met e r  ( Ea r l y  and McGowa n ,  1 9 7 9 ) . The 

plate met e r  w a s  calibrated against a st andard cut ting me thod (Whatter 

and Evan s ,  1 9 7 9 )  . On day 4 a met e r  reading was t aken a t  2 0  s ites in the 

paddock a nd t hen a t  each site a n  a re a  3 0  cm x 6 0  cm o r  ( 0 . 1 8  m2 was 

c l ipped to ground l evel with a po rt able s h e a r i ng plant  and the gras s 

c o l l e c t e d  qua n t i t at ively . A f t e r  c u t t i n g ,  t he samp l e s  w e r e  washed to 

remove s o i l  contamin ation and then dried a t  7 0 - 8 0  °C f o r  3 6  hours and 

weighed . The dry matter yield ( kg DM/ ha ) was cal culated as  fol lows . 

HM 1 0 , 0 0 0  x X /Y 

where ; 

HM herbage ma ss ( kg DM/ha ) 

X dried weight of  pasture ( kg )  collected at each s i t e  

Y 0 . 1 8 0 0  m2 ( a rea cl ipped) 

The plate meter was cal ibrated by regres s i ng the met e r  reading on 

t he mea s ured pasture ma ss 

HM a + bX 

where ; 



HM he rbage mas s  ( kg DM/ h a )  

a 2 0 0  ( kg DM/ ha ) 

b 1 6 0  ( kg DM/ ha ) 

X met e r  reading 
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The relati onship between herbage dry matte r ( kg DM/ha ) a nd pasture 

met e r  reading at each site i s  shown i n  Figure 1 o f  appendix A .  

3 . 3 .  Analytical methods 

3 . 3 . 1 .  Plasma metabolit e s  

P l a sma me t abo l i t e s  w e re mea s u red on a Coba s Fara I I  autoanaly z e r  

( F .  H o f fmann L . A  Ro c h e  L t d . , Diagno s t i c s  D i v i s i o n ,  C H - 4 0 0 2 B a s e l , 

S w i t z e r l a n d )  f o l l o w i n g  t he ma n u f a c t u re rs re c omme ndat i o n s . I nt e r  and 

i n t r a  a s s a y c o e f f i c i e n t s  o f  va r i a t i o n  f o r  g l u c o s e , N E F A , 3 -

hydroxybuty rate , urea and creatinine were 4 . 5 5 ,  1 . 9 2 ;  3 . 6 4 ,  1 . 0 3 ;  1 . 0 3 ,  

2 . 2 2 ;  1 . 3 , 2 . 3  and 1 . 4 ,  1 . 0 , respectively . 

3.3.1.1. Glucose 

Plasma glucose was determined with an enzymatic colourimetric assay 

u s i ng g l u c o s e  o x i d a s e  a n d  4 - am i n o p h e n a z o n e . I n  t he p r e s e n c e  o f  
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pe roxidase , the hydrogen pe roxide formed b y  t h e  oxida t i on o f  glucose by 

glucose oxida s e  e f fe c t s  the oxidat ive coupl i ng o f  hydroxybe n z o i c  acid 

and 4 -aminophena z one t o  form a red coloured quinoneimine de riva t i ve . The 

col our i n t en s i t y  i s  p ropo r t i onal to t h e  glucose concen t ra t i o n  a nd is  

det e rmined by mon i t o ring the absorbance at 550  nm . 

3 . 3 . 1 . 2 .  NEFA ( non esterified fatty acids ) 

P l a s ma N E F A  c o n c e n t ra t i o n s  we re me a s u r e d  u s i n g  a n  e n z y ma t i c  

c o l ourime t r i c  me t h od (Wako NEFA C k i t )  w h i c h  w a s  modi f i ed by S c o t t  

( 1 9 8 9 )  f o r  u s e  o n  t h e  Cobas Fara . This method is  based on t h e  en zyma t i c  

ac t i vat i on ( a c y l -CoA synthet a s e  ( AC S ) )  o f  pla sma NEFA t o  c o e n zyme A 

esters . The acyl -CoA i s  oxidased by acyl -CoA oxidase ( ACOD ) t o  p roduce 

hydrogen pe rox i de . The presence of pe roxi dase and hydrogen peroxide 

a l l ows the oxida t ive condensat ion o f  3 met hy l -N-ethy l -N- ( 8-hydroxyethy ) 

a n i l i ne (MEHA ) w i t h  4 -ami no-ant ipyrine to  f o rm a purple qui none product , 

the optical den s i ty o f  which i s  mea sured at 5 5 0  nm . 

3 . 3 . 1 . 3 .  3-hydroxybutyrate 

The a s s ay f o r  3 -hydroxybutyrate f o l l owed the met hod des c ribed by 

Williamson and Mellanby ( 1 9 7 4 ) as modi fied by Mac ken z i e  et a l . ( 1 9 8 9 ) . 

The method was further modified (M . F .  Scott ,  pers . corn . ) for use on the 

Cobas F a ra a s  fol lows . 
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P l a sma s amp l e s  w e re di l ut ed w i t h  de ioni zed w a t e r  i n  t h e  s ampl e  

portion o f  a cuvette . The reagent mixture which cont ained t h e  e n zyme 3 -

hydroxybutyrate dehydrogenase wa s pipetted into the reagent portion o f  

the cuvette . A f t e r  centri fugal mixing, abso rbance measurements at  340 nm 

w e r e  t a k e n  o v e r a pe r i o d . T h e  a b s o r b a n c e i n c r e a s e d  a t  a r a t e  

propo rtional t o  t he synthesis o f  NADH f rom NAD . The change i n  abs o rbance 

of  t he samples was compared to that of a st andard cu rve a nd resu l t s  were 

cal culated t o  give the concent ration o f  3 -hydroxybuty rate . 

3 . 3 . 1 . 4 .  Urea 

T h e  me a s u r e me n t  o f  u r e a  w a s  b a s e d  on t h e  c o u p l i n g o f  t h e  

urease/glut amate dehydrogenase ( GLDH )  reactions . 

u rease 
Urea + 2 H2o - - - - - - - - - - - - - - - - - > 2 NH 3 + C0

2 

G LDH 
NH4

+ + 2 -oxoglutarate + NADH - - - - - - - - - - > L-glutama te + NAD+ + H2o 

The dec re a s e  i n  the NADH concent ration is di rectly proportional to 

the urea concent ration and is  measu red photometrically at  3 4 0  nm . 
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. 3 . 1 . 5 . Creatinine 

alkaline 
Creat inine + pic ric acid > red complex 

pH 

The reaction between creatinine and pic ric acid wi l l  produce a red 

omplex . The rate of f o rmation o f  the red c o l oured complex is meas ured 

t 52 0 nm . S t a rting with the t ime o f  fi rst reading at 3 5  seconds after 

tix i n g ,  t h e  r e a c t i o n  rate is  f o l l owed ove r a 90  second i n t e rva l . A 

. urfactant wa s added t o  suppress prote i n  interference . 

l . 3 . 2 .  Wool production 

Greasy w o o l  production was me a s u red by weighi ng t h e  wool  s amp l e  

:oll ected 6 7  days a f t e r  shearing f rom t he mids ide patch ( 3 . 2 . 5 ) a fter a t  

l e a s t  4 8  hours equil ibration at 6 5  % RH . 

Clean wool growth was measured by the f o l l owing procedu re 

a .  A sample, representative of the bulk was weighed, numbe red and 

placed in a net cloth bag . 

b .  The bag containing the sample was placed in the first of four 

bowls of the scouring machine and the mechanical agitation turned on . 

c. At the end of three minutes the agitator was carefu lly swung 

back, the basket raised to above the liquid level and the sample passed 
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t hrough squee z e  r o l l ers taking care to  keep t he sample e n t i rely intact 

and spread even l y  on the feed-in t ray of the rollers . 

d .  Thi s oper a t i on was repeated in  each of the remaining bowl s with 

the w ri nger bei n g  di spensed with after bowl 3 .  

e .  Bow l s  1 ,  2 ,  a nd 3 cont ained 3 2 ,  1 6  and 1 6  ml o f  the det e rgent 

t e r i c  GN 9 in 3 6  l i t res of wate r  at tempe ratures of 6 0 ,  5 5  a nd 5 0  °C and 

pH 8 respect ively ; whil e  in bowl 4 cold wat e r  was used at pH 7 . 5 . 

f .  From bowl 4 ,  the sampl e  was hand w rung a nd placed i n  a hydro

ext racto r  a nd spun for a t  l east one minute . 

g .  The s ampl e  was t hen spread evenly i n  a met a l  t ray and pl aced in 

t he bottom compa rtment of  a drying oven at 62 °C . It  was moved to the 

t op compa rtme n t  w i t h  the ar riva l of the next sample after approximately 

6 minutes . 

h .  F o l l ow i ng dry i ng t h e samp l e s  we re removed a n d  p l a c e d  i n  a 

humidi t y  room a t  6 5  % RH for 4 8  hours . 

l .  The s amples were then weighed in the humidity room . 

j .  Wool  g rowth wa s cal culated as  the s coured ( c lean ) weight o f  wool 

grown per squa re cent ime t re per day . 

3 . 3 . 3 .  Analysi s  of feed 

The d i ge s t ib i l i t y  of the feed cons umed by the ewes w a s  e s t imated 

f rom p a s t u r e  s ampl e s  o f approximat ely 50 g collected by hand plucking 

while obse rving t he ewes grazing . S amples collected on day s  8 ,  1 3  and 2 0  

o f  t he expe riment , we re analyzed f o r  nit rogen content , dry mat t e r  (DM) 
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a n d  i n  v i t ro di ge s t ib i l i t y  u s i ng t he me thod de s c r ibed b y  Roughan and 

H o l l a n d  ( 1 9 7 9 ) . T h e  s a mp l e s  w e r e  c a l i b r a t e d a g a i n s t  s i x  p a s t u r e 

standards o f  known i n  vivo diges t ibil ity . The c hemi c a l  c ompo s i t ion and 

t h e  i n  v i t r o  d i ge s t i b i l i t y  o f  t he p a s t u re a r e  s �o w n  in T a b l e  1 o f  

appendix A .  

3 . 3 . 4 .  Chromium analysis 

Chromi um c oncent ration i n  faeces was mea s ured u s i ng the t echnique 

des c ribed by P a rker et al . ( 1 9 8 9 ) ; 

1 .  Nine faecal samples col lected on consecutive days f rom each ewe 

were dried in an oven at 8 0  °C f o r  72 h .  

2 .  Approximately 0 . 5  g DM o f  each faecal s ampl e  collected ove r 3 

consecutive days were weighed and mixed togethe r .  The combined samples , 

t h re e  f o r  e a c h  e w e , we re p u t  i nt o  t a r ed a n d  n umbe r e d  2 5  ml py rex 

beakers . 

3 .  The beakers wer� placed i n  a n  oven at 1 0 5  °c t o  dry f o r  2 4  h .  

4 .  A f t e r  dryi ng t h e  be a ke r s w e r e  w e i g h e d  t o  de t e rmine the dry 

mat t e r  weight and t hen the samples we re ashed a t  5 5 0  °C i n  a fu rnace for 

12 h .  

5 .  The bea ke r s  and a s h  were reweighed a n d  anti -bumping granule s ,  

pl u s  6 ml o f  acid digestion mixtu re (MnS04 /posphoric acid s olut i on )  were 

added . 
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6 .  T h e  b e a k e r s  we re cove red w i t h  g l a s s  t o  p revent evapo r a t i o n  o f  

the mixture and heated t o  boi l i ng ( 1 4 0  °C ) i n  an alumi ni um hea t i ng bl ock 

f o r  90 minut e s . 

7 .  T h e  b e a k e r s  w e re removed f rom t h e  b l o c k ,  a l l owed t o  c o o l  t o  

be l ow 1 0 0  °C a n d  then 3 ml o f  4 . 5  % pot a s s i um bromate w a s  adde d . The 

bea k e r s  were returned to the heating block , c overed and dige s t e d  to a 

final t empe rature o f  2 1 0  °C . 

8 .  After approximately 4 5  minute s  t he bea kers were removed f rom the 

b l o c k  a nd a l l owed to c o o l  b e f o re t he i r  c o n t e n t s  were quant i t a t i v e l y  

t ransfe rred into 5 0  ml f l at bot tom volume t r i c  f l a sks . 

9 .  The dige s t  v o l ume was made up t o  5 0  ml with di s t i l l ed w a t e r ,  

shaken to throughly mix a nd allowed to s e t t l e  f o r  2 4  h .  

1 0 .  A 1 0 - 1 5  ml a l i quot was poured o f f  into a sma l l  plastic bott le . 

By only t a king sma l l  amounts f rom the top,  a clear sampl e  with minimal 

suspended mat e ri a l  was obtained for spect rophotometry . 

3 . 4 .  Environmental measurements 

Envi ronme n t a l  p a r a meters were me a s u red f rom the beginning o f  the 

experiment up t o  day 6 7 . 

3 . 4 . 1 .  Temperature and wind velocity 

Max imum and mi n i mum a i r  tempe r a t u r e s  ( °C )  were r e c o rded u s i n g  a 

me r c u ry t he rmome t e r  and w i n d  ve l o c i t y  ( km/ h )  w a s  r e c o rde d f r om a n  
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a n o me t e r  po s i t i o n e d  i n  t h e  paddock i n  w h i c h  t h e  sheep we re gra zed . 

Readings were reco rded once da ily at 8 . 0 0 am a nd a re p re s ented i n  Table 

2 of appendix A .  

3 . 4 . 2 .  Relative humidity, rainfall and sunshine 

D a t a  on t h e  r e l a t i v e  h umi di t y , r a i n f a l l  a n d  s u n s h i n e  f o r  t h e  

Palme rston N o r t h  field were obt ained f rom t h e  me teorological s t a tion of 

t h e  D S I R ,  P a l me r s t o n  No r t h . T h e  e n v i r o n me n t a l  r e l a t i ve h umidi t y ,  

ra i n f a l l  and s u n s h i ne are shown i n  Table 2 o f  appendix A .  

3 . 5 .  Stat i stical analysis 

Al l dat a  w e re a n a lysed by a gene r a l  l inea r model ( G LM )  u s i ng the 

s t a t i s t i ca l  a n a l y s i s  s y s tem ( SA S )  c o mp ut i ng p a c ka g e  ( SA S  I n s t i t ut e , 

1 9 8 5 ) . 

Cha rts were drawn using the mic r o s o f t  chart program . 
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T h e  model used to define t h e  dat a  o f  f a e c a l  output ; f e e d  and ene rgy 

i n t a ke w a s  : 

Where 

Yi j k = The obs e rv a t i o n  i n  the i t h  p r e - l amb she a r i n g  met h o d ,  

pregnancy s t a t u s  a n d  kt h  ewe . 

� = The general mean .  

x 1 Live weight of the j th ewe . 

x 2 = Lambing dat e of the j th ewe . 

� 1 Coe f ficient of regression a s sociated with x 1 . 

�2 Coe f fi c ient of regression a s soci ated with x2 . 

· th J 

Ai = The e f fect of the ith pre-l amb shearing method ( i = 1 , 2 where 

1 convent i on a l  and 2 = cover ) . 

B ·  The e f fect of the j th pregnancy statu s . J 

ei j k = The re sidual error of the i th pre-l amb shea ring method, · th J 

p re g n a n c y  s t a t u s  a n d  kt h  ewe . I t  i s  a s s umed t h a t  e i j k i s  n o rma l l y  

di s t ributed w i t h  mean 0 and v a riance 82 . 
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The rect a l  tempera ture and met abolic e f fe c t s  were a n a ly zed u s i ng 

the f o l l owing model 

Where 

Y ·  · = The obs e rv a t i on i n  the i t h  p r e - l a mb shea r i ng me t ho d ,  l J 
· t h J 

ewe f o r  the repeated measured analys i s  and the d i f ferences between 1 , 3 , 7  

and 1 4  days a fte r shea ring and the mean o f  t he consecut ive 2 days be f o re 

s hearing . 

� The general mean . 

x1 - Live we ight o f  the j t h  ewe . 

x2 Lambing da te o f  the j th ewe . 

� 1 Coe f f i c i ent of regress ion a s s o c i a ted with x 1 . 

�2 Coe f f i c i ent of regression a s so c i ated with x2 . 

A ·  = The e f fect of the it h  pre-l amb shea ring method ( i = 1 , 2  whe re l 

1 conventi onal and 2 = cove r ) . 

e i j  = The res i dual error of the i t h  pre-l amb shea ring met hod a nd 

j t h  ewe . I t  i s  a s s umed t hat ei j  is norma l l y  di s t ributed w i t h  mea n  0 and 

va riance 82 . 
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The l amb bi rth weight and its growth rate were analy zed u s i ng this 

mode l . 

Whe re 

Jl + A · +  B ·  + Ck + (AB ) · · + (AC ) · k + (BC)  ' k + e ·  ' k 1 J 1 ]  1 J 1 ]  

Yi j k = The obs e rv a t i o n  i n  the i th pre-l amb she a r i ng me t h o d ,  

p regnancy s t a t u s  and kth sex . 

Jl = The general mean . 

· th J 

A ·  = The mai n  e f fect o f  the i th pre-l amb shea r i ng met hod ( i =l , 2  1 

whe re 1 = convent ional and 2 = cove r )  . 

B ·  = The main e f fect o f  the j th pregnancy status ( j =l , 2 , 3  whe re J 

l =non p regnant , 2 = s ingle and 3 =twin ) . 

C k = T h e  ma i n  e f f e c t  o f  t h e k t h  s e x  ( k = l , 2 w h e r e  l =ma l e , 

2 =f ema le ) . 

(AB ) · · =  The e f fect o f  the inte ract i on between t he i th me thod o f  1 ]  

p re-l amb she a ring and the j th pregnancy �tatus . 

(AC ) i k= The e f fect o f  the i ntera c t i on bet ween t he i t h  me thod o f  

pre-l amb shea ring and the kth sex . 

( BC )
j k= The e f fect o f  the i n t e r a c t i on between the j t h  p regnancy 

status a nd kt h  sex . 

e i j k = The res idual error o f  the ith pre - l amb shearing met hod, · th J 

p re g n a n cy s t a t u s  a n d  k t h  s ex . I t  i s  a s s umed t ha t  e i j k i s  n o rma l l y  

di s t r ibuted with mean 0 and variance 82 . 
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The l ive weight o f  ewes at the time o f  s he a ri n g  ( d  0 )  were analyzed 

u s ing thi s mode l . 

11 + A · +  B ·  + Ck + ( AB ) · · + (AC) · k + (BC)  ' k  + e ·  " k r l. J l. J  l. J l. J  

Whe re 

Yi j k  = The o b s e r v a t i o n  in the i t h  p r e - l amb she a r i n g  met ho d ,  

p regnancy s t a t u s  a n d  kt h  rearing rank . 

� = The general mean . 

· t h J 

A ·  = The mai n  e f fect of the it h  pre-l amb s hearing method ( i = l , 2  l 

where 1 = convent ional and 2 = cov e r )  . 

B j = The mai n  e f fect of the j t h  pregnancy status ( j =l , 2 , 3 where 

l =non p regnant , 2 = s i ngle and 3=twi n )  

C k = The ma i n  e f fect o f  the kth rea ri ng rank (k=l , 2 , 3 whe re l =no , 

2 = s ingle and 3=twin rea red lamb ) . 

( A B ) · · =  The e f f e c t  o f  the i n t e r a ct i on between the i t h  me thod of l. J  

pre-l amb shea ring and the j th pregnancy �tatus . 

(AC ) i k= The e f fe c t  o f  the i n t e r a ct i o n  between t h e  i t h  me thod of 

p r e - l amb s he a ring and t he k rea ring rank . 

( BC ) j k= The e f fe c t  o f  the i n t e r a c t i o n  between the j t h  p regn a n cy 

s t atus and kt h  rea ring rank . 

e .  " k  = "' ... he res l· dua l  e rror o f  the i t h  p re-lamb shearing method, l. J  - · th J 

p r egna n c y  s t a t u s  a n d  kt h  re a ri n g  r an k . I t  i s  

n o rmal l y  di st ributed with mean 0 and variance o2 . 

a s s umed t h a t  e · · k i s  l. J 
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The w o o l  growth and live weight o f  ewes o n  day 6 7  a ft e r  shea ring 

we re de f i ned u s i n g  the s ame model f o r  t he li ve we ight but the initial  

l i ve weight w a s  included a s  a covariant . 

The resul t s  a re reported as means ± s t a nda rd e rror o f  t h e  mea n . 



RESULTS 



7 2  

IV . RESULTS 

4 . 1 .  Faecal output ; feed and energy intake 

Mean values f o r  f aecal output and estimates o f  int a ke o f  f e e d  a nd 

ene rgy a re p re sented i n  Table 4 . 1 .  

Faecal output and feed intake o f  o rgani c  matter ( OM )  and dry ma tter 

( DM )  i n  period 1 of t he ewes shorn with the cove r comb w e re h i gh e r  than 

t h o s e  f o r  t he ewes s horn with a conven t i o n a l  c omb . F a e c a l  output and 

f e e d  i n t ake w a s  s i mi l a r  between two met hods o f  pre - l arnb s he a r i n g  i n  

pe riod 2 .  Howeve r ,  in pe riod 3 ,  t he ewes shorn by the conve n t i o n a l  comb 

had highe r ave rage f aecal outputs a nd feed intakes than cove r s ho rn ewes 

( Table 4 . 1 ) . 

The e ff e c t  o f  method o f  pre - l arnb she a r i ng a nd pregnancy s t at u s  on 

f a e c a l  o u tput , feed and energy int a ke in pe r i o d  1 ,  2 and 3 w e re not 

s t a t i st i c a l ly di f ferent . 



Table 4 . 1 .  Compa rison o f  mean (±S E )  dry ma tter  ( OM) , organic ma tter ( OM )  and ene rgy intake and faecal 

output of 1 0  ewes s ho rn by a conve nti onal me thod and 1 0  ewe s shorn with a c over comb in 

three peri ods . 

P regnancy 

s t atus 

Faecal OM ( g )  Single 

output Twin 

DM ( g )  Single 

Twin 

Int ake OM ( g )  Single 

Twin 

DM ( g )  Single 

Twin 

Energy (MJ )  Single 

Twin 

Signi fi cance levels  

P regnancy s t atus 

Treatments 

Period 1 

Conven tional 

4 1 2±4 6 

4 4 8± 1 4 0  

6 6 5±7 3 

7 3 0±2 0 0  

1 , 8 0 1±2 0 1  

1 , 9 5 5± 6 1 2  

2 , 3 4 8±2 5 7  

2 , 5 7 4±7 0 5  

2 6 . 0±2 . 8  

2 8 . 5±7 . 8  

Cove r 

5 3 3±33 

4 7 1± 3 1  

8 3 7±56  

7 4 8±64  

2 , 330±1 4 4  

2 1  0 5 6± 1 3 7  

2 , 9 5 3±1 9 8  

2 , 6 3 9±2 2 6  

N S  

N S  

32 . 7±2 . 2  

2 9 . 2±2 . 5  

T reatment s 

Period 2 Period 3 

Convent ional Cove r Conventional Cove r 

4 1 5± 5 1  4 5 8±63 37 4±37 3 8 8±5 8 

5 5 4±25  4 3 2±1 4 6  5 0 6± 6 7  3 0 5± 1 4 

6 8 5±8 7 7 6 7±1 1 0  5 9 2±67 5 6 9± 8 4  

9 6 1±7 4 7 0 5±2 3 0  7 9 8± 9 4  4 4 6±25  

1 , 8 3 4±2 2 4  2 , 0 2 6±2 8 0  1 , 5 0 7±1 4 9  1 , 5 6 2±2 33 

2 , 4 5 0±1 1 2  1 , 9 1 0±64 6 2 , 0 4 0±2 6 9  1 , 2 2 8±57 

2 , 3 5 0±2 97  2 , 6 3 0±3 7 7  1 , 8 8 8±2 1 5  1 , 8 1 4±2 67  

3 , 2 9 5±2 54  2 , 4 1 8±7 9 0  2 , 5 4 5±2 9 8  1 , 4 2 2± 8 0  

2 5 . 3±3 . 2  2 8 . 3±4 . 1  2 0 . 1±2 . 3  1 9 . 3±2 . 8  

3 5 . 5±2 . 8  2 6 . 0±8 . 5  27 . 0±3 . 2  1 5 . 1±0 . 8  

N S  N S  

N S  N S  

-.) 
w 
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4 . 2 .  Rectal Temperature 

The rec t a l  temperatures ( °C ) o f  the ewes declined i n  b o t h  g roups on 

days 1 ,  3 ,  7 ,  a n d  1 4  a ft e r  s he a r i ng i n  compa r i s o n  w i t h  p r e - s he a ring 

v a l u e s  ( T a b l e  4 . 2 ,  F i gu r e  4 . 1 ) . The e f f e c t  of  me t h o d  o f  p r e - l amb 

s h e a ring o n  r e c t a l  t empe rature o f  ewes w i t h i n  day s  w a s  s ma l l  and not 

s igni ficant but rect al tempe ratures were con s i s tently h i ghe r on ave rage 

i n  t he ewes shorn w i t h  the cover comb . 

A r e pe a t e d  me a s u r ed a n a l y s i s  d i d  n o t  s h o w  a n y  s t a t i s t i c a l l y  

s igni ficant e f fects o f  t reatment o r  time on rect al tempe ra t u re s . 



Table 4 . 2 .  Compari son of the me an (±S E )  rectal tempe rature ( °C )  o f  3 0  ewes s horn 

with convent ional combs and 30 ewes shorn with cove r combs two days 

before shea ring and 1 , 3 , 7 , and 1 4  days a f t e r  shearing . 

Treatment s Time f rom shea ring ( days ) 

- 2  - 1  1 3 7 1 4  

� 

Conventional 3 9 . 0 8± 0 . 0 4 3 9 . 2 2±0 . 0 5 3 8 . 9 0± 0 . 1 0 3 8 . 8 4 ±0 . 0 6 3 8 . 7 8±0 . 0 5 3 8 . 8 5± 0 . 0 4 

Cove r 3 9 . 2 7± 0 . 0 6 3 9 . 3 2±0 . 0 5 3 8 . 9 8± 0 . 0 7 3 8 . 9 2 ±0 . 0 5 3 8 . 8 1±0 . 0 4 3 8 . 8 7± 0 . 0 5 

Signi fi cance l eve l s  : 

Between t reatments within days NS NS NS NS 

-.l 
\Jl 
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4 . 3 . Lamb birth weight and average daily gain 

The re were 6 9  l ambs born in t o t a l  f rom both groups . B i r t h  weights 

were reco rded f o r  3 8  l ambs f rom t he cover shorn ewes and 3 1  l ambs f rom 

the conven t i o n a l  s ho rn g roup but 5 l ambs died s oon a f t e r  l ambing and 

anothe r 3 be f o re 67 days after shea ring . 

The e f fect o f  b i rt h  rank was highly signi ficant ( P < 0 . 0 0 0 2 )  on bi rth 

weight and l amb growth rate ( P < 0 . 0 7 ) , whi l e  method of s he a r i ng and sex 

w e re not s i gn i f i cant on birth weight and l amb growt h rate ( Table 4 .  3 )  . 

Ove r a l l  the c o nvent i o n a l  group ( 5 .  6 2  kg) , ma l e s  ( 5 .  6 k g )  a n d  s i ngl es 

( 5 .  9 kg ) were heavier than the cov e r  group ( 5 .  4 4 kg) , fema l e s  ( 5 .  4 kg)  

a nd t w i n s  ( 5 .  0 k g )  , re spe c t i v e l y ,  a t  birt h  and t hese di f fe rences we re 

reflected i n  greater growth rates i n  the convent i onal group , the ma les 

a nd s ingle l ambs ( Table 4 . 3 ) . 
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Table 4 . 3 .  Comparison o f  the mean (±SE)  l amb b i rth weight ( kg )  a n d  

the average daily g a i n  ( g / d )  o f  l ambs o f  convent i o n a l  

and cover comb s h o r n  ewes . 

Ave rage dai ly g a i n  

T reatme n t s  Sex B i rth rank Birth weight ( kg )  ( g / d )  

Convent i o n a l  Ma le Single 6 . 0 3±0 . 2 1 3 1 3± 1 4 

Twin 5 . 07±0 . 3 8 2 8 3±1 4 

Femal e  S i ngle 6 . 1 7±0 . 2 2 2 8 2± 1 1 

Twin 4 . 6 6±0 . 5 3 2 7 4 ± 3 2  

Group mea n  5 . 6 2 2 8 8  

Cove r Male S i ngle 5 . 7 7±0 . 3 3 3 0 3±1 8 

Twin 5 . 3 4±0 . 1 8 2 7 4±1 6 

Fema le S i ngle 5 . 6 8±0 . 2 8 2 7 1±1 5 

Twin 4 . 9 1±0 . 2 3 2 5 7±1 5 

Group mea n  5 . 4 4 2 7 6  

Sign i f i cance level s  

Shea ring NS N S  

Sex NS N S  

Birth r a nk P < 0 . 0 0 0 2  P < 0 . 0 7 

S he a r i ng* Sex NS N S  

Shearing*Bi rth rank NS N S  

Sex* Bi rth rank NS N S  
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4 . 4 .  Metabolic effects 

The e f f ect of method of p re - l amb shea ring on t he c o ncent ration o f  

p l a sma met ab o l i t e s  o f  ewes be f o re and a ft e r  shea r i ng i s  p r e s e nted i n  

Table 4 . 4  a n d  t he graphs are p resented in Figures 4 . 2 ; 4 . 3 ; 4 . 4 ; 4 . 5 , and 

4 . 6  f o r  each o f  t he metabolites . 

A repea ted mea sures analys i s  s howed a s ign ifi cant ( P < O .  0 3 )  e f fect 

of t ime but not t rea tment , on pla sma glucosa concent ra t i on s . Glucose 

concent rat i o n  ( Table 4 . 4 ,  Figu re 4 . 2 )  i nc reased on day s  1 and 3 after 

s hea r i ng i n  both the convent i o n a l  and cover groups but the di fference 

between g roups was not statistically significant . 

T h e  e f f e c t s  o f  t r e a t me n t  ( P < 0 . 0 0 3 )  a n d  t i me ( P < 0 . 0 0 2 )  w e re 

s igni f i c a nt in a repeated measures analysis on the concent ration of NEFA 

i n  p l a s ma . I n  b o t h  g r o ups t he c o ncent rat i o n  o f  N E FA i n  t h e p l a s ma 

increased o n  day 1 fol lowing shea ring and remaine d  e l evated on day 1 4  

( Table 4 . 4 , Figure 4 . 3 ) . The i n c rease was greate r i n  t he conventional 

group on days 1 and 3 after shea ring and the di f fe r e nces between the 

groups w e r e  highly s i gni f i c ant ( P < O . 0 0 0 7 and P<O . 0 2  respectively ) ,  on 

these day s . 

The e f fe c t s  o f  t i me ( P < 0 . 0 0 0 1 )  a nd methods o f  p re - l amb s he a r i ng 

we r e  s i gn i f i c a n t  ( P < 0 . 0 1 )  o n  3 - hyd r oxybu t y r a t e  c o n ce n t r a t i o n  i n  a 

repe a t e d  mea s u re s  a n a l y s i s . The c o n c en t r a t i o n  o f  3 -hydro xybu t y ra t e  

reached peak val ues on day 1 after shearing and then decreased so that 
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o n  day s 7 a n d  1 4  the concent ra t ions were l owe r t han t hey were be fore 

s h e a r i n g  ( T a b l e  4 . 4 , F i gu r e 4 . 4 ) T h e  p l a s ma 3 - hydroxybu t y r a t e  

c o n c e n t r a t i o n s  were s igni f i c a n t ly greater i n  t he convent ionally shorn 

group on day 1 ( P < 0 . 0 0 2 )  and day 3 ( P < 0 . 0 3 ) . 

The e f f e c t  o f  t ime w a s  s t at i s t i ca l l y  s ig n i f i ca n t  ( P < O . 0 1 )  i n  a 

r e p e a t e d  me a s u r e s  a n a l y s i s  o f  u r e a  c o n c e n t r a t i o n . P l a s m a  u r e a  

concentration decreased s l ightly on days 3 and 7 after shea ring i n  both 

the groups , h oweve r the re we re no s i gni f i cant di f fe rence between the 

groups . 

The e f fect of time was s igni ficant ( P < 0 . 0 0 2 ) in  a repeated measures 

a n a l y s i s  of c reat i nine concen t r a t i on . P l a sma c reati n i ne concentration 

dec re a sed on days 3 and 7 i n  both the conventional group and t he cove r 

g r o u p . D i f f e re n c e s  b e t w e e n  g r o up s  were n o t  s t a t i s t i c a l l y  di f ferent 

w i t h i n  days . 



Table 4 . 4 .  Compa rison of the me an (±SE)  concentration of  various metabolites in  the plasma 

o f  ewes from two groups each of 3 0  ewes shorn either with conventional or cove r 

combs two days before shea ring and 1 , 3 , 7  and 1 4  days after shea ring . 

Day of  bl ood sampling 

Treatme nts Blood pa rameter 

-2 -1  1 3 7 1 4  

Convent ional Glucose (mmol / 1 )  3 . 2 8±0 . 0 7 3 . 3 4±0 . 0 8 3 . 5 5±0 . 1 3 3 . 5 8±0 . 1 0 3 . 0 5±0 . 0 6 3 . 2 8±0 . 0 9 

NEFA (meq/ 1 )  0 . 2 2±0 . 0 2 0 . 2 0±0 . 0 2 0 . 3 9±0 . 0 3
-

0 . 3 5±0 . 0 3 0 . 3 3±0 . 0 3 0 . 3 2±0 . 0 3 

3 -0H -B (mmol / 1 )  1 . 1 6±0 . 0 7 1 . 2 3±0 . 0 7 1 . 5 2±0 . 0 7 1 . 3 8±0 . 0 8 1 . 0 8±0 . 0 7 1 . 0 6±0 . 0 4 

Urea (mmol / 1 )  8 . 2 7±0 . 1 8 8 . 4 7±0 . 2 5 1 0 . 2 6±0 . 3 3 8 . 3 3±0 . 2 3 7 . 52±0 . 2 0 9 . 2 3±0 . 3 3 

Cre atinine ( �ol / 1 ) 9 . 1 0±0 . 2 3 8 . 5 0±0 . 1 9 8 . 5 0±0 . 2 1 7 . 2 8±0 . 1 7 7 . 0 0±0 . 1 8 8 . 6 0±0 . 3 0 

Cover Glucose (mmol / 1 )  3 . 4 0±0 . 0 9 3 . 2 9±0 . 0 9 3 . 6 5±0 . 1 2 3 . 52±0 . 1 1 2 . 9 5±0 . 0 6 3 . 37±0 . 1 4 

NEFA (meq/ l )  0 . 2 5±0 . 0 2 0 . 2 1±0 . 0 2 0 . 3 1±0 . 0 7 0 . 2 8±0 . 0 2 0 . 3 1±0 . 0 3 0 . 3 5±0 . 0 3 

3 -0H-B (mmol / 1 )  1 . 3 3±0 . 0 7 1 . 3 3±0 . 0 8 1 . 4 2±0 . 0 7 1 . 2 7±0 . 0 5 1 . 0 3±0 . 0 5 1 . 0 9±0 . 0 6 

Urea (mmol / 1 )  7 . 7 1±0 . 2 5 8 . 4 1±0 . 2 5 1 0 . 3 7±0 . 3 3 8 . 2 2±0 . 2 5 7 . 0 4±0 . 1 6 9 . 3 0±0 . 2 8 

Creati nine ( �ol / 1 ) 8 . 6 3±0 . 1 7 8 . 2 6±0 . 1 5 8 . 27±0 . 2 3 6 . 8 2±0 . 1 8 6 . 4 8±0 . 1 6 8 . 8 4±0 . 3 8 

Significance leve l s  : 

Between treatments within days 

Glucose NS NS NS NS 

NEFA P < 0 . 0 0 0 7  P<0 . 0 2 NS NS 
CXl 

3 -0H -B P < 0 . 0 0 2  P < 0 . 0 3 NS NS 
...... 

Urea NS NS NS NS 

Crea tini ne NS NS NS NS 
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Figure 2 .  Mean glucose c oncent rations (mmol / 1 )  of 3 0  ewes shorn 
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4 . 5 . Wool growth and ewe live weight 

Wool growth as  measured by the mid-s ide patch method i s  p resented 

in Table 4 . 5 .  

Wool grown ( 5 0  g / cm2 ) by ewes shorn by t he convent i on a l  met hod wa s 

6 % l ower t h a n  t hat g rown ( 5 3 g / cm2 ) by the group shorn by the cover 

method . Mid- s ide patch wool growth was 6 1 . 5 , 52 . 6  and 4 3 . 5  g / cm2 in the 

e w e s  t h a t  h a d  r e a r e d  no l a mb s , a s i n g l e  l a mb o r  t w i n  l a mb s , 

r e s p e c t i v e l y . T h e s e  d i f f e r e n c e s  i n  w o o l  p r o d u c t i o n  w e r e  n o t  

s t at i stically s i gni fi cant . 

The ave rage l i vewe ight of the ewes at t he t ime o f  shea ring { d  0 )  

wa s s imi l a r  ( 5 8 . 0 kg) in  the conventional and cove r groups . By day 6 7  

a ft e r  she a r i ng both groups had gained approximately 6 k g  l ive weight and 

the di f fe rence between groups was not statistically s igni f i cant . 

Ewe l iveweight was greatest in  the twin pregnant ewes { 6 1 . 8  kg ) on 

day 0 fol l owed by si ngle pregnant ewes ( 5 7 . 4  kg)  and dry ewes ( 5 4 . 0  kg) , 

but by day 6 7 , ewes which had not rea red a l amb ( 6 6 . 3  kg ) we re heavie s t ,  

f o l l owed by t h e  ewes with s ingle reared l amb ( 63 . 5  k g )  a n d  t w i n  rea red 

l amb ( 62 . 3  k g ) , respectively . 



Table 4 . 5 . The mean ( ±S E )  mid- s i de p a t c h w o o l  g r owth on day 6 7  a f t e r  s h e a ri ng and ewe l ive 

weight s  on days 0 a nd 67 a f t e r s h e a r i ng of e w e s  s h o r n  with convent ional comb and 

with cover combs . 

Treatments Bea ring s t a t u s  Re a r i n g  r a n k  

Conventional Dry 

Single 

Twin 

Group mean 

Cover 

Group mean 

Dry 

Single 

Twin 

Signi ficance leve ls  

Treatments 

Bearing rank 

Rearing rank 

T rea tment s * Bea ring rank 

Treatment s * Rea ring rank 

1 

1 

2 

4 

0 

1 

1 

2 

4 

n 

7 

1 6  

2 

4 

2 9  

2 

1 

1 6  

3 

6 

2 8  

W o o l  g r o w t h  

g / cm
2 

-

5 9±6  

5 0±5 .. 

4 5±3 

3 8±8 

5 0  

7 0±1 

7 7±0 

5 4 ± 5  

3 5±3 

5 0±1 

53  

NS  

NS 

NS 

NS 

NS 

Ewe live weight ( kg )  

day 0 day 6 7  

-

n n 

7 5 4 . 3±2 . 7  7 6 4 . 9±4 . 5  

1 7  5 7 . 3±1 . 7  1 6  6 3 . 7±2 . 2  

2 6 3 . 6±2 . 0  2 6 3 . 3±9 . 9  

4 6 4 . 2±3 . 5  4 6 2 . 8±1 . 9  

3 0  57 . 9  2 9  6 3 . 9  

2 52 . 8±0 . 4  2 7 2 . 3±0 . 5 

1 57 . 2±0 1 6 4 . 0±0 

1 6  5 7 . 5±1 . 8  1 6  6 4 . 3±2 . 1  

3 5 9 . 5±4 . 6  3 5 8 . 1±2 . 6  

6 6 0 . 3±1 . 8  6 6 2  . 1±2 . 2 

2 8  57 . 9  2 8  6 3 . 7  

NS NS 

NS P < 0 . 0 1 

NS NS 

NS NS 

NS NS CO 
CO 
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DISCUSS ION 

1. Ewe live weight , feed intake , lamb birth weight and average daily 

in 

The changes i n  ewe l ive weight i n  both groups f rom shearing t ime (d 

to day 67 a f t e r  l amb i n g  were s i mi l a r  a nd re f l e c t e d  the l a c k  of 

L f ferences i n  o rganic matter (OM)  and dry matter (DM) intake me asured 

n t h e  ewes immedi a t e l y  a f t e r  s h e a r i ng ( T a b l e  4 . 1 ) H oweve r ,  t h e  

ompa rison w a s  made between two methods o f  pre-l amb shea ring and a thi rd 

roup o f  ewes which were not shorn would have been needed t o  detect t he 

verall e f fect o f  shearing on feed int a ke and live weight changes . This 

.a s been inves ti gated in other experiment s wit h va riable res ult s .  Thus 

.nt ake of feed by ewes i n  late pregnancy s ome time s  dec l i n e s  ( Fo rbes ,  

. 9 8 6 ) , leading t o  ketosi s and poor foetal growth . Symonds e t  al . ( 1 9 8 6 )  

�eported t h a t  i n t a k e  and l i v e  weigh t o f  ewes shorn o n  day 5 6  be f o r e  

L ambing a n d  post l ambing did n o t  increase in comparison to unshorn ewes . 

Nhe reas i n  mo s t  experiment s ,  shearing s t imulates voluntary feed i nt a ke 

o f  pregnant and non pregnant sheep (Wodz icka -Tomas zewska , 1 9 6 3 ;  Webst e r  

and Lynch, 1 9 6 6 ;  Te rnouth and Beat t i e , 1 9 7 0 ;  Maund, 1 9 8 0 ;  Russel e t  a l . 

1 9 8 5  and Symonds et al . 1 9 8 6 ) . Ove ral l a n  i ncreased mate rnal f ood intake 

can generally be expected f o l l owing shea ring, which may result in bett e r  

foetal nutrition (Austin and Young, 1 9 7 7 ) . 

P revious s t udies have shown that s hea ring pregnant ewes during late 

p r e gn a n cy i n c r e a s e s  l amb b i rt h  w e i gh t  ( Nedkv i t ne , 1 9 7 2 ,  Au s t i n  and 



9 0  

Young, 1 9 7 7 ;  Maund, 1 9 8 0 ;  Thompson e t  al . 1 9 8 2 ,  Rus se l  e t  a l . 1 9 8 5  a nd 

S yrnonds e t  a l . 1 9 8 6 ) a l t hough Syrnonds et a l . ( 1 9 8 8 a )  w e r e  unable t o  

det e c t  a n y  e f fect o f  pre-lamb shea ring on l amb b i r t h  w e i ght . I n  the 

p resent experiment , t he mean birth weight o f  l ambs in the c onve nt i onal 

group was only 3 % higher than that of the c ove r group . Thu s ,  whateve r 

the e f fect of  pre-l amb shea ring on the birth weight o f  the l ambs the re 

w a s  no di f ferential  e f fect of t he two t reatments and t he re i s  no rea son 

there fo re t o  p refer one method t o  the othe r on this  bas i s . 

The average birth weight o f  s i ngle l ambs from convent ionally shorn 

ewes was 7 % greater in  comparison with the cover group but there wa s no 

di f f e re n c e  in the weight of t w i n s  f rom the two groups . A l t hough the 

d i f f e re n c e  in weight  of  the s i ng l e  l amb s is not  s i g n i f i c a n t  it i s  

s imi l a r  t o  a rep o r t  by Thomp s on e t  a l . ( 1 9 8 2 )  t h a t  w h e n  e w e s  we re 

exp o s e d  to ch ronic cold du ring pregnancy birth weight of s i ngle l ambs 

w a s  i n c r e a s e d  but not  f o r  t w i n  l a mbs . The re f o re , t he great e r  b i rth 

weight o f  s ingle lambs from ewes shorn with the convent i onal comb may be 

due t o  a g reater  cold s t ress put on t hese ewe s . Greater numbe rs would be 

n eeded, however to prove it . 

T h e  g r o w t h  r a t e s  o f  l a mb s f r o m  t h e t w o  g r o u p s  w e r e n o t  

s igni f icantly di fferent . In general heavier l ambs grew mo re qui ckly than 

l ight e r  l amb s  perhaps re flec t i ng di f f e rences i n  nut rit i on a l  status of 

t he i r  darns a nd hence mi l k  produ c t i o n  or d i f fe rence s between l ambs in 

t he i r  thermal insulation (Austin and Young, 1 9 7 7 ) . 

In this experiment, the effect of birth rank on lamb birth weight 

was highly s ignificant (P<0 . 0 1) which i s  i n  agreement w i t h  Thornpson et 
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a l . ( 1 9 8 2 )  a n d  r e f l e c t s  t h e  g r e a t e r  dema n d  f o r  n u t r i e n t s  by t w i n  

foetue s . Agai n  the heavier lambs a t  bi rth, gener a l ly s i ngle l ambs , grew 

more qui ckly than lighte r  l ambs . 

5 . 2 .  Rectal temperature 

The ob ject ive o f  this experiment was to demonst rate that the use of  

t he c ov e r c omb redu c e d  t h e  s eve r i t y of  the cold s t re s s  imp o s e d  by 

shearing . Stainer e t  a l . ( 1 9 8 4 )  have pos tulated that seve rity of a cold 

s t re s s  e i the r  f rom l ow envi ronmental tempe ratures o r  induced by pre-lamb 

s hea ring can be asses sed by measuri ng the f a l l  i n  rectal tempe rature i n  

p re g n a n t  e w e s . Even t ho ugh sheep a r e  home ot he r mi c a n ima l s  a n d  c a n  

ma i n t a i n  t he i r  deep body t empe rature , unde r extreme condit i ons rect a l  

t e m p e r a t u r e w i l l  f a l l . T h e  e x t e n t  o f  t h e f a l l  w i l l  d e p e n d  o n  

e nvi ronment al condit ions , including tempe rature , wind and rain,  and the 

thermo regulatory abil i t y  o f  the ewe . 

I n  t h i s  expe rime nt , t he sheep were kept i n  the f i e l d  where t he 

t empe r a t u r e  r a nged f rom 3 . 7  t o  1 4  °C du r i ng the pe riod when r e c t a l  

t empe rat u r e s  w e re me a s u re d . Furthermo re o v e r  this  period c ondi t i ons 

r ema i n e d  dry a nd the w in d  c h i l l  f a c t o rs w e re mode r a t e  ( T a b l e  2 o f  

appendix A ) . Thus the cold s t re s s  expe rienced a t  s hea ring was moderate . 

I n  c ompa rison with t he two days before shearing the rectal temperature s  

were slighly l ower i n  bot h  groups after shearing although a t ime s e ries 

a n a l y s i s  o f  the da t a  does not i nd i c a t e  a s ig n i f i c a n t  v a r i a t i o n  o f  
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t emperatures ove r time . Measurement o n  a group o f  unshorn ewes over the 

s ame p e r i o d  would have i nc reased t he s e n s i t i vi ty o f  the expe r iment . 

Neve rthel e s s  the dat a are consistent with the ewes f rom the group shorn 

w i t h  t he c ove r comb bei ng subjected to s lighly less  o f  a cold s t re s s  i n  

t h a t  t hei r body tempe rature fell less  a f t e r  s he a ri n g  t ha n  t hat o f  t he 

group shorn with the c onventional comb . Aga i n , howeve r ,  the ef fect o f  

t re atment on body tempe rature was n o t  stati s t i ca l ly sign i f icant . 

5 . 3 .  Metabolic effects 

Me a s u r i n g  r e c t a l  t empe ra t u re is a di r e c t  me t h o d  o f  a s s e s s i ng 

whe t h e r  the anima l i s  able t o  adjust  to a c o l d  s t r e s s . I n  adjusting,  

h oweve r ,  the ene rgy requi rements a re i n c re a s e d  to p rovide ext ra heat 

( H a l l iday , 1 9 6 9 ;  Davey and Holme s ,  1 9 7 7  and Symonds e t  a l . 1 9 8 6 ) . Thus , 

G r a h am et a l . ( 1 9 5 9 )  obse rved that in  s horn wethe r s , heat p roduction 

( HP )  i ncrea sed l i nea rly with a dec re a s
'
e in  e nvi ronment a l  tempe rature 

b e l o w  2 3  ° C  i r r e s p e c t i v e of  f e e d i n g  l e v e l . F u r t he rmo r e ,  e n e rgy 

r e qu i reme n t s  of s h o r n  p regnant ewes we re 2 8  % higher t ha n  t h o s e  o f  

unshorn pregn ant sheep and 2 . 1 4 t imes higher i n  sheep e xposed t o  0 °c 

c omp a red w i t h  those at  2 0  °C ( Symonds e t  a l . 1 9 8 6 ) . This  increase i n  

heat production is  achieved by increas i ng the p rovi s i on and oxidation o f  

met abolites by the ti ssues . 

The i nc re a s e d  concentration o f  NEFA o n  day s 1 , 3 , 7  a n d  1 4  a f t e r  

s he a ring, and o f  3 -hydroxybuty rate on days 1 a n d  3 c l e arly i ndicated a 
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met abol i c  r e s ponse b y  anima l s  i n  both groups t o  she a r i n g  ( Table 4 . 4 , 

Figu re 4 . 3 ) . I t  a l s o  reflected the importa nt role of t h e s e  metabolites 

i n  prov iding e ne rgy to the t i s s ue s .  Thes e  results a r e  i n  accord with 

t h o s e  o f  A s t r u p  a nd Nedkvi t n e , 1 9 8 8  and S ymonds e t  a l . 1 9 8 8 a who 

obs e rved that NEFA concent ration were elevated in pregnant ewes on days 

4 a n d  1 0  a f t e r  s he a r i n g t ho ugh o v e r t he rema i n i n g  s e v e n  we e k s  o f  

p regnancy d i f ferences disappe a red . Moreove r ,  i n  the present expe riment 

t he NEFA and 3 -hydroxybutyrate concent rati ons we re sign i f ic antly greater 

i n  the g ro up shorn with the conventi onal comb than t h o s e  o f  the group 

shorn w i t h  the cover comb . Thi s  indicated the ene rgy requ i rements of the 

ewes s h o rn by the conventi onal method were highe r than those of the ewes 

shorn w i t h  the cove r comb and demons trated that the a dve r s e  ef fect of 

shea ring can be reduced by the use of the cove r comb . 

NEFA i s  an  imp o r t a n t  s o u rce o f  ene rgy ( Au l i e  e t  a l . 1 9 7 1  and 

Symonds et a l . 1 9 8 6 )  r e l e a s e d  f rom t ri g l y c e r ides ( t r i a c ylglycer ol s )  

p r e s e n t  i n  t he adipose t i s s ue s . T r i gl yc e r i des are hydr o l y zed i n  t he 

adipose t i s s ue by a hormone-sensit ive l ipase t o  glyce rol and NEFA which 

a re rel e a sed i nt o  the bl ood st ream . The NEFA a re broken down in a numbe r 

o f  t i s s u e s b y  b e t a - o x i d a t i o n  t o  a c e t y l  C o A  w h i c h  e n t e r s  t h e  

t ri c a rboxy l i c  a c i d  ( TCA ) cyc l e  and i s  oxidized to c a rbon di oxide and 

rele a s i ng ene rgy ( Met z and Van den Be r g ,  1 9 7 7 )  I n c omp l e t e  oxidation 

l e ads to t he a ccumulation of 3 -hydroxybutyrate and an increase in  its 

c o n c e n t r a t i o n  in t he b l o o d . T h e r e f o re , t h e  change in NEFA and 3 -

hydroxybu t y r a t e  c on c e n t r a t i o n  i n  p l a sma a f t e r  s h e a r i n g  r e f l e c t s  a 

mobi l i zation of fat from the adipose ti ssue ( Halliday et a l . 1 9 6 9 ;  Aulie 

et al . 19 71 and Russel , 19 8 4) . 
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Glucose concent ration increased o n  days 1 and 3 a ft e r  shea r i ng i n  

both groups i n  accord with Ast rup and Nedkvitne ( 1 9 8 8 ) , even t ho ugh in 

this expe riment t he increase was not sign i ficant . The reason may be due 

t o  di f fe rences between the s tudi e s  in envi r o nmen t a l  t empe r a t u re and 

nut rition . Thus , Ast rup and Nedkvitne ( 1 9 8 8 )  subj ected their ewes t o  -

1 . 7  °c and fed hay , grass silage and concent rate mixtu r e ,  while i n  this  

expe riment mean tempe ratures was  higher ( 3 . 7  t o  14  ° C )  a nd the  ewes we re 

fed only pasture . 

Seve ra l mechani sms probably cont ribute t o  the i n c re a s e d  g l u c o s e  

conce n t rat ions i n  bl ood of ewes sub j ected to a c o l d  s t re s s .  G l u c o s e  

synt h e s i s  f rom g lyce rol was probably st imu l a t ed be c a u s e  i t  h a s  bee n 

shown that glycerol ent ry rate was 4 1  % higher in shorn pregnant sheep 

( Symonds , 1 9 8 6 ) , re f l e c ting the mobi l i s a t i o n  of  t ri acylglyce r o l s  f rom 

the adipo se t i s s ues . Howeve r ,  i f  a l l  the ext ra glycerol rel e a s ed int o  

the ci rcu l a t i o n  i n  t he shorn ewe were converted t o  glyce rol i t  would 

only ac count for an approximately 8 % i n c rease ln  g l u c o s e  s y n t hesi s .  

The r e f o re i t  h a s  been sugge s t e d  t h a t ' c a t a b o l i sm o f  p r o t e i n  may be 

st imu lated during cold exposure and gluconeogenic amino ac ids c o nve rted 

to gluco s e  in t he l iver (Thompson et al . 1 9 8 2 ;  Ast rup and Nedkvitne , 

1 9 8 8 ) . 

D e c l i n e s  i n  u re a  and c r e a t i n i n e  c o n c e n t rat i o n  w i t h  t i me a f t e r  

shea ring were found i n  both groups . The fall i n  urea concent r a t i on was 

s imi la r  t o  that reported by Ast rup and Nedkvitne ( 1 9 8 8 )  in ewes after 

shea ring . The reason for the fall in u rea and creati ni n e  concen t rations 

is not known especially since an increase in food intake after shearing 
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or  increased gluconeogene s i s  f rom endogenous protein would be expected 

t o  incre a s e  the tu rnove r o f  n i t rogenous metabolites . I n  s heep selected 

f o r  w o o l  g r o w t h  r e duced p l a sma u re a  and c r e a t inine c o n c ent ra t i o n s , 

however ,  reflected an increased glome ruler filt ration rate ( Cl a r k ,  1 9 8 7  

and McCut cheon e t  a l . 1 9 8 7 ) . Thus changes in the gl ome ru l a r  filt ra t i on 

r a t e  i n  t he kidney may have a l t e re d  t he ci rculating concent rations o f  

u r e a  a n d  c re a t i n i n e  i ndepe n d e n t  o f  a n y  c h a nges i n  t h e i r  r a t e s  o f  

synthe s i s . 

I n  s umma r y , a s  j u dged by t h e  c i r c u l a t i n g c o n c e n t r a t i o n s  o f  

me t a bo l i t e s , t h e  e w e s  s h o r n  w i t h  t h e  c o nvent i o n a l  c omb w e r e  mo re 

s everely s t re s s ed than those shorn with the cover comb . This di fference 

is p robably rel ated to  a di fference between the groups in  insulation . I n  

t he group s horn by t h e  convent ional shearing method l e s s  wool wa s left  

on  t he s heep than on  t hose shorn by the  cover method and even though the 

di f f e r e n c e s  w a s  sma l l  t he ext ra w o o l  would si gni ficant l y  reduce the 

amount o f  heat lost from the skin surface . The re fore,  because more heat 

' 

w a s  l o s t  by the conventional group, rectal tempe ratures f e l l  mo re than 

t h o s e  o f  t h e  c o v e r g r o u p e v e n  t h o u gh t h e  d i f f e r e n c e s  w e r e n o t  

s igni f i cant . I n  response t o  the cold s t re s s  fatty acids w e re mobi l i zed 

f rom the adipo s e  t i s s ue to  increase heat product i on and t hus elevat ing 

plasma c oncent rat ions of NEFA and ketones . 
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. 4 . Wool. growth 

The ewes shorn by t he convent i onal method p roduced 6 % less  wool , 

.s me asured by the mid side patch, t han the ewes  shorn w i t h  the cove r 

:omb by day 6 7  a f t e r  shea ring though the di f fe rence was s t at i st i ca l ly 

1on s igni f i cant . The wool growth t o  day 6 7  w i l l  be i n f luenced by many 

: a c t o r s , f o r  e x a mp l e ,  p r e - l a mb s h e a r i n g me t h ods , e n v i r o n me n t a l  

c. e mp e r a t u r e ,  s e a s o n , f e e d  i n t a k e , p r e g n a n c y  a n d  l a c t a t i o n a n d  

i n t e r a c t i o n s  between t hem . There fo re , l a rge v a r i a t ion i n  t he re s u l t s  

would be expected . Neve rthe l e s s  the group shorn with t he convent ional 

c o mb wa s s ub j e c ted to a g re a t e r  c o l d  s t r e s s  a s  i n d i c a t e d  b y  t he 

me t abo l i t e  concent ra t i ons ( s ee 5 . 3 ) , so they might be expected t o  eat 

more t o  meet the i r  demand for more ene rgy . Howeve r ,  feed intake measured 

f o r  t he f i rst 2 1  days (3 pe riods ) of the 67 days a f ter shearing clea rly 

s howed there were no di f ferences in intake immedi ately a ft e r  shea ring . 

The re f o re , t he f a i l u re t o  mea sure di f ference s wool grown in  the short 

t e rm a ft e r  shearing is not surpri s ing . Fina l l y ,  a l t hough di f ferences  

b e t w e e n  t he t w o  groups i n  food i n t a k e  and w o o l  produ c t i o n  were  not  

s i g n i f i c a n t it  is  p r ob a b l e  that  b o t h  t he s e  p a rame t e r s i n c r e a s e d 

f o l l owing s he a r i ng .  Thus , Wodzicka-Tomas zew s k a  ( 1 9 6 3 ) ; Corbett ( 1 9 7 9 ) ; 

Williams et al . ( 1 9 8 3 ) ; Hawker et a l . ( 1 9 8 4 )  and Oddy ( 1 9 8 5 )  have shown 

that food intake of  pregnant ewe s is increased a ft e r  s he ar i ng and that 

t h i s  l eads t o  an increa sed wool growth .  

Wool growth a f t e r  shea ring w a s  greatest i n  t he non-pregnant ewes 

a nd l e a s t  i n  t h e  ewe s w h i c h  rea red twin l amb s w i t h  g r o w t h  i n  e w e s  
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rea r i ng s ingl e l ambs i ntermediate between the se two ( Table 4 . 5 ) . These 

re s ul t s  we re s imi l a r  t o  t h o s e  repo r t e d  by Co rbett ( 1 9 7 9 )  a nd Oddy 

( 1 9 8 5 ) . I t  i s  p r o b a b l e  t h a t  i n  t h e  n o n -p regn ant a n ima l  a g r e a t e r  

proportion o f  ene rgy i ntake was part i t i oned t o  wool growth ,  whi l e  i n  t he 

l a c t a t i n g  a n i ma l s  p a rt o f  t h e  i n t a k e  w a s  u s ed f o r  mi l k  p r o du c t i o n  

l e a v i n g  l e s s  a v a i l ab l e  f o r  w o o l  g r o wt h .  F o r  examp l e  t he c l ea n  w o o l  

production over t he y e a r  w a s  reduced b y  5 - 8  % f o r  ewes rearing a s ingle 

lamb and the l o s s  can be doubled in ewes rea ring twins (Corbe t t , 1 9 7 9 )  . 

During lactation t he t otal clean wool growth defi cit increased a s  mi l k  

production increased, and f o r  every l i t re of mi l k  produced t he re was a 

de ficit o f  1 2  g clean wool (Oddy , 1 9 8 5 ) . 
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VI . CONCLUSIONS 

Ove rall t he e f fects of method of pre-l amb shearing on feed intake , 

r e c t a l  t empe r a t u re , me t a bo l i c  s t a t u s , l amb bi r t h  w e i gh t  a n d  w o o l  

p roduct i on i n  t h e  present experiment leads t o  the f o l l owing conclusions : 

1 .  The method o f  pre-lamb shearing did not af fect the food intake 

o f  pregnant ewes . 

2 .  The method o f  pre-lamb shearing did not a f fect various me asures 

of p roduc t i o n  including, the l i ve weight of the ewe s , the birth we ight 

and g rowth rate of the lambs or wool growth of the ewes . 

3 .  Ewe s s h o rn by the convent i o nal me thod we re more severely cold 

s t re s s ed t h a n  the ewes s h o rn with the cover c omb a s  i ndicated by t he 

h ighe r  conce ntrations of NEFA and 3 -hydroxybutyrate ln  the pl asma of the 

f o rme r group after shea ring . 

4 .  Rect a l  temperature was a less sensit ive mea sure o f  cold st res s 

than t h e  concentra t i on o f  NEFA and 3 -hydroxybutyrate i n  that the sma l l  

di f f e rence between the groups in rectal tempe rature a f t e r  shea ring was 

not s t a t i s t i ca l ly s igni ficant . 

5 .  P re - l amb shearing with a cove r comb reduces the seve rity o f  the 

c o l d  s t re s s  on the ewe in c omparison with the c onvent i onal method and in 

m o r e  sever e  c onditions than ex perienced in this e x periment may 

s igni f i cantly reduce l o s ses in producti on . 
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Table 1 .  The chemic a l  c omposition and t he i n  vitro dige s t ibil ity 

o f  the pas ture 
101 

P e r i ods 

Week 1 Week 2 Week 3 

D ry mat t e r  ( % )  9 4 . 4  9 5 . 2  9 4 . 2  

C rude protein ( % )  ( Nx 6 . 2 5 )  2 0 . 6  1 9 . 4  1 8 . 1  

Ash ( % )  1 0 . 6  1 8 . 6  9 . 6  

I n  v i t r o  DMD ( % )  72 . 6  7 0 . 5  7 1 . 2  

OMD ( % )  7 7 . 6  7 7 . 8  7 6 . 6  

DOMD ( % )  6 9 . 2  6 5 . 0  6 8 . 6  

Table 2 .  The mean a nd ( range ) for the dai l y  maximum and minimum 

tempe rat u re ,  wind vel ocity, relative humidity ( RH ) , 

rainfa l l ,  and sunshine over the f i r s t  1 4  days and the whole 

( 6 7 day s ) o f  the expe rimental pe r i od 

Period Tempe rature 1 )  

0 - 1 4  1 4 . 2  

Min . 

3 . 7  

Wind 

veloci ty1 )  , 

km/ h  

7 . 5  

( % )  

8 0 . 1  

( 1 0 . 0 - 1 7 . 5 ) ( -2 . 5- 1 1 . 0 ) ( 0 . 7 0 - 4 2 . 5 ) ( 7 1 - 92 ) 

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

( 0 9 . 3 - 2 0 . 8 ) ( -2 . 5-14 . 0 ) ( 0 . 6 1 -4 6 . 8 ) ( 67 - 9 7 )  

1 )  Rec o rded i n  the f i eld 

2 )  From D S I R  records 

Rai n f a l l 2 )  Sunshine2 l  

(mm) 

0 

( 0 - 0 )  

1 . 2  

( 0 -1 5 )  

( h )  

6 . 5  

( 2 . 2 - 9 . 6 ) 

4 . 7  

( 0 . 0 - 9 . 8 ) 
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