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i i  

AB STRACT 

The a i ms o f  th i s  study was to evaluate the e f fect o f  once d a i ly m i l k i ng 

du r i ng m i d-lactat i on and to ident i fy facto rs wh i ch could be used  to 

pred i ct.the res ponse o f  d a i ry cows m i lked once d a i ly. Facto rs stud i ed 

i n c l uded  i ntramammary pressure  ( I MP ) , udder  volume , res i dual  m i lk and 

m i lk compos ition . A total o f  3 2  F r i es i an cows , s i xteen h i gh breed i ng 

i ndex ( HBI ) and s i xteen low breed i ng i ndex ( LBI ) ( 2 - 1 1  years old ) were  

used in  the  study . With i n  each  breed i ng i ndex group , cows were f u rther 

d i v i ded i nto 2 groups, cows were then allocated to e ither once d a i ly 

m i l k i ng (treatment grou p )  or  twi ce da ily m i l k i ng (control  grou p )  s o  the 

groups were balanced for  b reed i ng i ndex and age . 

The exper i mental pe r i od was d i v i d e d  i nto 3 ma i n  pe r i ods , a 

pre-t reatment ( 3  weeks ) , a treatment (3  weeks ) and a post-treatment 

pe r i od ( 7  weeks ) .  Dur i ng the p r e -treatment period I M P  ( be fo r e  mo r n i ng 

and a fternoon m i lking),  empty udder volume after mo r n i ng m i lk i ng ,  

res i dual m i lk and peak f low r a t e  were measured . Dur i ng the treatment 

pe r i od i ntramammary pressure  was measu red at 1 5  h r , 20 h r  and 24 h r  

a fter m i lking . Dur i ng the f i rst three days o f  the post-treatment 

pe r i od I M P  was measured before  a fte rnoon m i lking and udde r  volume a ft e r  

a fte rnoon m i l k i ng were measured . 

measured d u r i ng the  who le pe r i od . 

M i lk y i eld  and compos it i on were  

1 )  On average once  da i ly m i lking reduced d a i ly y i elds  of  m ilk , 

fat ,  and prote i n  by 2 . 8  kg/cow ( 19% ) , 0 . 08 kg/cow ( 1 4% ) 

and 0 . 08 kg/cow ( 1 6% ) res pecti vely i n  compar i s on 

w ith the contro l group . 

2 )  Followi ng cessat i on o f  the treatment , the ave rage da ily 
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p roduc t i on o f  cows prev i ou s ly mi lked once dai ly was 1.1 kg ( 7% )  

m i lk ,  0.06 kg ( 9% )  f a t , 0.02 kg (4 ) 

l a c t o s e  less  t han t h a t  o f  the  con t rol group . 

3 )  The dec rease i n  m i lk y i e l d  for  the  i n d i vi dual cows over  t he 

t rea t men t p e r i od ranged f rom 1 2% t o  46% . 

4) The concen t ra t i on o f  f a t  and pro t e i n  i n creased wh i le t h a t  o f  

lac t o s e  dec reased dur i ng t he t rea t men t p e r i od i n  cows mi l ked 

once da i ly . 

5) Measuremen t o f  the  m i lk y i eld and m i lking t i mes were n o t  

s u f f i c i en t ly pre c i s e  t o  allo•; t h e  calcula t i ons o f  r e sidual milk 

by a novel me t hod . 

6 )  There was a s i gn i f i can t rela t i onsh i p  be tween I MP 1 5  h r  

a f t e r  previous m i lking ( P  < 0.05) and the  decrease 

in  m i lk y i eld  due t o  once dai ly m i lk i ng . 

7 )  The r e s ponse to  once da i ly mi lking was no t rela t ed t o  o t her  fac t o rs 

such as IMP  a t  20 h r  and 24 hr  a f t e r  m i lk i ng ,  udde r  volume o r  

m i lk f low . 

Pos s i ble reasons for  t he fai lure o f  these  fac t o r s  t o  p r ed i c t  

t he r e s ponse o f  cows t o  once dai ly mi l k i ng are  d i s cussed. 

I t  i s  concluded that  fur t he r  s t ud i es are needed to i nc rease our  

unde r s t an d i ng of  the con t r i bu t ion  of  r e s i dual m i lk to  the  phys i cal  and 

chemi cal  inhi b i t ion  of m i lk secre t i on . 
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CHAPTER ONE 

INTRODUCTI ON 

I t  i s  vel l  es t a b l i shed i n  da i ry ca t t l e  hus bandry t ha t , t o  achi eve 

o p t i mum m i lk p roduc t i on cows mus t be m i lked at leas t t w i ce d a i ly . 

Dur i ng the  las t f ew decades , howeve r ,  some d a i ry farmers i n  Nor thern  

Hemi sphere  have  o p ted  f o r  thr i ce da i ly m i l k i ng . I n  Nev  Zealand and 

Aus t ra l i a ,  on the o t her  hand , i n t e res t has been to reduce m i l k i ng 

f requen c i es on a d a i ly o r  veekly bas i s . 

Redu c i ng m i lki ng f requency inevi tably resu l t s  i n  p roduc t i on losses , 

howeve r ,  the  phys i o logi cal mechan i s m  regula t i ng m ilk p r odu c t i on und e r  

reduced m i lki ng regimes rema i n  unce r t a i n .  

P rev i ous s t ud i es s ugges ted t h a t  the  d e c rease i n  m i lk p roduc t i on vhen 

cows are m i lked l e s s  f requen t ly is due to : 1 )  l i mi t ed s t o rage capac i ty 

o f  the  udder  ( Tucke r , 1 9 6 1; Schm i d t ,  1 9 7 1 ) ;  2 )  the  p resence  o f  

chemical  i nh i b i t o r s  i n  the  m i l k  ( L i nz e l  and Peake r , 1 97 1 ;  Hend e rson 

and Peake r , 1 984 ; 1 98 7 ) ;  3 )  a reduced m i l k i ng s t i mulus ( Covi e  �al . , 

1980 ) ; 4 )  i n c reased r e s i dual m i lk y i e l d  due t o  i nadequa t e  dura t i on o f  

m i lk ej e c t i on r e la t i ve to  t h e  amoun t o f  m i lk i n  t h e  udde r  ( �o o l f o rd e t  

a l . ,  1 9 82 ) .  In  none o f  t hese  s t ud i es , hovev e r , have measuremen t s  o f  

fac t o rs vh i ch may l i m i t mi lk p roduc t i on been made i n  conj uc t i on vi t h  

res ponse o f  the  covs t o  once da i ly m i l k i ng . 

Th i s  t hes i s  r e v i evs the  l i t e ra t ure  on  fac t o r s  vh i ch may i n f luence the  

response of  covs t o  once-a-day m i l k i ng , and  p resen t s  resu l t s  of  an 
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expe r i me n t  t o  i d en t i fy t hose fac t o rs �h i ch are  

i mpor t an t  i n  a f fe c t i ng m i l k  p roduc t i on . 

cons i d ered  mos t 
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CHAPTER TVO 

LITERATURE REVIEV 

2 : 1  EFFECT OF M I LKING FREQUENCY ON M I LK YIELD AND COMPOSITION 

2 : 1:1 Thr i ce Da i ly M i lki ng 

Al t hough i n  p r i n c i p l e  i t  i s  pos s i ble  t o  m i lk co�s more  f requen t ly ,  

m i lking three  t i mes  a d ay i s  the grea tes t f requency found i n  p r ac t i ce .  

Thr i ce d ai ly m i l k i ng inc reased mi lk y i e ld by 3% t o  40% i n  compa r i son  

�i t h  t � i ce dai ly m i lki ng ( Lud�i ck �al . , 1 941 ; Mo rag , 1 9 7 3; Pearson , 

1 9 7 9 ; Poole , 1 9 8 2 ; De Pe te r s , 1 985 ) . The re �as ho�ever ,  no  

s ign i f i can t change i n  m i lk compos i t i on ( Henderson et  a l. , 1 98 3 ; G i s i  

e t  al. , 1 9 86 ) . Amos e t  al . ( 1 984 ) and Al len ( 1986 )  found t h a t  t h e  

i n c rease i n  lac t a t i on y i e l d  �as h ighe r i n  hei f e r s , i n  r e s ponse t o  t h r e e  

t i mes d a i ly m i lking t han i n  ma t u r e  co�s ( 25 . 2% v s  1 8 . 5% ) . Moreove r t h e  

i nc reases � e r e  h i gher  i n  t he l a t e  s t age o f  lac t a t ion t han i n  e a r l y  

lac t a t i o n  ( Cash e t  al . ,  1 950 ; Pel l i s i e r  e t  a l . , 1 9 78; Pearson e t  a l . ,  

1 9 7 9 ) . The i n c rease i n  m i lk produc t i on �hen co�s are  m i l ked t hr e e  

t i mes d a i ly  a r i s es f rom : 1 )  An i n c r ease i n  dai ly p roduc t i on whi ch 

occurs  i mmed i a t e ly a f t e r  t he impos i t i on o f  the  t re a t men t , 2 )  a h i gh e r  

peak p r odu c t i on and 3 )  i n c reased pers i s t ency resul t i ng i n  longer 

lac ta t i ons  ( E l l i o t , 1 9 6 1 ; Poo le, 1 9 8 2 ) .  

The i n t e res t i n  m i lking t h r ee t i mes da i ly in the  Nor t hern  Hem i spher e  

a r i s e s  f rom the  fol lo�ing needs: f i rs t ,  a s  a means o f  i n c reas i ng 

ou tpu t f rom f i xed cap i t a l  i nves tmen t s; s econd ly ,  to  t ake advan t ag e  of 
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t he i ncr ea s i ng au t oma t i on o f  the mi l k i ng parlour  and t h e r e f o r e  reduced 

labour requ i r emen t s ; and t h i r d ly , because modern cows a r e  h igh 

y i e l d i ng and m i l k i ng t h ree t i mes r educes udder  s t ra i n .  A r ecen t 

e conomi c  evalua t i on o f  t hree  t i mes da i ly mi l k i ng i n  U . S . A  s howed t h a t  

w i t h  c u r r e n t  m i lk and feed p r i ces , the  reg i me would o n l y  be p r o f i t ab l e  

i f  the  i nc reased cos t o f  labour was v e ry l o w  compared t o  t h e  i nc reased 

m i lk y i e l d  ( Cu lo t t a  and Schmi d t , 1 9 88 ) . 

Cons equen t ly mi l k i ng three  t i mes d a i ly i s  unl i kely  t o  be  econom i cal  i n  

New Zealand where t h e  cows a r e  grazed o n  grass  t hroughou t the  year  and 

m i lk p roduc t i on p e r  cow is r e la t i ve ly low . In  add i t i on au t oma t i on o f  

t h e  m i l k i ng parlour  i s  m i n imal and h igh labour i np u t  i s  requ i red i n  

m i l k i ng o p e ra t i ons . Al though i t  i s  c lear  t h a t  t h r i ce d a i ly  m i l k i ng 

i nc reases m i lk produc t i on ,  i t s acce p t ance o r  rej e c t i on i n  p r ac t i cal  

dai ry f a r m i ng i s , none theless , r e l i an t  upon economi c  r a t he r  t han 

b i ol og i cal fac t o rs . 

2 : 1 : 2  Twi c e  Da i ly M i l k i ng 

Even t hough more f requent  m i l k i ng resu l t s  i n  grea t e r  p roduc t i on , t w i ce 

dai ly m i l k i ng has been prac t i ced for cen t u r i e s  poss i bly s i nce t he 

beg i nn i ng o f  t he d a i ry i ndus t ry .  Un t i l  recen t ly i t  was cons i de red t h a t  

o p t i mum p roduc t i on f rom twi ce da i ly mi lked cows was achi eved when 

i n t e rvals  b e t ween mi l k i ngs we re 12 hr  ( B ryan t , 1 9 78 ) . On  the o t h e r  

hand , s ev e r a l  s t ud i es i nd i ca t ed t h a t  mi lking i n t e rvals u p  t o  1 6  h r  d id 

no t s ign i f i can t ly a f f e c t m i lk and f a t  y i e lds ( Table  2 . 1 ) ( Adap t ed f rom 

Dodd , 1 984 ) . 
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There a r e  ho�ever  d i f f erences  be t�een animals i n  t h e  r e sponse t o  t he s e  

i n t e rval l eng t hs . Fo r example , hei fers  produced less  �hen mi lked t w i c e  

d a i ly w i t h  i n t e rvals  o f  8 hr  and 1 6  hr  t han when t h e  i n t e rvals  were  

equal  ( Schmid t ,  1 97 1 , Dodd and  G r i f f i n ,  1 9 7 7 ) .  
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Table 2 . 1  The y i e ld s  o f  mi l k  and f a t  p roduced by cows 

m i lked a t  equal and unequal i n t e rvals  ( Adap t ed f rom Dod d , 1 98�) 

I n t e rvals ( h r )  Cows ( n )  Dura t i on ( days ) M i l k ( kg )  Fa t ( kg )  

1 2  1 2  7 

1 6  8 7 

1 2  1 2  1 1  

1 6  8 1 1  

1 2  1 2  7 

14 10  7 

1 2  1 2  1 1  

1 5  9 1 1  

1 2  1 2  1 7  

1 6  8 1 7  

1 2  1 2  3 5  

14 10 35  

16  8 35  

1 2 . 5  1 1 . 5  82  

14 . 5  9 . 5  8 2  

2 3 2  

2 3 2  

264 

264  

comple t e  

lac t a t ion  

280  

280 

280 

280 

305 

305 

305 

2 6 6  

266  

2 5 3 3  

247 7 

2 92 0  

2 9 7 3  

2541 

2 5 6 2  

3 2 0 3  

3 145 

3 5 9 3  

3470 

6 242 

6 2 2 2  

6 1 6 1  

49 10  

4800 

1 14 

1 1 2 

143 

146 

9 6  

9 7  

1 2 9  

1 2 8  

143 

142 

2 3 6  

243 

2 3 8  

1 8 6  

1 8 1  
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2 : 1 : 3  M i l k i ng Three T i mes i n  Two Days 

E l d r i dge and Clark ( 1 978 ) s tud i ed the e f fe c t  of mi l k i ng t h ree t i mes i n  

two days o n  m i lk y i e ld . M i lk y i eld  was reduced b y  1 1% t o  18%  i n  

compa r i son wi t h  m i l k i ng twi ce da i ly . Copeman and Nappe r ( 1 9 8 2 ) us i ng 

i den t i ca l  twins  observed t h a t  mi l k i ng t h ree  t imes i n  two days a t  

i n t ervals  o f  1 1  h r  and 18 . 5  h r  resul ted  i n  6 . 4% and 2 . 8% decrease  i n  

m i lk and m i lk f a t  y i e lds  res pec t i ve ly . Voo l ford  e t  a l . ( 1 9 8 5 ) us i ng 

s im i lar  i n t ervals repor t ed losses  o f  6 . 8% and 2 . 8% i n  m i lk and m i l k f a t  

p roduc t i on respe c t i ve ly . Much larger losses  were apparen t f o r  h e i f e r s  

i n  wh i ch p roduc t i on o f  m i lk f a t  was reduced b y  1 2 . 9% .  

2 : 1 : 4 Once Dai ly M i lking 

The e f fe c t s  o f  reduc ing mi l k i ng f requency f rom t w i ce t o  once a d ay have 

been exami ned in a l i m i ted  number o f  exper i men t s . Claesson e t  

a l . ( 1 9 5 9 ) compared once da i ly m i lking wi t h  t w i ce d a i ly m i l k i ng over  

comp l e t e  l ac t a t i ons . They obs erved SO% and  40% losses  i n  m i lk f o r  t h e  

f i rs t  a n d  second lac t a t ion  res pec t i vely . T h e  perce n t age d e c rease  was 

gre a t e r  in early l ac t a t i on and in younger  cows . Fur thermore t h e  

concen t ra t ion  o f  m i lkfat  inc reased wh i le that  o f  lac t os e  d e c reased f o r  

o n c e  d a i ly m i l k i ng compared to  t w i ce d a i ly m i l k i ng . 

Sho r t  t e rm expe r i men t s  towards the  end o f  lac t a t i on showed s ma l l e r  

reduc t i ons i n  m i lk and m i lk f a t  yi elds , rang i ng f rom 15%  t o  3 7% ( Parke r , 

1 9 65 ; Vi lson , 1 9 6 5 ; B ryan t ,  1 9 78 ) . The decrease i n  m i lk p roduc t i on 

when cows a r e  m i lked once da i ly is  due to  a d e crease in  d a i ly 

produc t io n  as we l l  as sho r t e r  lac t a t i ons ( Claesson e t  a l . ,  1 95 9; 
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Parke r , 1 9 65 ) . 

There a r e  var i a t i ons b e t ween cows i n  t he i r  response t o  once d a i ly 

m i l k i ng wh i ch i s  no t r e l a t ed t o  level  o f  m i lk p roduc t i on ( Pa rke r , 

1 9 65 ) . I n  Parker's expe r i men t a cow m i lked twi ce dai ly p roduced 2 9  kg 

o f  mi l k f a t  more t han her  t w i n  ma t e  mi lked once da i ly .  I n  con t ras t 

ano ther  cow p roduced 1 . 3  kg l e s s  t han her  t w i n  ma t e  on  once d aily 

m i lk i ng . Jus t wha t charac t er i s t i cs are  i nvolved i n  accoun t i ng f o r  the  

var i a t i o n  i n  res ponse t o  once dai ly m i lking are  no t known . 

2 : 1 : 5  M i ssed  M i lki ngs 

M i l k i ng regime has a great  i n f luence on t he dai ly rou tine o f  the  

f a rme r .  O c cas i onal ly t he farmer  might  f i nd t h a t  he has  t o  miss  a 

m i lking  and i t  i s  therefore  impor t an t  for  h i m  to  know the  e f fe c t  on  

p roduc t i on . 

Omi t t i ng one m i l k i ng per  week showed no s ign i f i can t losses  in 

p roduc t ion  ( Au t rey et  al . ,  1 9 6 3; 

1 9 7 3; Maroske e t  a l . , 1 9 84 ) . 

IJi l son , 1 9 6 5; Rad c l i f fe e t  a l . , 

M i s s ing t wo conse cu t i ve m i l k i ngs however, caus ed a reasonable reduc tion 

in b o t h  m i lk y i e l d  and m i lk cons t i tuen t s . Rad c l i f fe  e t  a l . ( 1 9 7 3 ) , 

observed  a reduc t i on o f  14% f o r  bo th  m i lk and the  main  s o lids 

componen t s  when two consecu t i ve  mi l k i ngs 1vere  m i ssed . The e f fec t s  were  

g rea t es t early i n  lac t a t ion  and  i n  h i gh p rodu c i ng cows . Moreover  t h e r e  

w e r e  compos i t i onal changes resul t i ng f rom m i s s i ng t w o  conse cu tive 

m i lk i ngs wh i ch were s i m i lar  to those  occu r i ng in cows w i t h  subc l i nical 
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mas t i t i s .  These i nclude i nc reases in  pH , chlo r i d e  concen t ra t i on and 

s oma t i c  c e l l  coun t ( Ba i ley et al . , 1 9 7 3 ) . These changes i n  m i l k  

compos i t i on w e r e  ass oc i a t ed wi t h  poore r p roces s i ng p rope r t i es o f  t h e  

m i lk such as reduc t i on i n  hea t s t abi l i ty a n d  c u r d  f i rmness . 
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2 . 2  E FFECT OF MI LKING FREQUENCY ON  BODY�EIGHT 

Several  i nves t iga t o rs have s t ud i ed the e f fe c t  o f  m i lk i ng f requency on 

body w e i gh t ( Parke r , 1 9 65 ; Pearson et a l . ,  1 9 7 9 ; Poo l e , 1 9 8 2 ; De 

Pe t e rs e t  al . , 1 9 85 ) . In  sho r t  t e rm s tud i es , measuremen t s  o f  

bodywe i g h t  showed t h a t  there  was no d i f ference b e t ween cows m i lked once 

o r  twi ce  dai ly ( Parke r , 1 9 65 ) . S i m i lar resul t s  were  obse rved by 

Pearson et  al . ( 1 9 7 9 ) compar i ng twi ce  and t h r i ce da i ly m i lked cows . 

I n  con t ras t Poole ( 1 982 ) and De Pe ters  � al . ( 1985 ) i n  longer t erm 

s t u d i e s  observed t ha t , t he cows m i lked t h ree t i mes per  day gai ned l e s s  

we igh t t han t hose m i lked t w i ce da i ly .  S i m i larly cows m i lked once d a i ly 

over  t h e  whole lac t a t ion ga i ned more we ight  compared t o  con t ro l  cows 

( Claesson e t  al . ,  1 9 59 ) . 

Da ta  on  feed i n t ake showed t h a t  there  was no i mmed i a t e  d i f f e rence i n  

feed  i n t ake be tween cows m i lked t h ree o r  once compared t o  t hose m i lked 

t w i ce da i ly ( Parke r , 1 9 6 5; Pearson e t  al . ,  1 9 7 9 ) . Howeve r , in a long 

t e rm s t udy Pool e  ( 1 982 ) observed an i nc rease i n.food i n take f o r  the  

t h r i ce d a i ly m i l ked group , a r i s i ng i n  the  second hal f of  t h e  t rea t me n t  

pe r i od . I t  has been sugges ted t h a t  the  i mmed i a t e  i nc rease i n  

p rodu c t i on i n  t h r e e  t i mes m i lked cows i s  due to  e i t h e r  a p r e f e ren t i a l  

u t i l i za t i o n  o f  feed nu t r i e n t s  f o r  m i lk p roduc t i on or  the  s t i mula t i on o f  

a h i gh e r  r a t e  o f  t i ssue catabo l i sm ( Por t e r  e t  al . ,  1 966  and Amos e t  

a l . ,  1 9 8 5) . 

No long t e rm s t udy has been done on the  e f fe c t  o f  once d a i ly m i l k i ng on 

f e ed i n t ake . A s tudy o f  t h i s  na ture  would be useful  because i f  cows 
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m i lked once p e r  day consume less  feed  t hen more covs could be  car r i ed 

t o  par t i al ly compensa t e  f o r  t he l o s s  i n  p e r  cov p roduc t i on . 

Al t e rna t i vely covs m i lked once dai ly and gai n i ng veigh t a t  the  end o f  

t h e  lac t a t i on may p roduce more in  t h e  nex t lac t a t i on because t hey may 

calve i n  b e t t e r  cond i t i on .  
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2 . 3  E FFECT OF  MI LKING FREQUENCY O N  UDDER HEALTH 

Udder hea l t h  i s  o f  grea t econom i c  importance t o  the farmers  because  

every year  t hey s pend much  t i me and  money con t ro l l i ng and  t rea t i ng 

udder  d i seases . The refore  the  e f fe c t s  o f  any new manageme n t  t ec h n i que 

on udder heal t h  need to  be cons i de red . 

J a r re t , ( 1 9 7 7 )  s ugge s ted  t ha t  t h r i c e  d a i ly m i lk i ng m igh t res u l t i n  

reduc t i on i n  seve r i t y  o f  i n fec t i on becaus e o f  shor t e r  i ncuba t i on t i me 

for  i n fec t i ous o rgan i sms i n  the  udder  b e t ween mi lki ngs . I ndeed Pearson  

et  al . ( 1 9 7 9 )  r e po r t ed a reduc t i on in  W i s cons i n  Mas t i t i s Tes t ( WMT ) 

scores  when cows were mi lked t h r i ce per  day . Poole ( 1 982 ) o b s e rved 

that  i nc i dence of  mas t i t i s  was s l i gh t ly less amongs t t h e  cows m i l ked 

t hree t i mes da i ly .  I n  con t ras t Wa t e rman e t  a l . ( 1 98 3 )  r e po r t ed t ha t  

t he i n c i dence  o f  mas t i t i s  were independen t o f  m i lking f r equency . In 

t h i s  p a r t i cu lar  herd , the  i n c i dence o f  in fec t i on was a lways ma i n t a i ned 

at low levels , and on farms w i th  a h i gh e r  i n c i d ence of i n f e c t i on t h r i ce 

dai ly mi l k i ng may have a bene f i c i a l  e f fe c t  on mas t i t i s . 

Regard i ng t he reduc t i on o f  m i lking f requency , N a t zke e t  a l . ( 1 965 ) 

noted an i nc rease i n  mas t i t i s 1n gland samples  f rom cows wh i ch had 

m i ssed  an a f t e rnoon m i lk i ng . Maroske � al . ( 1 984 ) observed an i n c rease  

in  ( WMT ) s cores  bu t no t c l i n i cal  mas t i t i s  i n  cows wh i c h  m i s sed  one  

m i lk i ng . On t h e  con t rary ( Au t rey et  al . ,  1 96 3 ; Rad c l i f fe e t  a l . ,  

1 9 7 3 ; Woo l ford  e t  al . ,  1985 ) found no mas t i t i s  resul t i ng f rom 

ommi s s i on of m i lk i ngs . 

Clearly  t he e f fe c t on udde r  heal th  needs t o  be evalua t ed i n  any s t udy 
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o n  t he e f fec t o f  m i l k i ng f r equency o n  m i lk p roduc t i on . 
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2 . 4  M I LK DI STRIBUTION AND REMOVAL 

M i lk s e c r e t i on i s  a con t i nuous p roces s , vh i le m i lking occurs  

i n t e rmi t t en t ly .  M i lk secre ted  be tween mi lkings is  s to red  i n  t h e  g l and 

and mus t be avai lable  for rap i d  r emoval at m i lking .  

2 . 4 . 1 D i s t r i bu t ion  o f  M i lk i n  the  Gland 

There a r e  four s t ages of m i lk removal vi t h  corres pond i ng f rac t i ons  

r e f e r red  to  as f o remi lk , bulkm i l k ,  s t r i pp i ngs and res i dual  m i l k .  

Forem i lk i s  t h e  m i lk p r e s e n t  i n  t h e  udder  and t e a t  c i s t erns and l a rge 

duc t s , and can be d rawn o f f  th rough the t e a t  vi t h o u t  m i lk ej e c t i on . 

Bulk  m i lk i s  t h e  m i lk presen t vi t h i n  t h e  alve o l i  and smal l e r  duc t s  and 

i s  re t a ined un t i l  i t  is f o r c i bly ej e c ted  to t h e  ex t e r i or through t he 

neuroendocr i ne m i l k  ej e c t i o n  r e f lex . S t r i pp i ngs i s  t h e  m i lk i n  the  

gland c i s t e rn vhi ch can  be  mach ine  s t r i pped by add i ng weigh t t o  the  

m i lki ng uni t t ovards the  end  o f  mi lking . Th i s  ac t i on has  t he e f f e c t  of  

reopen i ng t h e  passage be t ween the teat  and  gland c i s t e rns and  t hus 

a l l ovs m i lk f lov to recommence ( V i l l iams and Me i n ,  1 98 2 ; Voo l ford  and 

Phi l l i ps , 1 9 82 ) .  Hovever bulk m i lk and s t r i p p i ngs may be  one t h i ng i f  

a good , e f fe c t ive  mi lki ng machine  i s  used . Res idual m i lk y i e ld i s  t he 

m i lk held  i n  the  alveoli  and small duc t s  a f t e r  m i lking and i t  can only 

be removed by i nj ec t i ng pharmaco log i ca l  doses  of oxy t o c i n  and remi lking 

t he covs . 
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2 . 4 . 2  M i lk Ej e c t i o n  

M i lk-ej ec t i on i s  t h e  mechan i s m  by w h i c h  p r e f o rmed m i lk i n  t h e  mammary 

glands is f o r c i bly ej ec ted  f rom the alve o l i  t owards  t h e  gland and t ea t  

c i s t erns  under  t he i n f luence o f  m i lk ej e c t ion  r e f lex  d u r i ng suckl i ng o r  

m i l k i ng . 

Tac t i le s t i mul a t ion o f  the  udder d u r i ng suckl i ng o r  by t h e  ac t i on o f  

t h e  t e a t  cup d u r i ng machine  mi lking ac t i v a t e s  pressure  sens i t ive  

recep t o r s  i n  t h e  dermis  o f  t h e  t e a t  and  t he s t i mu l i  a r e  t rans f or med 

i n t o  n e rve i mpulses . The nerve i mpulses  t ravel  v i a  t h e  s p i no t halam i c  

t rac t and do rsal  long i t ud i nal  fas c i culus t o  t he paraven t r i cu l a r  and 

s up raop t i c  nuc l e i  in the hypo thalamus ( Grosveno r and Mena , 1 9 74 ) . The 

neurons w i t h i n  t he s e  two nuclei  syn t hes i s e  and package oxy t oc i n  i n  

ves i cl e s  which  a r e  t ranspo r t ed f rom t h e  c e l l  body down t he axons and 

s t ored  w i t h i n  t he pos t e r i o r  p i t u i t a ry ( neurohypophys i s )  ( Goodman and 

G rosveno r , 1 9 8 3 ) .  Upon s t i mula t i on the  axon t er m i nals  d i s charge 

oxy t o c i n  i n t o  the c i rcula t i on where  it t ravel s  t hrough t he j ugular v e i n  

t o  t h e  hea r t  and lungs t hen back t o  t h e  hea r t  and f i na l ly t o  a l l  

r e ma i n i ng par t s  o f  the  body i nclud i ng t he mammary gland whe r e  i t  b i nds  

to  spec i f i c  recep t o rs loca ted  on the  myoep i t h e l i a l  c e l l s  and  causes 

t hem to con t ra c t  ( Cowi e  et  al . ,  1980 ) 

2 . 4 . 3  Fac t o r s  A f f e c t i ng M i lk Flow Ra t es 

The ra t e  o f  m i lk f low o f  d a i ry cows i s  d e t e rm i ned by t h e  phys i o l og i ca l  
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f ac t o r s  o f  t h e  cow and t h e  physi cal  p roper t i es o f  t h e  mi lki ng mac h i ne . 

Only phys i o logi cal  fac t o rs w i l l  be deal t wi th  here . 

2 . 4 . 3 . 1  M i lk y i el d  and i n t ramammary p ressure  

W i t h i n  cows the  ra t e  of  mi lk f low i s  correla t ed wi th  t h e  volume of  m i lk 

i n  t h e  udder  a t  t he beginning o f  m i lk i ng .  Fo r exampl e  l a rger v o l umes 

of  m i lk ,  resul t i ng f rom ex t ended mi lk i ng i n t e rvals , w i l l  i ncrease  m i lk 

f low r a t e  ( Dodd and Foo t ; 1 9 4 7; Sand v i ck ,  1 9 5 7 ; Johansson  and 

Malven , 1 9 60 ) . S i m i l a r ly m i lk f l ow r a t e  i s  h igher i n  early  t han i n  

l a t e  lac t a t i on ( J ohansson and Malven , 1960 ) . M i lk f low ra t e  a l s o  

i n c reases wi t h  age mainly d u e  t o  i n c reas i ng m i lk produc t i on ( Johansson  

and  Malven , 1 9 60 ) . Cows s e l e c ted f o r  h ighe r  m i lk p roduc t i on have 

h ighe r  peak f l ow ra t es than lower y i e l d i ng cows ( Davey � al . , 1 98 3 ;  

Pe t erson , � al . , 1 9 8 6 ) .  Th i s  i s  a t  leas t par t because o f  a h igh 

gene t i c  c o r r e la t i on be tween m i lk y i e l d  and peak f low ra t e  ( Sand v i ck ,  

1 9 5 7 ; Touchbe r ry and Markos , 1 9 7 0; M i l le r , 1 9 7 6 ) . 

The accumu la t i o n  o f  m i lk i n  t he udder i nc reases i n t ramammary p re s s u r e  

( Schmi d t ,  1 9 7 1 ) . When t he udder i s  f i l led w i th  m i lk ,  a pos i t i ve  

pressure  ex i s t s  w i t h i n  the  mamma ry gland . Dur i ng m i lking t he p r e s s u r e  

below t h e  t ea t  i s  reduced t o  the  leve l o f  vacuum i n  the  m i lki ng 

machi ne . Th i s  c r ea t es a p ressure  d i f fe rence across  t he t ea t  o r i f i ce 

and causes i t  t o  open and mi lk t o  flow . The grea t e r  t he p r e s s u r e  

d i f f e r ence t h e  fas t e r  the f l ow. 
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2 . 4 . 3 Tea t d i ame t e r  

Fo r cows wh i ch do  no t d i f fe r  i n  e i t her m i lk volume or  i n  i n t ramammary 

pressure , the mos t i mpor t an t  ana tomi cal fac t o r  de t e r m i n i ng the ra t e  o f  

m i lk f l ow i s  t h e  n a t ure o f  the  t e a t  open i ng ( Schmi d t ,  1 97 1 ) . Th i s  

i ncludes t h e  d i ame t e r  and leng t h  o f  t h e  t ea t  canal and t h e  t onus of t he 

c i r cu l a r  mus cle  and conne c t i ve t i ssue s u r round i ng t he mea t u s . 

The ra t e  o f  m i lk f low t hrough the  canal i s  propo r t i onal t o  t h e  d i ame t e r  

o f  t h e  o r i f i ce wh i ch i n  t u rn i s  con t rol led b y  t h e  t onus o f  t he 

s u r round i ng mus c l e . Co r re l a t i ons o f  0 . 3-0 . 5  b e t ween t e a t  canal 

d i ame t e r  and peak f low ra t e  were o b t a i ned i n  cows of d i f f e re n t  ages 

( J ohansson , 1 9 59 ) . Bax t e r  e t  a l . ( 19 5 0 )  compared t h e  r a t e  o f  f low 

d u r i ng o r d i nary mach i ne mi l k i ng o f  e i gh t quar t e rs o f  cows . The peak 

f low ra t e  ranged f rom 0 . 5  to  1 . 3  kg / m i nu t e .  Vhen a t e a t  cannula  was 

i nse r t ed to s t andard i s e  the  t eat canal d i ame t e r  t he var i a t i on in peak 

f low ra t e  was grea t ly reduced and ranged f rom 1 . 1  to 1 . 3 kg/mi nu t e .  

Johansson  and Malven ( 1 960 ) observed t ha t  f o r  each i nc rease i n  t h e  

d i ame t e r  o f  t h e  o r i f i ce o f  1 m m  the  peak f low i n creased by 0 . 6  

kg/ m i nu t e .  

I n  an a t t emp t t o  d e t e rmine  t h e  r e la t i ve impo r t ance o f  t h e  t onus o f  

s ph i nc t e r  mus cl e s  Buhr ( 1 958 ) obse rved t ha t  anes t he s i a  o f  t he t e a t  

i nc reased t h e  r a t e  o f  m i lk f l ovl . Anes t he s i a  supposedly i ncapac i t a t ed 

t he sympa t he t i c  nerves t ha t  con t r o l  the tonus o f  c i rcular  mus c l e  a round 

t he s t reak canal ( Schm id t ,  1 97 1 ) .  
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2.5 FACTORS AFFECTING THE RESPONSE TO VARIATIONS IN M I LKING FREQUENCY 

2 . 5 . 1 I n t ramammary Pressure  and Udde r  Vo lume 

I n t ramammary pressure  ( IMP ) �i t h i n  the  alve o l i  i s  t he fac t o r  �h i ch i s  

mos t  l i kely  t o  a f fec t mi lk secre t i on i n  e x t ended m i l k i ng i n te rvals . 

Ho�eve r ,  I M P  has been measured  t h rough cannulae placed i n  the  t ea t  o r  

gland c i s t e rn o f  dai ry an i mals  ( Schm i d t , 1 9 7 1 ) . Th i s  me t hod p robably 

does no t measu r e  exac t ly t h e  p ressure  developed in  the  alveo l i  and t h e  

sma l l  c o l l e c t i ng duc t s  o f  t h e  udde r .  Fur the rmore  I M P  reco rded t h rough 

cannulae may be unrel iable  because udder  man i pula t i ons connec ted  � i t h  

t e a t  cannu l a t ion  may resul t in  some m i lk ej e c t i on and e leva t i on o f  t h e  

IMP  ( U i t z e l  and McDonald , 1 9 65 ) . 

2 . 5 . 1 . 1  Changes o f  I M P  be t�een mi lki ngs 

Measur emen t of IMP b e t �een m i l k i ng i n t e rvals sho�ed an i n i t i al  rap i d  

i nc rease over  t h e  f i r s t  1 t o  2 h r  a f t e r  m i lking ( Ko rkman , 1 9 5 3 ; 

Schmi d t , 1 960 ; Tucke r ,  � al . , 1961 ) .  Th i s  i s  hyd ros t a t i c p r e s s u re 

wh i ch i s  caused by the res i dual m i lk mov i ng f rom t h e  alveol i  and 

sma l l e r  duc t s  i n to the c i s t e rns  ( Korkman , 1 9 5 3 ) .  Thi s  phase is t hen 

f o l lo�ed by a s lo� i nc rease in pressure , as m i lk secre t ed d ra i n s  i n t o  

t h e  t ea t  and gland c i s t e rns . F i na l ly , developme n t  o f  p ressure  i n  t h e  

g land p r obably o c c u r s  as t he s t o rage capac i ty  o f  t h e  gland i s  

app roached . 

The ra t e  o f  i nc rease i n  p r e s s u r e  per un i t  o f  m i lk s e c r e t ed i s  lowe r i n  

h igh y i e l d i ng cows , i n  r e a r  glands and i n  e a r ly lac t a t ion  ( Dodd and 
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Gr i f f i n , 197 7 ) .  H e i f e r s  have lov IMP compared to older  cows when t h e  

accumu la t ed m i lk i s  s ma l l , bu t h i gher when t he m i lk volume i s  l a rger  

( Korkman , 1953 ) .  Th i s  is  probably because i n  hei f e r s  the  col l e c t i ng 

duc t s , g l and and t ea t  c i s t e rns are s ma l l e r  rela t i ve t o  t h e  amoun t o f  

m i lk p roduced t han i n  the  o l d e r  cows i n  wh i ch s t o rage t i s s u e s  are  

pos s i b ly s t re t ched wi t h  age . Moreover the  s t o rage t i ss ue s  of  t he rear  

g l ands and  t h e  high  prod u c i ng cows may also  be mo re d eveloped t han t h a t  

o f  t h e  f o r e  glands and low producing cows f o r  t h e  same reasons . 

2 : 5 : 1 : 2  E f fe c t  o f  IMP  on m i lk s e c re t ion 

I t  i s  wel l  e s t a b l i shed t h a t  I MP does no t i n f luence m i lk s e c r e t i on ra t e  

when m i lking i n t e rvals are less  than 1 2  h r  ( Turne r ,  1 9 5 3 ; Turner ,  

1 9 5 5 ; E l l i o t , 1 960 ; Po r t e r  e t  al . ,  1966 ; Henderson , 1984 ) . 

The r e f o re i t  i s  p robable t h a t  r e l i e v i ng IMP  i s  no t res pons i ble  f o r  t he 

i n c rease i n  m i lk y i e l d  on t hree t i mes m i lking regime . Schm i d t  ( 1 9 60 ) , 

Tucker e t  a l . ( 19 6 1 )  observed t h a t  IMP  s t ar ted  t o  i nh i b i t m i lk 

produc t i on 1 6  h r  a f t e r  m i lking ( F ig . 2 . 1 ) .  Howeve r , the  t i me needed f o r  

t he i n t ramammary p ressure  t o  i n h i b i t  mi lk secre t i on var i e s  be tween cows 

depend i ng on age , udde r  vo lume, level of m i lk y i eld  and t he amoun t o f  

r e s i dual m i lk ( Turne r ,  1 9 5 5; 

a l . ,  196 1 ) . 

Johanson and Malven , 1 9 60 ; Tucke r e t  
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F igure 2 . 1  Rela t i onsh i p  o f  udder  p r e s s u r e  and  s e c re t i on r a t e  

( Adap ted  f rom Schmi d t , 1 9 7 1 )  
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2.5 . 2  Udde r  Volume 

D i f ferences  in udder  volume have been obse rved at d i f fe r e n t  ages and 

s t age of lac t a t i on ( Dav i s  � al . , 1 9 8 3 ; Davey e t  al . ,  1 9 8 3 ) .  A l though 

the r e la t i onsh i p  b e t ween udder vo lume and t he suscep t i b i l i ty to  

p roduc t i on loss  on once  da i ly m i lk i ng has  no t been s tud i ed , i t  m i g h t  be 

p resumed t h a t  cows wi t h  l a rge udder  volumes m i g h t  be able t o  t ol e r a t e  

e x t ended m i lk i ng i n t e rvals be t t e r  t han t hose  wi t h  sma l l e r  udder  

volumes . There is  no doub t t h a t  the  grea t e r  losses  observed in  he i fers 

when m i lked three  t i mes in two days , rela t i ve to ma ture  cows ( Wool f o rd 

� al . , 1 9 8 5 ) were  related  t o  the i r  sma l l e r  udder  volumes . Dav i s  and 

Hughson , ( 1 988 ) showed t h a t  among New Zealand J e r s ey cows , many an i mals 

posseses t he udder  capac i ty t o  con t a i n  24  h r  wo r t h of secre t i on . 

B ecaus e func t i onal udder capac i ty i s  correla ted wi t h  emp ty udder  volume 

( Peake r , 1980 ; Dav i s  and Hughson , 1 9 8 8 ) the la t e r  might  also  be 

r e l a t ed to t he abi l i ty of cows to  t o l e ra t e  e x t ended mi l k i ng i n t e rvals . 

2 . 5 . 3  Udde r  Produc t i v i ty 

Dav i s  e t  al . ( 1 9 8 3 ) found t h a t  the  d i f fe rences i n  produ c t ion  b e t ween 

HBI and LBI F r i e s i an cows •1ere  due to  h i gher  udder p roduc t i v i ty in HBI 

cows . Udder  produc t i v i ty ( pe r  ml of t i ssue ) seems to be under t he 

i n f luence o f  galac t o po i e t i c  hormones or  key enzyme a c t i v i t i es i n  t he 

udde r .  H igh udder  p roduc t i v i ty is  l i kely  t o  i n c rease the  r a t e  o f  udder  

f i l l i ng .  Th i s  may mean t h a t  HBI F r i es i ans w i l l  be  more s ens i t iv e  to  

e x t ended m i l k i ng i n t e rvals t han LBI  F r i es i ans . 
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2 . 5 . 4  Res i dual M i lk Yield  

Res i dual m i lk is  t h e  m i lk l e f t  i n  the  gland a f t e r  t h e  t ea t  cups have 

been removed . I t  i s  expressed as a pe rcen t age o f  t h e  t o t a l  amoun t o f  

m i lk removed f rom t h e  gland a t  the  m i l k i ng . Values rangi ng f rom 5 %  t o  

50% and 25% t o  50% o f  t he t o tal  mi lk and mi l k f a t  respec t i ve ly have been 

observed ( J ohans son , 1 95 2; Kosh i  and Pe t e rson , 1 95 5 ; Dav i s  and 

Hughson , 1 9 88 ) . Reasons for  t h e  var i a t i on are  unknown , but  p robably 

i nvolve d i f ferences i n  the  r a t e  and pa t t e rn o f  oxy t o c i n  s e c r e t i on and 

in the charac t e r i s t i cs of mi lk f low in t he gland . I n  add i t i on 

pe rcen t age res i dual m i lk is  lower i n  h i gh prod u c i ng t han l ow p roduc i ng 

cows ( Anderson e t  a l . 1 968 ; Lud r i , 1 984 ) . 

A t  m i lk i ng ,  the r e lease o f  oxy t o c i n  causes the  con t rac t i on o f  t h e  

myoep i t h e l i a l  cel ls  around the  alveol i and t hus i nc reas i ng t h e  p r e s s u r e  

wi t h i n  t h e  lumen f o r c i ng m i lk t owards the  gland a n d  t ea t  c i s t erns . The 

volume of the  m i lk i n  the alve o l i  is reduced f u r t h e r  as m i lk f lows 

under p ressure  t owards  the t e a t  to replace m i lk removed a t  m i l k i n g .  

Apparen t ly t h e  con t rac t i on o f  the  myoe p i the l i um i s  insu f f i c i en t  o r  no t 

sus t a i ned for  a s u f f i c i en t  p e r i od t o  cause comple t e  c o l l apse o f  t h e  

alveo l i  a n d  expuls i on o f  a l l  the m i lk f rom t h e  lumen . Thus , some m i lk 

always remai ns i n  t h e  gland . Inj e c t ion  of  a pharmaco log i cal dose  of  

oxy t oc i n  at  the  end o f  mi lking does, howeve r ,  force  t h i s  res i dual m i lk 

i n t o  t h e  g land and t e a t  c i s t e rns from whence i t  can be removed . The 

amoun t of mi lk or m i lk f a t  le f t  behind  in the s e c r e t i ng region of the  

g land a f t e r  m i l k i ng is  completed , may be res pons i ble  f o r  i nh i b i t i ng 

s e c re t i on ra t e  when m i lking i n t e rvals are  e x t ended ( El l i o t , 1 9 6 1; 

Brandsma , 1 9 78 ; Woo l ford e t  al . ,  1985; Peaker and B l a t ch fo rd , 1 9 88 ) . 
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The ac t i on may b e  d i rec t ly on the  ra t e  o f  mi lkfa t s e c r e t i on s i nce the  

concen t ra t i on of  f a t  i s  e x t reme ly h i gh . I t  a l s o  reduces t he s t o rage 

capac i ty o f  the  udder  ( Da v i s  and Hughson , 1 9 88 ) . 

2 : 5 . 4 : 1 M i lking f r equency and amount  o f  res i dual m i l k  

Very f e� exper imen t s  have examined the  rela t i onsh i p  be t�een res i dual 

m i lk y i e l d  and m i lking f requency . Deshmuck and Lud r i  ( 19 7 9 ) obse rved 

t h a t  the quan t i ty of res i dual m i lk �as grea t e r  � i t h  t � i ce  d a i ly m i l k i ng 

t han a t  t h ree  and four t imes mi lking . 

I n  a s t udy �here m i lk ej e c t ion �as enhanced by admi n i s t e r i ng oxy t o c i n  

immed i a t e ly before  t ea t cup a t t achmen t ,  and t h e r e fore  lo�ered res i dual 

m i l k  levels , co�s mi lked once dai ly p roduced s imi larly t o  t hose m i l ked 

t � i ce d a i ly (W'oo l fo rd e t  al . , 1 98 2 ) . Th i s  s tudy s ugges t t ha t ,  the 

res i dual m i l k  l e f t i n  t he secre t i ng r eg i on a f t e r  m i l k i ng p lays s ome 

r o l e  i n  i nh i b i t i ng m i lk s e c r e t ion �hen co�s �ere  m i l ked once dai ly .  

2 . 5 . 4 . 2  M i lk F lo� Rates  and Res i dual M i lk 

The i n i t i al prem i s e  that  t here i s  an inverse  rela t i on s hi p  be t�een 

m i l k i ng s peed and m i lk y i e ld or  pers i s t ency has n o t  been es t ab l i s hed 

unequ i vo c a l ly . I t  has been sugges ted that s lo� m i l k i ng co�s have lo�er 

pers i s tency and p roduce less m i lk because t hey have h igh res i dual m i lk 

y i e l d . Dodd and Foo t ,  ( 1 95 3 )  and Johansson and Malven ( 1 960 ) found 

t ha t  lac t a t ion  leng t h  �as i n c reased by 8 days and pers i s ten cy i ndex by 

10 days f o r  every 0 . 4  kg pe r minu te  i n c rease in the max imum f lo� r a t e; 

Moreover  i n  an expe rimen t  �hereby t he d i re c t  rela t i onsh i p  be t�een 
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res idual m i lk and m i lk f low r a t e  was d e t e rm i ned , Raj amman ( 1 9 6 6 ) 

obse rved that  fas t e r  m i lking cows had lowe r res i dual m i l k .  

2 . 5 . 4 . 3  The I n t ens i ty and d u r a t ion o f  m i lk ej ec t i on 

The amount  o f  r e s i dual m i lk y i e ld and m i lk f a t  i n  the  udder  i s  h ighly 

i n f luenced by the i n tens i ty and dura t i o n  of m i lk ej e c t i o n  ( Vool ford  � 

al . ,  1 9 85 ) . M i l k  ej e c t i on i s  evoked by the  r e f l ex release  o f  oxy t o c i n  

(Folley and Knaggs , 196 6 ; Cleverly  and Fo l ley , 1970 ; Momongan and 

Schmi d t ,  1970 ) . Measuremen t of oxy t o c i n  concen t ra t i on i n  the b lood 

s howed t ha t , phys i o logi cal releases  of oxy t o c i n  up  to 1-3  pmol /1 were  

s u f f i c i en t  t o  evoke max i mum ej e c t i on ( Momongan and  Schmi d t ,  1 9 7 0 ; 

Landgraf  � al . ,  1982 ; Schams � al . , 1984 ) . The amou n t  o f  oxy t oc i n  

and the  pat t e rn o f  r e lease vary b e t ween cows ( Schams e t  a l . ,  1984 ) .  

Fur t he rmore Schams e t  a l . ( 1 984 ) and Ph i l l i ps  ( 1984 ) r e po r ted  t h a t  

correc t t im i ng o f  oxy t o c i n  release is m o r e  impo r t an t  f o r  m i lk ej e c t ion  

and  mi lk removal t han the  absolu t e  value . These  charac t e r i s t i cs may 

d e t e r m i ne t he amoun t o f  r e s i dual m i lk rema i n i ng a f t e r  m i lk i ng . 



25 

2 : 6  THE MECHAN I SM BY VHICH MI LKING FREQUENCY INFLUENCES MILK PRODUCTION 

Several  s t u d i es have been carr i ed ou t in  an e f fo r t  to e l uc i d a t e  t he 

phys i ologi cal mechan i sms res pons i b le  for  t he changes wh i ch o c c u r  i n  

m i lk y i e l d  when cows are subj ec ted  t o  d i f f e ren t m i lk i ng regime s . There  

appears  to  be a number o f  fac t o r s  i nvolved and  t h e  con t r i bu t i on made  by 

each p robably var i e s  depend i ng on i n t e rval leng t h  and dura t i on o f  t he 

t re a t men t .  

2 . 6 . 1  In t ramammary Pressure  

The hyd ros t a t i c  pressure , needed t o  oppose the  osmo t i c  moveme n t  of  

wa t e r  i n t o  m i lk ( Peake r ,  1 9 78 ) , i s  much  grea ter than  t h e  i n t ramammary 

p r e s s u re i nvolved in i nh i b i t i ng m i lk secre t i on ( Peake r , 1 9 80 ) . For  

many years  i n t ramammary pressure  has been  r ecogn i sed  t o  be a maj o r  

fac t o r  i n  a r r e s t i ng milk s e c r e t i on in  long m i lking i n t e rvals . Howev e r, 

t he mechan i s m  o f  ac t i on was no t es t a b l i shed . Recen t s t ud i e s  by Peake r, 

( 1 9 7 8 ; 1 9 80 ) , s ugges ted  t ha t  i t  i s  mammary d i s t ens i on r a t h e r  t han 

i n c reas ed i n t ramammary pressure  per se wh i ch reduces m i lk s e c re t ion 

when m i l k i ng i n t ervals  are ex t ended . 

The udder , becaus e i t s t i s sues have a degree o f  elas t i c i t y ,  expands as 

m i lk accumu l a t e s  b e t ween mi lkings , but because the t i s sues are no t 

i n f i n i t e ly e las t i c  t h e  pressure also r i se s . Fur ther  accumu la t i on o f  

m i l k  bui lds  u p  p ressure  i n  the lumen o f  the  alveo l i  and fur t he r  mammary 

d i s t ens ion . Peaker ( 1 980 ) sugges ted t h a t  the s t re t ch i ng of t he a l veo l i  

c e l l  i n t e r fe r e s  w i th  t he i r  me t abo l i sm and a s  a resu l t  m i lk s e c re t i on 



2 6  

f a l l s . I f  t h i s  i s  corre c t  then the  rela t i onsh i p  be tween the 

i n t ramammary p r e s s u re and the  r a t e  of m i lk s e c re t i on w i l l  no t be  

s i mpl e . Never t h e l e s s  wi t hou t a s i mple  me t hod of  measu r i ng s e c re t o ry 

c e l l  d i s tens i on , i n t ramammary pressure  may s t i l l provi d e  an i nd i re c t  

i nd i ca t i on o f  the  e f fe c t  o f  mi lk accumula t i on o n  s e c r e t i on . I t  s eems 

reasonabl e  t o  expe c t  t h a t  the  i nc rease i n  pressure  w i l l  be t ransm i t ted  

t h roughou t t he s e c re t o ry sys tem  and t h a t  the  pressure  in  the  alveo l i  

and c o l le c t i ng duc t s  w i l l  b e  s i mi lar . 

2 . 6 . 2  Chemical  I nh i b i t or s  

L i nz e l  and Peake r ( 19 7 1 ) p roposed t h a t  a chemi cal  i nh i b i t o r  i n  m i lk 

modula t es the  r a t e  o f  m i lk secre t i on .  T h i s  hypo thes i s  expla i ns t h e  

i ncrease  i n  the  ra t e  o f  mi lk s e c re t ion t h a t  occurs  when t h e  f requency 

o f  m i lk removal i s  i nc reased ( Henderson � al. , 1 98 3 ; Hender s o n  and 

Peake r , 1 9 84 ) . These s t ud i es also i nd i ca t ed t h a t  the  s i t e of ac t i on o f  

the  i nh i b i t o r  i s  i n  the  s e c re t o ry alveol i .  

The p r e s ence o f  m i lk cons t i t uen t s  capab le  o f  i nh i b i t i ng m i lk syn thes i s  

i s  s u p po r ted  by recen t s t ud i es on the  e f fe c t  o f  m i lk f r ac t i on s  on 

lac t o s e  and cas e i n  syn thes i s  by rabb i t  mammary explan t s  i n  o rgan 

cul t u r e  and in l ac t a t i ng goa ts  ( Wi lde and Gamb l e , 1 9 8 5 ; W i l d e  e t  

a l . , 1 9 8 7 ; 1988 ) . 
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2 . 6 . 3  Hormonal E f fe c t s  

2 . 6. 3 . 1  Mammary Gland Grow th 

M i lk p roduc t i on is  a func t i on o f  the  numbe r o f  s e c r e t ory cells  i n  the  

udder  and  t he i r  produc t i v i ty .  I t  was o r i g i nally b e l i eved t h a t  the  

developmen t o f  mammary g land is  essen t i al ly com p l e t e  at  par t ur i t i on ( 

Cow i e  � al . , 1 9 80 ) . However i n  goa t s , when ex t ra m i lk i ng s t i mulus was 

g i ven, mammary g row t h  t ook place in early l ac t a t i on ( Dav i s  e t  a l . ,  

1 980 ; Ande rson e t  al . 1 9 81 ) . 

Henderson  e t  a l . ( 1 987 ) ,  a f t e r  several  mon ths  o f  mi l k i ng one hal f  o f  a 

goa t's udder  t hr i ce da i ly and the o t her  hal f  twi ce  da i ly , observed t h a t  

the  more  f requen t ly mi lked gland was larger t han tha t m i lked t w i ce 

dai ly . Th i s  sugges t s  

g land had t aken place . 

t h a t  e i ther  grow t h  o r  reduced regres s i on o f  t he 

S i m i larly there  i s  also  a poss i b i l i ty t h a t  i n  

cows m i l ked once d a i ly the  r a t e  o f  s e c r e t o ry c e l l  regress ion , whi ch 

norma l ly t akes place as lac t a t i on advances , i s  i nc reased and hence the  

p rogre s s i ve depress i on i n  m i lk y i eld  ( Claesson e t  al . ,  1 9 59 ) . 

2 . 6 . 3 . 2  Galac t o po i es i s  

In  many s pec i es w i t hd rawa l o f  mi lki ng s t i mulus resu l t s  i n  reduced m i lk 

secre t i on ( Cowi e  e t  al . ,  

p r o la c t i n  i s  res pons i b le 

1980 ) . Thus , 

for  mai n t a i nance 

the 

o f  

con t inued secre t i on o f  

lac t a t i on i n  many 

non-rum i nan t spec i es wh i le growth  ho rmone may p lay the  s ame role  i n  

rumi nan t s  ( Cowi e  � al . , 1 9 80 ) . I t  i s  t emp t i ng t o  sugges t t h a t  t he 

change i n  m i l k i ng s t i mu lus and hence the  r e l ease o f  galac t o po i e t i c  
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ho rmones in  cows m i lked once da i ly and three  t i mes dai ly may par t ly 

con t r i bu t e  t o  t h e  change i n  m i lk p roduc t i on . Howeve r ,  apply i ng an 

m i lk y i eld of t he ex t ra m i lking t o  one udd e r  ha l f  had no e f fe c t  

o ther  udder  hal f  ( El l i o t , 1 9 6 1 ; Mo rag , 1 9 7 3 ; 

on 

Henderson � al. , 1 9 8 3 ) . 

S i nce bo t h  s i des  rece i ved blood s u p p ly o f  s i m i lar ho rmone con t e n t ,  the  

i nc rease in  p roduc t i on was  no t med i a ted  by  t he release of  a sys t e m i c  

ho rmone . Mo reover measureme n t s  o f  concen t ra t ion  o f  grow t h  hormone and 

pro lac t i n showed that  there  was no d i f f e rence b e t ween cows m i lked t h ree  

t i mes and  two  t i mes dai ly ( Kazmer e t  al . , 1 9 86 ) . 

2 . 6 . 4  Mammary B lood F low 

B lood f low to the mammary gland d e t e r m i nes t h e  amoun t of nu t r i en t s  

ava i lable  to  t h e  mammary g land f o r  m i lk syn t he s i s  ( Dav i s  and Co l l i e r ,  

1 985 ) . I t  was o r i g i nally  b e l i eved t h a t  mammary d i s t ens i on fol l ow i ng 

accumu la t i on o f  m i lk caused a reduc t i on i n  blood f low t o  t h e  udder  

( Tucke r � al . ,  1 9 6 1 ; Pearly , e t  al . ,  1 9 7 3 ; F lee t and  Peake r , ( 1 9 78 ) , 

However ,  more recen t ly Peake r, ( 1 980 ) sugges t ed that  s t r e t ch i ng o f  the  

secre t o ry cells  reduces t he i r  me tabo l i c  ac t i vi ty so  they produce less  

C02  and  o t her  vasod i la t ory me t abol i t es . As a resul t t he d i ame t e rs  of  

t h e  blood  vess e l s  cons t r i c t  and  blood  f low falls . In  wha t e v e r  t h e  

mechan i sm ,  a f a l l  i n  b lood f low would  mean a dec rease i n  the  d e l i ve ry 

o f  p recursors  t o  the  s e c r e tory  c e l l s  and therefore  reduced m i lk 

syn thes i s . 

� i lde  e t  a l . ( 1 987 ) obse rved an i ncrease in  s e c r e t ory c e l l  

produc t i v i ty a s  a resu l t  o f  mi l k i ng t h r i ce da i ly . Inc rease i n  c e l l  

produc t i v i ty may necess i ta t e  a n  i nc rease supply o f  nu t ri e n t s  p e r  un i t  
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o f  t i ssue , p robably med i a ted  b y  a r e la t i ve i n c rease i n  u d d e r  b lood f lov 

( Dav i s  and Col l i e r ,  1 985 ) . 

2 . 5 . 5  Reabs o r p t i on o f  s e c r e t i on 

Ba i ley e t  a l . ( 1 9 55 ) , Claess on e t  al . ( 1 959 ) , Vheelock e t  a l . ( 1 9 65 )  

observed t ha t , v i t h  e x t ended mi lking i n t e rvals  o f  up  t o  24  h r  l a c t ose  

concen t ra t i on i n  m i lk dec reases . Lac t o s e  i s  b e l i eved t o  e scape t hr ough 

gaps o pened up  be t ween the  s e c r e t o ry c e l l s  as t h e  e p i t he l i um i s  

s t re t ched . I t  would be ac compan i ed by reabs o r p t i on o f  wa t e r  because o f  

t h e  need to mai n t a i n  mi lk i n  osmo t i c  equ i l i br i um vi t h  b lood ( Vhee lock , 

e t  al . ,  1 9 65 ) and t h e r e f o re con t r i bu t e  t o  t h e  r educ t i on i n  m i lk y i eld  

i n  once dai ly m i lked cows . 

The poss i b i l i t y o f  reabsorp t i on o f  mi lk f rom t he gland be t veen m i l k i ngs 

was also  sugges t ed by Tucke r ( 1 96 1 )  and Po r t e r  e t  al . ( 1 966 ) as an 

explana t i on for t he dec rease i n  y i e l d  when cows were m i l ked t w i c e  per  

d ay as compared t o  t hr i ce per  day . I t  was sugges t ed that  reabso r p t i on 

may t ake p lace i n  h igh y i eld ing cows ( above 3 1  kg ) wh i le s e c r e t i on 

c on t i nues t o  occur  a t  a reduced r a t e . 

2 . 7 . 6  M i lk Compo s i t i on 

The re  exi s t  d i f fe rences b e t ween breeds i n  the  compos i t i o n  o f  the i r  m i l k  

and i n  general  t h e  h igher  t he lac ta t ion m i lk y i e l d , the  lower t h e  f a t  

and p ro t e i n  concen t ra t i on o f  mi lk ( C rab t ree , 1 9 84 ) . 

may s u f f e r  mo re  when m i lked less f requen t ly 

H igh y i e ld i ng cows 

because o f  udder 

d i s t ens i on . I t  i s  l i ke ly tha t Jerseys and o th e r  b reeds wi t h  rela t i ve ly 
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concen t ra t ed m i lks are less  suscep t i ble  t o  produc t i on loss  w i t h  

e x t ended m i lki ng i n t ervals . Indeed , those spec i es wh i ch have n a t u r a l ly 

long i n t e rvals be tween suckl i ng such as  rabb i t s  ( 24 h r ) , t ree s h r ew ( 48 

h r ) and sea  l i ons ( 8  days ) a l l  produce m i lk wi t h  rela t i ve ly h i gh 

nu t r i en t  concen t ra t ion  ( O f t edal , 1984 ) . 

2 . 8  Obj ec t i ves o f  t h e  Pres en t S t udy 

The rev i ew of l i t e r a t u re ind i ca t es tha t the  res ponse of cows to m i l k i ng 

f requen c i es i s  d e t e rm i ned by several i n t erac t i ng fac t ors . 

i m por t an t  fac t o rs i n f luenc i ng m i lk s e c r e t i on i n  reduced 

f requency s eem  to be t hose wh i ch i n t e r fere  wi t h  the s t re t ch i ng 

udder  as  m i lk accumula tes . 

The mos t  

m i l k i ng 

o f  t he 

The role  o f  I M P  i n  regula t ing m i lk s e c r e t i on i n  long m i lk i ng i n t e rvals  

is  wel l  es t a b l i shed ( Sec t ion  2 . 5 . 1 . 2 ) .  Korkman ( 1 95 3 )  observed t ha t  

t he i nc rease i n  IMP  per  uni t o f  s e c re t e d  m i lk was an i nd i v i d ua l l y  

i n he r i t ed charac t e r i s t i c .  There fore  

i nves t i ga t e  i f  a rela t i onsh i p  ex i s t ed 

i t  appeared 

be tween t he 

wo r thwh i l e  

I M P  d u r i ng 

t o  

t he 

mi l k i ng i n t e rval o f  once dai ly mi l k i ng and t h e  res ponse o f  cows t o  once 

d a i ly m i lk i ng . Fur t h e rmore the  e f fe c t o f  I M P  i s  med i a ted  t hrough 

mammary d i s t ens i on ( Tucker e t  al . 1 9 6 1 ; Peake r , 1980 ) . I t  i s  

s pecula t ed t ha t  cows wi th  sma l l e r  udd e r  volumes , for  example he i fe r s , 

w i l l  be more sus cep t i ble  t o  produc t i on loss  on once dai ly m i lking . F o r  

t h i s  reason , t h e  i n f luence o f  u d d e r  vo lume and age on the  response o f  

cows t o  once dai ly m i lking was s t u d i e d . 

Because lac t a t i on m i lk y i e ld i s  nega t i vely correla t ed t o  t h e  
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concen t ra t ion  o f  s o l i d s  in  t h e  m i lk ( Crab t ree , 1 984 ) i t  i s  expec t ed 

t ha t  cows w i t h  mo re concen t ra t ed m i lk w i l l be more t o le ran t t o  once 

dai ly m i lk i ng .  Therefore  t h i s  s t udy looked a t  m i lk compos i t i on i n  

r e la t i on t o  t h e  suscep t i b i l i ty o f  cows t o  p roduc t i on l o s s  when m i lked 

once d a i ly .  

The level  o f  res i dual m i lk d i re c t ly i n f luences t he ra t e  o f  m i l k f a t  

s ecre t i on s i nce t he concen t ra t ion o f  f a t  i s  ex t remely h igh . I t  also  

reduces  t h e  s t o rage capac i ty  o f  the  udder  wh i ch is  i m po r t an t  t o  t he 

r e la t i onsh i p  b e t ween m i lk y i eld  and i n t e rval . Fur t hermore  t he 

d i f fe rence i n  the  amoun t o f  res i dual m i lk be tween cows may r e su l t f rom 

d i f fe rences in  m i lk i ng charac t e r i s t i cs . The r e f o re peak f low ra t e ,  

be i ng t he bes t measure  o f  m i lk flow ra t e  ( G r i f f i n  and Dodd , 1 9 62 ) ,  was 

also  s tud i ed . The assump t ion  was t h a t  cows wi t h  fas t m i l k i ng cows w i l l  

have low res i dual m i lk and t hus  l e s s  a f fe c t ed when m i lked  once d a i ly .  

The d i f fe rence i n  p roduc t i on be tween HBI and LBI F r i es i an cows i s  due 

to h igher udder p roduc t i v i t y  in  HBI cows ( Da v i s  � al . , 1 9 83 ) . H igh 

udder  p roduc t i vi ty is l ikely to i ncreas e the ra t e  of udder  f i l l i ng .  

Th i s  may mean tha t  HBI Fr i es i an cows w i l l  be mo re sens i t i ve  t o  ex t ended 

m i lking i n t e rvals . Thus, i t  seemed appro p r i a t e  t o  d e t e rm i ne  i f  

b r eed i ng i ndex i n f luenced res ponse o f  cows t o  once da i ly m i lk i ng . 
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CHAPTER 3 

MATERIALS AND METHODS 

3 . 1  ANI MALS 

A t o t a l  of 32  F r i es i an cows on t he Dai ry Ca t t le  Research Un i t  at  Massey 

Un i ve rs i ty were  used . They i ncluded 1 6  h igh b reed i ng i n d e x  ( HB I ) and 

1 6  low b reed i ng i ndex ( LBI ) cows . Hal f  of the cows f rom each b reed i ng 

i ndex group  were  i n  t he i r  f i r s t  lac t a t i on ,  hav i ng calved a t  abou t 2 

years  o f  age wh i le the  rema i n i ng hal f  were ma t u re cows w i t h  ages 

be tween 3 and 1 1  years . Cows wi t h i n  B I , and age were  a l loca t ed t o  

e i t h e r  once dai ly o r  t w i c e  dai ly mi lking regimes . De t a i l s  o f  t he 

average age , days o f  lac t a t ion , m i l k  y i e l d  and b reed i ng i ndex o f  t he 

cows i n  t h e  two m i l k i ng regi mes are  p re s en t ed i n  Tabl e  3 . 1 .  
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Table 3 . 1  Mean ( ±  s . e )  age , day o f  lac t a t ion  a t  s ta r t  o f  exp e r i men t , 

and m i l k  y i e l d  o f  c ows ass igned t o  once dai ly o r  t w i ce  

dai ly m i lking reg i mes . 

Mi l k i ng Frequency 

Once d a i ly  

Age ( years ) 4 . 3 ( ±0 . 42 )  

Lac t a t i o n  ( days ) 89 . 0 ( ±2 . 68 )  

Mi lk Y i e ld ( kg )  1 5 . 6 ( ±0 . 57 )  

HBI 1 32 ( ± 1 . 84 )  

LBI 106 ( ± 1 . 45 )  

3 . 2  EXPERIMENTAL DESIGN 

Twice  da i ly 

4 . 4 ( ±0 . 45 )  

9 1 . 0 ( ± 1 . 86 )  

1 6 . 1 ( ±0 . 36 )  

1 3 4  ( ± 1 . 05 )  

108 ( ±0 . 90 ) 

The exper i me n t  was a 2x2  fac t o r i a l  des ign . The t re a t men t s  imposed  were 

m i lking f requency ( tw i ce and once a day m i l k i ng )  and breed i ng i ndex  

( HB I  and  LBI ) ,  to  give  four  t rea tmen t s  comb i na t i ons , HBix1 , HBix2 , 

LBix 1  and LBix2 . The exper i me n t  was d i v i ded i n to t h re e  per i od s , a 

p r e l i m i nary  p er i od , a t re a t me n t  p e r i od and a pos t - t rea t men t p e r i od . 
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The expe r imen t was  car r i ed ou t over  14  weeks d u r i ng November , 1 9 8 7  t o  

J anuary , 1988 . The l eng t h  o f  t i me o f  t h e  three  p e r i ods  and t h e  v a r i ous 

measu remen t s  made on the cows are  i nd i ca ted i n  Table 3 . 2  

Table 3 . 2  Summary o f  the  measuremen t s  made dur i ng t he 

three  p e r i ods o f  t h e  exper i men t .  

P e r i od 

Pre- t rea t men t 

( Mi lked t w i ce 

dai l y )  

T r e a t men t 

( Mi lked t w i ce/once 

dai l y )  

Pos t - t r e a t men t 

( Mi lked t w i c e  

dai ly )  

Dura t i on 

( weeks ) 

3 

3 

7 

Measuremen t s  

Udder volume 

Mi lk y i e l d  and compos i t i on 

I n t ramammary pressure  

Res i dual m i lk y i e l d  

Mi l k i ng charac t e r i s t i cs 

Mi lk y i e ld and compos i t i on 

I n t ramammary Pressure  

Mi lk y i eld  and  compos i t i on 

I n t ramammary pressure  

Udder  Vo lume 
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3 : 3  MANAGEMENT OF  THE EXPERI MENTAL ANIMALS 

The exp e r i men t a l  cows were grazed t oge ther  w i t h  the  main herd  on  

ryegrass / clover  pas t ures t h roughou t the  exp e r i men t . The expe r i men t al 

cows were also  m i lked wi t h  t h e  mai n  herd a t  0600 hr  and 1500 h r ,  i . e  

t he n i g h t  i n t e rval  was approx ima t ely 1 5  hr  and t h e  day i n t erval was 

approxima t e ly 9 h r . Cows mi lked once a day were  m i lked a t  1 500 hr . 

3 . 4  MEASUREMENTS 

3 : 4 : 1 Mi l k i ng charac t e r i s t i cs 

All  m i l k i ng charac t e r i s t i c s  were measured a t  two consecu t ive morn i ng 

m i lki ngs and t h e  mean resul t s  were used i n  s t a t i s t i cal analyses . 

Mi lk f low ra t es were  measured by record i ng cumul a t i v e  m i lk volumes 

c o l le c t ed i n  m i lk s amp l i ng me t ers (True- t es t D i s t r i bu t ors  L t d ) . 

Read i ngs were t aken every hal f-minu t e ,  f rom t h e  t i me t he las t t e a t  cup 

was pu t on un t i l  t he t e a t  cups were removed by au t oma t i c  cup remove r .  

T i me was d e t e r m i ned  w i th  a s t op-wa t ch .  A graph o f  cumula t i ve m i lk 

y i eld  aga i ns t t i me was p l o t ted  for  each cow . Maxi mum f low r a t e  

( L/ m i nu t e )  for  each cow was calcula t ed f rom t h e  s lope o f  t he l i near 

por t i on of the graph for  each day and calcula t i ng the mean value for 

the t wo days . T o t a l  cups on t i me was t aken as the i n t e rval f rom the  

t i me the  mi lking uni t was a t t ached t o  the  udder  un t i l  i t  was  removed . 

Average m i lk f low r a t e  was calcu l a t ed by d i v i d i ng the  t o t al mi lk y i e l d  

b y  t he t o t a l  c u p s  on t ime . 
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3.4 . 2  I n t ramammary Pressure  

I n t ramammary pressure  was measured u s i ng an i ns t rume n t  

cons t ru c t e d  b y  D r . 

Massey Un i vers i ty .  

R . C . O ' Dr i s co l l  ( 1 987 ) ,  Depar t men t 

The des ign o f  t h e  equi pme n t  was 

d es i gned  and 

of Phys i cs ,  

based on a 

Tympanome t e r  p r i n c i p l e  des c r i bed by Phi l l i ps , ( 1 955 ) . B r i e f ly ,  t h i s  

i ns t rumen t measured t he p ressure  i n s i d e  t h e  udder b y  a p p ly i ng a 

measured  force  t o  a sma l l  por t i on o f  t he d i s t ended s u r face  o f  t h e  

udde r , s u f f i c i en t  t o  f l a t t e n  the  a r e a  o f  con tac t wi t hou t caus i ng an 

i nden t a t i on. The e x t ernal f o rce a p p l i ed to the pressure  p l a t e  was t hen 

equal and oppos i t e to the  i n t ramammary pressure  a c t i ng on the i n s i de o f  

t h e  udder . I t  i s  assumed t ha t  t he p ressure  measured b y  t h i s  means w i l l  

b e  propo r t i onal t o  i n t raalveolar p ressure  bu t the  ex t en t  rela t i on s hi p  

has no t been e s t a b l i shed. 

The i ns t rumen t was sens i t i ve to t empera t u r e  and therefore  had t o  be  

adj us t e d  t o  zero  before  t a k i ng every measuremen t .  Separa t e  r e ad i ngs 

were t aken for  rear  and fore  gland and analysed separa t e ly . The 

f requency of IMP measuremen t i s  i nd i ca t ed on Table 3 . 3  
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Tabl e  3.3 Summary sho� i ng t h e  f r equency o f  I M P  measu remen t 

d u r i ng t he three  pe r i ods  o f  t he expe r i me n t  

Per i o d  Veek 

( numb e r )  

Pre- t r e a t m e n t  1 

T re a t men t 

Pos t - t rea t men t 

2 

3 

4-6 

7 

3 . 4 . 3  Res i dual M i lk Y i eld  

Frequency 

( t es t days/�eek)  

Morn i ng Noon A f t e rnoon 

3 3 

5 2 5 

3 

Res i dual m i lk y i e l d  �as measured d i rec t ly ,  and also  e s t i ma t ed  by 

calcula t i ons . 

D i re c t measuremen t 

Res i dual m i lk l e f t i n  the  udder  a f t e r  a mo r n i ng m i l k i ng �as measured  by 

t he oxy t o c i n  me t hod on 1 6  co�s , e igh t HBI  and e igh t LBI �h i ch �ere  

randomly s elec t ed f rom t he 32  co�s o f  t h e  exper i men t .  The s e l e c t ed 

co�s � e r e  grazed s epara t e ly f rom t h e  herd  on  t h e  eveni ng b e fo r e  

res i dual  m i lk y i elds  � e r e  measured . They �ere  b rough t i n  f o r  m i l k i ng 
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a f t e r  a l l  o ther  cows had  been mi lked . A f t e r  the  rou t ine  machine  

mi l k i ng each  o f  the  16  cows were i nj e c ted  s u b c u t aneous lj w i t h  1 0  i . u  

oxy t o c i n  and r em i lked i mmed i a t e ly . The res i dual m i l k  was weighed and 

samp l e d . Percen t age res i dual m i lk y i e l d  was c a l cula t e d  as  f rac t i on o f  

t he t o t a l  y i eld  t imes 100 . 

Calcula t ed res i dual m i lk y i e ld 

Res i dual m i lk y i eld  was calcu l a t ed f rom m i lk y i e l d  d a t a  us i ng a f o rmula 

shown below as developed by D r  D . D . S . Macken z i e ,  ( pe rsonal 

commun i ca t i on )  ( see  append i x  2 )  

R = ( M1 - SI ,  ) OR R = ( M2 - SI 1  ) 

( M2 - SI 1  ) ( Ml - SI,1 )  

where R res i dual m i lk as a f rac t i on o f  t o t a l  i n  

t he gland i n  l i t res 

M1  M i lk recovered a t  a . m  mi l k i ng i n  l i t res  

M2  Mi lk recovered a t  p . m  mi l k i ng i n  l i t res  

S Ra t e  o f  m i lk s e c r e t i on i n  l i t re s / h r  

( as s umed t o  be cons tan t  o v e r  24  h r ) . 

I ,  T i me i n t e rval f rom p . m  t o  a . m  m i l k i ng i n  hours 

I� Ti me i n t e rval f rom a . m  t o  p . m  m i l k i ng i n  hours 

3 . 4 . 4  Udde r  Volume 

Udde r  volumes were measured by the me t hod des c r i bed by Dav i s  e t  a l . 

( 1 983 ) . B r i e f ly , pos t - m i l k i ng udder  he igh t ( rear  g land t o  base o f  rear 

t e a t ) ,  w i d t h  ( average w i d t h  measured app rox i ma t e ly 8 cm above f ron t and 

rear  t e a t s ) ,  and leng th ( f rom base of rear  t e a t to an t e r i o r  j unc t i o n  o f  
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udde r w i t h  abdomen ) w e r e  measured . Hal f  o f  the  p rodu c t  o f  these  

measuremen t s  were  taken as an e s t i m a t e  o f  udder  volume . Udde r  v o l ume 

measu remen t s  were  made on t wo consecu t ive  days a f t e r  mor n i ng m i l k i ng 

d u r i ng t h e  f i r s t  week o f  the  p r e l i m i nary p e r i od . The mean f o r  each cow 

for t h e s e  two days was t rea t ed as one value in the  analys i s  o f  

var i an ce . A f t e r  the  expe r i me n t a l  pe r i od measuremen t s  were  made o n  two 

consecu t i ve days a f t e r  a f t e rnoon mi l k i ng and the mean calcula t ed f o r  

each cow . Measuremen t s  were  made by two o p e r a t o rs on  each cow be f o r e  

the  exp er i me n t  a n d  b y  o n e  o p e r a t o r  a f t e r  the  exper imen t . 

3 . 4 . 5  M i lk Y i e l d  and Compos i t i on 

Du r i ng the  whole  p e r i od o f  1 4  weeks measuremen t s  o f  m i lk y i e l d  and 

compos i t i on were car r ied ou t at the f requen c i e s  shown in Tab l e  3 . 3 . 

M i lk samples co l lec ted  a t  consecu t i ve a f t e rnoon and mor n i ng m i l k i ng 

were  analysed separa t e ly f o r  mi lk compos i t i on us i ng a Mi lkos can 140  A/B 

( A / S  N Foss  e lec t r i c  Denma r k ) . 

Da i ly y i e lds o f  m i l k ,  f a t , p r o t e i n  and l a c t o s e  were  then calcula t ed by 

add i ng t oge ther  the y i elds  o b t a i ned at conse cu t i ve even i ng and mor n i ng 

m i l k i ngs. The mean y i elds  o f  m i lk were  calcu la t ed f o r  

a )  the  o n e  week o f  the  pre- t rea tmen t pe r i od pe r i od 

b )  the  f i rs t  3 days o f  the  t re a t men t pe r i od 

c )  t h e  rema i n i ng 1 2  days o f  t he t re a t men t pe r i od 

d )  s even weeks o f  pos t - t re a t men t pe r i od . 

These mean values were  used i n  subsequen t s t a t i s t i cal  analys i s . M i lk 

compos i t i on was t re a t ed i n  a s i mi lar  manner .  
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Tabl e  3 . 4  Summary showing t he frequency of m i lk y i eld  and 

compos i t i on measuremen t s  dur i ng the t h ree  p e r i ods  

o f  t h e  expe r i men t 

P e r i od 

Pre- t rea t me n t  Per i od 

Trea t men t P e r i o d  

Pos t - t r ea t men t P e r i od 

Dura t i on 

( weeks ) 

3 

3 

7 

\.leek 

( numbe r )  

1 

2 

3 

4 - 6  

7 

8 

9 - 1 4  

3 . 4 . 6  Body \./e i gh t a n d  Cond i t ion  Score 

Frequency 

( t es t days/week)  

2 

1 

3 

5 

4 

3 

1 

Cows were we ighed and cond i t i on s co red on t he f i r s t  d ay o f  t he 

expe r imen tal  p e r i od and two days a f t e r  t h e  end o f  the  expe r i men t . The 

cond i t i on score  sys t em used was t h a t  d e s c r i bed by Sco t t  and Smea t o n , 

( 1 980 ) . 
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3 . 4 . 7  Soma t i c  Ce l l  Coun t 

Soma t i c  c e l l  coun t ( SCC ) was measu red t o  de t e rmine  t h e  e f f e c t o f  

m i lki ng once da i ly o n  udder  heal t h .  Samples  o f  m i l k  were col l e c t ed 

s e para t e ly for  each o f  t h e  3 2  cows on t he f i rs t  day o f  m i l k i ng once 

d a i ly and on t h e  las t day of  m i l k i ng once dai ly and analysed f o r  SCC . 

3 . 5  STATI STICAL ANALYS I S  

A l l  da t a  w e r e  analysed us i ng the  S t a t i s t i cal  Analys i s  Sys t em ( SA S )  

compu t i ng package ( SAS Ins t i tu t e , 1 9 85 ) . 

The e r r o r  s t ruc t ur e  o f  t h e  means for  I MP and mi lk y i e l d  and compos i t i on 

may d i f fe r  due to d i f ferences i n  

con t r i bu t i ng t o  each mean . 

t h e  number o f  observa t i ons 

Y i elds  of m i l k ,  f a t , p ro t e i n , and lac t o s e  and IMP , udder volume , 

m i lk i ng charac t e r i s t i c s  and concen t ra t i on o f  f a t ,  pro t e i n  and lac t o s e  

w e r e  analysed b y  analys i s  o f  var i ance . T h e  mod e l  u s e d  t o  d e f i ne t h e  

d a t a  was : 

whe re 

Y i j kl  U + a i  + bj l + ck + a . b  + a . c  + b . c  + X i j k + e i j km .  

Y i j k an observa t ion  o f  m i lk y i e l d , fa t ,  p ro t e i n ,  lac t o s e  

IMP , u d d e r  volume o r  m i l k i ng charac t e r i s t i c s  f o r  
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the  l t h i nd i v i d ual i n  t h e  i t h age class  t h e  j t h BI  class  

and  the  k t h  m i lk i ng f requency , 

U = t h e  unknown popula t i on mean o f  m i lk y i e l d , f a t  y i e l d , 

pro t e i n  y i eld , lac t o s e  y i eld , I M P , udde r  vo lume and 

peak f low ra t e , ave rage f lowra t e , mach i n e  t i me and 

concen t ra t i on of fa t ,  pro t e i n  and lac t o s e , 

a i  t he e f fec t o f  t h e  i t h age ( i  = 1  ( 2  years ) ,  2 ( 3+ years ) .  

bj e f fe c t of the j th BI  ( j  1 ( HBI ) o r  2 ( LBI ) , 

ck e f fe c t  of t he kth m i lk i ng f requency 

( k  = 1 ( once d a i ly m i l k i ng )  2 ( tw i c e  d a i ly m i lking ) . 

a . b  the  i n t e rac t i ve e f fec t o f  the  i t h age w i t h  t h e  j t h 

BI group 

a.c the i n t e ra c t i ve e f fe c t  of the j th BI group w i t h  k t h  

m i l k i ng f r equency group 

b.c t h e  i n t erac t i ve  e f fe c t  of the i t h age group w i t h  t h e  k t h  

m i lking f requency group 

e i j kl t he random e r r o r  asso c i a t ed w i t h  Y i j kl observa t i on 

wh i ch is as sumed t o  be no rma l ly d i s t r i bu t ed w i t h  mean 0 

and var i ance q 2  
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L �  and BCS w e r e  analysed b y  analys i s  o f  var i ance . T h e  mod e l  u s e d  t o  

d e f i ne t he d a t a  was : 

where 

Y i j  U + a i  + e i j , 

Y i j  t h e  observa t i on on t h e  j th i nd i v i dual 

exposed to  t h e  i th t rea t men t ,  

U t h e  unknown popu la t ion  mean , 

a i  t he e f fec t o f  t h e  i th t re a t men t , and 

e i j  t he random e r ro r  assoc i a t ed w i t h  t h e  

j t h i nd i v i dual exposed t o  t h e  i th 

t rea t men t assum i ng t h a t  e i j  i s  no rma l ly 

d i s t r i bu t ed w i t h  mean 0 and var i ance q2 . 

The d e c r ease i n  m i lk y i eld  

The p e r cen t age dec rease i n  m i lk y i e l d  due t o  once dai ly m i lking was 

d e t e r m i ned as expla i ned in appen d i x  1 .  A mode l  was t hen  developed t o  

p r ed i c t  t he decrease i n  m i lk y i eld  due t o  once d a i ly mi l k i ng .  

whe r e  

Y i  b o  + b l PF i  + b 2 UV i  + b 3 I M P i  + b4MYi + e i , 

Y i  observa t i o n  o n  i nd i v i duals 

for fall i n  m i lk y i e l d  ( Yi ) , 
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bo average f a l l  in  m i lk y i eld  vhen peak 

f lov r a t e , udder volume , IMP  a r e  n o t  

cons idered , 

b l  ( b2 , b3 , b4 ) =  r egress i on o f  PF ( UV ,  I M P , MY )  

o n  d rop i n  m i lk y i e l d , 

e i  t he random e rr o r  as s o c i a t e d  v i t h  t h e  i th 

i n d i v i dual and i s  assumed t h a t  e i  i s  

no rma l ly d i s t r i b u t ed v i t h  mean 0 and 

va r i an c e  q 2 . 
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CHAPTER 4 

RESULTS 

4 . 1  Pre- t rea tmen t P e r i od 

The r es u l t s  f o r  t h e  p r e t rea t me n t  p e r i od are  summa r i sed i n  Table 4 . 1 .  

Covs ass i gned t o  t v i c e  dai ly mi lking produced a l i t t le mo re m i l k ,  f a t ,  

pro t e i n  and lac t o s e  t han t hose as s i gned t o  once d a i ly m i l k i ng a l t hough 

t he d i f fe rences vere no t s i gn i f i can t .  

H igh b reed i ng i ndex  ( HBI ) cows produced s ign i f i can t ly gre a t e r  y i e l d s  o f  

m i lk ( P  < 0 . 05 ) , fa t ( P  < 0 . 00 1 ), p ro t e i n  ( P  < 0 . 0 1 ) ,  and lac t o s e  ( P  < 

0 . 01 )  t han low breed i ng index ( LBI ) cows . M i lk f rom HBI cows a l s o  had 

s igni f i can t ly h ighe r fat ( P  < 0 . 0 1 )  and lac tose  ( P  < 0 . 05 )  

concen t ra t i o n  than mi lk f rom LBI cows . . M i l k i ng charac t er i s t i cs i . e  

peak f l ov ra t e ,  mach ine  t i me ,  and ave rage f lov r a t e  d i d  no t d i f fe r  

s i gn i f i can t ly b e t ween b reed i ng i ndex group ( P < 0 . 05 ) . 

Ma t u r e  covs p roduced s ign i f i can t ly grea t e r  y i e lds  o f  mi l k  ( P  < 0 . 0 1 ) ,  

fa t ( 0 . 001 ) , pro t e i n  ( 0 . 0 1 )  and lac t o s e  ( P  < 0 . 05 )  t han he i f e r s . 

H e i fers  gave m i lk v i th  s i gn i f i can t ly h i ghe r  lac t o s e  concen t ra t ion  ( P  < 

0 . 05 )  t han m i lk f rom ma t u re cows . Udd e r  v o l umes o f  ma t u re covs were 

s i gn i f i can t ly larger  t han t h a t  o f  hei fers  ( P  < 0 . 01 ) .  Ma t u r e  covs t ook 

s ign i f i can t ly ( P  < 0 . 05 )  longe r t i me t o  mi lk ( 8 . 44 m i n )  t han younger 

cows ( 6 . 3 2 m i n ) . O t her  m i l k i ng charac t e r i s t i c s  i . e  t he average machi ne 

t i me and peak f lov ra t e  d i d  no t d i f fe r  s ign i f i can t ly be tween age 

groups . Jus t before  morn ing mi lking i n t ramammary p ressure  ( IMP ) i n  t h e  
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rear gland vas s ign i f i can t ly ( P  < 0 . 05 )  h ighe r  i n  h e i fers  t han f o r  

ma t u r e  covs . 

Dur i ng t h i s  p re - t r e a t me n t  per i od the  y i elds  o f  m i l k ,  f a t , pro t e i n  and 

lac t ose  vere d e c reas ing s i gni f i can t ly at a ra t e  of 0 . 08 kg/day , 0 . 004 

kg/day , 0 . 0007kg/day , 0 . 0009 kg/day respe c t i vely . The con t r i bu t i on o f  

t he dec rease t o  t o t a l  coe f f i c i en t  o f  var i a t i on vas 10% , 5% , 6% , and 9%  

f o r  y i e lds  of  m i lk ,  fa t ,  pro t e i n  and  lac t o s e  respec t ively . 

There vas a s ign i f i can t i n t e rac t i on b e t ween b r eed i ng i ndex groups and 

m i l k i ng f requency groups f o r  pro t e i n  y i e l d  ( P  < 0 . 05 )  vh i ch mean t t ha t  

HBI  cows as s igned t o  once d a i ly mi l k i ng regi me produced s igni f i can t ly 

( P  < 0 . 05 )  mo re pro t e i n  t han LBI cows ass i gned t o  once dai ly m i lk i ng .  

4 . 1 . 2  T rea t men t Per i od One 

The resu l t s  for t he t rea t men t p e r i od one are s umma r i sed in Tabl e  4 . 2 .  

F igures 4 . 1 -4 . 4  shov t h a t  i t  t ook abou t three  days for  t h e  e f fe c t o f  

m i l k i ng once p e r  day t o  b e  f u l ly real i z ed .  The t rea t me n t  p e r i od vas 

t hus d i v i ded i n t o  two p e r i ods , the f i rs t  cons i s t i ng of days 1-3 and t h e  

second days 4- 2 1 . 

M i l k i ng once dai ly reduced s i gn i f i can t ly y i elds  o f  m i lk ( P <0 . 00 1 ) ,  

pro t e i n  ( P  <0 . 00 1 )  and lac t o s e  ( P  < 0 . 00 1 ) . The yi eld  o f  f a t  was a l s o  

reduced t hough no t s igni f i can t ly ( P  >0 . 05 ) . T h e  ave rage decrease p e r  

cow vere 2 . 2  k g  ( 1 5 % ) , 9 % ,  0 . 07 kg ( 14 % )  and 0 . 1 3 kg ( 18 % )  for 

m i lk ,  f a t , prot e i n  and lac tose  respec t i vely . The con cen t ra t i on of 
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lac t o s e  also  dec reased s i gni f i can t ly (P  < 0 . 05 )  i n  once dai ly  m i lked 

cows . Jus t before  morn ing m i lking IMP  o f  cows m i lked t w i ce p e r  day was 

h ighe r ,  t hough no t s ign i f i can t ly ,  t han t ha t  of cows m i lked once d a i ly . 

The t rend was reversed howeve r a t  noon and b e f o re t h e  a f t e rnoon m i l k i ng 

when cows m i lked once da i ly had s igni f i can t ly h igher  I M P  t han cows 

m i lked t w i ce dai ly . 

B reed i ng i ndex group i . e  1 6  HBI  and 1 6  LBI and age groups  i . e  h e i fers  

and  ma t ure  cows were analysed t oge t her  regardless  of  the  m i l k i ng 

f r equency i mposed . Dur i ng the  f i r s t  t hree days o f  t h e  t re a t men t per i od 

HBI cows gave s ign i f i can t ly h ighe r y i e lds  o f  m i lk ( P  < 0 . 05 ) , f a t ( P  

<O . 0 1 ) ,  pro t e i n  ( P  <0 . 05 )  and lac t o s e  ( P  <0 . 05 )  t han LBI cows . HBI  

cows p r oduced m i lk wi t h  s ign i f i can t ly h igher con t e n t s  of  lac t o s e  ( P  < 

0 . 0 1 )  t han m i lk f rom LBI cows . The i n t ramammary pressure  b e f o re 

a f t e rnoon m i l k i ng was s ign i f i can t ly h i gher i n  bo t h  rear  ( P  < 0 . 05 )  and 

f o r e  glands ( P  < 0 . 001 ) of LBI than HBI cows . 

M a t u r e  cows produced s igni f i can t ly h i gher y i e lds  o f  m i lk ( P  < 0 . 0 1 ) ,  

and p ro t e i n  ( P  < 0 . 05 )  t han h e i f e rs . On t he o t he r  hand h e i f e r s  

produced m i lk w i t h  s ign i f i can t ly h i gh e r  concen t ra t ion  o f  lac t o s e  ( P  < 

0 . 01 )  t han m i lk f rom ma t u r e  cows . The IMP  b e f o r e  a f t e r noon m i lk i ng was 

s ign i f i can t ly h ighe r  in bo t h  rear  ( P  <0 . 0 1 )  and f o r e  g l ands ( P  <0 . 00 1 )  

o f  he i fe r s  t han ma t u re cows . 

Y i elds  o f  m i lk ,  pro t e i n  and lac tose showed a s i gni f i can t d a i ly d e crease 

over  t he f i rs t  three  days o f  the  t re a t men t pe r i od and t h e  r a t e  of  

d e c r ease  was 0 . 08 kg/day , 0 . 002  kg/day , 0 . 00 3  kg/day for  m i l k ,  p r o t e i n  

and lac t o s e  respec t i vely . The con t r i bu t i on o f  t h e  d e crease t o  
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coe f f i c i en t  var i a t ion vere 1 3% ,  7 % ,  and 6% for  m i l k ,  p ro t e i n ,  and 

lac tose  respec t i vely . S i m i l a r ly IMP  of bo t h  rear  and fore  glands a t  

a f t ernoon m i l k i ng showed a dai ly s ign i f i can t dec rease over  t h i s  pe r i od 

a t  a r a t e  o f  0 . 08 mm H20/ day and 0 . 09 mm H20/day f o r  rear  and f o r e  

gland r e s pe c t i ve ly . The con t r i bu t ion  o f  t h i s  decrease t o  coe f f i c i e n t  

o f  var i a t i on vas 2%  and 4 %  f o r  rear and fore  glands respec t i ve l y . 

There vas a s i gn i f i can t i n t e rac t i on b e t veen age and m i l k i ng f requency 

for m i lk ( P  <0 . 05 )  and lac tose  ( P  <0 . 05 )  and in t h i s  case h e i f e r s  

m i lked o n c e  dai ly produced s ign i f i can t ly less  m i lk a n d  lac t o s e  t han 

ma ture  covs mi lked once dai ly . There was a s ign i f i can t age and 

t re a t me n t  i n t e rac t i on for IMP o f  b o t h  rear  ( P  <0 . 00 1 ) and f o r e  ( P  

<0 . 01 )  glands a t  noon and before  a f t e rnoon m i l k i ng i n  t h a t  h e i f e r s  

m i lked o n c e  dai ly had s i gn i f i can t ly h igher I M P  t han ma t u r e  covs m i lked 

once d a i ly . There was a s i gn i f i can t i n t e rac t i on be tveen BI and age f o r  

I M P  o f  t h e  f o r e  gland ( P  <0 . 05 )  in  the  mo r n i ng and a f t e rnoon and i n  

bo t h  cases  H B I  h e i fers  had s ign i f i can t ly lover IMP  t han LBI h e i f e r s  

whereas t h e r e  was n o  corres pond i ng d i f fe rence f o r  ma ture  covs . 

4 . 1 . 3  Trea t men t P e r i od Tvo 

The resul t s  f o r  the  t rea tmen t pe r i od two are  summa r i z ed i n  Table 4 . 3 .  

Cows m i lked once d a i ly produced less  m i lk ( P  <0 . 00 1 ) , f a t  ( P  <0 . 001 ) ,  

pro t e i n  ( P  <0 . 00 1 ) and lac tose  ( P  <0 . 001 ) than cows m i lked t v i c e  d a i ly . 

The decrease  was 3 . 4  kg ( 2 3 % ) , 0 . 1  kg ( 1 7 % ) , 0 . 09 kg ( 18 % )  and 0 . 23 

kg ( 25 % )  f o r  y i e lds o f  m i l k ,  fa t ,  pro t e i n  and lac t o s e  respec t ively . 
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M i lk f rom cows mi lked once da i ly had s i gn i f i can t ly h ighe r  f a t  ( P  < 

0 . 00 1 ) and lowe r lac t ose ( P  < 0 . 00 1 )  concen t ra t i on t han t hose m i l ked 

t w i ce da i ly .  Before  mo r n i ng mi lking cows mi lked t w i ce da i ly had 

s ign i f i can t ly h igher  IMP a t  rear gland ( P  <0 . 00 1 ) than cows mi lked once  

da i ly ,  wh i l e  cows mi lked once d a i ly had s i gn i f i can t ly h igher IMP  a t  

bo t h  rear  and f o r e  glands ( P  <0 . 00 1 )  bo t h  a t  noon and b e f o r e  t he 

a f t e rnoon m i lk i ng . Du r i ng t h i s  t re a t men t pe r i od HBI cows p roduced 

s ign i f i can t ly more m i lk (P  <0 . 001 ) , fa t (P  <0 . 001 ) ,  p r o t e i n  (P  < 0 . 00 1 ) 

and lac t ose  ( P  < 0 . 001 ) than LBI cows . Fa t and p ro t e i n  and lac t o s e  

concen t ra t i ons w e r e  s i gn i f i can t ly h i gher  i n  HBI  t han L B I  cows . 

Ma ture  cows gave s ign i f i can t ly more m i lk ( P  <0 . 00 1 ) ,  f a t  ( P  < 0 . 00 1 ) ,  

pro t e i n  ( P  <0 . 00 1 ) and lac tose  ( P  <0 . 00 1 )  t han hei f e r s . B e f o r e  t he 

a f t e rnoon mi l k i ng IMP  was s i gni f i can t ly h ighe r  i n  the f o r e  glands o f  

h e i fers  t han ma t ure  cows ( P < 0 . 00 1 ) . 

I n  b o t h  g r oups o f  cows the  y i e lds o f  m i lk ( P  <0 . 00 1 ) , fa t ( P  <0 . 05 ) , 

p r o t e i n  ( P  <0 . 00 1 ) and lac tose ( P  <0 . 00 1 )  decreased w i t h  t ime . The 

ra t e  of d e c rease d u r i ng the 12 days was 0 . 07 kg/day , 0 . 002 kg/day , 

0 . 002 kg/ d ay , 0 . 003kg/day for  yi elds  o f  m i l k ,  f a t , p ro t e i n  and l a c t os e  

respec t ively . The con t r i b u t ion o f  the dec rease t o  t o t a l  coe f f i c i e n t  o f  

var i a t ion  was 9 % ,  1% , 4% , 7%  for  y i e lds o f  m i lk ,  f a t , p ro t e i n  and 

lac t o s e  r e s pe c t i v e ly . S i m i larly IMP for  bo th  glands showed a d a i ly 

dec rease i n  t he mo r n i ng and a t  noon bu t only i n  the  fore  gland ( P  < 

0 . 05 )  i n  t h e  a f t e rnoon . The con t r i bu t i on o f  the d e c r ease t o  t o t a l  

coe f f i c i e n t  var i a t i on was 3 %  and 3 %  before  mo r n i ng mi l k i ng for  r e a r  and 

f o r e  g l and respec t i ve ly , 4% and 3 %  at noon f o r  rear and fore g l and 

respec t i vely and 2% f o r  the  fore  gland before  the  a f t e r noon . 
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There was a s i gn i f i can t i n t e rac t i on be t ween age and mi l k i ng f requency 

for y i e l d s  of m i lk ( P  <0 . 001 ) ,  f a t  ( P  <0 . 01 ) ,  pro t e i n  ( P  <0 . 00 1 )  and 

lac t o s e  ( P  <0 . 00 1 ) mean i ng t ha t  p rodu c t i on by ma t u re cows m i lked once 

da i ly f e l l  s ign i f i can t ly more than t h a t  of h e i f e r s  m i lked once per day . 

S i m i l a r ly t he r e  was an i n t e rac t i on b e t ween age and B I  f o r  y i e ld s  o f  

m i lk ( P  <0 . 01 ) ,  f a t  ( P  <0 . 0 1 )  and lac t o s e  ( P  <0 . 00 1 ) .  I n  t h i s  case HBI 

ma t u r e  cows p r oduced s ign i f i can t ly h i gher  y i e l d s  of m i l k ,  f a t , and 

lac t o s e  t han LBI ma t u re cows . 

There was s ign i f i can t i n t e ra c t i on b e t ween age and mi lki ng f requency f o r  

I M P  o f  t he r e a r  gland a t  noon ( P  < 0 . 0 1 )  a n d  bo t h  glands i n  t h e  

a f t e rnoon ( P  < 0 . 00 1 )  i n  t ha t  h e i fers  m i lked o n c e  dai ly h a d  h ighe r IMP  

t han ma t u r e  cows m i l ked once  dai ly bu t t h i s  d i f f erence d i d  no t occur  on 

t w i ce d a i ly m i lk i ng . There was also  an i n t e rac t ion  be t ween  age and BI 

f o r  I M P  o f  t h e  f o r e  g lands in the mo r n i ng ( P <0 . 05 )  and bo t h  glands i n  

t he a f t e rnoon ( P  < 0 . 0 1 )  i n  t h a t  H B I  he i fe r s  had s ign i f i can t ly l ower 

I MP t han LBI he i fe r s  bu t t h i s  d i f fe rence d i d  n o t occur  f o r  ma t u re cows . 
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4 . 1 . 3  Pos t - t rea t men t P e r i od 

The resu l t s  f o r  pos t - t rea t men t pe r i od are summa r i zed on  Tabl e  4 . 4  

F i gu r e s  4 . 1 -4 . 4  show t h a t  t h e r e  was a carry over  o f  t h e  e f fe c t  o f  once 

d a i ly m i l k i ng on t h e  y i e l d  o f  m i lk and i t s componen t s  a f t e r  the 

cessa t i on of  once da i ly mi l k i ng .  I t  t ook abou t s even weeks un t i l  cows 

m i lked once a d ay fully  recovered to p roduce s i mi larly to the con t ro l  

group . 

Dur i ng t h e  seven weeks a f t e r  cessa t i o n  o f  t he t rea t me n t  cows p rev i ously  

m i lked once dai ly m i lking cows s t i l l p r oduced abou t 1 . 1  kg  ( 7  % ) , 0 . 06 

kg ( 9% ) , 0 . 02 kg ( 4% )  and 0 . 05 ( 7% )  less  y i e l d s  o f  m i l k ,  f a t , p ro t e i n  

and lac t os e  respec t i ve ly than the  con t ro l  group . The concen t ra t i on o f  

p ro t e i n  i n  m i lk f rom cows prev i ou s ly m i l ked t w i ce dai ly was 

s ign i f i can t ly ( P  < 0 . 0 1 )  h igher  than t h a t  f rom cows p r e v i ously m i lked 

once da i ly ,  wh i le lac t ose  concen t ra t i on con t i nued to be s i gn i f i can t ly 

lower ( P  < 0 . 00 1 )  i n  cows previously m i lked once dai ly compared t o  t h a t  

o f  cows m i lked t w i c e  dai ly . 

HBI  cows con t i nued t o  p roduce s i gn i f i can t ly mo re  f a t  ( P  <0 . 00 1 ) ,  

p ro t e i n  ( P  <0 . 01 )  and lac t ose ( P  <0 . 05 )  t han LBI cows . HBI  cows gave 

m i lk wi t h  s ign i f i can t ly higher  concen t ra t ion  of f a t  ( P  < 0 . 05 ) , p r o t e i n  

( P  < 0 . 0 1 )  and lac t o s e  ( P  < 0 . 0 1 )  t han m i lk f rom LBI . 

Ma t u r e  cows p roduced s igni f i can t ly h ighe r  y i e lds  t han h e i f e r s  ove r t h e  

pos t - t rea t men t pe r i od . S i m i l a r ly h e i fers  produced m i lk w i t h  

s igni f i can t ly h igher concen t ra t i on o f  lac t o s e  ( P  <0 . 00 1 )  t han ma t u re 
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cows . Udd e r  vo lumes were s ign i f i can t ly larger  ( P < 0 . 01 )  i n  ma t ure  

cows t han he i fe rs . 

The y i e l d s  o f  m i lk and lac t o s e  con t i nued t o  d ecrease as lac t a t i on 

p r o ceeded and t h i s  con t r i bu t ed t o  t he t o t a l  coe f f i c i e n t  o f  var i a t i on o f  

9 %  and 8 %  f o r  m i lk and lac t o s e  res pec t i ve ly . 

There was a s ign i f i can t i n t e rac t i on be tween B I  and m i lk i ng f requency 

f o r  I M P  f o r  rear  g land s i n  the  a f t e rnoon , the  HBI cows p r e v i ously  

m i lked once  dai ly had  s igni f i can t ly h i gh e r  ( P  < 0 . 05 )  I M P  t han LBI cows 

p r ev i ously  m i lked once da i ly , a d i f fe rence wh i ch was no t s een in cows 

m i lked t w i c e  da i ly .  

4 . 1 . 4  Body Ve i g h t  and Body Cond i t i on Score  

The mean bodywei gh t s  and  body cond i t i on s c o r e  f o r  bo t h  groups of  cows 

be fore  and a f t e r  t rea tmen t are shown in Table  4 . 5 .  There was no 

s i gn i f i can t d i f fe rence in body we i gh t  and cond i t ion  score  be tween cows 

m i lked t w i ce and once per day b o t h  before  and a f t e r  t rea t men t . 
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4 . 1 . 5  Soma t i c  Ce l l  Coun t 

A t  the  end o f  the  t re a t men t per i od , the  SCC o f  e i gh t C OWS m i lked d a i ly 

and n i ne m i l ked t w i c e  d a i ly were g rea t e r  t han 300 , 000 c e l l s / m l . A Chi  

squared s ta t i s t i c was used t o  t es t  the  null  hypo t hes i s  and  i t  was  found 

t h a t  t h e re was no  s ign i f i can t d i f f e rence be tween groups  on t h e  

propo r t i on o f  cows wi th  h igh soma t i c  c e l l  coun t . 

4 . 2  Pred i c t ion o f  the  dec rease i n  Y i e lds  o f  M i lk 

The decrease i n  m i lk y i eld  due t o  m i l k i ng once dai ly var i ed be t ween 

cows and ranged f rom 1 . 5  kg to  6 . 6  kg ( calcula ted  as in append i x  1 ) .  

Analys i s  o f  var i ance ( Table 5 . 2 )  showed t h a t  t he IMP  o f  t h e  rear  gland 

measured 15 hr a f t e r  las t mi lking ( be fo r e  mor n i ng mi l k i n g )  was t h e  only 

s i gni f i can t ( P  < 0 . 05 )  fac t o r  i n  p r ed i c t i ng t he response of dai ry cows 

to once da i ly m i lk i ng .  O t her  fac t o r s  such as I M P  o f  

udder  volume , peak f low ra t e , b reed i ng i ndex , 

t he 

age , 

f o r e  gland , 

m i lk y i e l d  

( pre- t r e a t men t pe r i od )  and m i lk s o l i ds w e r e  no t s i gni f i can t fac t o rs i n  

p r e d i c t i ng t h e  res ponse o f  cows t o  o n c e  d a i ly m i l k i ng . 
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fable 4. 1 Least square means (± standard errors) for various milking traits for 32 cows according to BI group, age, treatment and stage of lactation during the 
pre-treament period. 

B reeding Index A g e  

HBI LBI S ig Heifers Mature Sig 

\1ilk Yield (kg) 16.0 ± 0.4 1 1 5 .2 ± 0.45 * 14.8 ± 0.46 16.4 ± 0.34 ** 

Fat Yield (kg) 0.7 1  ± 0.02 0.59 ± 0.02 * * *  0.60 ± 0.02 0.69 ± 0.02 * * *  

Protein Yield (kg) 0.54 ± 0.01 0.48 ± 0.0 1 * *  0.48 ± 0.0 1 0.54 ± 0.0 1 * *  

Lactose Yield (kg) 0.79 ± 0.02 0.74 ± 0.02 ** 0.74 ± 0.02 0.79 ± 0.02 * 

\1ilk Composition 
(g/1 00  ml) 

Fat 4 .4 ± 0. 1 1  3.9 ± 0. 1 1  * *  4. 1  ± 0. 1 2  4 .2 ± 0.09 NS 
Protein 3.3 ± 0.06 3 . 1  ± 0.06 NS 3.2 ± 0.06 3.3 ± 0.05 NS 
Loctose 4.9 ± 0.02 4.8 ± 0.02 * 4.9 ± 0.03 4.8 ± 0.02 * 

Udder Volwne (L) 9.0 ± 1 . 1 1  10.7 ± 1 . 1 3  NS 7.3 ± 1 .25 12.4 ± 0.99 ** 

Peak Flow Rate (L/min) 2.06 ± 0. 17  1 .83 ± 0. 17  NS 2.06 ± 0. 1 9  1 .83 ± 0. 1 5  NS 
\1achine Time (min) 7.35 ± 0.57 7 .4 1  ± 0.57 NS 6.32 ± 0.64 8.44 ± 0.49 * 

Average Flow (L/min) 1 .64 ± 0. 13  1 .48 ± 0. 1 3  NS 1 .70 ± 0.14 1 .42 ± 0. 1 1  NS 

fMP (mm H20) 
Rear gland 10.7 ± 0.88 1 2.7 ± 0.87 NS 1 3 .0 ± 0.98 10.3 ± 0.78 * 

\1orning 
Fore gland 10.8 ± 0.95 1 2.9 ± 0.94 NS 1 3 . 1  ± 1 .05 10.6 ± 0.84 NS 
Rear gland 9.3 ± 0.58 8.9 ± 0.58 NS 8.6 ± 0.65 9.5 ± 0.5 1 NS 

Afternoon 
Fore gland 9.4 ± 0.64 9.1  ± 0.64 NS 9.3 ± 0.72 9.2 ± 0.56 NS 

The following symbols are used throughout the results to indicate the level of significance of difference between means 

*** 

* *  
significant difference at the probability < 0.001 
significant difference at the probability < 0.01 

* 

NS 
significant difference at the probability < 0.05 
no significant difference 

S t a g e  I n ter-
M il k i n g  Freq u e ncy L a c t - a c t i o n s  

a t  i o n  

-
Twice Twice 
Daily Daily S ig S ig BI x TRT 

1 5.8 ± 0.4 1 1 5 .4 ± 0.4 1 NS * * *  NS 
0.66 ± 0.02 0.64 ± 0.02 NS ** NS 
0.5 1  ± 0.01 0.50 ± 0.01 NS * *  * 

0.77 ± 0.02 0.75 ± 0.02 NS * * *  NS 

4. 1 ± 0. 1 1  4.2 ± 0. 1 1 NS NS NS 
3.2 ± 0.06 3.2 ± 0.06 NS NS NS 
4.9 ± 0.02 4.9 ± 0.02 NS NS NS 

9.6 ± 1 . 1 1  10. 1 ± 1 . 1 3  NS NS NS 

1 .98 ± 0. 17  1 .9 1 ± 0. 1 7  NS NS NS 
7.56 ± 0.57 7.21 ± 0.57 NS NS NS 
1 .65 ± 0. 1 3  1 .47 ± 0. 1 3  NS NS NS 

1 1 .7 ± 0.88 1 1 .6 ± 0.87 NS NS NS 

1 1 .5 ± 0.95 1 2.2 ± 0.94 NS NS NS 
8.9 ± 0.58 9.2 ± 0.58 NS NS NS 

8.8 ± 0.64 9.6 ± 0.64 NS NS NS 

V1 
� 
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fable 4.2 Least square means (± standard errors) for various milking traits for 32 cows according to BI groups, age, milking frequency and stage of lactation 

during treatment pericxl one. 

B reeding I ndex 

HBI LBI 

\1ilk Yield (kg) 14.0 ± 0.39 1 3 .4 ± 0.39 
Fat Yield (kg) 0.67 ± 0.03 0.54 ± 0.03 
Protein Yield (kg) 0.49 ± 0.0 1 0.44 ± 0.01 
Lactose Yield (kg) 0.68 ± 0.02 0.64 ± 0.02 

\1ilk Composition 
(g/100 ml) 

Fat 4.7 ± 0.23 4.2 ± 0.23 
Protein 3.6 ± 0.06 3.3 ± 0.06 
Lactose 4.9 ± 0.03 4 .8 ± 0.03 

IMP (mm H20) 

Rear gland 15 .0 ± 0.80 1 5.6 ± 0.80 
Morning 

Fore gland 12.5 ± 0.72 14.6 ± 0.72 
Rear gland 1 7.0 ± 0.93 1 7.0 ± 0.90 

"'oon 
Fore gland 14.7 ± 0.96 1 5 .5 ± 0.93 
Rear gland 1 9.8 ± 0.95 23.3 ± 0.95 

Mtemoon 
Fore gland 16.7 ± 0.87 22.0 ± 0.87 

Sig 

* 

** 

* 

* 

NS 
NS 

* 

NS 

NS 
NS 

NS 
* 

*** 

A g e  

Heifers Mature 

1 3.2 ± 0.44 14.2 ± 0.34 
0.57 ± 0.03 0.65 ± 0.03 
0.45 ± 0.02 0.49 ± 0.01 
0.64 ± 0.02 0.67 ± 0.01 

4.3 ± 0.26 4.6 ± 0.20 
3 .4 ± 0.07 3.5 ± 0.06 
4.9 ± 0.03 4.7 ± 0.02 

1 5.4 ± 0.89 1 5.2 ± 0.70 

14.2 ± 0.80 12.9 ± 0.62 
1 6.9 ± 1 .01  1 7.0 ± 0.82 

1 6.6 ± 1 .04 1 3 .6 ± 0.84 
23.6 ± 1 .06 19.5 ± 0.83 

22. 1  ± 0.98 1 6.6 ± 0.76 

Sig 

** 

NS 
* 

NS 

NS 
NS 

* 

NS 

NS 
NS 

NS 
** 

*** 

M i l k i n g  S t a g e  I n teractions 
Freq uency Lactation 

Twice Once Sig  S ig  Age x 1RT Bl x Age B I x 1RT 

14.8 ± 0.39 1 2.5 ± 0.39 * * *  * * *  * NS NS 
0.64 ± 0.03 0.58 ± 0.03 NS NS NS NS NS 
0.50 ± 0.02 0.43 ± 0.02 * * *  * *  NS NS * 

0.72 ± 0.02 0.59 ± 0.02 * * *  * * *  * NS NS 

4.3 ± 0.23 4.6 ± 0.23 NS NS NS NS NS 
3.4 ± 0.07 3.5 ± 0.07 NS NS NS NS NS 
4.9 ± 0.03 4.8 ± 0.03 * NS NS NS NS 

1 6.0 ± 0.80 14.6 ± 0.80 NS NS NS NS NS 

1 3.3 ± 0.71 1 3.8 ± 0.7 1 NS NS NS * NS 
1 1 .4 ± 0.92 22.6 ± 0.90 * * *  NS * * *  NS NS 

10.2 ± 0.95 20.0 ± 0.95 * * *  NS * *  NS NS 
14.7 ± 0.95 28.4 ± 0.95 * * *  * * * *  NS NS 

12.8 ± 0.87 25.9 ± 0.87 * * *  * *  * * *  * NS 

\.]1 
'-'"' 
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fa ble 4.3 Least square means (± standard errors) for various milking traits for 32 cows daily according to BI groups, age, milking frequency and stage of 
lactation during the treatment period 2. 

Breeding Index 

HBI LBI 

\1ilk Yield (kg) 1 3.2 ± 0 . 18  12.7 ± 0 . 1 8  
Fat Yield (kg) 0.64 ± 0.01 0.53 ± 0.01 
Protein Yield (kg) 0.47 ± 0.0 1 0.42 ± 0.01 
Lactose Yield (kg) 0.64 ± 0.01  0.61 ± 0.01 

rMP (mm H20) 

Rear 1 2.2 ± 0.52 12.9 ± 0.53 
\1oming 

Fore 1 1 . 1  ± 0.46 12.4 ± 0.46 
Rear 14. 1 8  ± 0.85 1 5 . 1  ± 0.8 

�oon 
Fore 1 2.2 ± 0.72 13 .4 ± 0.73 
Rear 1 6.6 ± 0.5 1 16.9 ± 0.52 

Mtemoon 
Fore 1 3.9 ± 0.45 15 .6 ± 0.46 

\1ilk Composition 
(g/100 ml) 

Fat 4.8 ± 0.09 4.2 ± 0.09 
Protein 3 .5  ± 0.03 3.4 ± 0.03 
Lactose 4.9 ± 0.03 4.8 ± 0.03 

-

Sig 

* * *  

* * *  

* * *  

* * *  

NS 

NS 
NS 

NS 
NS 

NS 

* * *  

* 

* *  

A g e  

Heifers Mature 

1 2.2 ± 0.20 1 3.7 ± 0. 1 6  
0.53 ± 0.01 0.64 ± 0.01 
0.42 ± 0.01 0.47 ± 0.01 
0.60 ± 0.01 0.65 ± 0.01 

12.1 ± 0.59 1 3 .0 ± 0.46 

12.5 ± 0.5 1 1 1 .0 ± 0.40 
14.5 ± 0.95 14.7 ± 0.77 

12.5 ± 0.80 1 3.0 ± 0.65 
1 7.3 ± 0.58 1 6.2 ± .0.45 

1 6. 1  ± 0.5 1  1 3.5 ± 0.40 

4.3 ± 0. 10  4.8 ± 0.07 
3 .4 ± 0.03 3.5 ± 0.03 
4.9 ± 0.03 4.7 ± 0.02 

Sig 

* * *  

* * *  

* * *  

* * *  

NS 

NS 
NS 

NS 
NS 

* * *  

* *  

NS 
*** 

S t a g e  
M i lking Frequency La cta t i o n  I n teractions 

Twice Once S ig Sig Age x TRT BI x Age BI x TRT 

14.6 ± 0. 1 8  1 1 .3 ± 0. 1 8  * * *  * * *  * * *  ** * 

0.64 ± 0.01 0.53 ± 0.01 *** * * *  * *  NS 
0.49 ± 0.01 0.40 ± 0.01 * * *  * * *  * * *  NS * * *  

0.7 1 ± 0.01 0.53 ± 0.01 * * *  * * *  * * *  * * *  * 

14.3 ± 0.52 10.8 ± 0.53 * * *  * *  NS * NS 

12.2 ± 0.45 1 1 .3 ± 0.46 NS * *  NS * NS 
10.7 ± 0.85 1 8.5 ± 0.86 * * *  * * *  NS NS 

9.1 ± 0.73 16.5 ± 0.72 * * *  * NS NS NS 
12.8 ± 0.5 1  20.7 ± 0.5 1 * * *  NS * * *  * * *  NS 

1 1 .5 ± 0.45 18 . 1  ± 0.46 * * *  * *  * * *  *** NS 

4.4 ± 0.09 4.7 ± 0.09 * * *  NS NS NS NS 
3.4 ± 0.03 3.5 ± 0.03 NS NS NS NS NS 
4.9 ± 0.03 4.7 ± 0.03 * * *  NS NS NS NS 

0'· 
G' 



Table 4.4 Least square means (± standard error) for various milking trait according to BI, age, milking frequency and stage of lactation during the post­
treatment period. 

B reeding Index A g e Milking Freq uency S t a g e  I nteractions 

HBI LBI Sig Heifers Mature Sig  Twice Twice S i g  Age x Age x 
BI TRT 

Milk Yield (kg) 14 .3 ± 0.44 1 3 .6 ± 0.50 NS 1 3 . 1  ± 0.53 14.8 ± 0.4 1 * * *  14 .5  ± 0.46 1 3.4 ± 0.48 NS NS NS NS 
Fat Yield (kg) 0.64 ± 0.02 0.54 ± 0.02 * * *  0.55 ± 0.02 0.62 ± 0.02 * *  0.62 ± 0.02 0.56 ± 0.02 * NS * * 

Protein Yield (kg) 0.54 ± 0.01 0.48 ± 0.02 * *  0.48 ± 0.02 0.54 ± 0.01 * *  0.52 ± 0.02 0.50 ± 0.02 * NS NS NS 
Lactose Yield (kg) 0.72 ± 0.02 0.66 ± 0.03 * 0.66 ± 0.03 0.72 ± 0.02 * 0.7 1 ± 0.02 0.66 ± 0.02 NS * NS NS 

Milk Composition 
(g/100 ml) 

Fat 4.7 ± 0. 1 3  4.3 ± 0 . 14  * 4.5 ± 0. 1 5  4.6 ± 0. 1 2  NS 4.6 ± 0. 14  4.5 ± 0. 14  NS NS NS NS 
Protein 3.6 ± 0.05 3 .4 ± 0.05 * *  3 .5 ± 0.05 3.5 ± 0.04 NS 3.6 ± 0.05 3 .4 ± 0.05 * *  NS NS NS 
Lactose 4.8 ± 0.04 4 .6 ± 0.04 * *  4.8 ± 0.04 4.6 ± 0.03 * * *  4.9 ± 0.04 4.6 ± 0.04 * * *  NS NS NS 

IMP (mm H20) 

Rear gland 10.5 ± 0.72 1 0.6 ± 0.74 NS 9.9 ± 0.82 1 1 .2 ± 0.65 NS 1 1 .6 ± 0.73 9.5 ± 0.73 NS NS * NS 
Afternoon 

Front gland 9.4 ± 0.65 1 0.2 ± 0.67 NS 9 .4 ± 0.74 10. 1  ± 0.58 NS 9.8 ± 0.65 9.7 ± 0.66 NS NS * NS 

Udder Volume (L) 6.8 ± 0.68 8 .0 ± 0.70 NS 5 .4 ± 0.77 9.4 ± 0.61 ** 7.8 ± 0.69 7.0 ± 0.70 NS NS NS NS 

V1 
-4 
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Table 4 .5  Means (± standard errors) for body weight and body condition score (BCS) 
of the 32 cows before and after treatment. 

Milking frequency 

Twice daily Once daily Significance 

Initial body weight (kg) 444 ± 1 6.4 47 1 ± 1 6.4 NS 

Final body weight (kg) 428 ± 1 5 .4 458 ± 1 5 .4 NS 

Final BCS 4.8 ± 1 .4 5.2 ± 1 .4 NS 

Initial BCS 4.8 ± 1 .9 5.3 ± 1 .9 NS 
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Figu re 4 . 1  The m ean weekly milk yield for cows mi lked twice daily during the pre-treatm ent and post-treatm ent 
period and once (*) or twice ( + )  dai l y  during the treatm ent period . 
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CHAPTER FIVE 

DI SCUSSION 

5 . 1  EFFECTS OF ONCE DAI LY MI LKING 

5 . 1 . 1  E f fe c t s  on M i lk Produc t i on 

Ove r t h e  3 weeks o f  once dai ly m i lk i ng , d a i ly m i lk y i e l d  decreased by 

2 . 8  kg/ cow ( 1 9 % )  rela t i ve to t he con t ro l  group . Y i elds  of m i lk f a t , 

p ro t e i n  and lac tose  were also  reduced by 0 . 08 kg/ cow ( 14 ) % ,  0 . 08 kg/ cow 

( 1 6% ) , and 0 . 1 6 kg/ cow ( 2 1% ) r e s pec t i vely . The decrease in m i lk y i e l d  

i s  s i mi l a r  t o  t h a t  observed b y  B ryan t ( 1 9 7 8 )  o f  18% bu t i s  less  t han 

t hose  obs e r ved by o thers  ( Claesson e t  al , .  1 9 5 9 ; Parke r , 1 965 ; 

V i l son , 1 9 6 5 )  o f  3 1 -50% . 

Fol lowi ng cessa t i on o f  the  t rea tme n t  cows p rev i ously  m i lked once da i ly 

con t i nued t o  p r oduce less  than t he con t ro l  group and i t  t ook abou t 7 

weeks t o  f u l ly recove r . Dur i ng t h i s  pe r i od da i ly y i elds  o f  m i l k ,  f a t , 

p ro t e i n  and lac t o s e  for  t rea tmen t group were  1 . 1  kg/ cow ( 7% ) , 0 . 06 

kg/ cow ( 9% ) , 0 . 02 kg/ cow ( 4% )  and 0 . 05 kg/cow ( 7% )  respec t i vely less  

t han t he con t ro l  group . The  t o tal  d ec rease in  p roduc t ion  over  bo th  the  

3 weeks  ( t rea tmen t per i od ) and  7 weeks ( pos t - t rea t men t per i od ) i s  s hown 

on Tab le  5 . 1 .  The res i dual e f f ec t o f  once dai ly m i l k i ng has also  been 

r e po r t ed in  s i ng l e  long m i l k i ng i n t e r v a l s  and m i s s ed m i l k i ngs ( Vh e e l o ck 

� al . , 1 9 6 5 ; 1966 ; Vi lson , 1 9 65 ) . The apparen t fai lure  o f  secr e t o ry 

ac t i v i t y t o  recover a f t e r  cessa t i on o f  once dai ly m i l k i ng i mp l i es t h a t  

any d amage t o  t he s e c re t o ry c e l l s  f r om u dd e r  d i s t e n s i on o r  chem i ca l  
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i nh i b i t ors  is  n o t  eas i ly reversed  ( Peake r ,  1 9 80 ) . Fur t he rmo re  a r ecen t 

s t udy by W i lde  � al . 

long pe r i od caused 

par t i al ly i nvo lu t ed 

( 1 989 )  i nd i ca t ed t h a t  i ncomp l e t e  m i l k i ng over  a 

a par t i al  s e c re t ory c e l l u l a r  i nvolu t i on . The 

s e c r e t o ry c e l l s  may need t i me to adj us t t o  

i nc reased m i l k i ng s t i mulus . 

D i f f e r ences be t ween exper i men t s  i n  the  ex t en t  o f  d e c r ease i n  produc t i o n  

may a r i s e  f rom var i a t ion  i n  fac t o r s  s u c h  as dura t i on o f  t rea t m e n t  

( sho r t  t erm  o r  f u l l  lac t a t i on ) , s t age o f  lac t a t i on ( when t re a t me n t  was 

i mposed ) and level  of feed i ng . Thes fac t o rs are explai ned below . 

Dura t i on o f  t he t re a t men t 

The reduc t i on i n  m i lk y i e l d  i nc reased wi t h  t i me on t rea t me n t  ( F igure  

4 . 1 ) . Thus t h e  d e c r ease i n  m i lk p roduc t i on due t o  once dai ly m i lk i ng , 

i n  t h e  f i r s t  t h r e e  days o f  t h e  t rea t men t was sma l l e r  t han t h a t  over  t he 

rema i n i ng 1 8  d ays o f  t he t re a t men t pe r i od ( 1 5% vs 2 3 % ) . S i mi larly  

W i l s on ( 1 9 6 5 ) observed tha t  the  f u l l  e f fe c t  o f  t h e  change t o  once  da i ly 

m i l k i ng was no t rea l i zed f o r  several  m i l k i ngs . Claesson e t  a l . ( 1 9 5 9 )  

over  t he whole  lac t a t ion  obse rved t h a t  m i lk y i e l d  was reduced b y  an 

ave r age of 50% . However  d u r i ng the f i r s t  t wo weeks of expe r i men t ,  t he 

dec rease  was only 20% b u t  i n c reased t o  54% over  t he las t two weeks . 

The p rogres s i ve dec l i ne i n  m i lk y i e ld wi t h  t i me shows t h a t  reduced 

m i l k i ng f requency may no t only l i m i t s e c re t i on in  t h e  t e rm i nal  phas es 

of each m i l k i ng i n t e rval but also  

i mmed i a t e  d rop  i n  p roduc t i on in  

depress  s e c re t o ry 

the  f i r s t  few 

po t en t i al . The 

d ays of once d a i ly 

m i l k i ng , is probably t he resul t of bo t h  udder d i s t ens i on and i ncomp l e t e  

m i l k i ng . The l onger i n te rval be tween m i lk i ngs i s  i n e v i t ably assoc i a t ed 
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v i t h  grea t e r  udder d i s tens i on .  Changi ng f rom tvi ce  d a i ly m i l k i ng t o  

once d a i ly m i l k i ng also  means add i t i onal m i lk t o  harves t vi t h i n  t he 

e f fe c t i v e  m i lk ej e c t i on t i me . Consequen t ly the  amoun t o f  r e s i dual m i lk 

and m i lk f a t  re t a i ned i n  the  alveo l i  v i l l  i n c r ease s i gn i f i can t ly ,  

par t ly p robably be cause the  pe r i od o f  ej e c t i on i s  too  sho r t  t o  a l low 

compl e t e  r emoval of all t he m i l k .  Res i dual mi lk has an i nh i b i t o ry 

e f fe c t  on subsequent  m i lk s e c r e t i on ( El l i o t ,  1 96 1 , � i lde  e t  a l . ,  1 9 89 ) . 

Recen t ly t h i s  i n h i b i t ory e f fe c t  has been a t t r i bu t ed t o  a pro t e i n  vh i ch 

accumula t es i n  m i lk a f t e r  s e c r e t i on ( U i lde  e t  al . ,  1 9 8 7 ) .  

Level o f  Feed i ng 

A l t hough f eed i n t ake vas no t measured i n  t h i s  s t udy , the  d ry cond i t i ons  

vh i ch preva i led  d u r i ng the  t re a t men t pe r i od probably res t r i c t ed  feed  

i n t ake by reduc i ng pas t u r e  qual i t y and  q uan t i ty .  Thus  t h e  y i e l d  of  the  

con t ro l  group  f e l l  by 1 1% dur ing the  t rea tmen t pe r i od i n  compa r i son  

vi t h  t he i r  yield  d u r i ng t he pre t rea tmen t p e r i od . Unde r  res t r i c t ed 

l evels  o f  feed i ng Bryan t , ( 1 9 7 8 ) obs e rved a depress i on o f  18%  i n  m i l k  

p roduc t ion  b y  covs m i lked once dai ly compared to  a 3 1 - 3 7 %  f a l l  vhen 

cows were f u l ly fed ( Parke r , 1 9 6 5 ; W i lson , 1 9 65 ) . I t  is p robable t h a t  

when f eed i n t ake i s  l i mi t ed the con t ro l  cows were no t a b l e  t o  p roduce 

to  t he i r  max i mum abi l i ty and t here f o re t h e  d i f ference be tveen t h e  t vo 

groups becomes smal ler . 

S t age o f  Lac t a t i on 

S t age o f  lac t a t i on pos s i b ly a f fec t s  the  e x t en t  t o  wh i c h  m i lk y i e l d  i s  

depressed  b y  once da i ly m i lking . When once dai ly m i l k i ng was carr i ed  
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o u t  dur i ng l a t e r  par t o f  lac t a t ion  mi lk y i eld d e c reased by  3 1% to  37%  

( Parke r , 1 965 ; Wi lson , 1 9 65 ) . The p r e s e n t  exp e r i men t was carr i ed ou t 

a f t e r  peak lac t a t ion . Turner ( 1 955 ) obse rved t ha t  t he depress i on i n  

m i lk s e c re t i on r a t e  dur i ng a 1 4  h r  as compared t o  a 1 0  h r  i n t e rval  was 

0 . 6  % i n  e a r ly lac t a t i on and 6 . 3  % in l a t e  lac t a t i on .  Henderson and 

Peaker ( 1 983 ) observed t h a t  wi th  goa t s  the i nh i b i t ory e f fec t due t o  

m i lk accummula t i on was h i gher  over  the  l a t e r  s t ages o f  lac t a t i on .  

Pos s i bl e  reasons i nclude grea t e r  mammary d i s t ens i on as a resul t o f  a 

l o s s  o f  i n t e rnal func t i onal  capac i ty wi th  advanc i ng lac t a t i on ( Peake r ,  

1 980 ) , i n c r eas i ng s ens i t i v i ty  t o  d i s tens i on ,  g r ea t e r  p roduc t i on o f  o r  

sens i t i v i ty t o  local  chemi cal fac t o rs ( L i n z e l  and Parke r , 1 97 1 )  o r  l o s s  

o f  t h e  sens i t i v i t y  o f  t h e  neuroendocr i ne r e flex  f o r  oxy t o c i n  ( Wachs e t  

a l . 1 984 ) . Fur t h e r  res earch i s  needed t o  d i s t i ngu i s h  be t ween t he s e  

poss i bi l i t i es .  
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Tabl e  5 . 1  Average d e c r ease i n  dai ly p roduc t i on t ra i t s  due  

t o  once  d a i ly m i lking over  3 weeks ( t rea t men t pe r i o d )  

and 7 weeks ( pos t - t rea tmen t per i od ) 

M i lk i ng F requency 

Twi c e  dai ly Once dai ly 

M i lk ( kg )  14 . 6  1 2 . 7  

F a t  ( kg )  0 . 63 0 . 55 

P ro t e i n  ( kg )  0 . 5 1 0 . 46 

Lac t o s e  ( kg )  0 . 7 1 0 . 62 

5 . 1 . 2  E f fe c t  on M i lk Compos i t ion  

Dec rease 

Amoun t 

kg/ cow 

1 . 9  

0 . 08 

0 . 05 

0 . 09 

P e rcen t age 

1 3 . 0  

1 2 . 7  

9 . 8  

1 2 . 6  

M i lk i ng once dai ly i n creased m i lk f a t  and p ro t e i n  concen t ra t ion  wh i le 

the  concen t ra t i on o f  lac t ose f e l l  ( Table  4 . 2  and 4 . 3 ) .  These changes 

in m i lk compos i t i on are  in agreemen t wi t h  p r e v i ous s t ud i es ( Claesson e t  

a l . , 1 9 5 9 ; V i lson 1 9 65 ) . The d i f fe re n t  t rends i n  t h e  concen t ra t i o n  o f  

i nd i v i dual  m i lk cons t i t uen t s , fol lowing m i l k i ng i n t e rvals  o f  1 8  h r  o r  

longe r ,  can b e  expl a i ned by changes t ha t  occur  t o  t h e  m i lk dur i ng 
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s t o rage in the udde r . The p e rmeab i l i ty of the  glandular  ep i t he l i um i s  

i nc reased e i t h e r  by t h e  p ressure  fo r c i ng t h e  e p i t h e l i al c e l l s  apa r t  o r  

b y  a chem i cal  fac t o r  caus i ng t h e  t i gh t j un c t i ons t o  loosen . Lac t ose  

and  po t ass i um are  t hen reabso rbed and  s od i um and  chlo r i d e  d i f fuse i n t o  

t h e  alve o l i  down t he i r  concen t ra t i on grad i en t s  wh i le s t i l l mai n t a i n i ng 

osmo t i c  equ i l i b r i um ( Dodd , 1 984 ) . I t  i s  p robab l e  that  the  abi l i ty o f  

t h e  s e c re t o ry c e l l s  t o  exchange s od i um i ons f o r  po t as s i um i ons a t  the  

a p i cal  membrane i s  also  i mpai red wh i ch w i l l  also  l ead t o  a f a l l  in  

po tass i um and  i nc rease i n  sod i um concen t ra t i o n  i n  the  m i l k .  The 

reabso r p t i on of lac t o s e  w i l l  be accompan i ed by the reabs o r p t i on o f  

wa t e r  ( Wheelock � al . ,  1 9 65 ) wh i ch w i l l  con t r i b u t e  t o  t h e  decrease i n  

m i lk y i eld . The reabsor p t i on o f  wa t e r  reduces t h e  vo lume o f  m i lk 

w i t h i n  t he gland so  t he concen t r a t i on o f  l a rge molecules  such as the  

p r o t e i ns , and fa t globules wh i ch cann o t  pass be tween the  e p i t he l i al 

c e l l s  i s  i n creased . 

5 . 1 . 3  E f fe c t  on Body We igh t and Cond i t i on Score  

Cons i d e r i ng t h a t  m i lk p roduc t i on dec reased when  cows were  mi lked once  

dai ly ,  i t  was  expec ted  that  t he t re a t men t group would  ga i n  we i gh t  or  

body  cond i t i on s c o r e  over the  t re a t ment  pe r i od . Howeve r as  shown in  

Table  4 . 5  t h i s  was  no t the  case . A comparable  f i nd i ng was made by 

Parker ( 1 9 65 ) . In con t ras t Claesson e t  a l . ( 19 5 9 ) over  the  who le  

l ac t a t ion , obse rved t h a t  cows m i lked once  d a i ly gai ned more we i g h t  t han 

the con t ro l  cows . The absence of a s i gn i f i can t e f fec t of m i l k i ng once 

da i ly on body we igh t and cond i t i on s c o r e  in the  presen t s tudy was 

p robably due t o  the  sho r t  dura t i on of t he t re a t men t p e r i od . I ndeed i n  
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t h e  expe r i me n t  o f  Claesson e t  al . ( 1 95 9 )  the  i ncrease we i g h t  ga i n  o f  

t he group  m i lked once dai ly was more marked when t h e  t rea t men t was 

t hroughou t t he whole  lac t a t ion  t han when i t  was s t opped a f t e r  140 d ays  

o f  l ac t a t i on .  

5 . 1 . 4  E f fe c t s  on  Udder  Heal t h  

I t  has been argued t ha t  m i l k i ng cows more f r equen t ly h e l p s  t o  f lush  ou t 

t h e  p a t h ogens before  an i n f e c t i on i s  es t a b l i shed ( Neave , 1 97 1 ) . 

P a thogens p laced i n  t h e  t ea t  mul t i ply and es tabl i s h  i n fe c t ion  w i t h i n  

1 2- 1 8  h r  o f  e n t e r i ng t h e  t ea t  s i nus ( Dodd , 1 9 7 1 ) .  The r e f o r e  

es t a b l i s hmen t o f  i n f ec t i on i s  m o r e  l i ke ly i n  cows m i l ked o n c e  dai ly i f  

p a thogens happen t o  en t e r  t he t ea t  d u r i ng m i l k i ng . Na t zke e t  a l . 

( 1965 ) r e po r t e d  an inc rease i n  mas t i t i s  i n  cows wh i ch had m i ssed an 

a f t e rnoon m i lk i ng . In  t he p resen t s t udy there  was no  d i f ference  i n  

udder  hea l t h  o f  t he two groups as i nd i ca t ed b y  SCC . T h i s  could b e  

a t t r i bu t ed t o  t h e  e f f i c i en t  mas t i t i s con t rol  sys t em o n  t h i s  f arm , f o r  

exam p l e  cows i d en t i f i ed a s  hav i ng mas t i t i s  w e r e  the  las t t o  be m i l ked 

in o r d e r  to avo i d  t rans fer  of pa t hogens f rom one cow to ano t h e r  and 

t e a t s  were s p rayed wi th  bac t e r i o c i dal  solu t i on a f t e r  each m i lk i ng . 

5 . 1 . 5  E f fe c t on I n t ramammary P ressure  

I n t ramammary p ressure  was h ighe r i n  cows m i lked once  da i ly t han t h e  

con t ro l  group a t  noon and before  a f t e rnoon m i l k i ng bu t no t a t  t h e  

mo r n i ng . I M P  i n  t he r e a r  gland was always h igher t han t h a t  i n  t h e  fore  

gland in  bo t h  groups o f  cows ( Append i x  5 )  pos s i bly  r e f l e c t i ng the  

h i gh e r  p r o po r t i on o f  m i lk i n  the  rear  t han fore  gland . The t rend i n  



70 

the  I MP is in agreeme n t  wi t h  earl i e r  s t u d i es ( Schm i d t ,  1 960 ; Tucke r , 

1 9 6 1 ) . Di rec t compar ison  o f  the  values be tween these  exper i men t s  

howeve r ,  i s  no t pos s i b le  because o f  d i f feren t m e t hods o f  measuremen t 

used . I n  t he ear l i e r  exper i men t s  IMP  was measured i n  t h e  cannula t ed 

t ea t . The p ressure  recorded u s i ng t h i s  t e chni que comp r i ses , when the  

gland con ta i ns s u f f i c i e n t  m i lk , the  hyd ros t a t i c  p ressure  of  a column of  

milk  i n  t h e  g land plus  the  pressure  exe r t ed by t h e  walls  o f  the  gland 

( Korkman , 1 9 5 3 )  and is t h e r e fore , l i ke ly t o  be  h ighe r  t han t h a t  

recorded i n  t h e  p resen t s t udy . The r e l a t i onsh i p  b e t ween  the  values 

ob t a i ned  by the  me t hods i s  of cons i d e rable i n t e res t but  ou t s i d e  the 

scope of the  p resen t s t udy . 

5 . 1 . 6  E f fe c t  on Udder  Volume 

In t h e  p resen t s t udy t h e  ave rage decl i ne in t h e  udder  vo lumes o f  once 

and t w i ce d a i ly m i lked groups were no t s ign i f i can t ly d i f fe ren t i . e  24  

and  2 6% res pec t i ve ly . Th i s  pe rcen t age dec rease i s  l a rge f o r  t hree 

weeks and probably i nc l udes e r rors i nvolved i n  t h e  measuremen t o f  udder  

volume . In  add i t i on t he dec rease i n  m i lk y i e l d  ( 1 1 % )  i n  both  groups 

over the p e r i od of  the  expe r i men t would have led to  a fall in res i dual 

m i lk in the  g land . 

The pa t t e rn o f  udder  vo lume change over  lac t a t i o n  i s  we l l  d e f i ned . 

Common l y  udder  vo lume dec l i nes dur i ng lac ta t i on ,  the  dec l i ne b e i ng 

r e l a t i v e ly r a p i d  for  the  f i r s t  18-20  weeks o f  lac t a t ion  ( Dav i s  � a l . ,  

1985 ) .  Reasons f o r  the  dec l i ne i n  udder  volume are  no t known b u t  

i nadequa t e  m i lk r emoval ( Dav i s  e t  al . ( 1 985 ) and reduced m i lking 

f requency ( Davi s  and Hughson , 1988 ) are  l i ke l y  t o  acce l e ra t e  t h e  r a t e  
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o f  udder  regre s s i on . Conve rsely i n  goa t s , a f t e r  3 7  weeks o f  u n i l a t eral  

t h r i ce dai ly mi lki ng the  gland rece i v i ng the  ex t ra m i lking was  l a rger 

t han t he o ther  ( by 34% ) and con t a i ned 2 2 %  more cells  ( Wi lde  et  a l . 

( 1 98 7 ) .  Therefore  i t  appears tha t a longer t rea t men t p e r i od , t han t h a t  

a p p l i ed i n  t h i s  exper i men t ,  i s  needed b e f o r e  a no t i ceable change i n  the  

s i z e  of  t he udd e r  due t o  once  dai ly mi lking could  t ake p lace . 
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5 . 2  Pred i c t ing t he Fall  i n  M i lk Produc t i on i n  Response t o  Once 

Dai ly M i l k i ng 

Th i s  s tudy was under t aken t o  d e t e r m i ne i f  fac t o rs b e l i eved t o  be  

res pons i bl e  f o r  the  d rop  i n  p roduc t i on such  as I M P , pos t - m i l k i ng udder  

volume before  t re a t men t ,  res i dual m i l k ,  and  m i lk composi t i on could  be  

used t o  pred i c t  the  res ponse o f  cows t o  once dai ly mi lking . 

Earl i e r  s t ud i es repor ted  var i a t i ons among cows i n  t h e i r  res ponse t o  

once d a i ly m i lking ( Claesson e t  a l . ,  1 9 5 9 ; Parke r , 1 9 65 ; B ryan t , 

1 9 7 8 ) and i n  the  presen t s t udy p e rcen t age d r o p  i n  m i lk p roduc t i on 

var i ed f rom 1 2-46% b e t ween i nd i v i dual cows . Th i s  var i a t ion  was found 

to be s i gn i f i can t ly ( P  < 0 . 05 )  rela t ed to I MP measured 15  h r  a f t e r  

m i lking ( Table  5 . 2 ) . No o t her  fac t o r ,  however , was u s e f u l , e i t h e r  

i n d i v i dual ly or  i n  comb i n a t ion w i t h  o t her  variables , i n  pred i c t ing  t he 

res ponse t o  once da i ly mi lking . Pos s i b l e  reasons f o r  t h e  f a i lure  t o  

d e t ec t  s ign i f i can t rela t i onsh i p  a r e  d i s cussed  below . 
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Tab l e  5 . 2  Analys i s  o f  var i ance o f  fac t o r s  a f f e c t i ng 

the  response o f  cows t o  once dai ly mi l k i ng 

Fac t o r  Probab i l i t y S i gn i f i cance 

Age 0 . 86 NS 

BI 0 . 1 1 NS  

Peak f low r a t e  0 . 53 NS  

Udder  volume 0 . 49 NS 

M i lk y i e l d  

( be fo r e  t rea tmen t )  0 . 08 NS 

I M P  ( mo r n i n g )  

Rear 0 . 0 1 * 

Fore  0 . 53 NS 

M i lk s o l i d s  ( gm/ l OOm l )  

( fa t , po t e i n  0 . 09 NS 

lac tos e )  
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5 . 2 . 1  Rel i ab i l i ty of the  Fac tors  measured t o  P r ed i c t  Produc t i on Los s 

a r i s i ng f rom once d a i ly mi lking 

5 . 2 . 1 . 1  I n t ramammary pressure  

Acco r d i ng t o  a s cheme proposed by  Peaker ( 1 9 8 0 ) , accumula t i on o f  m i lk 

i n  the  udder  causes  mammary d i s t ens i on and an i n c rease i n  IMP . Fur t h e r  

mammary d i s t ens i on l eads to  a loss of s e c r e t o ry and me tabo l i c  

ac t i v i t i es and t h e r e fore  reduced mi lk y i e l d  i n  e x t ended m i l k i ng 

i n t e rvals . The t i me g i ven for t he pressure  to  be reached would  be  

expe c t ed t o  vary w i t h  breed , udder  vo lume , and  udde r  p roduc t i v i t y  and 

r e s i dual m i lk y i e l d . In  cows i t  has been shown t h a t  s e c r e t i on ra t e  

s t a r t s  fal l i ng 1 6 - 1 8  h r  a f ter  las t m i l k i ng ( Wheelock e t  a l . ,  1 966 ; 

Wheelock , 1 980 ) . There fore  i n t ramammary pressure  be tween 1 2  and 24  h r  

a f t e r  m i l k i ng would be  expec t ed to  be rela t ed t o  t he res ponse t o  once 

d a i ly m i l k i ng . I n  the  p resen t s t udy IMP  were  t aken a t  1 5  h r , 20  h r , 

and 24  h r  a f t e r  las t m i l k i ng . Only IMP  o f  the  rear  gland i n  the  

mor n i ng ( 1 5 h r  s ince the  prev i ous m i l k i ng ) was s i gn i f i can t ly rela t ed 

to  t he res ponse t o  once d a i ly m i lk i ng .  Thus cows i n  wh i ch the  p r e s s u re 

rose  mos t rapi d ly were more l i ke ly t o  s u f f e r  a reduc t i on i n  m i lk y i e l d . 

The f a i lure  t o  d e t e c t  a s i m i lar rela t i onsh i p  f o r  t h e  fore  gland may be 

due t o  the  occu rence of m i lk ej ec t i on fol l ow i ng man i pu la t ion  of t he 

rear  qua r t e r  ( Ko rkman , 1 9 5 3 ) .  The lack o f  a r e l a t i o n s hi p  be tween m i lk 

y i e l d  res ponse and the  IMP  recorded a t  noon and i n  the  a f t e rnoon , 20  h r  

and 24  h r  a f t e r  las t m i l k i ngs may b e  due to  reabs orp t i on o f  lac t o s e  and 

wa t e r  t end i ng to reduce IMP ( Flee t and Peake r , 1 9 78 ) . S i nce the s peed 

of  reab s o r p t i on may vary be tween cows , the  IMP  r e c o rded  20 h r  t o  24 h r  

a f t e r  m i l k i ng may no t r e f l e c t t he damage caused b y  udder  d i s t ens i on .  
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5 . 2 . 1 . 2  Udd e r  Volume 

Func t i onal udder  capac i ty was obse rved to be var i ab l e  among cows 

( 2 2 . 6 - 5 6 . 5  h r )  ( Dav i s  and Hughs on , 1 9 88 ) . S i m i larly in t h e  p r e s e n t  

s t udy , udde r  volume o f  the  1 6  cows mi lked o n c e  dai ly var i ed f rom 6 - 2 3  

l i t res . T h e  i n c rease i n  p ressure  per  uni t o f  s e c r e t e d  m i lk o b v i ou s ly 

d epends ma i nly on udde r  volume and e las t i c i t y .  The p resen t s t udy s hows 

t ha t  udder  volume could no t be used to pred i c t  t h e  loss  in p roduc t i on 

due to once da i ly m i lking . Th i s  may be a t t r i bu t ed t o  t h e  f o l lowi ng 

reasons . There i s  lack o f  knowledge abou t t he d i s t r i bu t i on o f  t he 

s t orage s pace i n  the  udde r  o r  the ex t en t  t o  which  m i lk p roduc t i on 

va r i e s  across  d i f fe r e n t  regi ons of  the udder . I t  has  been sugges t e d  

t h a t  some areas may be gros s ly under u t i l i z ed i n  t e rms o f  s t o rage 

( Wool f o rd . ,  � al ( 1 985 ) . I f  t h i s  i s  t rue t hen udder  volume m i g h t  no t 

be a r e l i ab l e  fac t o r  for  p red i c t i on .  Fu the rmore i n  F r i es i an cows m i lk 

y i eld  i s  rela t ed t o  udder  p roduc t i v i ty r a t h e r  t han udder  volume ( Davi s  

� al . , 1985 ) . There f o r e  a l t hough a recen t s t udy by Dav i s  and Hughson 

( 1 988 ) has shown prom i s i ng resul t s  i n  the ab i l i ty of  J e rs ey cows to  

t olera t e  e x t ended m i lking i n t e rvals t h i s  might  no t be t h e  s ame i n  

F r i e s i an cows . 

F i na l ly udder  volume was measured by a t echni que des c r i bed by ( Dav i s  � 

a l . , 1 98 3 ) . Th i s  t echn ique i s  val i d  �rhen t he shape o f  t h e  udder  

approx i ma t es a wedge shape . The val i d i ty o f  t h i s  assump t i on was no t 

ver i f i ed i n  t h i s  s t udy and also , because o f  t he s ho r t age o f  an i mals , no 

e f fo r t  was made to selec t cows wi t h  udders  app rox i ma t i ng a wedge shape . 

The re f o r e  i t  i s  pos s i ble  t h a t  errors  i n  the  es t i ma t i on o f  udde r  volumes 

may have obscured any r e l a t i onsh i p  w i t h  res ponse to once d a i ly  m i l k i ng . 



7 6  

5 . 2 . 1 . 3  Peak Flow Ra t e  

Peak f low r a t e  was i nc luded i n  t h i s  

rela t i onsh i p  w i t h  r e s i dual m i lk 

s t udy 

y i eld . 

because o f  i t s 

However  there  

poss i ble  

was no 

s igni f i can t r e la t i onsh i p  b e t ween peak flow ra t e  and the res ponse o f  

cows t o  once dai ly m i lking ( Table 5 . 2 ) . The rela t i onsh i p  be t ween 

r e s i dual m i lk and m i lk f low ra t e  is s t i l l  a con t rovers i a l  subj e c t  

( Sand v i ck ,  1 9 5 7 ; Raj amman e t  al . ,  1 9 6 6 ) . The quan t i t y o f  res i dual 

m i lk par t ly depends on t he e f fec t i veness of m i lk ej e c t ion  ( El l i o t , 

1 9 6 1 ) .  A l t hough h igh peak f low ra t e ,  i s  i mpor t a n t  i n  e f f i c i e n t  m i lk 

removal , recen t s t ud i e s  by Sag i e t  al . ( 1 9 8 0 )  and Schams e t  a l . 

( 1 984 ) show t h a t  t h e  amoun t and pa t t e rn o f  oxy t o c i n  release  may play a 

maj o r  r o l e  i n  the  amoun t o f  res i dual m i lk a t  t h e  end o f  m i lk i ng . These 

s t ud i es showed t ha t  t h e r e  was no r e la t i onsh i p  be tween pa t t e rns or 

absolu t e  concen t ra t i ons of oxy t o c i n  and m i lk f low charac t e r i s t i cs .  An 

i nves t iga t i on explo r i ng the  r e la t i onsh i p  be tween the p a t t ern  of  

oxy to c i n  r e l ease and  volume o f  res i dual m i lk would be u s e f u l . 

5 . 2 . 1 . 4  M i lk Compos i t i on 

The var i a t ion  mi lk s o l i d  concen t ra t ion in m i lk wi t h i n  a b reed i s  large . 

Abou t 50 % o f  the  var i a t i on be tween ind i v i duals  w i t h i n  a b reed i s  

gene t i c  ( Rook and Thomas , 1980 ) . A range o f  m i lk f a t  percen t age w i t h i n  

a b reed  could be o v e r  20g/kg m i lk wh i le var i a t i on i n  pro t e i n  

concen t ra t ion  i s  less  b u t  may b e  ove r lOg/kg o f  m i l k .  Lac t o s e  values 

vary less t han those for  fa t and pro t e i n  ( Rook and Thomas , 1980 ) . I t  

was sugges t ed t ha t  cows p roduc i ng h i gher  concen t ra ted  m i lk m i g h t  s u f fer  

less  when  mi lked once da i ly t han t hose w i t h  less  concen t ra t ed m i lk 
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( Dav i s  and Hughs on , 1 9 88 ) . T h e  presen t s t udy d i d  no t show s i gn i f i can t 

rela t i onsh i p  be tween t h e  concen t ra t i on o f  m i l k  s o l i d s  and t h e  response  

t o  once dai ly mi l k i ng ( Table 5 . 2 ) . Fur t he rmore s i nce a chemi ca l  

i nh i b i t o r  h a s  been i d en t i f i ed as a cons t i t uen t o f  t h e  whey p ro t e i n s  

( W i lde  � al . ,  1 98 7 ; W i ld e  e t  al . ,  1 988 ) i t  may be s pecula t ed t h a t  

cows p roduc i ng m i lk w i t h  h igh concen t ra t i on o f  t h e  i nh i b i t o r  i n  t h e i r  

m i lk would  s u f fe r  mo re under a once dai ly m i lking reg i me . 

5 . 2 . 1 . 5  Res i dual m i lk y i e l d  

Res i dual mi lk y i e l d  c o u l d  no t b e  i nc luded i n  t h e  m o d e l  due t o  t h e  

f a i lure  t o  o b t a i n  reasonabl e  values f rom t h e  calcu la t i ons ( Append i x  2 ) . 

Th i s  i s  a re f l e c t i o n  o f  the  sens i t i v i ty  o f  t h e  calcula t ed values t o  

sma l l  var i a t ions  i n  t h e  volume o f  m i lk harves t ed and t h e  leng t h  o f  t he 

m i l k i ng i n t e rvals . Thus t o  o b t a i n  repea table  es t i ma t es o f  res i dual 

m i lk i t  may be neccessary t o  ma i n t a i n  much more cons t a n t  l evels  o f  

feed i ng and pe rhaps make t h e  i n t e rvals be tween m i lking more uneven . 

The i nh i b i t o ry e f fec t o f  res i dual m i lk secre t i on i n  cows and goa t s  i s  

w e l l  es t ab l i shed ( El l i o t , 1 96 1 ; Henderson and Peake r , 1 98 3 ; 1 9 8 4 )  and 

s eems to p lay an i mpo r t an t  role in con t ro l l i ng the r a t e  of m i lk 

s e c r e t i on . Woo l ford  e t  a l . ( 198 2 )  concluded t ha t  t he reduc t i on i n  

m i lk y i e l d  o f  cows mi lked once d a i ly was almos t en t i r e ly due t o  t he 

i nc rease i n  res i dual m i lk .  Res i dual  m i lk volume for  mos t  cows amoun t ed 

t o  t he equ i valen t o f  1 t o  3 h r  wo r t h  o f  secre t i on ( Dav i s  and Hughson , 

1 9 88 ) . A cons i s t e n t  var i a t ion  in  the  propor t i on o f  r e s i dual m i l k  i n  

i nd i v i dual glands was found t o  be i nversely r e l a t ed t o  t he i r  r a t e  o f  
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m i lk s e c r e t i on ( Peaker and Bla t ch f o rd , 1 9 88 ) . T h e  presence  o f  res i dual 

m i lk y i e ld may inhi b i t s e c re t ion  rate  i n  two ways . F i rs t by i n c reas i ng 

the  phys i cal  d i s t ens i on as milk  accumula t e s , and  s e condly , by 

i n c reas i ng chem i cal  feed-back to the s e c r e t o ry c e l l  wh i ch would a f fe c t  

m i lk s e c re t i on t hrough reduced m i l k  s e c re t i on ( Hend e r s on e t  a l . ,  1 9 8 3 )  

o r  i n c reased permiab i l i ty o f  mammary c e l l  e p i t he l i um ( Peake r ,  1 9 80 ) . 

Th i s  d e s c r i p t i on i n d i c a t e s  tha t , i n  o r d e r  t o  p r ed i c t  t h e  suscep t i b i l i ty 

o f  cows t o  p roduc t i on loss  on once dai ly m i lki ng , some accoun t needs t o  

be  t aken o f  bo t h  res i dual m i lk and the  f eed back inhi b i t o r . Because o f  

t h e  s e ns i t i v i ty o f  t h e  fo rmula developed t o  calcu l a t e  res i dual m i l k ,  i t  

would be  be t t e r  t o  d e t e rmine r e s i dual m i lk volume by the  d i r e c t  me t hod 

u s i ng exogenous oxy to c i n  i nj e c t ed i n t ravenously . I t  i s  i m po r t an t  t h a t  

res i dual m i lk y i eld  a f t e r  once da i ly m i lking i s  measured t o  t es t  t h e  

hypo thes i s  t ha t  t he d e crease i n  produ c t i on i s  

ej ec t i on i s  i nadequa t e  and t hus m i l k i ng i s  

par t ly because m i lk 

i ncomp le t e .  Ano t h e r  

i m po r t an t  a r e a  o f  s tudy i s  t he rela t i onsh i p  be tween res i dual m i l k  and 

the  concen t r a t i o n  of t he chemi cal inhi b i t o r  in the m i lk . 
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CHAPTER SIX  

CONCLUSION 

Over  the  t h ree  weeks o f  once da i ly mi l k i ng and the  seven weeks 

pos t - t rea t ment  p e r i od dai ly y i elds  of m i lk ,  fa t and p ro t e i n  and lac tose  

dec reased by an  average o f  2 kg/ cow ( 1 3 % ) , 0 . 08 kg/ cow ( 1 2 . 7% )  and 

0 . 05 kg/ cow ( 10% ) , 0 . 09 ( 1 2 . 6% )  respec t i ve ly compared to t w i ce da i ly 

m i lk i ng . As i s  i n  o ther  s tu d i e s , the  res ponse t o  once da i ly m i l k i ng 

var i ed b e t ween cows and ranged f rom 1 2% to  46% . The dec rease i n  m i lk 

p roduc t i on when the  cows were m i lked once dai ly was p robably the  resu l t  

o f  bo t h  udde r  d i s t ens i on and i ncomple t e  m i l k i ng . I ncomple t e  m i lk i ng 

p robably resul t ed f rom a shor t e r  dura t i on o f  m i lk ej e c t ion  rela t i ve to  

the  amoun t o f  m i lk p r e s e n t  i n  the  udde r . As a resu l t  the  s e c r e t ory 

p o t en t i al was depressed and t h i s  explains  the  p rogress ive  d e c l i ne i n  

m i lk y i eld  wi t h  t i me when cows a r e  m i lked once da i ly .  Decreased 

lac t o s e  concen t ra t ion  i n  m i lk f rom the  co•rs m i lked once dai ly fur ther  

suppo r t s  the sugge s t i on t h a t  the s t ruc ture  of  secre t ory e p i t he l i um was 

al t ered when m i l k i ng i n t e rvals  were e x t ended beyond 18 h r . 

Cows i n  wh i ch the  p ressure  rose  mos t rap i d ly were l i ke ly to  s u f f e r  a 

grea t e r  redu c t ion  i n  m i lk y i e ld . Al t hough udder  volume and m i lk 

compos i t i on d i d  no t show a s ign i f i can t rela t i onsh i p  wi t h  t he res ponse 

of cows t o  once dai ly m i lk i ng i n  the  p resen t s tudy t h i s  does no t rule 

ou t t he i r  i nvo lvemen t i n  inh i b i t i ng m i lk s e c r e t ion  over e x t ended 

m i l k i ng i n t ervals as al ready d i s cussed . Ano t h e r  s tudy i nvolv i ng larger 

numbe r of an imals , and more accura t e  measureme n t  o f  udder volume would 

i n c r ease the l i kel i hood of f i nd i ng a s ign i f i can t r e la t i onsh i p  b e t ween 

m i lk compos i t i on and udde r  volume w i t h  the response of cows to once 
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d a i ly m i l k i ng . A s t udy is also req u i red to  i nc rease our unde r s t and i ng 

o f  the  con t r i bu t i on o f  r e s i dual m i l k ,  f o r  example  do  animals  � i t h  h i gh 

amou n t  o f  res i dual m i lk reach max imum IMP  ear l i e r  t han t hose  � i t h  lo� 

r e s i dual m i lk o r  does t h i s  depend on t he udder  volume and p roduc t i vi t y .  

S i m i l ar l y  ho� much does r e s i dual m i lk con t i bu t e  t o  t h e  b u i ld i ng u p  o f  

the  chemi ca l  f eed back i nh i b i t o r  i n  m i l k .  
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Append i x  1 

Reg r e s s i on coe f f i c i e n t s  o f  y i e lds  o f  mi lk and days f o r  i n d i v i dual covs 

m i l ked t v i ce  da i ly over the t rea t men t p e r i od showed t ha t  t h e re vas no  

s igni f i can t change i n  m i lk produc t i on d u r i ng t h i s  p e r i od . The r e f o r e  

the  d e c r ease i n  y i elds  o f  m i lk , f a t , pro t e i n  and lac t o s e  f o r  each o f  

t he 1 6  covs mi lked once dai ly was d e t e rm i ned  a s  t h e  d i f f erence  b e t ween  

mean  y i e l d  d u r i ng t h e  t re a t me n t  p e r i od and  mean y i e l d  f o r  t h e  one veek 

b e f o r e  once d a i ly mi lki ng began . 

Append i x  2 

Formula f o r  calcula t i ng Res i dual M i lk Res i dual m i lk vas calcula t ed f rom 

measures  of  m i lk y i eld  and i n t e rval leng t h  over  a 4 success ive  m i lki ngs 

wher e  M 1  to M4 were  t h e  y i elds  o f  m i lk co l lec t ed a t  t i mes T1  t o  T4 and 

t h e  m i l k i ng i n t e rvals were  

I ,  t he t i me f rom T, t o  T� 

I 1 t h e  t i me f rom Tl t o  T3 

I >  t he t i me f rom T� t o  T't 

I't t h e  t i me f rom T 'i  t o  T s-

assume 

C, to C't we r e  t he volume of res i dual m i l k  le f t  in t he gland at T1  to T14 

and t ha t  

S i s  t he r a t e  o f  m i l k  secre t i on ( ml / m i n )  wh i ch i s  cons t an t  f rom T 1 t o  T� 

Then 

Cl C2  C3  C4  

M l  + C l  M2  + C 2  M3  + C3 M 4  + C4 



o r  rear rang i ng ,  

R M l  =Cl  RM2 C2 

1 - R 1 - R 

RM3 

1 -R 

subs t i t u t i ng fo  C l  and C2 t hen 

M2  S Il  + RMl  - RM2 

1-R  1-R  

M2  S I1  + � ( M1-M2 ) 

1-R  

M2  - Sil  � ( M-M2 ) 

1 -R 

( l -R) ( M2 - S I 1 )  R ( M 1 -M2 ) 

9 9  

C 3  RM4 

1-R  

M2  -SI 1 - RM2  + RSI  RMl - M2  

M2  - Si l  = RM1 -RM2 + RM2 - RSI , 

M 2 - SI 1 , RM1  - RSI 1 

R ( M2 - Si l )  

( M l  - Si l )  

s i mi l a r ly 

( M 3  - SI 2 )  ( Es t i ma t e  A )  

( M 2  - Si l )  

( M4 SI 3 )  ( Es t i ma t e  B )  

M3  SI3  

C4 
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Append i x  3 

Calcula t ed Percen t age Res i dual M i lk 

Cow No Es t i ma t e  A Es t i ma t e  B 

1 5 1  1 9 . 00 20 . 00 

1 5 2  3 9 . 09 4 1 . 9 1 

1 5 3  -6 . 5 1 - 10 . 06 

1 5 9  36 . 29 3 6 . 1 7 

160  1 2 . 54 1 3 . 1 1  

1 6 3  - 1 1 . 64 - 14 . 10 

165  264 . 18 686 . 24 

1 6 7  9 . 55 8 . 1 7 

1 6 9  1 . 18 0 . 2 3 

1 7 0  2 5 . 1 1 2 3 . 28 

1 7 1  48 . 45 49 . 66 

1 7 5  5 . 09 5 . 96 

1 7 9  10 . 2 2 7 . 92 

184  3 . 7 8 3 . 60 

185  0 . 00 0 . 00 

186  - 10 . 1 9 - 10 . 2 6 

1 8 7  0 . 00 0 . 00 

188  26 . 64 25 . 3 7 

1 9 0  -7 . 55 -7 . 09 

1 9 3  3 . 34 2 . 2 1 

1 9 5  . 8 3 . 01 

1 9 6  -4 . 36 -5 . 2 1 

204 - 1 . 69 - 1 . 66 

205 1 0 . 6 9  6 . 5 7 

206 2 . 74 2 . 20 



2 2 1  

2 2 8  

2 3 0  

2 3 2  

2 3 4  

2 3 6  

50 . 05 

3 7 . 00 

3 . 08 

4 . 70 

2 8 . 5 1 

-5 . 55 

101  

6 3 . 53 

7 . 85 

2 . 83 

4 . 64 

2 5 . 66 

- 7 . 2 1 



l ntramammary 
pressu re 

( m m  H 0) 2 

25 

20 

1 5  

1 0  

---------------- �------------------"' 
-----

----i}
-

---------------
� 

5 

0+-------------------�--------------------� 
morning noon afternoon 

* rear once dai ly  
mi lk ing  

-+- fore once dai ly 
mi lk ing 

-W- rear twice dail y  
m i lki ng 

-e- fore twice dai ly  
mi lki n g  

Appen d i x  4 The m ean dai ly IMP at morn i n g ,  noon and afte rnoon fo r cows m i l ked once o r  twice daily. 

...... 
1=1 
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