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ABSTRACT 

A review of l iterature is given on herbage intake achieved by 

grazing lac tating dairy cows . The lactat ing cows have higher herbage 

intake than non-lac tat ing cows . Cond i t ion at calving may have an 

ef fect on herbage intake by dairy cows . The theory of response , the 

response to feeding both before and after  calving are also reviewed . 

The literature is reviewed wh ich discusses responses to feeding in 

Europe (where diet of the cows are mainly concent rates ) and in 

Aus tral ia and New Zealand where dairy cows graze mainly on pasture . 

The evidences of improving cows quali ty by selec tion are given with 

special emphasis on New Zealand dairy cows . Genetic merit of a New 

Zealand cow for milkfat product ion is measured by her b reeding index 

(BI ) . 

The main obj ec tive of the work was to study produc tion 

charac teristics and response to feeding in early lac tat ion by Fr iesian 

cows , fat and thin at calving , of high and low gene tic mer i t . Over 

lactation High BI cows produced more than Low BI cows . The dif ferences 

between BI groups in milkfat p roduc t ion was in close agreement with the 

expected dif ferences based on BI ' s . High BI cows had s lightly higher 

herbage intake than Low BI cows but  no signifcant differences were 

found . Low BI cows were fat ter than High BI cows . No s ignif icant 

difference in fatty acid compos i t ion of milk between the BI groups was 

found . Over lactation Fat cows p roduced more milkfat than Thin cows . 

Improving 1 condition score a t  calving was associated with an increase 

of 10 .5 kg milkfat . 

No signif icant differences in respon�e to feeding in early 

lactation between High BI and Low BI cows nor between Fat and Thin cows 

were found . The response to moderate underfeeding during early 

lactation was mainly immediate response . The residual effects of 

underf eeding were small and confined to  2 weeks a fter return ing to full 

feeding. Underfeeding s ign i f icantly increased mole % of  long chain 

fatty acids of milk and s ignif i cantly decreased mole % o f  shor t  cha in 

fatty aci4s. 
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CHAPTER l 



1 L I T E R A T U R E 

1 . 1 I NTRODU CTION 

C H A P T E R 1 

R E V I E W 

A farmer' s ai m i s  to maxi miz e in co me or pro fit f ro m  giv en 

reso ur c es . The herd and feed are the majo r co st o n  a dai ry f a rm and 

the f ar me r  must utiliz e them optimally . Opti mum feedi ng o f  the dai ry 

cow i nvolv es a st udy of f eed i nput s  and milk out put s and eco no mi c  

ev al uation o f  t he rel atio nshi p  bet ween t hese two .  Traditio nal appro ach 

to f eedi ng was b a s ed on meeti ng the cur rent ene rgy and ot her nut ri ent s  

need s o f  the co w ,  cal culat ed f rom th e current requi rement s .  It b ecame 

evi d e nt t hat meeti ng the cow' s  cur rent r equi rement s  was not necessaril y 

the o pti mum means o f  achi eving hi gh out put s whil e mi ni mi si ng i nput s .  

Fro m  the cl assi c  theor y o f  response b y  the pio neer work o f  Bl axt er 

(Bl a xt er , 1 956 , 1 9 62 ) , that t he res ponse o f  the co w to it s l ev el o f  

feedi ng was r el at ed to it s past and f ut ur e  nut ritio n a s  well a s  to it s 

curr ent l ev el o f  f eeding . Bl axt e r  suggest ed t hat the emphasi s  sho ul d  

b e  pl aced on t h e  need fo r a mo re dynami c  appoach i n  whi ch foo d i s  

allo c at ed t o  secure the g reat est adv ant age fo r milk p ro ductio n i n  t h e  

lo ng t e r m .  Hence t he need to vi ew t he respo ns e  o f  t he d air y cow t o  it s 

l ev el o f  f eedi ng ov er the whol e l a ct atio n cycl e .  The r el atio nshi p  

b et ween pr e- calvi ng and po st -calvi ng pe rio d s  i n  t erms o f  the r es ponse 

to t he feedi ng can b e  r el at ed i n  t e rms of bo dy r es erv e s  and pl anes o f  

nutrition , and al so the r el atio nshi p  b etween the perio ds o f  l act ation 

can al so be r el at ed in t hese t er ms . As bo d y  r eserv e s  pl ay t h e  major 

rol e in buf f eri ng co ws ' capacit y to meet fluct uatio n i n  nutritio n 

suppl y .  

R ecent resear ch has inv esti gat ed the di strib utio n o f  feed wit hi n  a 

l act ation cycl e  fo r o pti mum use o f  f e ed i nput s .  As well a s  anal y si s  o f  

immedi at e responses to ext ra feed at t he di f ferent st ages o f  l a ct ation 

cycl e, t he cumul ativ e e f f ect s  o f  l ev el o f  i nt ak e  ov e r  ti me hav e to be 



2 

s tudied . But because of the complexity of milk produc tion and 

interac t ion with o ther phys iological and environmental factors , correct 

interpretat ion of the results from the dairy cow experiments is 

difficult . Actual milk production is no t only a result of immediate 

p revail ing feeding and management , but  also inf luenced by the long-term 

cond i t ion as dis cussed below. Therefore , as sugges ted by Wiktorsson 

( 1 9 7 9 ) it is desirable to study cows not j us t  during parts of a s ingle 

lacta t ion , but rather over several lac tat ions . However , results in 

litera ture from multiple lac tat ion s tudies are scarce . Thorough 

understand ing the effects of different levels of feeding throughout the 

year is neccessary for the optimal feeding of the dairy cows . 

1 .2 HERBAGE INTAKE BY GRAZING DAIRY COWS 

1 .2 . 1  HERBAG E ALLmvANC E  

The herbage allowance has been de f ined as the weight of herbage 

offered per un it of animal l iveweight at a moment in t ime .  Leaver 

( 1 9 7 6 )  cited literature concerning the product ion trials with da iry 

cat tle showing the relationship between graz ing pressure and animal 

performance . Increases in graz ing p ressure reduced D M  intake and milk 

yield of dairy cows (Gordon et al . ,  1966 ; Greenhalgh et  al . ,  1 966 ) , 

and liveweight gains of young s tock (Hodgson et al . ,  1 9 7 1 ; Leave r ,  

1 9 7 4 ) . The terms 'g razing pressure' and another term 'herb age 

allowance ' are inversely related (Hodgson , 1 9 79 ) , the lat ter is 

normally used in the context of a predetermined allowance of herbage , 

whe reas graz ing pressure may of ten describe the result s  of change in 

the balance between herbage growth and consump t ion . The concept of 

herbage allowance is also app ropr iate to rotat ional graz ing sys tems 

where individual plots are grazed down rapidly over a f inite  interval 

of time , e . g .  daily herbage al lowance . Thus , with dairy cows 

(Combellas & Hodgson , 1 9 7 9 ;  Bryant , 1980;  Le Du e t  al . ,  1 9 8 1 ) ,  with 

calves (Jamieson & Hodgson , 1 9 7 9 )  the term 'herbage allowance '  was used 

in their grazing studies to  describe its effect on animal performance . 

The herbage allowance is p referred because it  gives a better impress ion 

of the balance between demand and supply of herbage in grazing sys tems 

(Hodgson , 1 9 79 ) .  
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Minson ( 198 1 )  recommended that quantities of herbage allowance 

should be exp ress ed in terms of g DM/Kg LW to elliminat e  differences in 

body size . But Hodgson & Jamieson ( 198 1 )  pointed out that the 

expression of intake per unit of l iveweight has limitation where 

dif ferent liveweight ref lect  changes in body cond i t ion . 

The effects of daily herbage allowance on herbage intake are well  

documented in literature (Gordon et al , 1 966 ; Greenhalgh , 1 966 ; 

Jamieson & Hodgson , 1974; Combellas & Hodgson , 19 75;  G ibb & Treacher , 

1975 ; Holmes , 1980) . Herbage al lowance is an important determinant of 

the herbage intake and performance of graz ing cattle (Reardon , 1 9 7 5 ;  

Hodgson , 1 975 ;  Combellas & Hodgson , 1 9 79 ; Trigg & Marsh , 1 9 79 ; 

Bryant , 1 980 ; Glassey et al . ,  1980 ; Baker e t  al . ,  1 9 8 1 ) .  Rat tray & 

Jagusch ( 1 979 ) stated that herbage allowance is probab ly the mos t  

important single fac tor that is respons ible for differences in 

product ion per animal be tween farm , be tween years , and be tween stocking 

ra tes under New Zealand condition . 

From graz ing trials with growing cat tle , it  has generally been 

found that there is a curvil inear relat ionship between herbage 

allowance and herbage intake over the range of herbage al lowance of 1 0  

- 90  g DM/Kg LW/day (Marsh & Murdoch , 19 74; Jamieson & Hodgson , 1 9 79 ) , 

and similar data have been reported for graz ing dairy cows (Greenhalgh 

et al . ,  1 966 ; Stehr & Kirchgsser , 1976 ; Combellas & Hodgson , 1979 ; 

Bryant , 1980 ; Holmes & Mclenaghan , 1980 ; Glassey , 1 9 80 ; Ngarmsak , 

1 9 82 ) . Holmes ( 1980) illustrated clearly that under s t r ip-graz ing 

experiments , the relat ionship is curvilinear or asymp t o t ic in which 

daily herbage intake is reduced gradually as the daily herbage 

allowance reduced until a pointed is reached when further reduction of 

herbage allowance causes a marked decl ine in herb age intake . 

Furthermore , according to Bryant ( 1980 ) , where this occurs there is 

then a considerable scope for adop t ing grazing management that is a 

sens ib le comp romise between high animal performance and eff ic ient 

pasture utilisation . Hodgson ( 19 7 5 )  indicated that under temperate 

conditions , herbage intake achieved by lambs appears  to approach the 

maximum only at levels of daily herbage allowance (measured to ground 

level ) equivalent to four times the amount eaten .  Whereas , with dairy 

cows , Combellas & Hodgson ( 1979 ) f ound that herbage intake was near 
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maximum when herbage allowance was equivalent to twice intake . Le Du  

et al . ( 19 7 9 )  found that both intake and milk p roduc t ion were depressed 

once cows were forced to consume more than 5 0% of herbage on offer or  

to  graze the sward c loser than 8- 10  cm (residual herbage ) .  

1 . 2 . 2 RES IDUAL HERBAGE MASS 

As well as herbage al lowance , Holmes ( 1 9 7 8 , 1 98 1 )  suggested tha t  

residual herbage mass can provide useful indicat ions o f  herbage intake 

in wel l def ined cond i t ions , and tha t  residual herbage mass may prove 

easier for farmers to adop ted and app ly . Not t ingham ( 1 9 7 8 )  found that 

intake , condition score and liveweight changes were signif icant ly 

correlated to the level of residual herbage mass and suggested that 

residual mass may be a more useful means of assessing da iry cows 

requirements than herbage al lowance because it was no t necessary to 

known the area being grazed . To assess residual mass needed only the 

knowledge of herbage mass present per unit area eg . Kg DM/ha . 

The relat ionship between residual herbage mass and herbage intake 

was also curvil inear (Nott ingham , 1978 ; Bryant , 1980; Glassey , 1980;  

Ngarmsak , 1982 ) and was similar to the relat ionship between herbage 

allowance and herbage intake . Ngarmsak ( 1 982 ) pointed out that the 

herbage intake declined as the residual herbage mass decl ined could be 

due to graz ing behaviours .  Cit ing the classic works by Stobbs ( 1 9 7 3 , 

1 9 74 ) who suggested that intake of herbage by graz ing animal is a 

func t ion of both the t ime animal spent grazing , the rate of b i t ing , and 

the b ite size . I t  was suggested that as residual herbage mass 

decreased , the b i te size would decrease and the animal would have to 

spend more t ime graz ing thus herbage intake decreased . Graz ing studies 

(Lazenby , 198 1 )  have revealed a relationship between sward canopy 

height and intake which differ with graz ing system. Catt le have 

d ifficulty in eat ing to appet ite  when the height of the stubbles on 

rotationally grazed ryegrass swards fal ls below 9-10 cm. 
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1 . 2 . 3 HERBAGE INTAKE 

The curvilinear relationships between herbage allowance , herbage 

residual mass and herbage intake by dairy cows are given above . The 

mechanisms controll ing the voluntary herbage intake by dairy cows have 

been discussed previously (Ngarmsak , 1982 ) . For the present literature 

review , herbage intake achieved by dairy cows under different 

conditions are given . 

1 . 2 . 3 . 1  Herbage Intake By Lac tat ing Cows 

Lac tat ing cow , because there is a potent ial increase in energy 

demand because of its high energy loss through milk produc t ion , is 

expected to have higher food intake than a similar non-lactat ing cow 

under s imilar feeding condition e . g .  milk yield 20 1/day 5% fat � to 

10 kg DM extra intakes (approx . ) .  From l iterature , the intakes of 

lac tat ing cows found to be always more than of dry cows (Camp ling , 

1 966 ; Hodgson , 1 9 7 7 ; Hodgson & Jamieson , 1 9 8 1 ) .  The hypotrophy of 

the al imentary tract which occurs in lac tat ing cows enab les them to eat 

larger amounts of food than non-lactat ing cows without altering to a 

great extent the mean retent ion t ime of food in the gut (Leaver et al . ,  

1 969 ) . 

Smith & Baldwin ( 19 74) showed that the weight of the emp ty rumen 

of a lac tating cow was on average 20% higher than that of a 

non-lac tating cow . Tulloh ( 1966 ) show that a gradual enlargement of 

the alimentary t ract occurs after parturition , and this might explain 

the del ay in the increase in intake after calving . 

Hut ton ( 1963 ) shows that in an indoors feeding experiment using 1 3  

sets o f  ident ical twins , the lactat ing twin steadi ly increased intake 

from calving so that it was consuming 50% more than its twin s is ter by 

the fifth month of lactation . From experiment by Hodgson & Jamieson 

( 198 1 )  with groups of lactating cows grazing a sequence of herbage 

varying in maturity and herbage mass. under strip grazing management , 

lactating cows ate 43% - 76% more herbage than non-lac tating cows of 

similar weigh t . Although lactation has caused intake to increase 

Broster & Thomas ( 198 1 )  pointed out that the relationship between the 
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ac tual milk yield and food intake is poor , part ly at  least  owing to the 

inf luence of lactation cycle on intake . 

1 . 2 . 3 . 2  The Changes of  Herbage Intake and Stage of Latat ion 

Fol lowing parturition , the daily milk yield increases rapidly to a 

maximum between days 35 and 50 of lac tation (Bines , 19 76 ; Journet & 

Remand , 1 9 7 6 ) ; Ostergaard , 1 9 7 9 ; Broster et al . ,  1 98 1 ;  Bryant & 

Trigg , 1 982 ) ,  and thereafter there is steady decline at the rate about 

2 . 5 %  per week unt il the cow is dried of f .  In cont rast ,  the voluntary 

food intake of the cow rises much more slowly af ter parturit ion and the 

maximum may not be reached unt il many weeks af ter maximum milk yield 

(Bryant & Trigg , 1982 ; ARC , 1 9 80 ) .  ARC ( 1980)  presented an extens ive 

review of exis t ing informat ion and concluded that relat ive intake , 

expressed as a percentage of mean daily intake for the whole lactat ion 

is , 8 1 , 98 , 107 , 108 , and 1 09% for the f irst f ive months respectively .  

From reviews o f  publ ished works Bines ( 19 76 , 1 9 7 9 )  gave evidence 

that maximum milk yield is reached in 5-8 weeks whereas the time of 

maximum intake is more variable , ranging from 5 to 36 weeks with a mean 

value of 1 6  weeks , this length of time is largely dependent on the diet 

comp os it ion . Journet & Remand ( 1 9 76 ) , Coppock et al . ( 19 7 4) showed 

evidence that food consump t ion increases more rapidly af ter calving and 

reaches a maximum earlier in lac tation where the feed has a higher 

rather than lower energy concent ration . 

1 . 2 . 3 . 3  Herbage Intake & Mob ilisat ion of Body Reserves in Early 

Lactat ion 

During the period when voluntary intake lags behind milk yield , 

body energy reserves in the body ac t as a buffer which is mob ilised to 

mee t  the def ic i t , and which is restored when intake has increased to a 

level in excess of requirements for current milk yield . During early 

lactat ion the intake of energy f rom the diet is generally lower than 

the animal ' s  total capacity to synthesis energy into milk.  As a resul t  

the cow is of ten seen lose an appreciab le amount of body weight over 

this critical period . Bryant and.Trigg ( 1982)  cited the data in the 

literature which illust rated the ab ility of the lactating cows in early 
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produc t ion . 
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to mob ilize body reserves of energy to support milk 

Wiktorsson ( 1980 ) , pointed out that the output from a high 

yielding cow is so high during the f irst part of lac tation that it is 

dif f icult to mee t  the requirement for energy equilib rium. I t  may mean 

that the feeding of high yielding cows in early part of lac tation is 

real ly a ques t ion of the effect of different level s  of under-nutrit ion 

where the mob ilization of the body reserves plays an important rol e . 

The ab ility to mob ilize the energy from the body reserves varies 

between cows ( Flatt et al . ,  1969 ) .  

In graz ing animals , Journet & Remond ( 19 76 )  pointed out that the 

energy reserves accumula t ed during pregnancy are too small for the 

potential milk yield to be attained , but Holmes ( 19 84) pointed out that 

under condit ions in wh ich animals can be fed ad lib i tum they can gain 

cond i t ion even for graz ing cows . 

1 . 2 . 3 . 4 Herbage Intake & Anima l Condition 

The upper limit to the voluntary intake of food is assumed to  

depend on an animal ' s  stage of development rather than age or  weight 

alone (Christ ian et al . , 1 9 7 8 ) . Increasing degrees of body fatness in 

ruminants are associated with decreasing of intake of food . The 

mechanism by which fatness inf luences appet ite is not known (Re id & 

Robb , 1 9 71 ) .  

From indoor feeding trials , it appears that fat animals depos i t  

fat  extensively within the abdominal cavity which apparent ly reduces 

the effective capacity of the rumen and thus is associated with a 

reduc tion in roughage intake by these animals (Bines et  al . , 1 969 ; 

B ines , 1 9 7 1 ) .  This reduction in intake is not neccess arily an effect 

o f  a physical control mechanism of food intake s ince the intake of 

concentrate is also reduced in the fat animal without the rumen being 

f illed (Bines et al . ,  1969 ) . They pointed out that capacity of  the 

reticula-rumen did not appear to have limited intake of  this diet in 

either fat or  thin c ows . They concluded that control of food intake 

was by a predomiantly metabolic mechanism and tha t_it was flexible in 
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its operation , permi t t ing higher int akes by thin cows than by fat  cows . 

I t  has been shown (Bines et al . 1969 ) that non-lac tating dairy 

cow given ad lib . access to a diet of  hay and concentrates consumed 

app roximately 23 % more DM per day when thin than when fat . This was 

confirmed by Bines & Morant ( 1 983 ) that when the cows were fat and f ed 

ad l ib . ,  the mean total intake was 8 . 90 kg DM/day and this increased to 

1 1.05 kg DM/day when the cows were thin . This represents a 24 % 

increase in intake . Cows which are fat at calving have shown d epressed 

intake in early lacta t ion (Bines et al . ,  1 969 ) . Evidence f rom sheep , 

Arnold ( 1 970 )  found that as thin graz ing sheep became fat intake 

reduced . 

There is little inf ormat ion availab le about 

ef fect on intake by the graz ing animal . Journet 

pointed out that an inc rease in the body reserves in 

animal condi t ion 

& Remand ( 19 7 6 )  

graz ing cows by 

deliberate management may also restrict intake by reducing the extent 

to which the rumen can be expanded after parturition . Grainger e t  al . 

( 1 9 78 )  found that cows wh ich calved in poor condit ion ate mor e  pasture 

in the f irst five weeks of lactat ion than cows that had calved in good 

condition . And several recent s tudies have shown the lower voluntary 

intake in fat cows than in thinner cows (Garnsworthy & Topps , 1 9 82 ; 

Land & Leaver , 1 980 ;  Neilson et al . ,  1 98 1 )  

Garnsworthy & Topps ( 1982 ) found that cows that had higher 

condit ion scores at calving took longer than thin cows to reach a 

maximum intake of  food and that the fat ter cows reached a lower maximum 

level . They concluded that body fat exerted a phys iological inhib i tory 

effect  on intake . 

1 . 2 . 3 . 5 Herbage Intake Achieved By Graz ing Dairy Cows 

The graz ing cow is  subj ected to a continually changing pattern of 

food supply (Freer , 1981 ) .  The extent to which the cow achieves its 

potential intake depends on how it responds to particular cond i t ion 

with which it is f aced . Herbage intake of grazing animals may in 

addition be affected by non-nutritional characteristics of the sward 

associated p rimarily with variat ion in the mass of herbage and its 
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distribution within foliage canopy (Hodgson , 197 7 ) .  Leaver ( 19 7 6 )  

pointed out that the herbage intake of a grazing cow is influenced by 

an additional var iety of sward and environmental cond i t ion , Leaver 

( 19 8 1 ) again pointed out that the graz ing cow has a range of fac tors 

which are likely to  inf luence intake and consequently the potential 

intake of the cow is rarely met .  According to Leaver ( 19 8 1 ) ,  the 

fac tors af fec t ing herbage intake of grazing cow can be described by ; 

Actual Intake Potent ial Intake 

1 . 3 RESPONSE TO FEEDING BY DAIRY COWS 

Feed Contraints 

Enviroment Contraints 

1 . 3 . 1  THEORY OF RESPONSE TO FEED ING BY DAIRY COWS 

Bros ter & Thomas ( 1 98 1 )  have outlined the theory of response to 

feeding by dairy cows . Yield response to changing feed level may be 

percieved as immed iate (Short term) and res idual (Long term) in nature 

(Ekern & Viko , 1983 ) .  

1 . 3 . 1 . 1  Sho rt-term ef fects 

Dairy cows show a cont inuous response to change in the intake of 

nutrients , and especially with energy . Such relationship can be used 

to pred ict production levels from a knowledge of intake , or to  e s t imate 

the amount of  feed required to achieve a desired level of  produc tion . 

However ,  in the short terms there is no s imple relat ion between energy 

intake and milk product ion because of the role of the body reserve in 

the balance of energy (Wilson and Davey , 1982 ) . During lac ta tion milk 

is synthesised from the amount of ME which becomes available from the 

diet in excess of the cost s  of maintenance , however this amount of 

energy may e i ther be supplemented by energy made available from the 

mobilisation of body tissue , o r  be  reduced by the d iver sion of  energy 

towards the synthesis of body t issues . Therefore , in the short term, 

there may be no simple relation between ME intake and milk p ro duct ion 
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because o f  the important roles of  body t issues i n  the overall balance 

of energy (Holmes et al . , 19 8 1 ) .  

The convent ional methods for expressing food conversion and 

marginal response to extra food are ; 

Food Conversion = Kg total dietary DM eat en 

Kg milk fat produced 

For grea ter precis ion the equat ion can be expressed as , 

Gross Food Convers ion � energy in DM eaten 

energy in milkfat produced 

For these equa tions maintenance cost included , when i t  

i s  not , i t  becomes ; 

Marginal Food Convers ion Kg extra feed DM eaten 

Kg ext ra milk fat produced 

(Af ter Wilson & Davey , 1982 ) 

These conventional methods may yield variable and misleading 

results  because they take no account of the contribut ions which can be 

made by changes in body t issues . Holmes et al . ( 19 8 1 )  pointed out 

that such calculat ion can provide an ind icat ion of the magnitude of  

values to be expec ted and the extent to which they may vary.  And in 

addit ion they showed that in the sho rt term and in particular level of 

feeding , a cow which is synthesising body t issue appears to be less 

effic ient than one which is not .  However ,  if account is taken of 

future body tissue and of the ME which was mobilised , then the 

differences in e f f ic iency between the different s ituations measured 

over the long term, will  be  smaller . 

B ro ster & Thomas ( 1981 ) cited results f rom many large-scale 

experiments involving the addition of concentrates to  a conserved 

f orage feeding at f ixed level , showed that response in milk output was 
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direc t ly proportional to cow potent ial or  current yield . And that High 

Yielding cows show greater responses than average but balanced by a 

lower body weight gain than average . But where conserved forage was 

given ad l ib itum the results contradict ed the theory evolved with f ixed 

feed ing , in that  response to concentrate was s imilar among cows of 

different genet ic merit or current yield . This was because when forage 

was given ad lib itum the additional concent rate supplement  depressed 

forage intake but increases to tal intake . Meij s ( 1982 ) found that at 

the low level of allowance , levels of substitution of herbage by 

concent rated could no t be shown to differ from z e ro , however 

subs t i tut ion rate was cons iderable (0 . 5 )  at the high al lowance level . 

From availab le evidences , Ekern & Vik-Mo ( 1983 )  indicated that mean 

response to changes in energy intake obeys the law of deminishing 

returns . It is unkown whether this theory evolved f rom cond i t ion 

prevailing in Europe will be able to app l ied for  pas ture grazing cows . 

1 . 3 . 1 . 2 Long-term effects 

It has been recognised for some t ime that the total lactation 

ef fec t s  of any change in feed input may be widely different from those 

assessed as direct effect . Long-terms e ffects , or  res idual effects  or 

carry-over effec ts refer to the effect of the change in l evel of 

feed ing which is measured af ter the treatment had finished , expressed 

relative to the ef fect measured during the t reatment period ( immediate 

effects , Gordon , 1976 ; Holmes et al . ,  198 1 ) .  

Residual Ef fect • 

Total effec t on milk produced - Immediate effect on milk produced 

Immediate effect on milk produced 

Response in dairy cows to level and changes in feed energy supply 

depends on a number of factors including yield potential of the cow and 

s tage of lactation , body reserves , and the previous as wel l  as p resent 

levels of feed energy , p rotein and spe c i f ic nut rients ( Ekern & Vik-Mo , 

1983 ) . 
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1 . 3 . 2 PRE-CALVING FEEDING 

Obvious ly , with increasing milk product ion , the dry period becomes 

more and more important to replenish body reserves which can be drawn 

upon during the following period of  inadequate energy supply (Flatt et 

al . , 1969 ; Broster , 1 9 7 1 ) .  Fla t t  et  al . ( 1 9 6 9 )  have shown that over a 

short  period , some cows can produce more than SO% of the total yield 

from body tissues . Good cows are capable of mob ilising large amounts 

of energy for milk p roduct ion during early lactat ion provided 

suffic ient stores of body fat exist (Flatt  et al . ,  1 9 7 2 ) .  The 

advantage for utilizat ion of body reserves in the cows for milk 

secretion can be based on;  

- van Es  and van der Honing ( 1 9 7 9 )  assessed much of  

calorimetric data , and concluded that e f f iciency 

ut ilization of ME for body ga in equal led tha t for 

of 

milk 

produc tion in lactat ion but was lower in the dry period . 

Thus , the highes t effic iency of convers ion of energy to milk 

is achieved when the cow maintains a stable  body weight over 

lactat ion and the dry period . 

- the relative costs of available feeds . 

- the low intake of the cow in early lactat ion . 

But extreme exploitation of energy reserves should , however , be 

avoided for several reasons (Ekern & Vik-Mo , 1983 ) .  As Ekern & V ik-Mo 

( 1 9 8 3 )  pointed out , firstly ,  the succession of fat tening and 

mob ilisation for milk product ion is less efficient than using feed 

energy direc t ly for milk produc t ion . Utilisation of cheap forage or 

pas ture for fattening may however ,  offset  the importance of of these 

ralationships in prac t ic e .  Secondly , fat ruminants require more  energy 

for maintenance and consumed less les s  forage during early lactation .  

Las t ly ,  excess ive fatness at calving may b e  detrimental t o  health and 

fertility (for references see Ekern & Vik-Mo , 1983 ) . 
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1 . 3 . 2 . 1  The Early Works With Emphas is On L iveweight Changes 

In New Zealand , Lees et al . ( 1948 ) , Campbell and Flux ( 1948 ) , 

invest igated two levels of feeding in the last three months of 

pregnancy and the effect of  the levels of feed ing on the subsequent 

lactation . These experiments agreed tha t cows on the higher  feeding 

level before calving produced more milk after calving . There is an 

indication that larger differences in l iveweight at calving were 

associated with larger differences in milk product ion . Grainger & 

McCowan ( 1 982)  out l ined fac tors which might have inf luenc ing the 

response to the pre-calving as result ing f rom the above experiments , 

these are ; 

" - level of pos t-calving feed ing , 

- absolute level of body condi tion , 

- age of animals (differences in response be tween 

cows and heifers ) " 

Bros ter ( 1 9 7 1 ) reviewed world literature on pre-calving feeding 

and suggested that late pregnant cows should gain liveweigh t  a t  0 to 

0 . 35 kg/day , and that there is an apparent deminishing returns effect 

in the milk produc t ion response to the l evel of feeding pre-calving . 

Rates of gain faster than 0 . 35 kg/day have p rogressively less e ffec t on 

the subsequent milk yield , and f inally little advantage is gained for 

animals approaching late pregnancy to  gain weight above 0 . 5  kg/d . 

Broster ( 19 7 1 )  speculated that as a higher level of feeding in 

pregnancy leads to a greater liveweight gain in the cow (or less 

liveweight loss ) ,  it  will help arrest the potential loss of milk 

production in early lactation due to underfeeding as there i s  now 

increased potential for mob ilization of that liveweight to support milk 

production post-calving . He added that if the obj ective of increased 

feeding pre-calving was to build up body energy reserves , then the 

nut rition of the cow over the preceding lac tation also had to b e  taken 

into account . 

Hutton & Parker ( 1973 )  obtained consist ently higher milk 

product ion in two consecutive years from cows that were  ma intaining 

l iveweigh t  before calving , compared with cows that were los ing maternal 



l iveweigh t . They showed evidence sugges ting tha t  a high 

p re-calving feeding increased the amounts of pasture 

consumed af ter calving . And Bines ( 19 7 6 )  commented that it  

14  

l evel of 

dry matter 

is widely 

accepted that cows should be 'steamed up ' before calv ing to enab le them 

to use body reserves as a source of energy in early part of the 

ensuring lactation . 

Despite  the realization that a benef ic ial effect on milk 

produc tion arose from increas ing the level of feeding prior to calving , 

the phys iological mechanism by which this was ach ieved was not 

apparent . Blaxter ( 1 956 ) suggested that nut rition exerted its 

inf luence on lac tation by controlling the ac t ivity and the number of 

secretory cells in the udder . Smith et  al . ( 1 9 67) suggested that 

suf f icient energy supply during the dry period seems vital for the 

development of the mammary gland . But there is little experimental 

evidence for this . However ,  Holmes ( 19 84)  commented that the 

bene fic ial effect on milk produc tion simp ly arises from the 

mob ilizat ion of body reserves made more available . 

1 . 3 . 2 . 2 Recent Works With Emphasis On Body Condit ion 

From speculation discussed above during the mid 1 9 70 ' s  Animal 

Scientis t s  quest ioned whether rate of liveweight gain during p regnancy 

� se or the availab ility of body energy reserves in early lac tation 

was the key factor in determining increases in milk yield ob tained from 

increases pre-calving feeding. 

Evidences from Aus tral ia and New Zealand 

Aus t ralian workers carried out three experiments to separate the 

inf luences of rate of liveweight gain in the late pregnancy from the 

body condi t ion of cows at calving , on subsequent product ion . Rogers e t  

al . (l979 ) concluded that absolute body condi t ion or liveweight o f  cows 

at  calving is the important factor affecting product ion and that 

whether cows lost or gained condition prior to calving had l ittle  

effect  on product ion , provided that cows calved in  the same cond i t ion . 
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From series of experiment , cows given ext ra feed before calving 

produced more milk and los t more liveweight in early lac tation which 

confirm the pattern of the partition of energy in f avour milk 

produc t ion . The response to the level of feeding in late pregnancy , 

when measured as milk yield in the subsequent lac tation , is dependent 

on the feeding rate in early lac tation (Grainger et al . ,  1 9 82 ) . Who 

showed in agreement with earlier work by Rogers et  al . ( 19 7 9 ) a pos itive 

effect of body condition at calving on the subsequent milk produc tion , 

but over a much wider range of condition at calving . Improved body 

condi t ion at calv ing increased milk produc tion by caus ing a more 

favourab le part itioning of energy into milk produc tion a t  the expense 

of liveweight gain . 

To quantify the amount of feed needed in late pregnant cows , 

series of t rials were set up at Massey Univers i ty (Table 1 . 1 ) .  

Tab le 1 . 1: The effects of diffe rent levels of feeding in 

the 7th or 8th months of pregnancy 

Level of feeding in late 

pregnancy 

High Low 

Pas ture DM eaten in 42 days (kg ) 458 286 

Liveweight changes in 42 days (kg ) +42 0 

Condition score changes in 42 days (score ) +0 . 5  -0 . 3  

Ext ra DM required for 1 condition score gained 2 1 5  

( ( Source , Holmes , 1 98 1 )  

From Table 1 ,  cows o n  lower level o f  feeding showed no change in 

l iveweight but they los t  condition (Holmes , 1981 ) .  And during late 

pregnanc y , the cows required 2 15 kg pas ture DM extra to gain 1 

condition scor e .  Th e  t rial was repeated again at  Massey (Ngarmsak , 
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1 9 82 ) , which showed cons istent result that the cows needed 221  kg 

pasture DM extra to gain 1 condi t ion score . From experiment by 

Grainger et al . ( 1 982 ) , increased body condi tion a t  calving required 

ext ra feed of 272 kg DM or 24 .4 kg DM required pre-calving to produce 

an extra kg milk fat pos t calving . 

Evidences f rom Europe 

Davenport & Rakes ( 19 69 ) , examining the effec t of immed iate pre

and post-partum feeding , found no differences in feed intake in early 

lac tat ion due to p re-partum feed ing and they concluded that the 

differences in milk production were due to dif ferent amounts of 

mob ilizable  body t is sue at parturition . Frood & Croxton ( 1 9 7 8 )  

reported that condi t ion scores a t  calv ing was related to the ab ili ty of 

animal to achieve potent ial milk yield . They found that cows in poor 

condit ion at calv ing gave low , late peak milk yields with high 

pe rsistency , and those in good cond it ion a t  calving gave high , ea rly 

peak milk yields with a low pers is tency . Hares ign ( 198 1 )  stated that 

cows which are in poor condition at calving not only have smaller 

amount of stored energy to meet the energy defic i t  of early lac tation 

but also have a changed part ition of nutrients to the extent that less 

of those stores which are potentially available  are ac tually mob ilised . 

The consequence of this is that higher levels of feeding in early 

lac tation can not compensate fully for low l evel of feeding in late 

pregnancy , which the result that milk yield will suffer . Two trials 

were carried out by Garnsworthy & Topps ( 19 8 2 )  where cows were fed on a 

"complete" diet in lactation , they found that in trial 1 ,  no difference 

was found in milk y ield and in t rial 2 ,  cows that had lower condition 

s cores at calving p roduced slightly more milk . In both of their 

t r ials , cows that had higher condition scores a t  calving lost more body 

weight and cond i t ion , over longer period , and started to regain the 

losses later than cows with lower condition scores . They found that 

the b iological eff ic ienc ies of milk p roduct ion (energy output/energy 

input ) from 8 weeks before calving until 16 weeks af ter calving were 

0 .302 , 0 .299 and 0 . 2 9 5  in trial 1 ,  and 0 .3 1 2 , 0 .290 and 0 . 306 in t r ial 

2 ,  for the low, medium and high groups r espect ively. They concluded 

that cows with lower condition scores at calving produced mor e  milk 

directly from food rather than via body f a t , were in posi t ive energy 
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balance earl ier in lactation and over total period were b iologically 

more e f f ic ient than cows with higher condi t ion scores . They added 

that , there appears to be no benef it  from feeding cows to a chieve a 

conditon s core greater than 1 . 5 to 2 at calving (on 1 to 4 scale where 

1 is very thin and 4 is very f at ) ,  if high-energy complete diets are 

of fered in early lactation (see Sect ion 1 . 3 . 2 . 3 ) . 

1 . 3 . 2 . 3 A Note on Condition Score 

Arnold ( 1 9 70)  suggested that the body cond i t ion is probab ly a 

better indicator of energy demand than liveweight in the ma ture animal , 

as differences in l iveweight in mature animals may ref lec t dif ferences 

in skeletal size.  

Cond ition score is  a subj ective eye assessment of  body cond ition 

or body fatness of dairy cows . The use of a scoring sys tem for body 

condi t ion obviates prob lems assoc iated with liveweight measurements 

(Grainger & McCowan , 1982 ) .  And condition scoring gives a more 

detailed description of body tissue reserves of the cows than does 

livewe ight alone , and has the advantage of describing the cows 

independent ly of liveweight (Lowman et  al . ,  1 9 7 3 ) . The method used to 

score body condition involves assesing visually , the level of fat cover 

in 5 areas of the animal body . According to Lowman e t  al . ( 19 73 )  

these are : on the sp inous processes o f  the lumbar verteb rae , over the 

lower rib cage , at the hip bone , around the tail head , and at the 

second thigh . In UK ,  a scoring system has a scale run from 0 to 5 

(where 0 is too thin , 5 is aexcess ive fat , Lowman et al . ,  ( 1 9 7 3 )  but in 

prac t ice scale from 1 to 4 is used (Garn sworthy & Topps ,  1 9 82 ) . In US , 

a scoring sys tem has a scale run f rom 1 to 5 (Wildman et  a l . ,  1 9 82 ) . 

In Aus t ralia and New Zealand , the scale of scoring runs arb it rarily 

from 1 to 10 with 1 being very thin and 1 0  being very fat (Earle , 

1 9 76 ) .  



1 . 3 . 3 POST-CALVING FEEDING (During Lac tation ) 

1 . 3 . 3 . 1 Response To Underfeeding Early Lac tation 

Grainger & Wilhelms ( 19 7 9 ) pos tulated that the 

18 

key factor 

det ermining the economic benefit  of good feeding in early lac ta t ion is 

whe ther a res idual effect occurs thereafter .  Conversly , nut r i t ion that 

results in a dec line in current yield may , on occasions , be  followed by 

res idual effects which pers ist throughout lactation 

(Bryant & Trigg , 1 9 79 ) .  

But the responsiveness of milk to addit ional feeding decreases as 

lactation advances ( for references see Bros ter & Thomas , 1 9 8 1 ) .  Hut ton 

( 19 6 3 )  showed that the gross eff ic iency of milk produc tion decreased 

from about . 3  in early lac tation to . 1 5 in late lac tat ion . The reason 

for mos t  of the difference is because dietary energy for milk 

produc t ion is supplemented by energy mad e ava ilable from mob ilising of 

body reserve early in lacation or is reduced by the diversion of energy 

towards the synthes is of body t issue later in lactation (Wilson and 

Davey , 1982 ) .  

Evidence f rom European works 

Bros ter ( 19 7 2 )  stated that underfeeding in early lac tation not 

only reduces milk yield at that t ime but also later in lac tat ion when 

underfeed ing has ceased . For milk yield , B ros ter ( 19 7 4 )  concluded that 

effects on product ion occuring subsequently to low level of feeding in 

early lactat ion were  about 4 time those during low l evel of feed ing . 

There is ev idence to suggest that residual ef fects  of underfeeding in 

early part of lactation are generally reduced when animals are on high 

plane of feeding thereaf ter (Gleeson , 1 9 7 3 ;  Gordon , 1 9 76 , 1 980 ;  Le Du 

e t  al . ,  1 9 79 ) . Gordon ( 1 9 7 6 )  sugges t ed that subsequent effects  of 

differential f eeding in early lactation are greatly reduced when cows 

are grazed a t  pasture . And Broster & Thomas ( 19 81 )  examined data from 

l iterature with contrasting planes of nutrition and indicat ed that 

great residual effect  on milk yield for energy increment s  in addi tion 

to low basi c  l evels deminishes or even d isappears at higher planes of 

nutrition . Broster & Thomas ( 19 8 1 )  added evid ence f rom t rials wh ich 
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permi t t ed analysis o f  body weight changes showed that a more generous 

plane of nutrition in early lactat ion benef ited current body weight  

changes ,  either reducing losses or increas ing gains , depending on the 

trend in individual t r ials . 

Le Du  & Newberry ( 1 98 1 )  concluded the result s  from their  trials 

that even quite severe res t ric t ions in amount of grass of f ered to the 

graz ing dairy cow in rotat ional graz ing system will have only a 

trans ient ef fect upon milk yield during the period of res t r ic t ion . The 

scope for offering of add itional feed prof itably is quite smal l .  Le Du 

& Newberry ( 1 982)  reported that a restric tion of feed e i ther 2 or 5 

weeks had depressed milk yields by 1 2  and 8% respect ively , but the 

recovery was rap id on re turn to adequate quant i ty of good qualit ies 

herbage and during the subsequent 4 weeks milk yield differences were 

negligib l e .  They s tated that any supplementary feeding could therefore 

only be j ustified on the basis of the depress ion in yield dur ing the 

restric ted phas e .  These effects were tes ted again in their second 

trail reported herein . 

A herd of spring-calving Brit ish Fries ian cows was of fered a 

herbage allowance of 5 5  g DM/kg liveweight in a st rip grazing system. 

The cows were then allocated to one of the f ive treatments :  cont rol 

(C ) , of fered 55 g DM/kg L iveweight  throughout the graz ing s eason ; 

res tric ted al lowance for 2 (L2 ) or 5 (L5 ) weeks ; half the animals in 

each of these lat ter two group were offered concentrates during the 

period of res tricted , 3 Kg/day to the L2 animals (L2 S)  and 2 Kg/day to 

the L5 animals (L5 S ) . There were e ight cows in each t reatment group . 

At the end of res t riction phase all concent rate feeding ceased and the 

animals  were returned to the control allowance for a period of 7 weeks . 

The e ffects upon daily milk yield are shown in Tabl e  1 . 2 .  In 

comparisson to the L2 and L5 treatments of the previous t rial L e  Du & 

Newberry ( 19 8 2 )  reported that the depr�ss ions in milk yield are 

considerably larger and the recoveries are less marked . The immediate 

milk y ield responses to supplementation during the herbage res t r ic t ion 

phases were 35 and 1 15 kg for the L2S and L5S t reatments ,  equivalent to 

1 .0 and 1 .9 kg milk per kg concentrate DM fed . The residual effects 

during the 7 weeks following return to adequate herbage wer e  69 and 1 27 
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kg milk respect ively . The overall responses were therefore 2 . 9  and 3 . 5 

kg milk per kg concentrates , giv ing an ext ra income subs t antially 

greater than the cos t  of the concentrates . 

Tab le 1 . 2 :  The effect upon mean daily milk yield of herbage 

res triction and supplementat ion during the treatment 

periods and during 7 weeks in res idual period 

Treatments 

c L2 L2S L5 L5S s . e . mean 

Mil k yield (Kg ) 

Rest r icted phase 

2 (5-6 ) 22 . 8  1 8 . 5  2 1 .0 0 . 5  

5 (5-9 ) 2 1 . 7  1 7 . 4 20 . 7  0 . 5  

Recovery phase 

2 ( 7- 1 3 )  20 . 7  1 8 . 5  19 .8 0 . 5  

5 ( 1 0- 1 6 )  1 8 . 8  1 6 . 1  1 8 . 3  0 . 9 

(Source : Le  Du & Newberry , 1 9 8 2 ) 

From their preliminary results they suggested that the greater 

depression in milk yield and the s lower respons e  following return to 

control observed as compared to their prev ious trial might be the 

result of low pas ture quality . And they concluded that in the 

circumst ances of this trial supplementation of grazing dairy cows 

offered severely r es tr ic t ed a mounts of herbage was f inancially 

variable . The p recise nature of the restrict ion not only in terms of 

quant i ty but also of quality appears to have affected the magn itude of 
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the response .  S imilarly , herbage quality during the recovery period 

had an effec t . Le Du & Newberry ( 1982 ) sugges ted that this a rea might 

e worthy of further detailed s tudy . 

Evidence from Aus t ral ia and New Zeal and 

In cont ras t to the unquant itative effects of low level of feeding 

in early lac tation by grazing dairy cows , Grainger & Wilhelms ( 19 7 9 ) , 

Grainger et al . ( 1982 ) , Bryant & Trigg ( 1 9 79 ) carried out experiments 

to study the effects of low level of feeding in early lac tation and the 

results have also been summarised by Holmes ( 19 8 1 ) , Bryant & Trigg 

( 1 982 ) . 

Tab le 1 . 3 :  Effects of levels of feed ing in early lac tation 

on mi lkfat production dur ing week 0-6 of lactation 

Level of feeding 

High Low D if f .  --

Pasture DM eaten in 42  days (kg ) 550 280 2 70 

Milkfat produced in 42 days (kg ) 40 27  13 

L iveweight changes in 42 days (kg ) +6 -62 68 

kg DM eaten per kg milkfat produced 14 10 

Dif ferent between levels of feed ing 

kg extra DM eaten per kg extra 

milkfat produced during 42 days 2 1  

Milkfa t  production in  18 weeks af ter 42 days 

LW at 18th week -70 

(source , Bryant & Trigg , 1 9 79 ) 

8 
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Bryant & Trigg ( 1982 ) presented a table  summarized immediate 

eff ects of low level of feeding on milk f a t  yield and liveweight  

changes f rom the  work done in Australia and New Zealand with cows in 

their early lac tation , showing that on average , a 3 8 %  res t riction of DM 

int ake result ing in a 24% reduction in milk fat  yield , and on average 

wi th an increase in DM intake of 1 .0 kg resulting in an increase of 3 9  

g milk f a t  and 174 g LW deriviing values . 

Bryant & Trigg ( 1 982 ) indicated that the resu lts from Australia 

and New Zealand were compatib le with conclusion of Bros ter & Thomas 

( 1 98 1 ) .  These led Bryant & Trigg ( 1 982)  to concluded that res idual 

ef fects of underfeeding in early lacta t ion are . 50 or less than the 

immediate effects . They are conf ined to the few weeks immediately 

following underfeed ing . 

The response to feed ing in ear ly lactation by dairy cows is 

illus t rated f rom experiment by Bryant and Trigg ( 1979 ) given in Table 

1 . 3 .  

The ext ra 270 kg DM eaten by the cows on the high level of feeding 

enable them to produce an extra 1 3  kg milkfat ,  or 1 kg milkfa t  per 2 1  

kg DM. However , the cows on the higher level o f  feeding also gained 68 

kg of liveweight relative to the lower l evel , so tha t that total 

response to the ext ra feed during the 6 weeks was 

1 kg milkfat + 5 kg LW per 2 1  kg DM eaten 

or 48 g milkfat + 238  g LW per 1 kg DM 

Following the 6 week experimental period all cows were  grazed together 

up to 18 week of lac tat ion . The cows which has formerly been on the 

lower level of feeding produced 8 kg less milkfat  than the cows 

formally on the higher level , but gained about 70 kg l iveweight 

relative to them. Thi s  i s  the residual effects . And the total 

response for the f irst 1 8  weeks of lactation was ; 
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extra 21 kg milk fat produced in r esponse to an extra 270 kg DM eaten 

in weeks 0-6 . By week 24 of lactation there was no difference in 

milkfat p roduction o r  l iveweight between the t reatment cows . 

From an experiment carried out from Aus tralia , Grainger et al 

( 1 982 ) illus trated the effects of a change in level of feeding of 

p asture on milk produc tion and body condition both in the sho r t  and 

long term are summarised in Tab le 4 .  From Tab le 1 . 4 : , 35 kg DM pas ture 

was required to produce 1 kg milk fat and the long term response to 

extra 2 1 0 kg DM pas ture feeding during 5 weeks was 15  kg DM pasture to 

produce 1 kg milk fat . Res idual ef fect was 7 . 8 kg milk fat or 1 . 3 time 

immed iate effec t . 

Table 1 . 4 :  Effect of feed ing level during the f irst  f ive weeks 

of lacta tion 

Level of feeding during week 

0 to 5 of lactation 

High Low D if ference 

Immediate Effect 

(Produc tion to week 5 )  

Pas ture DM eaten in 35 days (Kg ) 490 280 2 1 0  

Milk f a t  produced in 35  days (Kg ) 28 . 7  2 2 . 8  5 . 9 

Condi t ion score a t  5 th week 4 . 9 4 .5 0 . 4 

Total Ef fect 

(Production to  week 20 ) 

Milk fat  produced 108 . 6  94 . 9  1 3 . 7  

Condition score at  20th week 4 . 9 4 . 9 0 

( Source , Grainger e t  al . ,  1982)  
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Wilson & Davey ( 1982)  summarised the results of responses to 

feeding during mid and late lactation and they pointed out that f rom 

the works cited gross e f f iciency values are cons istent but marginal 

effic iency values are more variable.  And that the merit of the cows 

have a maj or effects in milk produc t ion responses to change in feeding 

levels which cou ld explain and account for in the var iab ility in milk 

produc tion results in dif ferent experiments . 

The effects of two levels of feeding in the 6 th or 8th months of 

lac tat ion are shown in Table 1 . 5 :  as follows . From Table 5 ,  i t  can be 

seen that the total response to the extra feed in late lactat ion was : 

1 kg milkfat + 5 kg LW gain per 71 kg pas ture DM eaten 

or 1 4  g milkfat + 70 g LW gain per 1 kg pasture DM ea ten . 

Table 1 . 5 :  The effects of two levels of feeding in 7 th or 8th 

months of lactation on milk produc t ion 

Level of feeding 

in lat e  lac tation 

High Low 

Pas ture* DM eaten in 42 days (kg ) 592 3 1 5  

Milkfat produced in 4 2  days (kg ) 18 . 7  1 4 . 8  

Liveweight change in 42 days (kg ) + 3 I - 1 5  

Pas ture D M  eaten per kg milkfat p roduced (kg ) 33 2 1  

kg extra DM eaten per kg extra milkfat 

(differences between levels  of feeding ) 7 1  

( Source , King e t  al . 1 9 8 0 )  

* digest ib i ty o f  summer pas ture was 64% 

-
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1 . 3 . 3 . 3 Priorities For Feed 

Europe 

Under dairying in Europe i t  is generally bel ieved that the key 

issue in lac ta tion cycle is the peak yiel d .  According to B ros ter 

( 19 7 6 )  an increase in peak y ield of  1 kg/day result s  in a 150 - 200 kg 

increase for the total lactation , provided tha t there is an adequat e  

energy supp ly during the des cending part o f  lac tat ion .  And 7 5 %  of the 

long-term effect was initiated during the f ir s t  four weeks of lactation 

(Bros ter et al . , 1 9 69 ; 1 9 75 ) .  Furthermore as Blaxter ( 19 5 0 )  pos tulated 

tha t peak yield was the maj o r  determinant of total lac tat ion yield . To 

the quest ion whe ther a reduction in peak yield by a redistribut ion of 

concentrates from early lactation to late lactat ion has adverse effect 

on total lac tat ion yield . As peak yield is the dominant fac tor 

inf luenc ing total yield irrespective of whether yield is influenced by 

yield potential or by diet manipulation of peak yield of individual 

cows . And the response to changes in energy input decline in relat ion 

to current yield as lactation progresses . Broster & Thomas ( 1 98 1 )  

sugges ted that a dist ribution of concentrates al locat ing relatively 

higher inputs in early rather than mid lactation would  result in a 

higher total lactation yield . Earlier , Rakes & Davenport ( 19 7 1 )  

reported that a high energy intake has a greater effect on milk 

production ear ly in lactat ion rather than later . Therefore , they 

recommended that in early lacta t ion , the diet mus t  have a high energy 

concentration and be of fered ad l ib itum in order to obtain a h igh mil k  

yie l d .  

Aust ralia & New Zealand 

High peak p roduct ion means that the cows mus t  be very wel l  fed 

immediately after calving . In prac t ice , this level of feeding is very 

difficul t  to achieve . As grazed pasture comp rises the great majority 

of feed eaten by dairy cows in Aust ralia & New Zeal and , the supply of 

pasture and the management s  to u tilise i t  can have important influences 

on cows ' milk produc t ion . Farmers in Australia & New Zealand calve 

thei r  cows during late winter or early spring at the t ime when pasture 

growth is then s low but animal requirements are h igh and pasture 
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suppl ies are often insuf f ic ient to  meet demands for maximum produc t ion 

(Bryant , 1982a;  Grainger & McCowan , 1982 ; Holmes , 1982 ) . 

Autumn and winter feeding managements '  a ims are to start  the next 

lactation with an adequate supply of pasture and with the cows are in 

reasonable condition (Bryant , 1982 ; Holmes , 1982 ) . These should be 

achieved without any marked reduct ion in the p roduct ion of the previous 

lactation . As it is generally accepted that feed conversion e f f ic iency 

is greatest in early lactation , thus the provis ion of an adequa te feed 

supp ly a t  this time is the prio r i ty .  To achieve this goal many things 

must be taken into cons iderat ion such as the drying-off  time , the 

calving period , the managements during autumn and winter , the patern of 

grass growth during autumn , winter and during the spring , the use of 

supplement feeding (Bryant , 1982 ;  Holmes , 1982 ) . To the ques t ion to 

which priorities to use the feed f rom pas ture to fed to the herd to 

ob tained the maximum return in the long run . 

( 1982 ) presented the tab le which may be used 

priorities for feed are shown in  Tab le 1 . 6 .  

From literature , Ho lmes 

as a guidel ine , the 

Table  1 . 6 :  Est imated values for the amounts of ext ra milkfat 

produced if an ext ra 14 kg of pas ture DM is fed a t  

different t imes o f  the year (Holmes , 1982 ) 

14 kg of extra pasture DM fed : -

(a ) in early lactation will p roduce extra 1 kg milk f a t  

in the f irst  half o f  lactation 

(b ) in late lactation wil l  produce an extra 0 . 7  kg milk f a t  

partly i n  current lactation and partly in following lactation . 

(c ) in the dry period wil l  produce an extra  0 . 6 kg milk f a t  

i n  the following lactation 
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1 . 3 . 3 . 4 O ther Aspects o f  Underfeeding 

The Pattern of Underfeeding, pattern o f  f eeding in early lac tation 

has little ef fect on milk yield (Johnson , 1 9 7 7 ) . In their experiments 

to studies the effect of pattern of underfeeding in early lac ta t ion , 

Grainger & Wilhelms ( 1 9 7 9 )  found that the pattern of underfeeding in 

early lac tat ion has also little ef fec t on lactation performance of the 

cows . 

Time taken to recover from underfeeding effects , from l i terature 

cited in Bryant & Trigg ( 1982 ) that the recove ry in the p roduc tion of 

milk cons tituents subsequent to underfeeding is no t immediate , required 

SO to 80 d .  Stockdale et al . ( 1981 ) also noted that irrespe c t ive of 

p rior treatment , all groups of the cows had returned to the same level 

of daily milk product ion by 122  d of lac ta tion . 

Residua l effec ts on liveweight , rate of liveweigh t  gain fol lowing 

underfeed ing was higher than in the previously bet ter fed cows . In 

s ome ins tances re turn to control liveweight  was within 6 8 weeks , 

while in others liveweight lost during underfeed ing was not completely 

regained by the end of lactation (Broster & Thomas , 1981 ) .  Broster & 

Thomas ( 1981 ) concluded that the previously less  generously fed animals 

gained o . 1 S kg/d more weight in mid lac tation than those well  fed 

throughout . Bryant & Trigg ( 1982 ) commented that whether the 

subsequent higher rate of liveweight gain is at ilie expense of  milk 

y ield or the result of the previously underfed cows achieving a higher 

intake than the cows wel l  fed throughout is unknown . 

1 . 3 . 3 . S Conclus ion For Response To Feeding By Dairy Cows 

The intake of a lactating cow is grea ter than non-lactat ing cow . 

Af ter parturit ion milk yield increases s teadily and reach maximum 

approximately 3S - SO days and thereaf ter declines steadily . In 

contras t ,  the voluntary herbage intake r ises much more s lowly and may 

not reach maximum unti l  many weeks af ter maximum milk yield . A 

lactating cow generally losses weight and body condition during this 

early lactation . A fat  cow has a lower voluntary herbage intake than a 

thin cow. The key factor in determining the benefit of  good feeding in 

) 
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early lactation is whether a res idual effect occurs thereaf ter . I t  

appears that the residual effec t of a short period of underfeeding in 

early lactation is small about 0 . 5 - 0 . 6 of immediate ef fect and they 

are conf ined to few weeks immediately following . The s ignif icant 

importance of the feed ing the cows before calving can be learned 

through the importance of the body reserve expressed in term of body 

cond ition score of the cows at calving . The early lactation is the 

period in which the cows respond bes t to feeding , thus the priorit ies 

for feed should be in this period . The time of underfeeding is 

unimportant in early lactat ion . 

1 . 4 DAIRY COW QUALITY 

1 . 4 . 1  HIGH AND LOW YIELD ING COWS 

Experiments concerning the effects of level of nutrition of  da iry 

cows has been concerned mainly with high yielding cows . There are 

numbers of  reviews providing information on the s tudies concerning what  

so called 'high yielding ' c ows (for  example : Moe & Tyrrel l ,  1974 ; 

Nelson et al . ,  1983 ; Broster & Alderman , 1 9 7 7 ;  Broster & Swan , 1 9 80 ) . 

Bros ter & Alderman ( 19 7 7 )  cons idered that High Y ielding cows could be 

reasonab ly regarded as producing milk yield of the order 7000 

Kg/lac tation (As in UK where the number of herds regristing average 

milk yield of 6500 Kg/lactation ) . 

For graz ing cows as pasture supplies are seasonal and varies 

markedly in both quanti t ies and qualities resulting in wide f luctuation 

in the level of feeding of cows . Thus milk yield per cow can not 

compare d irec t ly to European s tandard and even the cows with h ighest 

yields in New Zealand could easily be describ ed as Low Y ielding cows . 

Grainger ( 1982 )  pointed out that milk yields in New Zealand are 

relative to environmen t  condit ions . Grainger ( 19 8 2 )  gave def inition of 

High Y ielding cows as "the cow that can produce the mos t  milk under a 

given set  of environmental cond i t ion" . 
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Flat t  e t  al . ( 19 6 9 )  demonstrated the capacity of High Y ielding 

cows to mob ilise large quantities of body t issue during early lac tation 

and to depos i t  it late lactat ion . But could show no clear relation 

between amount of milk produced and the associated changes in body 

tissue . Moe & Tyrrell ( 19 75 )  showed also that there was no relation 

between the p roduc t ive ab ili ty of the cow and the associated changes in 

body t issue . From li terature reviews Grainger ( 1982 ) concluded 

evidence from calorimet ric s tudies shows tha t cows dif fering in 

produc t ive ab ility do no t dif fer in the eff iciency with which they used 

ME for to tal energy balance . 

Many experiments have shown that when the feed ing level is 

increased High Y ielding cows increase their milk yield to greater 

extent than do Low Y ielding cows (Bros ter et al . ,  1 9 69 , 1 9 7 5 ;  Hutton , 

1 9 7 5 ;  Johnson , 1 9 7 7 ;  Gleeson , 1 9 78 ) , whereas some experiments could 

no t show any dif ferent between cows po tent ial and responses (Jeff rey et 

al . ,  1 9 7 6 ; Johnson , 1 9 79 , O shgaard , 1 9 7 9 ; S teen & Gordon , 1 9 80 ) . The 

response to feeding by dairy cows have been summarised by Bros ter & 

Thomas ( 19 8 1 ) showed evidence where conserved forage was given at f ixed 

level , High Yielding cow show a greater response to addit ion feed than 

average , and that response was direc tly proport ional to cow po tent ial , 

and that advantage of cow potential is much exploited a t  higher planes 

of nutrition . And even when additional feed was given whe re conserved 

forage was given ad lib i tum , when inputs were expressed in term of ME 

there was still  a trend for High Y ielding cow to show greater response . 

1 .4 . 1 . 2 Part it ion of Nut r ient s towards Lactat ion 

Efficient ut ilization of absorbed nutrients for milk product ion 

involves a partitioning of a high proport ion of the nutrients to the 

mammary gland (Clark & Davis , 1983 ) .  If the s upply of nutrients from 

the diet is inadequate to mee t  the needs of  all t issues , a priority is 

estab lished among tissues for available nut rients (Hammond , 1952  cited 

in C lark & Davis , 1983 ) , which will vary depend ing on the physiological 

state of the animal . Partitioning of nutrients toward s pecific t issues 
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in the body involves two types of regulation , homeostasis and 

homeorhesis (see Bauman & Cur r ie , 1980 for def inition ) .  At the 

initiation of lactat ion , major  changes occur in the part itioning and 

utilizat ion of nutrients by var ious t issues of the body (Bauman & 

Currie , 1980 ) . These changes include increased overall nut r ient 

utilizat ion by the mammary gland , increased lipolys is and decreased 

l ipogenes is in adipose t is sue , increased gluconeogens is and 

glycogenolysis in liver , decreased use of glucose  and increased use 

l ipids as an energy source in mos t  body t issues , mobilization of 

protein and catabolism of amino acids in muscle and other t issues and 

increased absorpt ion and mob ilization of minerals from the ge t and 

bone . 

Bines & Har t ( 19 7 8 )  us ing data from Broster e t  al . ( 1 9 69 , 1 9 75 ) 

showed how the partit ioning of energy can vary between firs t lac tation 

cows given equal ration . From these where data from individuals within 

group on fixed diets were analysed by regress ing liveweight change on 

milk product ion ,  they showed that High Yielding cows produced ext ra 

milk a t  the expense of body reserves . Clark & Davis ( 19 8 3 )  also s tated 

that H igh Y ielding cows part i tion a larger percentage of absorbed 

nutrients to the mammary gland than do Low Yielding cows . 

1 .4 . 2 EVIDENCE O F  IMPROVED COW QUALITY BY SELECTION 

Hickman ( 19 7 1 )  was ab le to illustrate the evidence of improving 

production traits by selection based on a series of selection 

experiment . He showed the response to selec t ion for 180  day total 

solids  yield has improved as much as theoretically expected from 

select ion differential and heritab ilities . Growth rate of heifers and 

feed consump t ion have improved for both Hols tein and Ayrshi re . Feed 

convers ion eff ic iency for growth has improved for Holstein , whereas 

feed conversion eff iciency for milk has improved but improvement was 

s ignif icant only for Holstein. The improved eff iciency for milk for 

Hol stein was accompanied by a signif icant decrease in weigh t  gain 

during lactation. 
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Freeman ( 19 7 5 )  reviews experimental data relating t o  genetic 

var ia tion in nut rition of dairy cat t le and was able to conclude that 

there is no doubt tha t  when selection is applied , milk produc tion is 

increased but there is little or no real knowledge as to the 

physiological changes caused by s elec tion . Recently , Grieve et a l .  

( 19 76 ) , Hind ( 19 7 9 )  have provided evidences f o r  the effect o f  select ion 

on produc tive traits under a dif ferential feeding regime . Hind ( 19 7 9 )  

found that select ion for increased milk yield resulted in increases in 

feed intake and e f f ic iency of production . 

1 . 4 . 3 GENETIC VARIATION IN NUTRITION O F  DAIRY COWS 

1 .4 . 3 . 1  Breed D if ferences 

From their  trials , Dickinson et al . ( 1969 ) concluded that the 

dif ferences be tween breeds (namely Ayrshire , Brown Swiss and Holstein )  

were real f o r  gross eff ic iency . They found that at given body weight , 

Ho lsteins were more eff icient than o ther b reeds . 

1 . 4 . 3 . 2 Heritab ilities of Feed Efficiency 

Freeman ( 1 9 7 5 )  indicated that heritab ility of feed e f f ic iency is 

greater than zero and is , in fac t , relat ively large . From literature , 

Freeman concluded that there are genet ic differences within b reeds and 

are large enough that genet ic progress could be made if selec tion is 

practiced for increasing feed effic iency for milk production . 

1 .4 . 3 . 3 Genetic D if ferences in Feed Intake 

Freeman ( 19 7 5 )  showed evidence that the 

intakes are generally high ranging from 

repeatab ili ty 

0 . 22  to 0 .8 6 , 

of food 

whereas 

heritabilities , in general , are clearly greater than zero indicat ing 

that a substant ial protions of total variation in feed intake is 

controlled by largely additive genet ic effects . An heritab ility 

est imate of 0 .42+0 . 1  has been calculated for net energy intake by 

lactating cows (Miller et al . ,  1 9 72 ) . 
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1 .4 . 3 .4 Genet ic Variat ion Maintenance Requirement 

Tayler et al . ( 198 1 )  showed evidence that there  is s ignif icant 

differences between animal in effic iency of utilisation of enery for 

maintenance , the genet ic coeff icient of variation being 0 .064 and the 

repeat ab ility within-animal was 0 . 1 .  

1 . 4 . 3 . S  Heritability of Yield Traits 

Kennedy ( 1982 ) outlines that heritabilities of yield traits , 

indcluding milk yield , are about . 2s .  Heritabilities of percentage 

traits are at least  twice as large and range from .SO to .60 . 

Heritabilit ies od ratios of SNF/fat and protein/fat range from .SS to 

. 60 and are similar to those of percentage traits . Maij ala & Hana 

( 19 7 4 )  calculated weighted averages of heritabilit ies for firs t-parity 

milk is . 25 and fat is . 2 3 , and they indicated that heri tab ili ties 

decreased with progressive parities . Berger et al . ( )  computed 

heritab il ities of FCM for yield at 60 , 180 , 30S days of lacta tion are , 

. 2 1 , . 2 8  and . 24 respect ively . Shanks st  al . ( 1 9 8 2 )  also showed that 

heritab ility of mature-equivalent milk production declined as lac tat ion 

number increased . 

1 .4 . 4 EVIDENCE O F  GENETIC IMPROVEMENT O F  DAIRY CO WS IN NEW ZEALAND 

Wickam ( 19 7 9 )  provided evidence that the estimated BI value of a 

cow is a good measure of her genetic merit  for milk p roduction,  Wickam 

et al . ( 19 7 8 ) , MacMillan ( 1982)  provided the evidence of genet ic 

improvement of New Zealand , dairy catt le which has been b rough t  about 

by the use of genetically superior bulls in the Art i f icial Breeding 

(AB ) Scheme . And Wickam e t  al . ( 1 9 78 )  indicated that product ion per 

cow has certainly increased as a result of this select ion program. The 

average milk fat  yield of the artific ially b red progeny minus the milk 

f a t  yield of the naturally bred progeny ranged from 7 kg in 1970/7 1  to 

1 1  kg in 1 9 7 S / 76 . The measured differences in milk yield between the 

two sources of the herd sire were  in agreement with the predic ted 

differences based on the difference in genet ic merit  of the s ires 

involved . 
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The New Zealand Dairy Board , in their Annual Farm Produc t ion 

Report , record the changes that have occured in BI values for cows in 

New Zealand dairy herd and proven bulls used in artif icial b reeding . 

Selected data f rom the 1 9 79 /80 Report are given in Table 1 . 7 .  

Table 1 . 7 :  The data for genet ic improvement in NZ dairy cows . 

Season Average BI Average BI of cows 

of bulls Sired by All o thers 

Proven bulls cows 

195 3/54 1 0 7  100 1 00 

1959/60 1 1 3 105 100 

1 969/70 124  1 1 0 104 

1 9 79 /80 1 34 1 18 1 10 

From Table 7 ,  there has been clearly an improvement in genetic 

merit of the proven bulls used in artif icial breeding s ince 1 9 5 3 /54 . 

The average BI of all other cows has increased also but les s  than the 

cows sired by proven bulled . This increase is due part ly by the fac t  

that art if icial breeding has been used somewhere i n  their ancest ry ,  but 

the extent of this is not known . 

1 .4 .5 NEW ZEALAND FRIESIAN VS . EUROPEAN- AND HOLSTEIN-FRIESIAN 

Jasiorowski et al . ( 19 8 3 )  reported the results of the proj ect on 

testing 10 Fries ian strains in Poland . 

conformation characterist ics were s tudied . 

Milk product ion and 

The average first  lac tation 

milk yield was 4970 kg with 3 . 9 7 %  butter-fa t  and 3 .54% protein . The 

strains of Holstein-Friesian type differed from o ther geno types . 

Heifers by America , Canada , and Israeli sires produced the g reatest 

amount of milk and protein , while the highest comp os i t ional quality 

tended to  be  in the stra ins f rom Dutch and New Zealand s ires . 



Table 1 . 8 :  Rank of to tal but ter fat  and pro te in yield for 

10 s t rains of Fries ian cows 

Strain Butter  fat and protein yield (Kg ) 

Total per lac tation Per 1 00 kg of liveweight 

New Zealand 386 69 

Canada 383 67 

United Sta tes 380 66 

I srael 380 66 

Great Britain 378 68 

Wes t Germany 3 7 5  6 6  

The Netherlands 374  68 

Sweden 370  64 

Denmark 3 5 7  6 3  

Poland 334 60 

( Source : Jas iorowski et al . ,  1983 ) 
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As far as milk is concerned F 1  cows of New Zea l and strain took 

f if th pos ition , but they produced milk with the highes t f a t  

concentration and , the highes t f a t  yield . Deciding which o f  the tes t 

strains in intensive feeding conditions is mos t eff icient is diff icult  

because this evalua t ion may vary depending on  the criteria applied . 

Table 1 . 8 ,  gives some guide for the value of the tested strains in 

intensive dairy husbandry under Polish conditions the genotypes were 

ranked on the bas is of total but ter fat and protein yield in the first  

lactation . These data show that the yield of these two main milk 

components does not differ  greatly in the fir s t  f ive s t rains . 
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1 .4 . 6 PRODUCTION CHARACTERISTICS O F  HIGH BI  AND LOW BI COWS 

Work at both Massey University and Ruakura Agricultural Res earch 

Centre has highlight ed the signif icance of cow quality (Bryan t , 1 9 8 2b ;  

Grainger , 1 9 82 ; Davey e t  al . ,  1 9 83 ) . The genetic merit  of dairy cows 

in New Zealand for milk or milk fat is indicat ed by their b reeding 

index (BI ) , which shows the relative genetic merit  of a cow to produce 

milk or milk fat in comparision to a baseline of 100 , representing the 

average cow in the early 1 9 60 ' s  (Davey et al . ,  1 9 83 ) . For a female , BI 

is a weighted combination of her own produc t ion records and the BI ' s  of 

her sire and dam. The method of calculating BI has recently been 

outlined (Rumbal l ,  1 9 7 5 ;  Wickam & S tichbury , 1 9 8 0 ;  Holme s , 1 9 8� ) .  

But the reason for the resultant produc t ion advantages of the 

genetically superior cows are largely unknown espec ially for dairy 

cat tle grazed mainly on pas ture . Bryant ( 1 9 7 8 )  indicated the need to 

quant ify the maj or component of cow eff ic iency for exploita tion of 

cow ' s  production po tent ial when grazed on pas ture . Series of 

experiments are carrying out at Massey University and Ruakura 

Agricultural Research Centre to examine the differences between the 

cows with differing genetic merit .  For Massey ' s  work , two group of 

NZ-Fries ian cows which differed in their gene t ic merit  for milk fat 

production by 2 3  BI units ( ( 20 kg Fat on the UK Improved Contemporary 

Comparision scale ) ,  which means that the expected dif ferences in milk 

f a t  produc tion between the two groups would be approxima tely 2 3 %  of 

their average production . The High BI group has an average BI value of 

1 26 while the Low BI group has an average 102 units . 

1 .4 . 7  Production Performances 

Results from Ruakura and Massey are in agreement in showing tha t  

High B I  produce more milk fat  and gain less liveweigh t  and condit ion 

over lactation than Low BI cows (Bryant , 1 9 82 ; Grainger , 1 9 82 ; Davey 

et al . ,  1 9 8 3 ) .  At Mass ey ,  Low BI cows were cons istently heavier than 

High BI cows . 

There was general agreement 

experiments that the intake of 

h igher for the High BI than Low BI 

between the Ruakura and Massey 

ME per unit metabolic liveweight was 

cows . Grainger ( 1982 ) indicated 
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that under grazing and indoors system of feed ing , the  animals o f  high 

genetic merit  ate more than animals of low genet ic merit (but not 

s ignif icant ) .  Bryant ( 19 8 1 , 1982 ) showed that a t  given herbage 

allowance , dry High BI cows grazed more s everely than dry Low BI cows . 

As a consequence the High BI cows achieve higher intake and l iveweight 

gain . Furthermore ,  when these cows were grazed together Bryant ( 19 8 2 )  

indicated that High B I  cows outcomplete the Low BI cows a t  res t ricted 

pasture allowance and achieve higher rates of l iveweigh t  gain . 

1 . 4 . 7 . 1  Energy Metabolism 

In the Ruakura experiments , during two years a to tal of 1 1 6 energy 

balances have been estab lished on equal numbers of High BI and Low BI 

cows at two levels of intake . Trigg ( 19 8 1 ) reported that par t i t ioning 

of gross energy intakes b ased on 40 balances for each BI was s imilar 

for High BI and Low BI cows . Within cow regress ion o f  heat , milk and 

t issue on ME intake for each stage of lactat ion showed that the 

regression for the BI group did not dif fer in term of s lope or 

intercep t . The effic iency of use of ME for milk produc t ion p lus t issue 

was s imilar for both High BI & Low BI . In the 

(Grainge r , 1982 ; Davey et  a l . , 1983 ) , a t  a f ixed 

pari tioned more of their ME to the synthes is of 

l iveweigh t  gain than the Low BI 

s ignif icant only in late lactation ) . 

1 .4 . 7 . 2 Grazing and Milking Behaviour 

cows (but 

Mas s ey experiment s 

intake , High BI cows 

mil k  and l es s  to 

the difference was 

Avare & Kilgour ( 1982 ) reported that there were no difference in 

grazing , l aying or standing times between High BI and Low BI cows 

during early or mid lactation . High BI cows grazed longer during late 

lac tation . There were no dif ference in daytime drinking f requency . 

early 

They also reported that High BI cows had shorter milking t imes in 

lactation but these differences deminished as lac tation 

progressed . No relationships between milking entrance o rder or milking 

temperment and breeding index were found . 
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1 .4 . 7 . 3  Marginal & Gross Effic iency O f  Milk Fat Produc t ion 

Marginal Eff ic iency 

For animals of differing geno types , Grainger ( 1982 ) demons trated 

that High BI had a greater marginal eff ic iencies than Low BI , but the 

dif ferences between genotypes were not s ignificant . This was in 

agreement with Bryant ( 19 8 1 ) .  

Gross Effic iency 

For milk production , the average gross eff iciencies of High BI 

were almost invariably higher than those of the Low BI cows in both 

Massey and Ruakura experiment . 

For milk fat product ion , for Massey works Grainger ( 19 82 ) 

illustrated that the gross eff ic ienc ies at fixed intake was 

signific antly greater (P<O . OS ) for High BI cows than Low BI cows . The 

reason g iven appears to be associated with the fact that High BI cows 

partit ion more of their ME to milk product ion than to l iveweight gain , 

whereas it  is revers e  for Low BI cows . 
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The experiment was carried out a t  Dairy Cat tle Research Uni t , 

Mas sey Univers i ty ,  Palmers ton North , New Zealand during the spring of 

1 982 . The experiments were des igned to s tudy the p roduct ion 

performances and the response of cows differing in b re eding index and 

these cows when they calve at dif fering body condit ions to differing 

levels of feeding . 

2 . 1  OVERVIEW O F  EXPERIMENT DES IGN 

The experiment cons ists of three periods namely , ?re-experimental , 

Experimental and Pos t-experimental periods . 

2 . 1 . 1  ?re-expe rimental Per iod 

( 7 th to 14th October , 1 982 ) 

And the cows were managed in one group des ignated as High and Low 

BI herd . During Pre-experiment periods , milk yield , milk fat  and milk 

protein content were measured in three consecutive days per week . All 

High and Low BI cows were  weighed and condition scored in two 

consecutive days before the s tart of the exper iment . 

2 . 1 . 2 Experimental Period 

( 15 th October  to 5th November , 1 982 ) 

The cows were allocated to  treatments according to thei r  BI and 

condition at calving groups feeding regime namely Generous and 

Restrict ed . 

And f or each BI group there were two subgroups namely ; 

( 1 )  Fat at calving , 

and (2 )  Thin at calving . 



There were four main groups of cow which wer e ;  

( 1 )  High BI , Generous feeding , 

( 2 )  Low BI , Generous feeding , 

(3 ) High BI , Res tricted feeding , 

and (4 )  Low BI , Restricted feeding . 
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Totally there were 8 treatments (Table 2 . 1 ) . And the des ign was a 

2x2x2 fac torial des ign . The four main groups were grazed in p lots 

adj acent to each other in each of the paddock . 

Table 2 . 1 :  Number of animals in each t reatment for grazing t rials . 

Feed ing Regime Generous Res tric ted 

Breed ing Index High BI Low BI  High BI Low BI  

�ond ition at calving 

Fat at calving 3 3 3 3 

Thin at  calving 3 3 3 3 

Herbage mass ,  residual herbage mass ,  milk yield , milk fat  and milk 

protein concentrate were meassured during this experimental period . 

The representat ive samp les of pas ture g razed to grazing height by cows 

were mowed by rotary mower and subj ected to digestib ility  trials using 

sheep , detials are given later . 

At the end of the experimental period , the cows were condition 

scored and weighed . 



40 

2 . 1 . 3 Pos t-experimental Period 

(6th November 1982 to 1 st March , 1983 )  

During the post-experimental period cows were grazed together in 

one herd . Milk yiel d ,  milk fat and milk protein concentrate were 

measured weekly in two consecut ive days per week throughout the rest of 

lac tation . The cows ' liveweights and condition scores were measured at  

two occasions thereaf ter . 

2 . 2 ENVI RONMENTS OF THE EXPERIMENTS 

2 . 2 . 1  Pas ture 

The pas ture consisted p redominantly of perennial rye grass and 

white clover . 

2 . 2 . 2 Animals 

Fries ian cows wer e  used . The cows were indentif ied into High and 

Low BI by the Farm Produc t ion D ivision of the New Zealand Dairy Boar d .  

The High BI  were having B I  value o n  average 125  while Low BI were 

having BI value of 1 05 . The individual cow numbers and their 

respective BI values a re g iven in Appendix I .  

Prior to  calving the cows had been grazed on pasture and /or  were 

f ed on hay in different amount to ensure that there were two body 

condition group of cows which were Fat at calving and Thin at  calving . 

The Fat at calving cows had an average cond i t ion score of  5 . 7 ,  the Thin 

at calving had an average condition score of 3 . 8 .  
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• 

2 .3 FEEDING REGIME AND ASSOCIATED PARAMETERS MEASSURED 

2 . 3 . 1  Herbage Mass  
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At  the start  of the grazing for  each paddock , the herbage mass  was 

estimated by the herb age cutt ing technique (cutting random quadrates to  

ground level with a portable hand shearing , washing the herbage and 
0 

measuring the weight of the material af ter oven dry a t  85  C for 

approximately 48 hours . Twenty random samples were cut from each 

paddock and the mean herbage mass was used for the calculat ion of 

herbage DM allowance and intake • •  

2 . 3 . 2 Herbage Allowance 

The levels of herbage al lowance were achieved by cont rolling 

grazing area using . temporary elec t ric fences . The two herbage 

allowances offered were des igned to al low approximately 40 and 20 kg 

DM/cow/day and were des ignated as Generous and Res t r ic ted feeding 

regime respectively . 

2 . 3 . 3 Residual Herbage Mass 

Approximately 20  random samples were cut from each of the four 

main p lots from each paddock after grazing by the sward cut t ing 

technique to ob tained the res idual herbage mas s .  

2 .4 ESTIMATION O F  HERBAGE DM INTAKE 

Two me thods were used to estimate herbage DM by the grazing cows 

namely , sward-cut t ing and Cr� 03 marker techniques . 

2 .4 . 1  Estmate Herbage DM Intake Sward-Cut ting Technique 

Herbage DM intake was estimated by _ the difference between the 

herbage allowance per cow and the residual herbage mass per cow. 



2 .4 . 2 Estimate Herbage DM Intake Using Chromic Oxide Technique 

2 .4 . 2 . 1  Faecal Output 
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Faecal output were measured by using chromium sesquioxide (Cr7o3 ) 

as the marker . Twenty cows were selected from the cows in the 

pre-expe rimental experiment and dosed twice daily after milking with a 

gelatine capsule containing 1 0  g Cr� O� in oil  ( R .P .  Sherer P ty ,  L td . , 

Austral ia ) .  An equilibrium per iod of 7 days was used to allowed steady 

state condition to be attained , this was followed immediately by the 1 0  

days col lect ion period . Samples of faeces were taken per rectum twice 

daily after milking and bulked . 

0 
The faeces collected from cows were dried in an oven at  85 C for 7 

days and subsequently ground ( 1  mm s ieve ) . The chromium concent ration 

of the ground dry faeces was determined by the method of Fenton & 

Fenton ( 1 9 7 9 , det ials given in Grainger , 1982 ) .  

2 . 4 . 2 . 2  Est imate DM intake 

Herbage DM intake was cal culated by;  

Herbage DM Intake Faecal Output 

( 1 in vivo diges t ib ility %)  

2 . 5 ESTIMATE O F  D IGESTIBILITY OF PASTURE 

2 . 5 . 1 Es t imat ion o f  the Qual i ty of Herbage Consumed 

Samples of the oven dried herbage from the sward cut ting technique 

from both before and af ter g raz ing cutt ing were taken ( Section 2 . 1 . 2 . 1  

and 2 . 1 . 2 . 3 ) . The samples w�re sub j ec ted to in vitro diges t ib ility 

est imation by fungal cellulase solubility technique (Roughan & Holland , 

197 7 ) . 
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The results were converted to  in vivo values and expressed in in vivo 

diges t ib i l i ty DM (Grassland Analyt ical Laboratory , Palmer ston Nor th , 

New Zealand ) ,  b y ;  

I n  vivo D MD  a 0 . 98 Cellulase digestib il i ty - 1 0 . 1 2  

2 . 5 . 2 Est imate In Vivo D iges t ib i l i ty 

The in vivo DM diges t ib ility of the pas ture was es t imated us ing 

sheep (non-pregnant , non-lac tat ing ) fed to maintain weight (ARC , 1 9 65 ) . 

Sheep were fed on representa tive s amp les of pas ture which had been cut 

with a lawn mower to graz ing height before graz ing . Allowing for 

adj us ted period for 1 0  days , the faeces were collect ed thereaf ter for 

10 days and bulked . The samp les of un-eaten feed and faeces were oven 
0 

dried at 85  C for dry matter determination , and the digest ib i l i ty DM 

val ue was calcula ted for ind ividual sheep . 

2 . 6 MEASURMENTS O F  ANIMAL PRODUCTION 

2 . 6 . 1  Milk Produc t ion 

The milk y ield was measured by milk sampling meters ( Tru-tes t 

Distributer Ltd . )  which sampled a proportion of milk flow of each cow. 

Daily milk yield was recorded as the yield of milk at the evening 

milking p lus the milk yield at the next morning milking . The milk 

yield was measured for two consecutive days weekly throughout lactat ion 

except during Pre-experimental and experimental periods . During 

three Pre-experimental periods 

consecutive days , while 

for f our consecut ive days . 

milk yields were measured for 

during the experimental periods were measured 
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2 .6 . 2  Fat and Protein Concentration in Milk 

The milk samples from the evening and the morning milking were 

comb ined and tested for fat and protein concentration . For fat 

concentration , a Milko-tester , Mark Ill  F 3 1 40 (A/s N Foss Elec t ric , 

Denmark) was used . For milk protein concentration , a Pro-milk t es ter , 

Mark II  1 2500 (A/s Foss Elec tric , Denmark) was used . From milk yield , 

milk fat concentration and milk protein concentration the milk fat  

y ield and milk protein yield were calculated for each cows . 

2 . 6 . 3 Fat ty Acid Compos ition of Milk Fat 

Samp les of milk and sulphuric acids ( 18 m1 of each ) were mixed in 

Babcock test bot tles by ro tary ac tion then spun in a cent rifuge for 

f ive minutes . The fat was s iphoned out .  Fat ty ac ids were analysed 

using Va rian Aerog raph 1200 Gas Chromatograph (Morrison , 1 9 76 ) . 

P roportion of the individua l  fatty ac ids were obt a ined by us ing a 

Varian Aerograph Digital Integrator 480 (see detials in Grainger , 

1982 ) . 

2 . 6 . 4 Liveweight 

Cows were fasted overnight (without food and water approximately 

10 hours ) and weighed the following morning . The weight of each cow 

af ter the f inish qf the experiment were obtained af ter the cows had 

returned to the herd for 3 days . This was done to ensure that the the 

cows in two feeding regime were given enough t imes to equalise their 

gut concentrate.  

2 . 6 .5 Condit ion Score 

The condition score (see page 1 8 )  of  each cow was scored 

independently by three observers on two consecutive days a t  the s tart 

and a t  the end of each of the experiment and scored again a t  intervals 

of two occasions at two months interval � 
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2 . 1  STATISTICAL ANALYSES 

The data obt ained were analysed using SPSS computer package (Hull 

& Nui ,  198 1 ) .  Cows ' milk product ion records were f iled with cows ' 

number and dat es . Then the f ile  was read into SPSS system f ile  and 

through the data manipulation cards , the t reatment s  were ab le to  be 

sorted . By AGGREGATE PROCEDURE the mean val ues of each cow and each of 

the treatment in each week were obtained . The mean values were used in 

MANOVA op tions for the analysis of va riance and analysis of covariance . 

These mean values were also used in GRAPHICS op t ions the drawing of the 

results . The data for milk product ion (ie . milk yield , FCM, milkfat 

and protein yield ) ,  fat and protein concentration , liveweigh t  and 

condit ion sco res obtained during Pre-experiment periods were subj ected 

to analys is of variance . The data obtained during Experimental- and 

Pos t-experimental pe riods were subj ected to analys es of covar iance 

us ing the means ob tained for each cow as covariates . Fo r pas ture DM 

intake obtained f rom chromic oxide technique were subj ec ted to analys is 

of variance . 
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3 R E S U L T S 

C H A P T E R 3 

3 . 1  LACTATION PERFORMANCES 

3 . 1 . 1  MILK YIELD 

46 

Milk yield of individual High BI and Low BI cows ob tained during 

1 982/83 season are illustrated in Figure 3 . 1A and summarized in Table 

3 . 1  and given in Appendix I & II , which were the act ual yield  of the 

cows with differ ing lactat ion lengths . The average values (kg/cow/day ) 

over lactat ion were ob tained from the first  30 week of lac tat ion . From 

Figure ) . lC shows that Fat cows produced more milk than Thin cows . 

When milk yields were converted into FCM ( Fat Correc ted Mil k )  yield 

us ing , FCM = ( 0 . 4 Milk yield + 15  Fat yield ) , the results  are 

illust rated in Figure 3 . 1  B ,D .  

Table 3 . 1 :  Lac tation performances of the High and Low BI  cows , 

total yield for 1982/83 season . 

Breeding index High BI Low BI 

Condit ion Fat Thin Fat Thin 

Milk Yield (kg/cow) 4472 4299 4136  3386 

FCM (kg/cow) 4968 4744 4293  3574  

Fat Yield (kg/cow)  2 19 208 183  152  

Protein Yield (kg/cow) 1 6 7  1 6 2  1 4 7  1 2 5  

Fat Concentration (g/kg milk) 50 .4 - 50 . 0  46 . 9  46 . 2  

Protein Concentration (g/kg milk) 38 . 4  38 . 8  37 . 4  3 7 . 6  
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3 . 1 . 2 MILK FAT YIELD 

The results of milk fat yield (kg/cow/day ) of ind ividual cow 

throughout lac tat ion are illustrated in Figure 3 . 2 ,  summarised in Table 

3 . 1  and given in Appendix I & II . High BI cows produced 23 % mo re than 

Low BI cows , Fat cows produced 1 2 . 4  % more than Thin cows . The 

decl ines of milk fat yield for the two geno types were s imil ar as 

lactat ion prog ressed (Figure 3 . 2A & Appendix I I ) . The fat produc t ion 

advantages of Fat cows over Thin cows were high during the first  10 

weeks of lactat ion , thereaf ter the dec lines of fat yield were s imilar 

as lac ta t ion p rog res sed ( Figure 3 . 28 & Append ix I I ) . 
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3 . 1 . 3 MILK PROTEIN YIELD 

The results of milk protein yield for individual cows are 

illust rated in Figure 3 . 3 summarised in Tab le 3 . 1  and g iven in Appendix 

I & II . High BI produced 1 7 . 9 % more milk protein than Low BI cows and 

the Fat cows produced 9 % more milk protein than the Thin cows . The 

decl ines of protein yield for both geno types and for both cond i t ion at 

calving cows were s imilar as lactation progressed . 
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(B)  Fat cows ( ) ,  Thin cows ( • • • • • • ) • 
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3 . 1 . 4 MILK FAT CONCENTRATION 

The results of milk fat concent rat ion (g /kg milk ) for individual 

cows · are illust rated in Figure 3 . 4 ,  summarised in Table 3 . 1  and given 

in Appendix I & II . From Figure 3 . 4A, milk fat  concentrat ion of the 

cows increased s teadily as lac tat ion advanced . High BI cows ' milk 

contained more fat than Low BI cows ' milk . The fat concentrat ion of 

milk of Fat cows were higher than the milk of Thin cows during the 

f i rst lO weeks of lactat ion and thereafter  the i r  fat concent rat ions in 

milk were s imil a r . 
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3 . 1 . 5 MILK PROTEIN CONCENTRATION 

The results of  milk protein concent ration (g/kg mil k )  for 

individual cows are i l lus trated in Figure 3 . 5 ,  summarised in Tab le 3 . 1  

and given in Appendix I & II . From Figure 3 . 5A,  milk p rotein 

concent ration declined suddenly after calving unt il week 5th of 

lactat ion and rema ined cons tant unt il  week 25 th of lactat ion when they 

were increased suddenly until the end of lac tation . High BI cows ' milk 

conta in more prote in than Low BI cows ' mil k .  Thin cows ' milk contained 

s l ightly mo re prote in than Fa t cows ' mil k .  

�!J=ROCON) Wli WEEXS BY El 

Figure 3 . 5 :  Pro tein Concent rat ion 
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(A) High BI ( __ ) ,  Low BI cows ( • • • • •  ) 
{B ) Fat ( ) ,  Thin cows ( • • • • • •  ) . 

(Vert ical line indicates drying-of f commence ) 



3 . 1 . 6 FATTY ACID COMPO S ITION OF  MILK 

5 2  

Fat ty acid compos i t ion obtained during 2-4 week ( 1 2-24 Sep t . )  of 

lac tation f rom 2 4  cows from High and Low BI herd when cows were fed  

generous ly are  given in Table  3 . 2 .  From Tab le 3 . 2 , which also  showed 

the mean values of High BI and Low BI cows ' milk and mean values of the 

milk of these cows when they were Fat cows and Thin cows , the mean 

values for entire samp le are also given together with the s igf icant of  

F values (only the values greater than unity are given ) .  The fatty  

acids composition of milk were grouped into three categor ies namely 

sho rt chain (C4 : 0  to C l S : O ) , medium chain (C l 6 : 0  to C l 7 : 0 )  and long 

chain ( c l 8 : 0  to C l 8 : 3 )  ac ids . High BI cows ' and low BI cows milk 

contained s imilar fat ty acids . Fat cows ' milk  contained s igni f icantly  

(P< . 0 5 )  lower mole % of  short chain acids but  contained s ligh t ly higher 

mole % of  long chain acids than Thin cows ' milk . 

3 . 1 . 7 L IVEWEIGHT 

The cows ' liveweight for the 1 982 /83 at calving and 24 th week of 

lac tation are give in Appendix I .  The results  showed that the Low B I  

cows were heavier than H igh BI cows . The cows ' liveweight changes 

throughout the early part of lac tat ion is i l lus t rated in Figure Figure 

3 . 6A. The Fat cows ' and Thin cows ' liveweights are illustrated in 

Figure 3 . 6 B .  

3 . 1 . 8 CONDITION SCORE 

The cond ition s cores of ind ividual cows for  the 1 982 /83 at calving 

and at  24th week of lac tat ion are given in Appendix I ,  and are 

illust rated in Figure Figure 3 . 6 B From Figure 3 . 6 C,  shows that Low BI 

cows had higher cond i t ion score than High BI . Fat cows los t  thei r  

condit ion scores during the f irst  1 0  weeks o f  lactation and thereafter  

they gained condition scores . Thin cows gained thei r  cond i t ion scores 

immediately after calving . 



Tab le 3 . 2 : Fat ty acid compos i t ion of  milk of High and Low BI cows 

and Fat and Thin cows generously fed early lactat ion 

Breeding Index Condi t ion S ig .  o f  F* 

HBI LBI Fat Thin Mean+SE B c BxC 

C4 : 0  4 . 42 4 . 42 4 . 6 2  4 . 4 2  4 .42+ . 5 1  - . o s -

C6 : 0  3 . 3 1  3 . 2 7  3 . 3 7  3 . 2 1  3 . 29+ . 34 - - -

C8 : 0  1 . 9 7  1 . 9 3  1 . 95 1 . 9 5  1 . 95+ . 2 3  - - -

C10 : 0  4 . 1 1  4 . 20 3 . 96 4 . 35 4 . 1 5+ . 56 - - -

C10 : 1  0 . 35  0 . 34 0 . 33  0 . 3 6  0 . 34+ .06  - - -

C 1 2 : 0  4 . 56 4 . 6 2  4 . 3 1  4 . 88 4 . 5 8+ .  7 3  - . 64 -

C14 : 0  12 . 2 2 12 . 5 7  1 1 . 90  1 2 . 89 1 2 . 37+ . 8 5  - .003  -

C14 : 1  1 . 50 1 . 30 1 . 3 1  1 � 5 3  1 . 42+ . 39 - - -

C 1 5 : 0  1 . 75 1 . 60 1 . 55  1 . 8 3  1 . 6 9+ . 20 . 006 . ooo -

C 1 6 : 0  2 7 . 4  2 7  . s  2 7 . 1  2 7 . 7  2 7 . 4+1 . 82 - - -

C1 6 : 1  2 . 7 9  2 . 48 2 .4 7  2 . 85 2 . 65+ . 69  - - -

C1 7 . 0 0 . 9 7  0 . 86 0 . 94 0 . 9 0  0 . 9 2+ . 2 1  - - -

C 1 8 : 0  1 1 . 6 1  1 1 . 1 8 1 1 .94  1 0 . 8 7  1 1 . 4 3+ 1 . 4 5  - . 093  -

C 1 8 : 1  20 . 4 2  2 1 . 23 2 1 . 6 1  1 9 . 86 20 . 7 7+2 . 45 - . on -

C 1 8 : 2  1 . 4 3  1 . 5 3  1 .4 3  1 . 5 2  1 . 47+ . 59 - - -

C 1 8 : 3  1 . 2 3  1 . 0 3  1 . 19 1 . 09 1 . 1 4+ . 5 8  - - . 055 

SHORT 34 . 19 34 . 24 3 3 . 30 35 . 2 0  34 . 2 1+2 . 26 - . 049  -

MEDIUM 3 1 . 1 3 30 . 79 30 . 5 4  3 1 . 46 30 . 9 8+1 . 7 1  - - -

LONG 34 . 69 34 . 9 7  36 . 1 6 33 . 34 34 . 8 1+3 . 40 - . 053  -

* B � Breed ing Ind ex ,  C • Cond i tion , BxC • Interaction E f fe c t .  

5 3  



� 

MEAN0NEJGH0 Vv11H WEEKS BY 81 

.... 
.. 

,•' 

... ·· 
...... ···· 

A 

.....
.. 

......... · 
_ ___ ___... " _...---

- .. ,.,. 
..... -... •· 

__ ....---

�+---�----r----r----r---� 
0 ' 10 " 20 

WEEKS, of Lactation 
2.5 

tv!EANCW'EJGH() W11 WEEKS BY CONJI 
sso 

-

... 

J 
' 

- 0 5 10 15 2D 2:5 
'l'lm<S, d Loctatlon 

Figure 3 . 6 :  Liveweight 

• 

Q) 
1-1 8 •. , 

(A) en 

Legend .. 

· �  
. �·-·--

3.5 

MEAN(SCORE.) Wl-l WEEKS BY 81 

0 ' � � 20 
WEEKS, of Lactation 

�£AN(SCORE_) WJ1 WEEKS BY COtVI 
5.5 

/A 

/"' 
5 

/ ,,. 

/ 
Q) 
1-1 
0 4.5 
t) 

en 

(C) 6 

Legend 
· �  
· �  15 0 5 10 15 2D 2:5 

wrn<:s. d L.octation 

(A) High BI and Low BI cows 
( C )  Fat and Thin cows 

Condition Score {B)  High BI and Low BI cows 
(D ) Fat and Thin cows 

54 

(B) 
Legend 

· �  
• hi!! ___ 

(D) 
Legrd 

.. � ..... 
· �  



3 . 2 RESULTS FROM GRAZING TRIALS 

3 . 2 . 1  MILK Y IELD 

3 . 2 . 1 . 1  Milk Yield During 3 Week Pre-exper imental Period 

5 5  

Milk y ield of the cows used during pre-experimental period are 

given in Tab le 3 . 3 .  H igh BI cows produced s lightly more milk than Low 

Bl cow (no t s ignif icant ) and Fat cows produced s ligh t ly mo re milk than 

Thin cows (not s ignif icant ) .  

Tab le 3 . 3 :  Milk yield during pre-exper imental period, (kg/cow/day) 

High BI Low BI D if f .  

Mean 24 . 3  2 1 . 3  3 . 0 

Fat at calving 24 . 6  25 . 9+3 . 9 22 . 8+4 .4  3 . 1  

Thin a t  calving 2 1 . 2  22 .5+4 . 2 20 . 0+2 .4  2 . 5 -

D if f . 3 . 3 3 . 4 2 . 8  

For Ent ire Sample Mean 22 . 9+4 . 2  

�UMMARY OF ANOVA Source of  Variation Sig . of F 

BI .061  

Condi tion .053  

BI  x Condition . 8 5 1  
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3 . 2 . 1 . 2  Milk Yield During Experimental Period, Cova riance Adjusted 

The unadjus ted milk yield of the Generous and Rest r ic ted groups 

during the experimental period are illust rated in Figure 3 . 7 .  The 

covar iance adjus ted milk y ield of the 8 treatments g iven in Tab le  3 . 4 ,  

and i llust rated in Append ix I l l . Restric ted feed ing for 3 weeks 

s ign i f icant ly (P< . 00 1 )  reduced covariance adj us ted milk yield by 9 1  

kg/cow (4 . 3  kg/cow/day ) during experimental period , and reduced 

covar iance milk y ield by 1 1 7 kg/cow in 19 weeks (af ter the s ta r t  of the 

expe r iment ) .  There were no s ignif icant d i f f e rences between H igh BI and 

Low BI cows nor between Fa t and Thin cows in milk y ield in response to 

dif ferent ial feed ing . There were no s igni f icant 

d i fferential feeding during Post-experimental per iod . 

ef fects  of 
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Figure 3 . 7 : Milk yield due to different ial feeding (A) Generous ( ) and Rest ricted Feeding ( • • • •  ) 
(B )  For the fo�in treatments 



Tab le 3 . 4 :  Milk yie ld due to dif ferent ial feeding, al l values 

have been covariance adjusted except pre-expe r .  resul t s  

Genotypes High BI Low BI 

Cond i t ion Fat Thin  Fat Thin 

Feed ing regimes* Gen . Res . Gen . Res . Gen . Res . Gen . Res . 

Y ield  (kg/cow/day ) 

Pre-exper iment 24 . o  28 . 5  23 . 5  2 1 . 4  23 . 2  22 . 6  20 . 0  1 9  . 9  

Weeks 1-3 22 . 1  1 6 . 5  2 1 . 8  1 8 . 1  22 . 4  1 7 . 4 2 1 . 9  1 8 . 5  

Yield (kg /cow) 

Yield to 3 weeks 464 346 458 380 4 7 1  366 459 388  

Yield to 19  weeks 2044 2024 2 1 09 1 998 2 1 24 1 8 7 1  2084 1 9 9 9  

Generous - Res tricted kg/cow 

Experimental ( 3  weeks ) 108 78 105 7 1  

To tal  ( 19 weeks ) 20 1 0 1 25 3 85 

Summary (yield , kg/cow )  Generous Restric ted D if f . 

In 3 weeks 463 370 93 

In  1 9  weeks 2090 1 9 7 3  1 1 7  

* Gen . = Generous f eeding , Res . � Rest r ic ted f eeding . 

5 7  
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3 . 2 . 2 MILK FAT YIELD 

3 . 2 . 2 . 1  Milk fat yield during pre-experimental per iod 

Milk fat y ield of the cows used during p re-experimental period are 

given in Tab le 3 . 5 .  High BI cows p roduced s ignif icantly more  milk fat 

(P< .00 1 )  than Low BI cows and Fat cows produced s ignif icantly  more milk 

than Thin cows (P< . 0 5 ) . 

Tab le 3 . 5 :  Milk fat  yield during pre-exper imental per iod, 

kg/cow/day. 

High BI Low BI 

Mean 1 . 1 3 0 . 88  

Fat at calving 1 . 09 1 . 1 9+ . 08 0 . 95+ . 1 5  

Thin a t  calving 0 . 94 1 . 06+ . 2 1  0 . 8 3+ . 0 7  -

D if f . 0 . 1 5 0 . 1 3 0 . 1 2 

For Enti r e  Sample Mean 1 . 02+ . 1 9  

SUMMARY 0 F ANOV A Source of Variation Sig . of F 

BI .ooo 
Condi t ion .038  

BI x Cond i t ion . 9 1 5  

D if f . 

0 . 2 5  

0 . 24 

0 . 2 3  
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3 . 2 . 2 . 2  Milk Fat Y ield During Experimental Per iod 

The unadjus t ed milk fat yield for  Generous and Rest ric ted g roups 

illus·t rated in Figure 3 . 8 .  The covariance adj usted milk fat yield of 

the 8 t reatments are given in Table 3 . 6 ,  and also il lus t rated in Figure 

4 . 4 .  Res t ric ted feed ing for 3 weeks signif icantly reduced (P< . OO l )  

covariance adj us ted milk fat yield by 3 . 2 kg/cow (0 . 15 kg/cow/day ) 

during expe r imental period and reduced to tal milk fat  yield by 3 . 6 

kg/cow in 1 9  weeks af ter the s tart of experiment . There were  no 

s ignif icant d if ferences be tween High BI and Low BI nor be tween Fat cows 

and Th in cows in m l lk fat y le ld in respons es to dif f erential  f eeding . 

There were no s ign if icant ef fects o f  d i f ferent ial feed ing in milk fat  

yield during Pos t -exper imenta l  period . 

(A) (B) 

Figure 3 . 8 :  Fat yield due to d i f ferential feed ing 
(A) Generous (____) and Res tric t ed Feeding ( • • • •  ) 
(B ) For the four main treatments 

:::::::::::::::::::::::::::::::: ( Experiemtal period week 7-1 0 )  
:;:;:;:;:;=:;::;:;:;:;:;:;:;:;:; • Pre-experimental period . ::::::::::::�:::::::::::::::::::. 



Table 3 . 6 :  Milk fat yield due to differential  f eeding, a l l  values 

have been covariance adjus ted except pre-exper .  results 

Genotypes High BI Low BI 

Condition Fat Thin Fat Thin 

Feed ing regimes Gen . Res . Gen . Res . Gen . Res . ·· Gen . Res . 

Fat Yield (kg/cow/day ) 

Pre-ex p e r imen t 1 . 1 3  1 . 26  1 . 1 0 1 . 0 1  0 . 92  0 . 9 7  0 . 8 1  0 . 8 6  

Experimental 1 . 02 0 . 93  1 . 0 3  0 . 84 1 . 00 0 . 82  0 . 9 5  0 . 8 1  

Fat Yield kg /cow 

Y ield to 3 weeks 2 1 . 4  1 9 . 5  2 1 . 6  1 7 . 6  2 1 .0  1 7 . 2 20 . 0  1 7 . 1  

Yield to 19  weeks 96 . 4  1 00 . 0  1 0 1 . 6  93 . 5  96 .0 85 . 2  89 . 5  90 . 5  

" 

(Generous - Rest ricted ) 

In 3 weeks , kg/cow I 2 . 0 4 . 0  3 . 8 2 . 9  

Total i n  1 9  weeks , kg/rw -3 . 6  8 . 1  1 0 . 8  - 1 .0  

Summary (yield , kg /cow )  Generous Res t r ic ted D i f f . 

In 3 weeks 2 1 . 0  1 7 . 9  3 . 2  

In 19  weeks 95 . 9  92 . 3  3 . 6 
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3 . 2 . 3 MILK PROTEIN YIELD 

3 . 2 . 3 . 1  P re-expe riment milk protein yield 

The results of milk pro tein yield during pre-experimental period 

for  are g iven in Tab le 3 . 7 .  High BI cows produced s igni f icantly more 

(P< . 0 1 )  protein than Low BI cows , and Fat cows p roduced s ligh t ly more 

than Thin cows (not s ignif icant ) .  

Tab le 3 . 7 : Pre-expe riment milk pro tein yield, kg/cow/day 

High BI Low BI D if f .  

Mean . 89 . 74 . 1 5 ,  

Fat a t  calving . 8 7  • 93+ . 1 2  • 79+ . 09 . 1 4 -

Thin at calving . n  • 85+ . 1 5 . 70+ .04  . 1 5 - -

D if f .  . 10 . 08 . 0 9  

For Entire Samp l e  . 8 2+ . 1 4 

SUMMARY O F  ANOVA Source of Var iat ion Sig.  o f  F 

BI .004 

Condition . 0 7 6  

B I  x Cond i t ion .894  
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3 . 2 . 3 . 2 · Milk Pro tein Yield During Experimental Period 

The unadjus ted milk protein y ields for  Generous and Res t r ic ted 

groups are illust rated in Figure 3 .9 .  The covariance adj us t ed results 

of  the 8 t reatments are given in T able 3 . 8 ,  and illust rated in Appendix 

I l l . Res t ric ted feed ing 3 weeks s ignificantly reduced (P< . 00 1 )  protein 

yield by 2 . 5 kg/ cow during the period of restric ted feeding (0 . 1 1  

kg /cow/day ) and reduced the to tal milk prote in p roduc t ion was reduced 

by 4 . 7 kg /cow in  19 weeks after the s tart of the experiment . There 

were no signif icant d i f fe rent b etween H igh BI and Low BI cows nor 

be tween Fat cows and Thin pro t e in yield in cows in response to 

d i f ferent ial feed ing . The re were no s ignif icant effect  of  d i f fe rential 

feed ing dur ing Post-expe rimental period . 

(A) 

Figure 3 . 9 :  Prot e in yield due t o  dif ferential feeding 

(B) 

� 
" .._Generou• 
· �  8 �1J�U8 
• L&..MPSW 

(A) Generous ( ) and Res t ric ted Feeding ( • • • •  ) 
(B)  For the fo�in treatments 



Table 3 . 8 :  Protein yield due to different ial feeding, all  values 

have been covariance adjus t ed except pre-exper . resul t s  

Genotypes High BI Low BI 

Cond ition at  calving Fat Thin Fat Thin 

Feed ing regime Gen . Res . Gen . Res . Gen . Res . Gen . Res . 

Protein Y ield (kg/cow/da y )  

Pre-expe r imental 0 . 8 7  1 . 0 1  0 . 8 7  0 . 8 2  . 82 0 . 78 0 . 69  0 . 7 0  

Experimental  0 . 8 1  0 . 5 7  0 . 79 0 . 6 2  0 . 8 1  0 . 62  0 .  77  0 . 60  

Protein Y ield , kg/cow 

Yield to 3 weeks 1 7 . 9  1 5 . 4  1 7 . 9 15 . 0  1 7  . o  14 . 5  1 6 . 2  1 4 . 3  

Y ield to 19  weeks 7 3 . 4  70 . 6  75 . 3  70 . 1  74 . 8  66 . 1  7 1 . 7  6 8 . 8  

(Generous - Res t ricted )  kg /cow 

In 3 weeks 2 . 5  2 . 9  2 . 5 0 . 9 

In 19  weeks 2 . 8 5 . 2  8 . 7  2 . 9 

Summary (Yield , kg/cow) Generous Restricted D if f . 

In 3 weeks 1 7 . 3 1 4 . 8  2 . 5  

In 1 9  weeks 7 3 . 8  68 . 9  4 . 7  

6 3  
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3 . 2 . 4 MILK FAT CONCENTRATION 

3 . 2 . 4 . 1  Milk Fat Concentrat ion During Pre-expe rimental Period 

The resul t s  of milk fat conc ent rat ion (g/kg mil k )  during 

p re-experimental period for  are given in Tab le 3 . 9 .  H igh BI cows ' milk 

contained signif ican t ly (P< . 0 5 ) higher fat  concentration than Low BI 

cows ' milk , Fat cows ' milk contained s l ight ly (non-signif ican t )  h igher 

fat  than Thin cows ' milk . 

Tab le 3 . 9 : Pre-exper imental milk fat concent rat ion (g/kg Milk ) . 

High BI Low BI D i f f . 

Mean 46 . 8  42 . 2  4 . 6  

Fat at calving 45 .0  46 . 8+5 . 1  4 2 . 0+2 . 9  4 . 8 

Th in at  calving 44 .6  4 7  . 0+1 . 8  4 2 . 3+5 . 4  4 . 7 

D if f .  0 . 3 -0 . 3  0 . 3  

For Entire Sample Mean 44 . 7+4 . 6  

SUMMARY O F  ANOVA Source of Variation Sig . of F 

BI . 0 1 4  

Condi t ion .867  

BI  x Condi t ion .995  



65 

3 . 2 .4 . 2  Milk Fat Concent rat ion During Experimental Period 

The results  of unadj us ted milk fat concent ration of the Generous 

and Res t ricted feeding regimes are illust rated in Figure 3 . 10. The 

adj usted milk fat  concent ration during experimental perio d  are given in 

Table 3 . 10 .  Res t ric ted feed ing inc reased (no t s ignif icant ) covariance 

adj us ted milk fat concentration . There were no signif icant d if ferences 

between High BI and Low BI nor between Fat cows and Thin cows in 

cova riance adj us ted milk fat concent rat ion in response to dif ferent ial 

feed ing . 

(A) 

Figure 3 . 10 :  Fat concentration due to d if f erent ial feeding 

(B) 

• t&Ceoeroua 
.. �g!.l!!!.��· 
· �  
• l.&l!gi!C!II! 

(A) Generous ( ____ ) and Res tricted Feed ing ( • • • •  ) 
( B )  For the four main treatments 



Table 3 . 10 :  Milk fat  concentrat ion due to different ial feeding, 

all values have been covariance adjus ted except 

Pre-experimental results 

Geno types High BI Low B I  

Condit ion a t  calving Fat Thin Fat Thin 

Feed ing regime Gen . Res . Gen . Res . Gen . Res . Gen . Res . 

Mean fat  concentrat i on (g /kg mil k )  

Pre-experiment al 48 . 3  44 . 5  46 . 7  47 . 2  40 .0  43 . 4  4 1 . 5  43 . 2  

Experimental 44 . 7  5 1 . 5  46 . 5  46 . 3  46 . 2  4 7 . 7  46 . 6  46 . 4  

Summary Generous Rest ric ted D if f .  

Mean (g /kg milk ) 

Experimental Period 46 . 2+5 . 7  48 . 3+4 . 3  - 1 . 9  

• 
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3 . 2 .5 MILK PROTEIN CONCENTRATION 

3 . 2 . 5 . 1  Milk Protein Concentrat ion During Pre-experimental Period 

The results  of  milk protein concentration (g /kg mil k )  during 

pre-experimental period for are given in Tab l e  3 . 1 1 .  High BI c ows ' 

milk contained s ligh t ly higher protein (non-signif icant ) than Low BI 

cows ' milk , and Fat cows ' milk contained s l ight ly lower 

(non-signif icant ) p rotein than Thin cows ' mil k .  

Table 3 . 1 1 :  Milk protein concentrat ion, pre-experimental period, 

g/kg Milk. 

High BI Low BI D if f . 

Mean 36 . 6  35 . 5  1 . 4 

Fat a t  calving 35 . 9  36 . 1+2 .4 35 . 6+2 . 5  0 . 6 -

Thin at calving 36 . 6  37 . 8+1 . 2  35 . 4+2 . 1  2 . 4 

D if f . -0 . 7  -1 . 7 0 . 2  

For Entire Sample Mean 36 . 3+2 . 2  

SUMMARY O F  ANOVA Source of  Variat ion S ig .  of F 

BI . 1 10 

Condition . 338  

BI x Condi t ion .297  
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3 . 2 . 5 . 2 Milk Protein Concentration During Experimental Period 

The unadjusted milk protein concent ration for Generous and 

Res tric ted groups ob tained during expe rimental period are illus t rated 

in Figure 3 . 1 1 .  The covariance adj us ted milk protein concentra t ion are 

g iven in Tab le 3 . 1 2 .  Res tricted feeding for 3 weeks s ignif icantly 

reduced (P< .001 ) )  milk protein concentration by 2 . 4 g/kg milk during 

expe rimental period . There were no s ign i f icant dif ferences between 

High BI and Low BI no r be tween Fat cows and Thin cows in milk p ro t e in 

concentrat ion in response to dif ferent ial feed i ng .  

• I lO 12 
WEEKS, cl Lactation 

(B) 

14 • 

Figure 3 . 1 1 :  Pro tein concentration due t o  different ial feeding 

• !t!,Ceneroua 
• ��-l!�_r_C!_u.. 
· �  
• I.AI!£!IIIQID 

(A) Generous ( ____ ) and Res tricted Feed ing ( • • • •  ) 
(B)  For the f our main treatments 

:;:;:;:;:;::::::::::::::::::: (Experiemtal period week 7-10 ) }{}{)))�. • P re-experimental period . 
:::::::::::::::::::::::::::::: 



Table 3 . 1 2 :  Milk protein concentration due to  dif ferent ial feed ing, 

all values have been covariance adjus ted except 

Pre-experimental results  

�eno types High BI Low BI 

�ondit ion at calving Fat Thin Fat Thin 

!Feeding regime Gen . Res . Gen . Res . Gen . Res . Gen . Res . 

�ilk protein (g /kg milk ) 

Pre-experimental 36 . 7  35 . 5  36 . 9  38 . 7  35 .8  35 . 4  35 . 2  35 . 6  

Experimental 36 . 4  33 .4  36 . 3  34 . 5  36 . 3  34 . 8  36 . 7  3 3 . 3  

�ummary (g /kg Milk ) Generous Restricted D i f f . 

Experimental Period 36 . 5+2 . 1  34 . 1+2 . 4  2 .4 
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3 . 2 . 6  FATTY ACID COMPOSITION O F  MILK DUE TO DIFFERENTIAL FEEDING 

70 

Res t ric ted feed ing s ignif icant ly reduced (P< .OO l )  mole  % of shor t  

chain fatty ac ids , and s ignificantly increased (P< . OO l )  mole % o f  the 

long chain fatty acids . The mole % of individual fatty  acid of milk 

fat for the two feeding regime are given in Tab l e  3 . 1 3  with the 

s ignif icant values of F and these are il lust rated in Figure 3 . 12 • 

There were no s ignif icant differences be tween High BI cows ' and Low BI 

cows ' no r between Fat cows ' and Thin cows ' milk in fat compos i t ion 

changes in response to d i f f e rential feeding . The changes in mole % of 

fatty acids due to d i f f e rent ial feed ing are illustra ted in Figure 3 . 1 3 , 

and mmo le % o f  individual fatty ac id are illust rat ed in Ap pendix IV . 

And from mo lecular we ight % the fatty acid yields (kg/cow/day ) were  

ca lcula ted us ing ; 

Fa tty Ac id Yield (molecular % x milk fat yield ) / 100 

The yield of fatty ac id a re i l lust rated in F igure ) . 1 2. 

0.0 
(A) 

0.1 Q.2 u 
YJElD, k;/� 

C18:3 
C18:2 
C18:1 ··�---C18:0 tl C17:0 
C1S.1 

C16:0 
C15:0 
C14:1 C14:0 

C12:0 
C10:1 

C10:0 
ca.-a ca:o C4.-Q 

20 
tMX.E "  

Figure 3 . 12 :  Fat ty id i ac compos t ion of milk due to different ial feed ing (A) Fat ty acid yield 
(B)  Mole % of fat ty ac id 

- Generous Res tric ted 

(B) 



Ac ids 

C4 : 0  

C6 : 0  

C8 : 0  

C 1 0 : 0  

C 10 : 1  

C l 2 : 0  

C 14 : 0  

C 1 4 : 1  

C 1 5 : 0  

C 1 6 : 0  

C1 6 : 1  

C 1 7 : 0  

C 18 : 0 

C1 8 : 1  

C 1 8 : 2  

C 1 8 : 3  

SHO RT 

Tab le 3 . 1 3 :  Milk f a t  compos ition due to  dif ferent ial feeding 

and the s ignif icant values of F 

Feed ing Regimes S igni f icant values of F* 

Generou.s Res t ricted F B c FxB FxC BxC FxBxC 

3 . 65 3 . 36  - - - - - - -

2 . 65 2 . 32  . 042 - - . 0 1 1  - - -

1 .4 1  1 . 1 5  . 0 1 2  - - . o  18  - - -

3 . 94 3 . 0 1  . 002 - - .024 - - -

0 . 32 0 . 2 1  . 004  - - .057  - - -

4 . 6 1  3 . 40 . ooo - - - - - -

1 3 . 25 1 1 . 20 . ooo - . 050 . 0 6 1  - - -

1 . 6 1  1 . 35  .004 - . 06 5  - - .033  -

1 . 50 1 . 20 .001  - . 0 1 7  - "':'" . 045  -

30 . 10 28 . 00 . 0 1 4  - - - - - -

2 . 68  2 . 96  . 04 9  - - - - - -

0 . 74 0 . 8 1  - - - - - - -

9 . 96 1 1 . 9 6  .00 1 - - - - - -

20 . 30 25 .45  .00 1 - - .050  - - -

1 . 6 1  1 . 7 6  . 0 1 2  - - .024  - - -

1 . 9 2  1 . 8 7  - - . 0 5 6  .007  - - -

3 2 . 94 2 7 . 20 . oo o  - - . 0 1 4  - - -

MED IUM 3 1 . 5 2  30 . 2 7  .034 - - - - - -

LONG 3 3 . 5 7  4 1 . 05 . oo - . 05 5  . 0 3 4  - - -

* F a Feeding , B a B reeding Index , C • Cond i t io n ,  x • Interac t ion 

7 1  
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�0-CNG) Wf-i WEEKS BY fillX'JG ( C} 

(A) Sho rt cha in f a t ty ac ids 
(B) Med ium chain fatty acid 
(C) Long chain f a t ty ac ids 

l:\:·�:···t�� �\\\ll\l\\\ll\: ?re-exper imental period 

FEEDING 
A Generous 

0 f!SttiCED 

Figure 3 . 1 3 :  Changes o f  fatty acid o f  milk due to dif f erent ial 
feeding . 

(Vert ical line ind icates the f in ish of the experiment ) 
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3 . 2 . 7  L IVEWEIGHT 

Cows ' liveweight taken a t  the beginning , at the end of experiment 

and at  1 4 th and 1 8 th week after the s ta r t  of lac tat ion are given in 

Table 3 . 1 4 together with the liveweight changes due to differential 

feedin g .  The resul ts are il lus t rated in Figure 3 . 14A,  3 . 1 5A. 

Res t ric ted feed ing caused s igni f icant (P< . 00 1 )  reduct ion in liveweight 

of the cows . There were s ignif icant d i f ferences (P< .OS ) in response in 

liveweight to dif ferential feeding by Fat and Thin cows . No 

s ign if icant dif ferences between High and Low BI cows in livewe ight 

changes in response to diffe rent ial feed ing was found . 

,.,,'' 
.. 

UVEWElGHr (A) 

.. 
.,..·· 

.. · 

.... · 
.. ················•··

• 
.. 

COND1rON SCORE (B) 
5.4 

5.2 

� 5 � 
� � 4.1 
(.) 

4.1 

�+--L---,------�------r-------, .... 
5 10 \5 20 

WEEKS. of Lactation 
5 10 15 20 

� of  lactation 

Figure3 . 14 :  (A) Liveweight and (B ) Condit ion score due to 
different ial feed ing , 

(Vertical line indicates the start of expe r iment , 
Experimental period week 7-1 0 )  

f£EDNQ 
• Generout 
• I!GI!QII.__ 



Tab le 3 . 14 :  Cows ' liveweight and liveweight changes due to 

different ial feed ing 

Geno types High BI Low BI 

Condition Fat Thin Fat Thin 

Feeding regime Gen . Res . Gen .  Res . Gen . Res . Gen . Res . 

Week 7 4 29 474  4 29 466  541  478  472  4 28 

Week 1 1  443  474  455  4 7 5  5 6 7  4 79 499 442 

Week 1 4  445 4 7 7  458  478  575  4 90 5 1 8 450  

Week 24 463 484 482 508 581  5 20 542 486 

Changes in 3 weeks +14 . 0  +0 .8 +25 . 8  +8 . 8  +25 . 7  +0 . 9 +26 . 7  +1 3 . 4 

Changes in 1 9  weeks +34 . 0  + 1 0 . 0  +53 .0  +42 . 0 +40 +4 2 . 0 +70 .0  +58 .0  

74  

Summary Generous Res t r icted Gener ous Rest r ic t ed 

Changes in 3 weeks +19  . 1  +4 . 6  +26 . 3  +7 . 2  

Changes in 1 9  weeks +43 . 5  +30 . 5  +55 . 0  +50 . 0 

G rand Summary Generous Res t r icted 

Changes in 3 weeks +22 . 1  +6 . 7 

Changes in 19 weeks +49 . 3  +40 . 5  
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3 . 2 . 8 CONDITION SCORE 

The result s of the condition s cores of the cows are g iven in Tab le 

3 . 1 5 ,  · and i l lust rated in Figure 3 . 14 8 ,  3 . 1 58 .  Res t r ic t ed feeding 

s igni f icantly (P< . 05 ) caused cows to loss condition scor e . There wer e  

n o  s igni f i cant d i f ferences between High 8 1  and Low 8 1  cows and there 

were no signif icant dif ferences between Fat cows and Thin cows a t  

calving in condition scores i n  response t o  different ial feeding (but 

the Fat cows los t  mo re condition than the Thin cows ) .  

LNEWEIGHr (A) CONDlliON SCORE (B) eoo1 
550 

S soo � 
t _..---------

,/_ 
__ ..... 

---- -:::::.�-�,., 
- ----·------:.:--·-- /_,..-

..... 

.,..,.. . ..---�· 
... ---� ------- _// .. 

.. .• -··-·: 
_

_ _ ___
_ _ __

_ _ 

........._�....,..-.;;,.-��r 
�+-�-----,-------------r------------r----------, 5 10 15 20 

WEEKS, of lactation 
25 10 15 20 

WEEJ<S, of Lactation 

Figure3 . 1 5 :  (A) Liveweight and (B ) Condition score due t o  
dif ferential feeding 

(Vertical l ine ind icates the start of experiment , 
Exper imental period week 7-1 0 ) 
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Tab le 3 . 1 5 Cows ' cond i tion s core and condit ion s core changes 

due to dif ferent ial feeding 

Geno types High BI Low BI 

Condit ion Fat Thin Fat Thin 

Feeding regime Gen . Res .  Gen . Res .  Gen . Res . Gen . Res . 

Week 7 4 . 85 5 . 38 4 . 2 1  4 . 45 5 . 83 5 . 09 4 . 6 2  4 . 2 7  

Week 1 1  4 . 89 4 . 89 4 . 30 4 . 37  5 . 63 4 . 80 4 . 9 0  4 . 32 

Week 1 4  4 . 90 4 . 78  4 . 3 1  4 . 5 3  5 . 62  4 . 86 5 . 1 3  4 . 58 

Week 24 5 . 1 3 4 . 88 4 . 9 2  4 . 88  6 . 25 5 . 4 2  5 . 5 8  5 . 08 

Changes in 3 weeks -0 . 04 -0 . 49  +0 . 1 0 -0 . 08 -0 . 20 -0 . 29 +0 . 28 -o . o5  

Changes in 1 9  weeks +0 . 2 4  -o . o5 +0 . 7 1  +0 . 4 3  +0 .42  +0 . 3 3  +0 . 9 6  +0 . 8 1  

76 

Summary Generous Res t ricted Generous Rest r ic ted 

Changes in 3 weeks +0 .08  -0 . 29 +0 .09  -0 . 1 2 

Changes in  1 9  weeks +0 .48 +0 .38  +0 . 6 9  +0 . 5 7  

Grand Summary Generous Rest r ic t ed 

Changes in 3 weeks +0 . 08 -0 . 2 0  

Changes in 19 weeks +0 . 5 8  +0 . 3 8  
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3 . 3  HERBAGE INTAKE 

3 . 3 . 1  ESTIMATE HERBAGE INTAKE , By Sward Cutt ing Technique 

The herbage allowances were achieved by cont rol ling the g razing 

area . The herbage mass present before graz ing were e s t imated by the 

sward-cutting technique . For the present thesis the herbage masses f o r  

the Res tric ted feeding regime groups were lower than that for  the 

Generous feeding regime g roups . These were becaus e the herbage had 

been serverely grazed during the pre-exper imental experiment when 

chromic oxide technique was also tes ted . The resul t s  obtained f rom 

exper iment for herbage intake are given in Tab le 3 . 1 6 .  The detail of 

the results obtained are given in Appendix V .  The resu l t s  showed that 

68 % reduct ion in herbage allowance caused 37  % reduc tion in herbage DM 

intake (es timate from sward-cutt ing technique ) .  

Tab le 3 . 1 6 :  The herbage al lowance, and herbage intake by graz ing 

dairy cows in the expe riment (during 15 O c t . to 5 Nov . ) .  

Geno types High BI Low BI 

I I 
Feeding regime Generous Restric t ed Generous Res t r ic ted 

'• 

Area Allowed (m1.. /cow/dy )  1 4 9  7 9  149 7 9  

Herbage Mass (kg DM/ha ) 3352 1980 3352 1980 

Res idual Herbage Mass  

(kg  DM/ha ) 2 1 3 7  566 2 1 8 1  589 

Herbage Allowance 

(kg DM/ cow I day ) 5 0  1 6  5 0  1 6  

Herbage Intake 

(kg DM/cow/day ) 1 8 . 1  l l . 2 1 7 . 4  l l .O 
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The results  obtained from Sward-cutting technique were used to 

show the relationship between herbage intake and herbage al lowance , and 

res idual herb age mas s  and are illustrated in Figure 3 . 1 6 . Figure 3 . 1 6 

show a curvil inear relat ionship be tween DM herbage intake and herbage 

allowance , and a curv i linear relat ionship between DM herbage intake and 

res idual herbage mass  can be observed . High BI cows showed s l ightly 

higher herbage DM intake than Low BI cows . 
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(A) Herbage intake 
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3 . 3 . 2 HERBAGE INTAKE , Es timate  by  the  Marker Technique 

3 . 3 . 2 . 1 Intake Est imated Prior To Dif ferent ial Feed ( 1 2  t o  2 3  Sept . )  

The experiment was the preliminary experiment , was not related 

direc tly to the g razing t rial reported above . The average chromic 

oxide concentration in faeces was 4 . 75+0 . 6 1  g /kg DM faeces . From in 

vivo diges tib il ity values f rom Sect ion 3 . 3 . 3 ( 7 7 6  g/kg DM) , the herbage 

intake was es t imated and given in Tab le 3 . 1 7  and Tab le 3 . 1 8 .  The 

herbage herbage intake were estimated based on total recovery . High B I  

cows showed higher (non-s ignificant ) est imated herbage intake than the 

Low BI cows . Thin cows showed s light ly higher (non-s ignif icant ) 

es timate intake than Fat cows . The average soil in faeces was 0 . 6 5  

kg/cow/day . 

Tab le 3 . 1 7 :  Est imated herbage intake dur ing prel iminary 

experiment early lactat ion ( 1 2  Sept . - 23 Sept . )  

Geno types High BI Low BI 

Feeding regime Fat Thin Fat Thin 

C r  t. 0 J (g /kg faeces ) 4 . 75+ . 58 4 . 4 1 + . 66 4 . 98+ . 88 4 . 99+ . 4 1  

Faeces (kg/ cow I day ) 4 . 26+. 4 7  4 . 62+ . 73  4 . 10+ . 7 0  4 . 03+ . 34 

Soil in faeces (kg /cow/day )  0 . 69+ . 26 0 . 6 1+ . 1 2 0 . 66+. 30 0 . 66+ . 1 5  

Herbage Intake (kg DM/cow/day ) 1 8 . 3+1 . 9  20 . 0+3 . 2  1 7 . 7+2 . 9  1 7  . 3+ 1 . 4  
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3 . 3 . 2 . 2  Es t imated Herbage I ntake due to Dif ferent ial Feeding, 

Preliminary Experiment, 23 Sept . to 1 4  O c t . 

Generous feeding groups showed higher (non-s ignif icant ) es timate 

herbage intakes than Res tricted feeding groups . The High B I  cows 

showed higher (non-s ignif icant ) estimated intakes than the Low BI cows . 

Thin cows showed higher (non-s ignif icant ) es t imated herbage intakes 

than Fat cows but this was t rue only for High BI cows . There was 

s ignif icant d i f ference between feeding regime in the amount of soil in 

faeces (P> . 00 1 ) ,  which were 0 . 6 0+ . 1 6 and 0 . 96+ . 24 

respectively for Generous and Res tric ted feeding regime . 

are given in Table 3 . 1 8 .  

kg/cow/day 

The results 

Tab le 3 . 1 8 :  Herbage intake es timate by chromic oxide technique, 

when the cows were on different ial feed ing. 

High BI Low BI 

Fat Thin Fat Thin 

Gen . Res . Gen . Res . Gen . Res . Gen . Res . 

e r  to_, (g/kg DM faeces ) 5 . 64 5 . 6 7  4 . 89 5 . 20 5 . 18 5 . 4 1  5 . 6 8  5 . 8 6  

Faeces (DM kg/cow/day ) 3 .58 3 .5 3  4 . 1 5 3 .8 5  3 . 86 3 . 74 3 . 6 2  3 . 3 5  

Soil (kg/cow /day ) 0 . 65 0 . 94 0 . 50 1 . 10  0 . 74 0 . 8 7  0 . 60 0 . 9 1  

Herbage Intake 

(kg DM/cow/day ) 15 . 35 1 4 . 83 1 8 .02  1 6 . 0 7  1 6 .50  1 5 . 8 2  1 5 . 5 6  14 .48 

The herbage intake of the cows used est imated by chromic oxide 

technique during this period given in Table  3 . 18 are summarised and 

also shown in Table 3 . 19 for compar ison . The result s  showed tha t  the 

estimat e  herbage intake by the two technique are in agreement for the 

Generous f eeding regime . The est imat e  he�bage intake by chromic oxide 
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technique for the Res t ricted feeding regime were h igher than the intake 

est imate by the sward-cutting technique . 

Tab le 3 . 1 9 : The herbage allowance, and herbage intake by graz ing 

dai ry cows estimated by the sward-cutt ing and chromic 

oxide technique, preliminary exper iment 

Geno types High BI 

Feeding regime Generous 

Area Allowed L 
(m /cow/day ) 1 1 6  

Herbage Mass (kg DM/ha ) 3 1 69 

Res idual Herbage Mass 

(kg DM/ha ) 1 7 2 4  

Herb age Allowanced 

(kg DM/cow/day ) 36 . 8  

Herb age Intake 

(kg DM/cow/day ) 

By Sward-cutt ing 1 6 . 8  

By Chromic Oxide 1 6 . 7  

3 . 3 . 3 IN VIVO D IGESTIBILITY VALUES 

Res tricted 

58 

3 1 69 

765 

18 .4  

1 3 . 9  

1 5 . 5  

Low BI 

Generous Res t r ic t ed 

1 1 6 58 

3169 3 1 69 

1 737 853  

36 . 8  18 . 4  

16 . 6  1 3 . 4 

16 .0  1 5 . 2  

The in vivo diges tib ility D M  values ob tained during preliminary 

experiment was 7 76±26 g/kg and the value was used for the estimation of 

herbage intake by chromic oxide technique . The in vivo digest ib ility 

DM values obtained during experimental period was 76 3+ g /kg . The mean 

values of in vivo d iges t ib il i t ies obtained f rom in vit ro digestib ility 

were 79 1+39 g /kg DM and 663+37 g /kg DM respetively for  the herbage 

obtained before and af ter graz ing . 
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4 D I S C U S S I 0 N 

C H A P T E R 4 

4 . 1  HIGH AND LOW BI COWS AND THEIR PERFO RMANCES 

82 

The results obtained for the present thes is and the results  

ob tained p revious ly by  Grainger ( 1 982 ) and the results f rom Ruakura 

(Bryant , 198 1 ;  Bryant & Trigg , 1 98 1 )  are in ag reement in showing that 

High BI cows produce more milk over the lactat ion than Low BI cows . 

The difference in BI be tween High and Low BI cows was 20 BI units  and 

was assoc iated with a difference in milkfat yield of 23 % .  This 

confirms the result obtained by Grainger ( 1 982 )  that the ag reement 

be tween expe cted diffe rences (based on breed ing index ) and the observed 

differences in milkfat yield was close . Because the se lec tion criteria 

for dairy cows in New Zealand aimed mainly to improve fat  yield , the 

produc tion advantage of High BI cows over Low BI cows were smaller for  

other milk components namely ,  1 7 . 9 % for  protein y ield , 1 3  % for  milk 

yield . When the lac tat ion performances during the f ir s t  5 week of 

lactat ion namely milk , milk fat , pro tein yield , fat and protein 

concentrat ion were p l o tted agains t the breeding index values of the 

cows the results are illus trated in Figure 4 . 1 . The s lopes of the 

l inear reg ress ion lines were ob tained and also given in Figure 4 . 1 .  

The s lope for milkfat yield was 0 . 00866  which means that for  1 

increment in BI unit  the milkfat y ield is imp roved by 0 . 00866 

kg/cow/day . The expec ted dif ferent in milkfat y ield is 20x0 .00866 � 

0 . 1 73 kg/cow/day which is close to  the mean y ield dif ference (0 .85  

0 . 69 = 0 . 1 6 kg/cow/day ) .  The change in  dif f erence between geno types in 

milkfat yield as lactation progressed has b een observed to  be variable 

and non-signif icant b y  Bryant & Trigg ( 19 8 1 ) ,  Gra inger ( 1982 ) .  The 

declines of  milkfat y ield were s imilar as lactation progressed for both 

genotypes for the p resent thes is (Figure 3 . 2A ,  Appendix 1 1 ) . I t  mus t  

be therefore assumed that the dif ference between geno types i n  milkfat 

yielu rema ins constant throughout  lactation . High Bl cows ' milk 

contain more milkfa t  than Low Bl cows ' milk , their pro te in 

concentrations were s imilar . 
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The results  obt ained for the present thes is showed that High BI cows ' 

and Low BI cows ' milk had similar in milkfat composi t ion. Milk f a t  

composition was found t o  reflect more from nutrit ional status and from 

cows ' body condit ion rather than genotypes . 

The results showed that Low BI cows had h igher cond i t ion score and 

wer e  heavier than High BI cows , this conf irms the resul t s  obt ained by 

G rainger ( 19 82 ) , The l iveweight gain by Low BI cows was s light l y  higher 

than High BI cows . Because Low BI cows par t i t ion less nut rients for 

milk p roduct ion but they par t i t ion mo re to l ivewe ight gain than High BI 

cows (Grainger , 1982 ) . When the liveweight changes due to d i f ferent ial 

feeding ( Tab le 3 . 14 ,  3 . 1 5 )  were p lot ted aga ins t the respec t ive 

cond i t ion score changes . The relat ionship is illus t rated in Figure 

4 . 2 .  From the relationsh ip , 1 condit ion score change was equivalent to 

37 . 4  kg liveweight change which is agreed with 35 kg liveweight used by 

Ho lmes et  al . ( 1 9 8 1 ) .  

Uveweight & Condition Score Chmges 
10 

10 

� 40 

i 20 � 

S l ope 37 . 2  

0 

-20 
-1 -o.a 0 o.5 1 

Conditia1 Sccre 

Figure 4 . 2 :  The rela tionship between cows ' liveweight and 
condition score changes . 



4 . 2 FAT AND THIN COWS AND THEIR LACTATION PERFORMANCES 
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The Fat cows were calved at mean condit ion score o f  5 . 7  while the 

Thin cows calved at mean condi t ion score 3 . 8 .  Improving body cond i t ion 

at calving inc reased milk 

milkfat than Thin cows . 

p roduction , 

The results 

Fat cows produced 1 2 . 4  % more 

(Figure 3 . 2 B ) show larger 

d i f ference between Fat and Thin cows in early lac tat ion than later but  

Appendix I I  shows that this is t rue only f o r  High BI  cows . The fat 

concentrat ion o f  milk of  the Fat cows were higher than the milk of Thin 

cows during the f ir s t  10 weeks of lacta tion , suggest ing that Fat cows 

mob ilsed more of body fat for milkfat product ion , thereaf ter their fat 

concent rat ion were s imilar . This is cons is tent with the fact that Fa t 

cows los t the ir body weight and cond i t ion scores during early 

lac t a t io n .  Fat cows ' milkfat contained higher ( P < .05 )  long chain fat ty 

acids but lower mole % (P< . 05 )  than Thin cows ear ly lac tat ion , 

indicated also that Fat cows mob ilised more o f  their body res erves than 

Thin cows . Bryant ( 1 9 7 9 )  als o  indicated that cows calve 1 condit ion 

score higher results in milk contains fat an extra 1 . 5 g /kg mil k .  

Protein concent rat ion o f  milk of  the Fat cows were s l ightly lower and 

this is also in agreement with Bryant ( 1 9 7 9 )  that an increase in l ive 

weight at calving causes a decrease in milk p ro t e in concent rat ion , the 

ef f ec t s  were smaller than those of  fat concent rat ion . 

Holmes ( 1982 ) sugges ted that the product ion achieved by a cow will 

increase by about 8 to 10 kg milkfat for an increase o f  1 condit ion 

score in her body at calving p rovided that thei r  cond i t ion scores are 

in the range 3 to 6 .  The results obtained for the present thesis 

showed that the product ion achieved by a cow inceased by 10 . 5  kg 

milkfat f or an increase of 1 condition score (Table  4 . 1 ) .  But the 

results showed that Low BI improved the milk fat  p roduct ion more than 

High BI cows due to improving their body condi tion a t  calving . For the 

presen t  thes i s , al though Fat cows produced more milkfat , but because o f  

Low BI c ows produced less than High BI , Tab le 4 . 1  showed that Fat Low 

BI cows produced less milkfat than Thin High BI cows . 

gain of  1 condition score required 221  kg DM during 
2 

However , the 

dry period 

(Ngarmsak , 198� ) . The equivalent response to  this amount of  herbage DM 

i s  2 1 .0 kg DM to produce 1 kg milkfat (see the calculat ion ) .  



Table 4 . 1 :  Produc t ion of High BI and Low BI cows calving at  

two levels of  b ody condition.  

H igh B I  Low B I  

Fat Thin Fat Thin 

Cond it ion Score 

At  calving 5 . 6 3 . 8  5 . 7  3 . 7  

At 24th Weeks 4 . 9 5 . 0 6 . 1  5 . 7 

Milkfat Yield kg /cow 2 1 9  208 1 83 152  

Average 

D if f erences {Fat - Thin2 

Milkfat yiled (kg ) 1 1  3 1  20 

Condit ion s core 1 . 8 2 .0 1 . 9 

Ext ra feed DM/kg milkfat  yield 36 1 4  2 1  

I 

Calculat ion : 

The average Fat cows had 1 . 9 unit condit ion score than 

Thin cows this associated with the milkfat yield of 

20 kg higher . 

Therefor e ;  

86  

Increase 1 condi t ion s core improves 20 / 1 . 9  � 1 0 . 5  kg milkfat . 

The gain of  1 unit condit ion score required 2 2 1  kg DM. 

Feed requi red to increase condition sco r e  � 1 . 9x22 1  kg DM. 

Ext ra feed required � ( 1 . 9x22 1 ) /20  • 2 1  kg DM/kg milkfat 
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4 . 3 HERBAGE INTAKE 

The results obtained f rom both sward-cut t ing and chromic oxide 

t echnique showed that High BI cows consumed s ligh t ly (no t s ignif icant 

but consis tent ) more herbage DM than Low BI cows . The results  were 

agreed with Grainger ( 1 9 8 2 )  and Bryant ( 1 9 8 1 ) who also obtained 

cons is tent higher herbage intake for High BI cows than Low BI cows . 

Grainger ( 1 9 8 2 )  postulated that higher milk and milkfat produc t ion of 

High BI compared with Low BI cows can be almo s t  comp letely exp lained by 

the higher intakes and the utilisat ion of a g rea ter propor t ion of 

metabolisab le energy intake for the synthesis  of milk and a smal ler 

proportion for the synthesis of body tis sue . But the herbage intake 

diffe rences between High BI and Low BI cows were not s ignif icant for 

the p resent thes is and thus can no t explain entirely the sigificantly 

highe r milkfat yield for High BI cows than Low BI cows . However the 

reason for the higher herbage DM intake for High BI to date is not 

clear (Grainger , 1982 ) .  Forbes ( 1 980 ) reiterated the concept that food 

is eaten in order to preserve an equilibrium be tween energy f low into 

and out of the body . In support to this theory Bryant ( 1980 )  indicated 

that differences between geno types in intake that occured during 

lactation were no t p resent during dry period . Fac to rs assoc iated with 

lactation therefore may responsible for the differences between 

genotypes in herbage DM intake . Whether these fac tors  arise f rom the 

mammary gland itself , d igest ion end-p roduc t s  or hormonal status is 

uncl ear (Grainger , 1 9 82 ) . 

From chromic oxide technique , the results  showed that Thin cows 

cons umed s l igh t ly (not significant ) more herbage DM than Fat cows in 

both Generous and Res t ric ted feed ing regimes . But the chromic oxide 

t echnique is critisism,  the results  obta ined for the present thes is 

agreed with Carruthers & Bryant ( 1983 ) that the technique is unsui table  

for  detec t ion of small but real differences in  intake between g roups of 

animal s .  

Curvilinear relationships between herbage all owances , and between 

res idual herbage mass  and the herb age DM intake were found (Figure 

3 . 1 6 ) . Thes e  curvilinear relationships have been demonst rated 
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p revious ly (Ngarmsak , 1 982 ) and have general ly been demonstrated by 

o thers workers such as Combellas & Hodgson ( 1 9 7 9 )  for g razing dairy 

cows , Trigg & Marsh ( 1980 )  for  young beef cat t le , Rattray ( 19 78 )  for  

sheep , Glassey ( 19 8 0 )  for  lactat ing dairy cows . B ryant ( 19 8 0 )  

suggested tha t  for  these curvilinear relat ionship there  is considerab le 

f l exib il i ty in the level of f eed of f ered to  the g razing cows . In  some 

s i tuat ions , there may be scope for reduc ing the amount of herb age 

offered without s ignif icantly reduc ing herbage DM intake or milk 

p roduc t ion and Glassey ( 1980 ) has demons t rated this to be t rue for his 

results . And for  the present thesis reduc t ion in herbage allowance by 

68 % caused a reduct ion in herbage DM intake by only 3 7  % and the 

milkfat yield reduced by only 15  % during pe riod of restriction . 

4 . 4 THE EFFECTS O F  UND ERFEED ING DURING EARLY LACTATIO N  

4 . 4 . 1  The E f fec t o f  Underfeed ing on Milk Y ield And Milk Compos it ion 

Rest ric ted feeding s ignif icantly reduced milk yield by the cows 

and s lighlty increases in fat  concentration and sign i f ican t ly reduced 

prote in concent rat ion in mil k .  These were  i n  agreements with previous 

results reviewed by Burt ( 1 9 5 7 )  and Rook ( 19 6 1 ) ,  in Bryant ( 1 9 79 )  and 

results ob tained by Huber & Bowman ( 1 966 ) , Thomas & Kelley ( 1 9 7 6 ) . The 

result s  for present thes is showed tha t  milkfat concen t ra t ion was 

increased but more variable . Res t r ic ted on herbage intake caused the 

reduct ion in mil fat  and milk protein yield but  mainly during period of 

res t r ic t ion . 

For milkfat yield Mackenz ie ( 1 984 ) ind icated that early lactat ion 

a proport ion of milkfat is synthes ised f rom fat mob i l ised f r om body 

reserves . During underfeed ing this mobi l isat ion cont inue or may even 

be stimulated which buffer s  the fat  y ield against fal l ing as  much as 

the milk y ield . Consequently the concentration of milkfat generally 

r ises . Sutton ( 19 7 9 )  also indica t ed , the ef fec t of l evel of intake on 

milkfat yield is compl ex depending on whether the increase in fat 

concentrat ion due to  decreasing l evel of intakes outweighs the decrease 

in milk yield that usaully accompanies i t . 
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4 .4 . 2 The E ffec t  of Underfeed ing on Fat ty Acid Composit ion of Milk 

For the present thes is , res tricted feeding caused increases 

( P < . 00 1 )  in mole % of  long chain fat ty acids by 22 % indica t ed that 

cows were mob il ised the i r  body f at reserved f o r  milk p roduct ion , the 

results obt ained were in agreement with Bartsch et al . ( 19 8 1 ) .  The 

results showed that Res t ric ted feed ing reduced (P< . 0 0 1 )  mole % of sho r t  

chain fatty ac ids b y  1 7  % and reduced (P< .05 ) mole % of medium chain 

fatty ac ids by 4 % .  From mole % of individual fatty acids changes , 

res t r ic t ed feeding reduced C4 : 0  to C 16 : 0  and increased C 1 6 : 1  to C 1 8 : 2  

which illust rated in Figure 3 . 1 5A and summarised in Figure 4 . 3 .  The 

decrease in the short chain and medium chain f a t ty acids  (C6 to C 1 6 )  

and the inc rease in the long chain C l 8  satura ted and unsaturated fatty 

ac ids are consis tent with the mob i lisa t ion of body reserves ( S tobbs & 

Bre tt , 1 9 7 4 ) . C l6  and C l 8  fatty acids were reported to related 

negat ively to liveweight changes (see S to r ry et a l . , 1 9 7 9  for  

references ) .  Changes in  fatty  acid compo s i t ion of milk due to  under 

f eeding can be detec t ed with 24 hour s .  A res tric t ion in g raz ing for  24 

hours has been shown to increase the proport ions of unsaturat ed C18 

f a t ty ac ids in milk (Munford e t  al . ,  1 9 64 ) . Bartsch et al . ( 19 8 1 )  

reported that 1 2  to 1 8  hours after  the commencement of the res t ric t ion 

of feed s ignif icantly differences existed b etween the t reatment g roups 

in the p roport ion of f a t ty acids in the milk . 

The y ield of fatty  acids (kg/cow/day ) ,  res t r ic ted feeding reduced 

the yield (P< . 00 1 )  o f  shor t  cha in and medium chain fatty acids (Figure 

3 . 15 B ) .  But the yield of  long chain f a t ty ac ids were  unchanged b ecause 

the decreases in milkfat  y ield were outweighed by the increases in mole  

% of these acids , are g iven in F igure 4 . 3B . Underfed cows able  to  

maintain y ield of long chain fatty acids by mob iliz ing t issue s . The 

changes in fat compos i t ion reflect the relat ive p ropor t ion of f a t ty 

acids in f a t  which Mackenz ie ( 19 8 4 )  wer e ;  

( 1 )  derived d irec t ly f rom the intestine , 

( 2 )  released f rom the adipose t is sue , 

( 3 )  synthesised in  the mammary gland . 
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Acids containing from 4 to 10 carbons atoms are synthesis ed within 

the mammary gland from acetate and B-hydroxybutyrate , long chain acids 

containing 18 or more carbon atoms are t rans fered from blood plasma 

t riglycerides , fatty acids of intermed iate chain length can be derived 

from both sources . In broad terms O ldham & Sutton ( 1979 ) pointed out 

that about one-half o f  the fatty acid of milk is synthesised in the 

udder from short cha in precursors and one-half is transf ered direc tly 

from blood . But the relative contribut ion o f  these two sources to the 

to tal yield of fatty  acids and to the yield of those ac ids o f  

intermed iate chain length i s  af fec ted b y  a variety o f  dietary and 

non-d ie tary fac tors ( Storry , 1 9 70 ) . 
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Figure 4 . 3 :  Fatty acid composition of milk due to differential 
feedina (A) Fatty acid yield 

(B) Mole I qf fatty acid 

- Generoua m lleatric ted feed ina 
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4 . 5 RESPONSE TO FEEDING 

4 . 5 . 1  Milk Produc t ion 

I t  was the aim of the p resent thes is to s tudy the responses of  

cows differing in breeding index to  dif fering feeding levels  and o f  

these cows of  differing condit ion at calving . The response to feed ing 

calculated f rom the performances of the animals under different feed ing 

level namely Generous and Res tric ted feed ing regimes . The milkfat 

y ield in response to the two level of  feeding are summarised in Tab le 

4 . 2 .  No d if ferences in this respect were found between High BI and Low 

BI cows nor between Fat and Thin cows . The summarised of the responses 

of  these cows to different ial feed ing are given in Append ix VI . 

Tab le 4 . 2 :  Ef fec t of feeding leve l during 3 weeks ear ly lac tat ion 

on milkfat produc t ion and b ody condit ion score 

Generous Res tric ted D if f .  

Innned iate �during 1-3 weeks2 

Herbage DM intake (kg ) 3 7 3  2 3 3  140  

Fat Y ield (kg /cow) 2 1 . 0  1 7 . 9 +3 . 2  

Condit ion Score Changes 0 . 0 8  -0 . 2 0  +0 . 2 8  

Total in 1 9  weeks 

Fat Y ield kg/cow 95 . 9  92 . 3  3 . 6  

Cond i t ion Score Changes 0 . 58 0 . 3 8  0 . 20 

In  the calculation , 2 2 1  kg DM h e rbage r equired by dai ry cows t o  

gain 1 cond i t ion score (Ngarmsak , 1982 ) was used , and cal culated as 

follows ; 



Immed iate Effects  3 weeks 

Extra 140 kg DM eaten p roduced 3 . 2 kg milkf at + 0 . 28 cond i tion score 

To produced extra 0 . 2 8  condit ion scores required : 

0 . 28 x 2 2 1  = 6 2  kg DM herbage . 

Therefore ext ra herbage DM available for  f a t  produc t ion is : 

140 - 62 = 78 kg DM herbage . 

Therefore : 

To p roduced ext ra 1 kg f a t  required 78 / 3 . 2  

Long Term Effects 1 9  weeks 

24 .4 kg DM herbage . 

Ext ra 140 kg DM ea ten produced 3 . 6 kg milkfat + 0 . 20 cond i t ion score 

To produced extra 0 . 2 0  condition scores required : 

0 . 20 x 22 1 = 44 kg DM herbage . 

There fore extra herbage DM ava ilable for  fat  produc t ion is : 

140 - 44 = 96 kg DM herbage . 

Therefor e :  

T o  produced ext ra 1 kg fat required 96 / 3 . 2  26 . 7  kg D M  herbage . 

Res idual Ef fec ts 

The res idual effec t was ( 3 . 6  - 3 . 2 ) / 3 . 6  0 . 1 1  

92 

The immed iate effects ove r  the 3 weeks of  differential feed ing was 

the produc t ion of an extra 3 . 2  milkfat from 1 40 kg DM. But when the 

gain in cond i t ion score was also taken into the calcula t ion , the 

herbage DM ac tually avialable for milkfat  produc tion was 78 kg DM. The 

response was 24 .4  kg DM requi red to produce 1 kg milkfat . 

The Generous cows produced extra 0 . 4 kg milkfat af ter  b o th groups 

had return ed to the same level of  f eeding , and the to tal ef f e c t  was the 

p roduct ion of 3 . 6  kg milkfat  and 0 . 20 condition score . Thus in the 

long term ef f ec t  was 26 . 7  kg DM requi red to p roduce 1 kg milkf at . thi s  

i s  extremely h igh compared t o  15  k g  D M  required obtained b y  Grainger e t  

al . ( 19 82 ) .  This is because the residual e ffect  was very small f o r  
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the present thes is was 0 . 1 1  time immediate effec t . This is  l ikely and 

accord ing to Davey ( 1 983 ) , the s ize o f  residual ef fect varies and can 

be small  par t icularly where comparat ively sho r t  periods of underf eeding 

take place . The durat ion of under feed ing for  the p resent  experiment 

and only 3 weeks ( 2 1  days ) and only moderately res t ric t ion on the 

intake o f  the Rest r ic t ed feeding regime and was 6 3  % (or  res t r ic t ion of 

37 % on intake ) of the Generous feeding regime . And the results 

ob tained however confirm the conclus ion made by Bryant & Trigg ( 19 8 2 )  

that  the res idual ef fects of underfeeding i n  early lac tat ion are 0 . 50 

or less than immediate e f fec ts  and they are conf ined to the few weeks 

immed iat e ly following underfeed ing . For the present thes is , a 

res tric t ion o f  3 7  % on intake imposed for 3 weeks early lac tat ion 

caused a reduc tion of fat yield by 15 % during underf eeding . The time 

taken to recover f rom underfeed ing e f fec ts for the present experiment 

was approximately 1 4  days ( Figure 4 . 4 ) . The results ob ta ined for the 

p resent Thes is were in agreement with Bryant ( l 9 82b ) tha t cows well fed 

throughout or had about a 25 % res t r i c t ion o n  intake imposed for 3 and 

6 weeks early lac ta t ion caused reduc t ion in fat  yield by  1 2  and 2 2  % 
during underfeeding . This e f f ec ts were repor ted to have largely 

disappeared wi thin 6 weeks of  returning to full f eed ing . For the small 

res idua l  effects resulting from underf eeding , it  is sugges ting that 

calculating long term response to the feed ing longer than the t ime when 

full recovery of p roduct ion can be miss-leading . Because the causes of 

var iat ion in produc tion can not exp lain ent irely by the p revious 

feeding regime , Figure 4 . 4  conf irms this . From Figure 4 . 4 ,  the period 

beyond weeks 15  o f  lac tat ion groups of cows showed l arge variat ion in 

their milkfat produc t ion . It is for the present thes is , long term 

responses for milk p roduc t ion calculated for 1 9  20 weeks af ter 

return ing to full feeding as have been done normally ( Bryant & Trigg , 

1 9 7 9 ; Grainger et  al . ,  1 9 8 2 )  had not been under taken . From Figure 4 . 4  

some g roups of cows espec ial ly Fat Low BI cows appeared to have large 

residual ef fects but because of  there were no signif icant ef fect of 

differential feeding $ffec ts were found . The lower product ion o f  the 

Fat Low BI cows Res t r icted groups during post-experimental period can 

not be ent irely residual  effec t s . The same agruement is g iven f o r  the 

Fat High BI cows Res tricted groups ( Figure 4 . 4A) which showed higher 

milkfat  p roduction during post-experimental period . 
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For the pres ent thes is , H igh BI cows had s l i gh t l y  g rea ter marginal 

e f f ic ienc ies than Low BI cows , and Th in cows had s l igh t l y  greater 

marginal e f f i c ienc ies than Fat cows ( Appendix VI ) .  But no s igni f icant 

d i f f erences b etween the cows o f  d i f f e ring geno t ypes nor b e tween the 

cows of d i f f er ing cond i t ion at c alving in response t o  d i f f e rent ial 

feed ing were found . The resu l t s  con f i rmed the resu l t s  ob t a ined by 

Grainger ( 1 982 ) who found tha t High B I  cows had g rea t er marg inal 

e f f i c ienc ies than Low BI cows , but the d i f ferences b e tween geno types 

were no t sign i f icant . Bryant ( 19 8 1 ) also found tha t marg inal 

e f f ic ienc ies d id not d i f fer be tween geno types . It is therefore 

concl uded tha t when the feed ing level is inc reased the extra milkf a t  

p roduced w i l l  b e  s imilar f o r  cows d i f f e r ing i n  geno type s ,  and f o r  cows 

d i f f e r ing in body cond i t ion a t  calving . 

4 . 5 . 2  E f f e c t  on l ivewe igh t and cond i t ion score 

In response t o  under feed ing , Res t r ic t ed feed ing reg ime has caused 

a s ignif icant (P> . OS ) dec rease in l i vewe igh t gain by the cows and has 

caus ed s ignif ican t ly (P> . 00 1 )  cows to loss cond i tion s c o re dur ing the 

res t r i c t ion o f  feed . The res idual e f f e c t s  on l ivewe ight and cond i t ion 

scores we re h igh . From the resu l t s  Res t r ic t ed feed i ng regime groups 

gained l ivewe ight at s l ight l y  higher rates than the Generous f eed ing 

reg ime g roups when they re turned to the same level of f e ed ing . Bryant 

& Trigg ( 1 98 2 )  commented tha t whe ther the h ighe r r a t e  o f  l ivewe ight 

gain is at the expenses o f  milk y ield is unknown . But their 

l iveweights were no t regained to the same l ivewe igh t as the Generous 

feed i ng regime g r o ups b y  19  weeks o f  the experiment . For the res idual 

e f f e c ts on l ivewe ight , Bro s te r  & Thomas ( 19 8 1  see page 2 8 )  also p o in t ed 

out the e f f e c t  o f  lower l ivewe ight achieved by the r e s t r ic t ed group s . 

The rates o f  cond i t ion score gain when b o th groups were on the 

same level of full f eeding were simil ar . By 19 weeks a f ter the s ta r t  

o f  the experiment cond i t ion score of the Res tric ted f eed ing reg ime 

groups were less than those o f  the Generous feed ing regime . From 

Figure 3 . 16B , showed that the Res t r i c ted f eedi ng reg ime have not 

regained the i r  c ondi t ion scores i n  compared to Generous feed ing regime . 

And f rom the result s  ob t ained f o r  the cows ' cond i t io n  score a t  the end 

of lac ta t ion ( 3-4 May ) showed that the Res tric t ed g roups had n o t  
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regained thei r  b ody cond i t ion and the i r  average cond i t ion score was 4 . 8 

compared to 5 . 3 for the Generous g roups . 

4 . 6  GENERAL CON SIDERATION 

Because feed is the maj o r  c o s t  and mus t  be u t i l ised to ob t a in the 

greatest responses in term of milk p roduc t ion . It is obvious that the 

b e t ter f eed ing s t ra t egy for milk p roduc tion need ed the und e r s t and ing of 

the responses to f eed ing by dairy cows b o th b e f o re and a f ter c alving to 

be clar i f ied . Early lactat ion i s  the per iod in wh ich cows resp ond b e s t  

t o  feed ing ( B ro s ter & Thomas , 1 9 8 1 ;  Ho lmes , 1 9 82 ) . The k e y  f a c tor in 

determin ing the beni f i t  of good feed ing in early lac tat ion is whe ther a 

res idual e f fect occurs therea f te r  ( G ra ing er & Wilhelms , 1 9 7 9 ) . Davey 

( 1 9 8 3 )  also s t ressed tha t the extent of the res idual e f f e c t  is 

imp o r tant in assess ing the economics of s upp lementa t ion . The p resent 

the s i s  agrees wi th the works done p r evious ly in Aus t ra l i a  and New 

Zealand ( G r ianger & Wilhelms , 1 9 7 9 ; G ra inge r  et al . ,  1 9 8 2 ; Bryant and 

Trigg , 1 9 7 9 ; Glas sey et a l . ,  1 9 8 0 )  that the e f f ec t o f  shor t  p e r iod of 

und e r f e ed ing in early lac t a t ion i s  small and conf ined to the few weeks 

a f t e r  the returning to full feed ing . And insp i t e  of the f ind ing of the 

small e f f e c t  o f  sho r t  per iod und e r f eed ing , it is gene r ally b e l ieved and 

recommended to feed cows wel l  in ear l y  lac tat ion and feed the cows 

p re-calv ing so tha t they calve in good cond i t ion .  As s ta ted by Bryant 

( 1 9 8 2b ) , it i s  unque s t ionab le that und e r f eed ing in early lac t a t ion 

r educes cow performance and the p roblem should be minimi s e . 

Conve r s ly , for full feed ing in early lac ta t ion under Aus t ralia and 

New Zealand dairy ing needed feed p lanning and d i f f i cu l t  to a t t a in .  

Well fed ea r l y  lac t a t ion may mean f eeding in Autumn and Win t e r  have to 

be sac r i f iced thus c ows may c alve in poo r e r  c ondi t ion ( Bryant , 1 9 82a ) , 

vice versa . In order to feed cows wel l  in early l a c t a t ion , generous 

amounts of h e rbage must be o f f ered a nd this means that cons iderab le 

amounts of res idual herb age remain ungrazed . But as herbage a l l owance 

increases , m i lk produc t ion increases but at a decreas ing r a t e . Cow 

with b e t t e r  body cond i t ion at c alving p r oduces mor e  milk than thin cow 

it is also the general recommand a t ion to calve a in reasonab le 

cond i t ion s core ( Bryant 1 9 8 2b ) . I t  is recommended the minimum 
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cond i t ion score f o r  a cow a t  calving a t  4 cond i t ion score and h i gher 

than this f igure for heifers ( Ho lme s , 1 9 8 2 ) . 

I t  i s  obvious tha t under cond i t ion preva i l ing in New Zeal and , 

feeding the dairy cows in early lac t a t ion does not a im for the maximum 

peak yield by the cows , but to u t i l i se feed wisely for the max imum 

responses and to minimise the long term e f f e c t s  o f  unde r f eed ing d u ring 

this p e r iod in b o th animal performances and pas ture quant i t ies and 

qual i t ies . From the f ind ing for the p resent t h e s is p r ovides some quide 

to farme r for the f l ex ib i l i t y  of management espe c ia l ly in early 

lac t a t ion when the he rbage are shor tage . Mode r a t el y  r es t r ic t ed herbage 

intake o f  lac ta t ing cows ear l y  lac t a t ion for 3 weeks wi l l  be mainly an 

imme d i a t e  e f f ec t .  The cows wi l l  regain t heir former level o f  

p roduc t ion when their  level o f  feed ing r e t urn to ful l f eed ing wi th 2 

weeks . The present thesis also p r o·v id es evidences that c ows wh ich 

ca lve in be t t e r  b o d y  cond i t ion will p roduce mo re milk than wh ich cal·ve 

the in poorer body cond i t ion . The re a re no d i f fe rences be tween 

geno types nor b e tween cond i t ion of the cows at calving in responses 

feed ing . 

t o  
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B I  WE I GHT COND I T I ON CALV LAC TA 
VAL AT AT I NQ T I ON 
UES CALV WEEK CALV WEEK DATE WEEKS 

INQ 24 INO 24 

�QW BBEEQI NQ INQEX COWS 
TH IN AT CALV I NG 

1 5 1 1 1 0 5 1 5  673 5 .  1 6. 0 9 / 8  3 7  
1 53 1 06 390 597 3. 8 7 . 9 8 / B  29 
1 60 1 09 4 3 1  539 2. 4 4. 3 29/ 8* 35 
1 74 1 1 0 385 507 4.  0 5. 5 1 9 / 8  3 5  
1 8 1 1 07 40a 473 4. 3 5. 1 23/8* 35 
1 87 1 0 1  4 0 1  535 3 . 9 5. 0 27/ 8* 35 
1 88 99 453 567 3. 4 6. 4 2 1 / B *  2 7  
1 89 1 04 . 455 533 3. 3 5. 0 30/8* 34 
2 04 1 02 329 4 1 9  3. 3 4. 8 2 / 9* 34 
209 1 04 362 4a 1 3. 6 5. 7 1 4/ 8  37 --- --- --- ---

Ave r a g e  4 1 3  532 3. 7 5. a 33. a 
+SE + 53 + 7 1  + .  7 + 1 .  0 

FAT AT CALV I NQ  

1 58 1 03 526 5 1 7  5. 5 6. 0 2918• 35 
1 64 1 07 533 608 5. 9 6. 8 a / 9  30 

. 1 70 9'J 560 6 1 9  6 .  2 7. 3 30/7 37 
1 a4 1 1 3 478 543 5. 0 5 . 3 3 1 /8• 34 
;102 1 05 455 5 1 9  b. 3 7. 9 2518* 34 
2 03 1 0 8  448 499 '· 8 4. 7 30/8 34 
205 105 424 4 54 '· 3 4. 7 281 8* 35 20. 1 03 465 5 1 9  5 . 9 5. 7 - 34 --- --- --- ---

Ave r a g e  486 535 5. 7 6. 1 34. 1 
+SE +48 + 55 + . 4 5  + 1 . 2 

• I n d u c e d  C a l v i ng 

LAC TAT I ON PERFOR�ANC ES 

PRODUC T I ON TOTAL 

P'll LK 

3786 
1 798 
4 1 35 
3532 
4485 
3494 
2 1 66 
3345 
38 1 9  
330 1 ----
3386 
+828 

4784 
256a 
458 1 
4908 
4 1 2 1  
4531 
4 1 1 2  
3485 ----
4 1 36 
+779 

FCt1 FAT 

3887 1 73 
1 848 84 
4 4 7 3  1 87 
404 1 1 74 
4 1 83 1 6 7  
386 1 1 62 
2 1 1 1  84 
36 1 2  1 5 1 
4 1 28 1 74 
3569 1 6 1  ---- ---
3 5 7 1  1 52 
+882 +37 

4473 208 
2979 1 1 9 
404 1 1 77 
5066 207 
4 1 � H 1 68 
4928 207 
4444 1 8 5  
4262 1 9 1  ---- ---
4293 1 8 3 
+640 +29 

P RO TE 
I N  

1 39 
66 

1 60 
1 32 
1 53 
1 34 

77 
1 2 5  
1 34 
1 2 5  ---
1 2 5  
+30 

1 67 
98 

1 52 
1 72 
1 46 
1 56 
1 53 
1 30 ---
1 4 7 
+23 

AVERAGE OVER LACTAT I ON 

FC� FAT PROTE I N  

1 5 . 9+5. 0 0. 67+. 20 0 .  52+.  1 5  9. 6+4. 6 0 .  4 1 + .  1 9  0 .  32+ . 1 6  20 .  3+3 . 0 0. 74+. 1 1  0. 64+.  1 2  
1 5 . 6+5. 2 0 .  69+. 1 8  0 .  57+.  20 
1 7 . 1 +3 .  6 0. 66+. 1 2  0. 6 1 + . 1 2  
1 5. 2+3. 9 0 .  64+. 1 5  0 .  53+. 1 3  
1 1 .  3+4. 1 0 . 44+. 1 6  0 .  4 1 + . 1 6  1 4 .  7+3. a 0 . 62+. t 4  o .  5 1 + .  1 4  
1 6 . 8+3. 2 0 .  7 1 + .  1 2  0 .  55+. 1 0  
1 4 . 1 +4 . 2 0 . 6 1 + .  1 8  0 .  47+. 1 4  ---- ---- ----
1 4 .  1 0. 62 0. 5 1  
+5.  2 + .  1 1  + .  09 

20. 3+5. 1 0.  84+.  20 0 .  67+. 1 7  
1 3 . 0+4. 7 0 .  65+.  2 0  0 .  4 5 + .  1 7  
1 5 . 6+5. 2 0 .  66+. 20 0 .  57+ . 20 
20. 7+4. 4 0 . 8 5+ .  16 0 .  70+. 1 4  
1 1 .  0+2. a o. 68+. 1 1  o. 60+. 1 3  
20. 1 +5 .  4 0.  84+. 1 9  0 .  64+. 2 1  
1 7 . 6+3. 5 0.  74+. 1 4  0. 6 1 + .  1 1  
1 7 . 9+3. 9 0. 8 1 + . 1 6  0. 55+. 1 3  - --- ---- ----
1 7 . 8 0. 76 0 . 60 
+2. 6 +. 1 0  + . 08 

AVERAGE 

FAT &c PROTE I N  
CONTENT 

FAT PROTE I N  

46. 6+7. 7 37. 6+4. 3 
48. 2 + 7 .  6 36. 7+2. 2 
46.  4+6. 7 39. 4+3. 3 
5 1 . 2+6. 9 38. 5+4. 7 
38. 7+6. a 35. 1 +4. 4 
48. 0+5. 2 39. 6+3. 7 
39. 7+7. 2 3 5 . 9+2. 1 
47. 2+7. 9 38. 7+4. 5 
45. 8+4. 7 35. 5+3. ' 
50. 2+6. a 38. 8+3. 8 ---- ----
46. 2 37. 6 
+4. 1 + 1 .  7 

44. 1 + 5. 8 36. 5+4. 6 
47. 7+8. 1 39. 1 +3. 9 
47. 3+6. 9 40. 0+4. 2 
43. 7+5. 0 36. 2+4. 7 
4 1 .  3+3. 5 35. 7+2. 8 
48. 3+8. 4 35. 4+4. 8 
45. 8+5. 4 3 7 .  9+4. 1 
56. 7+7. 6 38. 2+4. 0 ---- ----
46. 9 37. 4 
+4. 6 + 1 .  7 
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APPENDIX I I  Milk, Fat and Protein Yield (kg/cow/day); and 
Fat and Protein Concentration (g/kg milk) of 
High BI (HBI) and Low BI (LBI) cows 1 982/83 season 

1 0 7  

Weeks Milk Yld Fat Yld Protein Yld Fat Con . Protein Con . 
HBI LBI HBI LBI HBI LBI HBI LBI HBI LBI 

2 2 2 . 6  1 8 . 8  0 . 95  0 .  74 0 . 9 1  0 . 78 4 3 . 3  40 . 0  40 . 1  4 1 . 1  
3 23 . 5  20 . 7  1 . 05  0 . 83 0 . 8 7  o .  7 7  44 . 4  40 . 6  3 7 . 3  3 7 . 5  
4 23 . 3  20 .9  1 . 0 2  0 . 84 0 . 84 0 . 74 44 . 2  4 1 . 1  36 .9  36 . 1  
5 22 . 5  20 . 2  1 . 04  0 . 84 0 . 82 0 . 70 46 . 7  42 . 1  36 . 7  35 . 4  
6 22 . 8  20 . 3  1 . 0 3  0 . 85 0 . 80 0 . 69 45 . 9  4 2 . 9  35 . 3  34 . 4  
7 22 . 5  20 . 3  1 . 03  0 . 86 0 . 80 0 . 69  46 . 3  42 . 4  35 . 8  34 . 6  
8 2 1 . 4 1 9 . 7  1 . 04 0 . 85 0 . 76 0 . 69 48 . 9  4 3 . 7  35 . 6  35 . 2  
9 19 . 7  1 7 . 8 0 . 96  0 . 8 1  o .  72 0 . 6 3  49 . 3  46 . 1  36 . 6  35 . 4  

10  20 . 1  1 7 . 8 0 . 94 0 . 76 0 . 73  0 . 6 2  47 . 2  43 . 4  36 . 1  34 . 4  
1 1  20 . 8  19 . 2  0 . 93  0 . 80 0 . 74 0 .6 7  44 . 9  4 1 . 7  36 . 0  35 . 1  
1 2 · 20 .4 18 . 1  0 . 95  0 . 76 o .  72 0 . 6 2  46 . 7  42 . 7  35 . 7  35 . 1  
1 3  19 .0  1 6 . 5 0 . 9 1  0 . 7 3  0 . 65 0 . 5 6  48 . 0  44 . 5  34 . 6  34 . 4  
1 5  1 8 . 1  16 . 3  0 . 8 1  0 . 69 0 . 65 0 . 5 7  45 . 2  42 . 2  36 . 0  35 . 1  
1 6  1 7 . 2 15 . 6  0 . 78 0 . 64 0 . 65 0 . 5 7  45 . 7  4 1 . 2  37 . 7  36 . 9  
1 7  1 4 . 5 1 2 .8  0 . 76 0 . 65 0 . 53  0 . 46  5 1 . 7  50 . 9  36 . 5  36 . 0  
1 9  17 .8  15 . 3  0 . 84 0 . 66 0 . 6 1  0 . 5 2  47 . 1  43 . 2  34 .4  33 . 8  
20 18 . 3  15 .6  0 . 85 0 . 68 0 . 63 0 . 5 2  46 . 8  42 .9  34 . 7  33 . 3  
2 1  19 .0  16 . 3  0 . 9 1  0 .  7 2  0 . 68 0 . 5 7  48 . 1  44 . 5  35 . 9  34 . 8  
22 1 7 . 1  1 4 . 9  0 . 8 7  0 . 69 0 . 6 1  0 . 5 3  5 1 . 9 46 . 7  35 . 9  35 . 9  
23 1 8 . 8  15 .6  0 . 8 7  0 . 6 8  0 . 65  0 . 5 3  46 . 9  44 . 6  35 . 4  34 . 2  
24 1 6 . 4 1 3 . 3  0 . 83 0 . 6 2  0 . 5 7  0 . 4 5  5 1 . 1  46 . 9  34 . 7  34 . 3  
25 16 . 9  14 . 6  0 . 83  0 . 6 8  0 . 59 0 . 5 0  49 .9  46 .4  35 . 0  34 . 6  
2 6  1 4 . 5  l l . 6 o .  7 2  0 . 55  0 . 5 3  0 . 4 1  50 . 6  48 . 6  36 . 9  35 . 7  
2 7  1 2 .4  1 1 . 3  0 . 66  0 . 5 6  0 . 5 0  0 .4 4  53 . 8  50 . 8  40 . 7  39 . 9  
2 8  1 1 . 8 10 . 9  0 . 6 2  0 . 5 3  0 . 46 0 .4 2  54 . 6  5 1 . 1  40 . 0  39 . 2  
29 l l . 1  10 . 3  0 . 60 0 . 5 2  0 . 44 0 . 4 0  55 . 3  5 1 . 9  40 . 7  39 . 6  
30 u .o 9 . 0 0 . 60  0 . 5 1  0 . 47 0 . 4 1  56 . 1  5 4 . 4  43 . 0  43 . 2  
3 1  1 2 . 8  1 1 . 5  0 . 66  0 . 58  0 . 5 7  0 . 5 0  52 . 1  5 1 . 2  44 . 8  43 . 3  
32  1 2 . 1  10 . 6  0 . 64 0 . 54 0 . 54 0 . 46  52 . 4  50 . 8  44 . 4  44 . 1  
* 

* some cows had been dried of f by week 3 3 , thus the data thereaf ter  
were not given in the Appendix I I . 



APPENDIX I IA .  Fat Yield (kg/cow/day). Fat Concentrat ion (g/kg milk 
of  High B i  and Low BI cows differing in body condi t ion 
at calving 

Weeks Fat Yield Fat Concentration 

lf,qH �L LGW "I Htc;rl � I  L11CP �! 
Fat Thin Fat Thin Fat Thin Fat Thin 

2 1 . 05 0 . 8 7  0 . 89 0 . 66 45 . 8  38 . 7  40 . 2  39 . 8  
3 1 . 1 5 0 . 96  0 . 95 0 . 75 47 . 2  4 1 . 5  40 . 5  40 . 7  
4 1 . 56 0 . 96 0 . 96 0 . 76 46 . 9  4 1 . 1  40 . 5  4 1 . 9  
5 1 . 1 5 1 .00  0 . 96  0 . 76 49 . 0  44 . 2  42 .8  42 . 1  
6 1 . 1 2 1 . 00 0 . 9 7  0 .  7 7  47 . 3  44 . 8  4 3 . 9  42 . 2  
7 1 . 10 1 . 03  0 . 9 7  0 . 78 47 . 0  45 . 8  42 .4  42 . 5  
8 1 . 1 1  1 . 05 0 . 94 o . 8o 48 . 6  49 . 3  44 .9  43 . 0  
9 1 . 04 0 . 9 7  0 . 8 7  0 . 79  50 . 7  48 . 9  45 . 0  47 . 1  

10  1 . 02  0 . 9 1  0 . 85 0 . 70 48 . 2  46 . 0  44 . 8  42 . 4  
1 1  1 . 00 0 . 9 2  0 . 84 0 . 78 44 . 5  45 . 9  4 1 . 3  42 . 1  
1 2  0 . 99 0 . 9 7  0 . 80 0 . 75 45 . 5  47 . 8  4 1 . 7  43 . 6  
13  0 . 96  0 . 9 2  0 . 78 0 . 69 47 . 5  49 . 1  43 . 8  45 . 3  
1 5  0 . 8 7  0 . 8 1  0 . 75 0 . 64 45 . 1  45 . 7  42 . 1  42 . 2  
1 6  0 . 8 1  0 . 8 1  o .  7 3  0 . 59  45 . 7  46 . 7  41 . 4  4 1 . 1  
1 7  0 . 84 0 .  76 0 . 74 0 . 59 5 2 . 8  52 . 8  50 . 9  5 1 . 3  
19 0 . 38 0 . 8 7  0 . 7 5 0 . 60 47 . 0  47 . 9  42 . 9  43 . 4  
20 0 . 89 0 . 90 0 .  76 0 . 62  46 . 7  47 . 5  42 . 6  43 . 1  
2 1  0 . 96 0 . 94 0 . 79 0 . 6 8  48 . 1  49 . 1  43 . 9  44 . 9  
2 2  0 . 92 0 . 90 0 .  77  0 . 64  5 1 . 9 53 . 2  47 . 3  46 . 9  
2 3  0 . 90 0 . 9 1  o . n  0 . 6 3  46 . 2  48 . 2  44 . 2  45 . 1  
24 0 . 88 0 . 85 0 .  7 1  0 . 56  5 1 . 7  5 2 . 0  47 . 2  46 . 8  
25 0 . 90  0 . 8 6  0 . 75 0 . 6 3  50 . 0  5 1 . 0 47 . 0  46 . 2  
2 6  o . n  0 . 7 3  0 .62 0 . 50 50 . 7  5 1 . 8 47 . 9  49 . 4  
2 7  0 . 6 7  0 . 68 0 . 64 0 . 5 1  5 3 . 8  55 . 3  50 . 2  5 1 . 4 
28 0 . 6 1  0 . 6 7  0 . 61  0 . 47  53 . 3  5 7 . 2  50 . 1  5 2 . 0  
29 0 . 59 0 . 6 3  0 . 57  0 . 48 53 . 2  59 . 1  50 . 8  53 . 1  
30 0 . 6 1  0 . 65 0 . 58 0 . 46  54 . 5  59 . 7  54 .4  54 . 5  
3 1  0 . 68 0 .6 8  0 . 65 0 . 5 3  5 2 . 0  53 . 6  52 . 4  4 9 . 5  
32 0 . 6 3  0 . 66 0 . 56 0 . 53  5 2 . 5  52 . 9  50 . 3  5 1 . 0  
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APPENDIX Ill : Covariance adjus ted milk yield due to differential 

feeding (week 7-10 of lactat ion) 
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1 10 

APPENDIX Ill (cont . )  Covariance adjusted protein yield due to 
differential feeding (week 7-1 0  of lac tation) 
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APPEND IX IV : Fatty acid compos it ion of milk changes due to different ial feeding (week 7-10 of lactation) . 
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APPENDIX V :  Results for Sward-Cutting When Cr,OJ Technique Was Test 

Pad D ays Feed B I  Area Pas ture Res idual Allowance Intake 
No . mz./cow/ Mass Mass kgDM/cow/  kgDM/cow/ 

day kgDM/ha kgDM/ha day day 

18  4 Ad HBI 1 1 7  3256 1870  38 1 6 . 2  
LBI 1 1 7  3256  1 8 9 1  38 1 6 . 0  

Res LBI 58 3256 925  19 1 3 . 6  
HBI 58 3256 1 200 19 1 1 . 7 

20 3 Ad HBI 1 1 7  30 70 1668  36 1 6 . 4  
LBI 1 1 7  3070 1 5 7 4  36 1 7 . 5 

Res HBI 59 3070 776  18 1 3  . s  
LBI 59 3070  694  18 1 4 . 0 

1 1  4 Ad HBI 1 1 7  2706 1 350 32 1 5 . 9  
LBI 1 1 7  2 706 1407  32 1 5 . 2  

Res HBI 58 2706 545 16 1 3 . 1  
LBI 58 2706 532 16  1 3 . 2  

1 6  3 Ad HBI 1 1 9  3 1 1 8  1628  37 1 7 . 7 
LBI 1 1 9 3 1 18 1 6 7 6  37 1 7 . 1  

Res HBI 60 3 1 18  545 19  1 5 . 3  
LBI 60 3 1 18 628  19  1 4 . 8  

1 2  4 Ad HBI 93 3672  19 10 34 1 6 . 4  
LBI 93 3672  20 1 3  34 1 5 . 4  

Res HBI 47 3672 - 1 7  -
LBI 47 3672  - 1 7  -

10 3 Ad HBI 140 3393 209 8  48 18 . 1  
LBI 1 40 3393 1965 48 20 . 0  

Res HBI 70 3393 1090 24 1 6 . 8  
LBI 70 3393 1 268 24 1 4 . 9  

1 3  1 Ad HBI 120 24 37 1 2 24 29 1 4 . 6  
LBI 1 20 2437  1 3 30 29 1 3 . 3  

Res HBI 60 2437 6 6 1  1 5  1 0 . 7  
LBI 60 2437  665  15  1 0 . 7  

1 14 



APPENDIX VA: Results for Sward-Cut t ing Technique for the Est imate 
o f  Herbage DM Intake ( 15 Oct . to 5 Nov .  1 9 82 ) . 

Pad Days Feed BI Area Pas ture Res idual Allowance Intake 
No . mt.../cow/ Mass Mass  kgDM/cow/ kgDM/cow/ 

day kgDM/ha kgDM/ha day day 

13 3 Ad HBI 1 60 2437 1 4 4 2  3 9  1 5  . 9  
LBI 1 60 2437 1435  39  1 6 . 0  

Res HBI 70 2437 590 1 7  1 2 . 9  
LBI 70 2437 666  17  1 2 .4  

1 8  3 Ad HBI 1 35 44 1 7  3 1 19  60 1 7 . 5  
LBI 135 44 1 7  3 1 23 60 1 7 .5 

Res HBI 1 40 1072  595  1 5  6 . 6 
LBI 140 1072  622  15  6 . 3 

1 7  4 Ad HBI 180 3272  2075  59 2 1 . 5  
LBI 180 3272 2 1 4 7  59 20 .4  

Res HBI 50 3272 70 1 18 1 2 . 9 
LBI 50 3272  9 1 2  1 8  1 1 . 8 

16  3 Ad HBI 120 41 76 2452 50  2 0 . 7  
LBI 120 4 1 7 6 2696 50  1 7 . 8 

Res HBI 87 1 5 70 528 14  9 . 1  
LBI 87 1 5 7 0  459 1 4  9 . 7 

20 3 Ad HBI 146 3609 2252  34 1 9 . 8  
LBI  146 3609 2 3 1 6  34  1 8 . 9  

Res HBI 80 1 35 2  393 1 2 . 6  7 . /  
LBI 80 1 35 2  36 1 1 2 . 6  7 . 9 

1 1  3 Ad HBI 120 294 7 2 1 1 4 35 16 . 6  
LBI  1 20 2947  1925  35  18 . 9  

5 Res HBI 66 1839  55 2 1 2  8 . 5 
LBI 66 1 83 9  478  12  9 . 0 

1 2  2 Ad HBI 180 2278  1 2 2 1  4 1  19 . 0  
LBI 180 2 2 7 8  1 3 6 5  4 1  1 6 . 4 

1 15 



APPENDIX VI : The response to feed ing by H igh and Low BI cows 
and by Fat and Thin cows . 

Breeding Ind ex* Condit ion** 

HBI LBI FAT THIN 

Amount of herbage DM 
required to produce 
1 kg milkf a t  (kg DM/kg milkfat ) 

Inuned iate 2 1 . 3  26 . 8  28 . 4  24 . 4  
Long term ss . o  2 1 . 9  2 7 . 2  40 . 1  

Res idual Ef fec t s  -0 . 34 0 . 33 0 . 2 1  -0 . 4 7  

* He rbage intake ob ta ined f rom the sward-cut ting te chnique 
* *  Assumed Fat and Thin cows had s imilar herbage DM intake 

1 1 6  




