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APPEND IX  C H APTER  1

1 Diet Evaluation

1.1 IN TR O D U C TIO N

It is only when the amount o f  n itrogen  and energy consumed is w e ll 

defined  can one quantify  nutritional output-input relationships o f  dairy

cows.

The n itrogen and energy intakes o f  a dairy cow  are estim ated  from  dry 

m atter intake (D M I), that is: fresh w eigh t consumed x DM per unit fresh 

w eigh t x N or energy content in DM. The accuracy w ith  which DM o f  

the feed  is determ ined is paramount to  accurate estim ation  o f  nutrient 

intake.

Oven drying o f s ilage based d iets is acknow ledged to  underestim ate the 

true DM' o f such feeds due to  a loss o f  vo la tile  fa t t y  acids and a lcohol 

in the silage. Oven drying at 6 0 °C fo r  72 h reduces these losses (A  R 

Henderson, Personal Com m unication). D ry m atter determ inations by 

toluene d istilla tions preven t these losses (D ew ar and M cDonald, 1961).

The method used in expressing the energy  value o f  feed  should take into 

account the m ajor energy  losses via fa eces , urine, ferm en ta tion  gases 

and heat losses. Feed energy values should be expressed th e re fo re  as 

m etabolizab le energy (M E) as this is less in fluenced by many o f  the 

fac tors  that in fluence d igestion  and ferm en ta tion . It is, how ever, too  

expensive to  determ ine regu larly  _in v ivo  ME o f  d iets in la rge  scale 

experim ents fed  fo r  long periods o f tim e. In v itro  laboratory  methods 

are th ere fo re  useful in these cases. For accuracy, in v itro  methods
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should be standardized against _m v ivo  data p eriod ica lly  (e g  a fte r  e ve ry  

m ajor d iet change).

There is ample ev idence o f the shortcom ings o f  the use o f  d igestib le  

crude protein  system s fo r  ruminants (R oy  e t  al, 1977). R ecen t research  

has th ere fo re  been d irec ted  at develop ing an a ltern a tive  system  o f 

protein  nutrition o f the ruminant which takes account o f m icrob ia l 

protein  synthesis in the rumen (A R C , 1980, 1984). C en tra l to  this new 

system is the determ ination  o f  protein  d egradab ility  in the rumen fo r  

calcu lating m icrobia l and by-pass protein  to  the duodenum.

Animals fed  roughage in the long form  in which refusals are in excess 

o f 15% o f that o ffe red  result in fe ed  se lection  (Zem m elink, 1980). 

H ow ever, w ith  the daily  varia tion  in fe ed  intake it  is im possible to  

maintain a fixed  percen tage o f  excess feed . It is not known i f  da iry cows 

are capable o f se lectin g  w ithin a com plete m ix o f  grass s ilage and 

concentrate. I f  they are, then calculations on nutrient consumptions that 

fa il to  account fo r  this w ill introduce errors into output-input 

estim ations.

In large scale experim ents it is expensive to  record  individual fe ed  intake 

o f cows daily. The d ilem m a is, how ever, how o ften  to  record  w eek ly  

individual feed  intakes to  be represen tative  o f  this period. Tw o fa c to rs  

may a f fe c t  the accuracy o f the estim ation  o f actual feed  intakes fo r  the 

period: sampling frequency and sampling d istribution. Techniques which, 

however, increase accuracy may also be more costly . It is th e re fo re  

im portant fo r  the research w orker to  know how much accuracy is 

im proved by g rea ter e f fo r t  in measuring and to  what ex ten t it  may be 

im proved by changing ex isting procedure.
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F ive  short experim ents w ere th e re fo re  in itia ted  to  eva luate  in the

present experim ent the system  o f  fe ed  intake record ing and the

com position o f the d iet fed  to  the animals.

Experiment 1: The ob jec tive  was to  estim ate  the accuracy o f 4 daily 

recordings per week  using analysis o f  variance 

components.

Experiment 2: The aim o f this experim ent was to  in vestiga te  i f  dairy 

cows fed  a com plete  m ix o f  grass silage and concen trate  

have the ab ility  to  se lec t the feed .

Experiment 3: The ob jec tive  in this experim ent was to  establish  a 

relationship betw een  oven dry m a tter (O D M ) and dry 

m atter determ ined by toluene d istilla tion  (TD M ) o f the 

d iet fed .

Experiment 4: The aim was to  obtain quan tita tive relationships betw een  

in v itro  ME estim ated  from  hi v itro  d igested  organic 

m atter determ ination  and hi v ivo  ME determ ined  from  

d iges tib ility  studies using sheep.

Experiment 5: The ob jec tive  was to  obtain d egradab ility  values fo r  the 

silage, concentrate m ix and d ra ff used in the m ixed d iet 

fed  to  the cows by in sacco m ethod (M ehrez and Orskov, 

1977).

1.2 E XPE R IM E N T 1: A C C U R A C Y  OF FO U R  D A IL Y  R EC O R D IN G S 
PER WEEK

1.2.1 M ateria ls and Methods 

D aily DMI records o f 164 cows recorded  4 tim es w eek ly  o ver 24 weeks 

o f lacta tion  and coverin g 5 years w ere used in the analysis. The data
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w ere obtained as described in G eneral M ateria ls and Methods 

(Chapter 2). Each yea rly  data w ere subjected to h ierarch ica l analysis 

o f variance (G enstat, 1984). Variance com ponents w ere partitioned  into 

lacta tion  months, weeks within months, days w ithin weeks and rep lica tes  

within days. Periods o f high proportion  o f to ta l variance would need to 

be recorded more frequ en tly  to  reduce varia tion . The to ta l variance 

(S 2y ) was estim ated  as (Sokal and R oh lf, 1969):

S 2y = S 2 + S 2C ;B + S 2B:A  + S 2A

ncba cba ba a

Where S2^  = Variance components fo r  la c ta tion  months

S 23 :A  = Variance components o f  weeks w ithin la c ta tion  months

S 2q :B  = Variance components o f days w ithin la c ta tion  weeks

S 2 = Variance com ponent attribu tab le to  rep lica tes  w ithin

days o f lac ta tion  

n = number o f animals

c = days w ithin lac ta tion  week

b = weeks o f record ing w ithin lac ta tion  month

a = la c ta tion  months o f record ing

The e ff ic ie n c y  o f each number o f record ing days w ithin a week  can 

th ere fo re  be estim ated  from  equation 1 and then com pared to  the 

variance estim ated  fo r  7 days per week record ing.

1.2.2 Results and Discussion 

The proportion o f variance and variance com ponents are presented  in 

Table A .1.1. As expected , animals w ithin days accounted fo r  the la rges t 

variance. This was fo llow ed  by weeks w ithin months o f  la c ta tion  and 

then months o f lac ta tion . Days w ithin lac ta tion  weeks accounted fo r
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alm ost no variance in feed  intake record ing.

The variance o f 7 days per week  record ing can be estim ated  from  the 

equation using n = 40 as:

8.67 + 0.396 + 1.748 + 0.0 _ Q>296

7x40x4x6 4x6 6 7x4x6

Variance o f various days per week record ing and e ff ic ie n c y  lost is shown 

below:

Number o f days 
per week of recording

Tota l variance Efficiency  
lost (% )

6 0.2963 0.10

5 0.2966 0.20

4 0.2971 0.26

3 0.2978 0.51

2 0.2993 1.02

1 0.3038 2.54

.The estim ated  e ff ic ie n c y  lost indicates that record ing 4 days per. week  

using 40 animals, as was done in this investiga tion , instead o f  7 days 

per week loses only 0.26% e ff ic ie n cy . This is certa in ly  n eg lig ib le . 

These variances can be critic ised  in that the data w ere estim ated  from  

4 days per week recordings rather than 7 days per week  record ings. 

Although this was the case, the recordings w ere random ly d istributed 

in the weeks o f  la c ta tion  which is considered here in the analysis o f 

variance.

It can be seen from  the above equation (1 ) fo r  estim atin g the to ta l 

variance that the la rger the number o f animals the sm aller the to ta l 

variance. This is because animals account fo r  a la rge  part o f  the 

varia tion  in voluntary feed  intake.
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1.3 E XPERIM ENT 2: DIET SELECTION

1.3.1 M ateria ls and Methods

Monthly over a period o f 13 months feed  o ffe red  (sam pled in 

quadruplicate) and individual feed  refusals o f  animals in the experim ent 

were sampled, oven dried at 60°C  fo r  72 h, ground in a labora tory  m ill, 

and analysed fo r  ash, n itrogen  (N ) and m od ified  acid d etergen t fib re  

(M A D F ). A ll ana lytica l procedures w ere previously described (see 

G eneral M ateria ls and Methods -  Chapter 2).

Once, individual samples o f  feed  o ffe re d  to  and refused by 35 animals 

were sampled and analysed fo r  dry m atter (D M ), ash, N and M AD F, to 

check on the un iform ity (varia tion ) o f  the d ie t fed  and also d iffe ren ces  

between  feed  o ffe red  and refused.

D iffe ren ces  betw een  com position o f fe ed  o ffe red  (O ) and fe ed  refused 

(R ) were tested  fo r  s ign ificance at the 5% le v e l using "paired  t "  tes t 

(Sokal and Roh lf, 1969). Where t = mean d iffe ren ce  b etw een  fe ed  

o ffe red  and feed  refused (D ) z standard erro r o f  the mean o f  these 

d ifferen ces  (S q )

t = D/SD

1.3.2 Results and Discussion

The mean com position  and d iffe ren ces  betw een  fe ed  o ffe re d  and 

refused are given  in Table A .1.2.

As expected , the feed  o ffe red  was less variab le than feed  refused, when 

the d iets o ffe red  and refused from  the same animal w ere com pared. 

The c o e ffic ien t o f varia tion  (C V% ) was 3.4, 2.4, 9.9 and 3.9% fo r  fe ed  

o ffe red  and 9.1, 2.3, 10.7 and 7.3% fo r  feed  refusals o f  DM, ash, N and
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M AD F resp ective ly . D iffe ren ces  betw een  feed  bins w ere low  from  the 

CV indicating that com plete  d iet fed  was uniform . The results 

indicated that animals did not vary  in the way they se lec ted  these d iets. 

D iffe ren ces  betw een  feed  o ffe re d  and feed  refused in this group w ere 

not s ign ifican tly  d iffe ren t. H ow ever, when the d iet o ffe re d  was 

sampled en masse and com pared to  individual anim al refusals there 

w ere d iffe ren ces  (P  < 0.01) in com position  betw een  feed  o ffe re d  and 

refused.

These results would tend to  indicate that, taking into consideration  

ana lytica l and sampling errors and varia tion  in fe ed  com position  

betw een  feed  bins, there does not seem  to  be any appreciab le se lection  

o f the d iet by the animals.

1.4 E XPE R IM E N T 3: R E LA T IO N SH IP  BETW EEN OVEN AN D
TO LU E NE  D R Y  M ATTE R S

1.4.1 M ateria ls and Methods 

O ver a period o f  9 months (1983/84) the com plete  m ix o f  grass silage 

and concentrate and also the grass silage alone w ere sam pled tw ice  

monthly and analysed fo r  dry m atter (D M ) by

(1) oven drying at 60°C  fo r  72 h, and

(2) by d istilla tion  w ith toluene (D ew ar and M cDonald, 1961) and 

correc tin g  fo r  ethanol content o f the d is tilla te  (Henderson, 1978).

Regression o f the toluene dry m atter (TD M ) on the oven dry m atter 

(ODM ) was computed fo r  both the com plete  d ie t and the s ilage . Tw o 

equations were established: one w ith in tercep t and the o ther w ithout 

in tercept.
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1.4.2 Results and Discussion 

The fo llow in g  equations w ere derived  from  the regression  o f  TDM  on 

ODM.

Complete Diet

1 TDM = 0.9669 + 0.00465 ODM

(R 2 = 98.0, RSD = 0.609, Mean TDM  = 36.5,

SD = 5.39; Mean ODM = 37.8, SD = 6.02)

2 TDM = 2.986 ± 0.906 + 0.8895 ± 0.021 ODM

(R 2 = 98.7, RSD = 0.608)

Silage

3 TDM  = 1.0203 ± 0.0101 ODM

(R 2 = 96.3, RSD = 1.116, Mean TDM  = 25.1,

SD = 5.99; Mean ODM = 24.4, SD = 6.75)

4 TDM = 3.573 ± 0.525 + 0.8336 ±  0.0208 ODM

(R 2 = 99.0, RSD = 0.595)

The in teresting aspect o f the present results is the overestim ation  o f 

the DM o f the com plete  d iet by about 3.496 by oven drying whereas this 

underestim ates the silage DM by 2% com pared to  toluene d istilla tion . 

For some unknown reason which could not be d e tec ted  in the present 

experim ent the oven drying fa iled  to  dry p roperly the com p lete  m ix. 

During drying, how ever, it was always observed that the s ilage and 

concentrate tended to  cake toge th er. W hether this could have 

influenced the partia l drying o f  the d iet is not clear.

1.5 E XPE R IM E N T 4: IN  VIVO ME D E TE R M IN A TIO N

1.5.1 M ateria ls and Methods 

A  com plete mix o f  ryegrass silage and concen trate m ix fed  to  the
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Table A . I . 3 Com position o f d iets

1

DIETS

2 3

Toluene D M (g/kg ) 407 374 326

Organic m atter (g/kg D M ) 924 929 918

Crude protein  (g/kg D M ) 169 185 178

Gross energy (MJ/kg D M ) 19.2 20.5 18.6

M odified  acid detergen t 
fib re  (g/kg D M ) 179 180 206

N eu tra l detergen t fibre
(g/kg D M ) 325 325 343

In v itro  OMD (g/kg D M )a 749 789 772

a OMD = d igestib le organic m atter

330



Ta
bl

e 
A

. 
1.4

 
A

p
p

ar
en

t 
d

ig
es

ti
b

il
it

y 
co

ef
fi

ci
en

ts
, 

d
ig

es
ti

b
le

 
n

u
tr

ie
n

ts
, 

n
it

ro
ge

n
 

re
te

n
ti

on
 

an
d 

m
et

ab
ol

is
ab

le
 

en
er

gy
 

of
 

d
ie

ts

^  in oi cd 
0  Oi cn co t- fc- lr-
o o o  o O  rH 

C O  C O  
tT- rH

r f  tr- 
H  C O

O  05 ID
tr- 

o tr-
LO r f  LO LO 
0 0 H  C O

CO
E-
W IN

t -  in  oo o i
CO 05 CD 00 
tr— £>- Cr— Cr—

•  c •  •

o o o  o

<03
O) (N ^  H
CO ^  T— 1 ^CT- rH rH

CD
LO LO

tr-
O  05 't

H  C O  0 5  ^  «  t D  
rH r H  C O

C O  0 0  05 rH 
00 ^  CD 05 
t -  tr- tr- tr- 
• • • • 

o o o  o
03

c*q o  ^ o
05 CO H  ^
CD H

CD
tr- CD 05 O
H  C 3 co (N c o  tr—  

tH CD ^  CO 
ID

> 5
cdX5

co<D
.SP
’"3

c
<u
8m
Cd
aa
<

6m
0)
H»•H
cd
S

£m
a)H
H>
cd
s

CDH>
o
s-.
CL

2 bOa u  t. 
>ih03 0)(< t. r
Q O O W

Q
be

"be

c
<d

3
C

su
0>

3

CD .3

w
0)be

ou
O  CL

0)i-
n

c
CD
be
CD

<D
33

.5 'OTT O
cd

> 5  £C O
'o t, s  be 3  oi ^t- ti c  °

O O w §

bo

bD ^5 
hD
6m

co c0)
■4—>

s  *

^  N  
C £
CD o  be .q
2  «  
H  3 
53 S

m ,3 
c- S;

9 %  «
~  j  j  3
3  be be c 3  3  3 "
be bo be >> •w w w  beCi
CD CD CD ¡y  

3 3 3 ^
+-» H  4-»
c  c  c  <i>
8-1 6m 6m
0) <D (D

cd cd a3 n
E E E -Q

cd£*■> i>)
6m 6m 6m

Q Q Q
ID

331



experim ental ca tt le  was sampled in 1981 (D ie t 1) and, from  

15 Septem ber 1983 to  30 A p ril 1984, bagged in polythene bags and 

frozen  fo r  d iges tib lity  tria ls w ith sheep. The 1983/84 sample was 

divided into 2 d iets. D ie t 2 was the ration  fed  from  Septem ber to  

D ecem ber and D iet 3 was the d iet fed  from  January to  A pril.

A week prior to  the com m encem ent o f the d iges tib ility  tr ia ls  each 

group o f d iets w ere thawed, w e ll m ixed and com posited  into e ith er 

D iets 1, 2 or 3 and re fro zen . During the tr ia l, tw ice  w eek ly , the daily 

feed  requirem ents o f the sheep was thawed fo r  feed in g .

Three Suffolk-cross w ether sheep (average  w eigh t 44 kg) w ere a lloca ted  

to D ie t 1 in 1981 whereas 4 Su ffo lk-cross w ether sheep o f 

approxim ately 35 kg liv e  w eigh t w ere random ly a lloca ted  to  each o f 

D iets 2 and 3 in 1984. A fte r  a 14-day p relim inary feed in g  period, 

d igestib ility , m etabolizab le energy (M E) and n itrogen  (N ) re ten tion  w ere 

measured over a 10-day period. Feed was o ffe re d  tw ice  daily , h a lf in 

the morning (0900 h) and the other h a lf in the a fternoon  (1530 h). The 

feed  was o ffe red  at maintenance le v e l (A R C , 1980) based on ME values 

estim ate from  jn  v itro  d igestib le  organic m atter o f  the d iet 

(Tab le A . I . 3).

Faeces and urine w ere co lle c ted  daily. Faeces w ere deep fro zen  and 

urine was ac id ified  to  pH 2-3 with d ilute sulphuric acid to  preven t 

ammonia loss. The 10 daily samples w ere com bined, thoroughly m ixed 

before  samples w ere taken fo r  chem ical analysis.

D igestib ility  values w ere ca lcu lated  as intake -  fa e ca l loss F intake.

The ME values w ere calcu lated  from  gross energy intake minus the
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fa e ca l and urinary energy losses and estim ated  methane loss (B lax ter 

and C lapperton, 1965). Gross energy o f feed , fa eces  and urine w ere 

determ ined by ad iabatic bomb ca lo rim etry . A ll other nutrients (N , 

M ADF and DM) w ere analysed fo r  as described under G eneral M ateria ls  

and Methods (Chapter 2).

1.5.2 Results and Discussion 

The aim o f  the experim ent was to  estim ate  the s im ilarities  betw een  

ME estim ate from  in v itro  DOM and ME determ ined in v ivo  w ith  sheep. 

The in v ivo  ME determ ined fo r  D iets 1, 2 and 3 ranged from  11.9-13.5 

MJ per kg DM (Tab le A .1.4). The high value o f  13.5 MJ recorded  fo r  

D iet 2 was due to  its high gross energy content (20.5 MJ/kg D M ). The 

high gross energy in this d iet is d iff icu lt  to  exp lain  since the gross 

energy o f the concentrate in the d iet m ix was 18.7 MJ/kg DM . A t  50:50 

ra tio  o f concentrate to forage  this gross energy value o f  the silage 

would be 22.8 MJ/kg DM. This value is quite high fo r  grass s ilage  d iets  

(see Wilkins, 1982). The high value could not be attribu ted  to  e rro r o f  

measurement since this was rechecked  tw ice  and each tim e in 

duplicate.

The ME values w ere obtained at m aintenance le v e l w ith sheep. High 

yield ing cows eat over 4 tim es maintenance (T y rre l and M oe, 1975). 

A lso sheep have a more e ff ic ie n t  d iges tive  capab ilities  o f  energy  (3 .7% ) 

than dairy ca tt le  (L indgren, 1981). Ignoring these d iges tib ility  

d ifferen ces  but adjusting the ME values fo r  depression in d iges tib ility  

due to  high le v e l o f  intake (4 tim es m aintenance) from  the equation  

dde = 0.107 -  0.113 de (A R C , 1980). The d iges tib ility  o f  energy  (d e ) is 

depressed from  0.791, 0.789, 0.766 to  0.721, 0.718 and 0.684

respective ly  fo r  D iets 1, 2 and 3 and d igestib le  energy from  15.2, 16.2
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and 14.2 to  13.8, 14.7 and 12.7 resp ec tive ly  and ME from  12.6, 13.5,

11.9 to  11.2, 12.0 and 10.4 MJ/kg DM resp ec tive ly  fo r  D iets 1, 2 and 

3.

If  ME is estim ated  from  the form ula 

ME (MJ/kg/DM) = 0.157 x in v itro  OMD

or = 0.157 x DOMD (B lax ter, 1982) 

then the ME values are 11.7, 12.4 and 12.1 MJ/kg DM from  in v itro  

OMD but 10.9, 11.6 and 11.5 MJ/kg DM from  DOM D. ME values 

estim ated  from  DOMD seem  closer to  the _in v ivo  ME values adjusted 

fo r  le v e l o f  intake. Even so, the d iffe ren ces  ranged from  0.3-1.1 MJ/kg 

DM and was 0.4-1 .8 MJ/kg DM fo r  the d iffe ren ce  betw een  the in v ivo  

ME and ME estim ated  from  in v itro  OM D. For a cow  ea tin g  da ily  20 kg 

DM this could mean an overestim ation  o f ME intake o f 8-36 MJ per day 

i f  calculations are based on ME estim ated  from  in v itro  OM D. These 

d ifferen ces  betw een  m v ivo  and jn  v itro  OMD are s im ilar in trend to  

the results o f  Phipps e t al (1984b) w ith dairy cows. They noted that 

jn  v itro  OMD were higher than hi v ivo  values. This d iffe ren ce  was 6.2 

and 2.3% units fo r  11.7 and 10.7 MJ ME/kg DM com plete  d iets 

respective ly . D iffe ren ces  betw een  the 2 d iets w ere a ttribu ted  to  le v e l 

o f  intake (intakes w ere higher fo r  the high energy d iet than the low  

energy d iet). In contrast, B laxter (1982) observed that in v itro  OMD 

underestimated actual ME values o f 8 out o f  10 feeds. It is not c lea r 

i f  d ifferen ces  in the type o f d iets fed  (com p lete  vs separate ingred ien ts) 

were responsible fo r  these discrepancies.

In conclusion, ME values estim ated  from  hi v itro  OMD overestim ated  

ME values o f feed  determ ined m v ivo  w ith sheep. H ow ever, when a ll 

the errors and adjustments involved  in estim ating in v ivo  ME values are
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considered in v itro  OMD is o f  su ffic ien t accuracy fo r  estim atin g  input- 

output relationships.

1.6 E XPERIM ENT 5: D E TE R M IN A TIO N  OF D E G RAD  A B IL IT Y  OF
DIET CO M PO NENTS

1.6.1 M ateria ls and Methods 

The com position o f grass silage, brewers' grain  and concen trate  use in 

the study are g iven  in Table A . 1.5.

Rumen losses o f n itrogen  w ere measured using the nylon bag technique 

(M ehrez and Orskov, 1977). The bags (17 x 19 cm ) w ere made from  

polyester m ateria l (pore s ize  o f  about 43 ̂ (m ). A  strong dacron line was 

threaded through the tops o f the bags to  close them a fte r  f illin g . The 

dacron line also acted  as a means o f attachm ent to  a perspex strip . The 

strip was also attached to  a screwed cap which could be screw ed  on to  

a f it te d  rumen canula.

In the estim ation  o f degradab ility  o f  s ilage, brew ers' grain  and 

concentrate 17, 17 and 11 g  fresh samples resp ec tive ly  o f  these feeds  

were weighed into the nylon bags. F ive  bags w ere p laced  in the rumen 

o f each o f 3 mature w ether sheep w eigh ing 30-40 kg at 0900 h and w ere 

withdrawn a fte r  3, 5, 8 , 24 and 48 h. The sheep w ere fed  ryegrass hay 

daily ad libitum and this was supplemented w ith 125 g soya and 1 0 0  g 

brushed oats per sheep at 0830 h. Upon rem ova l from  the rumen, the 

bags were washed in running tap w a ter fo r  20 min until the w a ter 

squeezed from  the bags ran c lear. The bags w ere then oven dried  at 

60°c to  a constant w eigh t. Dried residues from  each bag w ere ground 

and residual n itrogen was determ ined by m icro-K je ldah l method.

N itrogen  disappearing at each incubation in terva l was ca lcu lated  as:
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Table A.1.5 Com position o f d iets

Silage Brewers'
Grain

Concentrate

Dry m atter (g/kg) 233 269 903

Ash (g/kg D M ) 82 44 72

M odified acid detergen t 
fibre (g/kg D M ) 295 253

Crude protein (g/kg D M ) 145 262 192

pH 3.91 3.57

Am m onia-N  (g/kg T o ta l N ) 71

Table A .1.6 Param eters derived  from  the exponentia l function  P = a + b (l-e  c t )

D ie t a

SILAGE

1 54.8 37.5 0.252
2 49.7 38.1 0.277
3 55.9 36.6 0.252
Mean 53.5 37 .4  0.260

BREW ERS’ G R A IN

1 39.2 40.3 0.945
2 42.3 34.7 0.445
3 38.8 35.6 0.484
Mean 40.1 36.9 0.625

C O N C E N TR A TE

1 46.4 47.8 0.586
2 44.5 77.2 0.019
3 23.1 58.4 0.586
Mean 38.0 61.1 0.397
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In itia l N in feed  -  N rem aining in incubated residue.

To calcu late e f fe c t iv e  degradab ility, the percen tage o f n itrogen  

disappearance from  the bags at various tim e in terva ls w ere f it te d  by an 

ite ra tive  least squares com puter program  to  the exponentia l function  

p = a + b (1 -  e -0 *) (Orskov and McDonald, 1979).

E ffe c tiv e  degradab ility  was ca lcu lated  as:

c+k

Where

k = is ou tflow  rate from  the rumen

a = proportion o f n itrogen  disappearing at tim e t

b = insoluble but poten tia lly  degradable protein  which is degraded

by m icro-organism s according to  firs t-o rd e r  k inetics w ith  ra te

constant c .O u tflow  rate (k) was assumed as 0.09 (996/h) fo r  

high y ie ld ing dairy cows (E llim an and Orskov, 1984).

1.6.2 Results and Discussion 

The param eters derived  from  the exponentia l function  are g iven  in 

Table A .1.6. These param eters tended to  be v e ry  variab le betw een  

experim ental units fo r  concentrate and brewers' grain . These large  

variations are also r e fle c te d  in the estim ated  e f fe c t iv e  degradab ilities  

(Table A .1.7). It is, how ever, not surprising that animals w ere  so 

variable fo r  the concentrate d iet. The fine partic le  s ize probably 

resulted in losses into the rumen and during washing o f the bags.

The 81.2% e f fe c t iv e  degradab ility  obtained fo r  silage here is s im ilar 

to  the 78-82% degradab ilities  found in d iffe ren t studies by A R C  (1980). 

A lso the 54% e f fe c t iv e  degradab ility  fo r  concentrate is w ithin the range 

o f 51-70% degradab ility  recom m ended by A R C  (1980) fo r  concen trate  

diets.
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APPENDIX  CH APTER  2

2 Health and Fertility

2.1 RESULTS AN D  DISCUSSION

Health o f animals is an im portant fa c to r  in fluencing voluntary dry 

m atter intake (W eston, 1982). The incidence o f disease recorded  fo r  the 

tw o Trials are indicated in Table A .2.1. In T ria ls  1 and 2 on average  the 

incidence o f disease was 1.6 and 0.77 resp ective ly . The health expressed 

as cases o f  diseases recorded  fo r  each year o f the experim ent are also 

provided in Table A .2 .2 . Lameness and le g  problem s w ere  the most 

serious problems among the animals fo llow ed  c lose ly  by m astitis  and m ilk 

fever . The only cases o f ketosis w ere in years 1 and 3 (5 and 4 incidence 

respective ly ). The low  le v e l o f  ketosis is rather surprising. For severa l 

cows in most years w ere in high negative  balance and cows in g rea te r  

energy d e fic it  are more prone to  ketosis (Baird, 1981).

Analysis o f variance o f  incidence o f disease by M odel 1 (T r ia l 1) on ly 

showed sign ifican t (P  < 0.012) parity  d iffe ren ces  (Tab le A .2.3). This was 

due to  a higher incidence o f disease am ong cows ca lv ing in parities  

subsequent to  parity  4. In T ria l 2 also cows ca lv ing in m ore than tw o 

parities were s ign ifican tly  (P  < 0.01) m ore prone to  disease than younger 

cows (Table A .2.4). Incidence o f disease increased w ith increasing 

calving condition score though this was not s ign ifican t. Fat cows are 

acknow ledged to be more prone to  incidence o f  disease such as ketosis 

(Haresign, 1982).

The average days from  calving to  firs t oestrus, days from  firs t 

insemination to  conception, number o f serv ices  per conception  and
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calving in tervals (days) w ere 37.9, 37.5, 2.0 and 393.1 in T r ia l 1 and 41.6, 

22.8, 1.66 and 380.7 in T r ia l 2 respective ly .

Analysis o f  variance o f measures o f reproductive perform ance by 

model 1 (T ria l 1) only showed s ign ifican t (P  < 0.05) year d iffe ren ces  fo r  

days from  firs t serv ice  to  conception  and ca lv ing in terva l (Tab le  A .2.5). 

Y ea r d ifferen ces  w ere due to  the poor reproductive perform ance o f 

year 2 cows (Table A .2.3).

As milk yield  increased number o f  serv ices  per conception , ca lv ing 

in terval and days from  firs t serv ice  to  conception  increased though this 

was not s ign ifican t. It is acknow ledged that there is some antagonism  

between  milk y ie ld  poten tia l and fe r t i l i t y  (see rev iew  by Sm idt and 

Farries, 1981). High condition score at ca lv ing was associated  w ith 

longer intervals from  calving to  firs t oestrus and ca lv ing in terva ls  though 

this was not sign ifican t. High body fatness is reported  to  have a n ega tive  

e f fe c t  on the fe r t i l i ty  o f  cows (Haresign, 1982). This is associated w ith 

low  feed  intakes and thus high negative energy  balance.

In T ria l 2 there w ere s ign ifican t parity  d iffe ren ces  (P  < 0.01) in ca lv ing 

in terva l (Table A .2.4). Y ea r  5 heifers  and cows ca lv ing subsequent to 

parity 2 had the longest ca lv ing in tervals.
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APPENDIX  CH APTER  3

3 Measures o f Assessing Body Reserves

3.1 IN TR O D U C TIO N

Results on the im portance o f body tissue reserves (body cond ition ), 

especia lly  at calving, on feed  intake and m ilk production are con flic t in g . 

Some reports indicate an advantage fo r  animals in good condition  at 

calving, others found no such advantage (see B roster and Broster, 1984). 

These con flic tin g  results are partly  due to  discrepancies in vo lved  in 

assessing body reserves or condition o f  the animal. In the past term s 

such as fa t, medium and thin or ske leta l s ize  and body w eigh t w ere  used. 

This resulted in d ifficu ltie s  o f in terp retation , espec ia lly  when com paring 

results from  d iffe ren t sources.

R ecen tly  an a ttem pt has been made at standardizing a system  o f 

describing body conditions. Such a system  was adapted fo r  use w ith  b ee f 

cows and dairy cows (Lowm an, Scott and Som m erville , 1976; Mulvany, 

1977). The system defines a 5-grade scale (1-5) and describes each score 

in term s o f  the amount o f adipose tissue coverin g  the transverse 

processes o f the lumbar verteb ra  and around the ta ilhead. This system  

o f body condition scoring has been recom m ended by the A gricu ltu ra l 

Advisory Services in the UK  as an aid to b ee f and dairy m anagem ent.

U ltrasonic methods have also been used in measuring back fa t area as 

an index o f body tissue reserves. This has been successfu lly used in 

pred icting fa t and lean tissues o f  b ee f ca tt le  (Simms, 1983b, W right, 

1982).
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Live body weight and liv e  body w eigh t change has been used fo r  decades 

and s till used as a measure o f changes in body tissue reserves. It is easy 

and cheap to  use. It has, how ever, been c r it ic iz e d  due to  in te r fe ren ce  

from  gut fiH  (M oe and TyreU , 1971). L ive  body w eigh t change may, 

however, g ive  more erroneous results w ith  fo raged  based d iets than 

balanced d iets due to  gut fiU  variations (Rohr and Daenicke, 1984).

Any system o f measuring body reserves must re la te  qu an tita tive ly  w ith 

body com position. For p ractica l app licab ility , it must be sim ple, 

inexpensive, labour e ff ic ie n t  and reproducib le by d iffe ren t operators.

The aim in this chapter is:

(1) To re la te  body condition score and back fat area measurem ents

and liv e  body w eigh t to  carcass fa t , protein  and energy.

(2) To investiga te the reproducib ility  o f  condition  scoring by d iffe ren t 

assessors.

(3) To estim ate the repea tab ility  o f  ultrasonic m easurem ents o f 

backfat area on the same site and in the same day.

(4) To investiga te  i f  gut f i l l  varia tion  is a problem  fo r  liv e  body

weight measurements o f  animals fed  ad lib itum  on a balanced

d iet.

3.2 M ATE R IA LS  AN D  METHODS

For ob jec tive  1, body com position data w ere ava ilab le  from  19 la c ta tin g  

cows at d iffe ren t stages o f lacta tion , body w eigh t and parity . These 

animals were culled and slaughtered during a period o f 3 years fo r  the 

fo llow in g  reasons: fe e t  and le g  problem s (5 animals), reproductive

problems (7), m astitis, low  yield  and dam aged teats  (2 each ) and old age
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(1). A  day prior to  slaughter measurements co lle c ted  on the liv e  anim al 

included livew e igh t, condition score and ultrasonic back fat areas using 

a Danscan. Procedures are as described under G eneral M ateria ls  and 

Methods.

A fte r  slaughter one side o f  each carcass was d issected by the M eat and 

L ivestock  Commission (M L C ) technique. The carcass and non-carcass 

components were m inced and analysed fo r  dry m atter and energy , lip id  

(fa t ) and nitrogen contents in the dry m atter. The chem ica l com position  

o f the whole body was then calcu lated  in term s o f  protein  (6.25 x N ), 

lipid (fa t ) and energy.

For ob jectives  2, 3 and 4, yearly , o ver a period o f  3 years, 40 la c ta tin g  

cows w ere weighed tw ice  and condition scored by 2 assessors 5-6 hours 

apart on the same day. Measurements w ere  recorded  at less than one 

week a fte r  calving, then at 6, 12 and 18 weeks post-partum . U ltrason ic 

backfat area was recorded  once, per animal, a t each o f  these periods.

3.2.1 S ta tis tica l Analysis 

Multiple regression equations w ere constructed to  p red ic t to ta l body 

energy, fa t and protein  using liv e  body measurem ents. F itt in g  quadratic 

term s in these measurements did not s ign ifican tly  im prove the precis ion  

o f prediction ; these w ere th ere fo re  dropped. Regression  in tercep ts  w ere 

chosen only i f  they were s ta tis t ica lly  s ign ifican t (P  < 0.05).

Sources o f  varia tion  in condition scoring and liv e  body w eigh t 

measurements w ere estim ated  by analyses o f variance (G E N S TA T  -  

Lawes Agricu ltu ra l Trust, 1984) from  the random m odel (Evans, 1978).

Y ijk = M + q  + aj + (ca)jj + tk + (c t ) ik + (a t )ik + ejjk
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Where:

Y ijk  = score or livew e igh t fo r  cow j

M = over a ll means

q  = random e f f e c t  o f  the ith cow , i = 40

aj = random e f f e c t  o f  the jth  assessor or w eigh ing tim e, j  = 2

tk = fixed  e f fe c t  o f kth period, k = 4

(ca )jj = cow x assessor in teraction  e f f e c t

(c t)ik  = cow x period in teraction  e f f e c t

(at)jk  = assessor x period in teraction  e f f e c t

e jjk  = random erro r term

Reproducibility, the corre la tion  betw een  an animal's condition  score 

assessed by 2 assessors or livew e igh t recorded  at d iffe ren t tim es o f  day 

was estim ated  by regression techniques. Assessor bias was estim ated  

as the d iffe ren ce  betw een  individual assessor score and the mean scores 

o f the 2 assessors. S im ilarly, tim e o f measurem ent o f  liv ew e igh t bias 

was estim ated as the d iffe ren ce  betw een  m orning or even ing liv ew e igh t 

measurements and the mean o f the 2 measurem ents. The standard erro r 

o f an animal's score or w eigh t was the square root o f  the variance 

estim ated from  the above m odel (Evans, 1978) as:

For condition score estim ated  by a mean o f n scores by the same 

assessor, the variance is:

Var (M + q )  = + <SC\  + €e 2/n

I f it is estim ated  by the mean o f n scores by d iffe ren t assessors, the 

variance o f estim ate is:

Var (M + q )  = 1/n (tf2a + bc 2a + tfe 2)

Sim ilarly, the variance o f liv e  body w eigh t was obtained from  the above 

equations.
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3.3 RESULTS

A summary o f liv e  animal measurements and com position  o f em pty body 

weight and other animal variables is g iven  in Table A .3.1. The range o f 

variables measured were considerable. For liv e  body w eigh t 495-820 kg; 

condition score 1.75-5.00; to ta l body energy  3166.7-11,925.6 MJ; to ta l 

body protein 70.9-101.9 kg; to ta l body fa t  32.6-235.7 kg; parity  1-10 and 

stage o f lacta tion  19-436 days. These animals had pred icted  or actual 

305 day milk yield  ranging from  4400-8720 kg.

Equations re la ting  to ta l body energy to  anim al m easurements are g iven  

in Table A .3.2. Equations (5-8) contain ing em pty body w eigh t and 

backfat area measurements w ere b e tte r  pred ictors o f estim ated  body 

energy than a com bination o f liv ew e igh t and back fa t area m easurem ents 

(equations 1-4). These equations had low  residual standard deviations 

and accounted fo r  the highest variances. P red ic tion  equations (9 and 

1 0 ) containing condition score and e ith er liv e  body w eigh t or em pty  body 

weight did not pred ict estim ated  body energy w ith the same precision  

as equations containing back fat area m easurements and liv e  body w eigh t 

or em pty body w eight. These equations, how ever, had reduced residual 

coe ffic ien ts  o f varia tion  (11.9-16.5% ). The energy  value, resp ec tive ly , 

o f  1 kg lipid and protein  (equation 14) was 40.2 and 23.0 MJ. The energy 

value o f 1 kg change in liv ew e igh t, em pty body w eigh t and 1 unit change 

in condition score was 23.0, 31.2 and 2,746.9 MJ resp ective ly .

Equations fo r  pred icting to ta l body fa t  are g iven  in Table A .3.3. S im ilar 

to the prediction o f estim ated  body energy, p red iction  equations (19- 

2 2 ) containing backfat area and em pty body w eigh t gave b e tte r  

predictions o f to ta l body fa t than those contain ing backfat area and liv e
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Table A.3.1 Weights, condition score, backfat area (3 sites), com ponents o f the 
em pty body and other measures o f  cull cow  data.

V ariab le  Mean SD Range

Live body weight (L W -k g ) 671 89 495 - 820

Empty body weight 
(E B W -kg )

542 78
392 - 665

Condition score (B S ) 2.99 0.94 1.75 - 5.00

Backfat area (c m 2)

3rd lum bar vertebra  (B F j ) 6.38 3.59 0.81 - 12.95

13th rib (B F 2 ) 6 . 6 8 3.53 0.97 - 13.31

10th rib (B F 3 ) 6.92 3.53 0.29 - 13.49

Mean -  a l l  sites (B F 4 ) 6 .65 3.46 0.76 - 13.25

T o ta l body energy (M J ) 8045.2 2608.2 3166.7 - 11925.6

T o ta l body protein (k g ) 86.4 9.6 70.9 - 101.9

T o ta l body fa t (k g ) 149.9 63.4 32.6 - 235.7

Lactation  number 4 2 . 2 1 - 1 0

Stage o f la c ta tion 287 1 2 2 19 - 436
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body w eigh t (equations 15-18). A lso back fat area and e ith er liv e  body 

w eigh t or em pty body w eigh t p red icted  to ta l body fa t  more p rec ise ly  

than a com bination o f condition score and these same measures 

(equations 23 and 24). Estim ated body energy was m ore p rec ise ly  

pred icted  by these variables (Tab le A .3.2) than to ta l body fa t  

(Tab le A .3.3). They accounted fo r  the highest variance in p red ic tin g  

estim ated  body energy than in pred icting to ta l body fa t .  A pp rox im ate ly  

52% and 73% o f  1 kg change in liv e  body w eigh t and em pty body w eigh t 

(equations 25 and 26), resp ective ly , was fa t . A  unit change o f  one 

condition  score is equ iva len t to  53.4 kg o f  body fa t  (equation  27).

Equations p red icting to ta l body protein  (Tab le A .3.4) from  body 

measurements lack  the precision  found in p red icting  estim ated  body 

energy and to ta l body fa t . The maximum variance accounted fo r  by 

these equations was only 62.6% (equation 32). Surprisingly, p red iction  

equations contain ing liv e  body w eigh t (equations 28-32) accounted fo r  

higher variances than those containing em pty body w eigh t (equations 33- 

36). Equations contain ing condition score p red icted  to ta l body protein  

w ith high residual standard deviations (equations 36, 37 and 40) and w ith 

low  variance accounted fo r . Approx im ate ly  7.7 and 7.5% o f  1 kg change 

in liv e  body w eigh t and em pty body w eigh t, re sp ective ly  was prote in .

A  change in 1 unit o f  condition score is equ iva len t to  a change in 4.4 kg 

o f body protein . This regression c o e ffic ie n t  was not d iffe ren t from  zero . 

I f  the protein  content o f 1 unit change in condition  score is estim ated  

from  its energy value 2,946.9 MJ and fa t  content 53.4 kg, it  is 26.0 kg. 

That is (2,746.9 -  53.4 x 40.2)/23.0.
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3.3.1 Variation in Condition Scoring and L ive  Body Weight
Measurements

Estim ated variance components, fo r  a 3-year period, fo r  condition  score 

(BS) and liv e  body w eigh t (LW ) are presented in Tables A .3.5 and A .3.6 .

Most o f  the varia tion  in BS was attributab le to  d iffe ren ces  betw een  cows 

in years 2 and 3 (60 and 47.4% resp ective ly ), but to  assessor d iffe ren ce  

in year 1 (41.4% ). B etw een  assessor d iffe ren ces  w ere low  in years 2 and 

3 (3.2 and 12.5% resp ective ly ). An im al x assessor varia tion  was also low  

in year 3 (6 .3% ) but high in years 1 and 2 (12.2 and 17.1% resp ec tive ly ).

The obvious m ajor source o f varia tion  in LW was due to  d iffe ren ces  

betw een  cows. Variance due to  tim e o f  day o f record ing was alm ost 

neg lig ib le  in a ll cases.

Standard errors o f  an animal's score or w eigh t on the basis o f  one o f 

severa l m easurem ents are presented in Tab le A .3.7. The standard error 

o f  an animal's score was reduced s ign ifican tly  when the same scorer 

assessed BS m ore than once or when d iffe ren t assessors w ere invo lved . 

There was 6.2-18.0% reduction  in standard erro r o f  an animal's score i f  

the mean o f  2 scores by the same assessor was used instead o f  one. Tw o 

d iffe ren t assessors resu lted in a reduction o f  about 29% com pared with 

one assessor.

S im ilarly , there was a reduction o f 29.3 and 42.3% in the standard error 

o f  an animal's liv ew e igh t measurement when this was recorded  2 or 3 

tim es, resp ective ly , instead o f once in the same day.

The correla tions betw een  an animal's score by 2 assessors 

(reproducib ility ) or LW measured at d iffe ren t tim es o f the same day are 

shown in Table A .3.8 . The reproducib ility  o f BS was variab le  across
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Table A.3.5 Variance com ponents estim ates fo r  condition score

Year N o . o f N o . o f Cow Assessor Cow x 
cows Assessors Assessor

*

Residual Tota l

1 40 2 0.0713 0.0980 0.0291 0.0400 0.2384

2 40 2 0.2996 0.0160 0.0853 0.0078 0.4992

3 40 2 0.0527 0.0139 0.0070 0.0150 0 . 1 1 1 1

* No. = Number

Table A.3.6 Variance com ponents estim ates fo r  liv e  body w e igh t*

Year N o . of 
Cows

N o . of
Times

Cow Time Cow x 
Time

Residual Tota l

1 40 2 4440.8 4.63 3.15 60.4 4509.0

2 40 2 2622.2 13.4 0 .0 0 150.8 2786.4

3 40 2 4693.0 0.044 0 .0 0 63.7 4756.8

* No. = Number
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Table A.3.7 Standard errors o f  an animal's score or w eigh t on the basis o f  one or 
severa l measurements

Measurement
Year 1 Year 2 Year 3

BS LW BS LW BS LW

A s in g le  assessment 0.446 8.26 0.409 12.81 0.242 7.98

Same Assessor (D a y ) 

Mean o f 2 assessments 0.388 5.84 0.384 9.06 0.199 5.65

Mean o f 3 assessments 0.258 4.77 0.235 7.40 0.139 4.61

D iffe ren t Assessors 

Mean o f 2 assessments 0.316 0.289 0.171

Mean o f 3 assessments 0.258 0.235 0.139

Table A .3.8 R eproducib ility  fo r  condition score and liv e  body w eigh t a t d iffe r en t 
periods o f lac ta tion

PERIOD OF LA C TA TIO N  (W E E K )

Year 1 6 12 18

Condition Score

1 0.63 0.70 0.77 0.73

2 0.67 0.51 0.65 0.62

3 0.54 0.56 0.46 0.71

Mean 0.61 0.59

L ive

0.63 

Body W eight

0.69

1 0.99 0.98 0.99 0.99

2 0.97 0.98 0.91 0.97

3 0.99 0.99 0.98 0.98

Mean 0.98 0.98 0.96 0.98
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years. This ranged from  0.46-0.77 w ith means o f 0.61, 0.59, 0.63 and 

0.69 fo r  la c ta tion  weeks 1, 6 , 12 and 18 o f recordings, resp ective ly . 

There w ere no trends that could be attribu tab le to  periods or years.

The correla tions betw een  2 weights on the same anim al recorded  in the 

morning and la te  in the a fternoon  w ere very  high (r  = 0.91-0.99). There 

w ere no tim e trends recogn isab le in these correla tions.

Estim ates o f  bias (mean dev iation  from  the mean score o f  2 assessors 

or from  the mean o f  morning and a fternoon  LW ) are g iven  in Tab les A .3.9 

and A .3.10. In alm ost a ll years assessor A j  always condition  scored 

higher than A 2 . D iffe ren ces  betw een  assessors w ere s ta tis t ica lly  

s ign ifican t (P  < 0.05) in a ll years and periods o f  lac ta tion . The bias was 

not consistent across years and periods. There was no tim e  trend in the 

bias.

In more than 75% o f  the cases (Tab le A .3.10) morning w eigh t 

underestim ated the mean w eigh t o f  the animal. This is not surprising 

because cows ea t l it t le  a t night (Tanida e t  al, 1984), thus m orning w eigh t 

w ill be low , esp ec ia lly  i f  the ir ea rly  morning feed in g  is upset by the ac t 

o f  w eigh ing. D iffe ren ces  betw een  morning and a fternoon  w eigh ts w ere 

sm all, ranging from  2-12 kg. These d iffe ren ces  w ere s ign ifican t 

(P  < 0.05) in 30% o f  the periods. There was no trend across years and 

periods in the d iffe ren ces  betw een  morning and afternoon  weights.

3.3.2 R ep ea tab ility  o f  U ltrason ic Measurements 

R ep ea tab ilit ies  (corre la tion s) betw een  fa t  area measurements recorded  

at 3 d iffe ren t anatom ical positions on the same animal are shown in 

Table A .3.11. C orrelations ranged from  0.66-0.83 and w ere variab le 

across years. C orrelations w ere gen era lly  higher fo r  Danscans
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Table A.3.11 C orrela tions betw een  back fat area measurements recorded  at 
three d iffe ren t anatom ical positions

P O S I T I O N

Year 3rd lum bar 13th rib 10th rib A l l

1

3rd lum bar 0.83 0.75 0.92

13th rib 0.80 0.90

1 0 th rib 0.92

2

3rd lum bar 0.78 0.67 0.90

13th rib 0 .6 6 0.93

1 0 th rib 0.89

3

3rd lum bar 0.78 0.95

13th rib 0.93

1 0 th rib - - -

Table A.3.12 C orrela tions betw een  the in terpretations o f  tw o  Danscan scans 
o f fa t  area measurements recorded  at the same anatom ica l 
position

P O S I T I O N

Year 3rd lum bar 13 th rib 10th rib

1 0 .8 6 0.84 0.87

2 0.71 0.64 0.67

3 0.90 0 .8 6 -
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in terp reted  by more experienced  operators (years 1 and 3 ).

C orre lations betw een  the in terpretations o f 2 Danscan fa t  area 

measurements taken at the same position (Table A .3.12) ranged from  

0.64-0.90. C orrela tions w ere s im ilarly higher fo r  scans in terp reted  by 

more experienced  in terpreters  (years 1 and 3).

3.4 DISCUSSION

3.4.1 P red ic tion  o f Body Com position 

The data ava ilab le  from  the cull cows fo r  pred icting body com position  

was very  variab le and th ere fo re  good m ateria l fo r  generating p red iction  

equations coverin g d iffe ren t fatness leve ls , ages and livew e igh ts .

O f the body m easurements in vestiga ted  in this study, the most e f fe c t iv e  

indexes fo r  estim atin g body energy and body fa t  w ere em pty body w eigh t 

and ultrasonic fa t  area measures. A  m odel containing condition  score 

and e ith er liv e  body w eigh t or em pty body w eigh t could also be used to  

p red ict estim ated  body energy and to ta l body fa t  but w ith reduced 

precision. The condition scores used in the pred iction  equations w ere 

not assessed by one assessor in a ll instances but by 2 assessors at 

d iffe ren t tim es o f the culling period. This probably in fluenced the 

precision  o f pred iction  due to  assessor bias shown in this chapter.

Due to  the costs involved  in slaughtering and analysing dairy cows and 

also record ing liv e  body measurements, no com parable studies have been 

carried  out to  re la te  condition score and fa t  area measures and to ta l 

body energy. W right (1982) re la ted  body condition score and ultrasonic 

measurement o f fa t  depth to  the chem ical com position o f mature b ee f 

cows o f severa l b ee f breeds. A  com bination o f condition score and
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liv e  w eigh t and liv e  w eigh t and fa t  depths measured at the 12th and 13th 

ribs gave s ign ifican tly  low er residual mean square. A  change in one unit 

condition  score was equ ivalent to  48.6-84.2 kg o f  body fa t  in his study. 

The mean value ca lcu lated  was 53.4 kg in the current study. The 

2747 MJ energy value o f one unit change o f  condition score was w ithin 

the range 2242-3478 MJ reported  by the same author. The energy  values 

o f 40.2 and 23.0 MJ/kg o f fa t  and protein  resp ective ly , estim ated  by 

regression, are sim ilar to  39.7 and 23.8 MJ/kg reported  by Reid  e t  al 

(1968). The energy value o f 1 kg change in liv e  body w eigh t is s im ilar 

to  other reports (Bath e t  al, 1965; Moe e t al, 1971; A R C , 1980). The fa t  

content o f 1 kg liv ew e igh t change is sm aller than the 59% reported  by 

Chigaru and Topps (1981) fo r  la c ta tin g  b ee f ca tt le  but w ithin the values 

42-68% reported  by W right (1982).

In contrast to  the results o f  W right (1982) who observed a curvilinear 

relationship betw een  body protein  and liv ew e igh t, w ith  a higher precision  

o f p red iction  (R 2 = 91.8%), the relationship betw een  the 2 variab les was 

more linear in the present experim ent. C erta in ly , d iffe ren ces  betw een  

the body com position  o f  b ee f and dairy breeds o f  ca tt le  could not have 

accounted fo r  such d iffe ren ces  betw een  the 2 results. One fa c to r  which 

m ight explain  the d iffe ren ces  could be varia tion  in gut f i l l .

In studies o f dairy ca tt le  in various physio logica l states, know ledge o f 

the nature and ex ten t o f  the storage and m ob ilization  o f body tissues 

is essentia l fo r  a c lea rer understanding o f the responses o f  animals to  

changes in nutrition. The nature and ex ten t o f  the body tissue changes 

cannot, how ever, be determ ined without some ob jec tive  methods o f 

measuring body com position  seria lly  in the same animals during periods 

o f a study. This study has indicated that ultrasonic area measures in
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com bination w ith liv e  body w eigh t or em pty body w eigh t are good 

pred ictors o f  these changes. These measures are, how ever, useful 

s c ien tific a lly . The relationship betw een  condition score and liv e  body 

w eigh t, though less precise in pred icting estim ated  body energy and fa t , 

have m ore p rac tica l use. In the p ractica l situation it is im portant to  be 

able to  feed  animals to  ta rge t reserves or condition  score. A lso, the 

e ff ic ie n c y  o f conversion o f  d ieta ry  and body energy to  milk can then be 

estim ated  w ithout resorting  to ca lo r im etr ic  measurements.

The data used in the present experim ent could be c r itic ised  in some 

respects fo r  the reasons aforem entioned  fo r  cu lling the anim als. One 

could argue that the animals w ere not in a physio log ica lly  healthy state 

and th ere fo re  the com position  o f the ir bodies m ay not be rep resen ta tive  

o f animals in p e r fe c t  health and producing norm ally. This, how ever, does 

not d etrac t from  the fa c t  that this is a start in provid ing relationships 

betw een  live  body measurements and body com position o f dairy c a tt le .

3.4.2 Variation  in Body Condition Scoring and L ivew e igh t 
Measurem ents

Variations attribu tab le to  assessors and anim al x assessor in teraction  

w ere fo r  the most part higher than values reported  elsew here (Evans, 

1978; N ichols, 1981). Variation  attributab le to  cows was sim ilar to  these 

reports. These results indicate that the g rea tes t sources o f  varia tion  

in condition scoring in this experim ent w ere betw een  cows, assessors and 

cow  x assessor in teraction . The source due to  cows is la rg e ly  due to  

genotype, how ever, assessor and cow x assessor in teraction  crea tes  

problems in condition scoring. Assessors condition scored animals 

d iffe ren tly , th ey also varied  in the ir in terp retation  o f the scale o f 

condition scoring from  one anim al to  another. Whereas d iffe ren ces
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betw een  assessors in condition scoring can be decreased by period ic  

standardisation betw een  assessors or tra in ing assessors toge th er, 

anim al x assessor in teraction  would be d iff icu lt  to  co rrec t. One could 

argue that since only 2 assessors w ere involved  in this experim ent, these 

could w e ll be a typ ica l o f  a population o f assessors.

N ichols (1981) who also used 2 assessors in his investiga tion  noted a 

higher animal x assessor in teraction  variance than assessor variance. 

S im ilar results w ere also obtained by Evans (1978) using severa l 

assessors.

R eprodu cib ility  values obtained here were s ligh tly  less than 0.7 reported  

by Evans (1978) but sim ilar to  0.48-0.67 reported  by N ichols (1981).

OJ& e& crs
Ranking o f animals fo r  body condition was consistent throughout the 

period o f the current experim ent; with one assessor scoring h igher each 

tim e.

The grea tes t source o f varia tion  in liv ew e igh t was due to  d iffe ren ces  

betw een  animals. T im e o f  measurement and cow x tim e in teraction  

varia tion  w ere neg lig ib le . The co e ffic ien ts  o f varia tion  betw een  animals 

in the morning and a fternoon  w ere sim ilar (mean = 1 0 .1  and 1 0 . 2% 

resp ective ly ). This would indicate that fo r  animals fed  ad lib itum  on a 

balanced d iet the varia tion  in the ir livew e igh ts  betw een  periods in the 

same day was alm ost equal.

R epea tab ilities  betw een  measures o f liv ew e igh t at the 2 d iffe r en t tim es 

was very  high. It would seem that an animal kept its rank in liv ew e igh t 

througout most o f the day. Morning weights w ere gen era lly  low er than 

afternoon  weights. In the morning there is a period o f alm ost one and
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a ha lf hours b e fo re  food  is provided during cleaning up. And these 

animals w ere weighed ha lf to  one hour a fte r  feed ing. These results 

indicate that fo r  animals on a m ixed balanced d iet fed  ad lib itu m , 

changes in gut f i l l  are n eg lig ib ly  low  i f  animals are weighed at the same 

tim e each period. M ore than one w eigh t recorded  on the same anim al 

at d iffe ren t tim es o f the day reduced s ign ifican tly  the standard erro r 

o f  liv ew e igh t. Where cost is low , weigh ing more than once per day w ill 

reduce the e rro r in m easurement due to  changes in gu tfill.  Three tim es 

per week  or per day has been recom m ended by some researchers (B roster 

and Broster, 1984). This is supported by the present results.

3.4.3 R ep ea tab ility  o f  U ltrason ic Measurements 

Correlations betw een  backfat area measurements at d iffe ren t 

anatom ical areas w ere found to  be highly corre la ted , ind icating that one 

is as good as the o ther as a measure o f back fat area. The magnitude o f 

these correla tions, how ever, depended on the experience o f  the opera tor. 

This is also seen in the correla tions betw een  in terpretations o f  scans 

taken at the same anatom ical s ite . The error involved  in repeat 

in terp reta tion  o f ultrasonic measurements may be due to:

( 1 ) trac ing  o f d iffe ren t signals on paper esp ec ia lly  where p ictures

(scans) are o f poor quality;

( 2 ) e rra tic  d ig itis ing o f  the fa t area a fte r  trac ing on to  paper.

Although Danscan measures o f  back fat area is more ob jec tiv e  than 

condition score, there is some su b jec tiv ity  in the method o f  fina l 

measurem ent. Simms (1983b) who made a thorough study o f 

repea tab ility  o f  Danscan measurements also found operator d iffe ren ces . 

He concluded that the experience o f  the opera tor was im portant in 

d ig itis ing  fa t  areas.
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3.4.4 Conclusion 

Body condition score and back fat area in conjunction w ith liv e  body 

w eigh t and em pty body w eigh t are good pred ictors o f estim ated  body 

energy and fa t . They are, how ever, less precise in p red icting  to ta l body 

protein . The condition  scoring o f dairy ca tt le , though a good sub jective 

method o f assessing body fa t  reserves, can result in la rge  assessor 

d iffe ren ces . Regu lar standardisation o f condition scoring betw een  

assessors and/or the cen tra l train ing o f assessors can make condition  

scoring a useful to o l in dairy ca tt le  m anagem ent.

Variations in liv ew e igh t due to  gut f i l l  e f fe c ts  can be reduced by 

w eigh ing animals more than once per day. Where costs are high, but the 

feed in g  ad lib itu m , w eigh ing once a day at the same tim e each period 

would su ffice .
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APPENDIX CHAPTER 4

RELATIONSHIPS BETWEEN FEED INTAKE (DM I), MILK PR O D U C TIO N  
TRAITS, NUTR IENT UTILIZATION TRAITS A N D  

LIVE BO DY M EASUREM ENTS

4-1 Statistical Methods

M ultiple regression  equations and simple correla tions betw een  variab les w ere 

com puted by the least squares method (H arvey, 1977). In the estim ate  o f 

p red iction  equations fo r  dry m atter intake (D M I) and estim ated  energy 

balance (M EB) fo r  results o f  T r ia l 1, data w ere adjusted fo r  year o f ca lv ing 

e f fe c t .  The to ta l variance explained (R 2%) by various p red iction  models 

g iven  in Appendix Tables A .55 and A .56, how ever, excludes this e f fe c t .

S e lectin g  the best m ultip le regression equation is d iff icu lt  w ith unbalanced 

data, esp ec ia lly  where repeated  recordings on the same animal are present. 

Leaving poor pred ictors in the equation may reduce precision  o f p red iction . 

L ikew ise, leav ing  out a p red ic tor when it  is a prim ary source o f  varia tion  

e ith er by defau lt or ignorance o f the ir ex istence may cause varia tion  

associated with these variables to  accrue to  term s in the regression  m odel 

to  which they are corre la ted . In this in vestiga tion  tw o methods w ere used 

in se lec tin g  the best p red iction  models. With m ethod A , which was used fo r  

p red icting  stage o f lac ta tion , DMI, MEB and e ff ic ie n c y  tra its , p red ic to r 

variables w ere dropped one at a tim e and w ere only reta ined  in the se lected  

m odel i f  the c o e ffic ien ts  w ere s ign ifican t at the 5% le v e l o f  probab ility .

With method B, which was used to  se lec t the best pred iction  m odel fo r  DMI 

across weeks o f lac ta tion , individual cow  e ffe c ts  w ere ignored and individual 

w eekly observations as units were used. Since repeated  observations w ere 

made on each cow the standard errors are lik e ly  to  be underestim ated.
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P red ic to r variables w ere th e re fo re  only included in the se lected  best m odel 

i f  the regression c o e ffic ien ts  w ere s ign ifican t at 1 % le v e l o f  probability .

In Tables A .4.2 and A .4.3 DMI and MEB, per stage o f  la c ta tion , w ere 

pred icted  from  the equation y = a + b^ m ilk y ie ld  (kg/day) + b2 condition 

score + b3 liv ew e igh t (kg) + b4 liv ew e igh t change (kg/week).

4.2 Results

4.2.1 SIM PLE C O R R E L A T IO N

C orre la tion  c o e ffic ien ts  betw een  DMI and milk yields, liv e  body 

measurements and nutrient u tiliza tion  tra its  are provided  in 

Tab le A .4.1. Appendix Table A .53 shows correla tions betw een  m ilk 

production variables, liv e  body measurements and nutrient u tiliza tion  

tra its .

D aily milk and FCM  yields w ere p os itive ly  (P  < 0.01) corre la ted  w ith 

DMI (r = +0.35-+0.763 and +0.268-+0.754 resp ective ly ). The c o e ffic ien ts  

were higher in T ria l 2, due to  a g rea ter betw een  anim al varia tion , than 

T r ia l 1. N o ticeab ly , these correla tions gen era lly  declined fo r  milk 

y ie ld , but increased fo r  FCM  y ie ld  as la c ta tion  progressed. LW , w ithin 

the period, w ere corre la ted  m oderate ly  w ith  DMI (r = +0.354-+0.540, 

P < 0.05). These correla tions also tended to  decline with advancing 

lac ta tion . C orrelations betw een  DMI and BS and LW C w ere m ostly 

sm all; suggesting that increasing DMI does not always resu lt in 

increased BS or LW gain.

DMI was p os itive ly  associated with energy balance (r = 0.426-0.490, 

P < 0.01), but n ega tive ly  with e f f ic ie n c y  tra its . These corre la tion  

c o e ffic ien ts  declined with advancing lac ta tion .
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C orrela tions betw een  m ilk y ie ld  and LW , BS, LW C and BSC w ere sm all 

and m ostly non-sign ificant (Appendix Table A .53). High m ilk yie lds 

w ere, how ever, associated w ith low  MEB (r = -0.273 --0 .6 4 0 ), but high 

e ff ic ie n c y  tra its  (r = +0.360-+0.803).

LW was p os itive ly  associated w ith MEB, but was n ega tive ly  associated  

w ith  e ff ic ie n c y  tra its ; correla tions, though sign ifican t in some stages 

o f  lac ta tion , w ere sm all (Appendix Tab le A .53). L ikew ise , LW C was 

p os itive ly  corre la ted  w ith  MEB (r = +0.150-+0.662, P < 0.05), but was 

n ega tiv e ly  re la ted  to  e f f ic ie n c y  tra its  (r = -0.04 -  -0.652). C orre la tions 

w ere gen era lly  high in ea rly  lacta tion , but declined w ith  advancing 

lac ta tion .

4.2.2 L IN E A R  A N D  M U LT IPLE  REGRESSION E Q U ATIO NS

In Appendix Tables A .55 and B.56 are presented the range o f  equations 

used fo r  se lectin g  the best p red iction  equations fo r  DMI and MEB. The 

best pred iction  equations fo r  these same variables are re sp ec t iv e ly  

presented in Tables A .4.2 and A .4.3.

The com plete  models containing the p red ic tor variables average  da ily  

m ilk y ie ld  (M Y ), LW , BS and w eek ly  LW C in the period o f  lac ta tion , 

accounted fo r  43.1-71.0 and 29.7-70.7% o f  the to ta l varia tion  in DMI 

and MEB resp ective ly . The im portant p red ic tor variab les in the 

se lec ted  best pred iction  equations tended to  be in fluenced by the stage 

o f  la c ta tion  and also tr ia l. Thus in T r ia l 1 the com plete  models fo r  DMI 

and MEB w ere se lected  in lac ta tion  stages 1, 2 and over stages 1-4. In 

T r ia l 2 only fo r  DMI was the com plete m odel se lected  in la c ta tion  

stages 2 and 3. BS and LW C were inconsistent in the ir s ign ifican t 

association  w ith DMI and MEB and w ere the variables gen era lly  dropped
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from  the pred iction  models.

The best p red iction  models se lected  fo r  p red icting DMI when cow  

e f fe c ts  w ere ignored, contained the variables week  o f la c ta tion  (W L), 

M Y , LW C , LW and daily  protein  y ie ld  (P Y ).  The se lected  m odels w ere:

T R IA L  1

DM I = 1.635 + 0.365 + 0.2058 ±  0.0063 M Y  + 0.5210 + 0.0184 WL -  0.01503 

+ 0.0001 W L 2 + 0.012 ±  0.00055 LW

(R 2 = 41.1%, RSD = 2.30)

DM I = 1.351 + 0.348 + 0.6888 ±  0.0177 P Y  + 0.5435 + 0.0186 WL -  0.01548 

+ 0.00058 W L 2 + 0.001124 ±  0.00053 LW

(R 2 = 45.7%, RSD = 2.21)

T R IA L  2

DM I = 1.942 + 0.398 + 0.2662 + 0.008 M Y + 0.3813 + 0.02001 WL -  0.01141 

+ 0.00064 W L 2 + 0.01222 ± 0.00062 LW

(R 2 = 49.7%, RSD = 1.83)

DMI = 2.936 + 0.375 + 0.7672 ± 0.0218 P Y  + 0.3761 ±  0.0195 WL -  0.01155 

+ 0.00063 W L 2 + 0.01083 ±  0.00062 LW

(R 2 = 52.5%, RSD = 1.79)

In Appendix Tables A.57-B.59 are provided the range o f  equations used 

fo r  se lec tin g  the best regression  relationships betw een  e ff ic ie n c y  tra its  

and some animal production variables. Models which included M Y , LW, 

LW C and BS explained 55.1-77.4, 32.7-61.3 and 34.8-65.2% o f  the 

varia tion  in gross, net and n itrogen e ff ic ie n c y  resp ective ly . The 

inclusion o f daily ME intake as a p red ic tor variab le  to  the above models 

im proved the precision  o f predictions (m odels explained 80.4-88.3, 81.8-

87.8 and 48.6-79.3%). N ot surprisingly, the inclusion o f ME intake and 

M Y in the models rendered other anim al fac to rs  (LW , BS and LW C ) less
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e f fe c t iv e  as p red ic tor variables fo r  e ff ic ie n c y  tra its  (Appendix 

Tab le A .54).

There w ere s ign ifican t in teractions (P  < 0.01) betw een  ca lv ing BS (CS) 

and ME intake on a ll e f f ic ie n c y  tra its  in lac ta tion  stage 4 (Appendix 

Tables A .57-A .59 ). The individual CS group (see Chapter 2.8) regression  

c o e ffic ien ts  o f  e ff ic ie n c y  tra its  on ME intake w ere (b + SE):

Gross e ff ic ie n c y  

0.0107 + 0.0255; -0.0327 + 0.0493; 0.1651** + 0.0572

N et e ff ic ie n c y  

-0.0700* + 0.0349; -0.1350* + 0.0675; 0.1366 + 0.0783

N itrogen  e ff ic ie n c y  

0.0143 + 0.0169; -0.0155 + 0.0327; 0.1214** + 0.0379%/MJ ME; fo r  CS1,

2 and 3 resp ective ly .

Where * *  = P < 0.01 and * = P < 0.05

In a m odel contain ing DMI, LW ca lv ing BS and LW C there was also a 

s ign ifican t in teraction  o f DMI and ca lv ing BS on daily m ilk y ie ld  in 

la c ta tion  stage 4 and over stages 1-4. Individual CS group regression  

c o e ffic ien ts  o f  m ilk y ie ld  on DM I w ere (b + SE):

Lacta tion  Stage 4 

1.134 + 0.1808; 0.8072 + 0.3646; 2.473 + 0.3962

Lacta tion  Stage 1-4 

1.130 + 0.1998; 0.6743 + 0.3646; 2.042 + 0.3553 kg/kg fo r  CS1, 2 and

3 resp ective ly . A ll the co e ffic ien ts  w ere d iffe ren t (P  < 0.05) from  zero .

A  1 kg increase in daily LW C was equ ivalent to  11.0-35.2 MJ ME fo r  

cows, but 20.0-33.9 MJ ME fo r  h eifers. L ikew ise, a unit change in BS 

was equ iva len t to  763-2107 MJ ME fo r  cows (Tab le A .4.4). The
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c o e ffic ien ts  o f  energy balance on BSC fo r  h e ifers  w ere not s ign ifican t.

In Tab le A .4.5 an a ttem p t was made to  estim ate  the partia l e ff ic ie n c y  

o f  ME u tiliza tion  fo r  m ilk energy y ie ld  (K^) based on body tissue energy 

as estim ated  from  back fa t area measurements and body com position  

data (described in Chapter 6.1.1). The exclusion o f  year 1 data, which 

w ere v e ry  variab le  com pared to  o ther years, s till resu lted  in high 

estim ates o f  which ranged from  0.91-0.99 fo r  cows and 0.97 fo r  

h e ifers , when ME intake was the dependent variab le . When m ilk energy 

y ie ld  (EV) was the dependent variable K j declined to  0.36-0.43 fo r  cows 

and 0.41 fo r  h e ifers . The e ff ic ie n c y  o f  conversion o f body tissue energy 

to  m ilk energy ranged from  0.48-0.97.

4.3 Discussion

The pred iction  o f VFI o f  da iry cows is o f  g rea t p rac tica l im portance 

(V ad iveloo  and Holm es, 1979; see also Tab le 1.4 o f  Chapter 1); provid ing a 

basis fo r  ration  form ulation . The pred iction  equations availab le  have shown 

that even  in the best com plex models 16% o f  the to ta l varia tion  in VFI is 

unaccounted fo r . An a ttem p t was made in the present study to  p red ic t VFI 

from  anim al characteristics, not fo r  farm  use, but to  provide a b e tte r  

understanding o f the relationships betw een  DMI and these fac to rs .

The best p red iction  equations containing the p red ic tor variables M Y , LW , BS 

and LW C accounted fo r  41.1-70.1% o f the to ta l varia tion  in DMI fo r  d iffe ren t 

stages o f la c ta tion  (Tab le A .4.2). The e ffe c tiv en es s  o f  these p red ic to r 

variables gen era lly  declined with advancing lac ta tion  due to  a decreasing 

in fluence o f  BS and LW C. When, how ever, cow e f fe c ts  w ere ignored, the 

p red ictor variables M Y, LW and linear and quadratic e f f e c t  o f  WL

377



(undoubtedly representing LW C ) explained only 41.1-49.7% o f the varia tion  

in DMI.

Equations derived  in this study are d ifficu lt  to  com pare d irec tly  w ith those 

reported  in the lite ra tu re  (Tab le 1.4, Chapter 1) because o f  d iffe ren ces  in 

presentation  o f the data. H ow ever, Coppock e t al (1974) and B ieri e t  al 

(1982) noted that animal fa c to rs  accounted fo r  32-64% o f the varia tion  in 

DE (d igestib le  energy ) intake and 49-68% o f  the varia tion  in DMI.

It has been reported  that data transform ed to  natural or com mon logarithm s 

gave b e tte r  pred ictions than the original data (Conrad e t  al, 1964; Brown 

e t al, 1977; Vad iveloo  and Holmes, 1979). In the present investiga tion , 

transform ed data w ere found to  explain s ligh tly  less varia tion  in DMI than 

the orig ina l data. Probably the use o f mean values fo r  each stage o f  la c ta tion  

made logarith m ic  transform ations unnecessary in this investigation .

FCM  y ie ld  in p red iction  equations have been observed to  g ive  b e tte r  

pred ictions than milk y ie ld  (Yungblut e t  al, 1981). It would seem  that these 

d iffe ren ces  would depend on the m ilk fa t  content. For exam ple, Curran e t  al 

(1970) observed that m ilk y ie ld  was as a good p red ic tor variab le o f  DMI as 

FCM  yie ld . In the current study because o f high m ilk fa t  contents (42.1 g/kg 

over the experim enta l period ) the substitution o f  FCM  y ie ld  fo r  m ilk y ie ld  

did not im prove R 2. This is further evidenced  by sim ilar corre la tion  

c o e ffic ien ts  betw een  DMI and these tra its  (Tab le A .4.1). It is useful to  note 

that in the report o f Yungblut e t al (1981) m ilk fa t  content ranged from  35.0- 

39.0 g/kg, which is much low er than that o f  the present work. It is also 

im portant to  note that correla tions o f DMI w ith m ilk y ie ld  declined whereas 

those w ith FCM  y ie ld  increased as lac ta tion  progressed. D iffe ren ces  in the 

pattern  o f correla tions betw een  DMI and these tra its  can be explained by 

body tissue changes. In ea rly  lacta tion , due to  body fa t  m ob ilization  into m ilk
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fa t , FCM  w ill not be produced com p le te ly  from  d ie ta ry  sources. M ilk volum e, 

other than fa t ,  on the other hand, due to  n egative  energy balance, is produced 

d irec tly  from  d ie ta ry  sources. With advancing la c ta tion  body fa t  m ob ilization  

declined and m ilk fa t  and thus FCM  is produced from  d ie ta ry  sources, 

whereas the partition  o f  feed  betw een  m ilk y ie ld  and w eigh t gain reduced 

the close association  betw een  milk y ie ld  and DMI.

There is a d iscrepancy in the in form ation  ava ilab le  on the in fluence o f  LW 

on DMI. Some reports ind icate that LW raised to pow er 1.0 or 0.73 had no 

in fluence on DMI (Johnson e t al, 1966; Curran e t  al, 1970). O ther reports 

ind icate that LW raised to  the pow er 0.73 or 0.75 was a b e tte r  p red ic to r o f  

DMI than LW, fo r  concen trate  supplemented d iets (Conrad e t al, 1964; 

Yungblut e t  al, 1981) while other reports noted the opposite (Y adava  e t  al,

1970). Both LW, L w O-75 or L^y0.73 accounted fo r  sim ilar varia tion  in DMI 

in the current work. As pointed out by Curran e t al (1970), the in fluence o f

o \ ’
LW or DMI depends on its  va riab ility  in the data used. This is borne out by 

the h igher corre la tion  c o e ffic ien ts  betw een  LW and DMI in T r ia l 2 contain ing 

both cows and heifers  than T ria l 1 containing only cows (Tab le A .4.1). The 

lack  o f adjustments o f LW fo r  d iffe ren ces  in body fatness (e g  Conrad e t  al, 

1964; Yungblut e t  al, 1981) could also have in fluenced these results.

The inclusion o f LW C in both the present in vestiga tion  and other reported  

experim ents im proves p red iction  equations fo r  intake (Johnson e t  al, 1966; 

Bines e t al, 1977). Current LW C, how ever, cannot be used to  p red ic t current 

DMI. In the farm  situation th ere fo re  this variab le , though e f fe c t iv e  as a 

p red ictor, may have to  be dele ted  from  intake pred iction  equations (Curran 

e t al, 1970). The declin ing e ffec tiv en ess  o f LW C in T r ia l 1 o f this experim ent 

supports previous observations by Curran e t  al (1970). These authors noted 

that, as the standard deviations o f LW C decreased, the e ffe c tiv en es s  o f LW C
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as a p red ic tor o f DMI declined. Vad iveloo and Holm es (1979), on the other 

hand, observed no s ign ifican t in fluence o f LW C on DMI in la c ta tion  weeks 

1-12 and 13-24. It would th ere fo re  appear that reasons fo r  the changing 

relationship o f LW C to  DMI are more com plex than declin ing standard 

deviations. This is borne out by the results o f  T r ia l 2 where LW C was 

s ign ifican tly  associated w ith DMI in a ll la c ta tion  stages. As discussed in 

Chapter 3.2.1, varia tions in com position and s ize o f  LW C betw een  animals 

could be involved  in these d ifferen ces .

There are no known sim ilar situations in which BS has been used as a 

p red ic tor variab le , though severa l reports ind icate a n egative  association  

betw een  ca lv ing BS and feed  intake (Garnsworthy and Topps, 1982b; 

Garnsworthy and Garner, 1985). BS was an im portant fa c to r  on intake in 

most stages o f la c ta tion  excep t stage 3 (w eeks 13-18) when most animals 

would have reached minimum BS leve ls  fo r  T r ia l 1. The lack  o f  s ign ifican t 

e f f e c t  o f  BS on DMI in la c ta tion  weeks 2-6 fo r  T r ia l 2 are d iff ic u lt  to  

in terp ret. Perhaps low  intakes o f heifers  and o f fa t  animals, which tend to  

be m ostly cows, at this tim e helps to  explain  this e f fe c t .

In com puting p red iction  equations across weeks o f  lac ta tion , ignoring cow  

e ffe c ts ,  it was observed that a m odel containing m ilk protein  y ie ld  accounted 

fo r  more varia tion  in DMI than one contain ing e ith er milk y ie ld , FCM  yie ld , 

fa t  y ie ld  or m ilk fa t  plus protein  y ie ld . This is the f irs t tim e that such a 

result has been reported . Brown e t  al (1977) have reported  that fa t  y ie ld  

in p red iction  equations gave good pred iction  o f VFI. This result is d iff icu lt  

to  explain  since 1 kg o f  fa t  y ie ld  contains m ore energy than 1 kg o f  protein  

yie ld . Could the energy cost o f  synthesising one unit o f  m ilk prote in  be 

higher than a unit o f  m ilk fa t?  W ebster (1980) showed that the amount o f 

ME requ ired to  deposit one gram o f protein  and fa t  was the same (53 MJ).
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I f  this value is accep ted , then the apparent d iffe ren ce  may be due to  low  

energy cost associated w ith the transfer o f long chain fa t t y  acids from  

m ob ilized  body tissues to  m ilk fa t  (K ron fe ld , 1982) as com pared with the 

energy cost o f  de novo synthesis o f  m ilk protein  from  d iffe ren t absorbed 

am ino acids.

From  the fo rego in g  it  is reasonable to  exp ect that M Y, LW, LW C and BS, 

which are im portant fa c to rs  re la ted  to  the energy situation o f an anim al, 

would account fo r  most o f  the varia tion  in DMI. The probable reasons fo r  

the 30-59% unexplained varia tion  in DMI w ere discussed in Chapter 3.2.1.

This is fu rther ev idenced  by lack  o f s ign ifican t association  o f  some fac to rs  

as LW C and BS w ith DMI in some stages o f la c ta tion . A lso  corre la tions and 

c o e ffic ien ts  betw een  DMI and other animal characteristics are in fluenced  

by the stage o f la c ta tion  (M ille r  e t  al, 1973; G rieve  e t  al, 1976; K orver, 1982; 

Bertilsson and Burstedt, 1983). It would th ere fo re  appear that fo r  im proved 

precision  o f pred ictions, equations should be estim ated  fo r  d iffe ren t stages 

o f lac ta tion .

The present experim ent also dem onstrated that LW, BS, LW C and m ilk y ie ld , 

in the stage o f lac ta tion , w ere a ll im portant fac to rs  in fluencing MEB and 

e ff ic ie n c y  tra its . These variables explained in MEB 42.5-71.0 and 29.7-54.5% 

o f the to ta l varia tion  fo r  T ria ls  1 and 2 resp ective ly . The low er varia tion  

observed in T ria l 2 is d iff icu lt  to  explain. Energy balance depends on 

maintenance requ irem ents and milk energy y ie ld . LW and M Y  should 

th ere fo re  have explained a large amount o f the varia tion  in MEB. Variation  

in s ize o f  LW C or LW and errors in estim ation  o f energy balance could explain  

some o f this discrepancy.

D iffe ren ces  betw een  animals in e ff ic ie n c y  w ere m ostly due to  d iffe ren ces
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in m ilk y ie ld  and ME intake. It would th ere fo re  seem  that high y ie ld in g  cows 

produce more m ilk per unit ME intake than low  y ie ld ing cows. They also ea t 

m ore (high correla tions betw een  milk y ie ld  and DM I) but s till partition  more 

o f  th e ir ME intake in to m ilk (high negative  correla tions betw een  e ff ic ie n c y  

and DM I). These results are in agreem ent w ith experim enta l observatinos 

(Bryant, 1981; D avey e t  al, 1983) that cows o f high breeding index ea t more 

and s t ill partition  more food  into m ilk than cows o f low  breeding index.

It is s ign ifican t to  note that in the equation which included m ilk y ie ld  and 

ME intake, LWC,-' which was highly corre la ted  w ith  e ff ic ie n c y  tra its , was not 

an im portant fa c to r  in fluencing e ff ic ie n c y  variables. This g ives  support to  

the conten tion  that LW C is the e f f e c t  o f le v e l o f  DMI and not the reverse  

(Bines, 1979).

The most in teresting aspect o f  the present study, never previously reported , 

was the s ign ifican t in teraction  o f  DMI and ca lv ing BS on m ilk y ie ld  in 

la c ta tion  weeks 19-24 and over weeks 2-24 and ME intake and ca lv ing  BS on 

e ff ic ie n c y  tra its  in la c ta tion  weeks 19-24. Cows ca lv ing in fa t  condition  

tended to  partition  m ore o f the ir DMI into m ilk than cows in thin and in 

medium condition  at calv ing. Thin cows also partitioned  more DMI in to m ilk 

than cows in medium condition. This was re fle c te d  in fa t  cows being more 

e ff ic ie n t  in gross m ilk energy and milk n itrogen  production at this tim e.

These results are less surprising when it is reca lled  that a t this tim e fa t  cows

are s till m ob ilizing body fa t  while other groups are replenishing fa t .  This is 

fu rther evidenced  by declin ing net e f f ic ie n c y  fo r  cows in thin and medium

condition  at this tim e. These results, though, are consistent w ith  the

hypothesis (Chapter 4.2.2.2) that fa t  animals which dep lete th e ir body 

reserves in ea rly  la c ta tion  decline in body fa t  to  a p lateau and there sw itch 

from  body fa t  m ob ilization  to  deposition.
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The energy value o f  1 kg change in LW C fo r  cows (11.0-35.2 MJ ME or 6 .8-

21.8 MJ at K g  = 62%; M AFF , 1975) and heifers  20.0-33.9 MJ ME or 12.4-21.0 

MJ) are less than those reported  in the lite ra tu re . For exam ple, A R C  (1980) 

recom m ended 26 MJ net energy/kg w eigh t change; A lderm an e t al (1982) 

observed 27.4-49.1 MJ ME fo r  heifers  and 31.3-89.1 MJ ME/kg LW C fo r  cows 

and M AFF  (1975) recom m ended 20 MJ net energy/kg LW C . Probable causes 

o f d iffe ren ces  betw een  experim ents in energy value o f LW C was discussed 

in Chapter 5.2.2.7 and was attribu ted  to  the confounding e f fe c ts  o f  gut f i l l  

on LW C.

The higher estim ated  energy  value o f  LW C in ea rly  la c ta tion  m ay be 

attribu tab le  to  the higher energy value o f body fa t  which would be m ob ilized  

shortly a fte r  ca lving, but may also r e f le c t  underestim ation o f  true LW loss 

in ea rly  lac ta tion , due to  changing gut contents betw een  lac ta tion  weeks 2-  

6 (M oe e t  al, 1971). The opposite would be the case fo r  he ifers  which have 

less body fa t  at ca lv ing to  m ob ilize  (Tab le A .4.5). The s ign ifican t in tercep t 

values are probably an indication  o f energy needed fo r  grow th which was not 

a llow ed  fo r  in estim ation  o f energy balance o f im m ature animals.

The energy  value o f  one unit o f  BSC (763-2107 MJ ME) in this study appears 

very  low  when com pared w ith  2242-3478 MJ net energy value obtained by 

W right (1982). D iffe ren ces  betw een  the tw o experim ents are probably due 

to  the method o f estim atin g these values. W right (1982) regressed  body 

energy estim ated  from  slaughter experim ents on BS. Furtherm ore, energy 

value o f  a sub jective measure such as BS cannot be absolute due to  

d iffe ren ces  betw een  operators (Evans, 1979; N ico ls , 1981). The 

non-sign ificant c o e ffic ien ts  o f energy value o f BSC fo r  h e ifers  possibly 

re fle c ts  lack  o f  s ign ifican t BSC change betw een  lac ta tion  weeks 2-18.

383



4.3.1 E STIM ATIO N  OF P A R T IA L  E FF IC IE N C Y  OF ME U T IL IZ A T IO N  
FO R  L A C T A T IO N

Estim ation  o f  K j is norm ally by ca lo r im etr ic  methods and regression  

techniques (F la tt  e t  al, 1969; Moe e t  al, 1971; Van Es and 

Van der Honig, 1979). In these methods Kq is determ ined  through 

simultaneous measurem ent o f  m ilk energy y ie ld  (EV) and tissue energy  

change (TE ) under conditions where they vary  re la tive  to  each other. 

The results are then analysed by f it t in g  into a m odel as:

ME intake = a + bqWO*1̂  + b2 EV + positive  TE + b4 n egative  TE 

Where K j = V b 2

Such methods are cos tly  and tim e consuming and y e t Kq is im portant 

fo r  feed  form ulations. Few  a ttem pts have been made to  estim ate  K j 

from  liv e  body measurements. The use o f  ultrasonic back fa t area 

m easurements and equations derived  from  cow  body com position  data 

to  estim ate  f e l l  short o f  expectations (Tab le A .4.5). The results 

indicatd that K j ranged from  0.91-0.99 when ME intake was the 

dependent variab le  but 0.36-0.43 when EV was the dependent variab le . 

The e ff ic ie n c y  o f  conversion o f TE to EV was estim ated  w ithin the 

range 0.48-0.97. The tw o methods o f  ca lcu lating Kq are exp ected  to  

be sim ilar since th eo re tica lly  they measure the same fa c to r  (M oe e t  al,

1971). The present results d if fe r  from  0.54-0.68 reported  fo r  Kq from  

a ll fo rage  to  high concentrate d iets or the 0.82-0.84 reported  fo r  the 

e ff ic ie n c y  o f conversion o f TE to  m ilk energy (F la tt e t  al, 1969; Moe 

e t  al, 1971; Van Es and Van der Honig, 1979). These poor estim ations 

w ere no doubt due to  cum ulative errors in estim ation  o f  body energy 

from  many p red ic tive  equations and also in the measure o f back fa t 

area.
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4.4 Conclusion

LW, M Y LW C and BS accounted fo r  43.1-71.0 and 29.7-70.7% o f  the to ta l 

varia tion  in DMI and MEB resp ective ly , w ithin d iffe ren t stages o f la c ta tion . 

The proportion  o f varia tion  explained in DMI tended to  decline w ith advancing 

la c ta tion  due to  the decreasing e ffe c tiv en ess  o f  BS and LW C as p red ic to r 

variab les. When cow  e f fe c ts  w ere ignored the p red ic tor variables M Y , LW 

and linear and quadratic e f fe c ts  o f  WL explained only 41.1-49.7% o f  the to ta l 

varia tion  in DMI. P red ic tion  equations containing protein  y ie ld  accounted 

fo r  m ore varia tion  in DMI than equations containing m ilk or FCM  or fa t  

yie lds. The precision  o f  p red iction  o f DMI increased more w ith va r ia b ility  

o f  the data than w ith sample s ize (Curran e t  al, 1970). M ilk y ie ld  was as good 

a p red ic to r o f  DMI as was FCM  y ie ld . LW , LWO*7  ̂ and LW^*^^ accounted 

fo r  sim ilar varia tion  in DMI.

Corre la tions o f DMI w ith  m ilk y ie ld  declined whereas correla tions w ith  FCM  

y ie ld  increased as la c ta tion  progressed. High y ie ld ing cows consumed more 

feed , but s t ill partitioned  m ore o f the feed  into m ilk y ie ld  and w ere th e re fo re  

more e f f ic ie n c y  than low  y ie ld in g cows.

Fat cows at ca lv ing partitioned  more DMI into m ilk y ie ld  and w ere m ore 

e f f ic ie n t  than cows ca lv ing in thin or medium condition in lac ta tion  weeks 

19-24. Cows in thin condition  also partitioned  more DMI into m ilk y ie ld  than 

cows in medium condition, at this tim e.

The energy  value o f 1 kg change in LW C was estim ated  as 7-22 MJ fo r  cows 

and 12-21 MJ fo r  h e ifers . P a rtia l e f f ic ie n c y  o f ME u tiliza tion  fo r  m ilk energy 

y ie ld  (K i), estim ated  from  ultrasonic back fat area measurements and cow 

body com position  data, ranged from  0.36-0.99.
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In conclusion: simple em p ir ica l relations are not precise enough fo r  the 

p red iction  o f  VFI using animal fac to rs . The use o f more com plex 

relatinoships w ill, how ever, render pred ictions o f  l i t t le  p ractica l farm  use. 

Im proved pred ictions o f DMI more p rec ise ly  than +1.3-1.9 kg w ill requ ire 

im proved record ing o f  LW and LW C (a ffe c te d  by gu tfil l)  and BS (a f fe c te d  by 

opera tor bias). These equations can fu rther be im proved by the use o f stage 

o f  la c ta tion  constants or the estim ation  o f  individual stage o f  la c ta tion  

pred iction  equations. Body fa t  m ob ilization  results in low  corre la tions 

betw een  DMI and FCM  yie ld  but not w ith  uncorrelated m ilk y ie ld . M ilk y ie ld  

is as good a p red ic tor varib le  as FCM  y ie ld  fo r  DMI provided the average  milk 

fa t  com position  o f the animals is above 40 g/kg. The estim ation  o f K j from  

back fat area and body com position  is too  inaccurate to  be o f  p rac tica l 

s ign ificance in fu rther estim ation  o f  input-output relationships; one o f the 

in itia l ob jec tives  o f the Langhill p ro jec t (N eilson  e t  al, 1983). Im provem ents 

in the d ig itis ing  o f back fat area scans are needed fo r  more precise pred ictions 

o f body energy change. The present use o f Scanogram to read back fa t area 

d irec tly  may prove to  be a more accurate m ethod fo r  p red ic tin g  body 

com position  than the more sub jective method o f  Danscanning.
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TABLE A.9 Means and standard deviations (SD) fo r  m ilk y ie ld  tra its  per stage o f 
la c ta tion  -  T R IA L S  1 <5c 2

T R I A L

1 2 
TRAIT Mean SD Mean SD

Fat y ie ld  (kg/day)
Stage 1 1.37 0.303 1 . 1 2 0.293

2 1.26 0.253 1.09 0.209
3 1 . 1 2 0.225 1.03 0.204
4 1 . 0 2 0.229 0.96 0.207

1-4 1.19 0.209 1.05 0 . 2 0 0

Prote in  y ie ld  (kg/day)
Stage 1 1 . 1 0 0.165 0.87 0.204

2 1.06 0.166 0.89 0.159
3 0.94 0.153 0.84 0.140
4 0.83 0.158 0.77 0.147

1-4 0.99 0.138 0.85 0.146

Param eters o f m ilk  y ie ld *  
curve

a 2 7 .6 ' 8 .04 2 2 . 6 8.18
b 0.251 0.230 0.223 0.162
c -0 .0430 0.0258 -0.0311 0.0191

* a = le v e l param eter (kg)

b = param eter describing the in itia l increase in production from  la c ta tion  w eek  2 
to  week o f peak y ie ld  (kg/day)

c = the slope during the decline in production a fte r  week o f peak y ie ld  to  la c ta tion  
week  24 (kg/day)

395



Ta
bl

e 
A.

10
 

Le
as

t 
sq

u
ar

es
 

m
ea

n
s,

 
st

an
da

rd
 

er
ro

rs
 

(S
E

) 
an

d 
th

e 
va

ri
an

ce
 

(R
2%

) 
ex

p
la

in
ed

 
by

 
ea

ch
 

fa
ct

or
 

fo
r 

da
ily

 
m

ilk
 

y
ie

ld
 

(k
g)

 
pe

r 
st

ag
e 

of
 

la
ct

at
io

n
 

- 
T

R
IA

L 
1

><*
i

'O03
I

03

03

00
I

M

03

I
e-

«
i

03

55
O
P
<

U
<
>-3

55
O
P
<
H
O
<

P3
w

0)
S

w
ca

§
0)
S

pa
CO

pa
CO

«
S

pa
co

§
0)
S

Pn ft,
O O

w 55 
a  «

E-
CO

eo
o
03
PH

O 00 CO CO
05 O- rH

in  r-H r f  CO CO

CO t> I> CO o
(N (N (N (N

05 in  O) 00 
O  05 00 CO

rH O  O  rH

r f  (N  CO H  
N N  W N

iH O- rH O
rH 05 05

rH O  O  rH

l> 00 O CO
t>  LO CO CO H  
M N  N  W

D- H  CO CO 
H  H  O) ^

rH rH O  rH

O) CO 05 H  IN

rH 05 05 O  rH
CO IN IN CO

05 00 CO CO 
00 l>  t *  H

O  O  O  rH

CO H  <N ^  O

05 H  05 05 IN 
IN CO IN N

c o  in i n  03
CO CO CO rH

hû
C

03
O

o
S*
a3
0)

H  in  05 
CD O

O  O  rH

03 O  C O  O-

00 00 l >  o  
03 03 03

^  O  C O  
0 0  0 0  C O

O  O  rH

0 0  O -  h  C3

C O  C O  C O  o  
0 3  0 3  03

C O  o  C O  
0 0  0 0  C O

O  O  rH

0 0  O  0 5  CO

C O  i >  1(5 O  
0 3  0 3  03

l >  ^  05 
0 0  0 0  C O

O  O  rH

r H  ^  0 0  03

O  r H  0 5  03 
C O  C O  03

0 5  C O  00 
C O  C O  O

O  O  rH

0 5  0 0  0 0  H

0 5  0 5  0 5  O  
03 0 3  03

O- C O  03
^  in h

rH 03 C O  ^
té

bD
C

cdo
«H
o

co

co co in 
co co in

rH o  o

cd cd -Q 
co o  ^  o
• • c •

co n  o  m
03 03 CO 03

C O  0 5  00 
C O  o -  CO

rH O  O

cd cd -Q
r H  in 0 5  C O

co 03 Tf in 
03 03 03 rH

o  C O  
CO 00 CO

rH O  O

cd cd -O m m i> co 
• • • • 

m  m  oo 05
03 03 03 H

CO 03 H  
t-0 0  t-
H  O  O

cd cd -Q 
03 in co

00 05 CO CO 
03 03 CO 03

CO CO 
co co m

rH O  O

cd D  O 
co ^  m  ^  

• • • • 
in  oi ■i1
N  N  M M

C D  m  TT 
i-, -cf m

w
a
3
ofc.
bD

a>

r-, ITd CO cd
H M M

Pi

396

ab
ed

 
D

if
fe

re
n

t 
su

p
er

sc
ri

p
ts

 
in 

co
lu

m
n 

in
di

ca
te

 
si

gn
if

ic
a

n
t 

d
if

fe
re

n
ce

 
P 

< 
0.

05



Ta
bl

e 
A

.l
l 

Le
as

t 
sq

u
ar

es
 

m
ea

n
s,

 
st

an
da

rd
 

er
ro

rs
 

(S
E

) 
an

d 
th

e 
va

ri
an

ce
 

(R
2%

) 
ex

p
la

in
ed

 
by

 
ea

ch
 

fa
ct

or
 

fo
r 

da
ily

 
fa

t 
co

rr
ec

te
d

 
m

ilk
 

(F
C

M
, 

kg
) 

pe
r 

st
ag

e 
of

 
la

ct
at

io
n

 
- 

T
R

IA
L 

1
i

es

'Z
O
P
<
É*

es
i

es

es
i

os

00
tH

M «Ì,CO

os
I

e-

CO
IOS

Z
O
P
<
E*

<
%

w
CO

0)
£

fa
co

£

»
«3

<U
£

w
co

0)
£

w
CO

<u
£

1 8  E 4) 
2 t->

o  o
<  <3

i-3
fe fao o 
w 55
o  *fa

fa!
£

COtri
O4-1
«
cS
fa

CO LO o CO CO rH 00 00 rH O
05 oo 00 03 O* 0- rH O -  CO 03
• • • 0 0 0 0 0 0 0 0

o o o rH o o rH rH o  o 03
03

cd cd -Q
00 CO CO o rH CO 00 LO 00 C O  rH

• • • • 0 • 0 0 0 0 0 0
00 oo 00 05 o 05 00 00 o O- rH
03 03 03 03 03 03 03 03 03 CO

LO 05 03 o CO 03 03 05 o  o-
03 O o LO OS 05 LO CO 05 O- LO
• • c 0 0 e 0 0 0 0 0

rH rH rH rH o o rH rH o  o
rH

cd cd jQ
O CO 03 rH o o rH LO 03
• c • • 0 • 0 0 0 0 0 0

LO c o LO io rH LO o c o  c o
03 03 03 03 03 03 03 03 03 03

Cr- 03 LO 00 rH LO rH CO 03
rH O 05 o> 00 0- 00 o-

• • • 0 • 0 0 0 0 0
rH rH O rH O o rH rH o  o

cd cd jQ
0- CO o- 0» CO CO t- ^ CO

• • • 0 0 • 0 0 0 0 0 0 0

00 CO CO 0- rH o- c— CO o CO LO 05 05
03 03 03 03 03 03 03 03 0 3  03 rH

00 o 03 LO 03 03 CO O  00
03 rH o LO 05 05 LO 05 05 0-
• • • 0 0 0 0 0 0 0

rH rH rH rH o o rH rH o  o

cd cd -Q
00 03 CO CO rH LO O CO LO rH CO O
• • • a 0 e 0 0 0 0 0 0 0

o O O o o o rH o rH 05 05 CO 00
CO CO CO CO CO CO CO 03 03 CO rH

co o o 0 5 O LO 00
o 0 5 00 CO o-° 03 LO 0- CO
e • 0 0 • 0 0 0 0 0

rH o o rH o o rH rH o  o

CO n -Q cd cd j d  a
CO CO 05 tr- CO rf* rH 05 05 05 rH

C • 0 • 0 0 0 e 0 0 0 0 0
05 CO CO o LO rH rH 03 o 00 O  LO O

03 CO CO CO CO CO CO 03 c o  c o 03

C O  L O  L O  0 3

CO CO CO H

bD
£
> 
r—-H
cO
CJ
tH
o
c-
cC
0)
>H

r-! CS OO *3*
fa

t- CO CS 
cf Ifl H

he
C

cCo
Cm
o

c
o

CD US 
H  -C ID

r-H CS CO

CD
Cu3
O
Cm
ho

TP
i—H

M
’>>

P i -< Pi

397

ab
ed

 
D

if
fe

re
n

t 
su

p
er

sc
ri

p
ts

 
in 

co
lu

m
n 

in
di

ca
te

 
si

gn
if

ic
a

n
t 

d
if

fe
re

n
ce

 
P 

< 
0.

05



Ta
bl

e 
A.

12
 

Le
as

t 
sq

u
ar

es
 

m
ea

ns
 

an
d 

st
an

da
rd

 
er

ro
rs

 
(S

E
) 

of
 

m
ilk

 
fa

t 
co

n
te

n
t 

(g
/k

g)
 

pe
r 

st
ag

e 
of

 
la

ct
at

io
n

 
- 

T
R

IA
L 

1

i pi
i

fa
73

to CO 00 o
o 00 00
• • • •

rH O o rH

o 00 rH rH
e • • •

rH Oq CO oq

lO 00 o*
00 Oq
• • •

o o rH

to 00 l O
• • •

r H 03

00 t-
CD o- CD
• • •

rH o o

CO CD 00
• • •

CO rH rH

Pi
I

Ci

w
73

4)
s

CO O rH 00 co CO Oq rH o
Oq rH O CD 05 05 lO 05 05 00

e • • • • • • • • •
rH rH rH rH o o rH rH O o

o CO CO 05 CO 05 00 CD CO
• • • • • • • « • •

CO CO eq oq CO rH CO 03 Oq CO

so
I

PS

fa
73

§
0)
S

o O tr- CD 05 o* O- 05 Ch
oq o O LO 05 00 00 00 o-
• • o • • • • • • •

rH rH rH rH O o rH rH o o

cd CO A CO
t- CO rH
• • • •

rH oq 05 oq
CO

o oq O
• • •

oq rH rH

OltD t* 
rH O  rH

I

w
73

C
«3
©
S

O to 00 CD
CO rH o CD
a • • •

rH rH rH rH

rH CO 05 o
• • • •

00 rH rH rH
CO

rH CD 00
O 05 to
• • •

rH O rH

O  CO 'pi

r-l O  O
■sp tP rp

05 ID CO
05 05 00
• • •

rH O o

o 00 o
• • •

oq 05 o
CO

te
I
Pi

fa
73

C
«S
©

CD O oq rH
CO oq 05

e • • •
rH rH rH rH

CO o o
rH rH 00

05 00 ID
oq O 05
• • •

oq rH O

cd A  
o  o

a
00

cd
05 o CD in oq

e • • • • • • • • •
rH LO 05 oq to LO CO Oq
rtf <tf

Z
O
P
<

Z
O
P
<
E-

<
E<
73

©
6,

e
3
z

O o
<  i

fa
O o
w SQ 
u  *fa

fa
5

■8
o
o
£

£
o+->
o
cC
fa

n  in m n  
«  m  cn H

t- CO Pi 
Hp LO H

bnc

03
©

Cl
03
©
>H

rH Pi CO HP

bn
c

03o

o
-C■Mc
o

c o  i n  i f
t-h  r p  l o

cn
fa
3
OLibn

©• p H
5̂

-fa H  (N CO

398

ab
ed

 
D

if
fe

re
n

t 
su

p
er

sc
ri

p
ts

 
in 

co
lu

m
n 

in
di

ca
te

 
si

gn
if

ic
a

n
t 

d
if

fe
re

n
ce

 
P 

< 
0.

0
5



Ta
bl

e 
A.

13
 

Le
as

t 
sq

u
ar

es
 

m
ea

ns
 

an
d 

st
an

da
rd

 
er

ro
rs

 
(S

E
) 

of
 

m
ilk

 
pr

ot
ei

n
 

co
n

te
n

t 
(g

/k
g)

 
pe

r 
st

ag
e 

of
 

la
ct

at
io

n
 

- 
T

R
IA

L 
1 i I

CO

CO
I

05

œ
i

n

co
r-t
l

c-

<e
i

CO

¡25 g  
O O
P  P  
<  <  
H E-1 
O Ü 
<  <

fa fa
o o
w 55 a % 
<  ' 
Eh 
73

fa
73

V
S

fa
73

3
0)
5

fa
73

C
«
<u

fa
73

C
aJ
<u

fa
73

C
<3

S

°  N 
*- "2 
E  o
e °  e  3
3  «-
Z

fa
fa
X

Ëo■M
o
3
fa

co to CO 
ir t  O ' ^  t o

o o o o

3  -O  3  T3

C- 00 LO Tf
t o  i f l  w  co

o o o o

3  -Q  O  "d

co im m  co
CO CO CO rl

hD
C

3
O
tH
o
5-<
3
3
>>

H  CO CO of

rH 00 CO
CO CD

• • •
O o o

T—( 0 5
LO CO
• • •

o o o

3  j d  n

C- to CO 
O ' in  h

hD
C

3
O

o
■C
c
o

05 00 CM
t- CO CO
• • •

o o o

rH 00 o 05 00 CM Tt< LO
• • • • • • • • • •

CO LO
CO CO CO CO CO CO CO co CO CO

rH 00 rH
o
• • •

rH o O

CM 05 CO 00 rH CM CD rH
• • • • • • • • • •

CO LO o- CD LO rt< LO LO LO
CO CO CO co CO CO CO CO CO co

05 rH CO LO CO rH 05 CM CD
LO LO TF D- 00 CO
• • • • • • • • • •

o  o o o o o O o o o

cd a A cd A a
CO o to o CD o o LO
• • • • • • • • • ■

CM CO CD LO LO LO
CO CO CO CO CO CO CO CO CO CO

00 rH D- CM CM o CM LO
LO LO o 00 CO
• • • • • • • • • •

o  o o o o o o o o o

cd A cd o
O- rH 05 05 CM CD LO
• • ■ • • • • • • •

cm lo CM CO CO CO CO CO CO LO
CO CO CO CO CO CO CO CO CO CO

05 LO to CM 05 CM CO 00 CM
CD LO to 00 LO 00 o
• • • • e • • • • ■

o  o o o o o o rH o o

CD 05 CM o o rH CM
• • • • « • • • • •
LO CO TF LO LO

CO CO CO CO CO CO CO CO CO CO

3  in  - c
i—i *3 ICO

H  CO CO

cn
Û4
3
O
e-.
bo
TO
3• ̂4
>>

399

ab
ed

 
D

if
fe

re
n

t 
su

p
er

sc
ri

p
ts

 
in 

co
lu

m
n 

in
di

ca
te

 
si

gn
if

ic
a

n
t 

d
if

fe
re

n
ce

 
P 

< 
0.

0
5



Table A .14  Least squares means, standard errors (SE) and estim ates  o f the 
e f fe c ts  o f  ca lv ing liv ew e igh t (kg) and liv ew e igh t change -  kg/week 
(regression  c o e ffic ien ts  (b )) fo r  305-day milk and fa t  correc ted  milk 
(FC M ) yields (kg) -  T R IA L  1

T R A I T  

M ILK  Y IE L D  FCM  Y IE LD

Factors N Mean SE Mean SE

Y ear o f  c a lv in g

1 33 7332 278.3 7669 342.5
2 35 6858 247.9 7464 305.1
3 35 6986 233.4 7440 287.3
4 12 6952 372.8 7243 458.7

Month o f c a lv in g

1 47 7271 225.0 7771 276.9
2 56 7190 207.8 7532 255.8
3 12 6635 342.1 7058 421.0

Parity

2 26 6941 320.2 7581 394.1
3 34 6942 252.8 7607 311.1
4 25 6960 262.3 7229 322.8
5 30 7278 253.9 7398 312.4

M ilk  y ie ld  groups 

1 16 6803a 433.2 7449a 533.2
2 45 6821a 208.2 7421a 256.3
3 54 7572b 178.6 7891b 219.9

C a lv in g  condition 
score groups

1 65 6873 2 0 1 . 6 7433 248.1
2 26 6895 240.6 7184 304.8
3 24 7328 447.1 7744 550.2

W eight change (b ,S E )c 115 -145 .7 57.28* -161 .8 7 .495*

C a lv in g  liv ew e igh t 
(b ,S E )

115
-1 .124 1.661 0.4114 0.2045

A l l  observations 115 7032 187.2 7454 230.5

ab D iffe ren t superscripts in column indicate s ign ifican t d iffe ren ce  P < 0.05 

N = number o f records 

* P < 0.05

c Lacta tion  weeks 2-6

400
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Table A.18 Least squares means, unadjusted parity  group means, standard errors 
(SE) and estim ates  o f the e f fe c ts  o f  certa in  variab les (regression  
c o e ffic ien ts  (b )) fo r  305-day m ilk and fa t  correc ted  milk (F C M ) yields 
(kg) -  T R IA L  2

Factors N

M ILK

Mean

T  R  A

Y IE LD

SE

I T

FCM

Mean

Y IE L D

SE

A l l 75 6710 106.0 7117 134.0

Month o f c a lv in g

1 27 6708 137.3 7152 195.6
2 24 6519 145.8 6970 207.7
3 24 6364 161.0 6663 229.3

Parity groups

la 24 6594a 186.0 6824a 265.0
lb 25 6970b 154.0 7701b 219.4
2 14 6043° 258.0 6347c 367.4
3 12 6514a 277.6 6842a 395.4

Weight change (b ,S E )b 75 -247 .6 63.03 -247 .3 89.78

C a lv in g  liv ew e ig h t (b ,  SE) 75 0.9131 2 .1 3 9 ** -0 .2441

"NIoC
O

o

C a lv in g  condition  score 75
(b ,S E ) -739 .3 392.3 -9 20 .4 558.6

M ilk  y ie ld  la c ta tio n 75
week 2 (b ,S E ) 90.84 20.67 95.00 29.45

U N AD JU STED  M EANS

Parity groups

la 24 5997a 178.1 6197a 225.1
lb 25 6815b 174.0 7554b 220.7
2 14 6951b 247.0 7305b 300.8
3 12 7076b 246.0 7414b 312.1

A l l 75 6621 92.0 7051 131.0

L eve l o f  s ign ificance * * *

abc D iffe ren t superscripts in column indicate s ign ifican t d iffe ren ce  

N = number o f records

** P < 0.01 * P < 0.01

d Lacta tion  weeks 2-6

* *
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H
s

■8J8
i  o  8

I  2

Wt-
O+■<u
CO
PH

o F 03 C- o C O 0 3 o
I D

t-H
I D tT- c - 0 0 o 0 0 C O L D rH

• • • • • • • • •

O o o o r H o t-H t-H CM

ID o ID r H CM O CO c-

6
9

6

• • • • • • • • e

CM CM co CM t-H F c m CM t-H
F F F F F F F F 1

C O CM 0 3 f c - C D r H F CM
O
r H

CD 07» 0 3 i-H CM O t r - 0 0 D -
• • • • • • e • •

o O o t-H t H t-H r H r H CM

Lfi t- rj!
IN  N  IN

T f  in  ' j '  i n
IN  IN  rH T-t

<

bD
C

cO
V

c
o

H  N  W

CO
CL3
Oubn
r? <s n
7Z  H  H  N  CO
C-i
cd
Oh

F
CD

0 3 o CM C D t-H C D L D o
• e • • • • o • •

CM co C O CM CM F O F CM

F F F F F F F F 1

I D

t - C O o r H C D CM 0 3 C D O -
I D 0 0 0 3 O t-H 0 3 L D C D F

• • • • e • • • •

O o O r H t-H O t-H r H CM

Cr-
L D

I D 0 0 C D t-H t-H o CD CM 0 3
• • • • ® • e • •

CM t-H C O CM t-H F t-H C O C O

F F F F F F F F 1

t-H
CD r H IT - 0 3 C O O C O CM

I D 0 0 0 0 0 3 t-H 0 3 L D C D F
• • o • • • • • •

O O o O r H o r H r H CM

F
CM

I D C O 0 3 F t-H r H L D L D C O
• • e • 0 O • • •

t-H r H r H t-H 0 3 C O CM t-H t-H
F F F F C O F F F 1

0 3

I D t>- CM CM C O 0 3 I D t-H C O

CD 0 3 O r H C O o 0 0 o IT -
o • • • • ® • • •

O O r H r H r H t-H t-H CM CM

o
CO

cd j û cd C O

CM L D  C O 0 0 0 3 F 0 3 CD tT -
• e » • o • • • •

C O t-H I D CM r H F F r H o
F F  F F F F F F 1

ID
t—

W
C/D

TD(H
CD• f“)
r>>

LD
o
o
V
Oh
Oo
c
a>S-i
<D «♦■h «+-< • (H
XJ
+Jc
cCCJ

c
bn
CO

+-»
cd
o
X !
C

o
o

CO

.S4"t-.
oCOL<
CD
CL
3CO
4->
C
0)i*
<u
Ih
Cm

X>
O
X)
3

407



Ta
bl

e 
A

.2
2 

Le
as

t 
sq

u
ar

es
 

m
ea

n
s,

 
st

an
da

rd
 

er
ro

rs
 

(S
E

) 
an

d 
es

ti
m

at
es

 
of

 
th

e 
ef

fe
ct

s 
of

 
da

ily
 

m
ilk

 
yi

el
d 

in 
la

ct
at

io
n

 
w

ee
k 

2 
(k

g)
(r

eg
re

ss
io

n
 

co
ef

fi
ci

en
ts

 
(b

)) 
fo

r 
m

ilk
 

pr
ot

ei
n

 
co

n
te

n
t 

(g
/k

g)
 

pe
r 

st
ag

e 
of

 
la

ct
at

io
n

 
- 

T
R

IA
L

 
2

xfC4
ICS1

xf
is
I

05

00

CO

OS

(0
pH ICO

Z
O
P
<
E-

<3
02

W
72

C
«3
43
£

w
72

C
c8
V
£

w
72

C<s
£

w
72

C
cd
4>
S

w
72

C
cd
41

Z
O
P
<
E-

s  «
■“  «4-, *-

i  °  8

I  8

ü  ^  <  <  
j  h

fu Pt4
o  o

w a
O ï1?w

w
ss

W
o4H
o
cd
fa

t>-
c m

to
CO

bn
a

cd
o

o

c
o

in  i f )  h  
LO ^  C ^  CO

o o o o

cd a  a  o

H  N  C O

C/D
Û4
D
O
£-*
bJD

e-)
cd
fa

cd ü )
H  H  (N M

C O

CO o CO

cd
cd a  a
tH lO 03

a
00

rH
O
cm
rH

• • • • • • • • •
to ^  CO CO CO O

CO c o CO CO c o  CO CO CO 1

to rH LO LO o CO tr­ rH
CM
o

CO to to CO t- to ai O to• e • • • • 0 • •
o o o o o o o rH rH

LO
CO
CO

CM CO tr- 00 o LO CO CM
e • • • • • • •

LO LO CO 00 o
CO CO CO CO CO CO CO

H CO o LO CO rH D— o
00
to

CO to LO CO LO 00 03 CO• • • « • • e • •
o o o o o o o o tH

CO

o io o CO
cd cd 
co  cm

cdLO
A
o to

• • • a a a a a a
LO LO to Cr­ o
C O C O C O C O C O  C O C O eo

00 tH o tr- co o C O
03
CM

cm to LO 00 00 CM
• • a a a a c a a

o o o o o  o o o tH

cd a o cd A cd o

iH

CO
03 03 C O CO LO 00 CH c—

• • a a a a a a a
C O CM to C O C O  CM C O to o
C O C O co C O co  co C O C O

cm Ch o to  C O o 00
00
CM

C O to to co to 03 03 C O
0 « • a a a a a a

o o o o o  o o o rH

cd A V cd A o
o

C O C O C O ^  CO C O 03 to
o • e o • a a a a

Tf* C O TF LO co  cm rf CO t-H
C O C O C O C O co  co CO C O 1

LO tr- to CM LO
tr­ cm CM CM CM CM rH tH tr-

w
CO

T3
i—H
41
>5

m
o
o
V
CL.
43o
c
43
s..
a;

=4-1«4-1

C
as
o

c
'0D

«C/D
<D
cd
o• l-H
T3C
• p“H

c
E
3i—H
O
CJ

■4-4
Û4•P—<
t-»a
CO
s-.
<D
a,3
CO
4-»
c
<D
t-4
a;

«+-I«W
Q

T3
4>
n
3

408



Tab
le 

A.
23 

Lea
st 

squ
are

s 
me

ans
 a

nd 
una

dju
ste

d 
par

ity 
gro

up 
me

ans
 a

nd 
sta

nda
rd 

err
ors

 (
SE)

 an
d 

est
im

ate
s 

of 
the 

eff
ect

s 
of 

cer
tai

n 
var

iab
les

 (
reg

res
sio

n
coe

ffi
cie

nts
 (

b)) 
for 

pa
ram

ete
rs 

of 
mil

k 
yie

ld 
cur

ve 
- T

RIA
L 

2

«CO

e
33V2

•D_4 wCO
<9 ^

i s §0* 0)
s

W» F°4© <a 

* 1

wCO

wCO

c
CO0)
s

fflCO

©
S

w»a

JSo
3 2as

£»
I  EE o
33£ © 
CO CO
SU Cu

©
© © © o

00 © © f—i © CO CO »“4 © r—t © •*r
rj* © c- c- ®l>HCO o o ©
o © © © © O f-4 O © © F“4

o © © © © © © © © © © ©

©
CM »—4 «

a J3 Ü Q © © c— »“4
03 © CO *f> CM O O © © © 4*̂ ©
CN CM N CO © r-l o © © © CM

^ rr «C ©
1

© ©
1

©
1

© Tp CM
CO CO © O

© © co ̂ *-t © c- © co CM © CO
CN *̂8 © © © O' © CM © © CO
o © © © © © ©  © © © ©

© CO CM 4-4
© © © CM

03 A A O © o O ©
E> CO CO CO 03 © n5 co «■* o © 1-̂
o © ©  © « © © CO © © © ©
CO CO CO CO CM CO CO CO 1 1 1

© © ©
CO CO fH ©

m ■*r © © CO CO H H CO CM
03 TJ* © © ©  © © © CM © CM en
o »-* F** 1-* H  H N N © © © tp

© CO CM CM
© © © ©
© o CM CO

co ©  i-i CM ©  Tp fc- © © ©
00 e- © fr- H  ©  O © © o © ©*■* 1 i

i-T © * *
CM © rfJ © © tC © © © ©cm rf «O © © © © © ©© © o © © O © O © © © ©

o © © © © © © © o © © o
o © © © © ©  © © © © © ©

< 8 4 3 0 tp © Cfln* TP CM C- CM © CM O © © CM © Orm c— co © © r-t r-4 © o © *-*
CO r-* CM Tp © © © O CM <
o © © © © © © © © © © © w
o © © o © © © © © © © © £

1 1 1 1 1 1 1 1 Qw
© 00 * * e-

CO *-» 4-4 © CO r—< CO © C'­ CO Tp cn c/a
m co © © r-t © O © en © • CO © D

CM CM CM CO W  O* O' © © o to >-3
© © © © © © © © © © © © Q
o © © © © © © © © © © © <ZD

CB 03 A O © ©
CM H  CO « © « H © © © CO ©
O ** ©  i-l *-» OO C- CO © © CO tp
in © CM C- CO ©  © CM o ©
cm CM CM CM H H  N © © © ©
© © © © © © © © © ©

1
©
I

©
**© ©

00 © f“4
© © ©  CO © CM © © © CO Tp
CO © © © O* © © i“« © © ©
© © © © © O © f-4 © © 1—4

©
CM ©
1—4 CO ©

© © © MJ4 © CM CO O © © CM

eN CM CM CM CO (N CO © © rM cn(N CM CM CM CM CM CM CM i

© C- ̂  TP tP © tP CM © © © ©
c- CM CM CM N  N H  H c- c- e- c-

CL3Oo
.ccos

F-t CM cn
£  as a

wCO

4)
bOc

bo
COa.

A
bo*5 —»5 W <D CO

-Û

w
CO

*a ̂  
5 w

03Ü

WlflMOCO
to to co o  n
o  o  a  o  o

o  o  o  a  o

CO jO o xj
H  If) O  O)
If) (O O  CO o

'ptr 1- ̂  tf

o o o o ©

as J2 o T3
if) Tf rt C" «

C— C l 00 OS ©  

Od)>^CO

If) If) If) O) H
co c i ’f  t r  n
o  o  o  o  o
o  a  o  o  o

o  ®  o  o  o

A
03 A  03 O 
C- O © C- »-I
9) if) O* O) H
N N  N  O' COO O O O O
a  o  o  o  a
I i i l l '

o © o o c- 
o  o  c - ©  c- 
eo n  co h  h  
a  o  w  o' o

©  o  o  o  o

as A  o  co
M O O T f H
ifl O) (O c -c o
!fl CO CO (Û N 
IN CJ O W N
O O O O O

a,3o

COZ

409

abe
d 

Dif
fer

ent
 s

up
ers

cri
pts

 in
 c

olu
mn

 i
nd

ica
te 

sig
nif

ica
nt 

dif
fer

enc
e 

P < 
0.0

5 
***

 P 
< 0

.00
1 

** 
P < 

0.01
 

* P 
< 0

.05
 

NS 
= n

ot 
sig

nif
ica

nt



Means and standard deviations (SD) of energy and nitrogen utilization traits per stage of lactation for Trials 1 and 2

Mean

T R I A L S  

SD Mean SD

y ie ld  (MJ/day)
U-

E required (%)

>ove maintenance ME requirements/FCM (MJ/kg)

intake/milk y ie ld  (kg/kg)
L--

ke (g/day)

<e -  undegraded in rumen (g/day)

U / ' ’ i it-,-..

<e -  degraded in rumen (g/day)

£
no acid N supplied to tissues (E A A -N , g/day)

I f  ;

ed (g/day)
/ i

-1 required (%)

103.2
98 .9
8 6 .4
77.1
91.3

9 1 .3
106.9
114.3
114.5
106.1

4 .62
5.73
6 .30
6 .35
5.66

0.33
0.38
0 .44
0.41
0 .39

482
550
534
495
515

140 
169 
155
141 
150

342
381
379
354
365

118
140
134
123
129

1.8
27 .4
30 .6
28 .6  
22.6

101.7
125.2
130.1
131.6
121.6

18.3  
16 .9
15 .3
15.3  
14 .2

14 .8  
15 .6
15 .9  
16.2  
12.0

1.03
1.12
1.19
1.36
0.87

0.080
0.088
0.105
0.106
0.077

68.8
67.7
67.6
59.7  
54 .0

4 5 .0  
38.8
57 .0  
34 .2  
3 8 .4

42.2
49.1
57.1  
53.4  
4 4 .0

23.0
20.9
25.1  
17.6
10.9

18.6
18 .8
22.1
14.9
15.1

16 .0
17.6
22.3
18.5
14 .6

84 .4
84.3  
78 .0
72 .4  
79.9

104 .4
114.5
120.7
119.7
114.5

5.48
6.20
6.66
6.65
6.20

0.40
0.44
0.45
0.41
0.43

453
504
495
467
480

149
165
165
144
156

303
338
329
322
323

121
134
133
122
128

25.7  
37 .2
40 .4
34 .5
34.7

128.9
139.3
144.7
140.5
138.2

20.2
14.6
13 .4
13 .4
13 .7

12.8
11.3
12.2
14.1

9 .6

0.93
0.85
0.98
1.21
0 .74

0.081
0.066
0.096
0.101
0.068

32 .2
4 2 .2
3 8 .0
39.1  
31 .7

28.8
38 .9
24.7
24 .2
24 .4

43 .3
4 3 .5  
46.1
41 .5  
39 .7

16.7
20.0
13.9
14.1
14.1

10.2
13.6
10.6 
11.1

8.2

14.1
15 .0  
14.3  
15.9
11.0
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Table A.40 Means and standard deviations (SD) o f  back fat area change, estim ated  
body fa t , energy and protein  change and param eters o f  liv ew e igh t and 
condition score curves -  Tria ls 1 and 2

T R I A L

TRAIT Mean SD Mean SD

Back fat area change (c m 2) 

Lacta tion  weeks 1-6 
1 - 1 2  
1-18

-1.77
-1.92
-1.17

1.52
1.87
1.85

Param eters o f liv ew e ig h t curves

A  (in te rc e p t )
B ( l in e a r  c o e f f ic ie n t )
C (quadratic  c o e ffic ie n ts )

634.3
1.229
0.6901

72.3
1.536
0.1716

544.7
1.618
0.0501

63.3
4.254
0.147

Param eters o f condition score curves

A  (in te rc e p t ) 3 .10 0.826 2.29 0.345
B ( l in e a r  c o e f f ic ie n t ) -0 .0497 0.0878 -0 .0384  0.0425
C (quadratic  c o e f f ic ie n t ) 0.0021 0.0026 0.0014 0.0015

Estim ated body fa t  change (g/day)

Lacta tion  weeks 1-6 
6 - 1 2  

12-18 
1-18

-841.0
77.1

309.3
109.5

833.1
522.0
535.1 
301.3

Estim ated body protein  change (g/day)

L acta tion  weeks 1-6 -3 .6  112.0
6-12 20.6 74.9

12-18 7 .7  74.8
1-18 9 .5  39.6

Estim ated body energy change (M J/day)

Lacta tion  weeks 1-6 -3 3 .1  34.3
6-12 3 .5  21.4

12-18 12.3 22.2
1-18 -4 .1  12.4
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Figure A.1:Re I ahionehip behween dry mahher inhakes 
(kg/day) oF 2 coneecuMve lachahion6 of hhe same 
animal over weeks 2 ho 6 of lachahion.
Y= 15-51 (SE,3.37)+0.208(SE,0.203),R^3.1,RSD=2.78

Figure A.2:Re I ahionship behween dry mahher inhakee 
(kg/day) of 2 consecuhive lachahions of hhe same 
animal over weeks 2 ho 24 of lachahion.
Y=8.25(SE, 2. 43) +0.604 (SE, 0.133), R^=31.9, RSD=1.70
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Figure FI. 3  : Re I ah i oneh i p be F ween milk y i e I de (kg/day) oP 
2 consecuFive I acFaFions oP Fhe eame animal over veeke 
2 ho 24 oP lacFaFion.
Y=23.06(SE,3.77)+0.211(SE,0.145)X; R =11.1%,RSD=3.94

Figure R.4 : Mean drymaFFere(X) oP Peed Ped during 30 
weeke oP experimenFiYeare 1(.),2(X),3(»0,4(0) and 5(+ )

¿ i R n
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