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The samp l e s  u s e d  for thi s  par t of the inves tigat ion came from 

the Awaroa Re s earch Farm on the Rangi t a iki Plains . As··the 
tes t ing procedure and ana l y t i c a l  procedure s were in mos t  
respe c t s  iden t i c a l  t o  those  u s e d  for Part A the r e su l t s  for 
Awaroa have been compared wi th the re s u l t s  ob tained on the 
Ma ssey uni t s . The data for the l a t ter  were poo l e d  for thi s  
purpose  and a mean we igh ted for the number of obs ervat ions 
calcu l ated  for each parame t er . 

Haematocr i t  

The haema tocr i t  va l ue for the Awaroa herd fe l l  1n b e tween tha t 

for Un i t  1 and Uni t s  2 and 3 and the s tandard devia t ion for 
the Awaroa herd was lower than for the Mas sey herds (Tab l e s  
IV : l  and V : l ) . , Th i s  cou l d  b e  exp l a ined b y  the Awaroa herd 
rece iving a more even leve l of  feeding than the anima l s  on 
the three  Ma s s ey uni t s  as l eve l of nut r i t ion doe s in f luence 
the haema t oc r i t  ( s ee  ear l ie r  d i scu s s ion p 1 52 ) .  

Haematoc r i t  p lo t t e d  aga in s t  weeks from the s tart  for the 
Awaroa herd (F ig .  V : l ) produced a biphasic  curve s imi l ar to 
that obt a ined on the Ma s s ey uni t s  (Fi g .  V : 2 ) w i th the s tart 
of  the r i s e  and the peak in the curve occurring ear l ier . 

Thi s  may be accounted for by c l ima t i c  d i f ferences  s ince the 
average temperature for thi s  are a , which is  fur ther nor th than 
Mas s e� i s  h i gher . As a re sul t there could  have been a d ir e c t  
e ffect  from th i s  higher temperature on the haema toc r iE and . an 
indirec t nut ri t ional

-
effec t  a s soc i a ted with ear l i e r gra s s  growth . 

The plot  for haema tocri t  agains t weeks in milk (Fi g .  V:3) 
appeared to dup l i cate  the change s  s e en in the p l o t  again s t  weeks 
from the s tar t . An increase in the s tandard deviat ion for the 
means of th i s  curv�noted towards the end of l ac ta t ion ,  was 
probably as s oc i a t ed wi th few animal s  be ing s amp l e d  a t  tha t  



TABLE V: 1 

MEANS AND STANDARD DEVIATIONS FOR THE AWAROA HERD TOGETHER 
�ITH THE CALCULATED MEANS FOR THE THREE MASSEY UNITS AND A 
COMBI NED MAS SEY-AWAROA MEAN 
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Awaroa 

x s . d . 
Ma s s ey* 

Mas sey* 
and 

Awaroa 

Haematoc r i t  % 2 5 . 5  2 . 3  2 6 . 0  

Haemo g l ob in g / l OOml 1 0 . 3  

Tot a l  pro t e in g / l OOml 7 . 8 0 . 6  8 . 4  

Albumin g / l OOml 3 . 4  0 . 6  3 . 4  

Urea N i t r ogen mg/ l OOml 1 9 . 3  4 . 4  1 9 . 1  

Gluc o s e  mg/ lOOml 5 3 . 1  6 . 9  5 7 . 0  

Sod ium m/Eq / 1  1 40 . 5  6 . 1  

Pota s s ium m/Eq / 1  4 . 9  0 . 4  5 . 2  

Magnes ium mg/ lOOml 2 . 5  0 . 4  2 . 1  

C a l c ium mg/ l OOml 8 . 7  2 . 0  1 0 . 1  

Inorgan i c  
Pho spha t e  mg/ lOOml 5 . 6  1 . 4 6 . 0  

* Mean s as cal cu lated are we i gh t ed means for both the 

Mas s ey (3 Un i t s )  and Mas s ey and Awaroa mean s . 

2 5 . 9  

8 . 3  

3 . 4  

1 9 . 1  

5 6 . 1 

5 . 2  

2 . 2  

5 . 9  



TABLE V : 2 

Haematocrit 

Haemoglobin 

Total protein 

Album i n  

PERCENTAGE OF VARIAT ION EXPLAINED {R
2

) -

AWAROA HERD 

Sea son Lactat ion 

3 . 9  3 . 9  

4 . 0  7 . 2  

4 . 9  4 . 1  

Urea N itrogen 2 0 . 5** 15 . 4 ** 

Glucose 1 2 . 8* 13 . 0** 

Sodium 2 2 . 2** 20 . 5** 

Pot a s s ium 1 5 . 2** 14 . 5** 

Magnes ium 2 4 . 1** 2 3 . 8** 

Calc i um 

Inorgan i c  Pho sphate 1 6 . 2** 1 5 . 2** 

Sign i f i c ance o f  multiple regre s s ion coeffic ient ( R )  

** p < 0 . 0 1 

* p < 0. 0 5  
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Age 

8 . 0* 

0 . 0  

3 . 3  

1 . 3  

1 . 3  

1 . 0 

o.o 

6 . 9  

3 . 7  
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s tage (n=l l for the 44 week mean and n=2 for the 48 week mean 
compared w i th n=SO for the 4 week mean) . The d i f fe rent 

shape o f  the Awaroa curve for the haema tocrit , wh ich fel l  from 
the beg inning o f  l a c t a t ion (Fig . V : 4 ) has been recorded by 
overseas worker s (Hewe t t , 1 9 74 ; Rowlands et al., 1 9 7 5 ; 
Treacher e t  al. ,  1 9 7 6 )  and has b een a t t ributed to the demands 
of  l ac ta t ion ; i t  wa s s tated tha t  the fa l l  occurs regard l e s s  
of  the l eve l o f  pro t e in nut r i t i on o f  the anima l . Why thi s  
shou ld have b een the c ase on the Awaroa unit and no t the Mas sey 
uni t s  canno t be s a t i s factori ly exp l a ined . The perc entage o f  
var iation exp l ained by lac tat ion was only 3 . 9% wh i ch was the 
same as tha t  exp l a ined by season (Tabl e  V : 2) .  

Age as a s ource  o f  var iat ion accounted for 8% o f  the tota l . 
S ince th i s  herd had only been recently  acquired , and the ages 
for anima l s  6 years  and over were not known , thi s  p l o t  (Fig . 
V : �  covered a re l a t ively short age span . The ind i c a t ions 
from the curve were that the re c ou l d  have been a sma l l  
decrease 1n haema toc r i t  with increas ing age , a trend no t 
ob s erved on the Mas s ey uni t s  ( F i g . V : 6 ) .  

Haemoglob in l eve l s  were not e s t imated for the Awaroa data . 

Total Prote in & Albumin 

The mean s erum t o t a l  protein l evel  for the Awaroa herd was 
s imilar  to tha t  for Uni t  3 and showed remarkab ly sma l l 
f luc tuat ions throu ghout the year (Tab l e  V:l ; F i g s . V : 7-8) . 
Serum albumin was even 
period and showed none 
units  (F igs .  V :  1 3- 1 4) . 

more s tabl e  throughout the s amp l ing 
of the f l u c tuat ions s een on the Mas s ey 

The absence o f  f luc tuat i ons 1n the se 
-

values sugge s ted  that protein suppl y  was su f f i c i ent  t o  
sus tain normal heal th and produc t i on .  

Whe ther there was an insuffic iency in respect o f  o ther 
c omponent s  o f  the feed during the period o f  h i gh mi lk  
produc t ion a s  sugge s ted in  the next s e c t ion cou l d  not be 
resolved f rom the t o ta l  prot e in and a lbumin data. 
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Awaroa herd R . P . D .  
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Time in 4 week int e rvals ( approx) 
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Awaroa h erd & all 3 Mass ey herds 
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Other than the general  s tab i l i ty o f  the s e  parame ters there 
was l i t t l e  that warranted fur ther c omment in respec t to the 
values for pro tein and a lbumin measured in thi s  herd . 

Urea Nitrogen 
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The mean p l a sma urea ni trogen l evel  on the Awaroa proper ty o f  
1 9 . 26 ± 2 . 44 mg/ lOOml indica ted tha t the average l eve l o f  
protein intake was very s a t i s fac tory ( Tab le  V : l ) . When the 
shape o f  the curves for urea ni trogen p l o t ted agains t season 
were compared however , (Fi g .  V : 20 ) ,  c ons iderab l e  d i f ferences 
be tween the Mas s ey uni t s and Awaroa c ou l d  be seen . 
There was no c lear peak dur ing the spr ing per iod  a t  Awaroa 
when gra s s  growth woul d  be expec ted t o  be high .  Uni t  3 
simi larly had no s p r ing peak ( F i g . IV : 94) , a feature cons ider­
ed to have been as s oc iated w i th under- feed ing a t  a t ime when 
the demands o f  lactat ion wer e  high ( s ee p 1 8 6) .  

I t  is l ik e ly there fore tha t under feed ing dur ing ear ly 
lactat ion did  take p lace in the Awaroa herd and that the 
relative ly good body cond i t i on o f  the c a t t l e  a t  tha t  t ime 
could have been the resu l t  o f  feed ing management in the per i od 
prior t o  ca lving . The fal l ing glucose  l eve l s  a f ter  calving 
(Fig . V : 25 )  as we l l  as  the fa l l  in haema toc r i t dur ing the 4-25 
week per iod (Fi g .  V : l )  add support  t o  the c onc lus i on that 
underfeeding did occur . 

The curve for urea ni trogen _agains t weeks in mi lk  (Fig . V : 21 )  

was very s imilar to the curve for urea nitrogen agains t 
weeks from the s tart (Fig . V : l9 ) .onc e  a gain i l lu s t ra t ing the 
difficul t ie s  o f  ident i fy in g  the c au s e s  o f  variation wh�g 

- - . - - ·-

seasonal changes ,  as wel l  a s  changes in-the s tage o f  l a c tation ,  
occur s imul taneou s ly . 

Age had no s i gni f icant inf luence on the l evel o f  s e rum urea 
nitrogen in the Awaroa herd (Tab l e  V : 2) .  
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Awaroa herd & all 3 Massey herdf 
Urea n itro gen 
Weeks in m i lk 
S imult aneous plot 

Figure V: 23 

Awaroa herd R.P.D. 
Urea nit rogen 
Age 

Figure V: 24 

Awaroa herd & all 3 Mas s ey herds 
Urea n i t ro gen 
Age 
Simultan eo us plot 
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G luco se  

The Awaroa cat tle  had serum g lucose l eve l s  that  wer� both 
l ower and more var i ab l e than those  regis tered for the Mas sey 
uni t s  (Tab l e s  IV : l  and V : l ) . Why thi s  should have been the 
case  i s  no t known s ince the mean va lues for urea nitrogen in 
the Awaroa herd (previous s e c t i on) indicated tha t the 
nutr i t i onal l evel was s a t i s fac tory a s  d id thei r  b ody c ondi t ion . 
A per iod dur ing early  lac tat i on when underfeed ing may have 
exis ted however ( s ee urea n i trogen d i scuss ion) could prove 
an exp l ana tion for these glucose  va lue s . The f i t ted va lues 
for gluco s e  aga ins t both sea s on and weeks in mi l k  (Figs . V : 25 
and V : 27 )  were s imi l ar and appeared to fo l low the pattern o f  
the two Mas sey sea sonal dairy ing uni t s  (Uni ts  2 and 3 ) . 

Age had no s i gn i f icant e ffec t on glucose  l eve l s  1n the Awaroa 
herd ( Tab l e  V : 2) . 

Sod ium and Potas s ium 

The mean serum sodium l eve l for the Awaroa herd was very 
s imilar to tha t for the U . K .  (Tab le s  IV : l  and V : l ) .  Th i s  was 
to be expec ted onc e  the ini t ia l  prob l ems as soc i ated with 
sod ium e s t imations ( see pp 203-4) had b een lar ge ly overcome . 
However the variab i l i ty o f  the resu l t  ( s . d .  o f  6 . 12 mEq /1 
for the Awaroa herd compared wi th s . d .  of 2 . 1 mEq/1 for the 
U . K . ) was high and there was no obviou s  exp lanat ion for thi s . 
In view o f  the importance o f  sodium in maintaining o smo t ic 
pres sure such var iabi l i ty 1 s  unexpec ted . 

The potas s ium l evel (4 . 9 1 ± 0 . 4  mEq/1 was s l igh tly below the 
l eve l recorded for the U.K. (Tabl e s  IV : l  and V:l). 

Serum sodium leve l s  plot ted again s t  b o th season (Fig . V:31) 
and weeks in mi lk ( Fi g .  V:33) showed marked d i fferences  from 

those  for the Mas sey herds (Fig . V:32 and V:34). S ome o f  
these d i fferences  c ould  have been a s so c iated w i th the 
ana ly t i cal probl ems for sodium tha t were d i s cu s s ed ear l ier 
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Awaroa h e rd R . P . D .  
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Awaroa herd R.P.D . 
Glucose 
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Awaroa herd R . P . D .  
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( pp 203-Q . Bo th curves  1n the Awaroa herd fol lowed a s imi l ar 
pattern a l though the means for sod ium aga ins t weeks in m i l k  

f i t ted the curve w i th much more pre c i s i on than did  those for 

season .  

S imil ar comments app l y  t o  the p l o t s  for potass ium (Figs . V : 3 7 
and V : 39 ) . V i sua l appra i s a l  o f  F i g .  V : 39 ind i cated an 
anomaly in tha t  the means for serum po tas s ium fel l toward the 
end o f  l a c t a t ion ( a s  in F i g . V : 37 )  whereas the graph i t s e l f  

showed a r is e . Th is  i l lus tra t e s  the de f i c ienc ies  o f  polynomial  
p l o t s , e spec i a l ly when there is  a l ow o rder o f  expl anation , a s  UJilh. 
leve l s  o f  e i ther

_
s�d ium or potas s ium . 

The movement in serum l eve l s  of e i ther s odium or pota s s ium 
seemed re l at ive ly sma l l  in the Awaroa herd irrespe c t ive o f  
whe ther they were  r e l a ted t o  the t ime o f  year o r  to  
lactation .  Because  of  the s e asonal p a t tern of  c a lving in 
the herd it  was d i f f i cu l t  to  determine wh ich of  the two 
var iab l e s  was having the grea ter e f fec t ;  a s imi l ar amount o f  
variat ion wa s exp l a ined by sea son and b y  l actat ion in each 
case (Tab l e  V : 2 ) . 

Age e f fec t s  1n re spe c t  to  e i ther e lec t ro lyte were non 
s igni fi c an t  (Tab l e  V : 2 ) . 

Magne s ium 

The l eve l o f  magnes ium 1n the Awaroa herd was very s imi l a r  
to the l evel  ob tained in the U .K. sugge s t ing that  magnes ium 

nutrit ion was s at i s fac tory . P l o tted agains t weeks from the· 
s tart (F i g .  V:4�) and for weeks in mi lk  ( Fi g . V:45) 
magnes ium i l lus tratea simi l ar change s ;  i t  rose  froma low� 
po int a t  the s tar t t o  a peak in mid t o  l a te summer (January­
February) and then dec l ined to a l ow point again . Thi s  
curve was cons i s t ent  wi th the f indings o f  o ther 
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Awaroa herd & a ll 3 Mas sey herds 
Sodium 
We eks in milk 
Simultaneou s plot 

Figure V: 35 

Awaroa herd R . P . D .  
S odium 
Age 

Figure · V: 36 

Awaroa herd & all 3 Mas sey herds 
S odium 
Age 
Simultaneous plot 
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T ime in 4 week int ervals(approx) 
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Figure· V: 39 

Awaroa herd R.P.D. 
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Potassiwn 
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Awaroa h erd & all 3 Mas s ey h erds 
Potassium 
Ag.e 
Simultaneous p lot 

Figure V: 93 

Awaroa herd R . P . D. 
Magnes ium 
Time i n  4 week inte rvals ( approx) 

Figure V: 44 

Awaroa herd & all 3 Mas s ey herds 
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worke r s  (Young e t.  a.l., 1 9 7 9 )  where over the winter t ime the 

serum magnes 1um was a t  i t s  lowes t .  The reasons advanced for 

th is  l owered s erum magne s ium leve l in win ter  have been 

as soc i a ted with a l tera tions  in ava i l ab i l i ty o f  the e l ement 1n 

the d i e t  - this  in turn is assoc ia ted wi th changing pas ture 

compos i t i on . Thes e  changes were c ons idered in the Review o f  
Li tera ture ( pp .  74-90 ) .  

There was no con s i s tent change in magnes ium level 1n r e l a t ion 
to age on the Awaroa un i t  (Fi g .  V : 47 ) . 

Calc ium 

As d i s cu s sed ear l ie r  ( p .  1 43) prob l ems were  experienced with 
the c a l c ium ana lyse s .  Ma terial  wa s there fore he l d  in s torage 
for l ong periods of t ime be fore the ana lyses were run for 
the Awaroa herd . Whe ther as  a c onsequence of th i s , or  for 
some o ther rea s on , the resul t s  for the calc ium ana lyses  for 
the Awaroa c a t t l e  were s igni f ican t ly l ower than for catt l e  
on the Mas sey uni t s  - s o  low in fac t tha t  many va lues ob tained 
were incompat ib l e  w i th l i fe . As there  were no c l inical  
probl ems w i th cattle  yie l d ing the se l ow resul t s  the 
e s t ima tions were obviou s ly not va l id . 

Repea t s  o f  the s e  analyses  were run w i th e s s entia l ly the s ame 
re su l t .  One pos s ib le exp l anat ion was that the Auto-ana lyzer 
s torage cups used  for these s amp l e s  abs orbed the c a l c ium 
e i ther onto the ir sur face or  int o  the p la s t i c  thus giving 
erroneou s ly l ow va lue s . Unfortuna tely there was no 
oppor tun i ty to tes t thi s  hypo thes i s . S ince the s e  resu l t s  
wer e  not re l i ab l e  they were not given fur ther c ons idera t ion .  

- · - . - - - - -

As a consequ ence the Awaroa and Ma s sey means for s erum c a l c ium 
have not been entered in Tabl e  V : l .  F i gs . V : 49-54 have been 
re tained s imply to i l l u s t rate  the na ture o f  the prob lem .  
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Awaroa herd & all 3 Mas sey he rds 
Magnesium 
Weeks in milk 
S imultaneous plot 

Figure · V:  47  
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Awaroa .herd & a l l  3 Massey h erds 
Magnes ium 
Age 
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Figure V: 49 

Awaroa herd R.P.D. 
Ca lcium 
T ime in 4 week inte rvals (approx) 
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Figure V :  5 1  
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Figure · V :  5 2  

.. 
Awaroa .herd & all 3 Mass ey herds 
Cal c ium 
WeekS in milk 
Simultaneous plot 



264 

Inorgan ic Phospha te  

The serum inorgani c  phospha te  leve ls  were the lowes t of  
those recorded for  the four herds inve s t igated in  New Zea l and 
(Tab les iV : l  and V : l ) . Nevertheless  there was no c l inical  
evidence of  phosph a t e  de fic i ency sugge s t ing tha t  these  her d s  
had serum phospha t e  leve l s  s t i l l  within the range o f  
norma l i ty .  The Awaroa property wa s f l a t , near the s e a  and 
a produ c t  o f  r iver and glac i a l  al luv i a l  depo s i t s  tha t requ ired 
good drainage to p reven t s a tura t ion of the soil w i th wat e r . 
In s p i t e  o f  regular  pho s phat e app li cat ions soil  l each ing o f  
pho sphate could reduce the amount ava i lable in both s o i l  and 
pas ture . Whe ther thi s  provided the exp l ana tion for the l ow 
resul t o r  no t has not  b een confirmed s ince p l an t  and s o i l  
pho sphate  e s t ima t i ons were out s ide the s cope o f  the proj ec t .  

In a l l  o ther respe c t s  the p l o t s  for phosphate again s t  season ,  
weeks in milk and age were e s sen t ial ly the same as thos e  for 
the Mas s ey un i t s . 
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Awa roa herd & all 3 Mas sey herds 
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Age 
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Awaroa herd R.P . D. 
Inorganic phosphate 
T ime in 4 week inte rvals ( approx 
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Figure V: 57 

Awaroa herd & R. P. D. 
Inorgani c phosphate 
Weeks in milk 

Figure V: 58 

Awaroa herd & all 3 Mass ey 
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C HAPTER V I  

RESULTS AND  D I SCUSS I ON ( PART C )  

As a resu l t  o f  losses  due to death o f  one of the me.mbers of  
two twin pairs , a cho ice  had  to b e  made be tween analyz ing data  
for  e i ther 7 twin pairs  for  13  months or 5 twin pairs  for 1 5  
mon ths . The f irs t op t ion wa s s e l ec ted a s  it provided more 
informat ion . A four way ana ly s i s  o f  var i ance was carried ou t 
on the IBM1 6 2 0  Mk I I  c ompu ter for each o f  the 1 1  parame ters 
s tudied and the component s  of variat ion calcu l a ted for those 
variab les  whi ch were  s igni fican t . These  resu l t s  are shown in 
Tab l e s  VI : l-1 1 .  Tab l e  VI : l 2 summar i se s  these c omponent s  o f  
varia t ion i n  a s ingle  tab l e  al lowing ready compar i s on b e tween 
the parame ter s . Means for the e l even p arameters , whi l e  not  
importan t  to this  par t o f  the inves t iga t ion ,  have been 
calculated and are l i s ted 1n Append ix C (Tab le C : l ) .  

The mos t  s tr iking feature o f  these  analyses  was that the mon th 
by month ( s ea sona l )  var iat ion accounted for a s ub s tan t ia l  

amount o f  the variab i l i ty s een in  a l l  parameters . Thi s  was 
no t unexpec t ed in view of the many changing environmental 
fac tors tha t occur wi th chang in g  season s  part icularly in 
respect to the quan t i ty and qua l i ty of  food on o f fer ( see 
earl ier d i s cus s ions )  and the changing phys iological  s ta t e s  o f  
the anima l s  eating tha t  food ( l actation and pregnancy) . 
Gene tic influences and day to day var i a t ions y i el ded a l e s ser  
contribu t ion to the var iat ion but  in  some ins tances  were 

important - thes e  are commented on in r espe c t  to  e ach 
parame ter l a ter in the d i s cu s s ion . Unfortuna t e ly much o f  the 

variab i l i ty remains unaccounted for (as  res idual variance) , 
particularly in respect  -to s ome o f  the ions such as  sodium , 
pota s s ium , calc ium and inorgan i c  phos phate , and an under­
s tand ing of thi s  requires  a great deal more work in respe c t  

t o  both pre c is ion i n  analyt ical method a s  wel l  as  a b e t ter  
apprec ia tion o f  the many fac tors governing b l ood leve l s  at  
any one point  1n  t ime . Some of  the s e  fac tors  were s tudied 1n 
the next part o f  the the s i s . 
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Haematoc r i t  and Ha emog lobin 

Both the haema tocr i t  and haemo g l ob in leve l s  were influenced to 
a cons iderab l e  extent by season (month t o  month var iat ion) 
conf irming the f indings already reported in the f ir s t  two parts 
of th is  the s i s . Pos s ib l e  rea s ons for thi s  were d i s cu s s ed on 
pp 148- 1 5 8 ) . 

A second chara c teri s t ic of  the se parameters tha t  was no teworthy 
wa s the manner in wh i ch each twin pair  res ponded over the total  
s amp l ing per iod w i th the with in pair  vari a t ion b e ing very l ow 
c ompared t o  tha t  b e tween pairs . Thi s  sugge s t s  a c ons iderab l e  
degree o f  gene t i c  contro l ( s ee Review o f  L i tera ture ) , 
particu l ar ly in respe c t  to the haematocr i t �ab l e  VI : l 2) .  

That some twin pairs  reac ted d i f ferently from o thers to the 
changes tha t  were occurr ing in the environment each month ( see 
interac t ion be tween month s and pairs for the haema to c r i t  
values)  i s  no t unexpected where a s trong gene t ic c omponent 
i s  pres ent . These  three sources  o f  var iat ion (month s , pairs  
and month s by p a i r s )  toge ther accounted for  approximately  95%  
of  the var i ance for  both parame ters . 

Total Pro t e in and A lbumin 

Seasona l factors , p robabl y  a s so c i a ted with d ie t , were maJ Or 
determinan t s  o f  the total  protein and a lbumin l eve l s . The 
e ffec t on albumin was part i cu l arly marked account ing for over 
80% of the vari ab i l i ty observed with this  parameter  (Tabl e  
VI : .l � .  Gene t i c  c ontrol o f  a lbumin was o f  minor importance but 
this  was not  the c a s e  wi th t o tal  pro t e in .  Thes e  r e su l t s  
suggest  tha t  g l obul in, -which was no t measured direc t ly {� this  
proj ec t , responds to  a wider  and far  d i fferent r ange o f  
influence s  than does  serum albumin with the re s ul t  tha t  a lbumin 

is  a mor e  s ens i t ive indicator  o f  pro t e in nut r i t i on than 
s erum t o t a l  prote1n � S erum urea nitrogen on the · o ther 
hand , which a l s o  appea� part icularly s ens i tive to seasonal and 
o ther inf luences , responds not only t o  protein l evel s  in the 

diet but a l s o  to  non-protein nitrogen sources whi ch lead to the 
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TAB L E  VI : l  

ANALY S I S  O F  VAR I ANCE : HAEMATOC R I T  

SOURCE O F  VARIATION DEGREES OF MEAN VARI ANCE COMPONENT 
FREEDOM SQUARE 

Months 1 2  105 . 338 2 . 484  ( 20 . 3 ) �: 

Pairs 6 495 . 5 18  6 . 3 37  ( 5 1 . 9 )  

Months x pairs 7 2  1 1 . 5 01  1 .  741  ( 14 . 3 ) 

Days ( months ) +  26 7 . 39 3  0 . 0 2 3  ( 0 . 2 )  

Animals ( pairs ) §  7 2 8 . 0 83 0 . 09 9  ( 0 . 8 )  

Months x animals ( pairs ) 84 1 0 . 889 0 . 46 8  ( 3 . 8 ) 

Pairs x days ( months ) 1 5 6  1 .  2 7 1  � 

Re sidual�H: 1 8 2  1 .  0 58  1 .  0 58  ( 8 . 7 ) 

Total 5 4 5  1 2 . 2 10 ( 100 . 0 )  

* Component as a percentage of the total variance 

t Nested e ffect of days within months 

§ Nested e ffect of animals within pairs 

� Not s i gnificant (p > 0 .  0 5 ) 

**Interaction of days within months with animals within pairs 



TAB LE VI : 2  

ANALYS I S  OF VAR I ANCE : HAEMOGLOB I N  

SOURCE OF VARIA�ION DEGREES OF 
FREEDOM 

MEAN 
SQUARE 

VARIANCE COMPONENT 

Months 12 35 . 5641  0 . 8432 ( 41 . 8 ) �: 

Pairs 6 6 3 . 1 344 0 . 806 1 ( 39 . 9 )  

Months x pairs 72  1 . 10 14  0 . 1 5 89  ( 7 . 9 )  

Day s ( months ) t  2 6  1 .  6 027  0 . 0080  ( 0 . 4 ) 

Animals ( pairs ) §  7 4 . 1 7 7 2  0 . 0147 ( 0 . 7 )  

Months x animals (pairs ) 84 0 . 9 0 10  0 . 0 3 5 8  ( 1 .  8 )  

Pairs x days (months ) 1 56  0 . 25 5 0  0 . 0041 ( 0 . 2 )  

Residual,-r 1 82 0 . 1482  0 . 1482  ( 7 . 3 )  

Total 545  2 . 0 1 90 ( 100 . 0 )  

�': Component as a percentage of the total variance 

t Nes ted  effect of days within months 

§ Nested effect of animals within pairs 

,-r Interaction of days within months with animals within pairs 
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TA B L E  VI : 3 

ANALY S I S  OF VA R I ANCE : TOTAL P ROTE I N  

SOURCE OF VARIATION DEGREES OF 
FREEDOM 

MEAN 
SQUARE 

VARIANCE COMPONENT 

Months 1 2  1 5 . 81 5 2  0 . 3744 ( 6 2 . 9 ) ;': 

Pairs 6 6 . 0723  0 . 0767 ( 12 . 9 )  

Months x pairs 72 0 . 2907  0 . 0333  ( 5 . 6 )  

Days ( months ) +  26 1 . 56 5 8  0 . 0081 ( 1 .  4 )  

Animals ( pairs ) §  7 0 . 6 30 1  0 . 0 020 ( 0 . 3 ) 

Months x animals (pairs ) 84 0 . 2409 0 . 0071  ( 1 .  2 )  

Pairs x days (months ) 1 56  0 . 1 763  0 . 0033  ( 0 . 6 )  

Residual� 1 82 0 . 0910  0 . 09 10 ( 1 5 . 3 ) 

Total 545  0 . 5 9 59  ( 1 00 . 0 )  

;� Component as a percentage of the total variance 

t Nested effect of days within months 

§ Nested effect of animals within pairs 

� Interaction of days within months with animals within pairs 

2 7 1  



TAB L E  V I : 4 

ANALYS I S  O F  VAR I ANCE : 

SOURCE OF VARIATION 

Months 

Pairs 

Months x pairs 

Days ( months ) +  

Animals ( pairs ) § 

Months x animals( pairs ) 

Pairs x days ( months ) 

Residual �·d: 

Total 

ALBUM I N  

DEGREES OF 
FREEDOM 

1 2  

6 

72 

26  

7 

84 

1 56  

182  

545 

MEAN 
SQUARE 

22 . 99 5 9  

0 . 42 2 2  

0 . 2 5 42 

1 .  2 564  

0 . 3868  

0 . 1641  

0 . 0620� 

0 . 05 1 3  

VARIANCE COMPONENT 

0 . 5463  ( 84 . 1 ) �': 

0 . 0046 ( 0 . 7 )  

0 . 0 338  ( 5 . 2 ) 

0 . 0066  ( 1 .  0 )  

0 . 00 1 2  ( 0 . 2 )  

0 . 00 54  ( 0 . 8 )  

0 . 05 1 3  ( 7 . 9 )  

0 . 6492  ( 100 . 0 )  

* Component as a percentage of the total variance 

t Nested effect of days within months 

§ Nested e ffect of animals within pairs 

� Not s i gnificant (p > 0 .  O S ) 

**Interaation of days within months with animals within pairs 
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product ion o f  rumen ammon1a . Th is  l imi t s  the u s e fulne s s  o f  
s erum urea n i trogen for moni tor ing the suffic iency o f  pro te in 
in the d i e t . 

Day to day vari a t ion p l ays a l e s s er bu t s t ill  s igni f i can t role  
in  respec t t o  serum total  pro te in and a lbumin values ; how o r  
why such r a p i d  change s occur i s  no t yet  unders tood . 

Urea N i trogen 

S easona l e f fe c t s  exe r ted a moderate in fluence on urea ni trogen 
c oncentra t i ons , prob ab ly re flec t ing s easona l changes in the 
protein con tent o f  the d i e t  a s  d i s cu s s e d  earl ier . 

A gene t i c  e f fec t was a l s o  ind i ca ted by the con t r ibut ion o f  twin 
pairs and the month s by twin pairs  interac tion to the total  
var iance (Tab l e  VI : l 2 ) . Wh e ther th i s  was man i f e s ted by 
d i f ferences in ea t ing behaviour , e . g . a ggres s ion ,  or whe ther 
i t  wa s a s so c ia ted wi th o ther inna te me t abo lic d i f ferences 
be tween p a i r s  is a ma t ter for specula t i on .  Taking b o th the 
e ffec t of p a i r s  and pa irs  by mon ths , the gross  gene t i c  
influence amoun ted to SO% o f  the vari ance :  l e s s  than the 
haematoc r i t  bu t equiva l ent t o  tha t for haemoglob in . 

One o ther importan t  fac tor ac c"ount ing for the var i a t ion in th i s  

parame ter was the interac t ion be tween months and anima l s  w i th in 
pairs . C l e arly b lood urea n i t ro gen l evel s  are s ens i t ive to  a 
wide var ie ty  �f in f luenc e s  and i t  is  therefore not surpri s ing 
tha t  the mean se�um urea n i trogen l eve l s  repor ted  in the 
ear l ier part  o f  th i s  proj e c t  were as soc iated w i th h i gh 
s tandard d eviat ions ( se e  Tab l e  IV : l ) .  

Glucose  

The maj or c ontribut ion to the  var iat ion seen 1n  glucose  l eve l s  
during thi s  part  o f  the inves t iga t ion was tha t  a s s oc iated with 
season (Tabl e  �1 :12 ) .  Wh i l e  i t  is  t emp t ing to a s c r ibe  thi s  
variation to changes  i n  the energy _ compos it ion o f  the d ie t  i t  



TAB LE  VI : 5 

ANALYS I S  OF VAR I ANCE : 

SOURCE OF VARIATION 

Months 

Pairs 

Months x pairs 

Days (months ) t 

Animals ( pairs ) §  

Months x animals ( pairs ) 

Pairs x days ( months ) 

Residual �h': 

Total 

UREA N I TROGEN 

DEGREES OF 
FREEDOM 

1 2  

6 

72  

26  

7 

84 

1 56 

1 8 2  

545 

MEAN 
SQUARE 

487 . 2 77  

414 . 8 5 8  

75 . 75 3  

1 16 . 49 9  

70 . 407  

4 3 . 5 5 3  

6 . 264  

2 . 80 2  

VARIANCE COMPONENT 

1 1 . 5 3 5  ( 3 3 . 2 ) �': 

5 . 29 7  ( 1 5 . 2 )  

12 . 1 5 9  ( 35 . 0 )  

0 . 6 2 5  ( 1 .  8 )  

0 . 248  ( 0 . 7 )  

1 .  941  ( 5 . 6 )  

0 . 1 3 3  ( 0 . 4 )  

2 . 802 ( 8 . 1 )  

34 . 740 ( 100 . 0 )  

-1: Component as a percentage of the total variation 

t Nested effect of days within months 

§ Nested effect of animals within pairs 

**Interaction of days within months with animals within pairs 
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1s unl ike ly  tha t  th i s  wa s the s o l e  cause o f  the var ia t ion as  
no cons tan t re lat ionship has b een found be tween b lood glucose 
and ene r gy intake even when the energy intake was inadequate 
(Parker and Blowey , 1 9 7 6 ) . It i s  probab le that o ther 
exogenous and endogenous factors  that a f fec t energy requ iremen t s  
such a s  wea ther , l a c ta t ion and pregnancy a l so in f luenced 
re s t ing b l ood gluco s e  leve l s  so  tha t at  any one t ime the l eve l 
o f  gluco s e  recorded in the b l ood wi l l  b e  the produ c t  o f  a 
wide range o f  intera c t ing inf luenc e s . 

Gene tic  i n f luences  on gluc o s e  were sma l ler than on urea 
n itrogen and were equ ivalen t  to tha t in the case of total  
pro tein s ince pairs  and pa i r s  by months accoun ted for  2 1 %  of  
the total  variat ion . 

Sod ium and Potas s ium 

Serum l eve l s  o f  sod ium and potas s ium var ied on a l ong  term 
seasonal b a s i s  and to a much l e s ser  exten t  on a shor t term { d ay 
to day) bas i s  - see  Tab l e  V l : l 2 .  A changing content o f  these  
element s  in the diet  together w i th the demands o f  l a c t a t ion 
provide the mo s t  l ikely exp l anat ion for the mon th by mon th 
variation obs erve d . The sho r t  term var i a t ion was an individual 
animal r esponse p robab ly a s s oc ia ted with the amount and type o f  
feed consumed immediately  p r ior to  the t ime of  s amp l ing . 
Sal ivary f l ow for examp l e  varies  according to the nature o f  the 
diet  and s a l iv a  i s  r ich . .  in the s e  two i 9.�s ( see  L itera ture 
Review) . S ome o f  thes e  sho r t  term e ffec t s  wer e  examined in  
Part D o f  thi s  s tudy . 

Sodium but not  po t a s s ium wa s a f fe c ted to a minimal degree by 
- - - -

· gene t i c  in fluenc e s . · - -



TABLE  VI : 6  

ANALYS I S  OF  VAR I AN CE : GLUCOSE 

SOURCE OF VARIATION DEGREES OF 
FREEDOM 

MEAN 
SQUARE 

VARIANCE COMPONENT 

Months 1 2  2039 . 6 3 48 . 1 9 ( 56 . 7 ) �': 

Pairs 6 353 . 33 4 . 0 7 ( 4 . 8 )  

Months x pairs 72 99 . 04 1 3 . 8 8  ( 16 . 3 ) 

Days ( months ) t 26 1 35 . 6 3  0 . 66 ( 0 .  8 )  

Animals ( pairs ) §  7 70 . 30 0 . 2 0 ( 0 . 2 )  

Months x animals (pairs ) 84 4 8 . 47  1 .  5 6  ( 1 .  8 )  

Pairs x days (months ) 156  34 . 5 9 0 . 72  ( 0 . 9 )  

Residual� 1 82 1 5 . 78 15 . 7 8 ( 1 8 . 6 )  

Total 545  85 . 06 ( 1 0 0 . 0 )  

�": Component as a percentage of the total variance 

t Nested e ffect of days within months 

§ Nested e ffe ct of animals within pairs 

� Interaction of days within months with animals within pairs 
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TAB LE  VI : 7  

ANALY S I S  O F  VAR I ANCE : S OD I UM 

SOURCE OF VARIATION DEGREES OF 
FREEDOM 

MEAN 
SQUARE 

VARI ANCE COMPONENT 

Months 1 2  267 . 41 7  6 . 305  ( 60 . 6 ) �': 

Pairs 6 2 5 . 8 3 3  0 . 266  ( 2 .  6 )  

Months x pairs 7 2  6 . 39 1  0 . 62 9  ( 6 . 0 )  

Days ( months ) t 2 6  64 . 6 5 4  0 . 34 1  ( 3 .  3 )  

Animal s (pairs ) §  7 9 . 85 7  0 . 02 7  ( 0 . 3 )  

Months x animals ( pairs ) 8 4  5 . 40 5  0 . 1 3 3  ( 1 .  3 )  

Pairs x days (months ) 1 5 6  5 . 096 0 . 09 5  ( 0 . 9 )  

Res idual  V 1 82 2 . 6 1 5  2 . 61 5  ( 25 . 1 )  

Total 5 4 5  1 0 . 41 1  ( 100 . 0 )  

-;': Component as a percentage of the total variance 

t Nested  e ffect of days within months 

§ Nested  e ffect of animals within pairs 

1T Interaction of days within months with animals within pairs 

2 7 7  



TAB L E  VI : 8 

ANALY S I S  O F  VAR I ANCE : POTASS I UM 

SOURCE OF VARIATION DEGREES OF 
FREEDOM 

MEAN 
SQUARE 

VARIANCE COMPONENT 

Months 1 2  8 . 5061  0 . 2000 

Pairs 6 4 . 6912  0 . 0 5 8 3  

Months x pairs 72  0 . 3938 0 . 0482 

Days ( months ) t 26 2 . 9 154  0 . 0 154  

Animals ( pairs ) §  7 0 . 0924,-r 

Months x animals ( pairs ) 84 0 . 1 106,-r 

Pairs x days ( months ) 1 5 6  0 . 1432 0 . 00 1 5  

Residual�h': 1 82 0 . 1043 0 . 1043  

Total 545  0 . 4277  

* Component as a percentage of the total variance 

t Nested effect of days within months 
§ Nested e ffect of animals within pairs 
,-r Not significant ( p > 0 .  0 5 )  

( 46 . 8 )  1: 

( 1 3 . 6 )  

( 1 1 . 3 ) 

( 3 .  6 )  

( 0 . 4 )  

( 24 . 4 )  

( 100 . 0 )  

**Interaction of days within months with animals within pairs 
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Magne s i um 

The ob s e rva t i on tha t  b lood magnes ium leve l s  were in fluenced by 
season a grees  w i th the f indings in Part B of the pro j e c t  (Tab l e  
V : 2 ) bu t n o t  tho s e  i n  Par t A (Tab le IV : 2 ) . I f  th i s  was 
a s sociated wi th d i e tary inf luences , as seems l ike ly , i t  1 s  not 
surpr 1s 1ng tha t  be tween year d i f ference s occurred between herds 
s amp led at d i f ferent locat ions and in d i f ferent seasons . 

In v1ew o f  the apparent sens i t ivity o f  serum magnes ium leve l s  
t o  intake , d ay t o  day variat ions were an t i c ipated but d i d  not  
a r 1 se . 

C a l c ium 

Impor tan t sea sonal e f fe c t s  on s erum ca l c ium leve l s  were ob served , 
a surpr i s ing  find ing in view o f  the comp lex homeo s ta t i c  
mechani sms operat ing t o  ma in tain serum c al c ium s tab i l i ty 
( see Li tera ture Review) . In Part  A o f  the proj e c t  a 
s igni f i c an t  amount o f  var i a t ion wa s s im i l arly  a s cr ibed to 
s easonal e f f e c t s  on Uni t s  1 and 2 .  There wou l d  appear to be 
a demand , perhap s  a s s o c ia ted wi th the h eavy demand on calc ium 
in earl y  l a c t a t i on ,  wh ich canno t be adequa tely me t from e i ther 
exogenous s ources  in  the d i e t  or by endogenous bone suppl i e s , 
tha t  resu l t s  in lower s erum c a l c ium lev e l s  in the early 
po s tpartum period 1n  s ome da iry c a t t l e . 

Genet ic e f fe c t s  were obs erved w i th 1 3% o f  the total  var1 ance 
accoun ted for by d i f ference s  b etween pa irs . There was in 

addi t ion a smal l er p roport ion of total variance a s s oc iated wi th 
a s ign i f i c an t  pairs  x month i n terac t ion . 

A maJ or p rob l em w i th calc ium conce rned the large amount o f  
res idual  var i a t i on recorded ( Table  VI: 1 2 ) , a n  obs ervat ion which 

agrees w i th the rel a t ively h i gh expe r imental  e rror noted for 

thi s  ana lys i s  by Rowland s and Pocock . ( 1 9 7 1 ) . 



TABLE VI : 9 

ANALYS I S  O F  VAR I AN C E : 

SOURCE OF VARIATION 

Months 

Pairs 

Months x pairs 

Days (months ) t  

Animals (pairs ) §  

Months x animals (pairs ) 

Pairs x day s ( months ) 

Residual�·: �·: 

Total 

MAGN E S I UM 

DEGREES OF 
FREEDOM 

1 2  

6 

72  

26  

7 

84  

156  

182  

545  

MEAN 
SQUARE 

8 . 1407 

0 . 8295  

0 . 1799  

0 . 1661  

0 . 2649 

0 . 0694� 

0 . 0709� 

0 . 0 5 5 7  

VARIANCE COMPONENT 

0 . 1925  ( 6 8 .  8 ) �': 

0 . 0097 ( 3 . 5 )  

0 . 0207 ( 7 .  4 )  

0 . 0006 ( 0 . 2 )  

0 . 0008  ( 0 . 3 )  

0 . 0 5 57  ( 1 9 . 9 )  

0 . 2800 ( 100 . 0 )  

* Component as a percentage of the total variance 

t Nested effect of days within months 

§ Neste d e ffect of animals within pairs 

� Not significant ( p  > 0 .  O S ) 

**Interaction of days within months with animals within pairs 
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TAB LE VI : 1 0  

ANALYS I S  O F  VAR I ANCE : CAL C I UM 

SOURCE OF VARIATION DEGREES OF 
FREEDOM 

MEAN 
SQUARE 

VARIANCE COMPONENT 

Months 1 2  1 3 . 6 814 0 . 32 0 5  ( 46 . 5 ) �·: 

Pairs 6 7 . 3132  0 . 0897  ( 1 3 . 1 )  

Months x pairs 72  0 . 41 10 0 . 0320  ( 4 . 7 )  

Days(months ) t  26 1 .  6278 0 .  0077  ( 1 . 1 )  

Animals ( pairs ) §  7 1 .  7801 0 . 0 05 8 ( 0 . 9 )  

Months x animals (pairs ) 84 0 . 3374 0 . 0056  ( 0 . 8 )  

Pairs x days ( months ) 1 5 6  0 . 3 134 0 . 00 37 ( 0 . 5 )  

Residual� 1 8 2  0 .  2189  0 . 2 1 89 ( 32 . 0 )  

Total 545  0 . 6 8 3 8  ( 100 . 0 )  

-1: Component as a percentage of the total variance 

t Nested e ffect of days within months 

§ Nested e ffect of animals within pairs 

� Interaction of days within months with animals within pairs 
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Inorgan i c  Phosph 8 te 

The resu l t s  for serum inorganic  phosphate leve l s  ind i c a ted 
tha t  die t ary and o ther change s tha t might be expec ted to be 
a s sociated with s e a s on had relative ly l i ttle inf luence on th i s  
parameter . S igni f i cant day to day variat ion did  occur and 
s ign i f icant interac t ions were recorded be tween both months and 
twin pa i r s  and mon ths by anima ls  wi th in twin pa irs . The 
biological  importance o f  the se e f fec t s  is  no t c l ear . 

The pos s ib i l i ty tha t var ia t ions  1n the haemoconcentra t i on / 
dilut ion were re spons ib l e  for s ome o f  the var iat ion in b lood 
leve l s  o f  o ther parame ters was inve s t igated by calcu l a t ing 
the corre l a tion b e tween haema toc r i t  and haemoglob in and the 
other p arameter s .  The resu l t s  are presented in Append i x  C 
Tab les C : 3-5 and showed no cons i s t ent pat tern o f  rela t i onsh ip 
for any paramete r . 



TABLE  V I : l l 

ANALY S I S  OF  VAR I AN C E : I NORGAN I C  PHOS PHATE 

SOURCE OF VARIATION DEGREES OF 
FREEDOM 

MEAN 
SQUARE 

VARIANCE COMPONENT 

Months 1 2  1 5 . 5471  0 . 3605  ( 2 2 . 1 ) 1: 

Pairs 6 1 1 . 8 9 1 3  0 . 1451  ( 8 .  9 )  

Months x pairs 72  3 . 6 7 30 0 . 5443 ( 3 3 . 4 )  

Days(  months ) t  26 8 . 2 1 5 8  0 . 0429 ( 2 .  6 )  

Animals ( pairs ) §  7 4 . 55 82 0 . 0 1 5 2  ( 0 . 9 )  

Months x animals ( pairs ) 8 4  2 . 68 39 0 . 1084  ( 6 . 7 )  

Pairs x days ( months )  1 5 6  0 . 5 744 0 . 0064 ( 0 . 4 )  

Residual�  1 82  0 . 4069  0 . 4069  ( 25 . 0 )  

Total 5 45 1 .  6297  ( 100 . 0 )  

-1; Component as a percentage of the total variance 

t Nested e ffect of days within months 

§ Nested e ffect of animals within pairs 

� Interaction· of days within months with animals within pairs 
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TAB LE VI : 1 2  

S UMMARY O F  THE COM P ONEN TS O F  VAR I AN C E  F O R  THE E L EVEN PARAME TE RS : 

E X P RE S S E D  A S  P E RCENTA G E S  O F  THp TOTAL VAR I ANCE F O R  EACH PARAMETER 

E-< :z; 
H H 
� p:) 
u 0 :z; 
0 ....:I :z; z w w 

SOURCE OF VARIATION 
E-< c.9 H H c.9 Cl) ::E: 

� 0 .....:l W ::E: 0 0 ::J 
::E: <t: E-<  ::J <t: �  u H 

� � E-< 0  p:) W E-<  ::J 0 
0 �  ....:I � H  ....:I 0 ::r:: ::r:: E-< 0.. <t: ::J Z  c.9 Cl) 
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CHAPTER V I  I 

RESULTS AND D I SCUSS I ON : ( PART D) 

Ten o f  the twe lve c a t t le tha t we re u s ed in th i s  trial  d ied 
a fter i t s  complet i on . The f irs t died 24 days a f ter the 
termina t ion o f  the sampl ing , and the l a s t  died 8 month s la ter . 
At necrop s y , severe lung  in farc ts  and absc esses , endocard i t is 
and ph leb i t i s  and ab sces s a t ion o f  the j ugu lar vein were s een 
in a l l  c a se s . One an ima l showed sys t emic s i gns  by day 1 0  of  
the s amp l ing period  and ano ther showed s igns of  jugular 
ab sce s sa t ion by day 1 1 .  S imilar s i gn s  were no t ob served unt i l  

20 days a f ter the termina t i on o f  the trial  in the o the r anima ls  and 
the an ima l \vh i ch d i ed firs t was the one whi ch had shown cl inical 
i l lne s s  dur ing the trial and had apparen tly res ponded to 
ant ib i o t i c  therapy . No s i gn i fican t  changes were no ted in the 
haematoc r i t  or o ther blood parameters  wh ich c ould  ind icate 
i l lne s s . Al though two anima l s  showed some c l in ical s igns 
poss ibly a f fec t in g  the re su l t s  for the second o f  the s ix day 
cyc le s , the se oc curred towards the end of the trial  and i t  
has been as sumed tha t the data  from the f irs t o f  the s ix 
day cyc l e s  wou l d  be affected  to a minimal degree . The fact  
that no  o ther an ima l s  showed s i gns for a fur ther three weeks 
lends suppor t to  th is  as sump t ion .  

The cau s e  o f  the problem wa s the indwe l l ing c a theters ,  a 
react ion whi ch h a s  a l s o  been recorded by S tober and Grunder 
( 1 9 7 9 ) . The c a th e ter cau s e s  trauma to the vein wal l  resu l t ing 
in cau l i f lower-l ike growth s due to endophleb i t i s . The s e  
sub sequently  became infec ted releas ing material  into the 
bloods tream and p roduc ing the endocard it is , and lung 
infarc ts  and abs c e s ses  no ted on necrop sy . I f  s evere enough 
the i n f l ammat ion c l-osed - the lumen o f  the ve in resu l t-ing in 
collapse  and abs ce s sation . 

Tab les  deta i l in g  the analyses  o f  var1 ance for the e f fec t s  o f  
amount o f  feed c on sumed , t ime s ince feeding , t ime s 1nce 
milking and t ime of  day on each of  the 1 1  parameters  s tudied 
in Part D can be found in Appendix D .  Tab l e  VII : l  shows the 
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corre l a t ions between independant variables  and these  ind icate 
that , apart from the expec t ed h igh corre lation be tween powers 
of  the s ame var iab l e , the on ly var iab l es to show s i gn i f icant 
corre l a t ions were t ime o f  day and i ts powers w i th the amoun t 
of  feed consumed . The amoun t of  var iat ion exp l a ined by 
each independen t variable , , is summar ised in Tab l e  VII : 2 .  

Curves repr e s en t in g  the e ffects  o f  var iables hav ing maj or 
influence on the parame ters are shown in Figs . V I I : l -8 . 
The f ind ings for e ac� parame ter are cons idered b e l ow wi th 
atten t i on b e ing d irec ted only to tho s e  var iab l e s  having s ome 
s igni f i c ant  e f f e c t  on the parameter . Only a sma l l  proport ion 
of  the t o t a l  var i a t ion ob served cou l d  be accoun ted for by the 
variab l e s  examined - l e s s  than 20% for a l l  the parame ters 
excep t haemo gl ob in , calc ium and inorgan ic pho s pha te where 
2 �. 9% ,  2 5 . 3% and 2 6 . 3 %  we re accoun ted for by the sum of the 
sources o f  var i a t i on .  

Haematocr i t  and Haemoglob in 

Amount o f  food c onsumed at each o f fer ing had a s ign i f i cant 
nega t ive  e f fec t  on both parame ters . Th i s  e f fe c t  was 
es sent i a l ly l inear and accounted for 1 3 . 6% and 1 2 . 2% o f  the 
' wi th in animal and day ' var iance o f  haematoc r i t  and haemo; 
globin . Time s ince food was o f fered a l s o  had an over al l  
negat ive e f fe c t  account ing for 8 . 6% and 1 7 . 1 % o f  the var iance 
for haematoc r i t  and haemoglob in . In both cases  the e f fect  
o f  th i s  var iab l e  was be s t  described by a polynomial t o  e i ther 
the thi r d  o r  fourth power ( s ee Fig . VII : l  & 2 ) . The e f fec t 
o f  the s e  var i ab l e s  rela ted to feed c onsump t ion on the two 

- · - . 

parame ters  appears  i ike iy t o  have been brough t about b y  
changes i n  f l u i d  balanc e .  Los ses  o f  fluid into the s a l iva 
as soc ia ted w i th feeding appear to have been over-compensa ted 
by wat e r  consume d ; a c on s equence of the dry food o f fered . 

T ime o f  day and t ime s 1nce milking were wi thou t  e ffec t on 
haematocri t and had only a minor influence on haemoglob in , 
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TABLE V I I : 2 :  THE EXTENT OF VARIATION IN BLOOD MEASUREMENTS 
ASSOC IATED WITH AMOUNT OF FOOD EATEN , TIME 
S INCE FEEDING , T IME S INCE MILKING AND T IME 
OF DAY . 

Haematoc r i t  

Haemog lobin 

Total Serum Protein 

S e r um Albumin 

Urea N i trogen 

Glucose 

Sod ium 

Potas s i um 

Magnes ium 

Calci um 

Inorgan ic Phosphate 

§ No s i gn i f icant reg r e s s ion . 

Amount 

of feed 
eaten 

1 3 . 6* 

( l )  t 

12 . 2  

( l )  

10 . 2  

( l ) 

9 . 9  

( l )  

0 . 0 § 

0 . 5  

( l ) 

0 . 0 7 

( l )  

l . l 
( l )  

1 . 9  
( l ) 

1 9 . 5  

( l )  

0 . 0  

Time 

since 

feed ing 

8 . 6  

( 3 )  

1 7 . 1  

( 4 )  

0 . 0  

l . l  

( 3 )  

2 . 2  

( 3 )  

4 . 2  

( 3 )  

1 . 0  
( 3 )  

3 . 0  

( 3 )  

4 . 9  
( 4 )  

6 . 8  
( 4 )  

13 . 6  
( 2 )  

Time 

s ince 

m i l k i ng 

0 . 8  

( 4 )  

3 . 6  

( 4 )  

0 . 0  

0 . 7  

( 2 ) 

0 . 4  

( 3 )  

0 . 5  

( 3 )  

1 . 6  
( 3 )  

0 . 4  
( 2 )  

0 . 1  

( 2 )  

1 . 8  
( 4 )  

2 . 3  
(4 ) 

T ime 

of 
day 

0 . 6  

( 4 )  

2 . 2  

( l )  

0 . 0  

0 . 2  

( 3 )  

0 . 7  

( 4 )  

0 . 0  

5 . 9  

( l )  

2 . 7  

( 3 )  

0 . 0  

19 . � 
( 3 )  

10 . 4  
( 3 )  

* Percentage of ' wi thin an imal and day ' var i ance accounted for by the 

independent var i able ( = square of the mul t iple cor r el ation coeffic ient) 

t Power of polynomial equation which gave the ' best f i t ' : ( l )  l inear 

equation ; ( 2 )  equat ion with l inear and quadratic coefficients ; 

( 3 )  equation with l inear , quad r atic and cubic coeff icients ; 

( 4 )  equation wi th l inear , quadratic , cubic and quar tic coe fficients . 
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accoun t ing 1n each case  for l e s s  than 4% of  the wi th in 
an imal and day var i ance . 

Serum To ta l Prote in and Albumin 

290 

Amount o f  food c on sumed at each o f fe r ing had a s igni f ic an t  
po s i t ive l inear e f fe c t  accoun t ing for approximately  1 0% o f  
the wi th in anima l and day var iance o f  both parameters . Whi l e  
the e f fec t o f  t ime s ince feeding , t ime o f  day and t ime s 1nce 
milking were s ign i ficant in the case  of a lbumin in no case  
was the propor t i on of  variat ion accounted for more than 
about 1 % .  

Urea Ni trogen 

Amoun t o f  feed ea t en had no s igni fi c an t  e f fe c t  on urea n i trogen 
al though the r e  wa s a s i gn i fican t non- l inear e f fec t o f  t ime 
s ince food wa s o f fered . Th i s  in fluence accounted for 2 . 2% 
o f  the w i th in an ima l and day var ianc e .  The e f fec t s  o f  t ime 
o f  day and t ime s ince milking were even smal ler . 

Gluco s e  

Amount o f  food c onsumed had a s i gn i f icant pos i t ive l inear 
e f fec t  wh ich a c c ounted for l e s s  than 1% o f  the varianc e . 

Time s ince feeding f i tted as  a po lynomial t o  the th ird  power 
accounted for 4% o f  the varianc e . T ime s ince mi lkin g  had 
even l e s s  e f fe c t  and t ime of day was wi thou t e ffec t  on 
gluco s e . 

Sod ium 

Amount o f  food c onsumed had a s igni fi cant nega t ive l inear 
e f fec t accoun t in g  for l e s s  than 0 . 1 % o f  the variance o f  
sod ium leve l . T ime s ince food was o ff ered and t ime s 1nce 
mi lking when f i t ted as  po lynomia l s  o f  the fou r th o r  th ird 
power accounted for 1 . 0% and 1 . 6% o f  the var iance . T ime o f  
day a s  a polynomia l  o f  the four th p ower accounted for 
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approximately  6% of the wi th in an ima l s  - within days · 

var i ance (F ig . VI I : 3 ) . The s od ium curve appears to show two 
peaks abou t midday and abou t  midn igh t  with troughs be tween . 
The cause o f  th i s  minor d iurnal var iation is not known . 

Pota s s ium 

Amount o f  food consumed had a s i gn i f ican t  nega t ive e f fec t  on 
po tas s ium of a greater magni tude than tha t  seen w i th s od ium 
bu t s t i l l  accoun t in g  for only approximately 1 %  o f  the 
var 1ance . The e f fec t o f  t ime o f  day was les s , and that o f  
t ime s ince feed ing gre a ter  than ob served for s od ium and both 

var iab l es accounted for approxima tely 3% o f  the var 1ance of  
po tas s ium within an ima l s  and days . Time since mi lking 
accounted for l e s s  than 1% of the variance of pota s s ium . 

Magnes ium 

Amount of  food consumed had a s i gn i f icant pos i t ive e f fect  on 
magne s 1um account ing  for nearly 2% of the var 1 ance wi th in 
anima l s  and days . T ime s ince feeding as  a polynomial to  the 
fourth power accoun ted for 4% o f  the var iance .  The shape o f  
the curve (Fi g .  VII : 4 ) w i th a fa l l  a f ter feeding , s ome m1nor 
changes and a r ise t o  the ini t i a l  leve l at the end i s  
unexpec ted . Magnes ium i s  ab s o rbed prin c ipa l ly through the 
rumen mucosa  and a r i s e  wou l d  be expec ted to occur a fter  
feeding . There are a number of  factors  whi ch in ter fere 
wi th magnes ium absorp t i on as  we l l  as  a number which involve 
magnes ium homeos tas i s . Calc i tonin does depr e s s  serum 
magne s ium and i t  i s  p os s ib l e  tha t  the raised l eve l o f  
c al c i tonin a s  d i s c�s � ed_ l a ter  in the s e c t ion on calc ium cou ld 
have produced th i s  e f fec t .  There was no s i gni f i cant e ffec t 
o f  t ime o f  day and tha t o f  t ime s 1nce milking was very sma l l .  



292 

Calc ium 

The e f fec t  o f  amoun t o f  food ea ten was l arge pos i t ive and 
l inear . Th i s  e ffect  cannot  eas ily be reconci led  wi th the 
view tha t  s ec r e t i on o f  gas t r in causes  re lease o f  calc i ton in 
wh ich p revent s  pos t-prand ial  hypercalcaemia . On the other 
hand the shape of the po lynomial descr ib ing the e f fec t  of 
t ime s inc e food wa s o f fe red (F ig . VII : 6 ) on the l eve l o f  
calc ium i s  c ons i s tent wi th th i s  view o f  the r o l e  o f  gas tr in . 
The e f fe c t o f  t ime s �nce  o f f e r ing food i s  remarkab ly s imilar 
for  both magne s ium ( F i g . V I I : 4 ) and c a l c ium. On the other­
hand c a l c ium un l ike magnes ium has a s ign i ficant d iurnal 
variat ion ac coun t in g  for approximately  1 7% o f  the w i th in 
anima l and day var iance ( F i g . VI I : S ) .  In th i s  calc ium 
resemb l e s  inorgan i c  phosphate (Fig . V I I : 7 ) .  T ime s �nce  
mi lking h a s  a s ign i f i can t but  small  ( l e s s  than 2 %  of  the 
variance )  e f fe c t  on l evel o f  calc ium . 

Inorganic Phosphate  

Amount of  food e a ten � s  wi thou t e f f e c t  on  inorganic  phosphate  
wh ich cont ras t s  w i th the maj or  e f fec t o f  thi s  variab l e  on 
calc ium . The e f fe c t  of t ime s ince food was o f fered was l arge 
( 1 3 . 6% o f  the var iance ) . The curve for  th i s  polynomial 
(F i g .  V I I : 8 ) shows a fa l l  a f ter  feedin g , the rate of fal l  
decreas ing  wi th greater  t ime . 
explan a t ion for th i s  change . 

There  i s  no s a t i s fac tory 
There i s  a quan t i ty of 

phosphate  in the s a l iva where  it con t r ibutes  extens ivel y  to 
the bu f fe r  sys tem in the rumen ( see  Review o f  L i tera ture ) . 
This  woul d  b e  expec ted to c au s e  a mor e  abrupt fal l  c lo s e r  to 
feeding r a ther than the type o f  change i l lu s trated  in thi s  
curve . 

The third  order polynomial �n t ime o f  day a c c ounts  for 1 0 . 4% 
o f  the var i an c e  o f  phospha t e , and the shape o f  the curve 
(Fig . V I I : 7 ) approxima t e s  to tha t  for calc ium (Fig .  V I I : S ) 
with a p e ak value about 0500  hours and a trou gh at  abou t 
1 800 hou r s . No s a t i s fac tory explanat ion for thi s  d iurnal 
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pat tern can be o f fered . 

As w i th c a l c ium there i s  a sma l l  e f fec t o f  t ime s �nce mi lking 
wh ich exp l ain s  about 2 . 3% o f  the var �ance . 
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CHAPTER V I I I  

SUMMARY AND CONCLU S I ONS 

The s tudy reported in thi s  the s i s  wa s a imed at examining a 

metabo lic pro f i l e  for cattle in orde r to establ i s h  b a s e l ine 

data for New Z ealand from wh ich a s s e s sment o f  abnorma l i ty 

could be under t aken . To a s s i s t  inte rpretation o f  the results 

attempt s  were made to evaluate the e f fects of some 

factor s whi ch cou l d  cause variat ion in the parame te r s  tha t 

constituted thi s  pro f i l e . The pro j ect was undertaken in 

four part s .  

Part A involved the c o l l e c tion and analys i s  for haematocrit , 

haemoglobin , total prot e i n , albumin , urea n itrogen , gluco s e , 

sodium , pota s s i um ,  magn e s ium ,  calc ium and inorganic 

pho sph a t e  o f  b lood samp l e s  from groups o f  cattle on the 

three Mas sey dairy un i t s  two o f  wh ich were sea sonal supply 

herds and the other a town milk supply herd . An ima l s  were 

selected to g ive a wide range in age , ca lving date and mi lk 

produc tion . Each was fo l lowed a s  far a s  was pos s ib l e  for a 

twelve month period with s amp l e s  being taken at four week ly 

inte rva l s . Ana ly s i s  o f  the data yie lded information on the 

changes in the parameter a s soc i ated with age , season and 

stage of lac ta tion . The amount that season and lactation 

contributed individua l ly to the var iation observed was 

di fficult to determine becau s e  o f  the concurrent nature o f  

the change s t h a t  occur in both in a sea sonal calving herd ; 

the informat ion obtained f rom the town milk s upply herd 

which had cows c alving a t  two s e a sons of the year was more 

helpful in thi s  respect . Year means and s tandard deviations 

for the year were calculated for each parameter and c ompared 

with s imilar information reported in the l i terature from the 

U . K . 

Part B o f  the pro j e c t  examined data collecte d  from a s e asonal 

dairy herd a t  another location in New Zeala nd (Awaroa ) to 

determine what d i f ference s ( i f any ) exi sted between two 

geographical areas a cons iderable d i stance apart . S ince the 
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samples for Part B were neither collected nor analy z ed in the 

same year a s  tho se for Part A compari son of results requi red 

that between year as we l l  a s  between local ity var i a t ion had 

to be kept in mind s ince the two were confounded .  

For Part C identical twin c att l e  from Uni t  3 at Ma s sey were 

used . They were bled on three consecutive day s each month 

for thi rteen month s and the data ana l y z ed to determine the 

amount of var i a t ion contr ibuted by months , days , pa i r s , 

an ima l s  with i n  pairs and their i nteractions to the tota l 

var iat ion obs erved over the samp l ing period . 

The final sec tion , Part D ,  of the s tudy involved s ampling 

identical twin cattle in wh ich i ndwe l l ing c atheter s had been 

implanted , at two -hourl y  interva l s  for 12 days . The se 

anima l s  were housed during the s ampl ing per iod and fed a 

mixture of d r i e d  gra s s  and dried lucerne with water supplied 

ad l i b i tum . Milk ing and feed ing were c arr ied out a t  stagge red 

interva l s  so that each wa s var ied re l ative to the other . The 

data were ana lyzed for e f fects a s soc i ated wi th quantity of 

feed inge sted , time o f  day , milk ing and feeding . 

Two ma jor probl ems were encountered with the c atheterisation 

technique u s e d  in Part D of th i s  s tudy . The first i nvolved 

the tracking of infec tion along the path of the catheter with 

the formation o f  subcutaneou s absces s e s . They were not 

observed unt i l  near the end of the second of the s ix day 

sampling cyc l e s  and no sys temic s i gn s  accompanied their 

pre senc e . The second was as soc iate d  with the intravenous 

portion of the catheter causing t rauma to the vein wal l . 

Thi s resulted i n  endophlebitis a nd other sequ·clae which 

ultimately l e d , over a prolonged period , to the death of 1 0  
anima l s . Al though the time sequence o f  the s e  events was not 

measured the general health o f  the anima l s  indicate d  that 

the e f fects of the d amage to the vein were minimal over the 

s ampl ing per iod and re s ul t s  from the first o f  the s ix day cycles 

were used i n  d rawing conc lu s ions .  The e f fects o f  thes e  

problems notwithstanding the experimental des ign w a s  intended 

to e l iminate c ro s s  reactions between the sources o f  variat ion , 
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i . e .  t ime o f  day , time s i nce mil k ing and time s i nce feed ing . 

Examinat ion o f  the results shows that th i s  was ach ieved and 

that the i n f luence of one source of var i a tion was independent 

of the othe r s . Neverthe l e s s  it would be [� r.a b.·.�: ·'� to repeat 

thi s  par ticul ar part o f  the pro j ec t  using catheterisat ion 

techniques d e s i gned to e l iminate the s e  problems . 

Mean Va lue s for the Parameters Mea sured 

The mean va lue s derived in Parts A and B of the proj ect bear 

in general a c lose s im i larity to e ach other but a l e s s  c lose 

relation sh i p  to the f i gure s reported for metabol i c  pro f i l e s  

recorded i n  the U . K .  ( Tabl e s  IV : l  and V : l  ) . 

D i fference s in the b lood l eve l s  o f  macro-elements such a s  

sod ium and pota s s i um ,  which because o f  their role i n  osmo­

regulation wou ld not be expected to vary in the norma l 

animal , a s  we l l  a s  c a l c ium and pho spho rus wh i ch have a wide 

r ange o f  homeostat i c  mechani sms d e s i gned to ma intain the i r  

stabi l ity despite cons ider able change through t h e  lac tation 

and growing periods in respect to input and output , were 

relative l y  minor between the two countr ies . The rel at ivel y  

l ow phosph a t e leve l s  obs erved in one New Z e a l and herd 

(Awaroa )  could have been expl a ined by the nature of the s o i l  

struc ture and the degree t o  which i t  w a s  exposed to l e ac h ing 

on thi s  particular property ; th i s  expl anation i s  however 

specul ative and requires c l ar i fi cation . De spite the 

relative l y  low p�o s ph a t e  values no evidence o f  c l in i c a l  

abnormal it i e s  a ttri butabl e  t o  phosphoru s  insuffic iency were 

observed and they are con s idered to fa l l  within the range 

of normal for the a rea . 

The low magne s i um leve l s  noted in New Z ea land cattle indic ate 

the ir vul nerabi l ity to problems a s soc iated with hypomagnesaemia .  

It is sugge s ted tha t  grea te r  variabil ity of ava i lable : 

magnes ium in the d i e t  with an a l l -pasture graz ing system , 

togethe r with the high s e asonal demands in milk product i on 

(wh ich peaks in s e asonal factory s upply herds during the l ate 



spring ) would account for thi s  d i f ference between the two 

count r i e s . S ince the exac t nature of the diets fed in the 

U . K .  rema in unknown however ,  th i s  sugge stion i s  again 

specu l a t ive . 
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The mo s t  marked d i f ference in the parameter s me asured were 

noted with the haematocr i t , haemog lobin , to t a l  protein , urea 

nitrogen and g luco se . Re lative ly h i gh va lues for total 

prote i n  and b lood urea n itrogen in New Z ealand cattle are 

l ikely to be a s soc iated wi th the h i gh leve l s  of digestible 

protei n  in the pasture dur i ng the favourable growing per iods 

that oc cur in thi s  country ; why the blood g l ucose leve l s  

should a l so b e  h igh rema i n s  unknown . Even more d i f f icult to 

explain , i n  view of the apparently h i gh energy and protein 

produc ing capac i ty of the diet fed , were the low values for 

haematocrit and haemoglobin r as we l l  as the lowe r milk 

produc t i on per an ima l that occurs in New Zea l and . The 

impac t of the d iver se hu sbandry systems between and within 

the two countries on the se parame ters , and the abi l ity o f  

the an ima l to produce , h a s  y e t  t o  b e  adequately clari fied . 

The mean s der ived in thi s  part o f  the pro j ect may se rve as 

base l ine data for a New Z e a l and metabo l ic pro fi le until more 

i s  l e arned about minimum leve l s  for the parameters and/or 

more data become s ava i lable . 

Genet i c  Inf luence s 

Clear evidence wa s obta ined indicating that there was a 

s igni f i c ant mea sure o f  genetic control over the haematocrit 

and haemoglobin leve l s  i n  catt l e . A genetic contribution to 

the variation in urea n itrogen was a l so obs e rved and to a 

l e sser extent with tota l protein and a lbumin . 

No gene t i c  influence was noted for sodium and magnesium and 

only a sma l l  e f fec t for gluc o se , pota s s ium , c a lcium and 

inorganic pho sphate . 

Asses sment o f  the her i tabi l i ty o f  the parameters under s tudy 

was not attempted . 
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Age Effects 

Inorgan i c  pho sph a t e  fe l l  wi th increa s ing age , an e f fect 

wh ich wa s expec ted in view o f  the dec l in ing solubi l i ty of 

bone with advanc i n g  age ; calc ium whi ch a l so would be 

expec ted to fa l l  with age , showed no such dec l ine . A diet 

repl ete i n  th i s  mineral was sugge s ted a s  the reason for thi s  

di fference . 

Inc rea s ing age was as sociated wi th an increa s ing level o f  

globu l i n  on the Mas sey un i t s  wi th a lbumin rema i n ing 

rel ative ly constant ; l i ttle change due to age wa s obs e rved 

on the Awaroa property . S ince the changes in the l eve l of 

globul in we re not re lated to a high l eve l of prote in in the 

diet in ol der anima l s , a s  shown by the lack o f  change i n  the 

urea ni t ro gen leve l with i ncreas ing age , it i s  l ikely that 

the re spon se was a s sociated with increas ing l eve l s  of gamma ­

globul i n . 

Other c han ge s a s soci ated with age were minimal un l e s s  there 

was some other rel ated probl em such as the lo s s  of temporary 

and eruption of permanent teeth ( younger an ima l s }  and 

exce s s ive tooth wear ( older anima l s } . The se probl ems , 

a s soci ated wi th the soc ial compe t i t ive pres sures that ex i s t  

wi th in the herd with anima l s  o f  the s e  ages , coul d , by 

restr i c t ing gra z ing abi l i t y , result in lower value s for 

glucos e ,  haematocrit and haemoglob i n . 

Seasonal Effects 

Variat i on w i th s eason occurred with mo s t  o f  the parameters 

measured a l though the se e f fects tended to be min ima l for 

sodium and e spec i ally. pota s s ium .  In the case of magnesium , 

where eva l ua t io n s  are o ften directe d  at dete cting changes 

which are c l in i c a l ly important , the re was a l ow point in the 

winter and early spring fol lowed by a rise to a peak in the 

summer and a fal l  again i n  the winter in the same manner as 

has o f ten been recorded in the l it e rature . Between-herd 

d i fferences wer e  noted . The extent o f  the sea sonal variation 



in the other parame ters , with the po s s ible exception of the 

haematocr i t  and haemoglobin , wh i l e  intere sting , wa s not 

suffic ient to make it important in interpreting the va lues 

obta i ned wh ich were within two s tandard deviations o f  the 

annual mean . 

3 0 1  

Haematocrit and haemoglobin va lues fo l lowed a b ipha s i c  

pattern with va lues wh ich were low in the spr ing and autumn 

and h i gh in the winter and summer .  By some standards that 

have been out l ined in the l i terature the per centage o f  

anima l s  having l ow values there fore varied with sea son , a 

feature wh ich needs further examination before i t s  impl icat­

ions in respe c t  to productivity can be fully under s tood . I t  

was noted tha t  these changes tended to fol low by a s hort 

period the al teration i n  pasture protein and thi s  could be 

a l ikely source o f  thi s  va r i a t i on . C l ima tic e f fects brought 

about by tempera ture change s and/or the influenc e o f  

lactation , wh ich i n  a s easona l l y  ca lving herd i n  New Zea land 

may be confounded with sea son , a re other contribut ing factors 

requir ing con s i de ration . 

Between herd d i f ferences in to ta l prote in and a lbumin va lue s 

were noted between the Awaroa h e rd ( l i ttle seasona l  e f fect)  

and the Ma s sey uni t s where there wa s a rise du ring the s ummer . 

Part of thi s  could be expla ined a s  a recovery from the out­

pouring of g lobul in in early l a c tation . More pronounced were 

the sea sonal changes in urea n i t rogen i n  all herds whi ch 

tended to mimi c the protei n  content o f  the diet . S ome 

reduction i n  thi s  po s i t ive re spons e  to high d i e tary protein 

was observed when underfeeding , part i cu l arly a t  h i gh 

lactation l eve l s , was i n  evidence .  

Seasonal changes i n  p l a sma glucose l eve l s  were not marked ; 

there wa s a fal l  during summer which cou ld be a c l ima t i c  

ef fect a s so c i ated with highe r t emperature s a t  th i s  t i me , and 

a change on Uni t  3 whe re gluc o s e  leve l s  fel l  in re s pon s e  to 

periods of under feeding . 
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The seasonal e f fects that were noti ced with both calc ium and 

pho sph a t e , where a high po int wa s rea ched in s ummer , 

probably rel ate to changes i n  the amounts of these e l ements 

in the d i e t  al though the inf luence of lactation c annot be 

disregarded . 

Stage o f  Lactation 

In general i t  appeared that where intake was suffic i ent to 

meet the added demands that lactat ion impo ses on metabo l i sm 

e f fec t s  were minima l . Whe re changes did occur e . g .  

haemato c r i t , haemoglobin , c a l c i um and phosph a t e , the re 

tended to be a fa l l  at the t ime o f  peak demand . 

A fa l l  i n  g l obu l in level s  occurred at the commencement o f  

lactation a s  the udder f i l l ed with colos trum and recovery 

occurred ove r the succeeding 4 week s . 

As mi l k  production ro se to a peak a lbumin fe l l  and globul in 

rose ; th i s  may serve to ma intain cons tant p l a sma oncotic 

pre s sure . 

Monthly Var i at ion 

As expected , month by month variation , which c omb ined the 

e f fect s  of both season and lactation , was an important source 

of var i a ti on in a l l  the parame ters under study . In the 

cases of haematoc r i t , haemoglobin , total prot e in and urea 

n itrogen th i s  i s  bel ieved to be due to chang e s  i n  the 

protein c ontent of the pa sture avai lab le for con s umption . 

With glucose th i s  was the only ma j o r  source o f  variation 

al though the l arge interact i on o f  pairs with months c ou l d  

indicate some degree of genetic control . Changes in the 

quantity and compo sition of the diet , and in management 

factors a s so c i a ted with the manner in whi ch i t  i s  harves ted , 

are the probable c auses o f  such var i ation . Month by month 

variation was the larges t  source o f  variation for sodium , 

pota s s ium , c a l c i um  and magne s ium and a ma j o r  s ource for 

inorganic phosphate . In a l l  cases , a s  lacta t i on seemed to 



produce rela tive ly minor va r i ations in the s e rum leve l s  o f  

the se parame te r s , the e f fects are be lieved t o  b e  largely 

due to change s in the d i e t  with sea son . Other fa c tors 

as soc i ated with s ea son c annot , however , be ruled out . 

Dai ly Varia tion · 

Thi s  source o f  variat ion wa s relatively un important .  

Diurnal Var iation 

Signi f i c ant d iurnal var i a ti on was observed with sod i um ,  

calcium and inorganic pho sphate but it contributed i n  only 

a smal l way to the total vari ation observed with sodium .  

The reason and the manne r i n  wh ich such var i a t ion ari ses 

mus t  await furth er inve s t i ga t ion . 

Amount of Feed Con sumed 
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The amount of feed con s umed caused con s iderable variation in 

haematoc rit , haemoglobin , total protein , albumin and calc ium !  

In the case o f  c a l c ium t h i s  accounted for 2 0 %  o f  the 

variation . Th i s  relationship i s  important with respect to 

the influence o f  feeding l eve l on metabo l i c  pro f i le s . In 

view of the pub l i shed r e s u l t s  ( see Review of Literature ) i t  

was s urpr i s ing that amount o f  food eaten had n o  e f fect on 

urea n i trogen , g l ucose, sodium and magne s ium . 

Time S ince Feeding 

Thi s  wa s the mo s t  important s ource of var i a tion for haemo­

globin and inorganic pho sphate . and wa s moderately important 

for haematocr i t  and ca l c i um . The amount of var iation 

explained was l ow except i n  the case of haemog lobin and
­

pho sphatej thus t ime . s ince an ima l s  have been fed i s  an 

important cons ideration i f  e i ther o f  these parameter s i s  

inc luded i n  the metabo l i c  pro f i l e . 

Time S ince Mi lking 

S igni f ic ant but rel ativel y  un important change s were observed w i th 

haemoglobin , sodium and c a l c i um . T ime s i nce m i lking may be 



regarded a s  of l i ttle con sequence when sampl ing for a 

metabo l i c  pro f i l e . 

Appl icat ion of Metabolic P ro f i l e s  to Dairy Herds 
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S ince the metabo l i c  prof i l e  wa s introduced for cattle a 

number o f  su gge s tions have been publ i shed concerning its 

value . The s e  r ange from i t s  use fulne s s  a s  a me asure of the 

adequacy of a feeding reg ime , to the selection of genet ical ly 

super ior an ima l s ,  the solut ion o f  d i s ease probl ems which 

have not y i e l de d  to other mean s of d i agnos is , and a s  a test 

procedure to evaluate new methods of hu sbandry and mana gement . 

Al though the te chn ique ha s yie lded he lpful informat ion , it 

has not provided a l l  the results expected from i t  and other 

analyse s ,  prima r i l y  based on the med i cal me thodology 

ava i lable wi th advanced and soph i st i c ated automated 

ana lyti cal e quipment , have been carried out o ften without 

knowing the rel evance of the parameter und er examination . 

The s i gn i f i c ance of chang e s  in attri bute s tha t  are meas ured 
I 

need to be determ ined as we l l  a s  the ef fect ivene s s  o f  the 

assay u s ed , before the ir inclus ion in a pro f i l e . 

Whi l e  o the r samp l e s  may give a better ind ica t ion o f  th e actual 

status of an e l ement or compound in the anima l e . g . sal iva 

for sodium and bone biopsy for pho spha t e , the ba s i s  o f  a 

prof i le i nvo lve s a blood s ampl e  because of i t s  ease of 

co l l ec t ion and ease of s tandard i s at ion o f  co l lection and 

handl ing procedur e s . It i s  there fore import ant to devi s e  

methods whi c h  wi l l  yield i n fo rmation that i s  u s e ful for the 

parameters that are inc luded . Central l aboratory fa c i l ities 

may be neces s ary to e l iminate betwe en- l abora tory d i fferences 

and regular mon i toring may be e s senti a l  to provide adequate . 

information on whi ch to
-
base a dec i s ion . 

Of the parame ters used i n  th i s  s tudy mos t  have yie lded useful 

information . A pos s ible exception i s  that i nvo lving inorgan ic 

phosph a t e s ince i n  the U . K .  i t  i s  the only par ameter where 

no herd ha s been recorded with · a mean outside the range they 

have u se d  for norma l ity . In New Z e a l and however ,  where 
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pho sphate d e f i c i ency has occa s i onally been recorded ( C l ark, 

1 9 7 4 )  it s e ems d e s irable tha t th i s  e s t imati on be continue d . 

The most d i s turb ing f eature o f  the inves tigation wa s how 

l i ttle of the total variation could be expla ined by the 

variables examined , w i th the r e s idual va riation remain ing 

h i gh .  Probl ems with both samp l e  hand l i ng and t e s t ing method 

were expe r ienced a nd the s e  are c l early factors that requ i re 

further inv e st igat ion and re fi nement . [, c�r.ttr�l l e·d -. .  le nv i ron­

menta l cond i t ion s appear ne ce s s ary i n  order to gain a better 

unders tand ing o f  internal and e xternal mechan i sms o f  

control . W i th cattle the s e  cou l d  only be carried out a t  a 

high cost . Under New Zealand cond it ions whe re the ma i n  

information that may b e  derive d from the pre sent parameters 

is whethe r the cattle are gett ing su f f i ci ent feed , the 

me tabolic p ro f i l e  s e ems to l ac k  adequ ate sensitivity when 

compared wi th other method s  for achieving an an swer to 

th is que s t i on . Introduc tion o f  the test doe s not there fore 

seem justi f i ed o ther than on an exper imenta l basi s ,  unt i l  

some of the s e  s tud i e s  have b e e n  carr ied out and an 

acceptable l eve l o f  understand ing achieved . Becaus e  o f  the 

ch anging statu s  o f  mi cro-e l ements in the diet in th i s  

country the y  too may be worthy o f  c loser inve s ti gat ion in 

future pro f i l e  s tudi e s . 

A l though not prima r i l y  de s i gn e d  with th is i n  mind , data 

obtai ned during the cours e  o f  thi s  s tudy could be u se d  for 

an inve s t i gation of the re lat ionship that e x i st s  ( i f any ) 

between product i on and fert i l i ty and the parame t e r s  mea sure d . 

S ince ident ical twi n s  were u s ed for the work in Part D i t  

would a l so b e  po s s ible to examine the heritab i l i t y  o f  the 

re spons e s  to the source s of variation inve s t i gated in that 

s ection of the proj e c t �  

C l early a great d e a l  more r e s e a rch i s  needed be fore t h e  

potential o f  the metabolic prof i l e  a s  an a i d  to i nc re a s ing 

productivi ty c an be said to have been thoroughly explored . 
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APPEND I X  A 

HAEMOGLOB I N  

Fe r r i c y anide - C yanide Rea gent : 

( 1 )  Sod ium b i c arbona te 

( 2 )  P o t a s s ium ferri cyan i d e  

( 3 ) P o ta s s ium cyan i de 

( 4 )  D i s t i l l e d  wa ter q s  

Ke eps  in  amber bo t t l e  u p  t o  1 week . 

TOTAL PROTE IN 

Biur e t  Reagent :  

A .  " Alka l ine Po t a s s ium Iod ide : 

( 1 )  P o ta s s ium iod ide  

( 2 )  Sod ium hydroxi d e  

( 3 ) D i s t i l l ed wa ter q s  

B .  S tock B iure t :  

( 1 )  Sod ium pota s s ium tartrate 

( 2 )  Copper s u l phate  

( 3 )  P o ta s s ium iod ide 
( 4 ) 0 . 2  N Sod ium hydroxide qs  

C .  Working B iu ret : 
( 1 )  Stock b iure t 
( 2 )  Alka l ine pota s s ium iodide q s  

Blank S o lu t ion : 

( 1 )  Sod ium potass ium t a r trate  

(2)  Alkal ine pota s s ium iodide qs  

2 . 4 g 
2 . 4 g 

0 . 3  g 

1 000 ml 

5 . 0  g 
8 . 0  g 

1 000 ml 

45 g 

1 5  g 

5 g 

1 000 ml 

2 0 0  ml 

1 000 ml 

9 . 0  g 
1 000 ml 

Note : Th is  reagent was used in p lace o f  work ing b iure t 
reagent for determining b l ank values  o f  serum 
s amp le s . The prote in equiva l en t  o f  the b l ank 
c o l our was read from the pro t e in s t andard curve 
and sub tracted from the b iuret value for each 

s amp l e . 

1 



ALBUMIN 

Work ing HABA Dye 

A .  S tock HABA Dye : 

( 1 )  2- ( 4 ' -hydroxybenzeneazo) -b enzoic a c id 1 . 45 g 

( 2 )  1 -N Sod ium hydroxide 1 0  ml 

( 3 )  D i s t i l l e d  wa t e r  q s  

B .  Pho sph a te· B u f fer : 

( 1 )  D ipo ta s s ium hydrogen pho s phate 

( 2 )  Po t a s s ium d ihydrogen pho s phate  

( 3 )  D i s t i l l ed wa t e r  q s  

C .  Working HABA D y e : 

( 1 )  S tock HABA dye 

( 2 )  Pho s ph a t e  bu f f e r  

( 3 )  . D i s t i l l e d  wa t e r  q s  

1 00 0  m l  

8 . 4  g 

2 9 . 2  g 

1 00 0  ml 

1 00 ml 

2 5 0  ml 

1 00 0  ml 

No t e : I f  r e f r igera ted b e tween run s , the reagen t i s  

s tab le  for a t  l ea s t three days . Be fore u s ing 

br ing to  r oom t empera ture .  The forma t ion o f  

par t i c u 1 a t e  ma t t e r  i s  a s i gn o f  de ter ior a t i on . 

B l ank S o l u t i on 

( 1 )  S tock pho s ph a t e  b u f fer 

( 2 )  D i s t i l l e d  wa ter q s  

2 5 0  ml 

1 00 0  ml 

No t e : Th i s  reagent wa s u s ed in p l a ce o f  working HABA 

dye for de termining b l ank va lue s on s e rum 

s amp l e s . The a l bumin e q u ivalent o f  the b l ank 

c o l our wa s read from the albumin s tandard curve 

and s ub trac ted from the HABA value for each 

s amp l e . 
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UREA NITROGEN 

Wo rk ing U . N .  C o l our Re agent 

A .  S t ock D i a c e ty l  Monox ime : 

( 1 )  D i ac e ty l  monoxime 

( 2 )  D i s t i l l ed  wa ter q s  

B .  S tock Th i o s emic arbaz ide : 

( 1 )  Th i o s emi carb a z i d e  

( 2 ) D i s t i l l ed wa ter q s  

C .  Working U . N . C o l our Reagen t : 

( 1 )  S to c k  d ia c e ty l  monox 1me 

( 2 )  S t ock th i o s emi carba z i d e  

( 3 )  D i s t i ll e d  wa ter q s  

( 4 )  3 0 %  B r i z  3 5  

Working U . N .  Ac id  Reagent 

A .  S tock F e r r i c  Ch l o r ide  - Pho s phoric Ac i d : 

( 1 )  F e r r i c  ch loride  

( 2 )  Pho s phor i c  ac id  ( 85 % )  

( 3 )  D i s t i l l ed  water q s  

B .  S tock Sulphur ic Ac id  - 2 0 %  

( 1 )  Conc entrated sulphur i c  ac id  

( 2 )  D i s t i l l e d  wa ter qs  

C .  Wor�ing U . N .  Ac i d : 

2 5 . 0  g 

1 , 00 0  ml 

5 . 0  g 

1 , 00 0  ml 

67 ml 

6 7  ml 

1 , 000 ml 

0 . 5 ml 

1 5 . 0  g 

3 0 0  ml  

4 5 0  ml  

200  ml  

1 , 0 0 0  ml 

iii 

( 1 )  S t ock fer r i c  chl or i d e  - phos-phor i c  a c i d  1 ml 

( 2 )  S tock sul phuric  a c i d  - 2 0% q s  1 , 000 ml 

• 



iv 

S t ock Urea Ni trogen 

A .  S t andard D i l u en t : 

( 1 )  Pheny l merc u r i c  a c e t a te 

( 2 )  Concen t r a t e d  s u l phur i c  ac i d  

( 3 )  D i s t i l l ed wa ter q s  

0 . 2 0 g 

1 . 4 ml 

5 , 000 ml 

B .  S t ock Urea N i trogen : 

( 1 )  Urea 

( 2 )  S tandard d i luent q s  

GLUCOSE 

Po t a s s ium Cyan i d e  Reagen t 

( 1 )  Sod ium ch l o r i d e  

( 2 ) Po t a s s ium cyan i d e  

( 3 )  D i s t i l l ed wa t e r  q s  

( 4 )  30% B r i j  3 5  

Alka l ine Po ta s s ium F e r r i cyan i d e  Reagent 

( 1 )  Sod ium ch l o r i d e  

( 2 )  P o ta s s ium f e rr i cyanide 

( 3 )  Sod ium c a rbon a t e  ( anhyd)  

( 4 )  D i s t i l l ed wa t e r  qs  

( 5 )  30% Brij  3 5  

S tock G l u c o s e  l Omg/ml 

5 . 0g dextrose in 500 ml s a turated benzo i c  

a c i d  s o l u t ion . 

Work ing S tandard s 

2 1 . 4 3 3  g 

1 , 0 00 ml 

9 . 0  g 

5 . 0  g 

1 , 00 0  ml 

0 . 5  ml 

9 . 0  g 

0 . 2 5 g  

2 0 . 0  g 

1 , 0 00 ml 

0 . 5  ml 

S td ml S to ck ml S t ock mg / l OOml 
No . G l u c o s e  Urea G l u c o s e  U . N .  

1 2 0 . 5  20  5 
2 3 1 30 10  
3 4 2 40 20 
4 5 3 50 30 
5 6 4 60 40 
6 7 5 70  50 

Whe� d i l u t e d  t o  l O Oml with d i s t i l l ed wa t e r  the work ing 
s tandarqs c ontained the ind i c a ted concen t r a t ions o f  
gluco s e  and urea n i t rogen . 



SODIUM AND POTAS S I UM 

L i th ium N i t r a t e  S o l u t ion 

A .  S tock S o lu t ion : 

( 1 )  L i thium n i trate 

( 2 )  Conc e n t r a ted sulphur i c  ac i d  

( 3 )  D i s t i l l e d  wa ter q s  

B .  Work ing S o l u t ion : 

( 1 )  S t o ck l i th ium n i trate 

( 2 )  D i s t i l l e d  wa ter q s  

( 3 )  3 0 %  Br i j  3 5  

S t o ck Sod ium S tandard ( 1 , 0 0 0mE q / l )  

( 1 )  Sod ium ch lor ide 

( 2 )  D i s t i l l ed wa ter q s  

S t ock P o ta s s ium S tandard ( 1 00mE q / l) 

( 1 )  Pota s s i um ch l or i d e  

( 2 )  D i s t i l l e d  wa ter q s  

Wo rki ng S t and a r d s  

S td ml S tock ml S t ock mEq / 1  

6 9 . 08 g 

9 8  ml 

1 , 0 00 ml 

1 2 5  ml 

1 , 000 ml 

0 . 5  ml 

5 8 . 45 g 

1 , 00 0  ml 

7 .. 4 5 6g 

1 , 00 0  m l  

V 

No . Sod ium Po ta s s ium Sod ium P o t a s s ium 

1 1 0  8 1 00 8 

2 1 1  8 1 1 0  8 
3 1 2  8 1 20 8 
4 1 3  2 1 30 2 
5 1 4  4 1 4 0  4 
6 1 5  6 1 5 0  6 
7 1 6  8 1 60 8 

When d i l u t ed to l O Oml w i th d i s t i l l ed wa ter the work ing 

s tandards conta ined the ind i c a te d  con c en t r a t ion s  o f  
I 

sod ium and pota s s ium . 



MAGNE S IUM 

S t ron t ium S o l u t i on 

( 1 )  S t ron t ium n i t r a t e  

( 2 )  D i s t i l l ed wa ter q s  

2 . 5  g 

1 , 00 0  ml 

S t ock Magnes ium Solut ion 

CALC IUM 

Th i s  wa s p repared by d i s s o lv ing 1 . 05 6g o f  magne s 1um 

me tal in a min imum quan t i ty o f  concent rated hydro­

chloric  a c i d  and d i l u t ing to l OOml wi th d i s t i l l ed  

wa ter . A s econd d i lu t ion of  1 in  l OO was  made wi th 

the s t ron t ium s o l u t ion . The work ing s tandards  were 

prepared from th i s  b y  d i lu t ing 0 . 5 ,  1 . 0 ,  1 . 5  and 

2 . 0  ml to  1 0  ml vo lume wi th the s t ron t ium s o l u t i on 

to give s o l u t ions t o  0 . 5 ,  1 . 0 ,  1 . 5  and 2 . 0  ppm 

respec t ive l y . 

0 . 2 5 N Hyd roch lor i c  Ac i d  

( 1 )  Concentra t ed hydroch l o r i c  a c i d  

( 2 )  D i s t i l l ed  wa t e r  q s  

( 3 )  30% Brij  3 5  

2 1  m l  

1 , 00 0  ml 

0 . 5  ml 

Cre s o lph tha l e in Compl e xone and 8-Hydroxyqu ino l ine 

( 1 )  Cre s o lph tha l e in c omp l e xone 0 . 1 0 g 

( 2 )  8-hydroxyqu ino l ine 2 . 5  g 

( 3 )  0 . 25 N hydrochloric a c i d  q s  1 , 0 0 0  ml 

Ca l c ium B a s e  

( 1 )  D i e thyl amine 

( 2 )  Po t a s s ium cyan ide 

(3) D i s t i l l ed wa ter q s  

3 7 . 5  ml 

0 . 1 2 5  g 

1 , 00 0  ml 

No te : Dur ing the u s e  of th i s  t e s t s ome l o s s o f ­

s en s i t iv i ty was noted . I t  wa s found tha t 

insuf fic ient b a s e  wa s the prob lem . To over-

come thi s  the amount o f  d i e thyl amine in thi s  

reagent wa s increased from 3 7 . 5  t o  5 0  ml . 
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S t ock Ca l c ium S o l u t ion ( 5 0mg / 1 0 0ml ) 

( 1 )  Ca l c ium carbona te 

( 2 )  Conc e n t r a t e d  hydroch l o r i c  ac id 

( 3 )  D i s t i l l e d  wa t e r  qs 

INORGANI C  PHOSPHATE 

0 . 2 5 N Hydroch l or i c  Ac i d  

( 1 )  Conc e n t r a t e d  hydroch l or i c  ac id 

( 2 )  D i s t i l l e d  wa t e r  q s  

( 3 ) We t t ing agent A 

S t annous Ch l or i de - Hyd ra z ine Su lphate 

2 . 5 0 g 

1 4 . 5  ml 

2 , 00 0  ml 

2 1  ml 

1 , 00 0  ml 

2 ml 

A .  0 . 2 % Hyd r a z ine Su l ph a t e  in 1 N Sulphur i c  Ac i d : 

( 1 )  Hyd r a z ine s u l ph a t e  

( 2 )  Concentrated  s u l phur i c  a c i d  

( 3 )  D i s t i l l e d  wa t e r  q s  

B .  Work ing S o l u t i on : 

( 1 )  S t annous ch l o r ide 

( 2 )  0 . 2 % hydraz in e  su l phate 1n 1 N 
s u l phur i c  a c i d , q s  

4 . 0  g 

5 6  ml 

2 , 00 0  ml 

2 0 0  mg 

1 , 00 0  ml 

No t e : Th i s  r eagen t may be s tored a t  room t empera ture 

for a t  l e a s t  one week but de terior a t ion may 

o c cur p a s t  th i s  t ime . 

Ac i d i c  Ammon i um Mo lybdate 

( 1 )  Ammonium mo l ybdate  

( 2 )  Con c entra t ed s u l phur i c  ac id 

(3)  D i s t i l l ed wa ter q s  

S tock Phosph a t e  S o l u t i on 

( 1 )  Monoba s ic p o t a s s ium pho sphate 

( 2 )  D i s t i l l e d  wa ter q s  

1 0  g 
3 5  ml 

1 , 00 0  m l  

4 . 38 1  g 
1 , 0 0 0  ml 
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S to ck Magnes ium S o lu t ion 

( 1 )  Ma gne s ium chloride 

( 2 ) D i s t i l l e d  wa ter q s  

8 . 3 6 g 

1 , 000 ml 

ml ml ml mg / 1 00 ml S tock S tock S tock 
C a l c ium Pho sphorous Magnes ium e a  p Mg 

1 0  1 2 5 1 2 

1 5  3 2 7 . 5  3 2 

2 0  5 2 1 0  5 2 

2 5  7 2 1 2 . 5  7 2 

3 0  1 0  2 1 5  1 0  2 

When d i lu ted  to  1 0 0  ml w i th d i s t i l l ed wa t e r  the working 

s tandards  con t a ined the ind i ca ted  c oncen t r a t ions o f  

ca l c ium , pho sph oru s and magnes 1um .  

inc luded in the s t andard s becau s e  o f  

inter f erence i f  the s amp l e  con t a ined 

Spe c i a l  Ma int enanc e 

The magne s 1um wa s 

some r e s i dual  

magn e s 1um .  

The phosph a t e  channel w a s  f lushed regu l a r l y  a f ter u s e  

w i th 1 M s od ium hydroxi d e  t o  remove any t r a c e s  o f  b lu e  

pre c i p i ta te . The alka l i  wa s run through t h e  s tannous 

ch l or i de - hydraz ine s ul ph a t e  and a c id i c  ammon 1um 

mo l ybdate  l ine s for ten minu t e s  f o l l owed wi th a ten 

minu t e  wa ter wash . 
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APPEN D I X  C 

MEANS OF PARAMETERS DERIVED FROM PART C OF THE STUDY 

Haema t oc r i t  % 2 7 . 2  
Haemoglob in g / l OOml 1 1 . 4 
To t a l  p ro t e in g / l OOml 7 . 4  
Albumin g / l OOml 3 . 7  
Urea n i tro gen mg/ l OOml 2 3 . 0  
Gluc o s e  mg / l OOml 6 1 . 1  
Sod ium mEq / 1  1 40 . 4  
Po t a s s i um mEq / 1  

Magnes ium mg / l OOml 

Calc ium mg / l OOml 

Ino rgan i c  Pho s ph a t e  mg / l OOml 

No te : Der iving the above va lue s  wa s no t the ma�n 

obj e c t ive of P a r t  C of the proj e c t  - h ence 

the i r  inclus i on a s  an append i x . The va lue s 

for sod ium a r e  c ons idered to be mor e  

r e l i ab l e  than e a r l ier  values ob t ained for 

the Ma s s ey un i t s  a s  prob l ems i nvolving 

ana l y t i c a l  t echnique had been overcome when 

the s e  were run . 

5 . 4  

2 . 3  

1 0 . 0  

6 . 9  

xiv 



TABLE C : 2  

SUMMARY OF THE PROCE DURE U S E D  TO E S T I MATE COMPON ENTS O F  VA R I AN CE 

SOURCE OF VARIATION DEGREES OF FREEDOM 

Months ( m- 1 ) = 12  

Pairs ( p- 1 )  = 6 

Months x pairs ( m- 1 ) ( p- 1 )  = 7 2  

Days ( months ) '�� m ( d- 1 )  = 26  

Animals ( pairs ) t  p ( a- 1 ) = 7 
Months x animals ( pairs ) ( m- 1 ) p ( a- 1 )  = 84 

Pairs x days ( month s ) ( p- 1 )m ( d- 1 )  = 156  

Res i dual §  m ( d- 1 ) p ( a- 1 )  = 1 82 

* Days within months ( ne s t e d  e ffect ) 

t Animals within pairs ( ne s t e d  e ffect ) 

EXPECTED MEAN SQUARE 

M = a2 + p d a a 2 M M 
MP = a2 + m a a�D (M) + m d a a� 
M = a 2 + d a a 2 

MP MP 
MD (M) = a 2 + m p a a� (M) 
M A (P) = a2 + m p d a2 

MMA (P) = a2 + d p a�A (P) 
MPD (M) = a2 + m a a�D (M) 
M = a2 R 

EST I MATE OF VARIANCE COMPONENT 

a� = ( MM - MR ) /42 
a2 - ( M  p - p - MPD (M) ) / 7 8 

af:tp = ( M
MP - M ) /6 

2 
R 

aD (M) = ( MD (M) - MR ) / 1 82 

a2 - ( M  A (P) - A (P) - MR ) /2 7 3 

a2 - ( M MA (P) - MA (P) - MR ) / 2 1  

a2 - ( M  PD (M) - PD (M) - MR ) /26  
a2 = M R 

§ Days within months x animals with in pairs ( interattion o f two nested e ffe cts ) .  Th i s  mean square was used as the 
denominator for F-te sts of the other mean squares , with the e xcept ion of that for the e ffe ct of Pairs where the 
denominator was the mean s quare for Pairs x days ( months ) .  

Components of variance were not e s timated for e ffects where the mean square was non - s i gnifi cant ( p  > 0 . 05 )  

� 



TABLE c : 3  CORRELATIONS BETWEEN HAEMA+OCRIT AND HAEMOGLOB IN AND THE OTHER VARIABLE S 

�le 
w x 1 2  x 1 3  x 1 4  x 1 5 x 1 6 x 1 7 x 1 8  x 1 9  x20 

-1 

1 2 3  X 1 0  -0 . 0 9 2 6  -0 . 1 8 3 1  0 . 00 9 3  0 . 0 5 9 8  0 . 0 6 3 2  -0 . 1 04 1  -0 . 0 1 2 9 -0 . 2 1 44 -0 . 3 3 1 1  
1 2 3 X 1 1  0 . 1 2 8 7  -0 . 0 2 7 7  0 . 1 5 1 9  0 . 1 0 7 3  -0 . 0 5 64 0 .  1 0 85 -0 . 0 9 6 6  0 . 3 2 2 5  0 .  4 4  7 2  I 
1 24 X 1 0  0 . 0 8 8 5  -0 . 0 3 3 5  0 . 084 7 - 0 . 0 8 9 2  - o  ... 1 1 1 3  0 . 0 1 7 3 0 . 0 2 0 8  0 . 040 1 -0 . 1 5 32 
1 24 X 1 1  0 . 1 4 1 0  -0 . 0 9 6 0  0 . 04 6 1  0 . 2 2 6 5  0 . 0 6 34 0 . 0 3 1 2  - 0 . 1 40 8  0 .  1 08 3  0 . 2 1 6 9 
1 2 5 X 1 0  0 . 042 7 0 . 1 2 1 1  0 . 8 3 8 2  0 . 8 6 5 3  0 . 8 3 5 9  -0 . 6008  -0 . 5 7 9 6  -0 . 3 7 1 2  - 0 . 4482 
1 2 5 X 1 1  0 . 2 7 74 -0 . 2024 - 0 . 2 2 3 5  -0 . 5 4 6 6  -0 . 4 5 8 2  0 . 4 1 04 0 . 30 0 7  0 . 2 6 2 7  0 . 1 003 
1 2 6  X 1 0  -0 . 049 1 -0 . 0 8 9 6  0 . 0 9 0 7  -0 . 0 5 6 7  0 . 0 0 6 8  0 . 0 6 1 3  -0 . 1 4 1 5  - 0 . 00 7 7  0 . 0 5 6 3 
1 2 6  X 1 1  0 . 1 54 9  -0 . 05 1 5  0 . 0 7 00 -0 . 0 2 0 8  -0 . 1 5 8 3  0 .  1 9 9 8  0 . 364 7 0 . 3 3 8 3  0 . 2 0 0 1 
1 3 1  X 1 0  0 . 3 5 9 7  0 . 1 9 88 0 . 1 6 9 6  0 . 0485 - 0 . 1 4 7 9  0 . 0 6 2 5  -0 . 2 2 04 0 . 0 5 3 6  -0 . 0 5 3 9  
1 3 1  X 1 1  -0 . 2 1 88 -0 . 1 6 2 6  0 . 1 1 4 6 -0 . 3 1 2 3 0 . 1 0 1 7  - 0 . 0 6 1 3  0 . 4 1 4 6 0 . 1 8 82  0 . 2 642 
1 3 2 X 1 0  0 . 1 6 7 6  0 . 1 1 5 8  -0 . 0 6 3 2  0 . 1 5 68 0 . 1 5 7 9  -0 . 1 2 3 0  -0 . 1 2 68 0 .  1 1 48 -0 . 0 6 9 9  
1 3 2 X 1 1  -0 . 0 5 0 5  - 0 . 6 9 7  0 . 2 8 5 0  -0 . 0 6 2 0  -0 . 0044 -0 . 0 3 0 5  0 . 1 7 7 1  -0 . 0 2 5 4  0 . 04 7 7  
1 3 7  X 1 0  0 . 3 1 2 0 -0 . 0 1 1 3 -0 . 0423  0 . 0008 -0 . 1 95 2  -0 . 0484 -0 . 0 0 7 0  0 .  1 3 9 2  0 .  1 484 
1 3 7  X 1 1  0 . 1 0 1 2  0 . 0 9 3 0  0 . 0 2 9 8  0 .  1 844 - 0 . 0 2 1 4  - 0 . 0 0 8 7  0 . 0 32 1 0 . 0 5 94 0 . 1 1 95  
138  X 1 0  0 . 00 5 8  -0 . 1 30 5  0 . 4 2 0 8  -0 . 1 1 0 1  -0 . 0 5 1 6  0 . 3 4 8 1  0 . 1 8 2 1  0 . 2 3 0 2  0 . 2 0 3 5  
1 38 X 1 1  0 . 0 2 1 7  0 . 03 7 1  - 0 . 2 5 54 0 . 04 6 9  -0 . 0445 -0 . 04 1 6  0 . 0089  0 . 0 5 8 9  0 . 0 9 7 5  
1 3 9  X 1 0  -0 . 2 9 6 9  -0 . 1 9 9 9  0 . 0945  0 . 0 5 2 9  0 . 0 8 1 8  - 0 . 0 5 9 4  0 . 0 2 7 1  0 . 0 9 2 1  -0 . 0 0 6 5  
1 3 9 X 1 1  0 . 3 3 7 7  0 . 1 0 2 6  -0 . 0 2 0 5  -0 . 0 9 4 5  0 . 1 1 9 5  0 . 3 5 1 5  0 . 2 6 2 9  0 . 0 7 2 2 0 . 1 5 7 7  
1 4 0  X 1 0  0 . 0 3 0 5  0 . 0028  0 . 1 0 1 5  0 . 0 2 8 1  0 . 1 2 85 -0 . 0 6 1 4  -0 . 2462  - 0 . 0 2 3 7  -0 . 2 5 0 1  
1 40 X 1 1  0 . 05 9 1  -0 . 2488 0 . 1 0 8 5  -0 . 0 7 9 9  - 0 . 2 3 9 5 0 . 2 1 42 0 . 3 0 6 0  0 . 1 3 1 8  0 . 1 9 1 2  

. 1 4 1  X 1 0  0 . 3 340 0 . 2245 0 . 0 6 8 3  -0 . 2 7 5 8  - 0 . 4443 0 . 5 2 4 1  0 . 5 9 2 9  0 . 4 9 1 7  0 . 1 2 74  
1 4 1  X 1 1  -0 . 1 2 7 2  -0 . 0 5 4 9  0 . 2 5 65 0 . 2 8 2 3  0 . 1 1 4 1  0 . 0 5 3 1  -0 . 1 9 5 4  0 . 0 7 80 0 . 0 4 5 9  
1 4 2  X 1 0  0 .  1 0 9 3  0 . 0 9 6 3  0 . 3 3 5 3  -0 . 1 7 3 2  -0 . 0498  0 . 2 9 3 5  0 . 2 3 1 9  0 . 1 9 5 6  0 . 1 8 1 6  
1 42 X 1 1  0 . 1 9 1 8  -0 . 0 7 7 7  -0 . 0 9 5 4  0 . 1 2 0 6  -0 . 0 799 -0 . 0 7 8 7  -0 . 0 5 7 9  - 0 . 0 3 0 5  0 . 1 3 63 
1 4 7  X 1 0  0 . 3 0 7 4  0 . 1 3 1 4  -0 . 0 8 5 7 -0 . 1 5 1 2  -0 . 0890  0 . 1 2 8 7  0 . 3 3 5 7 0 . 4664 0 . 2 340 
1 4 7  X 1 1  -0 . 30 1 5  -0 . 1 6 35 0 . 1 00 2  0 . 2 3 8 7  0 . 0 0 7 6  0 . 08 1 5  -0 . 0 1 9 6  - 0 . 0 7 30 0 . 2 1 9 7  
1 48 X 1 0  0 . 3 4 5 5  0 . ·2 5 5 9  0 . 1 6 24 0 . 0 5 0 9  -0 . 0 2 2 0  0 . 0 2 9 6  0 . 05 6 0  0 . 1 9 6 9 - 0 . 0 3 5 5  
1 48 X 1 1  -0 . 0 0 6 2  -0 . 1 8 2 7  0 . 1 2 5 6  0 . 0 2 3 1  - 0 . 0 7 7 0 0 . 1 0 3 6  0 .  1 46 6  0 . 0 0 3 7  0 . 0 1 88 

x 10 indica tes relationsh i p  of haema toc r i t  and x 1 1  that of haemog lobin w i th the other var iables x 1 2  t o  x 20 . 

� · 
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TABLE c :·4 - CORRELATIONS BETWEEN HAEMATOCRIT AND THE OTHER VARIABLES 

Variab le  l 
x 1 2  x 1 3  x 1 4  x 1 5  x 1 6  x 1 7 x 1 8  x 1 9  x20 I 

Cow 

1 2 3 -0 . 09 2 6  -0 . 1 8 3 1  0 . 0093  0 . 0 5 9 8  0 . 0 6 3 2  -0 . 1 04 1  -0 . 0 1 2 9  -0 . 2 1 44 -0 . 3 3 1 1  

1 24 0 . 0885  -0 . 0 3 3 5  0 . 0 847  -0 . 0 8 9 2  -0 . 1 1 1 3 0 . 0 1 7 3 0 . 0208 0 . 04 0 1  -0 . 1 5 3 2  
1 2 5  0 . 04 2 7  0 . 1 2 1 1  0 . 8382 0 . 8 6 5 3  0 . 8 3 5 9  -0 . 6008 -0 . 5 7 9 6  -0 . 3 7 1 2  -0 . 44 82  
1 2 6  -0 . 049 1 -0 . 0 8 9 6  -0 . 0 9 0 7  -0 . 05 6 7  0 . 0068  0 . 0 6 1 3  -0 . 1 4 1 5  -0 . 00 7 7  0 . 0 5 6 3  
1 3 1  0 . 3 5 9 7  0 . 1 9 88 0 . 1 6 9 6  0 . 0485 -0 . 1 4 7 9  0 . 0 6 2 5  -0 . 2 2 04 0 . 0 5 3 6  -0 . 0 5 3 9  
1 3 2 . 0 . 1 6 7 6  0 . 1 1 58  -0 . 0 6 3 2  0 . 1 5 6 8 0 . 1 5 7 9  -0 . 1 2 30 -0 . 1 2 68 0 . 1 1 48 -0 . 0 6 9 9  
1 3 7  0 . 3 1 2 0  -0 . 0 1 1 3 -0 . 04 2 3  0 . 0008 -0 . 1 9 5 2  -0 . 0484 -0 . 0 0 7 0  0 . 1 3 9 2  0 0 1484 
1 3 8  0 . 0 0 5 8  -0 . 1 30 5  0 . 4 208 -0 . 1 1 0 1  -0 . 0 5 1 6  0 . 348 1 0 . 1 8 2 1 0 . 2302  0 . 2035  
1 3 9 -0 . 2 9 69 -0 . 1 9 9 9  0 . 0945 0 . 0 5 2 9  0 . 0 8 1 8  -0 . 0 5 9 4  0 . 0 2 7 1  0 . 0 9 2 1  -0 . 0065 
1 40 0 . 0 3�5 0 . 0028  0 . 1 0 1 5  0 . 0 2 8 1  0 . 1 2 85  -0 . 0 6 1 4  -0 . 2462  -0 . 0 2 3 7  -0 . 2 5 0 1  
1 4 1  0 . 3 340 0 . 2 245  0 . 0 6 8 3  -0 . 2 7 5 8  -0 . 4443 0 . 5 2 4 1  0 . 5 9 2 9  0 . 4 9 1 7  0 . 1 2 7 4 
142  0 . 1 0 9 3  0 . 0 9 6 3  0 . 3 3 5 3  -0 . 1 7 3 2  -0 . 0498  0 . 2 9 3 5  0 . 2 3 1 9  0 . 1 9 5 6  0 . 1 8 1 6  
1 4 7  0 . 3 0 7 4 0 . 1 3 1 4  -0 . 085 7 -0 . 1 5 1 2  -0 . 0 8 9 0  0 . 1 2 8 2  0 . 335 7 0 . 4464 0 . 2340 
1 48 0 . 3455 0 . 2 5 5 9  0 . 1 6 24 0 . 0 5 0 9  -0 . 0 2 2 0  0 . 0 2 9 6  0 . 0 5 6 0  0 . 1 9 6 9  -0 . 0 3 5 5  

� 
f-'o 
'"'. 



TABLE C £ 5  - CORRELATION BETWEEN HAEMOGLOBIN AND THE OTHER VARIABLE S 

� 
x 1 2· x 1 3  x 1 4  x 1 5  x 1 6  x 1 7 

0 

1 2 3 . 0 . 1 2 8 7  -0 . 0 2 7 7  0 . 1 5 1 9  0 . 1 0 7 3  -0 . 0 5 64 0 .  1 08 5  

1 24 0 . 1 4 1 0  -0 . 0 9 60 -0 . 046 1 0 . 2 2 6 5  0 . 0 6 34 0 . 0 3 1 2  

1 2 5  0 . 2 7 7 4 -0 . 2 0 24 -0 . 2 2 3 5  -0 . 5 4 6 6  -0 . 4 5 8 2  0 . 4 1 04 

1 2 6  0 . 1 549  -0 . 05 1 5  0 . 0 7 00 -0 . 0 2 0 8  -0 . 1 5 83 0 . 1 9 98  

1 3 1  -0 . 2 1 8 8  -0 . 1 6 2 6  0 . 1 1 4 6  -0 . 3 1 2 3 0 . 1 0 1 7  -0 . 06 1 3  

1 3 2 -0 . 0 5 0 5  -0 . 0 6 9 7  0 . 2 8 5 0  -0 . 0 6 2 0  -0 . 0044 -0 . 0 3 0 5  

1 3 7  0 . 1 0 1 2  0 . 0 9 3 0  0 . 0 2 9 8  0 . 1 844 -0 . 0 2 1 4· -0 . 0 0 8 7  

1 3 8 0 . 02 1 7  0 . 0 3 7 1  -0 . 2 5 5 4  0 . 0469 -0 . 0445 -0 . 04 1 6  

1 3 9 0 . 3 3 7 7  0 . 1 02 6  -0 . 0 2 0 5  -0 . 0945  0 . 1 1 95  0 . 3 5 1 5  

1 40 . 0 . 05 9 1  -0 . 2488 0 .  1 08 5  -0 . 0 7 9 9  -0 . 2 3 95  0 . 2 1 42 

1 4 1  -0 . 1 2 7 2  -0 . 0549  0 . 2 5 6 5  0 . 2 8 2 3  0 . 1 1 4 1  0 . 05 3 1  
1 42 0 . 1 9 1 8  -0 . 0 7 7 7  -0 . 0 9 5 4  0 . 1 20 6  -0 . 0 7 9 9  -0 . 0 7 8 7  

1 4 7  -0 . 30 1 5  -0 . 1 63 5  0 . 1 00 2  0 . 2 3 8 7  0 . 00 7 6  0 . 0 8 1 5  

148 -0 . 0 0 6 2  -0 . 1 8 2 7  0 . 1 2 5 6  0 . 0 2 3 1  -0 . 0 7 7 0  0 . 1 0 3 6  

x 1 8  x 1 9  

-0 . 0 9 6 6  0 . 3 2 2 5  

-0 . 1408 0 .  1 0 8 3  

0 . 3 0 0 7  0 . 2 6 2 7  

0 . 3 6 4 7  0 . 3 3 8 3  

0 . 4 1 4 6  0 .  1 8 8 2  

0 . 1 7 7 1  -0 . 0 2 5 4  

0 . 0 3 2 1 0 . 0 5 94 

0 . 0089  0 . 0 5 8 9  

0 . 2 6 2 9  0 . 0 7 2 2  

0 . 3 0 6 0  0 . 1 3 1 8 

-0 . 1 9 5 4  0 . 0 7 80 

-0 . 05 7 9  -0 . 0 3 0 5  

-0 . 0 1 9 6  -0 . 0 7 3 0 

0 .  1 4 6 6  0 . 00 3 7  

x20 

0 . 44 7 2  

0 . 2 1 6 9 

0 . 1 003 

0 . 2 0 0 1 ; 

o .  2 642 I 
o .  04 7 7  I 0 . 1 1 9 5  . 

0 . 0 9 7 5  

0 . 1 5 7 7  

0 . 1 9 1 2  

0 . 045 9 

0 .  1 3 6 3  

0 . 2 1 9 7  

0 . 0 1 8 8 

� 
""'" 
..... 
..... 
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APPEN D I X  D 

TABLE D :  l 

HAEMATOCRIT : ANALYSE S OF VAR I ANCE SHOWING THE EFFECTS OF 

RE GRESS ION EQUAT I ON S  WITH INDE PENDENT VARIABLE S POWERS OF 

AMOUNT OF FEED CON SUME D ( X 1 ) , TIME S INCE FEEDING ( X 2 ) ,  AND 

TIME S INCE MILKING ( X 3 )  

S ource of Va ri ation 

( Variables in order of 
insertion in the equation ) 

E f fect of f i tting 

Addi tiona l e f fe ct o f : 

x 1  

x 2  

x 3 

x 22 

x 23 

X 24 

X 3  

x l  

X 33  

X 34 

E f fect o f  a l l  f i tte d  var i ab l e s  

Re sidua l ( d .  f .  = 6 4 2 -k ) t 

R 2- -

R 2 ( corrected R 2 ) § 

Me an Square 

Ful l Re duced 
Equation Equation 

3 1 8 4 0 . 4 4 * * *  3 1 8 4 0 . 4 4 * * *  

8 1 9 4 . 7 7 * * *  8 1 9 4 . 7 7 * * * 

1 5 3 8 . 9 6 

1 1 0 6 4 . 9 8 * * *  1 0 9 2 5 . 2 5 * * *  

6 7 9 4 . 7 5 * * *  6 6 4 2 . 4 8 * * *  

5 6 2 . 0 0 

1 0 8 3 . 9 7  

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

4 5 1 8 . 02 * *  4 1 6 2 . 9 3 * *  

1 4 3 1 . 39 

7 5 6 5 . 4 3 * * *  9 3 9 9 . 9 7 * * *  

4 3 3 . 2 2 4 3 5 . 4 7 

Coe ffi cient o f  De te rmi nation 

( Multiple correlation squared )  

. 2 4 8  . 2 3 7 . 

. 2 3 7  . 2 2 9  

* O . O l < p < 0 . 0 5 * *  0 . 0 0 1  < p < 0 . 0 1 * * *  p < O . O O l  

t k i s  the number of va r i ab l e s  f i tted in the e quation 

§ IF = 1 - 6 4 2  ( 1 - R 2 ) / ( 6 4 2 - k )  i s  the best e s timate of the 

propor tion of vari an ce o f  the dependen t var i ab le ' explained ' 

by the fi tte d e quati on 



TABLE D :  2 

HAEMOGLOB I N : ANALY SES OF VARIANCE SHOWING THE EFFE CTS OF 

REGRESS ION EQUATI ONS WITH INDE PENDENT VARIABLES POWE RS OF 

AMOUNT OF FEED CONSUME D { X 1 ) , TIME S INCE FEEDING { X 2 ) AND 

TIME S I NCE M I LK IN G  ( X 3 )  

Source of Var i a tion 

( Variables in order of 
insertion in the equation ) 

E f fe c t  o f  f i tt i ng X 1 

Addition a l  e f fe c t  o f : X 2  

Effect o f  a l l  fi tte d var i ab l es 

Re sidua l ( d . f .  = 6 4 2 -k ) t 

Me an Square 

Ful l Re duced 
Equation Equation 

1 1 7 5 8 . 8 9 * * *  1 1 7 5 8 . 8 9 * * * 

3 3 5 9 . 8 6 * * *  3 3 5 9 . 8 6 * * *  

1 5 9 . 7 7 

2 1 0 6 . 3 6 * * *  2 0 8 6 . 3 9 * * *  

2 8 1 6 . 3 7 * * *  2 7 8 3 . 4 0 * * *  

6 2 5 . 4 1 * 5 7 6 . 8 4 * 

4 3.: 4 .· 4 7 * 

2 5 0 . 3 5 

8 4 . 7 2 

2 3 9 7 . 3 6 4 1 1 3 . 0 8 

1 0 6 . 7 0 1 0 7 . 6 2 

XX 

Coe ffi cient o f  De te rmination 

( Multiple correlation squared )  

. 3 0 0  

. 2 9 4  

See Tab le D : l for footnote s 
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TABLE D :  3 

SERUM TOTAL P ROTE IN : ANALYSES OF VARIANCE SHOWING T HE 

EFFE CTS OF REG RE S S I ON E QUAT IONS W I TH INDEPENDENT VARIABLES 

POWE RS OF AMOUNT OF FEED CON SUMED ( X l ) , TIME S INCE FEEDING 

( X 2 ) AND T IME S INCE MI LK ING ( X 3 )  

Source of Va riati on 

( Variab les in order of 
insertion in the equation ) 

E f fe c t  o f  fi tting 

Add i t i onal e f fect of : X 2  

E f fect o f  a l l  f i tte d  var i ables 

Re s i dual ( d . f .  = 6 4 2 -k ) t 

Me an Square 

Fu l l  Reduced 
Equation Equation 

1 1 6 8 . 4 4 0 * * *  1 1 6 8 . 4 4 0 * * *  

. 4 5 0  

. 6 9 1  

6 . 6 4 5  

. 0 2 8  

4 .  0 8 6  

2 . 3 3 9  

1 . 3 1 5  

4 . 8 9 6  

1 1 6 8 . 4 4 0 * * *  1 3 2 . 0 9 9 * * *  

1 7 . 8 1 2  1 8 . 0 0 5  

Coe f f i cient o f  Determination 

( Multiple correlation squared ) 
. 1 0 4  . 1 0 3  

R 2 (  corrected R2.l § . 0 9 1  . 1 0 2  

See Table D : l  for foo tnote s 



TAB LE D :  4 

ALBUMI N :  ANALYSES OF VARIANCE S HOWI NG THE EFFECTS OF 

RE GRE S S I ON EQUAT I ONS WI TH INDEPENDENT VAR IABLE S POWE RS OF 

AMOUNT OF FEE D  EATEN ( X l )  1 TIME S INCE FEEDING ( X 2 ) 1 TIME 

S I NCE MI LKING ( X 3 )  AND TIME OF DAY ( X 4 ) 

Source of Var iation 

( Variables in order of 
insertion in the equation ) 

Me an Square 

Fu l l  Reduced 
Equat ion Equa t ion 

xxii 

E f fect of f i tting X 1 1 9 7 8 . 2 9 8 * * *  1 9 7 8 . 2 9 8 * * *  

Addi tion a l  e f fe c t  of : X 2 

x 3 

X 22 

x 23 

X 24 

x i  

X 33 

X 34 

x 4 

x 42 

x 43 

x 44 

E f fect o f  a l l  f i tted variab les 

Re s i dua l ( d .  f .  = 6 4 2 -k ) t 

1 . 1 4 5  1 . 1 4 5  

4 0 . 1 8 4  

3 2 . 0 1 3  3 0 . 6 9 6  

3 7 . 6 5 3  3 9 . 2 1 6 

1 0 2 . 4 1 4  9 9 . 7 5 6  

9 . 2 1 8  

4 0 . 4 0 0  

1 . 8 2 6  

1 7 . 7 5 8  

1 . 5 8 0  

9 0 . 5 2 8  

1 5 . 6 0 6  

1 8 2 . 2 0 2 * * *  4 3 2 . 3 3 3 * * *  

3 0 . 9 1 3  3 0 . 8 5 0  

Co� f f i c ient o f  De termination 

( Multiple correlation squared )  

. 1 2 2  . 1 1 0  

R 2 ( corrected R 2) § . 10 3  . 1 0 3  

See Tab le D : l  for footnote s 



TABLE D : 5  

UREA N I TROGEN : ANALYSES OF VARI ANCE SHOWING THE EFFECTS OF 

REGRE S S I ON EQUAT ION S  WITH INDEPENDENT VAR IABLES POWERS OF 

AMOUNT OF FEED EATEN ( X I ) ,  T IME S INCE FEED ING ( X 2 ) AND TIME 

S I NCE MI LK ING ( X 3 )  

Sour ce o f  Var i ation 

( Variables in order of 
insertion in the equation )  

Effect o f  f i tting 

Add i tiona l e f fect o f : 

x 1 

x 2 

x 3 

x 22 

x 23 

X 24 

x l  

X 33 

X 34 

E f fect o f  a l l  f i tted var iables 

Re sidua l ( d . f .  = 6 4 2 - k ) t 

Mean Square 

F u l l  Reduced 
Equa tion E qua tion 

3 . 4  

1 9 5 9 6 . 5 * *  1 9 4 1 0 . 2 * *  

1 7 3 . 9  

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

9 7 7 2 . 7 * 9 7 0 9 . 1 * 

1 0 8 7 . 8  

1 1 2 . 2  

3 7 . 0  

7 4 5 . 1  

4 0 4 4 . 4  1 1 3 7 1 . 0 * *  

2 4 4 6 . 0  2 4 2 6 . 6  

Coe f f i c ient of Determi nation 
( Multiple correlation square d )  

. 0 2 4  . 0 2 2  

R 2 ( corrected·R2) § . 0 1 0  . 0 1 7  

See Tab le D : l for footno te s 
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TABLE D : 6  

GLUCOSE : ANALYSES OF VAR IANCE SHOWING THE EFFECTS OF 

REGRE S S I ON EQUATI ONS WITH INDEPENDENT VARIABLES POWERS OF 

AMOUNT OF FEED EATEN ( X 1 ) , TIME S I NCE FEEDING ( X 2 ) AND 

TIME S INCE M I LK I NG ( X 3 ) 

Source of Va r i a tion 

( Variab les in order of 
insertion in the equation ) 

E f fe c t  of f i tt i ng 

Add i tional e f fe c t  o f : 

x 1 

X 2 

X 3  

X 22 

X 23 

X 24 

X 3  

x i  

X 33 

X 34 

Effect of a l l  f i tted var i ables 

Re s i dua l ( d .  f .  = 6 4 2 -k ) t 

See Table D : l for footnote s 

Mean Squar e 

Fu l l  Reduced 
Equation Equa tion 

6 7 0 5 7 . 0 * 6 7 0 5 7 . 0 * 

2 9 4 1 1 9 . 0 * * *  2 9 4 1 1 9 . 0 * * *  

8 3 6 6 9 . 0 * *  

6 3 9 . 0  9 4 3 . 0  

7 0 7 7 6 . 0 * 6 7 7 7 2 . 0 *  

2 2 1 7 . 0  

8 6 3 6 9 . 0 * *  

7 4 8 6 . 0  

1 4 0 J l .  0 

2 0 4 4 2 . 0  

6 2 2 7 5 . 0 * * *  1 0 3 2 5 2 . 0 * * * 

1 2 2 1 9 . 3  1 2 2 1 4 . 9  

Coe f f i c ient of Determi nation 

�ultiple correlation square 9 )  
. 0 7 2  . 0 7 7  

. 0 6 8  . 0 5 9  
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TABLE D :  7 

SODIUM : ANALYSES OF VAR IANCE S HOW ING THE EFFECTS OF 

REGRESS I ON EQUAT I ONS W I TH INDEPENDENT VAR IABLES POWERS OF 

AMOUNT OF FEED EATEN ( X l )  1 TIME S I NCE FEEDING ( X 2 ) 1 TIME 

S I NCE MILK ING ( X 3 )  AND T IME OF DAY ( X 4 ) 

Source of Variation 

( Variables in order of the ir 
insert ion in the equation ) 

Effect of f i tting x 1 
Additiona l E f fect o f : x 2  

x 3 

X 22 

x 23 

X 24 
X 3  

x i 
X 33 
X 34 

x 4 
X 42 

x 43 

x 44 

E ffe ct o f  a l l  f i tted var i able s 

Re sidual ( d .  f .  = 6 4 2 -k ) t 

Me an Square 

Full Reduced 
Equation Equati on 

9 7 . 2 0 6 *  9 7 . 2 0 6 *  

3 5 . 3 7 9  3 5 . 3 7 9  

4 3 . 2 6 8  

1 . 0 0 4  . 7 9 5  

1 2 3 . 7 2 1 * *  1 2 0 . 8 0 4 * *  

4 0 . 9 3 6 

4 6 . 3 9 5  

5 4 . 5 3 8 5 7 . 6 1 6  

. 0 0 5  . 4 6 6  

1 7 5 . 3 2 8 * *  1 6 7 . 9 5 0 * *  

2 1 7 . 1 9 0 * * *  2 3 5 . 1 7 5 * * *  

1 8 . 2 8 2  1 6 . 2 4 5  

1 1 2 . 5 6 8 * *  9 9 . 8 4 7 *  

1 3 7 . 1 0 1 * *  1 2 4 . 9 5 0 * *  

8 1 . 2 1 7 * * *  8 3 . 5 6 9 * * *  

1 5 . 6 6 2  1 5 . 6 9 7  

Coe f f i c i ent of De termi nation 

( Multiple correlation squared ) 

R2 • 0 9 9  

R2( corrected R2) § • 0 8 2  

. 1 0 1  

. 0 8 4  

See Tab le D : l for footnote s 
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TABLE D : 8  

POTAS S I UM :  ANALY SES OF VARIANCE SHOW I NG THE EFFECTS OF 

REGRE S S ION E QUATI ONS WITH INDEPENDENT VARIABLES THE POWERS 

OF AMOUNT OF FEED EATEN ( X 1 ) , TIME S I NCE FEEDING ( X 2 ) ,  
TIME S INCE MI LK ING ( X 3 )  AND TIME OF DAY (X 4 ) 

Source o f  Va ri ation 

( Variables in order of the ir 
insertion in the equation ) 

Me an Square 

Ef fec t  of fi tti ng x 1 
Addi tional e f fe c t  of : X 2 

X 3  

X 22 

X 23 

X 24 

X 3  

x i  
X 33 

X 34 

X 4 

x 42 

x 43 

x 44 

E f fe c t  of a l l  f i tted var i ables 

Re s i dual ( d .  f .  = 6 4 2 -k )  t 

Ful l 
Equation 

2 1 5 . 8 7 8 * *  

4 5 . 2 4 7  

6 6 . 0 2 5  

5 . 8 2 2  

3 6 2 . 3 1 9 * * *  

6 . 0 6 6  

1 2 . 8 7 4  

9 . 0 0 6  

7 5 . 5 6 4  

2 1 7 . 5 1 6 * *  

1 4 2 . 0 6 5 *  

3 2 . 4 7 8  

3 . 1 0 4  

9 1 . 8 5 9 * * *  

2 3 . 7 3 1  

Re duced 
Equa tion 

2 1 5 . 8 7 8 * *  

4 5 . 2 4 7  

5 . 1 4 1  

3 5 6 . 1 3 5 * * *  

7 2 . 8 9 0  

1 3 . 4 2 6  

1 0 . 4 2 0  

7 3 . 8 7 6  

2 2 5 . 7 2 1 * *  

1 3 4 . 0 5 7 *  

3 3 . 5 7 2 

1 0 7 . 8 5 1 * * *  

2 3 . 6 6 9  

Coe f f i cient of Dete rmi nation 

( Multiple correlation squared )  

R 2 • 0 80 

R2 ( corrected R2 ) §  • 0 6 1  

See T ab le D : l  for footnote s 

. 0 7 9  

. 0 6 3  

.) 
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TABLE D : 9  

MAGNE S I UM :  ANALYSES OF VAR IANCE S HOWING THE EFFECTS OF 

REGRESS I ON EQUAT I ONS WITH INDEPENDENT VARIABLES POWE RS OF 

AMOUNT OF FEE D EATEN ( X 1 ) , TIME S IN CE FEEDING (X 2 ) AND 

TIME S I NCE MI LK I N G  ( X 3 )  

Source of Var i a t ion 

( Variables in order of the ir 
insertion in the equation ) 

E f fect of fitting X 1 

Add i tional e f fe c t  of : x 2  

x 3 

x i  

x 23 

X 24 

x 3 

x 32 

X 33 

X 34 

E f fect of a l l  f i tted var i ables 

RES I DUAL ( d .  f .  = 6 4 2 -k ) t 

Mean Square 

F u l l  Re duced 
Equation Equati on 

3 8 0 3 1 . 8 * *  3 8 0 3 1 . 8 * * 

1 1 6 6 6 . 9 * 1 1 6 6 6 . 9 * 

6 8 . 7  

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

3 2 4 5 0 . 3 * *  3 2 4 7 4 . 8 * *  

3 5 1 1 8 . 2 * *  3 5 0 4 3 . 2 * *  

7 7 . 8 

2 0 5 7 . 6  2 0 5 7 . 0  

1 1 1 4 9 . 6 * 1 1 1 4 8 . 7 * 

3 8 9 . 1  

1 7 1 3 1 . 7 * * * 1 9 2 2 4 . 4 * * *  

3 6 2 5 . 7  3 6 2 0 . 6  

Coe f f i c i ent o f  Determinati on 

( Multiple correlation squared )  

. 0 6 7  . 0 6 7  

R2 ( corrected R2 ) § . 0 5 4  . 0 5 5  

See T ab l e  D : l  for footnotes 
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TABLE D : l O 

CALC I UM :  ANALYSES OF VARIANCE SHOW ING THE E FFECTS OF 

RE GRE S S I ON EQUAT ION S W ITH INDEPENDENT VARIABLES THE POWERS 

OF AMOUNT OF FEED EATEN ( X 1 ) ,  TIME S I NCE FEEDING ( X z ) ,  

TIME S INCE MILK I NG ( X 3 )  AND T IME OF DAY (X 4 ) 

Source o f  Va riation 

( Variables in order of the ir 
insertion in the equation ) 

Effect of fi tting X 1 

Additional e f fect of : X z 

X 3 

X z2 

X z3 

X z4 

X 3 

x l  
X 33 

X 34 

x 4 

x 4
2 

x 43 

X 44 

E f fect o f  a l l  fi tted var i ables 

Re si dua l ( d .  f .  = 6 4 2 -k ) t 

Me an Square 

Full Reduced 
Equation Equation 

3 7 4 4 . 5 6 * * *  

1 1 6 2 . 1 3 * * *  

1 . 1 4 

7 5 3 . 4 2 * *  

1 5 1 1 . 6 3 * * *  

2 1 3 9 . 8 8 * * *  

8 8 . 8 8 

1 0 9 3 . 3 6 * * *  

6 0 . 5 5 

5 0 6 6 . 3 3 * * *  

4 2 3 . 9 5 * 

2 1 4 6 . 0 8 * * *  

4 6 . 5 5 

1 4 0 2 . 9 6 * * *  

6 7 . 2 9 

3 7 4 4 . 5 6 * * *  

1 1 6 2 . 1 3 * * *  

7 5 4 . 2 6 * *  

1 5 1 1 . 8 4 * * *  

2 1 3 1 . 7 7 * * *  

8 . 0 6 

8 8 . 9 8  

1 0 9 3 . 2 7 * * *  

5 1 2 0 . 7 4 * * *  

4 2 2 . 9 5 * 

2 1 5 2 . 4 4 * * *  

1 6 5 3 . 7 0 * * *  

6 7 . 2 5  

Coe f f i c i ent o f  Dete rmination 

( Multiple correlation squared )  

.• 4 3 1 . 4 2 8  

:R 2 ( corrected R 2) § • 4 1 9 . • 4 1 8  

See Tab l e  D : l  for footnote s 
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TABLE D :  l l  

INORGAN IC PHOSPHATE : ANALYSES OF VARIANCE SHOWING THE 

EFFECTS OF REGRE S S I ON EQUATIONS WITH INDEPENDENT VARIABLE S 

THE POWERS OF AMOUNT OF FEED EATEN ( X l )  1 TIME S INCE FEEDING 

( X 2 ) 1 TIME S I NCE MILKING ( X 3 )  AND TIME OF DAY ( X 4 ) 

Source of Va riation 

( Variables in order of the ir 
insertion in the equat ion ) 

E f fect of fi tting x 1  
Add i tional e f fe c t  o f : x 2  

x 3 

x i . 
x 23 

X 24 

x l  
X 33 
X 34 

x 4 

x 42 

x 43 

x 44 

E f fect of a l l  fi tte d  var i ab l e s  

Re s i dual ( d .  f .  = 6 4 2 -k ) t 

Mean Square 

Fu l l  Re duced 
Equation 

2 2 . 1 5 

9 3 2 9 . 9 4 * * *  

3 8 . 9 4 

4 5 0 . 4 9 *  

3 . 0 4 

1 9 . 1 0 

1 2 . 4 8 

8 . 4 9 

1 4 . 9 9 

2 7 4 1 . 3 9 * * *  

5 0 7 . 4 2 *  

1 0 1 8 . 9 4 * * *  

4 2 . 8 1 

1 0 9 3 . 0 9 * * *  

8 1 . 7 9 

Equa tion 

9 3 2 9 . 9 4 * * *  

4 2 1 . 9 6 *  

2 4 3 9 . 3 9 * * *  

5 6 9 . 3 4 * *  

8 6 9 . 5 4 * *  

2 7 2 6 . 0 1 * * *  

8 1 . 6 7 

Coe f f i ci ent of De te rmination 

( Multiple correlation squared )  
. 2 7 6  . 2 6 2  

R 2 ( corrected R 2) § . 2 6 1  . 2 5 6  

See Tab le D : l for ·footnotes 
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APPEND I X  E 

A CONTINUOUS METABOLIC PROFILE OF GRAZING 
D AIRY CATTLE OVER A ONE YEAR PERIOD 

M. MERRALL 

Department of Veterinary Clinical Sciences, Faculty of Vete­
rinary Science, Massey University, Palmerston North, New 
Zealand. 

In New Zealand the feeding of dairy cattle is by the continuous grazing of 
pasture over the whole year, with comparatively little hand feeding being practised 
as in Europe. Therefore it was considered that the marked fluctuations in both 
quality and quantity of feed over which the fanner has little control may effect 
a metabolic profile more profoundly than in countries where hand feeding is exten­
sively practised. 

The use of a metabolic profile has been principally to determine the adequacy 
of a particular feeding regime [ 1 3, 1 4, 1 5, 1 6) .  

Comparison between lactation groups has made this possible by cancelling 
between herd differences. In New Zealand betwee.n lactation group comparison 
is not possible because cattle are managed to calve over a short period. Therefore 
a different approach was necessary for the determination of normal values of the 
profile in New Zealand dairy cattle. 

583 
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MATERIALS AND M ETHODS 

To assess how much of the differences between herds were made up of factors 
which could be determined readily, four herds were sampled at four-weekly inter­
vals for a period of one year. In each case the same animals were followed 
throughout the whole period wherever possible. In this particular study the factors 
which comprised the profile were measured over this period and by a statistical 
method a curve was plotted for each parameter for each of the farms involved. 

With the exception of one herd and a few individuals, mainly Jersey cattle 
were selected for this trial. The exception was a herd of Friesian cattle which sup­
plied milk for Palmerston North city and had a calving pattern largely divided 
into two peaks referred to as spring and autumn calving groups. 

The cattle were grazing pasture during the whole trial, which is the traditional 
form of feeding management in New Zealand, and although ensilage and hay were 
fed at times to all cattle, no cereal grain concentrates were used. 

The samples were collected under reasonably uniform conditions. In this 
study the samples were collected in commercially prepared evacuated glass tubes 
which was different from the original and appare!ltly later work of Payne [ 1 3, 
1 6] .  For this series of experiments two sets of tubes were used, one without additi­
ves for the serum tests and one to which 20 mg potassium oxalate and 25 mg 
sodium fluoride had been previously added. The samples collected in the latter 
tubes were used for the haematological assessments and the combined glucose and 
urea measurements. Because of the volume of material handled with only mini­
mum technical help, it was found not possible to separate clots and serum for 
twenty-four hours. It was realised that because of this, serum phosphate levels 
were probably elevated [ 19] .  

· 

The tests were done on the blood samples as reported in the original work 
of Payne et al., [ 1 3 ]. The' haemoglobin (N- 1 8a}, calcium-inorganic phosphate 
(N-26a l }, total protein-albumin (N-27), and sodium-potassium (N-20b) estima­
tions were carried out using the auto-analyzer N-method file. The glucose-urea 
method (N- 1 6b) was modified by using saline in which 0.5 % potassium cyanide 
had been added as the diluent stream. The effect ot the potassium cyanide was 
to increase sensitivity as described in the micro-glucose method (N-9a). The 
sample pump tube size was increased to 0.025 inches I.D. to increase the glucose . 
concentration in the sample-reagent stream. 

The magnesium estimation was carried out on a Varian Techtron AA5 ato­
mic absorption spectrophotometer. The sample was diluted at the rate of 0.2 ml 
serum added to 5.0 ml of 1 ,000 ppm Sr solution. The prepared sample was then 
burnt in an air/acetylene flame and the absorbence read at 285.2 nm. 

The haematocrit was carried out on an International Equipment Limited 
micro-heamatocrit centrifuge. 

A total of nearly 1 ,800 samples was collected and analysed and the results 
subjected to a variety of statistical analyses. In this section of the project a statisti­
cal package was used to calculate regression coefficients to the fourth power. 
These were then plotted out for time of year by means of a separate poly-plot 
programme on an IBM 1 620 II computer. 
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COMMENT 

The plots for haemoglobin and haematocrit both showed a pronounced seaso­
nal variation. This is reflected in the curves plotted from the data and several 
points are significant. First; all farms showed the same trend. Second, there was 
a consideriible difference between each farm. Third, the low point for each farm 
appeared to be autumn at which time pasture protein in New Zealand is very high 
[ 7 ] .  This latter point ruled out any association between protein intake and hae­
moglobin levels [ 14, 15 ,  20] unless there was a three -month delay in effect, which 
was unlikely. The cause of the summer rise was in agreement with work already 
published, [ 4, 8, 9, 10, 1 7] ,  and was a direct temperature relationship ; the winter 
rise on the other hand cannot be adequately explained. 

The serum potassium level did not appear to show any direct seasonal effect;  
rises and falls on the different farms were superimposed. Paradoxically, serum 
sodium appeared to show a possible seasonal trend from a high level in summer 
to a low level in autumn. This probably reflected some degree of water deprivation 
during the hot summer months. 

Plasma glucose produced no definite seasonal trend but appeared to be more 
closely related to feed and management. In particular the No. 3 Unit was over­
stocked and the cattle were at times on a lower level of nutrition than was necess­
ary for maintenance and full production. This was reflected by a m arked fall in 
plasma glucose during this period. The feeding of ensilage failed to correct this 
low plasma glucose level, but hay feeding brought about a quick return to normal 
levels. This effect has been reported previously [2, 3, 1 6, 1 2, 1 3, 14, 1 5, 1 1 ] .  

A distinct cyclical change was observed in the level of plasma urea nitrogen 
which was directly related to the protein content of the pasture as plotted from 
the figures of other workers [7] .  The high urea level coincides with the high protein 
of the autumn pasture. 

Serum inorganic phosphate showed a distinct rise with the time of year, 
reaching a peak in late autumn. A peak at this time of year has been well docu­
mented [ 1 8, 1 5, 1 ]  and is a reflection of pasture phosphate levels. There are no 
measurements of pasture phosphate according to season in New Zealand but there 
is no reason why the New Zealand herbage should not follow the same seasonal 
trends as found in South Africa [ 1 ] . 

· The change in serum calcium appeared similar to but even more marked than 
the serum inorganic phosphate level and several workers have reported this effect 
[ 1 8, 5, 6] .  It may have been related to a higher calcium level in the diet but this 
seems unlikely in view of the good calcium homeostasis. Hewitt [6 ]  found this 
effect to be more related to time of year than stage of lactation, so this is probably 
a genuine seasonal change of unknown cause. 

There was no consistent change in the serum magnesium level. 
Payne and eo-workers [ 1 3, 14, 1 5 ]  reported that serum protein and m01 e par­

ticularly serum albumin followed feed protein levels closely. In this study the 
serum total protein and albumin showed slight changes ,which in some cases 
appeared to be a similar curve to haemoglobin and not to follow pasture protein 
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levels. Therefore it is  concluded that other factors such as pregnancy and Vitamin 
A intake must have influenced serum protein levels and serum albumin levels dur 
ing the course of the year. Further work is needed to elucidate these differences. 

CONCLUSIONS 

Distinct changes occur in some of  the metabolic profile parameters over the 
course of a twelve-month period. The factors causing these changes may be either 
climatic as in the case of haemoglobin, haematocrit and sodium or indirectly cli­
matic, for example urea, glucose and inorganic phosphate. Other changes are 
mediated by unknown factors as shown by calcium, total protein and albumin 
while further cases showed no distinct seasonal change, for example, magnesium 
and potassium. These trends were present on all farms but differed in the degrees 
of change. 
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RESU M E  

UN PROFIL METABOLIQUE CONTINU D E  BOVINS LAITIERS AU PATURA GE 
SUR UNE PERIODE D'UN AN. M. MERRALL. 

En Nouvelle-Zelande, l'alimentation du betail laitier passe par un paturage permanent 
des prairies sur toute l'annee, avec comparativement peu d'alimentation manuelle comme 
en Europe. 

Done il a ete estime que les fluctuations marquees a la fois en qualite et en quantite 
d'aliment, sur lesquelles l'e!eveur a peu de controle, peuvent affecter un profil metabolique 
plus profondement que dans les pays ou l'alimentation manuelle est couramment pratiquee. 

Dans cette etude, des animaux individualises ont ete soumis a !'analyse sanguine dans 
4 troupeaux a interval le de 4 semaines dans l'annee. L'echantillonnage a ete etabli de far;on 
a donner des informations sur la nature et l'etendue des changements physiologiques qui 
pouvaient etre attribues a la nutrition courante, a la saison, au stade de lactation, a la 
gestation et a !'age de !'animal. 

Des changements sont detectes dans certains des parametres mesures. Ceux-ci 
comprennent les teneurs en Hb, hematocrite, uree plasmatique, Ca, Na, phosphate inorg, 
seriques, glucose plasmatique, proteines totales et albumine seriques. Aucun changement 
significatif n'a ete detecte dans le magnesium et le potassium seriques. 

Il est estime que le controle des profils metaboliques, bien qu'ils soient encore au stade 
experimental, est extremement prometteur comme guide dans !'appreciation des aliments 
disponibles chez les bovins laitiers. 

ABSTRACT 

A CONTINUOUS METABOLIC PROFILE OF GRAZING DAIRY CA TILE OVER 
A ONE YEAR PERIOD. M. MERRALL. 

In New Zealand the feeding of dairy cattle is by the ·continous grazing of pasture 
over the whole year, with comparatively little hand feeding being practised as in Europe. 
Therefore it was considered that the marked fluctuations in both quality and quantity of 
feed, over which the farmer has little control, may affect a metabolic profile more pro­
foundly than in countries where hand feeding is extensively practised. 

In this study individual animals were monitored in four herds at regular four-weekly 
periods over the year, The sampling was designed to give information on the nature and 
extent of physiological changes which could be attributed to current nutrition, season, state 
of lactation, pregnancy and age of the animal. 

Changes were detected in some of the parameters measured. These included haemog­
lobin levels, PCV, plasma urea, serum calcium, serum sodium, serum inorganic phosphate, 
plasma glucose, total serum protein and serum albumin levels. No significant changes were 
detected in serum magnesium and serum potassium. In some cases the levels of metabolites 
varied randomly. This variation cannot be explained at present. . 

It is consi�ered that the measurement of metabolic profiles, while still in the experi­
mental stage, holds considerable promise as a guide to the suitability of the available feed 
in dairy cattle. 
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