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PREFACE 

Concurre n t  s t udy o f  mammary b i o c h e mical param e t e r s  and c hange s 

i n  the c o mpo s i ti o n  o f  t he s e c re t e d  pro duc t all ows an e xaminat i o n  of 

possible  c au s al r e l a t ions and i s  fundamental in i d e nt i fying s i tes of 

ac t ion of phy s i o l o gi c al fac t o rs i n fl u e n c ing the s e c re tory ac t iv i t y  

o f  t h e  gland . C hange s in b i o c he mi c a l  parame t e rs a c c o mpanying 

various phy s i o l o gi c al states  are now w e l l  docume n t e d  fo r r o d e n t  

s pe c i e s , e . g .  Bal dwin & Mi ll igan ( 1 9 66) , but t h e  r e l a t i o n s h i ps 

t h e s e  bear w i th t rans-lac tation c hange s in the c ompo s i t io n  o f  milk 

have not  b e e n  st u di e d .  The bov ine pro v i d e s  ample mat e rial of 

s u ffic ient  divers i ty to c harac t e ri s e  c hanges in m i lk c ompo s i t io n  

and t h e  s pe c i e� impor tanc e as a foo d  produc er j us t i fi e s  a n y  at tempt 

to d et e rmine how milk produc tion i s  c o n trolled and s e ek po s s i b i l i t i e s  

o f  arti fi c ial re gulat ion . 

Pre r e qu i s i t e  t o  such a s tudy is a t e c hnique for r e pe a t e dly 

o b taining tissue f�om lac tat ing udders wi thout s e r i o us l y  in flue nc ing 

future produc t i o n . The pre sent  expe riment  was unde rtaken to d e v e l o p  

s u c h  a sampl ing me thod and use i t  in  a f i r s t  at t e m pt to study milk 

pro duc tion a t  the synth e t i c  level throu ghout who l e  lac t a t ions in  

dairy c a t t l e . 
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Chapte r  O n e . REVI EW 

Ir..troduction 

D e s p i t e  t he weal t h  o f  r e c e n t  e xperimental studie s  o n  the 

lac tating mammary glan d ,  few a t t e mpts have be en made t o  survey t h e  

b i o c he mi c al a n d  phys iological  e v e n t s  le ading to the  forma t ion o f  

milk. S i nc e th i s  review w a s  ini t ially prepare d ,  t w o  major 

c ontrib u t i o n s  have b e e n  pub l i s h e d  which  has l ead to the more 

r e s t ri c t e d  nature o f  th i s  pre s e n t a t i o n . Jone s (1 969) has a ttempte d  

t o  d i s c u s s  the  whole  fi e ld o f  re c e n t  b i o c hemical pro gr e s s  in l i gh t  

o f  t h e  phys i o l o gical s tudi e s  made on t h e  rodent gland . A sympo s i u m ,  

"Phy s i o l o g i c al l im i t a t i o n s  on  m i l k  produc t i o n" introduc e d  by Eme ry 

(1969) a t tra c t e d  thre e o t he r  pa pers which  when take n w i th Jon e s  

pro v ide s  a m o r e  c ompl e t e  pi c ture . I n  no c as e  how e v e r  i s  the re a 

ful ly d e s c r i p t i v e  a cc ount  o f  the  syn t he s i s  o f  the majo r c ompo n e n t s  

o f  milk e s p e c ially i n  the  me tabo l i c  e nvironment pe c ul i a r  t o  the 

ruminant .  

This pre s e n t  review gives a d e t a i l e d  biochemical  a c c o unt of the 

synth e t i c  proc e s s e s  and dis c us s e s  some phys iological  s tudie s  whi c h  

ass i s t  an appre c ia t i o n  o f  the  c o n t rol sys t e ms . A s h o r t  d i s c u s s i on 

o f  c hange s in milk fat c om po s i t i on i s  e n t e r e d  into  as  t h e  author 

c o ns i d e rs me asurem e n t s  of the i r  c hanges the most p o t e n t  t o o l  

c urren t l y  avai lable t o  i n t e gr a t e  the b i o c hemical and phy s i o l o g i c a l  

pro c e s s e s  o f  the  lac ta ting ruminan t . 

I' 
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�ilk Fat Synthe s i s  

Be c aus e o f  t h e  pro d i gious synthe s i s  o f  bu t t e rfat and i t s  

unusually high c o n t e n t  o f  s hort  c hain fat ty  ac i d s , t he mammary gland 

and i t s  l i pi d  s e c re t ion has been sub j e c t e d t o  e x t ensive  b i o c hemical 

s t udy . The re v i e ws o f  He l e  & Popj �k (1958), Fo l l e y  & McNaught (1961) 

and Fri t z  (1961) provi de  a n  ade quat e  background t o  the more re c e n t  

s tu d i e s  t o  b e  reviewed h e r e . 

The e arl i e r  s tu d i e s  e s t ablished t he po t e n t  l i pogenic c apac i ty o f  

�ammary t is sue; t hat  the fat c ompris e d  fa t t y  ac ids  synthe s i s e d  b o t h  

w i t hin t h e  gland a n d  e l s e where; that the  fat ty a c i d  c ompo s i t i o n  was 

unique and thus the pos s i b i l i ty that the re was more than one fa t t y  

a c i d  synthe tic  m e c hanism . 

1.1 Fa tty Ac id S yn the s i s  

S in c e  the abova re v i e ws were compile d ,  e x t e nsive s t udy in a varie ty  

o f  t issues has largely c harac t e r i s e d  the  s o - c a l l e d  " s o l ubl e "  fa t t y  

ac i d  synthe t i c  pa thway . A s ingle c y c l e  o f  the chain elonga t i o n  

pro c es s , whic h  u se s  NADPH a s  pro t o n  dono r , i s  illus tra t e d  i n  Fig .  1.1. 

The re i s  ample e videnc e for the exis t e n c e  o f  this  pa thway in mammary 

t i s sue and , as in o t h e r  tissues , the rat e - l im i t ing s t e p  is in t he 

c arboxylation o f  ace tyl C o A  ( Waki l ,  1961). The enzyme a c e tyl C oA : C0 2 
l i gase ( AMP) ( EC 6.4.1.2) is under pre c i s e  c o n trol  i n  mammary t issue  

and s o  i s  one of  the foc i  o f  lipoge nic  regulat ion.  

Fat t y  ac i d  synthe s i s  is progre s s ively diminishe d ·fo l l owing 

nat ural o r  a rti fi c ial w eaning . Levy (1963, 1964) demonstrate d th at  

the addi t ion  of  fre s h  r a t  milk  t o  ac tively syn the s i sing c el l - fr e e  

pre parations from rats , similarly d e pre s s e d  synthe s i s . Fur thermore 

he show e d  that the d e pr e s s e d  l i poge ne s i s  resul t e d  from an inhibi ti o n  

o f  ac e tyl C o A  c arboxylas e in vivo and a l s o  in v i t ro whe re the 

addition of fresh milk t o  partially pu ri fie d  enzyme mark e dly 

r e duc e d  i t s ac ti vi ty . Le vy pro po s e d  t hat  fre s h  milk  c on t aine d an 

i n hib i t o r , normally s e c r e t e d  wi t h  t he milk , and i f  not r e mo v e d 

from the gland i t  o p e ra t e d  a fe e dback c o n t rol on l i po g e n e s i s  ac t ing 

at the rate - l i m i t ing s t e p .  He i d e n t i fie d  the inhibi t o r  as 

2 
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ac e tyl  CoA 
�(6 . 4 . 1 . 2) 
! � malony: CoA 

1 I 2 � 
� malonyl ACP 

ACP 

(.3 -Ke t o -C n -Acyl ACP 

>J 

3 

C -Acyl C oA <----­n C -Ac yl AC P n 

V ;s-OH C n-Acy l  ACP 

F i g .  1. 1 " ' 7 

C uns aturate d Acyl A C P  n 

5 

Representation of a cycle of the Acyl Carrier Protein 

bound fatty acid synthetic system of cytoplasm. 

The s e ve n  c o mpon e n t  e n zyme c o mplex t e rm e d  

'fatty ac i d  synthe tas e' c ompr i s e s  r e a c t ions 

1 - 7. 

The first c y c l e  u s e s  1 - 6 pro duc i ng b utyryl­

ACP (n = 4 ) . 

The s e c ond  c y c l e  u s e s  2 - 6 pro ducing c apryl ­

ACP ( n = 6). 
The mt h  c yc l e  u s e s  2 - 7 pro duc ing C - a c yl CoA n 
(n = 2m + 2) 



mi c ro somal b ound free fa t t y  ac i ds o f  c hain length 10 - 14 , an d 

s ugge s te d  that their mode o f  ac t ion was thro ugh i n t e r fe ring wi t h  

the  e s s e n t ial ac tivation o f  the enzyme b y  d i - and tri -c arboxy l i c  

a c ids . 

Early studi e s  on c o fac t o r  re quire ments  for l i pogene s i s  ( s e e  

Hele & Popjak ,  1958 ) ind i c a te d  parti c i pa t ion  o f  b o t h  NADH a n d  NADPH 

i n  the  re duc tive s t e ps ac c o mpanying chain e l onga t i o n . H e l e , Popjak 

& Lauryssens ( 1957) sugges ted that NADH was u s e d  in the syn the s i s  

3 

o f  shor t c hain fa t t y  a c i d s  using e n zyme s of the {3-oxidative pathway . 

The major produc t synthe s i s e d  by mammary pre para t ions s uppl i e d  w ith 

NADH. was c ro tonic ac i d .  Lachanc e ,  Popjak & de Waard ( 1 958) found a 

m i c rosomal e nzyme whi c h  i r r e v e rsibly reduced  c ro t o nyl CoA t o  b utyryl 

C oA . Thi s e noyl reduc tase  uses NADPH as a pro t o n  donor  and i f  i t  

a l s o  a c c e pt s  ACP e s t e rs , i t  i s  6 in Fi g .  1 . 1 .  The use o f  NADH i n  

m ammary l i pogene s i s , possi bly w i t h  t h e  aid  o f  a t ranshydrogenase  

( EC 1 . 6 . 1 . 1 )  i s  now well e s tab l ished ( Bogin & Ka t z ,  1 9 67) , b u t  the  

i nvolve ment  of  a reversal of  j2Loxi d a t ion is m o r e  equivocal . 

I n  the pre s e nce of  avi din , the e gg white b io t in-bi n d ing pro t e in , 

t he e n zyme ac e ty l  CoA carboxylase c an n o t  tran s f e r  C02 and thus t h e  

"solubl e "  pathway i s  inac t i vated unl e s s  a n  a l t e rnative sourc e. o f  

malonyl CoA i s  provi de d .  Bogin & K a t z  used a c e l l - fr e e  rat 

pre parat ion to show that t he synthe s i s  of short c hained a c i d s , 

c hiefly bu tyrate , c o uld pro c e e d  from ac e tyl CoA and NADH but  n o t i n  

t h e  pre s e n c e  of avidin . This indi c a t e d  a requ i r ement for malonyl 

C oA - a non-part icipant in �oxidat i o n . In rab b i t  mammary 

pre parat ion s , Lachan c e  & Morais ( 19 65) found the  enzyme c ro tonyl 

r e duc tase qui te lab i l e  on s torage . I ts addi t ion t o  mammary 

preparations in vitro le d to a c e t a t e  being incorpora t e d  mainly i n to 

b u tyrat e . This pre sumabl y  explains t he acc umu l a t i o n  o f  c ro to n i c  

a c i d  in the expe riment o f  Hele  e t  al ( 1959) . Added c rotonyl C o A  

was re c o v e r e d  o nly a s  b utyrate or b utyryl CoA whi c h  sugge s t s  t hat  

t he r e  was  n o c rotonyl t rans feras e ( c ro tonyl C oA ----7 c ro t o nyl ACP) 

analo gous to reac t ions 1 and 2 as i n  Fig� 1 . 1 .  I n  rabb i t  and goat 

mammary pre parat ion s , K uma r ,  S ingh & Keren-Paz ( 1965 )  found l i ttle 

e f fe c t  o f  avidin on butyrate synth e s i s  b u t  the i r  results s how that 



the synthesis of longer chai� acids required either rr.alonyl CoA or 
acetyl CoA carboxylase. Whilst there is some reason to suspect 
species differences in the enzyme complements and substrates 
normally available, the results of Kumar et a l are confused by the 

finding that citrate, an activator of acetyl CoA carboxylase, 
enhanc ed  butyrate synthesis. Citrate can contribute to the 
extramitochondrial pool o f  acetyl CoA via the "citrate cleavage 
enzyme" and acetyl CoA levels might be limiting in the rabbit , but 
in the goat the enzyme ATP:citrate oxaloacetate lyase (EC 4. 1. 3a) 
is absent (Hardwick, 1966) and acetate itself is hardly likely to 
limit synthesis. 

In summary these findings suggest that butyrate synthesis may 
involve more than one pathway. One possibility is for a reversal of 
;G-oxidation with the irreversible enoyl CoA:cytochrome c 

oxidoreductase (EC 1. 3. 2.1) being replaced by microsomal crotonyl 
reductase. A simple demonstration of crotonic acid synthe sis from 
acetate using isolated mitochondria would resolve this. Butyric 
acid can also arise from the soluble pathway but competition between 
reactions 3 and 7 (Fig. 1. 1) favour chain elongation making ..... . �n�s a 
minor source . Clearly any differences in the importance of the two 
pathways of butyrate synthesis will cause variable responses to 
added avidin which inhibits only the soluble system. 

Rec ent advances in methodology has enabled the study of a 
variety of factors on the nature of the products of lipogenesis. 
Most int�!esting, in light of the foregoing discussion, was the 
finding of Coniglio & Popjak (1963) that rat mammary tissue 
incubated with 1 -.c14-acetate resulted in label concentration in 

14 short chain acids, but if incubated with 1 - C malonyl CoA, label 
was concentrated in the longer chain acids up to and including 
palmitate. Smith & Dils (1966) found a direct relationship 
between the concentration of malonyl CoA and the chain length of 
acids formed by rabbit mammary preparations. In the rat, the 
activity of acetyl CoA carboxylase and fatty acid chain length were 
related (Bartley, Abraham & Chaikoff, 1967) . These studies all 
support the hypothesis that the concentration of malonyl CoA, the 

product of the rate-limiting step, is a major determinant of the 
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e x tent of l i pogene s i s . 

The subs trate u s e d  fo r fa tty ac i d  synt he s i s  by t he non-ruminant 

mammary gl and is largely a c e tyl CoA arising from pyruva te  

d e c arboxylat ion and P-oxi d a t i on coupled  w i t h  fo rma t ion o f  

intrami t o c hondrial c i trate . C i trate i s  t ranspo r t e d  to the c y t o pl asm 

and c l e aved as above . In add ition , althoueh all spe c i e s  thus far 

s t u d i e d  have the c y t o plasmic  enzyme a c e tat e:CoA l igase (AMP) 
( EC 6 . 2 . 1 . 1 ) , the l o w  l e v e l s  o f  ac e ta t e  pre s umably available in 

monogastric  spe c i e s  make s it an unl ikely s ourc e of ac e tyl C oA .  

O n  the o t he r hand i n  ruminants there are data c o l l e c t e d  b y  t he 

a r te rio -venou s  d i ffe renc e t e c hnique , re viewe d  by  Barry ( 1964 ) , and 

L ir.zell ( 19 68 ) , ind i c a ting e xtensive mammary u t i l i zation  o f  a c e t a t e , 

a c e t oac e t ate  and j3 -0H bu tyra t e . Radio i s o tope s tudi e s  c o n fi rm that 

these subst ra t e s  are  u se d  in l i pogene s i s , the fo ur carbon uni t s  in 

part w i thout pri o r  c l e avage to  ac e tyl C oA ( Luick & Kame oka , 1 9 6 6; 

Palm qu i s t , Davis , Brown & Sac han , 1969 ) . There are po s s ibly l igase 

( - C oA synthe tase ) reac t i ons followed  by t ransfe ras e s  s imil ar to 

1 i n  Fig .  1 . 1 .  The ACP e s t e r i fied  ac ids c ould then ent e r  the c y c l e  

w ith r e a c ti ons 4 ,  5 & 6 o r  5 & 6 and und e rgo c hain e longa t i on. The 

s i gn i f i c anc e o f  Kumar e t  al no t ing the c apac i ty to use four carbon 

uni t s  wi thout c l eavage in rabbits as  well as goats is o b s c ur e  though 

b e c ause o f  cae cal  fermentation , the rabbi t  may use  VFA as m e t a b o l i c  

s ub s t ra te s .  

1 . 2  Mi c ro s o mal Regulat i on o f  Synthe s i s  

I t  was no ted earl i e r  tha t  Levy l o c a t e d  t h e  c ause  o f  inhi b i t i on 

o f  ac e tyl C o A  ca rb o xylase  to  be fa t t y  ac i ds b o und in non-e s t e r i fi e d  

form to  mic rosomes .  When sub-c e l l ular fra c t i ons were f i r s t  s tu d i e d  

( se e  H e l e  & Popj �k ,  1 958 ) , i t  was gene rally ac c e pted that mi c ro s o m e s  

a fforde d a s t imulat i on t o  fa tty ac i d  synthe s i s . Thi s d i c h o tomy was 

s t u d i e d  by Matthe s , Ab raham & C haiko ff ( 1960 ) in supernat ants from 

l iv er  whe re fa t ty ac i d  s ynthe s i s  was s t i mul a t e d  o r  d e pre s s e d  

a c c o r d ing t o  t h e  l e v e l  o f  added mic rosome s .  The mic rosomes  are t h e  

intrac e ll ular s i t e s  o f  t riglyc eride  synthe s i s  from b o t h  f r e e  a c i d s  

5 



and their CoA e ste rs. Their enzymatic comple�ent include s  acyl 

CoA:L-�-glyce rol pho sphate acyltransfe ras e (EC 2.3.1.15) and the 

thiokinas e  - acid:CoA ligas e  (AMP) (EC 6.2.1.3). In addition 

(se e  1.5) the 'microsomes' of milk are  conside red to be the site 

of glyce ride synthe sis in the freshly secreted product. 

The stimulatory effect of glyce rol phosphate on fatty acid 

synthe sis (Fritz, 1961) is considered to ope rate at the micro somes 

through incre ased e sterification of fatty acids and hence removal 

of their fe edback inhibition on acetyl CoA carboxylase. Howard & 

Lowenstein (1965) note that the effect of added glyce rol pho sphate 

is le s s  in mammary gland than in live r and despite the lack o: 

evidence fo r acyl carrie r protein � � in mammary tis sue, 

sugge sted that this might be limiting fo r lipogene sis. 

Furthe r  study in the rat mammary gland by Smith, Easte� & Dils 

(1966) indicated t�at micros ome s stimulated fatty acid synthesis 

partly through removing the feedback inhibition but als o through 

incre asing the level of acetyl CoA carboxylase in the s y stem. The y 

found the e nzyme in micro s ome s at specific activitie s equal to or 

gre ater than in the particle-free supernatant. Easter & Dils (1968) 

cite unpublished re sults that the rat enzyme is confined to the 

cytoplasm and checked that the distribution in the rabbit was not an 

artifact of preparation. The results indicate that the rabbit 

enzyme is indeed found as e arlier r e ported by Smith et al (1966). 

The micro s ome bound and free enzyme s had different molecular 

prope rtie s and when dis sociated, the micros omal enzyme adopts the 

characte ristics of the othe r. The authors were cautious not to 

claim exactly which form existed and was active in vivo. 

Thus microsomes in vitro appe a r  to offe r both a stimulation and 

an inhibitio n  to fatty acid synthe sis. Both actions a r e  focussed 

on a regulation of acetyl CoA carboxylase. Little is  known of the 

in vivo situation but the following is offered in speculation to 

help explain the expe rimental re sults. 

Micro s om e s  bind fatty acids awaiting e ste rification 

to glyce rol. Should conditions favour this - viz. 

6 



adequate glycerol phos�hate, ATP etc .  then triglyceride 

syn thesis proc e eds . If, ho weve r , the interaction of 

glycero l phosphate , ATP and fatty acids le ads to an 

accumulation of the latter , the feedbac k inhib iti on 

opera t e s  and fat t y  a cid synthesis is hal t ed awa i t ing 

r e s t o rat ion o f  glyceride syn t he s i s . The microsomal 

c ontent o f  a c e tyl CoA  c arb o xylase in some specie s  may 

provide a favo urable j uxtaposi tioning to enable pre c i s e  

c ontro l .  

The s igni ficance o f  the  spe c i es dif ferenc e s  in microsomal prope rti e s  

i s  no t c l e a r .  

1 . 3 D e satura ti on of Long Chain Fatty Acids 

Glasc ock , Duncombe & ReiP�us (1956) reported a substantial 

c onvers ion o f  H
3

-ste aric  acid t o  unsatura t e d  long c hain ac i ds in the 

c ow' s mammary gland . L aurysse ns , Verbeke & Peeters (1961) perfuse d 

dd . .  h 1 " . . ' 1 c 1 4  . . . d d .CO ' t' t - t'-u er s W:L't. a burrnn o ouno - -st;e a r:Lc ac:L an .�.ouna na or ne 
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o c t a decano i c  ac i ds i nc o rpo rated into m ilk fat, 50% were unsatura ted . 

P urs uing s t udi es on ext rac e l lular glyceride synthesis ( s e e  1.5), 

McCarthy , Ghiardi & Patton (1965) det e rmine d the fate o f  1 -c
1 4

- s t e a ric 

a c i d  adde d to fre sh  milk . Radioac t i v ity was rec ove red in b o th ste a r i c  

and o l e i c  ac i ds i n  n e utral l ipids, phospholipids  and as free fat ty 

ac i d s . The ext ent o f  c onversion was gre atest in t he e s t e rifie d  

frac tion and the authors claimed th a t whereas t h a t  fra c t i on had 

de fini tely b e e n  in c on tac t with enzyme syste ms , the free fat t y  ac i ds 

b e c ause o f  di spe rs i on d i ffi c ul ties, may not have . The d e s a tu r ase· 

s y s t e m  was more ac t ive in milk from e arlier than l a t e r  s tages of 

lac tat i on . Wes t ,  Annison & L inzel l  (1967) and l a te r ,  Ann i s on , 

L inze l l , & Fazake r l e y  & N ichols (1967) in examining the mec hanism of 

uptake o f  blood l i pi ds by t he gland , found t ha t  arte rial 1 -c 1 4-s t e a r i c  

ac id w a s  re covered  in mammary venous b l o o d  as  b o th s t e aric and o l e i c  

a c ids , t h e  lat ter having a s pe c i fic ac t i vi t y  64% t ha t  o f  s t e aric  

c ompared w i t h  2% in the a r t erial blood . I f  de s a t ura tion o c c urs 

o u t s id e  the vascular be d and in the parenc hyma , these  re s ul t s  

indi c a t e  t ha t  fre e fat ty  a c i ds t raverse the end o t h e lial-e p i t h e l i a l  



membrane in both directions. The simil arity of spe c ific ac tivi ty 
'1 4  . , 1 4  

c urves obtained fro� glands perfused wit h  1-C -stear1c and 1-C -
palmitic acids suggests that desaturation involve s  only the 

pr e forme d acids and not  those synthesised de � wi th in the glar.d . 

I f  s o, the r e s u l t s  in di c ate a func tional se paratio n  of thes e two 

c lasses  o f  ac i ds. 

8 

Bickerstaffe & Annis o n  (1968) briefly de sc r i b e d  a microsomal 

de sa turase  syste m i n  goat mammary gland. The enzyrne (s ) prefe r e ntially 

oxid ise d stearate although palmitate was used at about 20% the rate 

o f  the former. The reac tions were con fined to the pro duc tion o f  

monoethenoid acids. Added glycerol phosphate stimulated the reac ti ons, 

poss ibly through the removal o f  reac t i o n  pro ducts ( c . f. 1.2). 

1.4 Mito chondri al Chain Elo ngation 

Chain elo ngation of hexade c anoi c a c i d  in t i s sues that have been 

examined appears to involve c ondensations with acetyl CoA by a 
re ve rsal of p-oxi da t i on in a manner similar to that proposed for 

short c hain acid synthe sis in ma�mary tis sue . It is surpri sing then 

to find in da ta  d i s c u s s e d  by Folley & Mc Naught (1961) and that give n 

b y  Annis on et al (1967) near or c ompl e t e absenc e o f  such rea c tions in 

the mammary gland . Close scrutiny of the figur e s  and tables 

present e d  show a t ime de pend e n t  increas e  in spe c ific ac tivity of the 
14 

longer chain acids (14:0 & 16:0) following injec tion of 1-C -acetate 
to lac tat ing goat s . Such an increase i s  not seen in vitro whe re 

fatty aci ds  produc e d  are not mixed with preforme d long chain acids 

from the b l oo d .  The c hange with time pro bably re fle c ts inc r e as e d  

s pe c i fic ac t i v i t i e s  o f  the bl o o d  ac i ds , also forme d from the 

lab e l l e d  substrat e  but  at s i t e s  distant from the mammary glan d .  

S ho rtly a f t e r  i n j e c t i o n  the pre fo rme d  a c ids could c aus e 'is oto pe 

d ilution ' ( e . g . Palm quist et al 1969) but with time the s p e c ific 

a c t i v i t i e s  wo u ld  b e  c omparabl e . In a d d i t ion, the studi e s  d is c usse d 

i n  1.3 whe re lab e l l e d  stearic  and palmi t i c  were pe r fus e d  t hr ough 

glands , did n o t  indicate any l ab e l  re c o ve ry in ac i d s  of longe r c hain 

l ength t han those  i n j e c t e d .  



This apparently unimportant type of reaction casts some doubt on 

the ability of mammary mitochondria to participate in a reversal of (3-oxidation. Such a dichotomy presents a valuable �ead in the 

whole question of alternative lipogenic pathways and has not yet 

received the study it �erits. 

1.5 Triglyceride Synthesis 

9 

Fatty acyl CoA esters are esterified to L- C( -glycerol phosphate 

producing, as intermediates, 1'2'diglyceride phosphate (phosphatidic 

acid) 1'2'diglycerides and finally triglycerides. This is the well 

known Kennedy pathway of synthesis and has benn identified in extracts 

of mammae of guinea-pigs (f1cBride & Korn, 19 64 b), rat (Dils & Clarke� 

1962) and goat (Pynadath, 1964). 

Glycerol phosphate arises mainly froJ� the reversible reduction 

of dihydroxyacetone phosphate by L-glycerol phosphate:NAD+ 
oxidoreductase (EC 1.1.1.8). McBride & Korn (1964 a) have shown the 

presence of AT?:glycerol phosphotransferase (EC 2.7.1.30) in their 

guinea pig preparations. This could be of particular significance 

as it enables the use of the free glycerol produced by lipases 

acting on glycerides of the blood or of the fat pad as the secretory 

epithelium develops into it. However, data obtained by Barry, 

Bartley, Linzell & Robinson (1963) in lactating goats showed that 

less than 0 . 1  mg% of glycerol is taken up by the gland which could 

not make.a significant contribution to glyceride glycerol in milk 

fat. Barry et al showed further that during the uptake of blood glycer­

ides, increased lipoprotein lipase was detected in the venous blood 

suggesting that lipolysis occurs in the immediate vicinity of the 

endothelium and that glycerol uptake by the secretory epithelium is 

probably in non-esterified form. 

Evidence for the presence of Acyl CoA:L-glycerol phosphate 

acyltransferase (EC 2.3.1.15) in guinea pig mammae was obtained by 

Kuhn (1967). The enzyme was largely (76%) located in microsomes. 

Kuhn detected dephosphorylation of in vitro added phosphatidic acid, 

synthesis of triglycerides and synthesis of phosphatides from the 
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co��o� i�termediate. I� addit ion, the fatty acid compocitions of 

milk triblycer�des and phospholipids are similar (Patt on,  Durdan & 
McCarthy, 1964). 

Glyce�ide syntheGis also occurs outside the secretory cell. 

McCarthy & Patton (1964) reported fatty acid esterification in 

freshly secreted milk and later, Patton, McCarthy & Dimick (1965) 

found that these reactions had occurred in a particulate fraction 

comprised of lipoprotein aLd having properties similar to 

mammary gland microsomes. 

1.6 Milk Fat Secretion 

The milk microsomes responsible for lipogenesis in fresh milk 

display a phospholip�d co�posi tion similar to the other phosphatide 

fractions of milk. Patton � al (1964) proposed that these were 
part of a membrane, possibly ttat of the fat globule, a�d possibly 

10 

derived from the apical membraLe of t�e secretory cell during the 

process of fat dro plet secretion. Parsons & Patton (19 67) separated 
the polar lipids from milk and mammary tissue and found considerable 

differences in their compositions. 7he higher content of phosphatidyl 

ethanolamine, cerebrosides aLd sphingomyelin in the milk lipid 

suggested to them that the phosphatides represented material picked 

up by the droplet specifically as it left the cell. Evidence from 

electron �icrographs of lactatins rat mammae obtained by Bargmann & 
Knoop (1959) indicated that fat secretion involved an enveloping of 

the fat droplet by the apical membrane of the cell followed b y  a 

pinching off into the alveolar lumen. There was some evidence of 

intracellular material escaping along with the droplet. Similar 

photographs can be seen in articles by Feldman (1961) in bovine 

tissue, Sekhri, Pitelka & DeOme (1967) and Stein & Stein (1967) in 

mouse tissues. Stein & Stein claim that the droplets form in 

cisternae of the endoplasmic reticulum and that remnants of the 

reticulum with attached and free microsomes were visible in the 

alveolar lumen. If this was not an artifact of preparation, it 

firmly established the identity of the milk microsomes with those of 

the endoplasmic reticular system. 

. I 



1.7 s ��mary 

�ilk fa t c o n t a i n s  fa t t y a c i ds o f  l o n g  c hain l e ngt h d e r i v e d 

from blood l i pi d s ,  a n d  o t h e rs o f  sno r t e r  c hain l e n g t h  

w hi c h  a r e  s yn t h e s i s e d  wi thin t h e  gl and . 

S y n t h e s i s  w i t h i n  t h e  gland a ppe ars t o  i n volve two ma j o r  

pathways al t h o u g h  d i f fe r e n c e s  b e twe e n  t h e  t w o  a r e  n o t  

fully r e s o l v e d .  

M i c r o s o rn e s  are t h e  ma j or r e g u l a t o ry un i t s  part i c i pa t in g  

in gly c e ride s y n t he s i s  and t h e  c o n t r o l  o f  fa t ty a c i d  

s y n t h e s i s . T h e y  c o n t a i n  e n zymes i nv o l v e d  in desatura t ion 

r e ac t i o ns o f  fatty a c i d s  an d some e v i d e n c e  i n d i c a t e s  tha t 

s u c h  re ac t i o n s  may b e  c o n f i n e d  t o  t h e  a c i d s r e a c hing t he 

c e l l  pre forme d .  

C ha i n  e l o n ga t i o n  o f  palmi t i c  ac i d ,  e i t h e r  pre forme d o r  

s y n t he s i s e d  d e  � o vo i s  insigni fi c an t .  
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M i l k  glyc e r i d e s are s y n t he s i s e d  by mic r o s o mal e nzymes within 

and w i thout o f  the s e c re t ory c e l l . 

The pro c e s s  o f  fat s e c r e t io n  is a c c o mpani e d  by a l o s s  o f  

c y t o pl a s m i c  m a t e r i a l , inc l u d i n g  e n zyme s ,  i n t o  t he a l v e o l a r  

l u me n . 



pro � e i n s . X c K e n z i e ( 1 967 ) , i n  an . i s t o r i c al t r e a t m e n t  o f  t h e  s t udy 
o f  milk pro t e i n  has s u gge s t e d that C i f fi c u l t i e s  i n  t h i s  f i e l d  aA e 

due in pa r t  t o  t h e  l a c k  o f  s t andar d i za t i o n  o f  pre para t i v e  and 
a nal y t i c a l t e c hn i q u e s  a n d  t h u s  to n o  s y s t e �a t i c n o m e n c l a t u r e  �n t i l  

t he pre s e n t  d e c a d e . 

1 . 8 Pro t e i n  S y n t h e s i s  

The p r o t e i n s  o f  �ilk i n c lude frac t i o n s  t rans �e r r e d  from � h e  b l o o d  

a l o n �;  w i t h  t ho s e s y n t h e s i s e d  de � w i t hi n  t h e  glan d . I-: o s t  o b v i o us 

o f  t h e  f o r m e r  gro u p  a r e  t h e  i��u�osl o b ul i n s , se rum albu�in a n d  t he 

t rans fe rri n s . I n  addi t i o n , l a c to l l i n and s o m e  o f  the �ilk e n zyme s 

i n c l u ding o n e  o f  t he r i b o n u c l e a s e s  may b e l o n g  t o  t h i s  gr o u p . The 
pro t e ins s :r n  t �e s i s e d  d e  n o v o  i r: c l u C. e  (X - l ac talb�r.Jin.:; , t :1e j5 - lac t o -

1 ·" 1?. '1 \ 
g l o b u  ins s CC

s l , j..J , . ..; , & A. c a s e i ns and a n o t h e r  gro u p  o f  tte m i l k  

e n zy r.1e s .  E vi d e n c e fo r t h e  pre s e n c e  o f  � c n e t i c  v a r i a n t s  o f  t · . e 
p r o t e ins , has gi v e n  sup ; o r t  t o  t h e  � � a o ry o f  g e n e t i c  dire c t i o n  o f  

pro t e in s t ruc ture and pror.l p t c d  the d e v e l o p� e n t  o f  r a p i d  ana l y t i c al 

t e c hn i qu e s .  A l t t o �gh i n i t i a l l y ��a l i t a t i v e , the s e  e l e c tro ?ho re t i c 

m e t t o d s  ha v e  b e e n  mo d i f i e d  s u c h  t h a t  i & di v i dual fra c t i o n s c an n o w  b e  

m e a s u r e d quar. t i t a t i v e l y  - t h i s  re pre s e r. t s  a [irs t s � e p  i� s t ud y i n g  

the r c 0u� a t i o n  o f  syn �ne s i s  o f  t h e  �i:k pro t e ins . ( Ge e  e . g .  L a r s o n  

The o n ly a s :pe c t o f  d e  ::1ovo s y n t he s i s  o f  milk p ro t e i n s  kno '::n w i th 

any c e r ta i n t y  i s  t tat b l o o d  fre e a m i n o  ac i ds a r e  t h e  pri n c i p l e  

s ub s t ra t e s . 5arry ( 1 9 64)  pro v i d e s  a t a b u l a t i o n  o f  b l o o d  a m i n o  a c i d 

l e v e l s  a n d  a l i s t  o f  t h e  ' e s s e n t i a l ' a n d  ' no n -e s s e n t i al ' ac i d s  o n  

w hi c h  mammary ar t e r i o - v e n o u s  d i f f e r e n c e s  have b e e n  m e a s ur e d . O t h e r  
e x p e r i me n t s  w i t h  l ab e l l e d s ub s t r a t e s  ( : ro n fe l ci ,  1 963 ) in d i c a t e  tha t 

r.o n  a m i n o  c o ffi po u n d s  c an c o n t ri b u t e  c a rb o n  s k e l e t o n s  t o  m ilk p r o t e i ns , 

p r o b ably a f t e r  s y n t h e s i s  o f  ' non - e s s e n t i al ' ami no a c i d s . T h e  

b i o c h e m i c try o f  pro t e in syn t h e s i s wi thin t h e  g l a n d  h a s  n o t  b e e n  fu l l y  

c harac t e r i s e d  al t h o u c h  s t u d i e s  e m pl o y i n g  ant i � i o t i c s  ( s e e  be l o w ) 
sugge s t  t ha t  t he ] � o c e s s  in mammary t i s s u e  i s  s i m i l a r  t o  t he b e t t e r  

un d e r s to o d  m i c r o o ial sys t e m .  T h e  s t e ps wh i c h  h a v e  b e e n re c o gnis e d  
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d e s e rve d e s c ri ption b e c au se  they  may o f fe r s u i table  as says for 

pro t e i n  s yn the sis . 

Enzyme bound amino a c ids are ac tiva t e d  by an adenosyl �on o ­

pho spha t e  t rans e s t e ri fi c a t i o n  from ATP t o  t he c arbonyl func t i o n  o f  

the  a c i d . O b l igate re quireme n t  fo r ATP and Mg++ has b e e n  

de mons t rate d .  The s table c o mplex forme d unde rgo e s  a r e v e rsible  

tran s f e r  rea c t ion invo l ving t h e  c arbonyl gro up of  t h e  ac t i v a t e d  

ac i d  and the  2 '  o r  3 '  hydroxyl o f  t h e  te rminal a d e n o s ine o f  the 

appropriate t rans fer ribonuc l e i c  a c i d  ( t -RNA ) . This yields  AMP 
de r i v e d  from the original ATP e mploye d .  Turba & H i l p e r t  ( 1 9 6 1  a ,  b 
& c )  have i d e n t i fi e d  t h e s e  s t e ps in lac tating mammary glands from 

gui n e a  pigs . The a t t rac t io n  by ribo some s for t -RNA-amino a c i d s  and 

subs e qu e n t  inc orporat ion to pro te ins was found to i n c rease 20 fo l d  

fro m  l o w  l e v e l s  i n  pre gnan c y  t o  m i d  lac t a t io n  ( Ba i r d  & Herriman , 

1 968) . 

1 . 9  I ni t iation o f  Pro t e i n  S ynthe s is 

1 3  

R e c e n t  advan c e s  i n  the  s t u dy o f  milk pro te in s yn t h e s i s  have b e e n  

ma de w i t h  the  u se  o f  o rgan and t issue  c ul tures o f  mammary glan d s . 

J u e rgens , S t o c kdale , Topper & Elias ( 1 965)  found p3 2  i n c o rpora t ion 

i n t o  c as e in t o  be  4 - 8 times gre a t e r  in t is sue fro m  v i rgin o r  

mid - pre gnant m i c e  when c ul tu r e d in m e d i a  c on taining insulin , prolac t i n  

a n d  a c o r t i c o i d  t han whe n  c ul t ure d in m e d i a  con t a i ni n g  t h e  hormo n e s  

s i ngly o r  i n  pairs . Turkington & To ppe r ( 1 9 66)  s h o w e d  that human 

plac e n t a l  lac togen c o uld subs t i t u t e  for prolac t i n  and wi t h  pulse 

lab e l l i n g  with t r i t ia t e d  thymi dine foun d the r e s ponse  in c as e in 

syn t h e s i s  t o  b e  inde pendent  o f  addi tional D N A  synthe s i s . Tissue 

from pregnant mi c e  was more r e s ponsive t han tha t fro m  virgins . The 

s tudy o f  S to c kdale & To ppe r ( 1 9 66)  demonstrated t h a t  non-lac tating 

mammary t i s su e  was  r e quire d to  unde rgo m i t o t ic pro l i feration in  the 
e arly s tages o f  c u l ture b e fo r e  prolac tin c ould s t i mula t e  c as e i n  

synthe s i s . Whi l s t  m i t o s e s  o c c ur during c u l ture in  m e d ium c o n t aining 

insulin alone , the ul t imat e d i fferentiation of daugh t e r  c e l l s , as  

a d j ud g e d  b y  his tologi cal  e xamina t i o n  and  the  c apac i ty t o  re s pond t o  

prolac t i n  w i t h  incre as e d  c as e in synthes i s  w a s  abs o l u t e ly depe nd e n t  

on  e xposure t o  t h e  c or t i c o i d  during the  c e l l  divisi o ns ( Lo c kwoo d , 
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S toc kdale & Toppe r ,  1 96 7 ) . 

I n  similar c ul tured  pre p � ra t ions f Turkington ( 1 9 6 8 )  found t nc 
syn the sis o f  ' lac t albumin ' and ' lac t o Globulin ' i s o la t e d  by fra c t i onal 
pre c ipitation wit h ( NH4 ) 2 so4 t o  be s im i l arly c o n t ro l l e d .  D a u ght e r  
c e l l s  forme d und e r  t h e  in flue n c e  o f  insulin and a c or t i c o i d  res ponde d  

to  prolac t in o r  human placental lac togen b y  doubl ing the syn th e s is 

o f  RN A .  Ac tinomy c in D c o m ple t e ly inhib i t e d  this r e s po n s e  and c as e in 

synthesis fe l l  t o  l e ve ls  lower than in t i s sues  expo s e d  to insulin 

and c o r t i c o id thr oughou t .  C o l c hic ine a d d e d  in the init ial c ul ture 

period b l o c k e d  c e l l  division and h e n c e  any response to pro lac tin , 

but i f  adde d  i n  the po s t -mi t o t i c  phase w a s  without e f fe c t  o n  t h e  

r e s ponse t o  add e d  prolac tin . 

The s e  s tu d i e s  have pro v i d e d  a basis  for further more care ful 

work using b o t h  the cul ture t e c hn i que and s tudies i n  v::. vo . Ne tho ds 

are now available tp me asure individual RNA spec i e s  and milk p�o t e ins 

and if c o upled w i t h  lab e l l e d  s u b s t r a t e s  would enable the  measurement 
of synth e t i c  rat e s  o f  all  the c ompo n e n t s .  S t rains o t her t h a n  t he C 3H 

whi c h  c anno t b e  c o ns i de re d a r e pr e s e n t a t ive mouse s t rain ( K andi & 

B e rn , 1 9 60 ;  Rive ra , 1 9 66) , and e ven other species  o f  mam�als should 

be s tudi e d .  

1 . 10 S ummary 

Milk pro t e i ns inc lude some s e rum pro teins and o thers 

synthe s i s e d  de � b y  t he mammary gland . 

The synthe t i c  m e c hanisms appear s imilar to t h o s e  o f  

mic rob ial s pe c i e s . 

Non l a c t a t ing t issue c u l tur e d  unde r  appropr i a t e  c o ndi tions 

di ffe r e n t i a t e s  into  c e lls  c apabl e  of  de  � pro t e in 

synthes i s . 



1 . 1 1 Lac t o 5e Synthe s i s  

Lac t o s e  Syn t h e s i s  

Mammary t i ssue c o nta ins l i t tl e  gly c ogen ( Twarog & Lars e n , 1 9 64 ) 

ye t the full enzyma t i c  c omplement inc luding U DPgluc o s e : gly c o ge n ­

- 4 -glucosyl t rans fe ras e ( EC 2 . 4 . 1 . 1 1 )  n e c e ssary fo r i ts synth e s i s  �s 

pre s e n t  ( Me ndic ino & Pinjani , 1 9 64 ) . The s y n th e s i s  o f  glyc ogen and 

l a c t o s e  fo l l o w s  a c ommon route to the me tab o l ite UDPgluc o s e . 

GLYC OGEN 

Al 2 . 4 . 1 . 1 1  

I 
UDP GLUCOSE �<4---:> UDP GALACTOSE 

I 
GLUCOSE 1 P 

2 . ? . 5 . 1 . ' 
� 

GLUCOSE 6 P 

LACTOSE 

2 . 4 . 1 c  

The pre s e n c e  o f  UDPglu c o s e - 4 ' -e pime ras e ( EC 5 . 1 . 3 . 2 ) pro duc ing 

UDPgalac t o s e  c ompe t e s  w i th gl ycogen syn t he tase for availab l e  UDP­

gl ucose . The ab s e n c e  of glyc o ge n  in t he l a c t a t ing gland may s imply 

re fl e c t  this c ompe t i t i on . 

Lac t o s e  is synthe s i s e d  by a galac tosyl t ran s fe r  from UDPga l a c t o s e  

to gluc os e . Tha t gluc o s e  a n d  n o t  gluc o s e - 1 -P w a s  t h e  a c c e pt o r  

l a y  in dispu t e  ( Le lo i r  & Cardini , 1 9 6 1 ) un t i l  Watkins & Has s i d  ( 1 9 62 )  

found no e videnc e o f  the forma tion o f  lac t o s e - 1 -P a n  i n t e rme d i a t e  

pos tula t e d  for t h e  pa thway o f  Gan dar , P e t erson & Boy e r  ( 1 957 ) . 

Watkins & Has s i d  found greate s t  syn thesis o f  lac t o s e  o c c urre d when 

homogenat e s  o f  b o vine or guinea pig mammae were incub a t e d  with UDP ­

galac tose and g l u c o s e . The same authors found galac tosyl tran s fe r  

t o  N-a c e ty l -D- gl u c o s amine produc ing a c o m po und they t e ntative l y  

iden t i fi e d  a s  N -ac e tyl lac to samine . Bar t l e y ,  Ab raham & C haiko f f  

( 1 966)  hav e  c on fi rme d tha t glu c o s e  i s  t h e  galac t osyl a c c e pt o r  in 

lac tating rat mammary t i ssue . 
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UDPgalac to s e : D - gluc o s e - 1 -galac t o s y l t rans f e ras e ( EC 2 . 4 . 1 c )  o r  

lac t o s e  synthe tase has b e e n  e x t e n s i v e l y  s tu d i e d  s in c e  1 9 62 . Wa tkins 

& Has s i d  ( 1 9 62 ) l o c a t e d  the e n zyme in m i c ro s omes and Babad & Has s i d  

( 1 9 6 4 )  a s  a s o l ub l e  e n zyme in mi lk . Brodbe c k  & Ebr.er ( 1 966 a)  
e s tab l i s h e d  t h a t  t he e n zyme c ompri s e d  t w o  pro t e i n s  t e rmed by t h e m  A 
a n d  B .  Palm i t e r  ( 1 9 6 9 )  c l aims he has i d e n t i fied a t h i r d  c ompo n e n t  

( Z )  w h i c h  c o n t ri but e s  to  t h e  s t ab i l i ty o f  t he A -B c ompl e x b u t  th i s  

awa i t s  c o n firmat ion . B r o db e c k  & Ebne r fur t h e r  found t hat the 

mic ro somal e n zyme was s t imula t e d  by a d ding B pro t e in from milk and 

pro p o s e d  tha t , in m i c r o s o m e s , the B pro t e in was limi t ing . B r o db e c k  

& Ebner ( 1 9 66 b )  taoul a t e  t h e  d i s t r i b u t i o n  o f  t h e  two pro t e ins i n  
b ovine a n d  rat mammary e x t rac ts a r. d  i n  bovin e  milk . The A pr o t e in 

is  70% mic ros omal and t he B pro t e in 30 - 40% mi c ro s o mal . The bulk 

o f  the remainder was s o lu b l e . I n  milk , the e n zyme ( A + B ) i s  9 9% 

s oluble and a tra c e  c a n  b e  l o c a t e d  i n  milk ' mi c ro s o me s ' .  S tud i e s  o n  

t he B pro t e i n  were s t imul a t e d  by t he finding t h a t  OC -lac talbumin 

c o uld sub s t i t u t e  far it i n  ac tivat ing the A pro t e in ( Ebne r ,  D e n ton 

& Brodbe c k ,  1 9 6 6 ) . O n  the basis of s e v e ral pro t e in anal y t i c al 

c ri teria , Brodb e c k ,  D e n t o n ,  Tanahashi & E o n e r  ( 1 9 67 ) e s tab l i s h e d  that  

the  B pro t e i n  and C' -lac talbumin w e r e  i de n t i c a l . 

Fur ther s tu d i e s  on t h e  A pro t e in reve a l e d that in t he abs e nc e 

o f  the B ,  it  c a talys e s  t h e  galac tosyl trans fer t o  N - a c e t y l -gluc o s amine 

( B rodb e c k  & Ebne r ,  1 9 66 a)  pro duc ing N - a c e tyl-lac t o s amine as 

sugge s t e d  earl i e r  by Wa tkins & Has s i d  ( 1 9 6 2 ) . Bre w ,  Vanaman & Hill 

( 1 9 68 ) no t e  that t hi s  e n zyme is di s t ribu t e d  w i d e l y  i n  mammal ian 

t i s sues including t he pre partum mammary gland and that its normal 

func t ion is in gly c o pro t e in syn t he s i s . Gly c o pro t e ins c o nt a in i ng 

lac tosamine mo i e t i e s  are found i n  c olos trum . 

1 . 1 2 I ni tiation o f  Synthe s i s 

Prior to the r o u t i n e  measur e m e n t  o f  l a c t o s e  synthetase  in mammary 

t issue e xtrac t s , the e n zyme UDPglu c o s e -4 ' -e pimerase was c ons i de re d  

rate l imit ing for lac t o s e  synt he s i s . However all e nzym e s  o f  the 

pa thway ( se e ab o ve )  save the synthe tase are present  at l e ve l s  able 

t o  be measure d  i n  vi tro be fo re par t ur i tion ( Baldwin & M i l l i gan , 1 9 6 6 ;  

Kuhn & Lowens t e in , 1 9 67 ;  H e i t zman , 1 9 6 8 ) . In view o f  this, Kuhn & 



Lowens te in  w a re fi rs t t o  s t a t e : 

"Un l e s s  a v e ry rapid. remo val o f  lac t o s e  i s  pos tula t e d ,  

a l t e rnate r e asons are re qui r e d  t o  e xplain i t s  ab s e n c e  

b e fore partur i t ion . "  

Kuhn ( 196 8) was unab le  t o  de te c t  s u f fic i e n t  lac t o s e  hy d.ro lys i n g  
ac t iv i ty to a c c oun t fo r suc h a t urno v e r , te did  howe v e r  find  the  

t e rminal e n zyme - lac t o s e  synthe tas e - t o  b e  ra:e limi t ing b o t h  
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b e fore and a f t e r  parturi t i o n . I n  suc h t i ssue there was a c on s i s t e n t  

r e s ponse in v i t ro to added <X -lactalbumin , this b e i n g  maximal on the 

day o f  par tu ri t i o n . The dispari t y  n o te d sugg e s t e d t h a t  t h e  B pro t e in 

i ts e l f was l im i ting ,  e s pe c ially a t  partur i t i o n . 

Lockwo o d , Turki ngton & To ppe r ( 1 966) found that the ho rmonal 

c ond it ions e s se n t ial for lac toge n e s i s  in hypo phys e c t o m i s e d  r o d e n t s  

in vivo ( Lyons , J ohnson & Li , 1957) and in pregnant t i s sue i n  v i t r o  
( J e urge ns , S t ockdale , To ppe r & E l i a s , 1 9 65) w e r e  also r e s pons i b l e  

for c o nt roll e d  syn the s is o f  OC -lac talbumin i n  mouse pre gnan c y  mammary 

t i s sue c ul t u r e d  i n  v i t ro . Turkington , Bre w ,  Vanaman & Hill ( 1 9 68) 

d e t e rmine d the  l e ve l s  o f  the A & B pro t e ins i n  t i s sue d e v e l o p e d  

i n  v ivo and found the disparity in fav our o f  the A pro t e i n  t h roughout 

the l a c t a t i o n  c y c l e  but mo s t  marke d j u s t prior to the  day o f  

parturit ion . A t  partur i t io n  the re was a rapid i n du c t i on o f  t he B 

pro t e in t o  75% t ha t  o f  the A ,  there a ft e r  b o t h  frac t ions i n c r e as e d  a t  

a s imilar rat e  t o  t h e  fi ft e e n t h  day o f  lac tation . 

Turkingto n  e t  al de te rmine d the kine t i c s  o f  induc t i o n  o f  the  

two pro te in s  in  v i t ro and found that as  fo r o t he r mi lk pro t e i ns , 

i nduc t ion  in res ponse t o  pro la c t in o c c urred only i f  pri o r  mi t o s e s  

had o c c urre d unde r t h e  i n fluenc e o f  a c o r t i c oid . Prolac t i n  add e d  t o  

s uch  pre parat i ons i nduc e d  b o th pro t e ins o f  t he e n zyme , a n d  o v e r  

t h e  range o f  c on c e n trat ions us e d , t h e  A pro t e in r e s po n d e d  t o  a 

gre a t e r  e x t e n t  than the B .  No plaus ible  e xplana t i o n  for the  rapi d 

and s pe c i fic induc t i o n  o f  the B pro t e in was o ffere d .  

Re c en t  inde pendent work w i t h  t issue  d e v e lope d b o th in v i vo and 

i n  v i t ro sugge s t e d  that  pro g e s t e rone l e ve l s  in  blood may par t i c i pa t e  
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in t h e  e vents i�itiating lac ta � �on . Turkington & Hill  ( 1 9 6 9 )  

found add i tion o f  proge s terone to  m e di a c o ntaining d i f fe re n t i a t e d  

�a�mary c e lls  b l o c k e d  t h e  no rmal induc tion o f  OC-lac talbumin b y  

prolac t i n . The treatment  w a s  wi thout e f fe c t  o n  t h e  A pr o t e in o f  

lac tose  syn t he tase e xc e pt a t  e xt remely high dose  l e v e l s . R�A 
syn thes i s  was reduc e d  and the au thors c on s i d e r  the resul t s  show a 

s pe c i fi c  e ffe c t  o f  the hormone ac t i n g  o n  nuc l e i c  a c i d  trans c r i pt i on .  

O e s tradio l , o v e r  a wide ran ge o f  do s e s  did no t a f fe c t  e i ther o f  the s e  

a c t ions o f  prolac t i n . 

Kuhn ( 1 9 6 9 )  d e t e rmine d that  the appearanc e o f  lac tos e in mammary 

t i s sue c o inc ide d  w i t h  a pre partum fall in b l o o d  proge s t e rone 

a s s o c iat e d  with inc r e as e d  o varian 20 CC -h y d r o xys t e r o i d d e hydroge nase 

ac t ivity ab o u t  30 hours b e fore par t uri t ion . Fur t h e rmo r e , pro ge s t e r one 

b l o c k e d  the a ppe aranc e  of lac tose  c aus e d  by o vari e c to my , hys t e re c tomy 

or o varhy s t e r e c tomy o f  pre gnant ra t s . 

The s e  s tu d i e s s ho w  proge s t erone to have a l o c a l  ac t i on a t  �he  

mammary gland in b l o cki n g  the lac togenic  response  to pr o l ac t in . The 
author is no t aware o f  any e v i d e n c e  for pr oge s t e r o n e  int e r fering with 

prolac t i n ' s  mammo genic a c t ions , and mammary deve l o pment during 

pre gnanc y be ars w i t n e s s  to the se c re t io n o f  the hormone . The 

initiation o f  lac ta t ion  may then result  from t he wi th drawal o f  

pro ge s t e rone ' s  antagonism o f  the la c t o genic a c t i o n  o f  prolac tin  

wi tho ut  n e c e ssarily influenc ing the se c r e t i o n  rate o f  prolac t i n as 

i n  the the o r i e s  of M e i t e s  ( 1 95 4 )  and Folley ( 1 95 6 ) . Wha t e v e r  the 

s t imuli s : for  the i n duc tion o f  CC-lac talbumi n ,  the pre s e n c e  o f  a 

s p e c i fie r  pro t e in and the c hange in galac tosyl ac c e pt o r  i t  e f fec t s , 

resulting in the b iosynthe s i s  o f  lac tos e ,  repre s ents a t  pre s e n t  

a uni que b i o l o g i c a l  c ontrol mechan i s m .  

1 . 1 3 Summary 

Lac t o s e  synt he sis  involves fr e e  gluc o s e  as a galac tosyl 

ac c e pt or  from UDPgalac tose . 

The rate -limi t i ng s t e p  at least  at lac t o gene s i s  i s  the 

a c tivity o f  lac t o s e  synthe tas e . 



Lac t o s e  s y n t h e t a s e  c o n tains t w o  pro t e i n s , o ne o f  w h i c h  

i s  t h e  m i l k  pr o � e in OC l a c talbum i n . Thi s pro t e i n  i s  

l i m i t i n g  fo r t h e  syn t h e s i s  o f  lac t o s e  a n d  when p r e s e n t  

c au s e s  a c ha n ge in galac t o s y l  a c c e p t o r  from N - ac e t y l  

gluc o s amine t o  g l uc o s e . 

I n i t i a t i o n  o f  l a c t o s e  s y n t h e s i s  fo l l o w s  the pa t t e rn o f  

e v e n t s  de s c r i b e d  for n o n - e n zy m e  milk pro t e i n s . 

A fall in b l o o d  pr o ge s t e r o n e  l e v e l s  has b e e n s u g g e s t e d  as 

a s pe c i fi c  lac t o ge n i c  s i gnal i n  vivo . 
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C hange s in t h e  � o � no s i t i o n o f  M i : k  Fa t 

This sec tion i s  c on c e rn e d  w i th deve l o ping a theme  for the 

d i s c u s s i o n  o f  milk fa t f& tty  a c i d c o mpos i ti o n s  i n  l i ght o f  

phys iol ogi cal  and b i o c h e mi c a l  c hanges w i t hin the anica l . The 

numerous c hemi c al s tudies on milk fat wil l  n o t be d i s c u s s e d  b u t  

refe re nc e i s  made t o  the c l a s s i c al work o f  Hildi t c h ( 1 95 6 )  for an 

exhaus t i ve c o verage o f  e arly r e search in this  fiel d ,  to Garton ( 1 963)  

for a s ummary of early g a s  c hr o ma t o gra phy studies presen t e d  along 

w i t h  a lis ting o f  a l l  fat t y  a c i ds pos i t i vely i den t i fied in milk fat 

and t o  J e ns e n & S ampugna ( 1 9 6 6 )  fo r a review on t he t riglyceri de 

s truc ture o f  mi lk fat and a fair c ri t i c i s m  o f  the methods in use for 

its  s tudy . 

Li t tle data on  whole lac t a t ion  c hanges in milk fa t pro p e r t ies o f  

individual c ows are availab l e . I n  N e w  Zealand , i n forma tion is 

res t r i c ted t o  c ompos i t io n  data o n  b ulked fac tory material and t o  a 

variety o f  s tud ies . o n  fat pro pe r t ies fro m  pa rt l a c t a t i ons c onduc ted 

at t he Dai ry Research I ns t i tute .  

1 . 1 4 N u t r i t ive Fac t o rs 

Han s e n  & S horland ( 1 95 2 )  c o ll e c ted fat samples fro m fac t o ries 

o ver a dairy season and fo und a d i s t inc t pat tern o f  c ompo s i t i onal 

c hange s . Ther e was a gra dual rise in the c o n ten t of s ho r t  and 

med ium c ha i n  sa turated ac i d s  from  s pring through early summe r ,  a 

plateau and a fall t o  t he end o f  the season . Long c hain unsa tura t e d  

ac ids varied in the reverse direc tion . Bulked da ta suc h a s  this 

does not  per m i t  a separa t i o n  of  seasonal a n d  s t a ge o f  l a c t a t i o n  

e ffe c ts . H awke ( 1 9 6 3 )  determined the fat ty a c i d  c ompos i t ions o f  

b ut t e r fa t  from tw i n  c ows fed H 1  ryegras s a t  two s tages o f  maturi t y .  

C ows fed mature herbage had a lower c on tent o f  l o ng c hain 

u nsa turate d ac ids and the s a tura ted ac i ds 1 4 : 0  and 1 6 : 0  were higher 

c ompare d wi t h  c o ws fed young vigorously growing gras s . The pa t tern 

was c on s i s t e n t  at t hree s tage s of the s eason s tu d ie d . Milk fat 

c hange s largely re fle c t e d  c hanges in  the c o n t e n t  o f  l ong c hain 

uns aturat e d  acids in t he l i pids of  t he herbage . 

20 
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An a t t e mpt t o  d i s t ingu i s h  s e asonal from  s t a ge o f  lac t a t i on e f fec ts 

was made by McDowall ( 1 9 62 ) . He measure d b u t t e r fat  pro pe r t i e s  i n  

fa t c o l l e c t e d  from e a r l y  a n d  late  cal ving t wi n  pairs gra z e d  t o ge ther 

during the e xperimental perio d . Resul t s  were  obtain e d  for 

individual s but  a v e raged for pre s e n t a t i o n . The c hange s o b s e r v e d  in 

all prope r t i e s  - i o d i ne value , re frac t i v e  i nd e x ,  saponi fi c a t i o n  

value , Re i c he r t  value a n d  so f t e ning po int  indic a t e d  t o  t h e  au t h o r  

that t h e y  aro se  mainly fro m seasonal c au s e s  and h e  sugge s t e d  t h a t  

the s e  w e r e  probably vari ati ons  i n  quant i ty a n d  qual i ty o f  herbage 

available t o  the c a t t l e . H igh i o dine and low  R e i c he r t  and 

saponi fi c a t i o n  value s  from t he e arli e r  c a lving c a t t l e  sugge s t e d  

c o n s i d e rable use o f  b o dy rese rve s fo r fat pro duc t i on . This e f f e c t  

was c onsi s t e n t  through o u t  t h e  lac tation a n d  s imilar in three 

suc c es sive seasons . McDowal l ,  wi thout t h e  a i d  of s ta t i s tical  

analy s i s , d i s c o un t e d  s tage of  lac tation e f fec ts in favour of  d i r e c t  

nu t r i tive  e f fe c ts and d i d  n o t  c o n s i d e r  o th e r  indi re c t  c a us e s  whi c h  

c o ul d  a f fe c t  all animals on  a given  day o f  sar.1pl ing . The " s t re s s "  

e f fec ts d i scuss e d  i n  4 . 2 . 3  c o u l d  bias r e s u l ts in  a manne r  that 

appears related to s e as o n .  O t h e r  i n d i re c t  e f fec t s  o pe ra t ing t hrough 

l i po ly t i c  mec hanisms poss ibly i n t e rac t i n g  w i t h  s tabe o f  l ac t a t i o n  

c an give rise  t o  c hanges i n  fat pro p e r t i e s  which might be  c on fu s e d  

w i t h  dire c t  e f fe c ts from he rbage l i p i d  c ompo s i ti o n . The c hange s 

o b s e rve d i n  c at t l e  fe d " fat de pre s s i n g  d i e t s "  c o n t r i b u t e s  one  o f  

t h e s e  ind i r e c t  e f fec t s . Milk fa t fro m  t h e s e  c a t t l e  i s  c harac t e r i s e d  

( McCarthy , Dimi c k  & Pat t o n , 1 9 66 )  b y  a high c ontent  o f  short  c hain 

fa t ty ac i ds and low  l eve ls  of ac ids d e ri ve d from b l o o d  ( s e e  1 . 7 ) .  

B l o o d  lipids showe d g e n e rally low  l e v e l s  o f  s t earic ac i d .  

C o n firmati on o f  t h e s e  re sul t s  was provi d e d  b y  O ps t e vd t , Bal d w i n  

& Ronning ( 1 9 67 )  and Baldwin , Li� C he n g , C ab rera & R o n n i n g  ( 1 9 69 ) 

who found increas e d  adi pose  glyc e ri d e  synthesis  and a n e t  s h i f t  in 

fat ty ac i d  e qu i l i b rium away from l i po lys i s . A pos s i b l e  explan a t i o n  

ari s e s  f r o m  t h e  " fa t  de press ing die t "  rais ing b l o o d  gluc o s e  and/o r  

insulin l ev e l s  ( M c C l ymont & Vallanc e ,  1 9 6 2 )  and inhib i ting l i po lys i s , 

resul ting i n  a " d e fic i e nc y "  o f  s tearic ac i d  a t  the mammary gland and 

re duc e d  m i lk fa t c o n t e n t . 



2 2  

Fa t ty ac i d  c o m po s i t i o n s  o f  m i l k  fa t bulke d f � o m  n i n e  c o w s :o r t n i gh t l y  

t h r o u g h  a who l e  l a c t a t i o n  a r e  prov i d e d  by D e c a e n  and A d d a  ( 1 9 6 6 ) . 

C o w s  w e r e  ho u s e d  a n d  f e d  a c o � s i s t e n t  d i e t varyi�g i n  quan t i t y  

a c c o r d i ng t o  pro d u c t i o n .  The i r  r e s u l t s  w e r e  t abula t e d  a s  w e i g h t  

p e r c e n tage s a n d  fo r c o m pa r i s o n  w i t h t h i s  e xp e r i m e n t , a s e l e c t i o n  o f  

t he a c i ds are pr e s e n t e d  as m o l a r  pe r c e n tage s i n  Fi g .  1 . 2 .  The 

s t e a d i n e s s  o f  the c hange s i n  c o mpo n e n t s  probably r e s u l t s  from t he 

c o n t r o l l e d  c on d i t i o n s  o f  fe e d i n g  and from t he b u l k i n g  o f  fat f r o m  

s e v e ral an imal s .  Fa l l s  i n  t he m o l a r  c o n t e n t  o f  o c t a d e c a n o i c  ( 1 8 : 0) 

and o c tade c e n o ic ( 1 8 : 1 ) ac i d s  f o l l o w  c l o s e l y  the l o s s  i n  b o d yw e i gh t . 

O n  t h e  o t he r  h an d , t h e  pro p o r t i o n a l  r i s e  i n  a l l  a c i d s  o f  c arb o n  

c ha i n  l e n g t h  l e s s  t ha n  1 6  paral l e l s  t h e  r i s e  i n  to t a l  D . M .  i n t a k e . 

The r e s u l t s  s ugge s t  t h a t , a t  l e a s t  o v e r  t h e  firs t w e e k s  o f  l a c t a t i o n , 

t h e  l o n g  c ha i n  ac i d s re fl e c t  b o d y fat m o b i l i za t i o n  a n d  t h e  s h o r t e r  

a c i d s  a n  i n c r e a s e  i n  t h e  a va i l ab i l i t y o f  s u b s t ra t e s  t o  t h e  mammary 

gla n d . The au t h o r s  c a l c u l a t e d  tha t a b o u t  50% of the fa t ty a c i d s in 

milk fat were d e r i v e d  from the b l o o d  l i p i d s  or b o dy r e s e rve s .  T h i s  

ra t i o  agr e e s  w i t h  a n  ave rage value o f  1 lb b o dy w e i g h t  l o s s  f o r  

e v e ry 2 lbs e x t ra m i l k  fat i n  m o n o zygous t w i n  s t u d i e s  a t  Ruakura 

( Phi l l i ps , pe r s  c o mm ) . The po s s i b i l i t y  t ha t  no s t  pa r t u m  

mo b i l i za t i o n  o f  d e po t  fa t may b e  a c au s a l  fac tor in t h e  phy s i o l o g i c al 

d e p r e s s i o n o f  appe t i t e a t  t h i s  t i m e  h a s  n o t y e t  re c e i v e d  s e r i o u s  

s t udy . 

S t u l l , B r o w n , Val d e z  & Tuc k e r  ( 1 9 66)  m e a s u r e d  fa t t y a c i d  

pro po r t i o n s  i n  m i l k  fat b u lke d fro m f o u r  c o ws and fi t t e d  po l y n o m i a l  

r e g r e s s i o n l i n e s  t o  t h e  i n d i v i dual c o m p o n e n t s . Th e p r o po r t i o n s  o f  

to tal varia nc e a c c o u n t e d  for b y  the l i n e s  w e r e  g e n e rally l o w  a n d  � h e " 

abs e nc e  o f  e ither t h e  raw d a t a  o r  a s a t i s fac t o ry d i s c us s i o n  o f  t h e i r  

findings pre vents  a c o n s i d e ra t i o n  o f  why t h e i r  r e s ul t s  d i f fe r e d  fro m 

those  o f  Decaen & A d da . 

1 . 1 5 Endoc rine Fac tors 

The l a c k  o f  in forma t i o n  o n  t h e  e f fe c t s o f  hormo n e s  o n  m i l k  f a t  

c omposition mak e s  d i f f i c u l t  a n y  a t t e m p t s  t o  s e pa r a t e  d i r e c t  a n d  

indire c t  ( s e e  above ) nu tri t ive e f f e c t s .  The poss i b i l i t y o f  
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Fig .  1 . 2  M i l k  Fa t Fa t ty A c i d  M o l a r  P r o po r t i o n s  from t h e  d a t a  

o f  D e c a e n  & A d d a  ( 1 S 66 ) . 
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p r e gnancy and its ass o c i a t e d  jo�monal c h an g e s  in :luencing milk fat 

co mpo s i t i o n  has n o t  b e en stud i e d . Ho w e ve r ,  Aurand , Single t o n , 

Ulberg & Br itt ( 1 9 68 ) obse r v e d  changes during an o e s t ro u s  cycle 

and w e r e a b l e  t o  mimic them in an o v a tiectomi s e d  cow b y  i n j ecti ons 
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of o e s t r o gen but not proge ste rone . They found t h a t  o e strous and 

o e s trogen increase d the content o f  uns a tura t e d  and bran c h e d  chain 

acids in milk and conclud e d  that t he e f fects n o t e d  r e s ult from an 

in flue nce on t h e  b l o od lipid s .  H u t t on ( 1 95 8 )  sugges t e d  that change s 

in milk compo s i t i o n  in l ate lactation could r e fle c t  a gradual incre a s e  

i n  the leve l of ci rculating o e s t ro ge n . The e f fects o n  milk fat 

properti e s  or fatty aci d co m p o s itions were no t s tudi e d  i n  e i the r of 

the e xpe rime n t s  whe re o e strogen ( Hu t t o n ,  1 958 ) o r  growth hormone 

( Hutt o n , 1 95 7 )  cau s e d  chan ges  i n  m i lk fa t s ecret i o n . C a t tle fe d 

thyropro t e i n  ( Stanle y & Mor i ta , 1 967 ) lo s t  body w e i G h t  and 

pro duce d milk with eleva ted fa t co nte nts . H i gh con t e n t s  o f  stearic 

and ole ic acids i n  t he fa t re flect e d  b o dy fat mo biliza t ion. The 
only effects of AC�H on milk fa t compo s i t ion ye t r epo r t e d  come fro m 

the data o f  C ampb e l l , D avey , �cDowal l ,  � i l s o n  & Mun ford ( 1 95 4 ) . 

ACTH tre atmen t o f  lactating cat t l e  caused an incre a s e d  fat co n t e nt 

which was accompanie d by a drop in i o d ine val ue. M i lk y i eld was 

d epre s s e d  to a gre a t e r  e xte nt than was fa t y i eld sugge s t ing little 

change in to t al fat synthe s i s  de spite a change in fat compo s i t i o n . 

1 . 1 6  I nterpre t ation 

The ma j o r  difficulty i n  the use of d e t e rminatio n  o f  fa tty aci d  

compo s itions t o  e xplai n  di ffe rences i n  me tabolism lies i n  the 
statistical problems of analysing multiple compo nents showing a high 

d e gree  of i nte rdepende nce . Unle s s  provision is made fo r the 

correlati o n s  among compone n t s , quite misleading in f e r e nc e s  co uld b e  

drawn from chan ges i n  o ne o r  more  aci ds . The d i fficult i e s  can b e  

ove rcom e  if an i ndependent variabl e can b e  i n t r o duce d a s  in t he c a s e  

of daily y i e ld s  of fatty aci d  co mpon e nts . Change s i n  o ne o r  more 

y i elds could the n  be related more reliably to metabolic change s . 

Whe re i ns uffici e nt data are ava ilable to cle a rly e stablish w : e 

change s i n  fatty aci d y i elds , indivi dual components could be 

analy s e d  a s  s ingle va riabl e s  and all components  con s i de re d  t ogeth e r  

in drawing i nferences from the analys e s. 



1 . 1 7 S urr.mary : 

W�e n  variations i n  h e r b a ge lipids a r e  r e �u c e d  b y  

s tanda r d i s i n g  die ts t the r e  a r e  s ti l l  l o n g  t e rm 

c ha n g e s in milk fa t c o mp o s i t ion pro b ab ly a r i s i ng 
from physiological  c hange s wi thin t he animal w i t h  

advan c i n g  lac t a t i o n .  

L o n g  t e rm changes appear to involve rr.ob i l i za t i on o f  

body  l i pi d re s e rve s imme diately po s t  pa r tum and a l e s s  

w e l l  de fine d  e f fe c t  o f  s t eroid hormones w i t h  advanc ing 

pre gnanc y .  

S h o r t  t e rm variation und e r  field c o n d i t i o n s  probably 

re fl e c � changes in the c o mpo s i t �on  o f  die t ary l i pi d s  

al though o th e r  fac tors  o f  t h e  die t c an in fl u e n c e  milk 

fa t c o m po s � t i o n  po s s i b l y  through physiologi c al 

a d j us tments  within  t h e  animal . 

C are is r e q u i r e d  in the  analys is  an d in � e r pr e t a t i o n  o f  

di f fe re nc e s i n  c o mpo s i t ion . When d a i l y  y i e l d s  o f  fa t t y  

ac ids a r e  considere d ,  t h e re i s  some impro v e me n t  i n  the 
val i d i ty of c o mpar i s o n s  as the in�e rd e pe n d e n c e  o f  

c o mpo n e n t s  i s  remove d .  
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C ha p t e r  Two . 

The e xpe r i m e n t  was des i gn e d  t o  p. o v i de i n fo r ma t i o n  on variation 

i n  mammary gland b i o c h e m i c a l  pa rame t e r s , m i l k  y iel d and c o �po s i tio n  

a n d  mil k fa t c o mpo sition a ri s ing fro m d i f f e r e n c e s  b e t w e e n  c o ws , 

s t a g e s  o f  l a c ta t i o n and s e asons o f  t he ye a r . Pre l i m i nary w a r� 

i n d i c a t e d  t h a t  a maxi mum o f  four c ow s c o u l d  b e  h a n d l e d  in t h i s  s t u d y  

s o  i n  o rd e r t o s e para t e  s tage o f  la c ta tio n and s e a s o n a l  e f fe c t s ,  

t w o  e arly and t w o  l a t e r  c a l v i n g  c o ws w e re c h o s e n . M i l k  sampl i n gs 

w e r e  pl ann e d t o  c o inc i d e  w i t h r o u t i n e  ' herd tes t i ng '  and surgic al 
s ampl i n gs w e r e  a l l o c a t e d  a t  28 day i n t e rvals s u c h  t h a t  pro du c t i o n  

w a s  me asure d 7 days b e f o r e  and a f t e r  e a c h  s e t  o f  o pe ra t i o ns . 

S ix mammary e n z y m e s  w e r e  c ho s e n fo r s t u d y  ( Fi 6 •  2 . 1 ) . A c e t a t e  

t hi o k inase (1 ) re gula t e s t h e  ac t i vat i o n o f  ac e t a t e and ruo i n a n t  

ma mmary t i s s ue pre fe r e n t i a l l y  us e s a c e t a t e  a s  a l i p o ge n i c  s�b s trate . 

The re i s  n o  known phys i o l o g i c a l re gula t i on o f  t h i s  e n zyme . A c e tyl 
C oA c a rboxyl a s e  ( 2 ) i s  the princ i ple focus o f  l i p o g e n i c  c o n t ro l 

( see 1 . 1 ) .  He xokinas e ( 3 ) part i c i pa t e s  in gluc o se me tabolism a n d  

h e n c e  i n d i r e c t ly i n  g l y c e r i d e , pro t e i n a n d  l a c t o s e  s y n t h e s i s . S inc e 

g l u c ok i n a s e  i s  n o t  pr e s e n t  i n  ruminant t i s s ue , he xokinas e  a l o n e  

r e gu l a t e s  the e n try o f  glu c o s e  i n t o  t h e  c e l l . G l u c o s e  - 6 - pho s pha t e  

d e h y d r o g e na s e  ( 4 ) c o n t ri b u t e s  t o  t he c o n t r o l  o f  gluc o s e  - 6 - pho s ph a t e  

u t i l i z a t i o n  b e t w e e n  lac t o s e  syn t h e s is , Emb d e n -M e y e rho f f  glyc o lysis 

a n d  o x i da t i o n  in t he p e n t o s e  c y c le . The l a t t e r  p r o v i d e s  r e du c e d  

n i c o t i namide c o e n zymes i n v o l ve d pa r t i c ul a r l y  i n  l i po ge ne sis . UDP 
g l u c o s e  - 4 '  - e pimerase  ( 5 )  was c on s i dere d rate limiting fo r 

l a c t o s e  syn t he s i s  at t h e  t i me t h i s  s t udy b e gan . The e n zyme r e gul a t e s  

t h e  penul t i m a t e  s t e p  i n  lac t o s e  s y n t h e s i s  ( s e e  1 . 1 1 )  an d i s  n o w  

r e g ar d e d  a s  b e i ng s e c o n dary t o  lac t o s e  s yn t h e tas e i n  imp o r tan c e . 

Lac t o s e  s yn t h e t a s e  c o u l d  n o t  b e  c o n ve n i e n t ly as say e d w i t h  t h e  

fac i l i t i e s  availab l e . G l y c e ro l  pho s pha t e  d e hydr o gena s e (6) s e rv e s  

i n  t h e  pro v i s i o n  o f  glyc e r o l  phos pha t e  fo r gl y c e r i de synthe s i s  

( s e e  1 . 5 ) and t h rough i t s  r e gu l a t i o n  o f  t r i o s e  ph o s p h a t e  l e v e l s , i t  
may par t i c i pa t e  i n  t h e  c o n t r o l  o f  glyc o l y s i s  and e n e rgy metab o l i s m .  
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2 6  

I n  t hi s  t y p e  o f  s t u d y , i t  � as � e s irab l e  t h a t  v a r i a t i o n s  w i t h i n  

t h e  u d d e r  a t  a n y  one time sho�ld b e  ac c o un t e d fo r .  H o w e v e r ,  mul t i pl e  

s a mpl i n g s  b o t h  wi thin and be t w e e n  q u a r t e r s w e r e no t po s s i b l e  i n  t h e  

pr e s e n t e xperimen t ,  ( a ) b e c a u s e  t h e  t i�e invo l v e d in s u rge ry a n d  
b i o c he m i c al anal y s e s  l i mi t e d  the t o t a l  numb e r  o f  s ampl e s  t h a t  c o ul d 

b e  han dl e d  a n d  ( b )  b e c au s e  re l i ab l e  m i l k  d a t a  was e s s e n t i al . Whi l s t  

t h e  b i o ps y  o pe r a t i o n  h a d  a t r ans i t o ry e f fe c t  o n  pro duc t i o n  in t h e  

g i v e n  quar t e r ,  o v e r a l l  pro duc t i o n  � a s  l i t t l e  i n f l u e n c e d .  T h i s  c o u l d  

n o t  b e  guaran t e e d  w i t h  mul t i p l e  s ampl ings a t  o n e  p e r i o d  i n  t im e  

r e pe a t e d  t h r o u g h o u t  t he l a c t a t i o n . 

,. 
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2 . 2  C o w s  and Mana �e � e n t  

Four c o ws we re � a d e  available  f o �  the e x? e � i � c � t  from t h e  R e s e r v e  
H e rd o f  pe d i gre e J e r s e y s  a t  � o . 3 Dairy Un i t , M a s s e y  Uni v e rs i t y . 

C o w s  1 9  and 1 1 8 we re  t h r e e  year o l ds a n d  c al v e d  o n  2 6 - 7 - 68 and 

24-7-68 ; c o w  5 ,  a six year o l d ,  o n  1 8 -9 - 6 8  and c o w 2 6 , a fo u r  y e a r  

o l d ,  o n  30-9 - 68 . 

The four e xp e r i m e n t a l  a n i mal s gra z e d w i t h  the ir  h e r d  t hro u g h o u t  

t h e  l a c t a t i o n  s pe n d i n g  24 t o  48 h o u r s  in p a d doc ks gra z e d  ro t a t i o n a l l y . 

A l t h o u gh t h e  s e asonal s u pply o f  p a s t u r e  w a s  e r ra t i c , t h e  o n l y  pe r i o d  

o f  c r i t i c a l  unde r fe e d i n g  o c c u r r e d  o v e r  t h e  l a s t  t w o  m o n t h s  o f  t h e  

e x p e r im e n t . 

C ow s  w e re i n s e m i na t e d  from mi d O c t o be r ;  1 9  h e l d  t o  t h e  t h i r d  

s e r v i c e  ( 2 6- 1 2 - 68 ) , 1 1 8 t o  t h e  f i r s t ( 1 7 - 1 0 - 6 8 ) , 5 and 2 6  w e r e  

i n s e m i na t e d  t h r e e  t i m e s  b u t  w e r e  n o t  p r e gn a n t  w h e n  t e s t e d  i n  t h e  

A u t umn . 

The expe rime n t  was c o ndu c t e d  from A u gus t 1 9 68 un t i l  � a r c h  1 9 6 9  

when t h e  gra z i n g  s i t u a t i o n  d e t e r i o r a t e d  and t he h e r d  was d r i e d  o f f .  
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2 . 3  S u rgi c a l  9 i o �sy 

S ur g i c a l  M e th o d  

C o ws were r e s t r a i n e d  i n  t h e  b a i l s  w � th a l e g - � o ;e a�d t ranqu i l i z e d  

w i t h  A c e tylpro mazine ( B oo t s )  admi n i s t e r e d  i n t rarnus c u larly a t  2 5  - 40 

ac e to proma z i n e  b a s e  per 1 00 lbs . l i v e  · e i gh t . �he u d d e r  and hind l e g  

o n t h e  s e l e c t e d  s i d a  � e r e  t h o r o u ghly washe d w i th Z e phiran ( B aye r )  

and t h e  o pe ra t i v e s i t e  w a s  s have d . A l l  b i o ps i e s  w e re p e r forme d o n  

fore quar t e r s  in a re gion d o r s a l  t o  t h e  glan d  c i s t ern , l o c a t e d  b y  

pal pation ( �i g .  2 . 2 ) . 

Fig . 2 . 2  Repre s e n t a t i o n  o f  t he righ t udd e r  sur fa c e  

showing the r egion sampled in r e l at i o n  to 

the forequart e r  c i s t e rn .  
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2 9  

T h e  d o r s o - r o s t r a l  pcriph c =y w a s  a vo � d c d  as _ a r g e  ve s s e l s  w e r e  

e n c o u n t e r e  in t h i s  r e � i o n  in p r e l iminary w o r k . ( T h e  l a r g e  a n t e r i o r  
v e n t ral m a m��ry v e i n - S w e � t  & M & t t h e w s  ( 1 949 ) t rave rs e s  this area) . 

The s hav e d  a r e a  was pai n t e d  u i t h  t inc ture o f  Z e phi r�n and local 

anaes thesia induc e d  by subc utaneous in j e c t i on o f  Xyl o c aine ( As tra ) , 
a 2% ( w/v ) l i gn o c aine s o l u t i o n  fre e o f  adre na line . 

A ve r t i c al s k i n  i n c i s i o n ( 4  - 5 \ C � ) w a s  �ade and the fas c ia 
( la t e ral s u s pe ns o ry l i game n t )  expo s e d  by diss e c tion  with sharp 

point e d  s c is s o r s . Large subc u t ane ous v e s s e l s  were e a s i ly avoide d 

and small b l e e de rs ignore d .  A purs e - s t r i ng gut su ture ( � t raumat i c 

T-3 Davis & G e c k )  was u s e d  t o  anc ho r the c onne c t i v e  t is s ue t o  the 

fas c ia o n  t h e  pe r i phe ry of a re t rac t e d c ircle  ab o u t  1 . 5 c m  in 

diame t e r . Care was t aken no t to  s u t u r e  the imme d i a t e  s ub c u t an e o u s  
c o nne c t i v e  t i s s u e  a s  t h i s  i n t e r f e r e d  w i t h  c l o s u r e  o f  the skin 

inc isio n .  A s mall . ve rtical cut w a s  m a d e  in the fa s c ia w i t h i n  t he 

re trac t e d  a r e a  an d th e s ha r pe n e d e n d  o f  a tungsten-c hromium- s t e e l  

c anul a ( 0 . 8  c m  i . d . x 1 5 c m  long) , s �arpene d wi�h f i n e  e �e ry pape r ,  
was appl i e d  t o  t he e x po s e d  parenc hyma . The c an u l a  was ad van c e d  

5 - 6 c m  in t o the gland using a twi s t ing ac t i on w i t h  g e n t l e  pre ssure . 

U pward t rac tion o n  the c anula follow e d  by i t s  w i t hd rawal usually 

re s ul t ed in th e t i s s u e  c o re b e i n g  r e m o v e d  in the i n s t r u m e n t  ( Pl a t e  I ) .  

I f  no t ,  the  c o re was read i l y  gras pe d with fo rc e ps and s e v e r e d  a t  the 

base w i t h  fine po in te d  scissors . 

A t  this s tage t h e r e  was m i l d b l e e ding whi c h  was r o u tinely 

c on t rolled b y  pac king the wo u n d t rac t with an ab s o rbab l e  c e llul o s e 

haemo s ta t  ( S urgi c e l - J o hn s o n  & John s on ) . The haemo s t at and any 

r e s i dual b l e e d ing w e re c on taine d w i t h � n  the secre tory mass by tying 

o f f  t he purs e -s tri ng suture . O c c as s ionally , an addit i onal gut 

s u ture was t i e d  a c r o s s  t he kno t o f  t he forme r as r e i n fo r c e m e n t .  

The wound was l i ghtly spray e d  with Rikospray ( Rike r ) , t he 

inc is i o n  c l o s e d  with 4 - 5 m i c h e l  c l i ps (19 mm) and l i b e ra l l y  dus te d 

with Aure o myc in po w d e r  ( C yanam i d ) ( P l a t e  I I ) . 
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X i xe d du�a t i o n a n t i b i o t i c  s u p ply i n g  2 m e gauni t s  o f  b e n e tham i n e  
b e n z y l pe n i c i l l i n , 2 xe gaun i t s  of  s o d i u �  b e n zy l p e n i c i l l i n a n d  1 

megauni t o f  procaine  pe n i c i l l i n  ( Tr i pl o pe n  - G l a x o ) w a s  i n j e c t e d  

i n t ramus c ularl y .  

A ni m a l s  w e r e  re turn e d  t o  pas ture and j o i n e d  w i t h  t h e i r  herd a t  

t h e  a ft e rnoon milking . 

P o s t  O p e r a t i v e  C a re 

The c ows w e r e m a c h i n e  m i l k e d  wi t h  s a m p l i n g  b u c ke t s  for t h e  

t h r ee d a y s  when an t i b i o t i c s m i g h t  b e  e xpe c t e d i n  the m i l k . N o rmal 

mi lk ing was then re sum ed unl e s s  any e v i d e n c e  o f  b l e e d i n g  or 

i n fe c t i o n  was n o t e d and i n  t h e s e  c as e s ,  a qua r t e r  m i l k i n g  b o t t l e  

was use d on t h e  mac hine . M a s t i t i s w a s  t r e a t e d  w i t h c omm e rc ial 

pen i c il l i n  p r e para t i o n s  f o r  int r&mammary appl i c a t i o n . 

C l i ps w e re re move d and t h e  w o u n d s  d r e s s e d  w i t h  Aure o m y c i n  

po w d e r  1 0  - 1 2  days fo l l o w i n g o p e ra t i on s . 

E f fe c t  o f  Opera t i on s  on Milk Produ c t i o n  

M i l k  y i e l d s  w e r e  r e c o r d e d  a t  P�/AM m i l k i n g s  on Ja nuary 1 5/1 6 ,  

22/23 and 29/30 u s i ng t e s t i n g  e qu i pm e n t  d e s c rib e d  in 2 . 5 . 1 .  C ows 
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1 9  and 1 1 8 w e r e  b i o ps i e d  o n  January 23 and c o ws 5 an d 2 6  o n  January 

2 4 . O n  Ja nuary 2 6/2 7 ,  y i e l d s  w e r e  d e t e rm i n e d by w e i ghing the 

c o n tents : o f  sampl ing bucke t s  used fo r milking . C o m po s i t e  m i lk sampl e s  

w e r e  c o l l e c t e d  o n  1 5/1 6 a n d  29/30 a n d  a n a l y s e d  a s  d e s c r i b e d  i n  2 . 5 . 1 .  



2 . 4 B i o c h e � i c a l  � n a l y s e s  

2 . 4 . 1  T i s s u e  P r e pa ra t icn 

The t i s s u e  c o r e s  w o r e l i ch t l y  b l o t t e d  o n  f�po r s u rg i c al dra p e s  
and s t o r e d in e l a s s  v i a l s  u n d e r  i c e pending t ra;.s p o r t t o  the  

lab o ra t o ry . Sa�pl e s  were w e i g h e d  i �  c �i l l e d ,  t a r e d  v e s s e l s  and 

f .  1 . 
-l . th . . ... ""0  l 

' . . ( ' '  c 4, \ J.. n e  y mJ.. n c e  ..... v;� s c l s s o r s  ::L i1 ... o I m • v o l� t e x  b e nx e r s  ,v; , ..., , _, ,  J 

c o n t aining about 8 mls o �  c o l d  ho�ogenising �e d i u m  ( S hank � B o xe r ,  

1 9 6 4 )  c on pris ing 0 . 1 5  � KCl , 0 . 05 � NaHco
3 

and 0 . 00 6  � Ka
2

n
2

EDTA in 

d e i o ni s e d  wa t e r .  T h e  c on t e n t s  w e r e  homo ge n i s e d  a t  full s pe e d  for 

6 minu t e s . Any m a t e r i a l  c aught on t h e  kni fe was r e m o ve d to the 

me dium a f t e r  2 - 3 minu t e s . A fur t h e r  1 ml . o f  � e d ium was u s e d  to 

r i n s e the impe l l e r  sha ft and kn i fe into t h e  b e ake r and t he t o tal 

c on t en t s  were filtered through a l ay e r  o f  b u t t e r  mus l i n  into a 

gradua t e d  t e s t - tube in i c e .  The fil t rate was made up t o  1 0  ml s 

with further r ins ings o f  t h e  b e a� e r  and mus l i �  w i t h m e d i u m . 

A f t e r  mixing ty i n v e r s i o n , a 2 rn l .  a l i quo t o f  h o � o g e n a t e  

was remove d for D N A  d e t e rmina t i o n  and the  remainder w a s  t ran s fe r r e d  

t o  po lypro pylene  tub e s  a n d  c e n t r i fuge d f o r  20 oinu t e s at 3000 x g 
a n d  4 °C .  Fat floa t e d  t o  the s u r fa c e  and was remo ve d by aspi ration 

then the supe rnatant was trans ferre d to  a c l ean glas s tub e ,  s to ppere d 

and h e l d  on i c e  for e n zyme de t e rmina ti ons . 

2 . 4 . 2  D e t e rmination o f  DNA C on t e n t  

T h e  �ro c e dure u s e d  was e s s ent ially as des c �ib e d  b y  Mun ford ( 1 9 63 ) . 

The 2 ml s o f  homo gena t e  was adde d t o  an e qual volume o f  c o l d  0 . 5  � 
pe r c hl o r i c  ac i d  ( PCA ) and he l d  on i c e  w i t h  o c c as i o nal shak i n g  for 

60 minut e s .  A ft e r  c e ntri fuging for 10 m inut e s  at 2000 x g ,  the 

supe rnatant ( a c i d  s o luble nuc l e o t i d e s ) was d e c an t e d  t o  a gradu a t e d  

gla s s  tube . The pre c i pi ta t e  was resus p e n d e d  i n  3 mls  o f  PCA an d he l d  

a t  70
°

C with shaking for 25 minut e s .  The supe rnatan t ( a c i d  

i n s o luble nuc l e o t i d e s ) was c o l l e c t e d  a s  above and t h e  ho t PCA 

e x t rac t i on r e p e at e d  twi c e  again . The three ' ho t '  e x t rac ts were 

bulke d ,  c o o l e d  and mixe d .  A ft e r  noting t he volume , the  tub e s  were 

c o ve r e d  w i t h  Parafilm and s to r e d  a t  4°
C unt i l  c a l o r i m e t ric 

d e te rminat ions were c arr i e d  o u t . 
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D i ph e n y l a � i n e  re ac t i v e �a t e rial ( Burton , 1 95 6 )  was d e t e rm i n e d  

o n  s ingl e 2 ml . a l i quo t s  o f  t h e  ' c o l d ' a n d  o n  dupl i c a t e s  o f  t h e  

' ho t ' e x t ra c t s . I n  ad di ti o n , d u pl i c a t e d e t e r� i n a t i o n s  w e r e  made on 

s tan�ards c on t a i n i ng 0 �  20 , 40 s and 8 0  u g  c al f  thym u s D�A ( Ko c h­/ 
Li gh t ) / rr.l . 0 . 5  � PCA . Four nls o f  d i ph e n y l a m i n e  r e a g e n t  w a s  

added t o  e a c h  t ub e , m i x e d a n d  he l d  a t  37°C for 18 hours . The 

r e age n t w a s  pre par e d  i m m e d i a t e l y b e f o r e  u s e  b y  a d d � n g  0 . 5% ( v/v ) 

0 . 3 64 � ac e t al d e hy d e  to a s t o c �  so l u � i o n  c o mpri s i n g  0 . 08 9  � 
d i ph e n y l a � i n e  an d 1 . 5% ( v/v ) cone . H2s o 4 in g l a c i a l  a c e t i c a c i d . 

3 2  

Co l o ur  d e v e l opme n t  w a s  measure d a t  600 mp a g a i n s t  wat e r .  A l l  

value s w e r e  ad j us t e d �or the z e r o r e a d i n g  a n d  t he s t a n d a r d s  w e r e  used 

t o  c on s t ru c t a c al ibra t i o n c u r v e  by t h e  me t h o d  o f  l e a s t  s quare s .  

S l i Gh t  diffe r e n c e s in t h e  re gre s s i o n  c o e f f i c i e n t s  o f  s t a n d a r d  

c u r v e s  f o r  d i f fe r e n t  mo nths , whi c h  a ro s e  f r o m , amongs t o t he r t h i n gs , 

a pre c i pi t a t e  whi c h  forme d in t h e  s t o c k  s o l u t i o n on  e x t e nd e d  

s t o rage , w e re u s e d ·by  a d j u s t e d  r e a d i n g s  from a c o mmon c a l ibra t i o n  

e qua t i o n .  The c o n c e n t r a t i o n  o f  ac i d insoluble nuc l e o tides  ( DNA)  w a s  

e x pre s s e d on a we t t i s s ue w e i gh t  b as i s a n d  tte DNA c o n t e n t  o f  0 . 2  mls 

o f  ho mo g e n a t e  was c al c u l a t e d  for the ex�re ssion  o f  e n zy m e  a c t i v i t i e s . 

2 . 4 . 3  D e t e rm i na t i o n  o f  E n z y n e  A c t iv i t i e s  

The as says o f  t h e  e n zyme s w e r e  c on du c t e d us i ng ada p ta t i on s o f  

m e t ho d s  d e s i gn e d  fo r r e c o r di ng s p e c t r o p h o t o m e t e r s . S u c h  apparatus 

was no t available so  ass ays w e r e  d e v i s e d so  t hat tte a c c u�ul a t i on  o f  

r eac t i o n · produ c t s  from fi xe d t i me i n c ub a t ions gave val i d  e s t im a t e s  

o f  c omparati ve  ac t i v i t y . This was e s t a b l i s h e d i n  pr e l i m i nary work 

using vary ing l e v e l s  o f  homoge n a t e s o f rodent and bovine  m a m m a e  r un 

for vari ous l e ngths o f  t i me . I n  o r d e r  t o  minimise  vari a t ion  ari s ing 

from d i f fe re n c e s  in the r ea c t ion  m i xture s ,  all lab il e  reage n t s  w e re 

pre pare d w i t h  volum e tric  a ppara�us in  the  week o f  the d e t e rm i n a t ions 

and s to r e d  a t  4 
°

C in t h e  dark . 

B e c au se  the re were  d e t e c table d i fferenc e s  in  the e x t e n t  o f  

h o mogeni s a t i o n  and f i l t r a t i o n , all assays were pe r fo rme d o n  c e l l  

fre e supe rnatants pre pared by  c e n t ri fuga t ion . 



� e asure�e�t o �  a c t i v i t y  i� four c as e s i c v c l • e d  t h e  de v e l o pm e n t  

o f  - n  - b - o � p � � o n  pe � k  a t  � h O - �  d u e  t o  � h e  r e d � c t i o n  o f  Cl.J..o. Q .::::> .-. V ...._ & I...A / I "") 
n i c o t i nami d e  c o e n z y m e s i n v o l v e d  e i tte r d i r e c � : y  in t h e  r e a c t i o n  o f  

i n t e r e s t  o r  i n d i r e c t ly in a c c upl e d  ind i c a t o r  r e a c t i o n . I n  the 
fi fth c a s e  t h e  r e ac � io n pro d u c t � a s  t rapped c he m i c a l l y  and m e a s u r e d  
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as a c o ffi ple x i n  t h e  re a c t i o n  s t o pp i n g  m i x t u r e . A s s ay m i x t u r e s  w e re 

p r e i n c uba t e d  w i t h o u t  s u b s t r a t e  for 5 minu t e s  a t  37°C , r e a c t i o n s  w e r e  

s t a r t e d  by s ub s t r a t e  add i t i on a t  3 0  s e c o n d  i � t e rvals and t e rm i na t e d  

a s  d e s c r i b e d  a t  3 0  s e c o n d  i n t e rva l s . A l l  a s s ays were d u pl i c a t e d  and 
blanks w e r e  pro vi d e d by s ub s t i t u t i ng addi t i o n a l  b u f fer fo r c o e n zy m e  

s o lu t i o n . 

A c t i vi t i e s  w e r e  c a l c ul a t e d  in arb i t ary u n i t s  ba s e d  o n  o p t i c a l  

d e n s i t y  c hange s o f  O . OO i  p e r  min u t e  per ffig . DNA . 



Ac e t a t e : C o A  l i ga s e  ( A�?)  - ( �C 6 . 2 . 1 . 1 ) 
( A dapted  fro m  J o n e s  & L � p�ann , � 955 )  

Tti c ki nas e was assay e d  b y  the a c c � mu l a t i o n  o f  ac e tyl C oA .  

The e s t e r  was t rappe d w i t h  hyd roxylamine as a c e t o hy d r o xamate and 
m e a s ure d by t he absorbanc e o f  the 

Assay tub e s  c o n t aine d : 

* T r i s - HC l b u f f e r  pH 7 . 6 

c omplex  forme d in  acidifi e d  FeC l_ . 
j 

�gC l2 
Glutathione ( GS E )  

A'!:P 
* C oAS :-i 

* * H y d r o xylaoine 

S upe r::1a tan t 

'l r  · .::;> 
6 

5 
20 

0 . 25 

': 00 

200 

J mol e s  

J mo le s 
)l mo l e s  
J :n o l e s  

)J mo l e s  

)J m ole s 

J l .  
* C oAS H was omi t t e d  fror.1 blank tubes  and b u f fe r  i nc r e as e d to 20J mol e s . 

* *  Hydroxylamine re a ge n t was pre par e d i�me d i a t e ly pri o r t o  u s e  by 

mixing e qual vo�ume s o f  2 M KOH a n d  2 � NH2oa - HC l .  

R e a c t i o n s  v: e r e  s tar t e d witn  20 )1 r:-.ol e s  a :  Cri3C OONa giv:..ng a 
l f 1 0 - ft  30 + 1 . t ' 37

°
,., 1 0 - � t '  vo ume o • m..L . A e r - 4 ml!l i..i. e s  a t:  v 1  • m.l . 0 1  n e  

to t:al 

s t o ppi n g  r e a g e n t  ( 1 0% ( w/v) Fec 1 3 . 6H2o + 3% ( w/v ) CC1
3

COOH in 0 . 66 M 

HC l )  was adde d ,  t h e  tubes mixe d and the n c en t r i fuge d f o r  1 5  minu t e s  

at 3000 x g .  C olour d e v e lo pment was c o mpl e t e in t his t i me . Tne O . D .  

o f  t he s up e rnatants w e re d e t e rmin e d  at 5 40 mjl agains t a blank o f  

1 . 0 ml . o f  ho mo g e ni s ing me dium + 1 . 0 ml . o f  s t opp i n g r e a g e n t  pre pa r e d 

dire c tl y  a ft e r  t h e  assay re ac t i ons w e r e  hal t e d .  

UDPgl u c o s e  e ni m e r a s e : 

Uridyl diphos pho gluc o s e -4 ' - e pimerase - ( EC 5 . 1 . 3 . 2 ) 

( Adap t e d  from Maxwell , Karahashi & K l a c k a r , 1 9 62)  

The e p i m e r a s e  was  as sayed  by driving i n  r e v e rs e , c oupling the 

pro duc t ion of UDPgluc o s e  to  added UDPgluc ose : NAD+oxidoreduc tase 

( EC 1 . 1 . 1 . 22 )  and measur ing the ac c umulation o f  N A D H  + H+ i n  the 

s pe c t ro pho tome ter 



A s s ay � u� e s  c o n t aine d :  

• • UD?gluc o s e  d e ty�ro genase 

S u pe rr. a � a n t  

1 5 u r:-:o l e s  
) 

1 . 1 2 ::;  u -./ F r:Jo .!.. e s  

9 u n i t s  ( S t romi nge r )  
2 0 0  !J 1 .  J 
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• The c o e n zyme was o m i t t e d  from b l ank tube s and b u ffe r incre as e d  t o  
30 jJ mole s .  

• •  I n d i c a t o r  enzyme was pr e pa r e d j u s t  b e �o r e  u s e  b y  d i l u t i n 6  a 
c o nc e n t ra t e  ( 600 uni t s/ml . o f  3 � ( NH 4 ) 2s o4 ) t o  60 uni t s/ml . 

w i t h  b u f fe r .  

Reac t i o ns were  s t art e d wi t h  0 . 45 p r:1o l e s  o f  UDPgalac t o s e  gi v i ng a 
t o t a l  v o lume o f 1 . 1 5 mls . A f t e r  1 0 ! � minu t e s a t  3 7

°
0 ,  0 . 1 ml . o f  

!� PC A w a s  adde d ,  t h e  tub e s  m i xe d and c e n t r i fuge d for 1 5  m i nu t e s  a t  

3000 x g .  The O . D .  o f  t:r.e s u pe rr. a t an t s  w e r e  dete rmine d  a t  340 rrJ 
aga i n s t  wa t e r .  The r e  was no de t e c table l o s s  o f  KADH + H+ unde r 

the s e  c o n d i t i o n s  for a t  l e a s t  60 minut e s . 

G lyc e ro l  Pno s nha t e  � e hy d ro0e r. as e : 

L-glyc e r o l - 3 - pno s pha t e : NAD+ 
ox i d o r e d uc t a s e - ( EC 1 . 1 . 1 . 8 )  

( A d a pt e d  �rom B a l d w i n  & �i lli gan , 1 9 6 6 )  

The d e hy d r o g e n a s e  was assaye d b y  t h e  a c c umul a t i o n  o f  NADH + H+ 

whi c h  a c c o m pani e s  t he oxida t i on o f  glyc e ro l - ptos pha t e  to 

d i hy droxya c e tone -phopha t e . 

• 

Assay t ub e s  c o n taine d :  

* Tr i s -HC l b u f fe r  pH 7 . 6 

* NAD+ 

S upe rna tan t 

30 f mole s 

1 . 1 25 Jf mol e s  

200 )1 1 .  
I n  b lank tub e s  the c o e nzyme was omi t t e d  and b u f fe r  i n c r e a s e d  t o  
45 )1 mo l e s . 

Assays were s ta r t e d  by · ad d ing 5 y moles o f  DL CX:-glyc e ro l  pho s phate 

giving a t o tal volume o f  1 . 3 mls . A f t e r  1 0  � i minu t e s  at 37°C ,  0 . 1 

m l . o f  M PCA was adde d ,  the tub e s  mixed and c en t r i fuged for 1 5  minu t e s  

a t  3000 x g .  The O . D .  o f  t h e  s upe rnatants were measured a t  340 mJl 
again s t  wat e r .  The re was · no de t e c tab l e  l o s s  o f  NADH + H

+ unde r t h e s e  

c o nd i t ions for 9 0  minut e s .  



r: � :(okinas e : 
� �P ; u - h e xo s e - 6- ��0 s ]h o � ra�s f e r a s e - ( EC 2 . 7 . 1 . 1 )  
( �dap t e d  f r o m  E o r t z 1  Abraha� & C haiko � f ,  1 9 63 )  

Hexokinase  was assay e d  b y  c o upling � he pro duc t i o n  of gluco s e -
6- phosphate to  exc e ss added D -gluc o s e - 6 - phos phat e : KADP+ oxidoreduc tase 
- ( EC 1 . 1 . 1 . 49 )  and  me asurin g the a c c umula t i o n  o f  NAJPH 

+ + H • 
• 

• •  

Assay t ubes c ontaine d :  
· �ris-HCl buffer pn 7 . 6  

H o-C l  0 2 
.o.T? 

*NAJP ... 

* *Gluc ose -6-phosphate  dehydro6enase 

S u pe rnatan t 

20 j r:o l e s  
1 2  Jf r:olE:s 
40 Jf mol e s  

0 .  6 J moles  
3 uni ts ( Ko rnb e rg )  

200 Jf l .  
I n  blank tubes  the coe nzyffie was omitted  and b u f f e r  inc r e a s e d  
to 30 )l moles . 
I ndicator  e nzyme was pre pare d on the day o f  use by diluting a 
c onc en trate ( 200 uni ts/�l . o f  3 � ( NH4 ) 2so4 ) to 20 unit s/ml . 

in b u f fe r .  

Reac t i o n s  we re s tar t e d  b y  adding 60 y mol e s  o f  gl uc o se  t o  give 
a final volume of 1 . 45 m l s . A ft e r 1 0 ! � minutes at  37°C , 0 . 1 ml . 
o f  � PCA was adde d ,  the tubes  mixed and then c entri fuge d for 1 5  
minutes a t  3000 x g .  The O . D .  o f  t he supernatants were me asure d a t  

340 rrJ against wa t e r . The re was no detec table loss o f  NADPH + H+ 

under these c o ndi t i o ns f o r  9G �inute s .  

Gluc ose-6-Phosphate  Dehyd �ogenas e :  

D - gluc o s e - 6 - pho s pha t e : N A D ?
+ oxidoreduc tase - ( EC 1 . 1 . 1 . 49 )  

( Adap t e d  from Glock  & �cLean , 1 953 )  
The dehydrogenase was assayed by the  accumula tion of  NADPH + H+ 

which  acc ompanies the oxidation o f  gluc ose -6-phos phate  t o  6-phospho­
gluc onate .  

• 

Assay tubes  c on tained :  
* Tris-HCl buffer pH 7 . 6  
* NADP+ 

MgC12 
Supernatant 

25 )f moles 
O .  75 f mole s 

1 2  )I moles  
200 )f 1 .  

The c oenzyme was omitted from blank tubes and buffer increased t o  
37 . 5  f moles . 



l:\ e a c t i o n .s  w e r e  s t c::. :..· t e d.  \'.' i tl: 2 . 0  j mol e s  o :  [) .. u c o s e - 5 - :;ho.s pha t e  

gi vi n g  a final vo lu� e o .  1 . 25 2l s .  � f t c r  1 0 : � � i nu t e s  a t  37°C ,  

37 

0 . 1 ml . o f  M P C A  w a s  a d d e � ,  t h e  t u b e s  rn i x e d and t i e n  c e n t ri fu z e d  for 
1 5 rn i n ut e s  a t  3000 X 6 ·  The O . D .  o f  t h e  s u pe rna t an t s  w e r e d c � c rm i n e d  
a t  340 f2f agair. s  t wa t e r .  I n  pre l i rni nary i n v e 3 t i ga t i o ns c o v e ri n g  t h e 

ran6e o f  ac t i v i t i e s  e n c o un t e re d  in the e x pe r im e n t , n o  reac t i o n  
pro v i d e d  s u f fi c i e n t  6 - phos pl:ogluc o na t e  t o  c au s e  e l e v a t e d  KADPE + 5+ 
a r i s i n g  fro� fur t h e r  oxida t i o n  by ph o s )h o gl u c o n a t e  dctydrogenas e . 
Thi s  was fo�nd by  r�nni n g  i d e n t i c al as s ays and s ub s t i t u t in g  glu c os e 
pho s pha t e  w i th 6-ph o s phogluc onate a t  l e v e l s  c a l c ul a t e d  fro m  N ADPH + 

H
+ produc t i o :1 as sumin g  If mole o f  c o e n z y :n e  v;a s  r e duc e d  for e v e ry 1JU 

m o l e  o f  s ubs t ra t e o x i d i s e d .  

U n de r the c o n d i t i ons �e s c r i b e d  t h e r e  was n o  l o s s  o f  NADPH + H +  

f o r  60 minut e s . 

N o t e  o n  A c e tyl C o A C a r b o x y l a s e : 
Ace tyl C oA : C02 li sa s e  ( ADP ) - ( �C 6 . 4 . 1 . 2 )  

The a s s ay o f  t h i s  e n zyme �as a t t e � p t e d  w i t h  a mo d i f i c a t i o n  o f  the 
o r i ginal method of �a i t e & �aki l  ( 1 9 6 2 ) � us ing t t e  i n c orpora � i on o f  

c
1 4

b i c arb o:1ate i n t o  malonyl CoA . The m e t h o d  had t o  b e  a d a p t e d  t o  
fac ilitate radi o a c t i v i t y  c ount i n g  l i qu i d s c i n t i l l at i o n 

e qu i p m e n t  ava i l ab l e in t he l ab o r a t o ry . 
The fo l l owing w a s  u s e d  e x te n s iv e l y i n  pre l i m i n a ry work : 
Tris -HC l b u f fe r  prt 7 . 0  1 0  f mo l e s  
�:a c i  t r a  t e  20 Jf moles 
HnC12 0 . 3  j mol e s  

H o m o g e n a t e  200 j 1 
This was p r e i n c uba t e d  fo r 5 minu t e s  a t  37° and t he a s s ay r e ac t i o n  

ini t ia t e d  b y  ad ding :  

A c e tyl C oA 40 f moles 

ATP 1 )f mole 
1 4

c -NaHco 3 ( 2 x 1 o -:-5dpm/ )/ mo l e ) 1 2  )f mol e s  

The final v o lume was - 0 . 8  ml . A f t e r  1 5  m i nu t e s  i n c u � a t i o n , re ac t i o ns 

w e re s t o ppe d by adding 0 . 1 ml . PCA ( va ry i ng m o l a r i t y - 0 . 5� - 6 �) . 
Tub e s  were plac e d  in a 70°C bath f o r  1 0  minut e s w i t h  s hakin g , c hi l l e d  

on i c e  and 0 . 2 ml . KC l ( molari t y  as fo r - t h e  PCA )  adde d t o  pr e c i pi ta t e 

e xc e s s pe rc hlo ra t e  i ons . A ft e r  c e n t ri �uga t i on for 1 0  minu t e s a t  



3000 x ; 1  t h e  s � ]e r�atants � 2 - 2 t � c a t e d  in t t c  f o l : o ���g canne r .  
A l i quo t s  � e � e  e i t h e r tra�s ferr e d  t o  s c i n t i l la t i o �  v i a l s , t o  � i l l i po r e 

f i l t e r s ( t y pe E��? 1 3 ) o r  t o  1 2  �8 d ia �e t e r d i s c s  o f  �hat man N o . 5 

fi l t e r pa p e r  and d ri e d  � n  a s t � e a� � . . � 
o �  no � a l r  : r e m  a hair d � ie r .  

S ampl e s w e � e  t n e n  wa s t e d  w i t h  0 . 05 �l . M EC l and dri e d  a s  ab o ve . The 
M i l l i pore fi l t e rs w e r e  r e nd e r e d  t ran s pa re n t  in 0 . 5  ml . o f  Di oxane 

prior t o  t he a d d i t i o n  o f  5 r a y s  s c in t i ll a t i o n flu i d  but the o t h e r 

prepara t i ons were  adde d d i re c t l y . 

T h e r e  w e r e  ma j o r  di f f i c ul t i e s  t h roughout t h e s e  t e s t s  w i th 
e x c e s s i v e b l ank ( n o ac e t y l  C o A ) val u e s 9 o ft e n  e xc e e d i n g  t h e  as say 

s ampl e s . I n  a dd i t i o n t h e r e  was no r e gular pa t t e r n  o f  ac t i vi ty wi th 
di f fe re n t  amo unts  o f  ho mo ge na t e . A f t e r  a s e r i e s o f  t e s t s  invo lving 

wa t e r ,  b u f f e r  and c 1 4b i c ar b o n a t e  t r e a t e d  as a b o v e , t he pro b l e m  was 

found t o  b e  due t o  i n c o m pl e t e r e � o val o f  fre e  b i c a r b o n a t e  w i th 

t r e a t m e n t s  u s e d .  

N o  s a ti s fac to ry m e t ho d  �as found !o r pr e pa r i n g  t h e  s u p e r n a t ant 

fo r c o un t ing , but t h e xo s t  p r o m i s � n z  pro c e Gure involve d pre -
i rri ga t i ng the �ha t man fil t e rs w i th 0 . 05 �1 . X HC l pri or to t h e  

a d d i tion of 0. 1 ml . o f  s u p e r n a t an t , fo l l o � e d by drying in a s t re am 

o f  h o t  air .  

The r e  was ins uffi c i e n t ti�e to  c c :� t i nue d e ve l o ping t h i s  a ppr o ac h , 

v e r i fy that r e s i dual ac t i v i t y  was due t o  c 1 4-ma� onyl C oA , e s tab l i s h  

t h e  l i nearity o f  the a s s ay a n d  orGan i s e  t h e  me tho d :or r o u t i n e  

appl i c at i o n . Henc e ac e t yl C oA c arb o xylase w a s  n o t  as saye d a t  a l l  i n  

t h e  a c t ual experime n t . 



2 . 5  M i l k  P r o d u c t i o n  a n d  C o � no s i t i o n 

2 . 5 . 1 .  D e t e r� i � a t i o n  o f  M i l k  P � o du c t i o n . 

M i l k  p. o duc t i o n  o f  t he e xp c � i � e n �al c o w s  �as � c a s u r c d  f o � t n i gh t l y  

d u r i n g  r o u t i n e  d e pa r t � e n t a l  h e � d  t e s t i n s . � i l k  was  pa s s e d  t h r o u gh a 

TRU TES T  ( C ons o l o d a t e d  Pl a s t i c s )  m i l k  m e t e r  a n d  m i l k y i e l d  d e t e rm i n e d 
from t h e  s a mpl e c o l l e c t e d .  S ampl e v o l u �e w a s  d i r e c t l y pr o po r t i o n al 

to t o t al m i l k  vo l u� e h e n c e  24 hour c o m po s i t e s  w e � c  o b t a ine d by 
b u l k i n g  t h e  e v e � in g  a n d  morn i n g  s a m pl e s . C o m po s i t i o n s  of t he 2 4  
h o u r  sampl e s  w e r e  d e t e rm i n e d 3 - 5 h o u r s  a f t e r  t h e  morning m i l k i n g s  

u s i n g  a Mk 1 G rubb Pars o ns I n fra �ed X i l k  A n a l y s e r ,  c al ib ra t e d t o  
s t andard c he m i c al me t h o d s  ( !-l u ::1 fo rd , 1 9 68 ) . 

� i l k  ?a t pre para t i o n 

A 25 m l s  a l i qu o t o f  m i l k  ge n t l y mixe d a t  40
°

C was a d d e d  t o  20 m l s  

o f  a b s o l u t e  e t hanol and t h o r o u g h l y  s hake � .  Fa t w a s  t h e n  e x t ra c t e d  b y  
s haking w i t h  2 x 2 0  rnl s a d d i t i o n s  o f  p e r o xi d e - �r e e  d i e t hy l  e t he r .  

Whe n t he pha s e s  had s e pa ra t e d , t h e  uppe � e t herial laye rs � e r e  d e c an t e d  

an d bulke d .  A ft e r  e vapo r a t i n g  t h e  e t h e r  un d e r  v a c uum , t h e  r e s i d u e  

c o mpri s i ng fa t , e thanol and w a t e r  w a s  t ran s f e r r e d t o  a s e para t i n g  

funnel with wa s hin gs o f  pe t r o l eum e th e r  ( b . p . 40°C - 60 °C ) . A ft e r 

g e n t ly m i x i n g ,  the e t h e r  l a y e r was s e pa ra t e d  and e vapo ra t e d  t o  n e a r  
dryne s s , t h e  f a t  was he d i n t o  25 ml s p o l y e t h y l e n e  b o t t l e s  w i th 5 m l s  
o f  pe t r o l e um e th e r  a n d  s t o r e d  at 4

°C u n t i l  analy s i s . 

' M i l k  Fa t Fa t ty A c i d  C o mpos i t i ons 

T o t a l  m i lk fa t s  we r e  analys e d  a s  me t hy l  e s t e r s  o f  t h e  fa t t y  a c i d s  

pre pa r e d  b y  t h e  boro n - t r i fluo r i d e  t rans e s te ri fi c a t i o n  me thod o f  
M e t c al fe , S c h m i t z  & P e l ka ( 1 9 6 6 )  &s mo d i fi e d by van W i j ngaarden 

( 1 9 67 ) . M e t hyl e s t e rs i n n He ptane w e r e  d r i e d  o v e r  anhydrous N a2s o 4  
a n d  analys e d  o n  a V a r i a n  A e r o graph S e ri e s  1 5 20 gas l i quid 
c hr o ma t o graph using an 8 •  x i  " s ta i n l e s s  s t e e l c o lu mn pac k e d  w i t h  

1 1 . 5% d i e t hylene - gl y c o l  s u c c inate ( Anal ab ) on C h r o mo s o ib  W ( DCMS ) 
60/80 ( Varian)  w i t h  dry N2 a s  c a r r i e r  gas . D e t e c t i on was by hydrogen 

flame i o n i s a t i o n . 
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C h romatogram of m i l k  fa t fatty ac i d  methyl esters 

separated on diethyleneglyc o l  suc c inat e .  

( Sampl e : Cow 1 9 ,  7 weeks pos t  par tum . )  - - ---
A re a s  x 1 

1 6 : 0  

1 8 : 1  



D �:: t e e  t i c :1. 

� a t r i x  p�o gra��o d 

I s o ��e :-::-.&..1 
G&s fl o ·:.' :ra t e s : 

� r= o,., 0.) ,..,. 
20,... / . '"' m 1. r  • •  
' OC /  . Lr r.i J.. n .  

, .., _ o  l b:;i c 

f o :� 6 ::1i:c: . 
fo r 27 r:,ir.. . 

24 :::l .  /::r:. ::1 .  
29 . 5  ml . /mi:1 . 

Fer ac c ura c y  o f  oeasurc mc n t , r e � o r � e r  response w a s  a t t e � t u a t e d  

du r ing e a c h  r u n  ( s e e  Fi g .  2 . 3 ) wi t h  d u e  c o rre c t�on b e i :1 g appl i e d  in 

40 

the c al c u l a t i o n s . Peak areas we re m e a s u r e d  b y  peak h e i gh t  x wi d t h  a t  

hal f he i ght . C o � po s i t � ons g e r e  d e t e rm i n e d  on a � o l a r  b as i s  w i t h  no 

a d j us tment made fo r :he s � �;ht d i !�erenc e s  � n  �o � e c u l a r  we i gh t s  
b e twe en t h e  m e t hyl e s t e rs and t h e  f r e e  f a t t y  ac i d s . 

2 . 5 . 4  D c t e rm i na � i o n  o f  I s o l a t e d  t r& � s  - U n s a tura t i o n  

The pro c e dure f o l l o � e d  was e s s e :1 t ially Te n tative � e thod C d  �4  -
6 1 o f  the Ame r i c an O i :  Cte�i s t ' s  S o c i e ty ( s e e  ?ire s t one & La3oul i e re , 

1 9 65 ) . Appro xi�a t e l y  200 mg . me l t e d  fa t was w e i ghe d a n d  �ade u p  to 

1 0  m l s  w i t h  s p e c t ro pho t o m e t r i c  g r a d e  C C l  • .  S o l u t � o ns w e re in j e c t e d  1 .... 
C ..  � 1 

.. ].., d � 4 000 _ ,  . . into  Na .L c e ll s o :  r. �.; .LiGh;; pat...  an s c ar..ne : ro:n � c m  aga1.:.1s t 
c c 1 4 o n  a S tima d zu I �-27G i n fra re d s pe c t �o pto to�e t e r .  

f o r  m e a s u r e m e n t  was s c r ibe d o n  c ha r t s  f r o m  O . D . a t  995 

A bas e l i ne 
- i 

c m  t o  937 
- 1  

c m  Th.e d i f fe re n c e s  i n  0 .  D .  a t  t he peak ( 9 6 6  c m
- 1 ) a n d  the bas e l ine 

a t  t ha t wavenumb e r  were d e t e rmine d and c o nve r t e d  t o  ab s o rb t i v i t i e s 

( Fi g .  2 . 4 ) .  The se  w e r e  re fe rr e d  t o  a ' Tr i e l a i d i n ' *  s t a � d a r d  w i t h  an 
i s o l a t e d t ra n s  c o n t e n t  o f  79 . 4% s c an n e d  w i t h e a c h  s e r i e s  o f  unkno wn s . 

Fo r a d e s c r i p t i o n  o f  the anal y s i s empl o y e d to d e t e rmine thi s value , 

s e e  Appe ndix A- 1 . 

• K in dl y pro vi de d b y  D r  F . B .  Shorlan d , D i vi s i on o f  Food C hemis t ry ,  

D . S . I . R . , W e l lington . 
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Lowe r :  
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• • 0 !:..:v\.1 

Trid �a i d i n  re fe re n c e  w i t �  bas e l i & e  
i n � i c a t e d  �L d abs o r p t i o n  p e ak � r r o w e d .  
Xilk fat s ampl e ( C ow 1 9 ,  7 we eks 

po s t  nar t::.o ) 



A � a : y 3 e s  o �  var��n c e  fo r uns qu�l s ub c l a s s  ���j e rs � e r e  p e r fo rm e d  
by t h e  l e a s t  s q ua r e s  �e t �o d  o�  fi t ticg c o n s � a n t s  ( H arv e y , 1 9 60 ) . 

The U n i v e r s i ty C o mpu t i �g C e � � r e ' a  � EX 1 620 c o mpu � c r  and a pro zram 
( C o c krem , 1 9 68 ) w e r e  u s e d �or t h e s e  anal y s e s . The pro g ram e nab l e d  

s o l u t i o n o �  the fo l l o w i � g  t hr e e  c l as s i !i c a t i o n  m o d e l s  and a l l  s i n g l e  

c l a s s i f i c a t i o n  p a r t s  t h e r e o f :  

T '  e f fe c t  o f  t h e  
. t h i 1 , 2 ,  • •  4 .J.. rl .  = l C O ','i t = l 
. t h  K .  = e f fe c t  o f  t � e  i s t age o f  l a c t a t i o n ; j = 1 , 2 'i • •  1 0  

J v 
t h  

L, = o f fe c  t o f  t h e  :<;: s e as o n a l  p e r i o c ;  k = 1 , 2 ,  • •  9 K 
The ind i c e s i ,  j ,  a n d  k are i d. e � t i f i e d  i n  Ta b l e  2 . 1 and t he y . .; 1 . a r e  l J n.� 
d e s c r i b e d  pr e c e e d i n g  e a c h  t a b ul a t i o n  o f  r e s ul t s . 

T o  me e t  t h e prqgram re s t ri c t i o n  o f  j and k n o t exc e e d in g  1 0 ,  

p a i r s  o f  milk data c o l l e c t e �  a t  !o u r t e e n  day i n t e rvals we r e  

c o n s i d e r e d  as re pl i c a t e s  ( 1  = 1 , 2 ) withi n 28 d a y  pe r i o d s  f o r  b o th 
the K anc L c l a s s i fi c a t i o n s  in a na l y s e s o f  v a r i a n c e .  

D i f fe r e n c 0 3  b e t w e e n  me ans we re de t e rm i n e d b y  a m o d i f i c a t i o n o f  

D u n c an ' s  ( 1 95 5 )  � u : t i pl e  Range � e s t .  S t andard e r r o r s  o f  in d i v i du al 

m e a n s  w e r e  c o m pu t e d  s i n c e  t h e  numb e r  o f  o b s e r v a t i o n s  i n  e a c h  v a r i e d .  

D i f f e r e n c e s  b e twe e n  p a i r s  o f  m e a n s  w e re t e s t e d  u s i n g  t h e  a v e rage o f 

t h e  r e s pe c t ive s t a n d a r d  e rro r s . S i n c e  une qual numb e r s  c an g i v e  r i s e 

t o  as syme t ri c a l pa t t e rns o f  s i gn i fi c a n c e  b e t w e e n  rank e d  m e a n s , 

t he unde r s c o ring pr e s en t ati on s ugbe s t e d  by D u n c an c an n o t b e  us e d .  

A s c hema t i c  pre s e n t a t i o n i s  u s e d  a s  an al t e rn a t i ve , any s ha d e d s quare 

i n d i c a t i ng a di f fere nc e b e t w e e n  me ans wh i c h  r e ac he s t h e  95% l e v e l  o f  

probability . 

2 

1 

I n  the example given 2 an d 1 a re significantly ( P < 0 . 05 )  greater 

than 3 and 4 .  � o  o t her d i f fe re n c e s  reach s i gnificance . 

42 
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L i n e a r  r c g r e s s i o � s  we re c a l c u l a t e d  and t e s t e d  by u s u a l  pr o c e dures . 

D i f fe re n c e s  among s l o p e s  o f  r e g re s s i o n s  we re t e s t e d  b y  anal y s e s  o f  

r e s i d u a l s  a ! ; e r  fi t t inG � n d i v i d u a l  and poo l e d  w � t h i n  l ines. �he r e  
s l o p e G  did not d i f fe r  sicn i ficantly  and varianc c s  we r e  homo g e n e o us 
b y  3 a r t l e t ; ' s ( 1 937 ) t e s t , d i f f e r e n c e s  a m o n g  i n t e r c e p t s w e re t e s t e d . 
U n d e r  t h e s e  c o n d i t i ons , t h e  hypo t h e s i s  t ha t  i

1 
= 5

2 
= �3 = �4 is 

i d e n t i c a l  t o  t h e  hypo the s i s  t ha t  c e a n s  o f  Y .  a d j u s t e d  fo r .J.. 
re G r e s s i on , do n o t  d i f fe r .  R e s i dua : s , a f� e r  f i t t i n g  a c o ��on l i n e  

o v e r  a l l  d a t a  a n d  the poo l e d  w i thin r e g r e s s i o n  ab o v e , w e re c o�pa r e d  

a s  i n  t h e  anal y s i s  o f  a d j us te d m e a n s  fo l l o w i n g  c o v a r i a n c e .  

Tab l e  2 . 1 D e s c r i n t i o n  o f  i � di c e s  us e d  i rr  t t e  xe n e ra: s t a t i s t i c � l  

mo d e l  

C l a s s i f i c a t i o n  I r.d e x  
I A  ( c o w s )  1 = 

2 = 

3 = 

4 = 

K ( s t age o f  l a c t a t i o n )  j 1 = 0 

2 = 29 

3 = 57 

4 = 85 -

5 = 1 1 3  

6 = '1 4 1  
7 = 1 69 

8 = 1 97 -

9 = 225 -

�, o = 25 3  -I 
L ( s e as onal pe r i o d )  k 1 = 1 .  8 . 68 

2 = 30 . 8 . 63 

3 = 27 . 9 . 68 

4 = 25 . 1 0 . 68 

5 = 22 . 1 1 .  68 

6 = 20 . 1 2 . 68 

7 = 1 7 .  1 .  69 

8 = 1 4 .  2 . 69 

9 = 1 4 .  3 . 69 

C o de I 
1 9  ' 

c ow I c ow 1 1 8 

c o w  5 I I C O VJ  2 6  
I 

28 O.ays p . p .  I 
5 6  cays P � f> ·  I I 84 days P • ? •  i 
1 1 2 days P• P · l 
1 40 days 

p .  p. i 
1 68 days p . u . i � ' 
/1 9 6  day s P •  p .  i 
224 days p . p . 
252 days P • P •  

280 day s p . p . ; 

29 . 8 . 68 

- 2 6 .  9 . 68 

24 . 1 0 . 68 

- 2 1 . 1 1 . 68 

1 9 . 1 2 . 68 I - ' 
- 1 6 . 1 . 69 I 
- 1 3 .  2 . 6 9 I 
- 1 3 . 3 . 6 9 I 1 0 .  4 . 69 - I 



C ha p t e r  ·J::-�r e e . 

C o ·.:;s 1 9  "I A _., () ar. a  1 1 0  w e r e  

"::) ..-, ,..., T - - r"l .-. :\.�.J !.,.. _.: j_ ,.")  

e a c t  b i o ps i e d  n i n e  t i::ie s  and c o ws 5 and 26 
each s i x  t i m e s  in t h e  l a c ta t i o n  � n d e r  s t udy . O p e ra t i o ns t o o k  b e t w e e n  

1 0  a n d  1 5  minu tes fro o  i n c i s i o n  to c l o s u r e  a l tho�gh p� c pa � a � i o n  o f  

the ani m a l s  vari e d  c o nsiderab l y ,  s c �e t irn e s � nv o l v i n g  60 minu te s .  
�ounds he ale d ra p i d l y  w i t h  n o  inc i d e n c e  o f  m i l k  o o z i n g  f r o m  the 
i n c i s i o n s  a t  m i l k i n ; .  O f  tte t hi r t y o p e �a t i o n s , o n l y  o n e d i d  n o t 

y i e ld a t i s s ue saopl e . c as e  ( c ow  1 � 8 - 2 3 . 1 . 6 9 ) , o n  
e xp o s i n g  t h e  parenchyma a s m a � l  fi b � o u s  r e g i o n  ob s c u re d t h e  s e c re t o ry 

t issue . An a t t e m p t  to av o i d t h i s  and s ample tte s u r r o u n d i n g  area 

from the same inc i s i o n r e s u � t e d  in a hae morrhage and as the c o w 

a ppe ar e d s t r e s s e d ,  t he wo�=d was c lo s e d  and t h e  a n i m a l  r e l e a s e d  f�o� 
r e s train t . This was the only s e � i o u s  c a s e  o f  b l o c �  r e s i du e s 

p e r s i s � i n g  in the m i l k  fo r longer t ha n  2 - 3 days a f t e r  an o pe ra t i o n . 
In  mo s t  c a s e s ,  c l o ts w e r e  pr e s e n t  i n  t h e  foremilk fo r 1 - 3 � i l k ings 

a ft e r  a b i o ps y  but i f  more  t han s l i 6t t  h�emo rrhaga o c c u r r e d  d u r i n 3  

t h e  s u r g e ry $ c l o t s and t i n � e d  rn i l �  w e r e  pre s e n t  �o r 2 - 3 days . 

Twi c e  fo l l o wi n g b i o ps i e s o f  c o w  1 9 ,  small  ( 4  c m  di a . ) swe l l ings 

appe are d n e a r , but no t a t , t h e  inc i s i o ns s o�e 8 - 10 d a y s  l a t e r .  

A f t e r  a fu r t he r 1 0  days one o f  the s e  e ru p t e d  and hea l e d , and a � t e r  

a si�ilar pe r i o d  t h e  o t h e r  d i s appe ar e d .  There gas o n l y one case  o f  

�as tit is in a n  o pe ra t e d  quar t e r . I d e n t i fi e d  4 day s a f t e r  t h e  
ope rat i ori , the in fec t i on re s po n d e d t o  l o c a l t r e a t � e n t  w i t h i n  3 days . 

3 .  1 . 2 E f fe c t s o f  O pe ra t i o n s  o n  M i l k  Pro duc t i o n . 

A no t i c e ab l e  de p r e ssi o n i n  the yields o f  o p c r� t e d quar t e rs 

o c c ur r e d  fo l l o w i n g  e a c h  b i o p s y . M i l k  y i e l d s and c om po s i t i o n s  w e r e  

de te rmined before an d a f t e r  t h e  Ja nu ary o pe ra t i o n s  ( Fi g .  3 . 1 ,  Tab l e  

3 . 1 ) .  A small depression i n  p r o d u c t i o n  was ob s e rved 2 - 3 days a fte r 
surge ry b u t  no rma l yi elds were re c o v e re d in 7 days . The slight  
c hanges i n  c omposition , par t i c u l a rly i nc reases  in fat c o n t e n t , were 
c o ns is t e n t w i th the l o n ge r t e rm c hang e s wh i c h  o c curre d over thes e  
s tages o f  lac tation ( see  3 . 3 ) . 

4 4  
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Fig .  3 . 1 The e f fec t o f  surgi c al biopsies on milk yie l ds in 

mid-lac tation . 

• c o w  1 9  ( i = 1 )  ' 

• c o w  5 ( i = 3 ) , 
0 cow 1 1 8  ( i  = 2 ) , 
� c ow 26 ( i  = 4)  • 

1 9  
1 1 8  



Tab l e  3 . 1 

C o ·\; D .:. t e  o :  :. &.::" s 

:\' umoe :::- s � rn p l ir.. g Pc s t - ::.:t � .!..:��:. 

1 9 ... 1 5/ 1 6  Jo:.n . 1 74 

29/30 J&r .. • 1 3 8 

�1 1 8  ... 
..., - ; ..., ,.. I )  d.) Jc:..� .  1 7 6 

2 9/30 Jan . 1 9 0 I 
5 • •  1 5/1 6  J a n . 1 20 ! 

29/30 J an .  1 34 ! 
! 

26  • •  1 5/ 1 6 Jan . 1 08 

29/30 .,. � �  u C... J. 4 . 1 2 2 

* B i o p s i e d  2 3  J a !"1 o  

, .  .... _,. �· . .. . .  

2. ';) s  
1 4 . 5 

20 . 7  

i 6 . o  
�: 7 .  3 

28 . 9 

3 4  .. 9 

4 1 . 0  

3 8 . 5  

• 'l<  

� _ ,  .i: D. "C/) 

6 . 24 

6 . 95 

6 . 28 
S . 57 

5 . 92 
5 . 90 

5 . 1 3  

4 . 85 

3 ::.. o ps i e d  2 4  

' 
:-)r e  J� c ir.76 ' Lac t c s o�� I ! 

4 . 62 5 � 42 

4 . 7 6 ) . 2 7 

4 . 95 5 .  i 9 
4 . 8c 4 . S'8 

4 . 1 3 L; . • 67 

4 . 08 Lr . 7 8 

3 - 5 3 5 . ;  4 
3 . 78 5 . 25 

J & :'l .  

The sharp i n c r e a s e  1n pro t e i �  c on t e � t s  o f  m i l k  f r o �  c o w s  1 9  and 

1 1 8 following the f o u r t h  o pe r a t i o n s  ( �i g .  3 . 6  c ,  1 3  - 1 5  w e e k s  p . p ) 

were e xamined a s  po s s i b l e  e :r' fe c t s o f  t .. e surge :-y . S o:. mpl e s  c o l l e c t e d  

from indivi dual qua r t e r s  s ho w e d  l i t t l e v a r i a t i o n  in pro t e i n c on t e n t , 

all b e ing in e x c e s s  o � 5% . Thera  w a s  a p o s s i b i l i ty that the o p e ra t i ons , 

o r  s o me fac t o r  a s s o c i a t e d wi th them ( e . g .  the tran qui l i z e r ) , i n flue n c e d  

m i l k  produ c t i o n  through a m o r e  g e n e ral m e c han i s m  a n d  henc e a f fe c t e d  

all  quart e r s  i n  a s imilar manne r .  

Bio c he m i c al M e t h o d s  

T h e  c a l o r ime t r i c  de t e rm i na t i o n o f  c a l f  thymus d e o xy r i b o n u c l e i c  

ac i d was l i n e a r  o v e r  t h e  ran ge 0 - 1 60 pg .  Du pli c a t e s agre e d  t o 

w i t h i n  3% and t h e  c o l o u r  d e v e l o p e d  w a s  s table b e tween  1 6  and 20 
h o u r s  at 37°C ( Fi g .  3 . 2 ) . Th r e e  e x t rac t i o ns w i t h  pe rc hlo ric a c i d  
a t  70°C remo ve d  a l l  ac i d  ins o lub l e  nuc l e o t i d e s  fro� thre e b o v ine 

mammary homogenat e s  ( Tab l e  3 . 2 ) . 
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Fig . 3 . 2  Diphenylamine reac tion fo r deoxyribonucleic ac i d .  

Uppe r :  S tandard curve for the determination . 

Lowe r :  S tab i l i ty o f  the colour at 37°C . 
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Tc:..b l e  3 . 2  

·'-

:::;: : .:·� �; ...../ . 1 .-'. 

1 42 . 25 9 6 . 2 28 . 1  

2 1 .  65 3 - 5 I .  0 

3 0 .  '1 5 0 . 3 c .  "i I 
4 0 0 

To tal 47 . 05 29 . 2  

3 
c ·: , v  

9 6 . 2  

3 . 4  
0 . 3  

T' ":' �  •, - .'. J. -.. 

5 2 . 5  

1 .  65 "' � v . c.  
0 

5 4 . 35 

c 
�I 
I"' 

9 6 . 6 
3 . 0 

0 . 4  

Ac e t a � e  t hi o k i n a s c  p r o v e d � � e  �e s t  d i f � i c u l t  c n zy�e t o  assay a�d 

r e s u l t s  from the pre l i � i ��ry w o r k  are ?re s e nt e d  i n  fu l l  ( ?ig . 3 . 3 ) .  

The a s s �y i n v o l v e d  the c he � i c a l  t rappi�z o �  ac e tyl C o A  as a c e t o -
hydro xa�a t e  � n d  t h e  de v e l o �� e n t  o �  a c o : o � r e d  c o m pl e x  i n  ac i d i fi e d  
"'e C ,  "'.�.· h.e 
... - .l.. 3

. . 

s u.pernatant 

a s s ay \'za.s l i r. e a:..- f o r  0 - 4GO )J : s  o f  b o v i r: e  -:r.a �.:�.�ary 

a n d  by � s i n �  200 p l s  : o u t i �ely d�ring �he 0 xperi�en � ,  
a c t i v i t i e s  w e r e  withi�  ��e 0 . � .  :an�c g i v e �  � c r 2 . A c � i v i �y i� � he 
s u pe rnatar:t r e =a i n e d c c r: s t a n t  �o r 60 rni�u t e s  � u t  fe l l  �i t h  pro l o nge d 
s t o ra g e  o n  i c e .  The v: e -: e d e n  a t u r e C.  

by 1 . 0 b u t  no t 0 . 75 m l s  o f  s t o ppi�g r e a z e n �  a n d  c o l o ur d e v e l o pm e n t  was 

m a x i m a l  l n  1 0  - 20 m�nu t e s  a f t e r  i t s  a d d i t i o n , r e �a i n i n ;  s t a b l e  fo r at 

l e a s t  a fu r t h e r  40 minute s .  �u� i r: g  e xpe ri�en tal assay s , sa� pl e s  w e r e  

c e n t r i fuge d fo r 2 0  mi�u t e s  a f t e �  hal t i ng t h e  r e a c t i o n s  t o  pre v e n t  the 

m e a s u r e � e n t  o f  o p t i c a _  dens i t i e s  be fore c o ! o �r d e v e l o pcent was c o cple t e . 

The o t h e r  e n zymes w e � e a � s � y c d  u s i n g  a b s o r b a n c e  c ha n ge s  a t  j 4 0  my . 
N o  s e ri o u s  d i f fi c ul t i e s  w e r e  � e t  i n  t h e s e  Ce t e rm i . a t io�s wten subs tra t e  

l e v e l s  w e r e  mo di f i e d  from t h e  ori ginal m e t ho d s  as d e s c r i b e d  i n  2 . 4 . 3 . 

A s s ays w e r e  linear f o r  0 - 400 f ls o f  s u p e rn a t a n t  a n d , when c o rr e c t e d  
fo r blank value s , the l i n e s  pas s e d  thr ouzh the origin . O p t i c al 

d e n s i t i e s  r e maine d c o n s tant for 60 - 90 �i&u t e s  a f t e r  r e a c t i o n s  w e r e  

ha l t e d  provide d the  tub e s  w e re kept in t h e  dark . The re was no 

de t e c tab l e l o s s  in ac t i v i ty when supernatants w e r e  s t o r e d  fo r up to 

5 hours on i c e . 



(a) 

(b) 

(d) 

O D  

. 15 

. 10 . 

. 0 5  
·-------- · 

. ..----· • 
0 50 

O D  

0 

O D  

. 075 

(c) . 050 

. 025 

OD 

. 125 

. lOO 

0 5 

F i g .  3 . 3  

100 200 400 
f'l  Homogenate 

= ------- · --------- · 
- : -------· �: 

20 4o 60 80 100 120 
M i n u te s  

0 . 50 m.l • 
0 . 7 5  

1 . 0  
1 . 5 

0 10 20 30 
M i n utes 

. . I . . . . 

10 20 
M i n u te s 

A c e t ate thiokinase assay. 

( a )  Standard c urve for varying l e ve l s  o f  added 

bovine mammary supe rna tant . 

( b )  Ac t i v i t y  i n  supe rnatant stored o n  ic e .  

ml • 
ml .  
ml . 

( c )  E ffec t  on ac t i v i ty and Optical Dens i t y  o f  varying 

levels o f  s t opping reagent . 

( d ) Colour devel o pment a ft e r  addi tion o f  s t opping reage n t . 



3 . 2 . 1 

pa t t e rns o !  ri s e s  t h e re a f t e r .  S in c e  ��e c on t e n t s  a . e r a t i o s 1 c �ans e s  
c o �ld h a v e  a r i s e n  fror1 the nu� e ra t o r  o r  de�o���a t o r .  
i n  tte nume ra t o r  c o u l d  r e f l e c t  v ar i a t i o n s  i n  t i s s � e  c o �pc s i t i c �  

i :1 v o l virJ. �  c e l l  � y pe s , c e : 2.  .. ... t;.r.:Q e :..""s o :  .... c e l l  _s :.. z e s . 

po s s ibly re fl e c t s  v a r i a t i on s  in re t - i n e d  � i l k  in �he b i o ps y  s am p l e s  
. ..  l .. th:.s �,·;as tl-:e c a s e , l o w e s t  Dx;.. c oJ.: t e n t s  

e x p e c t e d  t o  c o i .  c i d e  �i t i  t h e  p e a k  m i l k  y i e l d s . A s  no d e t c r� i n a t i o n s  
o f  re tai n e d  �ilk �ere �ade ( s e e  4 . 1 )  nor a ,y his t o l o g i c a :  e xa � i na t i o ns 

o n  the b io psy s a�pl e s f tte  reasons for �he vari a t i o n  in J� A c on t e n t  
c o uld no t b e  r e s o l v e d .  �he l o w  va l u e  f o r  s am p l e  3 from c o w  1 1 8 has 

p .. o bably c o n t r i b u t e d  � o  t h e  v e ry h i gh e n z y = e  ac tivi t i e s  i n  t h i s  

s a�ple ( s e e  b e l o w � 3 . 2 . 2 ) . 

3 . 2 . 2  Ma��ary E n zy�e A c t i v i � i c s  

:Sn zyme a c t i. v i t i e s  o f  l a c t a t i o n  a r e  plo t t e d  i n  
F i gs 3 . 5  a and 3 . 5  b .  A l t � c ug� t h e  C a t a  are d i s c re t e  d e t e rmina t i ons , 
t h e  points  have b e e n  c o nn e c t e d  w i t h l i n e s to a i d  v i s ua l  s e pa ra t i o n  
o f  ... . \,ne ac t i v i t i e s  in the  fo�r C O '.�; .s • T h e  d i f fe r e n c e s  i n  a c t i v i t i e s  

o f  the fi v e  e n zyme s w e r e  e xa� i n e d  b y  analys e s  o f  varian c e  

c o rre spond �ng t o  t � e  f o l l o w i n g  � o d e l s  ( �a�! e 3 . 3 ) : 

Ei\Z 1 y i l  = }J . l + I A. . + e
i l  l. _  l 

Ei\ Z 2 " = jJ -i l  
+ �{ . + e .l. .; - j l  ..; - ..J J 

Ei\Z -,: Y . .  , = )Ji i l  
+ I.".; + K .  + e . .  -_.1 lJ.J.. "' J J.. J .L  

( where c l as s i f i c a t i o n s  and ir.dic e s  are d e s c r i b e d  i n  2 . 6  a n d  Tab l e  2 . 1 ) . 

When analy s e d  fo r var i a t i o n  a�ong c o ws ,  ignoring s t a g e s  o f  

lac t a t ion ( ENZ 1 ) ,  s i sn i fi c ant d i f fe r e n c e s  b e t w e e n  c o �s we re i de n t i f i e d  
fo r the ac t i vi t i e s o f  UDPgluc o s e - 4 - e pir.1 e ra s e  (? <. 0 . 05 ) , glyc e ro l  

pho s pha t e  d e hydrogenase ( P < 0 .  05 ) a n d  gluc os e - 6 -phos pha t e  dehydrogena s e  

( P < 0 . 05 ) . D i f fe re n c e s i n  t h e  ac t i v i t i e s  o f  ac e ta t e t hiokinas e 

( 0 . 25 ) P ) 0 . 1 )  and he xokinase ( P ) 0 . 25 )  fail e d  to  r e ac h s igr. i ficanc e .  
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( Symbols as in Fig.  3 . 1 )  
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Fig .  3 . 5a Change s in enzyme ac tivities with stage o f  lac tation. 

( Symbols as in Fig. 3 . 1 )  
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Tab l e 3 . 3  S umma£;y:__ o f 1\ nal -;tl!_c:��L_ :!_<:. ri_a � �-�.9._!::_}1<.���:2;:1__!.;_1].5Y�: A_<:_!_�y i t :i. �E 
( Mean S q u a r c c  and Vari a n c e R a t i o s )  

M o d e l  

E N Z  1 

S o u r c e  d .  f .  1 - A c e t a t e  UDP���:ose G l y c e ro l  P ���c xol: j ::�e ---.-- G ���-�-�:- - -�--1: .. 
T h i o k i n u s e  e p i m c r a s e  D e hy d r o g .  I D c hy d , o � . �::-r- 3 - 2552 . 8�------

--lj- 6_:;_5�1-t . 5 3 --- ---�-3-1-�l ;-� -.-0-0----- -----4 �-+ 6 65 .
1 2 ----- - ---- -�� ·;;;;·�-\'-; '/ ___ _ _ 

B e t. C ows 
Vl i t h i n  , ____ __j_� _ 1 3�3 _ -�_1+_20 1:36 :- - - -��8o. 88 _ ___ 

T
_53�23 . 86_ ____ _ _ 1 1_' ' ' 9 · � �� _ 

�====---=--=--=1--�25__ --::==.J==-----1 . 93ns _ _t=- _ ::2� �-��-:.:::=-J::=--===-���-�-��--==·-=�-=:::·:_�=--: -�:-�-���=---=-J::::::�-- _ _ _- -� . / __ c >�::: _ 
E N Z  2 B e �  S tages 

W i thin 

8 1 <) 60 . 2it 1 5:;5 78 o � ? 30 1l 32 6 . 50 1 0 1 3 1 2 ._5 8  1 5 ? 8 :; . 0; 
20 I 1 2)) . 00 I 1 ?) 11 78 . 1 1 5  I 288?. 1 3 . "i0 I 335?9 . G1f I 1 5 Y> 3 . ?9 

-- ------�--
F'

8 , _?o _____ ·�--��] _ _ 1 :�_:· ����-=� �-� ��-�--� � -�9-���-�-[:_�-----���: -� �-!�-�=-�� ����-�----��-:��--���-]- · :· _- - - --- 1 . c;)n : . 1=----- . -- --·-- ---- ---- - -- - ------- '-·------ --- - -- --·--' -�-- -- -"-- . ·-- --- . ---- - . --- - ---- ----c ... l._ ··-- - - . .  - -- - -------·---·--- -- · .  
JGJIJ Z 3 I C O \'I S I 3 2302 o 7 2 4 Lr 88 6? , '/ G  933 1 /f2 , (l0 5 1 698 . 03 /f G932 , > 9 

S ta g e s  8 1 8 6 6 . 1 1 3  1 4 8 3 6? o 32 3 1l 2 'i 60 . 62 1 0Y;)'l 9 . ?3 1 1 1 9 9 G . 1 �:! 
R e s i dual 1 7  1 070 . 1 1  1 2 7 1j '-r G .  '70 

1:-----... - ·  --�-----�--�----- --·-· --- -··----·-
F R v. t i o s : 

Cows
3 , 1 7 2 .  1 5r�s 3 - 5 '1 "' 

S t. age s8 1 '7 1 .  7l.f n £.: 1 .  1 7n G 

F..:::..-=-=-:--..::.=.--::.-:=-·..:-.:---..!.-==---�: =----'== -:: ·.-::_-==.-: ·::.:· <::::-.:-:.-.:- : ·:--=---�:· -· . ..: .... _:::�·· 

ns  P >  o . o::; 
* p < 0 .  05 

---------- ----- ------------------- --·--- 1 7 ' : 1+ 0 2 . 0 �) 30 38 ? . 2 6  ---·--------------
·-___ __________ ________
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C o w  � c a � s  �o . e c zy � e  a c t i � i : � e s  a r e  � � b u l a t e d  i� � pp e n d i x  A-2 a�d 

d e s c r i b e d  i n  2 . 6  a�e giv e �  � o r  the e � zy � e s  w i t h  a c t i v i t i e s  v a ry i n z  

s i gn i f i c a� t l y  b 2 t w e e n  c o w s  ( �a�io  3 . 3 ) . 

2 I I 1 

U D P� c;,:ti:r.crcso 

t L _ _ _  --. : w � u 
C o w 1 1 8  e x c e e d e d  c o w  5 in UD?g l u c o s e  e p irne ra s e  a c t i v i t y , a l l  o t h e r  

c o w s  i n  t h e  ac t i v i ty o f  �l y c e r o l  p h o s pha � e  d e " .y d r o ge na s e  a n d  c o � s  1 9  
a�d 1 1 8 b o t h  e xc e e d e d  c o ws 5 and 2 6  in t h e  a c t i vi t y o f  g:uc o s e - 6 -

pho s phat e d e h y d r o g e n a s e . 

I n  a�alys e s  o f  d i f � e re n c e s  among s ta;e s o f  lac t a t i o � ,  
var i � t i o n  a � c n �  c o � s  ( E�Z 2 ) , t e x o � i na s e  a c t i v i ty w a s  t he on:y 

variable found t o  r e a c h  s i gn i f::.. c a:1 c e  ( P  ( 0 . 05 ) . S te.ge o f  lac t a t i o n  
m e a n s  a r e  tabulat e d  i n  A p p e n d i x  A-3  a�d ran� e d � e a n s  w i th s i gn i f i c an t  

( P < 0 . 05 )  d i f fe r e n c e s  f o r  t e xokina s e  a c t i v i t y  a r e  g i v e n  b e l o w . 

The a c t i v i t y  o f  hexokinase in s t age 3 g r e a t l y  e xc e e d e d a l l  o t h e r  

s t ages and e xamina t i on o f  Fig . 3 . 5  a s h o w s  t he d i f f e re n c e  t o  b e  due 

large ly t o  c ow 1 1 8 .  The high ac t i vi t y i n  s t age 3 may have r e s u l t e d  

from t h e  l o w  DNA c o n t e n t o f  t h e  t h i r d  s a � p l e  c o llec t e d  from t h a t c o w  

( s e e  3 . 3 . 1 ) . 

Analys e s  o f  varianc e o f  di f fe renc e s a m o n g  c o ws and s tages o f  

lac t a tion t aken t o ge ther ( ENZ 3 )  i n d i c a t e d  t h e  same g e n e ra l  pa t t e rn 

• I 



( Table  3 . 3 ) . 

( Figs 3 . 4 , 3 . 5  a ,  3 . 5  b 1  �a� � e  3 . 3 ) , � t  � a s  o b v i o u s  t h a t  � i f:e r e c c e a  

d e hy d r o s e n a s e  and h e xo k i n a s e  aro s e  �ro� t � e  high val�e s � o r  c o w  1 1 8  
pa r t i c ularly a t  s tage 3 . The s e  val�es : ave i� fluenc e d  both c o w a n d  
s t a 0e o f  l a c t a t i o n  co . .  par i s o n s  s o  �hey � e r e  e xa�i n e d  �u- t h e r  in c as e  

t h a re w a s  a n y  r e a l  j u s t i f i c a t i o n  f o r  c � i t t i n g  t t e �  i n  t h e  an�lys e s . 

S inee the ac t i v i t i e s  o f  a c e t a t e  t h i o kinase and �l� c o s c - 6- pho ci pha t e  
d e hy d r o g e n a s e  w e re n o t  atnorrnally high in sa�pl e s  3 a n d  4 for c ow 

1 1 8 ,  i t  appeare · unl i k e ly t � � t  t � e  c o �mon fac t o r ,  ), ' h  c o n t e n t ,  was 
r e s pons i b l e  fo r the h i gh a c t i v i t i e s  o f  the o the r e n zy� e s .  · For this 

r e a s o n , a l l  data w e r e re �aine d in the ana l ys e s  a s  ab o v e . 



C ha�se s i n  tie y � c l d s  a�d c o�pos i t � o �s c �  L � : k  from � h a  
e xpc ri�e&t&l  c o w s  a r e  pre s e � t e d in ?�gs 3 . 6 a ,  b ,  c ,  d.  The c h� � c � s  
� c �e exa�i�e d b y  anal y s e s  o f  v a � i a � : e c o rr0 � po n ci i � G  t o  the f c l l c � i � g  
�o d e l s  ( �able 3 . 4 ) :  

�:ye 1 '!. i l  
' ' V �"'  2 V .·: . v  

j l  

�\�YC 3 V 
� k l 

�:Ye 4 y i j :d 

= 

= 

= 

= 

� . l I l -
) 

j l  I 
) I 
u k 1  I .... 

j1 i i '· ' V .r� -"-

+ - ' - J;,. . -.- e ..:  -l 
-. :<.: + e 

J j l  
+ _;:-( + e .  :-c l 

+ � A. . + K j -i- L, + 

( • : h e re c l a s s i fi c a t i o n s  a�d � r. d i c e s  a1·e as in 2 . 6 a�d ':'ao l e  2 . 1 ) .  
e i j k l 

3 - 3 . 1 S i e�i fic arn ( P  < O . COI ) b e t ':� e e ::l  c o w  vc::.r i a::. c e  e :i:i s "C c d  ir. all 
variab l e s  measure d .  Cow �eans are  tabul a t e d  i::1 App s n d i x  A-4 a�c 

pre s e n t e d  b e lo� i n  ran: ed fo rm w i t h  s i gn i f i c a& �  ( P <  0 . 05 )  d i f f a r e n c e s  

as d e s c r � b e d  i n  2 . &. 

(. � 1 2 
C .  -� ·  ..:. L._ _ - -

1 L.....�_j 
� �  

r- . v. 
P .  Y. 
L .Y.  

� � 3 t:; .-- - 1  
2 L  __ -� L 

� I  � u  
i> %  

.. .. " , � . ' ,; "·. 
1 '_1 _ -.___ 

� L_I_ . 
:: L_ _ 

L% 

A l l  c o ;�s e x c e p t 1 9  a n d  1 1 8 d i : .:.:a r e d  i r:  :Y; l. J...� y i e l G. .  :-: ilk :':-a::: tl:.c ·c ·::o 
e arl i e r  c a l v i n g  c o w s  ( 1 9 a�d 1 � 8 )  l:.ad h i g h e r  fa � a � d  pro � e in c o n t e n t s  

t han d i d  5 and 26 . I n  addi t i o n , t h e  c on t e n t  o f  pro t e i n  i n  t h e  � i � k  o f  

c o w  5 e x c e e d e d  tha t f r o �  2 6 .  Lac t o s e  c o � t e r: t s �n � h e  �ilk from c o ws 

1 9 ,  2 6  and 1 1 8  e xc e e de d that frorJ e o -.. .- 5 wi tl'. t he l a c  t o  s e  fro:n 1 9  
e xc e e d ing 1 1 8 ( Fi g .  3 . 6  d ) . As sugge s t e d  b y  F i g s  3 . 6 a �  t ,  c ,  d ,  

t h e  pa t t e rn s  o f  di f f e r e n c e s  amo n g  c o w s  f o r  t h e  d a i l y  y i e � ds o f  m i l k  

c o mpo n e n t s  fo l l o w  e x ac t l y  t h e  d i ffere nc e s  in m i lk yi e l d s . 

D i f fe r e n c e s  amon g s tage s o f  la c t a t i o n , i gn o � i n g  varia tion  
b e tw e e n  c o ws ( l<YC 2 ) , r e a c h e d  s i gn i fi c an c e (P  < 0 . 00 1 ) fo r a l l  
va r i ab l e s  e x c e p t l a c t o s e  c o n t e n t . S t a g e  o f  l a c t a t i o n  m e a n s  a r e  

tabul a t e d  i n  A p p e n d i x  A - 5  and pres e n t e d  b e low i n  rank e d  form w i t h  

5 1  
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Fig . 3 . 6a Milk produc tion:  Daily Milk Yield 

( Symbols as in Fig .  3 . 1 )  
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Fig .  3 . 6b M i lk Produc t ion : Fat Content and Daily Y i e l d . 

( Symbols as i n  Fig .  3 . 1 )  
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Tab l e  3 . 1+ S umma :t_:x__£_[_Jt_!� � Y...0_C.:�--o f _ _:!_a r .. L�£ _f� .. �. J:.!·t c ... l�� i J_ �JCr o � 1!.� .. � j o �--· "..9-_T_:i. a b] _:; s 
( Me an S q ua r e s  a n d  V a r i an c e  Ratios ) 

Model  I -S o u r::-· I d . f . I � lil k J Fa t �:ro te i n · -- Lac t o se r- ·-·;a t ___ I_P r o-t� i n
·
-

· 

Y i e l d  C on t c!:._d �on ten t C o n t e n t  Y i e J  d Y i e l d  ---- --- -- · · -·-· - ..... � ------ --------- ----- .. -- · - ·-----
MYC 1 B e t .  C o w s  1 L 1 7 9 . 25 7 . 08 3 . 4 3 0 . 8 1 2 . 0 1 1 . 29 

·-·- - --
·
·-· ···--. - 1 

Lac t o 1; : • 
Y i e l <� --------- .. - --�-- . 3 . 9 1  

W i t h i n  

F3 6 1 I========' , --· ---· I 

• 
-- - - . . ·-- ___ Go ._ L: G l__?_:_�� ---'- .?-� . ��----�o3_�-�'--·�- =-�---J o . o8 . 1 0 . 1 8 2 L� . 1 � 'r * " l 7 . 89 ' ' •! 1 1 9 . 1�o � ,, �, 1 35 . 03'H * 1 7 . 1 11 � '� ·� 1 1 6 . 1 2 * '· * .,-22:o2-.;·�·-,: 

_:..=.=-.=..:__-::-..:===-.-:. -=-:.:...=.-.::-::- - .. ::::.::_ t_- _.�-· ===�--=..::::.:: � • '===:..-==-.-==:::�  ::-.-====::-_: ... =..:.-::. ·�:- ·--:-:::--:.-.:-.-=-· ••_·:::-·-·.�-:-·-:.- o �--.;_H_-·-.:..-
N Y C  2 I :�t .  S taces 9 52 7 . 9? I 6 . 5� I 1 . L+O I o .. o G  I o . ? '' o . G;, I 1 . 1; 6  

t7:�::, 55 
I 6� : i� .;-;� 2���:�; \ �: :�� ;;- � - �:��",-�-� : �;-;�-� 1�-��" ' -

H YC 3 Be t .  Pe ri o ds 8 329 . ?5 4 . 0'( 0 . '!) 0 . 1 0 0 . 59 0 . 1+ 6  
W i t h i n  5 6  98 . 0? 0 . 7 8 0 . 2? 0 . 05 0 . 1 5  0 . 0 9 --- ------------ ----·--r----· - - ------ --·-· .. -------------- . -·--·---- - ·· - -.. ·- · ·- - -- · . .  

t=----: .:· I� S., 5 6-==-��-�= ' =J�. . . } ·  jG�. * .... _; ��:-· .. ��-·�' � 1 �: so � 1 :.�:-9-�n� _ _._ J _ 3 �-�� -� � �- J _5 � .. o;��·- -- 1 
HYC 4 I C o r; s I 3 I 1 1t 7 . 2 :5 -

S t a ce s 

Pe r :i. o d s  
9 

8 

1-+ 1� 

2/.j • 1 ? 
5 1 . 9 9 9 . 1 3 

1...- ______________ , _ ____ --·-- - ·--· ·----·· ·---- "'"·"--··- - --- -· �- -·-- ·- ·--- - -·- . · - -··- --- ---
F Ratios : 

C O \'I S -z  4 4  
.) ,  

1 6 . 1 2 "' �· *  2 . 20n s 
2 . 65 "' 1 . 7 1 1 1 13  
5 . 69 ·� ·� ·• 1 . 1 f3ns  
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3 . 0 1 "' ' 
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5 1 . 67 ,, * >:-1 . 1 0ns 
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s i ;:;n i :f:::.. c o.. :; t  ( ? <  0 . 05 )  C. i :: f e :::- c ;:-: c .::· s a s  de s c r i b e d  j_ y-� 2 . 6 . 

� ... r:· .., .- :� 7 ,". 2 ,. 
• L  _ ___ ·- : .... ._ -'-

v L_...___ __ ,_ 

The s t e a dy d e c l i n e  in rnilk y i e l d ( ?i g .  3 . 6  a )  l e d  t o  f a i :::- l y  s y mm e t r i c a l 

pa t te r n s  o f  s i gn i fi c a � t  d i f :e r e n c e s  a m o n g  s t a � e s  o :  l a c t a t i o n . Fa t 
c o n t e n t  ro s e  a c r o s s  t h e  l a c t a t i o �  wi � h  t he :ast  s : a g e  c l e ar l y  i n  
e x c e s s  o f  all o t h e r s . The l a c k  of sy�me � r y  in the s i gn i f i c a n t  

d i f f e r e � c e s  p a r t l y  r e fl e c � s  va r i a t i o n s  i n  s t a n d a r �  e r :::- o rs a r i s i n g  

f r o m  t he d i f f e r e n t  n u mb e r  o f  o b s e r va t i o n s  c o � tri b u t i n g  t o  � e an val u e s . 

D a i ly fa t y i e l d s i n  t h e  fi rs t s i x  s t a g e s e xc e e d e d t h o s e  in l a t e r  s t a ge s . 

D i f fe r e n c e s  i n  dai l y  fa � y i e l C. s  fo l l o � e d  t ho s e  i n  rn i l �  y i e l d  t e rnpere d 
b y  t h e  sharp i n c r e a s e s  in fa � c o n t e n t o v e r  the l a t e r s t a g e s o f  

l a c t a t i o n  ( Fi g .  3 . 6 a ,  b ) . The pro t e i n c o n t en t o f  milk va r i e d  i n  a 

s imilar mann e r  to fat c o n t e n t ( rv'wt = 0 . 85 )  b u t  the i n c r e a s e  a c ro s s  
- tO� 7:J 

the l ac ta t i o n was l e s s  m a r k e d  ( n o t e  d i f fe re n c e s i n  t h e  o r d i na t e s c a l e  
. ... . J. n  . J. gs 3 . 6 b ,  c ) . A re gular , b u t  n o t s i g n i f i c a n t , d e p r e s s i o n i n  

pro t e i n  c o n t ent o c c urr e d  s ho r t ly a f t e r  c alv i ng . The s t ag e o f  

lac t a t i o n  means fo r pro t e i n  y i e l d a r e  rank e d  t h e  same a s  tho s e  f o r  

milk y i e l d  but pa t t erns o f  s i gni f i c an t  d i f fe re nc e s  vary s l i gh t ly , 

again re fl e c t i ng a c o m p e n s a t i o n  fo r d e c l in i n g  m i l k  y i e l d  w i t h  

i n c re a s e d  pro t e i n  c on t e n t i n  t h e  lat e r  s tage s .  The s e  1 d rying o f f '  

c hanges w e r e  s imil a r f o r  all c o ws . Lac t o s e  c o n t e n t  d i d  n o t  vary 

( P )  0 . 25 )  w i t h  s tages o f  lac t a t i o n  but t he n o n - s i gn i fi c an t  d e pre s s i o n  

whic h o c c urre d in t h e  last s tage ( Fig . 3 . 6  d ,  Appe n d i x  A-5 ) was 

probably part o f  the ' drying o f f '  c ha n g e  n o t e d a b o v e . V a r i a t i o n s  i n  

lac t o s e  y i e l d  ( P < 0 . 00 1 ) r e fle c t e d  e n t i r e l y  the c ha n g e s  i n  milk y i e l d 

a s  the pa t t e rns o f  mean d i f f e r e n c e s  were i d e n t i c al f o r  the two variabl e s . 
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s i gni f i c a n t l y  lowe � y i e l ds in pe � i c d s  8 a� d 9 ' Fo b - Apr ) . ?a� c o n t e n t  
var i c C.  a c c o r d i :1 g  t o  s e c::.s o n&l p e r i o d s  (?  < O . OO i ) \'li : h  t �-: e  l a s t t h:::- e e  
p e r i o d s  ( J an - Apr ) b e i n g  h i g h e r  t h a n  t h e  :i r s t  t �r e e  ( Aus - O c t ) . 
D i f �e r e n c e s  i n  fat y i e l ds arno:1g p e � i o d s  l e d  t o  a s i g:1i fica:1t s e a sonal 
varian c e  ( P  < 0 . 00 1 ) .  D i f fe r e :'1 c e s  a;.1on2: fat y i e l d  r;, a a n s  w e r e  s i rr: i l a r  

t o  t h e  m i l k  y i e l d  � e ans with t h e  asyrn� e t ry r e !l e c t i n g  v a r i a � � c n  in 

t h e  numb e r  of  o b s e rvations c o�prising  e a c h  value a n d  t h e  r e c ipro c a l  

movement o f  fa t c o n t e n t  and rr:ilk y i e l d  in the l a t e  s um�e r . The 
s e a s onal v :.:. :- i an c e i n  pro t e in c on t e n t  ( P  < 0 . 05 ) a ro s e  from the g e r" e . al 

i n c r e a s e  a c r o s s  the s e as o n .  The p r o t e in c o n t e n t  o f  m i l k  from the 

las t pe ri o d was s i g n i f i c an t l y  g r e a t e r  than all o t h e r  f e r i o d s . 

S e as onal v a r i a n c e  in the y i e l d  o f  pro t e in ( P <  o . o o 1 ) a r o s e  from 

di f fe ren c e s  among m e ans whic h were very s i milar to t he �ilk y i e l d  

d i f fe r e n c e s .  The l i m i t e d  va ria t i on in pro t e i n c o n t e n t  was obviously 
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o v e :::-r i. cl d c :1  b y  t h e  , ,. - ...., ,... <"": • ./ -- ..... ...... """ &.J $ fo : l o ·i; e d  
milk y i e l d  v e :::-y c l o s e l y a � d  t � e  s i c� i f i. c a n �  s e a s c �a: v a :::-i a � i o �  

( ? <  0 . 0 1 ) c l e a r l y  � ro s e  t �roazh the va:::- i � t i o � a  i n  �ilk y i e l d .  

s e a s o nal p e r i o d s � e r e  c c n s i d e :::- e d  t o g  t t e r ( �YC 4 � . t�e re � 0 re s l i s h t  

c ha n g e s in t he e x t e n t  t o  � t i c h  ��e t�:::-e e  �aic e f �e c t s e xplain e d  :�o 
var i a t i o n  o b s e rv e d  i n  t he c o �pon e n t s . 
c l a s s i fi c a t i o n  a�alys e s  ( �ab l e  3 . 4 ) c an � e  s ���ar i s e J :  

The s t a g e  o f  l a c t a t i o n  v a r i a t i o n  ( M�C 2 )  i n  pr o t e i n  
y i e l d  l o s t  s i gni f i c a n c e  �ten c o n s i 6 e :::- e d  a l o n �  � i t h  
t h e  o t h e r  s o u r c e s  c f  v a r i an c e  ( XYC 4 ) . 

The s e asonal var i a t i o n  ( �YC 3 ) in the c c n t e � �  o f  

pro t e i n  and lac t o s e  r e a c he d g r e a t e r s i 6� i : i c a� c e  

i n  t h e  thre e way anal y s i s  ( XYC 4) . 

D i � fe r c n c e s  in : a �  c o n t � n t  a r i s i n g  fr o� all s o u r c e s  
o f  va r i a t i o n  � h e n  c o n s i d e r e d  a : o � e  
XYC 3 )  a l l  l o s t  s i gn i fi c anc e � h 2 n  t � e  c l a s s � fi c & t i o n s  

we r e  c c ns i d e :::e d  t o  se t:r-. e r  ( 0 .  25 ) ? > 0 .  '1 ) . 

O f  t h e  c h ang e s ,  t he s e  f o r  the s i gn i fi c &� c e  o f  varia t � o�s i n  

c o n t e n t  a r e  o f  g r e a t e s t  i n t e r e s t .  T3b l e  3 . 5  s � o w s  ran�e d � e a n s  
o b t a i n e d fro m o � i t t i n g  o n e  o r  � o r e  c l & s s i fi c a � i o n s  in t �e fi t � ins 
o f  c o ns � an t s during analys e s  o f  var i an c e b y  l ea s t  s qu a r e s . Tie :::- e 
w a s  l i t t l e  in flue � c e  o f  t h e  c l a s s i fi c a t i o ns f i t t e d  i n  the � anking 
o f  s ta ge o f  l a c t a t i o n  m e a n s , s � gg e s t i ng t � a �  the int e ra c t i o n s  
IA x K x L ,  I A  x K a n d  K x L w e r e  n o t i�po r t ar. t . �he r e  vle..s 
h o w e v e r  an i n f l u e n c e o f  t h e  c l as s i fi c a t ions o n  the ranki n g o f  

s e aso nal pe ri o d m e ans . Hav i n g  d e l e c t e d  t he t hr e e  i n t e rac t i o n s  ab o v e  

a s  b e in g unimportan t , the pa t t e rn s  of rank e d  rr e ans sugge s ts the 
pr e s e n c e  o f  a n  I A  x 1 i n t e rac t i o n . 



c o r� t e r:. t . 

�:od e l  C l a s s i  f i e  a t  i o r. ;:;  S t a t_; e s  o f  
Fi t t e d  lc::. c t a  t i o r. 

:,; ye 2 K ·1 o 9 8 ,. 5 7 � 3 � " 0 c. 

IGC 4 I A  •r i. I � 0  9 8 
,. 7 4 3 2 1 !\. ' 0 7 I I 

8 ,. K 1 t : o  0 7 5 4 3 2 1 . .  i / 0 

T � 1 ' � o G 8 r � 7 I ,  3 2 1 � r.  I ; / 0 ./ "t : 

S e a s o r: a :  P e r i o d s  
!HC 3 1 9 3 7 4 5 ..) 2 3 1 

��YC 4 IA K L / ,  1 9 3 2 7 5 6 8 "t 

K 1 1 4 2 3 5 6 7 9 8 
I t.  ;( 9 8 7 4 5 c ) 2 'I V 

A fur ther two c la s s i : i c a t i o �  a�alys i s  � a s  a� dc r�a�e� to  t e s t  t �e 
p o s s i b l e  c o �  x s e a s o n  i � t e rac tion . I n  o r d e r  to c e e t  t�e pro grac 
r e s t r i c t i o n  of not e xc e e ding 30 e quations fo r s o l u t i o n � milk fat 
p erc e n t a ge data w e re re arran ge d a s  t �r e e  � 4  dc::.y r e pl i c a t e s  w i thin 42 

day p e ri o d s  as an a p prox i m a t ion . S in c e  no data w e re a v a i l a b l e  �o r the · 
la ter c alving c ows in t h e  f i r s t  42 day pe ri o d ,  t t e  analys i s  c o rr e s ponde d 

t o  the fo llow ing mo d e l : 

y . ,  l l K  + I A . l + T 
.l.Jk + ' I A X K ) " i..-

..L .�-o.. 
+ 

whe re c l as s i fi c a t ions a n · i a _ e as in 2 . 6 and Tab l e  2 . 1 and 

Table 3 . 6  

Sour c e I 
Total ! S e asons 

Cows ! Inte raction !Residual 

k = 2 , 3 , • • •  6 

l = 1 , 2 , 3  

( k  = 1 dele t e d )  

Two Way Analys i s  o f  Varian c e  w i t h  I n t e ra c t i o n  f o r  Fa t 
C o n t e n t  

d .  f .  M e an S qua. e s  F Rat i o s  H I 
58 

4 6 . 69 3 1 . 37 < 0 . 00 1 

3 1 0 . 44 48 . 97 <:: 0 . 00 1  

1 2  0 . 38 1 .  7 9  < 0 . 1 0 

39 0 . 2 1 



b u t  i n  
d a t a a s  o r i gi�ally ana�ys e d  ( 

5 7  '1"" r ,r, 1.; ... . .... 
Furtte r�o re , the c o n fou�di�G o f  ��in e f fe c t s . uhi c h  �as & c c n s e q�enc c 
o f  the d e s i �n e �pl o y e d , l i = i t s  i n � e r e � c e s  dra�n � : o =  any o f  t � e  anal y s e s  
o f  variation among s t ages o f  l a c t a t i c �  e r  s e asonal p e r i o ds ( s e c  4 . � ) . 



C hange s in the pro port ions o f  a s e l e c t i o n  o f  the ��lk fa t fa t t y  
ac ids are pre s e n t e d  fo r all e o � �  i c  �i g .  3 . 7 .  V i s ual e val&� t i c n  - � 

l i � i t e d  by the gro s s  sanpl e to s a�ple vari a t i c �  s o  an&:ys e s  o :  
varianc e were perfor�e d ( Table 3 . 7 ) corr e s po nding to  the following 
models : 

FA 1 y
il = f il  + : .A . + e i l  � 

FA 2 V = + K .  + e . -. .  , )1 · 1 J .... J -'- J J .l  

FA 3 Y, , = fkl + L, + "\:1 K� K 
FA 4 y i jkl = Aj>-..1 + I A . + K .  + ..... , + e � . .  ,.. l � j _-( � J " --

( where c lassi fications and ind i c es a_ e as i n  2 . 6 and Tabl e  2 . 1 e x c e p t  
that f o r  FA 2 ,  data for t he fi r s t  s tage of lac t ation  ( j  = 1 )  � e r e  
inc lude d with the se c o nd ( j = 2)  to enable analys i s ) . 

3 . 4 . 1 Ana lyses o f  vari an c e for m o d e !  �A 1 ,  i ;� c r i ng s t ages o f  
lac tation and seasonal p e r i o d s  a s  s o u r c e s  o f  varia tion  ( �able 3 . 7 ) , 
found that di f fe re nc e s arr:ong c o ·::s in t h e  c o n t e n t s  o f  � 8 : 1 ( P <. O . G5 )  

and 1 8 : 0 ( P < 0 . 00 1 ) reached s i gni :ic a n c e . C o w  c e ans fo r a l l  varia� l e s  
a r e  tabul a t e d  i n  Appendix A - 7  and ranke d means w i t h  s i gn i f i c a� t  

( P ( 0 . 05 )  differenc e s ,  as  de s cribed in  2 . 6 ,  a r e  give n  b e l o w  for  t he 
two ac i d s  which  varied  signi ficantly be twe en  c o ws . 

1 : 1 

The c o n t e n t  o f  1 8 : 1 in milk fa t from c ow  1 9  was signi ficantly greater 
t han in t he  fat  from c ows 1 1 8  and 5 .  The c ontent of 1 8 : 0 was 

s i gni fi c an tly lowe r in the fat from c o w  5 than all o ther c ows wi t h  

f a t  from c o w  1 1 8  having a lo w e r  c o n t en t  o f  t h e  ac i d  than fat from 
c o w 26. When d i f fe renc e s  among c o ws were analysed along with the two 
o the r s ourc e s  of variat i on  ( FA 4 ) , the c ontent of 1 6 : 0  in ffiilk fat 
varied s i gni fican t ly ( P < 0 . 05 )  among c o ws in  addi tion to the two 1 8C 
a c i ds di s c us s e d  abov e . The ac ids  whose  c on t e n t s  in fat vari e d  b e twe e n  
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Tabl e  3 . 7  Summary o f  A n a l�e s  o f  V_�ri a n c e fo r r.:o l a r  Pro po r t i o n s  o f  Fa t�y A c� 9s i n  th l k  Fa t 
( M e a n  S qu a r e s  a n d  V a r i a n c e  R a t i o s ) 

d .  f .  I 1 8 . . -
3 I 27 . 8 3  

- - · I 1 R ·_:_j-=�-J� 6 ; o --�-�? _ _j_1 o . o J��_i���--J-4 :�--=�-��-
FA 1 Be t .  C ows 3 8 . 02 

FA 2 

FA 3 

FA 4 

W i t h i n  

F3 , 60 
B e t .  S ta g e s  

W i t hi n  

2 3 . 32 5 . 1 5  2 . 5 9 
60 9 . 4 ?  -

2 . 9 6 *  I .. . - ---�-·-- 3 . 55 I � - 30 1 . 1 9 �_:_:___j-� 1 4 . 1 3 3 . 2 1  1 . 8 3 2 . 08� . 50 0 . 9 9 

1 1 . 3 1 

0 . 65 
2 . 68 

��-5 1 0 . 1 5 _ 5 . 7 1  1 1 . 1 f7 2 . 89 1 . 73 1 . 92 O . L I I f  1 . 0 1  2 . 6 11 
v , J J 1 1no I 2 . 0 (,no 3 .  i y  • . . �3' J� ���nn- _

1 . 82n:_I ���9�:_E· s �;·��� --
1 .  1 

B e t .  pe ri ods 8 22 . 78 1 1 . 65

. 

' •2 . 59 -� �s:�r5 . 6 1 5 . 68-- 1. 23 - -1-:-;; 9 · -- , -3--. e;-;�-.--- � 
Wi t h i n  55 8 . L1 8  5 . 73 1 0 . 1> 9  3 . 03 1 - 32 1 . 6 4 0 . 38 0 . 9 2 � . 11 2  --

2 . 69 *  ---2 -. o3��- · 4-:-o6-=--* *-- 1 . 7 1 n s 1 Lf . 25 '-;:-f ::. .-4-6 �--:-r· 3 .23:-;- -, -:6-1 �-s- -·;.5o l�·0··· · F8 , 55 
I C o w s  

S tage s 

Pe riods 
R e s i dual 

C o ws
3 , h 3 

S tagesq lt3 ... t 

·- ·---- ,---------"-· ---· --:::::�::.:.:: .... -:::::....-==:=• :=::::=..:__-.-..:: _ .r �.-:--::=::::...-==:=-...:�·==---=::-:::::: .::.:::=_c .... �·=--==----=::.- ··�:. .. - �- _ :-.:. . .: �· · · .::.:::.�:-.:;::.:._.::::_. � _ .. 
3 -�2-�-16 29 . 79 2'7 . 80 3 . '70 1 . 84 2 . 6 6 0 . 1+ 8  I . G it 4 . 72 
9 7 . 4 1  9 . 0 1 1 3 . 65 3 . 58 1 . 62 1 . 72 0 . 4 4 0 . 85 2 . 7 1 
8 1 9 . 20 8 . 60 1 6 . 5 7 2 . 75 4 . 4 9 3 . 40 0 . 9 1 1 . 63 4 . 9 6  

4 3  7 • L f6  2 . 9 1 8 . 85 2 . 7 6 1 . 1 7 1 .  5 1 0 - 37 
·----�--- ·!-----· --- : --·- --------1---.. - 1 - ---·-----, .. -... ·------· - · ·-----· . ------ - ·  . . ...... . -- ------- -·-0 . 9 1 2 . 11 3  

2 .  97 "' 1 1 0 .  25" * '' 1 3 . 1 I+ * 1 .  3 1 fns I 1 .  5 8 n s  1 1 .  7 6r1 s I 1 .  29ns I 1 .  8on� I 1 .  95ns 
0 . 99ns I 3 . 1 0'' * * 1 1 . 5 4n s  1 . 30ns l 1 . 39n:::; l 1 . 1 1: n :::; I 1 . 1 7ns  I 0 . 93ns I 1 . 1 2ns 
2 . 57 *  I 2 . 96 '' *  I 1 . 87ns S eo.sons8 , 43 1:=---- ·---... ·-=.:::: - -��=-=--.. ====. :.c:c= --:::::.t.: ·:::;;::.·.:.=-::...-=::;==�=--.:; -· ::::.-c:: . .::-::::-=· 

1 . 00ns 1 3 . 85 * *  1 2 . 25 � 1 2 . 4 4 * l 1 . 7 9ns l 2 . 0 1 �"' s 
n s  P ) 0 . 05 .. p < 0 . 05 * ,, � * 7 P ( 0 . 0 1 p < 0 ,. 00 1  

,.________ .. ---·--------· ---------- ··"�--- -------- -- " ... ---··· ·· _ _ _ ] 
\JI \.0 



60 
c o ws a r e  t h o s e  d e r i v e d  i n  part , i f  no t e n t i r e l � f r e e  �he t : o o d  l i pids 
a n d  p r o b a b l y  the d e po t  fa t .  T h e  r e s u l t s i n d i c a t e d  t ha t  t he four c o ws 

d i f fe r e d  i n  t h e  c o n t ri b u t i o n  made by the i r  b l o o d  l i p i � s  t o  the m i lk 
fa t .  

3 . 4 . 2  Var i a t i o n  a ri s i ng f r o m  d i f f e r e n c e s  amo n g  s t age s o f  lac t a � io n , 
i gn o r i n g  d i f fe re n c e s  a�ong c o w s  a n d  s e a s o n a l  p e r i o d s  ( FA 2 ) , � e r e  

s i gni fi c an t  f o r  t h e  c o n t e n t s  in m i l k  fa t o f  1 6 : 0  ( P <. 0 . 0 1 )  a ::. d  1 4 : 0  

( P  ( 0 . 05 ) . S t age o f  lac t a t i o:1 means a r e  t ab u l a t e d  i n  A :r-pe ::::d i x  ;. - 8  

a n d  ranked means w i t h  s i gn i fi c an t  d i f f e r e n c e s  a r e  pre s e n t e d  b e lo� . 

7 10 (� 8 9 4 5 3 2 
7 I 1 I l 

101 : I j 
6 ' 

8 I I - I i I 

9 
n·--

1 6  : o  4 I ! 
5 I I 

� u .) 

�tc 
The c o n t e n t  o f  1 6 : 0  i n  m i l k  fa t r o s e  a c ro s s  t h e  lac t a t i o n  \ ?iz . 3 . 7 ) 

but the rank e d  m e ans i n d i c a t e  that t h e  inc r e a s e  was no t s t e a dy . 

C han g e s  in t h e  c o n t e n t  o f  1 4 : 0 fo l l o w  no r e gu lar pa t t e rn w i : h  
a dvan c i ng l a c t a t i o n  a n d  n o  e x p l an a t i o n  c an b e  o f fe re d fo r t h e  f o u r  

s i gni f i c an t  d i f fe r e n c e s  b e t � e e n  t h e  m e an s  a b o v e . t h e n  c o & s i d e r e d  
a l o n g  w i t h  c o ws a n d  s e a s o n a l  p e r i o d s  ( FA 4 ) , t h e  o n l y  c o �po n e n t  who s e  
c o n t e n t  c ha n ge d s i g n i f i c a n t l y  w i th s ta g e  o f  lac t a t i o n  w a s  1 8 : 0  

( P (  0 . 00 � ) . I n  v i e w  o f  t h e  c o n fo u n d i n g  o f  s tages o f  l a c t a t i on a n d  
s e as o na l p e r i o d s , d i s c u s s e d  i n  de t a i l  in 4 . 1 ,  ana l y s e s  u s i n g  m o d e l  

FA  4 a r e  s ub j e c t  t o  d i f fi c u l t i e s  o f  i n t e r p r e t a t i o n . 

Varia t i on a r i s i n g  from d i f f e r e n c e s  a�o ng s e a s o n a l  p e r i o d s 

c on s i d e re d  a l o n e  ( FA 3 )  reac h e d  s i gni fi c anc e fo r the c o � t e n t  i n  milk 
fat o f  1 8 : 1 ( P ( 0 . 05 ) , 1 6 : 0  ( P < 0 . 00 1 ) ,  1 2 : 0 ( P < 0 . 00 1 ) ,  1 0 : 0 ( P ( 0 . 0 1 ) 

a n d  8 : 0  ( P  < 0 . 05 ) . Period means a r e  tabul a t e d  in Appe n di x A - 9  and 
pre s e n t e d  below in ranke d fo rm w i t h  s i gn i fi c an t  d i f f e r e n c e s .  
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T h e  c o n t e n t  o f  1 8 : 1 in m i l k  fa t w a s  s i gn i f i c a n t l y  l o � e r  i� � e � i o d  4 
t han a l l  o t he r pe r i o d s  e x c e p t 5 .  The c o n t e n t  o f  1 6 : 0  ro s e  fairly 

s t e a d i l y  a c r o s s  t h e  l a c t a t i o n  wi t h  t h e  fi r s t  four pe ri o ds ( A�� - K o v )  
s i gn i f i c an t l y  l o w e r than l a t e r  pe r i o d s . �he r e � a i n i n g  c o 8�o � c n t s  -
1 2 : 0 ,  1 0 : 0 and 8 : 0  al l have m e a n s  fo r pe ri o d  4 c o n s i d e ra � l y  i �  e xc e s s 
o f  o t h e r  pe ri o ds . Th e s e  d i f fe r e n c e s  are i n v e rs e l y r e l a t e d  t o  t h o s e  
f o r  t h e  c o n t e n t  o f  1 8 : 1 .  D e s pi t e  t h e  c o n fo unding b e twe e n  s e � s onal 
pe ri o ds a n d  s t age s o f  l a c t a t i o n , analys e s  u s i n g  model FA 3 w e re 
v a l u a b l e  in d e m ons t ra t i n g  h o w  t h e  t w o  c l a s s e s  o f  a c i d s v a r i e d 

t o ge t h e r .  T h e  r e l a t i o n s h i ps a r e  d e s c r ib e d  furthe r w i t h  t he a i d  o f  
c o rr e l a t i o n s  in 3 . 4 . 4 .  

The l o w  c o n t e n t  o f  1 8 : 1 i n  m i l k fat o f  p e r i o d  4 was e xa�i n e d  

u s i n g  d a t a  f r o m  i n fra r e d s p e c t r o pho t o me t r i c  anal y s e s  o f  the f a t  ' 
s a m pl e s . T h e  fat c o n t e n t s  o f  m i l k  from c o ws 1 9  a n d  1 1 8 ( 1 7 we e k s  p . p . ; ,  

5 ( 9  w e e k s  p . p . ) and 2 6  ( 7  w e e k s  p . p . ) w e r e  h i ghe r than in s a m pl � s  

t a k e n  1 4  days b e fore and a f t e r  ( Fi g .  3 . 6  b ) � The d i f fe r e n c e s  w e r e  

l e s s  o b v i o u s  for t h e  f i r s t t w o  c o ws whi c h  appe are d l i g h t e r  i n  
c o n d i t ion . Fi g .  3 . 8  s h o ws t h e  c o n t e n t s  i n  m i l k  f a t  o f  t o t a l  o c tade c e no i c  

a c i ds and t h e  two ge o m e t r i c a l  i s o m e rs a c c o r d i n g  t o  s e a s o nal p e r i o d s  

( d a t e  o f  s a m p l i n g ) . T h e  marke d f a l l  in 1 8 : 1 c o n t e n t  o b s e r v e d  i n  pe r i o d  

4 ,  w h i c h  l e d  t o  t h e  s i gn i f i c a n t  p e r i o d  d i f fe r e n c e s  i n  fa t c o m po s i t i o n ,  

w a s  more a s s o c i a t e d  w i t h  t h e  c i s  t han t h e  t r a n s  frac t i o n .  T h i s  
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SEASONAL P E R I OD 

F i g .  3 . 8 Variations in the c o n t e n t  o f  t o tal , c is and t rans 

oc tadecenoic acids i n  milk fat accordins to seasonal 
;eeriod . 

( S ymbols as in F i g .  3 . 1 )  



sugges ts an o v e ra l l  fall in the inc o rporation o f  o c ta c e c enoic �c i ds 
in the  eland whi c h  may have b e e n  r e la t e d  t o  hydro ge�a t e ci  
polyun s a tura t e d  ac i d s  from t h e  d i e t ( t rans ) , t h e  d e p o t  1 8 : � ac i d �  

( cis and t rans ) or t he d i e tary o l e ic ac i d  and mal:i:r.ary d e s a tt:ra� ior. 

o f  s t e a r i c  ac i d  ( c i s ) . 

When analy s e d  w i t h  c ows � n d  s t ages o f  l a c t a t i o n  u s i n g  �o d c l  ?� 4 ,  

t h e r e  was n o  s i gn i ficant var i a t ion i n  1 6 : 0  due t o  pe r i o d  di f �e r e � c e s  
a l t ho ugh a s igni fi c a n t  ( P < 0 . 0 1 ) varia tion in t h e  c o r. t e n t  o f  1 8 : 0 
was i de n t i fi e d .  

3 . 4 . 4  C o rre l a ti on c o e ffi c ie n t s  b e t�e e n  all pa i rs o f  fa t ty ac i ci  
c o mpon e n t s  w e r e  ob tai ne d fro m t he l i nk e d  s ta t i s t i c a l  proeram 

d e s c rib e d i n  2 . 6 ( Tab l e  3 . 8 ) . 

Tab l e  3 . 8  C o r r e l a t i o n  c o e f f i c i e n t s  ( f ) a � d  � C o a � f i c i c n t 3  o ?  
D�t e rm i n a t i o n *  fo r p� i rs .... . , , 0 !  r'\ l. _:_ f.:  

i I 
1 8 : 0  1 6 : 0 1 4 : 0  1 2 : 0 1 0 : 0 8 : 0  I 6 : 0  ; 4 : 0 I 

1 8 :  1 

. 783 . 1 5 2  - . 5 6 6  - . 677 - . 70 1  - . 63 6  , - . 778 ! c; � c:  

I - . ./ ./../ l I l 
I 
I i 
1 ! 

6 1 . 3% 2 . 3% 32 . C?� 45 . 8% 49 .  2�; 
I 

� o  4'' 1 ' .. , o  60 . 6;;6 I 
') Q  .r,-,; I ; C...... •v � C/.J 

. 0 68 - . 5 6 6  - . 633 - . 6 1 6  - . 60 9  
' I - . 5 0 7  I - . 509 I ' 

1 8 : 0  I I I - G ' /  I 
0 . 5% 3 2 . 1 % 4o .  o:r� 37 :97; 25 ,.., . , 

37 Q o;.·� I • � � �  I 2:J . ')1v  i I 
� ' ?  l - . 1 47 - . 529 - . 6 1 5  - . 6 1 3 1 - . 588  I I 

- . ;, o "- l I 
1 6 : 0  

37 . 6;� 1 I " 2 . 2% 28 . 0% 37 . S;j 34 . 5/& I , - ... _, I I .) "' I /.; 
. 

. 5 2 6  . 428 . 2 97 . 29 9 I . 0 1 8  l 
1 4 : 0  I 

27 . 6% 1 8 .  ::;;6 8 .  87; 9 .  o;.s ! "n l V/J ! 
. 8 45 . 7 1 8  . 6 67 . 3 43 

1 2 : 0 
7 1 . 3/b 5 1 . 576 44 . 5?� 1 1  Q 8?� 

. 8 90 . 8) 6  .. 5 4 6  I 1 0 : 0 
7 9 . 2% 69 . 8% 2 9 . 87� 

• % Co e f fici ent  of De t ermina t i on 1 00 
A 2  . 8 60 . 55 1 = . r 

8 : 0  
73 . 97j 30 . 3% 

. 69 1 
6 : 0  

47 . 8;� I 



The c o rre l a t ion table i s  c l e arly d i v i d e d in t o two  par t s . A c i ds o f  
c hain  length 1 6C and 1 8C were nega t iv e l y  r e la t e d  t o  a l l  s ho r t c �  

l e ngth ac i ds and those o f  l e ngth l e s s  t han 1 4C we re a l l  ?O s i t � v e ly 
r e la t e d  by pairs . The two 1 8C we r e highly c o r r e l a t e d b � t  n e i t t e � 
o f  the m was rela t e d  t o  1 6 : 0  whi c h  was surpri s i n g  c o n s i d e r i � s  t�e 
r e l a t i on s h i p  all thre e h e l d  with the other  ac i d s . C o r re l a t i o n s  

among t h e  s h o r t  a n d  me dium c hain  l e n g t h  ac ids 1 2 : 0 �  1 0 : 0 ,  2 : 0  � � Q  

6 : 0  i n di c at e d  that they var i e d  essent ially as a s ingl e c o�po r. e n t . 
S ummary 

Taken togethe r ,  the c hange s in fa t ty ac i d  c o mpos i t ior.s i n d i c a t e d  

t hat : 

The c o ntent  o f  long c hain a c i d s  in milk fat varied  
b e t ween c ows . Th i s  may have re fle c te d  d i f fe re nc e s  

i n  the c on t ribu t i o n  made b y  d e po t  fat ty a c i ds to 

milk fat . 

� e dium and lon g c ha i n  ac ids var i e d  wi th s tage o f  
l a c tation . Palmi t i c  a c i d  c o n t e n t  ro s e  w i t h  advanc ing 

l ac tation whe reas myri s t i c  ac i d  c o n t e n t  sho w e d  no 
r e gular c hange . 

B o t h  the l ong c ha i n  l ength and short  c ha i n  l e n g t h  I 
a c i ds  varie d  among se asonal periods b u t  pat t e rns 

o f  d i fferenc e s  amo n g  means and the c o rrela �ions 
among pairs o f  c om pone nts indi c a t e d  c on s i d e rable 

i n t e rde pe n de n c e o f  the t wo groups of fat ty a c i d s . 

Whe ther the seas onal sourc e o f  vari a t i o n  a c t e d  

primarily on o ne group o r  the o t he r  c ould n o t  b e  

resolved s ta t i s t i c ally ( see  4 . 2 . 3 ) . 
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3 . 5  Re l a t i o n s h i ps B e twe e n  M i l k C o m po s i t i o n  
a n d  Mammary En zy�e r.. ,.... +- . 0 .J... .' .t-. ....... \... l V l  ..... .l e s . 

A pre l i minary gra phi ca l  e xamina t i o n  o f  t h e  m i l k  and e n zyme 
data in d i c a t e d  that the o n ly o b v i o u s  r e l a t i o n s h i p  was b e t w e e n  the 
c hanges in milk fa t c o n t e n t  a n d  the ac t i v i t ie s o f  a c e t a t e  t h i o k i n a3 e . 

3 · 5 · 1 Li n e a r  regre ss ions were  f i t t e d  o n  28 d ay m e a n s  o f  f a t  c o n t e n t  
( de pendent  v ari ab l e ) a n d  e s t i m a t e s  o f  t h e  a c t i v i t i e s  o f  a c e t a t e 

thiokinase ( in d e pendent  varia b l e ) t a ke n  from ?i g .  3 . 5 b a s  d e s c r i b e d  

in 2 . 6 . R e duct ions i n  t o t a l  v a r i a t i o n  d u e  t o  f i t t i n g  r e g r e s s i o n s  

were  variable a n d  re a ch e d  s ign i fi c an c e  in  t h r e e c a s e s  ( Table  3 , 9 ) . 

Tab l e  3 . 9  

C o w  

1 9  

1 1 8 

5 

2 6  

C ommon 

S i mpl e  l i n e a r  r egre s s i o n s  of m i l k  fa t c o n t e n t  on 
ac e ta t e t h i o k i n a s e  a c t i v i ty ( D.'J.. ) • 

. � b � ' I i � p ll r a :! 

I ' 
0 . 8524 0 . 0 1 7 6 5 . 1 6 4 1 8 . 60 

' 
9 i < 0 . 0 1 * *  

9 0 . 7 4 1 4  0 . 0378 3 . 1 55 8 . 5 4 ! <0 . 05 *  

6 0 . 7 1 03 0 . 0299 4 . 690 4 . 07 I >O . 1 0 ns . 
6 0 . 8 67 8  0 . 0 1 0 4 4 . 1 39 

I 
1 2 . 20 I < o . o5 ·  

29 0 . 5 1 1 3 0 . 0 1 25 5 - 09 3  9 . 9 1 1 < 0 . 0 1 * *  
B e t ·.v e e n  S l o p£_§  F

3 , 2 2 
1 .  80 1 > O .  : o  n s  

ti£2.£gen e i ty o f  V a r i a n c e  ;t = 2 . 6  ( d .  f .  = 3 )  ! ) 0 . 25 r:s 
B e t w e e n  I n t e r c ept s F3 , 25 1 1 . 90 <.0 . 0 1 *"' 

I I 
! I ! ' I i 
I 

i I 
i 
I 
I l J 

( Fo r ;  analyses  o f  varian c e  o f  regres s i o n  - see  Appe n d i c e s  A- 1 0 ,  A - 1 1 ) 

D i f fe re n c e s  be tween . slopes  were n o t  signi ficant s o  � he c o mmon 

r egre s s i on a d e quately d e s c r i b e d  t h e  re lations hi p b e twe en  c ha n ge s i n  

fat c o n t e n t  and the ac t ivity o f  t h e  e n zyme . Hi ghly s i gn i fic an t  

d i fferenc e s  in i n t e rc e p t s  m e a n  tha t the  c o mmon l i n e  c o u l d  no t pro v i d e  

an e s timat e  o f  f a t  c o n te n t  a t  z e r o  en zyme ac tivity . T h e  d i s tribution 

of  e n zyme ac ti vi t i e s ( Fi g .  3 . 9 ) was  s u c h  that  little  e rr o r  would  be  

i n t ro duc e d  by e xt ra po l a t i o n  t o  t h e  o r d inate . The d i f fe r e nc e s  in  

i n t e r c e pt s  c l e arly aro s e  from  cow  2 6  whi c h  had the l o w e s t  fat c on t e n t  

i n  m i l k  t hroughout  the  e xp eri me n t  ( se e  3 . 3 . 1 ) .  

64 
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Fig .  3 . 9  

ACETATE THIOKINASE ACTIVITY 

S i mple linear regressions of milk fat content on 
Acetate thiokinase ac tivi ty. 

( Symbols as in Fig .  3 . 1 )  
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Deviat i on of i n t e r c e pts from z e ro susge s t e d  t h a t  t h e  fi t t e �  
re gre s s ions e xplaine d variation in  only part o f  t h e  �ilk fa t .  

B e c ause the  fat c on t ains fa t ty a c i d s  whi c h reac h e d  the gland 

pre forme d and should bear no re l a t i o nship with �am�a ry ac e t a t e  
thiokinas e , fur ther analyses were  made on m i l k  fa t c o n t e n t  · d j � s t e d  

f o r  fat ty ac i d  c ompo s i t ion as d e s c ribe d b e l o w . 

O n  the bas i s  o f  the s t u d i e s  revi e we d  e arl i e r  in � . 7 a�d 1 . 1 7 ,  
t he milk fat fa t t y  ac ids can b e  c o n s i d e r e d  as be ing o f  three G � O � � s : 

( a )  those  synthe s i s e d  almo s t  e n t i rely wi thin the gland ( C 4 - C 1 � ) , 
( b ) tho s e  reaching the gland pre formed fro m  the b l o o d  ( 1 8 : 0 , 1 8 : 1 ) a�d 
( c )  t ho s e , predominantly 1 6 : 0, assoc iat e d  w i t h b o t h  ( a ) and ( b )  ab ove . 

The pro portion o f  1 8 : 1 and 1 8� 0  in  milk fa t fo l l o w e d  a s i �ilar pat t ern 
of c hanges during the lac t a t i on ( Fi g . 3 . 7  and Table 3 . 8 ) , so it was 
argu e d  that the var iation i n  that frac t i o n  of 1 6 : 0  a r i s i n g  fro� the 

same bloo d l i pi d  sourc e w o u l d  b e  re l a t e d  t o  t he var i a t i o n  i n  the 1 8C 

ac i ds ( se e  pe rfu s i o n  s tudi e s  r e v i e w e d  in 1 . 3 ) . I n d i v i d u a l  c o m p o n e n t s  

in ( a )  we re po s i t i v e l y  c o rr e l a t e d  by  pairs and it  appea r e d  l i k e l y  
that  the frac ti on  o f  1 6 : 0  synthe s i s e d  de � wo ul d b e  s i r:; i l ar 2. y  

c o rre l at e d  w i t h  o the r  ac i ds in gro up ( a ) . That frac t i o n  of 1 6 : 0 
c o u l d  t h e n  b e  e s t i ma te d by : % 1 6 : 0  eR (%�· = 0 % 6 : 0 ? -}- % � s = €) ( E )  • � .,.,. 

1 0 0  
and t he t o tal  fa t t y  ac i d s  

( I )  (1 % 1 6 : 0 ) + • 
1 0 0 

syn t he s i s e d  d e  

� (% 4 : 0  -:-

novo b y :  % 6 : 0  "? . . % � � �� o a ;.p :  ) 
0 1  
/o 

% 
S inc e t h� c ompone n t s  are i n t e rdependent and sum to 1 00% fo r g i v e n  

sampl e s  the re i s  no appro pri a t e  test  to  evaluate t h e  a d j u s t � c n t  u s e d  

above . Ignoring the  minor w e i ght c o n tribution o f  glyc e ro l , m i l k  fat 

c o n t e n t s  we re a d j u s t e d  ac c o rdi ng to ( I I )  and used as t he de pendent 

variable i n  the following re gre s s i on analys e s  ( Tab l e  3 . 1 0 ) . 
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Tab l e  3 . 1 0 S i m p l e l in e a r  r e gre s s i o ns o f  fa t c o � t e n t  C nd�us � 2 d  : � r  

fa t ty a c i d  c o m no s i t i o n )  on ac e t a t e  t h i o k i n a s c  G c t i v i ty 
( DN A ) . 

I , i A s A I I C o w  n r a F I p I I 
I I I 1 9  9 0 . 8203 0 . 0073 2 . 9 1 4  l 1 4 . 39 < 0 . 0 1 * "  I 

1 1 8 9 0 . 5464 0 . 0204 1 .  8 1 9  2 . 9 8 I > o .  � o  ::lS I 
i 

5 6 0 . 4949 0 . 0 1 63 2 . 835 1 . 30 ! > 0 . 25 ,., ,. I · • .::> 
2 6  6 0 . 85 4 1  0 . 008 1 1 .  9 4 1  1 0 . 79 I ! I < 0 . 05 "' I 1 

C ommon 29 0 . 32 2 1  0 . 0049 2 . 9497 3 . 2 4 I < O .  i O  ! I ! 
B e tw e e n  S l ope s F

3, 22 
o . 8o > 0 . 25 r:s i I Homo,�ene i t;y o f  Var i a n c e  x: 4 . 6 ( d .  f .  = 3 )  > 0 .  : o  ns 

B e tween I n t e rc eEt s  F
3 , 25 

1 1 . 90 < 0 . 0 1 * *  I i 
( Fo r  analyses  o f  varianc e o f  regre s s i o n  - s e e  A ppe nd i c e s  �- 1 2 ,  A- i 3 )  

C o mpari s o n  o f  the two s e t s  o f  analys e s ( Tables 3 . 9 ,  
3 . 1 0 )  shows tha t fo r all c o ws there was a fall in the e xt e n t  t o  

which re gr e s si ons  o n  ac e tate thiokinas e ac t i v i t i e s  e x p l a i n e d  vari a t i o n  

i n  fat c o n t e nt w h e n  t h e  lat t e r  was ad j us t e d  to t h o s e  fatty ac �ds 
synthe s i s e d  wi thin the glan d .  S i gn i fi c an t  di fferenc e s  e xis t b e t � e e n  
t h e  inte rc e p t s  for t h e  four c o ws , b u t  o v e rall c ompar i s o n  o f  the l ine s 

show tha t  e l e va t ions we re reduc e d  approximately two fat pe r c e n t a g e  

uni ts  by the adj ustme n t . The frac t i o n  o f  fat c o n t e n t  s t i l l  no t 

a c c ounte d fo r poss ibly aro s e  from non -ac e tate  sub s t ra t e s  such as 

the 4C a c i ds . The s e  subs trates woul d be expe c t e d  to  c o n t r i b u t e  t o  

short and me dium chain l� ngth ac ids ( e . g .  S um [%4 : 0  + %6 : 0  + • • • •  
+ %1 5 : 0] )  b u t  make a negl i gible c o n t r ibution to any o f  the  me dium t o  

l ong c hain ac i d s  consi de re d  alone . I n  an a t t e mpt to  de te rmine this 

possib i l i ty , two furthe r r e gre s s ions were fi t t e d  using as the 

de pendent variab le  ( a ) the c on t e n t  in  milk o f  1 4 : 0  and ( b )  t h e  c on t e n t  

in m i l k  o f  a l l  ac ids o f  c hain l e n g t h  l e s s  than 1 6C ( Tab l e  3 . 1 1 ) . 
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Tab l e  3 . 1 1  ( a ) S i m n l c  1 i n e a r  regre s s i o n s  o f  t h e  c c r�.. t c· � t  c :  J l� : O  
i n  r.1 i l k  o n  a c e t a t e  t h i o k i n a s e  a c -:: i v i -:: v ( D� : :  .. ) . 

l I I ! 
C o w  

- b I - I F I D n r a I I j ! I I ! 

I i l 
1 9  9 0 . 8285 0 . 0025 0 . 8 1 5 1 5 . 33 i < 0 . 0 '1 ,. "' 

i 
I I 1 1 8  9 0 . 69 1 3  0 . 0079  0 . 324  6 . 4 1  l < 0 . 05 *  j 

5 6 0 . 4 1 94 0 . 0032 0 . 825 0 . 85 > 0 . 25 l I .r. ! U  I . 
I 

2 6  6 0 . 73 1 7  0 . 002 1 0 . 562 4 . 6 1  I 0 . : 0  ! I l 
( b ) S imule l i ne a r regr e s s i o n s  o f  t h e  c o n t e n t  o f  3 C i d 3  

c ha i n  l e ngt h l e s s  than 1 6C i n  � i l k  o n  a c e � a t c  

t h i o k i n a s e  a c t i v i ty. 

,.. b ,.. I ! C o w  n r a F I p 
I 

1 9  9 0 . 7541  0 . 0048 2 . 3 1 1  9 . 23 � 0 . 05' "  I ' 
1 1 8  9 0 . 433 1 0 . 00 1 7  1 . 703 "1 . 62 > o .  "1 0  n s  I 

! 
5 6 o . 45 1 3  0 . 0 1 1 5  2 . 2 1 3 1 .  02 / 0 . 25 ns I 

I 
2 6  6 0 . 4876 0 . 0032 1 . 585 1 .  25 ;> 0 . 25 l ! ... S f 

( For analyse s  o f  varian c e  o f  re gre s s i o n  - s e e  A ppe nd i c e s A- 1 4 ,  A- 1 5 )  

The c o rrelat ions in Tabl e  3 . 1 1  indicat e d  that variations  i n  t h e  

dependent variabl e  in ( a ) were  somewhat b e t t e r  e xpla i n e d  by  the 
re gres s i ons than was the de p en dent  variab l e  i n  ( b ) . 

Summary : 

Par t  o f  the var i a t i o n  in the c on t e n t  o f  fa t in  m i lk 

could be  e xpla i n e d  by linear regress ions on  the 

ac t iv i ty of mammary ac e ta t e  thiokinase . 

Ad jus tment o f  m i l k  fa t c on t e n t  for the  frac t i on o f  

fat ty a c i ds d e r i v e d  from t he b l o o d  l i pids d i d  n o t  

improve t he r e l a t io n s h i p  b e tween t h e  t w o  variab l e s  

but di d  ac c ount f o r  a po rtion o f  es t imat e d  fa t c on t e n t  

a t  zero e n zyme ac tivi ty . 

Ano ther part  o f  the fat c o n t e n t  remaining unexplaine d 

may re flac t fatty ac i d s  syn th e s i s e d  from s ub s t ra t e s  o ther 

than ace tate . 



C ha p t er  Four DISCUSS ION 

4 . 1  D i s c u s s ion  o f  M e thods  U s e d  

4 . 1 . 1  D e s i gn 

The ma j o r  fac t o r  i n fluencing the  d e s ign o f  the  e xp e r i m e n t  \/as 
the time and fac i l i t i e s  availab le  to the author ( s e e  2 . 1 ) .  S o �e 

six months were s pe n t  in pre l i minary work and e v e n  t h e n , the assay 
of one e n zyme - ac e ty l  CoA c arboxyl a s e  - was not dev e l o p e d  

su f fi c ie n t l y  to  be u s e d  during the  e x pe rimen t .  O nly t w o  c o ws c ould  

be sampl e d  e ac h  day an d ,  by  o pe rating on two  c o n s e c u t i v e  day s , e n zyme s 
from four c ows c ould  be  assayed on t h e  two days o f  sampling a n d  t . e 
DNA extrac t s  pre pare d for analy s i s  on  the third . 

Vari a t i o ns in milk c o mpo s i t i o n  a r i s ing fro m c hanging n u t ri t i o n  
w e r e  ex pe c t e d ,  so  c ow s  calving at two  da t e s  were  c ho s e n  in an a � t e mpt 

to s e para t e  e ff e c t s  due to di ffe r e nc e s  in s t a g e s  o f  lac t a tion 

( phys io l o g ic a l )  fro m  those due  to s e a son  ( mainly n� t r i t i o n ) . D e s pi t e  

this a t te m pt , t h e  c alving i n t e rval be tween the t w o  gro ups was no � 

su f fi c i e n t  for the s e rious und e r fe e di ng in the late  s �mme r t o  o c c � r 

at  e ffe c t iv ely  di f fe re nt  s tage s  o f  lac tation . An al t e rna t i v e approac � �  

t o  house t h e  c ows and fe e d  a die t c hanging only in quant ity a c c ording 

t o  produc t i o n , wo uld  have igno r e d  an importan t  sourc e o f  varia tion . 

4 . 1 . 2 S urgical B i o psy Me t ho d  

The m e tho d de s c ri be d  he re i n  appe are d suitable for r e pe a t e dly 

ob taining s ma l l  ( 0 . 5  - 1 . 0 g )  sample s of t i ssue from c ow s ' udde rs 

wi thout s e riously in fluencing milk produc tion . Previously pub l is he d  

me thods ( Hi bb i t ,  1 9 64 ; Marx & Caruo l o , 1 9 63 ) e nabl e d  m u c h  larger 

sampl e s  to  be  obtained but the s e v e r e  d e pression. in milk  pro d�c t ion 

whic h fol l o w e d  surg e ry pre v e n t e d  the i r  use  in t he pre s e n t  s t udy where  

a re l iable measure  of  milk pro duc t i o n  was  required . The me thod 

desc rib e d  was not e valua t e d  with re s pe c t  t o  ob taining a wholly 

r e presen t a t i ve sample of the  t o tal s e c re t o ry mass . Thi s  would have 

invo lved mul t i ple  sampl ings o f  all quart ers pre ferably in c o n j unc t i o n  

w i t h  exc i si o n  o f  t h e  glan d ,  i t s  d i s s e c t ion and random s ampl ing o f  

t he s e c r e t ory parenc hyma . The author could  n o t  jus t i fy t he sac r i f i c e  
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o f  one or more lac ta ting c ows to mee t t h i s  re quire me n t . The Gymm e t r y  

of c hange s i n  enzyme ac t i v i t i e s  over the early s t a ge s of l a c t � t ion 
sugge s t e d  t ha t  the sampl e s  taken might we l l  have b e e n r e p r e s e n t a t i ve 

o f  the gland as a whole , b u t  c aution was required w i th all in ferenc e s  

drawn fro m the b i o c hemical d a t a  ( s ee b e l ow ) . 

I n  gene ral , the extent  o f  di ffic u l t i e s  e n c o u n t e re d  during 

indiv idual o pe ra t i ons was re fl ec t e d  in t he degree by whi c h  m i l k  
produc t i on i n  th e  o pe ra t e d  quarter  was  d e pre s s e d  in the follo wing fe w 

days . The main re quirem e n t  from a surgical  s tan dpo i n t  was to avo i d  

r e gions o f  heavy vas c ul a ri sa t ion a s  c o mpl e t e  hae mo s t a s i s  w a s  d i f fi c u l t  

t o  e ff e c t .  The fore quar t e rs i n  the region d e s c r i b e d  w e r e  s a m pl e d  fo r 
t h i s  reason but  ano ther sui table s i te would be t he m i d - a n d  l o w e r ­

c audal region of t he udder a s  us e d  by Hibb i t . R e generation o f  f i b r c u s  

t i s sue into  b i o psy s i t e s  i s  rapid ( Marx & C aruo l o ,  1 9 6 3 )  henc e 

previously o pe ra t e d  s i t e s  ne e d  t o  b e  avo i de d  ( c . f . 3 . 1 . 1 ) .  

Enzyme As says 

O pt i c al methods , mo di fi e d  from the originals by inc reased l e v e l s  

o f  s ub s t ra t e s  and c o fa c t o rs , were sui table for pro duc t  ac c umula t i o n  
a s s ays in the pres e n t  s tu dy . The  ma j o r  d i ffi c u l ty in t h e  � s e  of  

e n zyme de t e rmina tions pe r formed in  v i t ro lies  i n  inte r pre t a t i o n  

t o  t h e  o v e r a l l  pat hway o r  i n  v i v o  s i tuation . �he mamma ry g l a n d  

c ompr i s e s  s e ve ra l  d i f fe re n t  cell types - s e c re tory e p i thelium , a d i po s e ,  

vas c ular  and conne c t ive e l ements - and i n fo rmation i s  re qu i r e d  s o l e ly 

o n  the firs t o f  these . A l l  tissues c o n t ribute to the to t al e n zy m e  

' po o l ' a c c ording to t he t i s sue c ompo s i tion and the en zyme c o mp l e m e n t s  

o f  eac h .  As a resul t ,  pre d i c t ion  o f  r a t i o s  o f  t w o  o r  m o r e  e n zyme 

a c t i vi ti e s  in the t i s s u e  o f  i n t e r e s t  would be qui t e unre l iable �nl e s s  

i t  is known a priori  ( a ) that t he enzymes are  c o n fine d  to the  given 

t is s u e  or  ( b ) that c hange s in the ac t i v i t i e s  o c c u r  only i n  t ha t  t i s sue . 

The firs t c ondi ti o n  i s  me t in lac tating mammary t i s s u e  a t  pre s e n t  only 

for s e le c t e d  e n zymes o f  l a c tose synthe s i s , but  t he s e c ond  c on d i t i o n  

c an probably be assume d fo r t h e  e n zymes o f  the ma j o r  syn the t i c  pa t hways . 

Mammary e n zyme s are sub j ec t t o  b o t h  ac t ivation  and induc t i o n  

c on trols ( Emery & Baldwi n , 1 96 6 )  so the in te r pre t a t i ons o f  c hange s a n d  



t he i r  c ause s  is made more di ffi c ul t . Emery & Bal dwin a t � e m p t e d  t o  
m e asure turno v e r  ra t e s  o f  mammary e n zymes  i n  rats pre v i o u s l y  
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i n j e c ted w i t h  c 1 4 -labe l l e d  amino a c i d s , u s i n g  immun o l o g i c a l  s e par& t io �  
o f  e n zyme pro t e in s . T h e  pur i ty o f  t h e  e n zyme s u s e d  t o  r a i s e  t h e  
a n tis era a n d  h e n c e  t h e  s pe c i fic i ty o f  t he l a t t e r  were n o t  firmly 
e s tablished s o  the i r  re su l ts  may not be reliable b u t  the t e c hn i qu e  

c o uld be deve l o p e d  as a use ful ad j unc t to en zyme a s s ay s , per formed 
po s t  mortem as in t h e  roden t spe c i e s . Ano ther suppl e m e n tary appro a c h  
inv o l ves  the  measure m e n t  o f  tissue  m e t ab o l i t e levels  ( :Oaldwin e t  al , 
1 9 69 )  but when c on s i d e r e d  alone , t h e s e  me thods have inte rpre t i v e  

d i f fi c ul t i e s  s imilar t o  tho s e  d i s c us s e d  a b o v e  f o r  the  en zyme assays . 

4 . 1 . 4 DNA D e t e rmina t i ons 

The mo d i fi e d  Burton ( 1 95 6 )  pro c e dure was qui t e  s a t i fa c t o ry 

fo r the measurement o f  d e o xyribonuc l e i c  a c i d  in b o vine mammary t i s s u e . 

Munfo r d  ( 1 96 3 )  found no i n te rferenc e w i t h  the d e t e rm i n a t i o n  f r o m  a 

range o f  sugars whi c h  c ould be pre s e n t  e i t he r i n t rac e l l u l arl y o r  i �  

r e t aine d mil k .  DNA i s  the mos t sui table  base for the e x p r e s s i o n o f  

e n zyme ac t i v i t i e s  i n  this type o f  s t udy a s  the ra t i o  o b t a i � e d  

a pproxima t e s  a p e r  c e ll  ' c o n te n t ' .  O t her bas e s  s u c h  as the w e t  o r  dry 
we igh t o f  t i s sue , e x t rac tab l e  pro t e in o r  t o tal n i t r o gen are l e s s  

s a t i s fac t o ry b e c ause o f  variable amoun ts o f  re tained m i l k  pre s e n t  i n  
t he t is s ue s ampl e .  A l t hough c o rre c t i ons , bas e d  on l a c t o s e  c o n t e n t ,  

have b e e n  u s e d  t o  a c c ount for re taine d milk , they are n o t  e n t i re ly 
s a t i s fac t o ry for analy tical reasons ( Munford , 1 9 66)  and  �here  r e m a i n s  

a proble� i n  part i t ioning t he lac t o s e  in retained  m i lk from that 

pre sent  i n t ra c e llularly in non- s e c re t e d  form . 

S imilar c omme n t s  t o  those  d i s c uss e d  in 4 . 1 . 3 apply when us in g DNA 
as a me tab o l i c  base . I f  c e lls  n o t  c on t ri b u t ing to t he en zyme ' po o l ' 

inc rease i n  numb e r ,  DNA c o n t e n t  r i s e s  and en zyme ac t i vi t i e s , as ra t io s , 

fall . Be t w e e n  sample errors c an t h e n  arise t hrough c hanging t i s sue 

c o mpos i ti o n . O th e r  c ri t ic isms of the  use of DNA as  an index  o f  

mammogenic  and me tab o l ic s tatus , more fully d i s c u s s e d  b y  V.un ford 

( 1 964)  and J o n e s  ( 1 9 69 ) , are not re l e vant t o  the use  made o f  DNA 
levels in the  pre se n t  s tudy . 



4 . 2  D i s c u s s i o n  o f  E x P e r i m e n tal R e su l t s  

4 . 2 . 1  Changes i n  B i o c he m i c al Parame t e rs 

The fal l  in the c o n t e n t  o f  D�A in b i o psy sa�pl e s  f o l l o w i n g  
c alving pro bably ·re fl e c ts hype rtrophy o f  e x i s ting c e l l s  rat h e r  than 
hypoplas tic c hange s in the gland as a who l e . Tne hyper tro phy c o u l d  

h a v e  acc ompani e d  po s t -par tum deve l o pme n t  of ma m mary c e l l s  an d an 
inc rease in c y to pl a sm w i t h  the e s tablishment  o f  maximum s e c r e t o ry 

e f for t .  The inc reas e s  in DNA c o n t e n t  whi c h  fo llowe d from a b o v e  

indicates e i t h e r  ( a ) dec reas e s  i n  c e l l  s i ze a s s o c i a t e d  pos s i b l y  with  
d i minishing s e c re t o ry ac tivity or ( b )  p o s s i b l e  in c re as e s in c e l l  

numbers wi t h  advanc ing lac tation . 

C hange s i n  c e l l  dynami c s  have n o t  b e e n  c harac t e r i s e d  in t te 

l a c tating mammary glands o f  ruminan t s  d e s p i t e  a large r e s e a r c h  e f f o r t  

in the ro d e n t  s p e c i e s  ( Mun ford , 1 9 64 ; Traurig , 1 9 67 ; Tucke r ,  1 9 69) . 

Pul s e  lab e ll i n g  o f  �ammary DN A by i n j e c ting H3- t hymidine as u s e d  by 
Traur i g ,  w i t h  a surgi ca l  b i o psy me thod such as that d e s c r i b e d  h8re 
c o uld be c ombined t o  ob tain some e s t im a t e s  of m i t o t i c  ac t i vi ty in 

lac tating udde rs of farm animal s . 

The c hang e s  in e n zyme ac t ivi t i e s  r e po r t e d  in 3 . 2 . 2  are the fir s t  
d e t e rmina t i o n s  made through c o mpl e te lac tations i n  c o ws . Bald�in ( 1 96 6 )  

measured DNA c on te n t  a n d  the ac t i vi t i e s  o f  hexokinase , gluc o s e - 6 -

phosphate  d e hydrogena se , UDPgluc o s e - 4 ' - e pime ras e and  glyc e rol phc s p�ate 

d ehydro genase inter alia in bovine mammary sampl e s  taken e arly in 
lac tat ion . H e i fers were  sampl e d  using Hibbi t ' s  ( 1 9 6 4 )  me thod  1 4  days 
pre -pa r tum , a t  parturi ti on and a t  3 ,  1 0  and 35 days po s t - pa r tu m .  

Results  w e r e  pre s e n t e d  a s  means for 2 - 1 1  determina tions  a t  e a c n 

s t age and Baldwin found no si gni fi c an t  di ffe renc e s  ( me t h o d s  o f  t e s t i n g  

not s ta t e d )  in e nzyme ac t i v i t i e s  o v e r  the first 35 days o f  lac t a t i o n . 
He c o mpar e d  t he ra t i o s  o f  the a c t i v i t i e s  o f  UDPgluc o s e -4 ' - e pime rase : 

fa tty ac i d  syn the tase  in mammary e x t rac t s  from ra ts , guinea pigs 

and c ows w i t h  ra t i o s  of lac tose : fa t  c on t e n t s  in milk ( va l u e s  taken 

from Biochemi s t s ' Handbo o k  - Long, 1 96 1 ) and c l aimed  a c o rr e l a t ion 

among the  pai rs of  ratios . Fo r t h e  reasons advanc e d  in 4 . 1 . 3 , the 

pre s e n t  author c o n s i d e r s  t ha t  this  type o f  c o mpari so n is unlikely to 

yield use ful i n formation on in vivo r e l a tionshi ps . Bal d wi n ' s  re sul ts 
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agree in part w i t h  those  o f  the pre s e n t  s t u dy inso m u c h  tha t  the re  w e r e  

no s i gn i ficant c hange s in e n zyme ac t i v i t i e s  over  the firs t t w o  s tage s ,  

c o rre s ponding roughly to Baldwin ' s  las t t w o  samples . 

Longer te rm c hanges d i d  o c c ur  in the a c t i v i t i es o f  all e n zym e s  
( s e e  3 . 2 . 2 )  al though di f fe renc es  among s t ages o f  lac t a t io n  fa i l e d to 

reach sign i fi c an c e  e xc e p t in the case  o f  h e xokinase . Di ffe r e n c e s  

b e tw e e n  c ows were s ta t i s t i c ally signi fi c ant f o r  thre e e n zyme s 
indic a t ing the dange rs i n  using mean value s o b tained from s e v e ra l  

animal s . D e s p i t e  t h e  l a c k  o f  s ta t i s t i c a l  s igni ficanc e ,  the symme try 

o f  c hange s illus tra t e d  in Fi g .  3 . 5  a sugg e s ts c hanges  in  the c a pac i ty 

o f  mammary tissue  to me t ab o l i s e  gluc o s e  a t  di fferent s tage s  o f  

l ac t a t io n . The re we re no obvious re l a t i o n s hi ps be twe en  c hanges in 
any o f  the thr e e  e n zyme s ' ac t i v i t i e s  and milk compo s i tion wi t h  s tages  

o f  l ac tation . Whe n  data we re  c o n s i d e r e d  toge the r wi thin c o ws , t he 

d i f fe renc e s  among c o w  means for the a c t i vi ty o f  UDPglu c o s e - 4 ' - e pime rase 

c o rr e s ponded t o  the d i f fe renc e s  amo ng c o w  means fo r l a c t o s e  c o n t e n t  in 

milk ( s e e  3 . 2 . 2  and 3 . 3 . 1 ) .  The enzym e s  whos e ac tivi t i e s  are s hown 

i n  Fig .  3 . 5  b fo llowe d  le ss  regular c hange s b u t  de spi t e  the l a c k  o f  

s ign i ficant di ffe r e n c e s  among s t age s o f  l a c t a t i o n ,  po s i t i ve r e l a tion­

s hi ps were e s tab l i s h e d  be tween a c e t a t e  th i okinase ac t i v i t i e s  and 

c hanges in milk fa t c o n t e n t  for all c o ws . Gluc o s e - 6 - pho s pha t e  

d e hy drogenase , t h e  e n zyme c o n c e rned gene rally in syn the t i c  pro c e s s e s  

( s e e  2 . 1 )  was re l a t e d  o n  a c o w  bas is w i t h  who le  lac t a t io n  m e a n s  for 

fa t and pro t e i n  c on t e n t s . There were no  r e l a t ionshi ps b e twe e n  the 

a c t iv i ty o f  the d e hydro genase and any o f  the milk c o nsti tuen t s  when  

c om pared ;' on a s tage o f  lac tation bas i s . 

S in c e  i t  i s  n o t  ge ne rally b e l i e v e d  that UDPgluc o s e - 4 ' -epimerase 

o r  gluc o s e - 6-phosphate dehydro genase ac t i v i t i e s  are  rat e  l i m i t ing 

fo r the synthe s i s  o f  any of the milk c ons ti tuents , it was s u rprising 

t o  find e ve n  the w e ak rela tionships i n d i c ate d above . General 

agr e e m e n t  tha t a c e t a t e  is the  ma j o r  l i pogenic  sub s t r a t e  in t he 

ruminan t mammary gland ( Fo l l e y  & McN augh t ,  1 9 61 ) and i s  o f  gre a t  

i mportance  i n  t he e ne rgy me tabolism  o f  these  s pec i e s  ( Blaxt e r ,  1 9 6 2 )  

h ighlights t h e  po s s ible  r o l e  o f  a c e t a t e  t hi okinase as  a regulator .  

The re are n o  known physi o l o g i c al c on t r o l s  o pe rating o n  any o f  th� 

t h i okinas es  whic h  is surprising i n  l i gh t  of the ir i mpo r tanc e in l i pi d  
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me tab o l i s m  i n  all mammal ian s p e c i e s  ( Fri t z , 1 9 6 1 ) . I f  the r. u t r i : i o n a l  

c o n c e p t  ( Ro o k , 1 96 1 ) that a c e t a te availab i l i ty i s l i m i t i n g  fo r m i l k  

fa t synthe s i s  has any subs tanc e ,  it  migh t  be expe c t e d  t h a t  t h e  ac t i v i ty 

o f  a c e tate  thiokinas e i n  mammary t i ssue c ould be ra t e  l i � i t �ng fo � 
the  synthe t i c  pa thway . I t  mu s t  be s t re s s e d  howe ve r ,  tha t a l l  

available e v i d e nc e ,  alb e i t  fro m  rodents ( J ones , 1 96 9 ) , indi c a t e s  

that  a c e tyl C o A  c arboxylase  i s  t h e  limi ting e n zyme a n d  failur�  t o  

m e asure i t s  ac tivi ty in t h e  p r e s e n t  expe riment  s e ve r e ly res tri c ts  

fur t h e r  d i s c us s i o n  of  th i s  i n t e r e s ting que s ti o n  

4 . 2 . 2  C hanges in Mi lk  Pro duc t i o n  

The aim i n  s e le c t ing c ows l ikely to have h a d  d i v e r g e n t  milk yie l d s  

a n d  c ompos i t i ons was obvi o usly me t ( s ee  3 . 3 . 1 ) .  Va ri a t io n s i r.  milk 
produc t io n  we re analy s e d  on  a cow and s tage o f  l ac t a t i o n bas i s for 
c o mparisons with the b i o c h e m i c al da ta and on  a s e asonal bas i s  in  a r.  
a t t e m p t  to ad jus t fo r t h e  marked e f fe c t  of c han ging nutri t i on on the 

c o n t e n t s  o f  fa t and pro t e in i n  mi lk . Variat ions a r i s i n �  fr o �  

d i f fe renc e s  among s tage s of  lac tation an d s e a s o nal p e r i o d s  w e r e  

h o w e v e r  c o n founded t o  an inde t erminate degr e e  as d i s c u s s e d  i �  4 . 1 . 1 .  

The c hange s in milk y i e l d  and c o mpo s i t i on w i t h  s t a ge o f  l a c t a t i o n , 

i gnoring s e asonal e f fe c ts , we re  fa irly typic a l  o f  c a t t le gra z i n g  
pas t ur e  ( J o hansson & C la e s s o n ,  1 957 ) e x c e p t  that t h e  co n t e n t  of  fa t 
and pro t e i n  rose s harply fro m  shor tly a f t e r  c a l v i n g .  O v e r r i d i n g  t : e 

pa t t e rn o f  c hanges w i t h  advanc ing lac t a t i o n  was the s harp e l e va t i o n  

i n  fa t c o n te n t s  o v e r  the  l a s t  three s e asonal peri ods . V.ilk  fa t 
c ompo s i t ion s  ( s e e  be low  - 4 . 2 . 3 ) an d gene ral o b s e rvation i n d i c a t � d  

t ha t  t h e  c hange s in fat c o n t e n t  we re t he re s u l t  o f  a c o mb ina t i o n  o f  

c hron i c  unde r fe e ding and drying o ff s i nc e the c on t e n t  o f  pro t e i n  in 

milk ro s e  rather than fe l l  over those periods . 

4 . 2 . 3  C hange s in Mi lk  Fa t Fat ty Ac i d  Compo s i t i ons  

S in c e  variat ions i n  the  c o mpos i t i on of  m i l k  fat  from d i ffe r e n t  

c ows  w e r e  e xpe c t e d , analys e s  were made on  sample s  from individuals 

and not  o n  poo l e d  fat s  as in t he studies o f  D e c ae n  & Adda ( 1 9 6 6 )  

a n d  S tull e t  a l  ( 1 9 66) . D i ffe re n c e s  i n  c o mpo s i tions f o r  indi vidual 

c o ws were ide n t i fi e d  ( se e  3 . 4 . 1 )  and the ma j o r  c om po n e n t s  involve d 



w e re the 1 8C ac i ds d e r i v e d  from the b l o o d  l i pids . S i n c e  t h e re � a s  
no  reason to b e l i e v e  tha t the c ows re c e ive d d i f f e r e r. t  n u t r i t i o '-al 

t reatment during the e xperime nt , the resul t s  indicate  e i the r ( a )  
c ow to c o w  varia t i o n  in the c ontribution  made by d e po t a c i d s  t o  � i � k  

fat or ( b ) varia t i o ns i n  the mammary u t i l i s a t ion of t h e s e  a c i d s . 

W i de variat ions in m i l k  fat c o n t e n t  among c a t t le  ac c o r d i & g  t o  b re e ds , 

ages and individua l s  are w e l l  re c o gn i s e d  and ac c o rdi ngly i t  i s  r e a s o n ­

able t o  e xpe c t  gene t i c a lly based d i f ferenc e s  in l ipi d me tab o l i s m  
amongs t individual s .  The gl ucose  - insulin - l i polysis inhi b i t i on 

the ory o f  McClymo n t  & Vallan c e  ( 1 9 62 ) d i s c u s s e d  in 1 . 1 4 ,  i s  an 

a t t rac tive e xplana t i o n  fo r the e f fe c t s  o f  ' fa t  d e pre s s i n g  di e t s ' ar.d 
t he physi o l o gi c al me c hanism ac tively invo l v e d in the r e s po n s e  c o uld 

vary from animal to animal . Vari a tions in t h e  c ontent  in milk fat o f  

t he 1 8C acids  in t h e  pre s e n t  experiment c o u l d  b e  as s o c i a t e d  w i th 

d i f fe renc e s  in the  e x t e nt o f  depo t re s e r ve s ,  the i r  e x posure t o  an d/or 

r e s ponsiveness to l i po lytic  in fluenc e s .  

C hange s in fat c o m pos i t ion following c al v i n g  d i d  n o t  fol l o w  the 

s mo o t h  pa t te rns provi de d  by the data o f  D e c aen & A d da ( Fi g .  1 . 2 ) ,  b u t  

the c o ws in the Fre n c h  s tudy were c al v e d  i n  h i gh c o nd i t i o n  ( 620 : 'g)  

and fed under ve ry c on t ro l l e d  c on d i t i ons  during lac t a t i o n . The 
some what higher pro portions o f  1 8 : 1 and 1 8 : 0  in  milk fa t a ft e r  t h e  

ini t ial s tages in t h e  pre s e n t  experime n t  a r e  c onsi s t e n t  w i th the 

ge ne rally lower plane of nutri tion  and pr e s umab ly gre a t e r  c o n t r i b u t i o n , 

o v e r  a l onger time , o f  body fat fa t ty ac i ds to milk fat . The  inc reased 

c o n t e n t  of  this frac t i o n  i n  the late summe r and early autumn per i o d s 

were use d to c on firm that the c hange s in m i lk c ompo s i t ion a t  that 

time were part ly due to und e r fe e ding . The mos t  co ns i s t e n t  c ha n ge  in 

the milk fat c ompon e n e t s  with advanc ing lac t a t i on was the inc rease  in 
the c ontent  o f  palm i t i c  a c i d  ( 1 6 : 0 ) . Thi s  was similar to the r e s u l ts 

o f  D e c ae n  & Adda ( Fig .  1 . 2 )  but qui t e  d i f f e r e n t  from t h o s e  o f  S tull  

et  al . T he  marke d s e aso nal i n flue n c e  o n  t h e  c o n tent o f  prac t i c al l y  

all  c o mponents  a r o s e  from the abno rmal c o m po s i t ions re c o r d e d  in 3 . 4 . 3  

and Fig .  3 . 8 .  The c o mpo s i t ions , wi th l o w  pro po rtions o f  long chain 

l ength  ac ids , w e re s imilar to those seen on  fa t depre s s i ng d i e t s  

( M c C arthy £1 al , 1 96 6 )  b u t  e le va t e d  fat c ontents  d i s c ount t h i s  type 

o f  nutritive c au se . S i n c e  1 8 : 1 ,  1 8 : 0  and 1 6 : 0  we re the ac i ds mos t 

obviously a f fec t e d ,  re c i procal c hanges i n  the c o n t e n t  o f  sho r t e r  

c hain  l e ngth ac i d s  w e re c o n s i d e r e d  s e c o ndary ( see 1 . 1 6 ) . The i n fra-
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r e d  s pe c t ro pho tome tri c  d a ta ind i c a t e d  t h a t  the c i s -u n s a t u r a t e d  ra t h e r  

t han t h e  trans-unsatur a t e d  frac tion  w a s  re spo n s i b le fo r t h e  fa l l  i n  

t o tal oc tade c e n o i c  ac i d s . S i n c e  t h e r e  a r e  no kno wn fac t o rs a f fe c t i n g  
mammary d e s a tura t i o n  ( s e e  1 . 3 )  o t her t han the  availab i l i ty of  s ub s t r a t e  
( mainly 1 8 : 0 ) , the results indi cate  e i th e r  a pro found c han ge � n  the 
d i e t  o r  an  a l t e r e d  l i pi d  me t abo lism o f  the c o ws . No r e c ord  was �ade 
o f  day t o  day fe e di ng c on di tions but the d i re c t  relat ionship b e twe e n  

t h e  e x t e n t  of  c hange s i n  c ompo s i t i o n  and the c on di t ion o f  the  c o ws 

( 3 . 4 . 3 ) favours the s e c ond po ssible e xplana t i o n . C ha nse s in l i pi d  

me tabolism involving l ipolysis in adipose  tissue  wi t h o u t  dras t i c  

d i e tary c hanges c o u l d  s ti l l  e xplain t he l e s s  marked fall i n  t h e  c o n t e n t  

o f  t h e  t rans-uns atura te d a c i d s  s inc e t h e  d e po t  l i pids c on t a i n  � he t r�� s 
i s o m e r  o f  o c tade c e n oi c  a c i d  ( Hi l di t c h , 1 95 6 ) . 

Weathe r r e c o rds c o l l e c t e d  by D . S . I . R .  G r a s s l ands D i v i s i o n  s howe d 

s t rong t o  gal e forc e N W  winds o n  the day be fo re and day o f  s am pl i n g  

t h e  milk w i th ab n orma l c o m po s i t ions . The s i m i lari ty o f  c ha n g e s in  

fat c o mpo s i tion w i t h  the  c hange s i n  fa t prope r t i e s  whi c h  fo l lo w e d  

the  in j e c t ion  o f  ACTH t o  grazing c a t t l e  ( C ampbe l l ,  Dave y , � c D o w a l l , 

W i l s o n  & Mun ford , 1 9 64 ) sugge s t e d  tha t c hang e s  in fat c o mpo s i t i o n  

may have b e e n  t h e  re s u l t  o f  some type o f  ' s t re s s ' - po s s ib l y  a s s o c i a t e d  

w i t h  t h e  s trong wind . Fur the r s tudy is r e qu i r e d  t o  e xamine the m o d e  

o f  a c t ion o f  ' s tre s s ' fac tors  in c hanging the c ompo s i t ion  o f  m i l k  

as  t h e  l i polyti c  ac t ion  o f  AC TH in ruminants ( Radl o f f  & S c hu l t z ,  1 96 6 )  
w o ul d  b e  expe c t e d  t o  e l e va te  the c o n t e n t  o f  t h e  d e po t  d e r i v e d  a c i ds 

i n  milk fat leading t o  h i gh io dine value s ,  and no t the  reverse  as  

w as  t he  c'ase  in the s tudy o f  Campb e l l  et  al and probably in t h e  pre s e n t  

s tu dy . 

R e s u l t s  from the pre s e n t  s tudy c l e arly i l lustrate the mark e d  

sample t o  sample varia ti on  in t h� c o mpo s i t i o n  o f  milk fat from graz ing 

c a t tl e . �hils t vari a t i o n s  in pasture  c o mpo s i t i on c o u l d  be expe c t e d  to 

a f fe c t  the c ompo s i t i o n  o f  fat through ( a) the pro v i s i o n  o f  l o ng c ha�n 

l e ngth a c i d s  d e r i v e d  from the pas ture l i pi d s  ( Hawke , 1 96 3 ) , 

( b )  the availabi l i ty o f  l i po genic s u b s t r a t e s  a t  the  mammary gland 

( Rook , 1 96 1 ) and ( c )  a d j us ting , through indire c t  mec han isms ( M cC lymont 

& Vallan c e ,  1 962 ) , t h e  e quilibrium o f  fatty a c ids into  and out o f  the 

a d i po s e  t i s sue , an o ve r r iding e f fe c t  o f  quan t i ty of pas ture and hen c e  



the e x t e n t  o f  unde r fe e ding may w e l l  in t e rac t w i t h  the thre e c a u s e s  
abo v e . T h i s  s t u dy highl ights t h e  n e e d  for s u i t able s t a t i s ti c al 

t e c hni ques  t o  a i d  the de te c t io n  o f  changes in fa t compo s i t i on a n �  
more d e t a i l e d  i n formation o n  the m e c hanisms unde rlying t h e  c hange s .  

4 . 2 . 4  R e l a t i o nships be twe e n  c hanges i n  En zyme Ac t i vi t i e s  an d the 
C ompo s i ti on  o f  Milk 

The r e l a t ive in fre que ncy o f  b i o psy sampl ings and t h e  wide r a n � e  
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o f  e rrors o f  i n te rpre tation ( d i s c u s s e d  in de tail in 4 . 1 . 3 ) were 

fac t o r s  i n fl uenc ing the en zyme - milk c o mpo s i tion  c o �parions . Ho�ever 
the data c o l l e c t e d  over whole lac t a t ions indi c a t e d some d i f fe �enc e s  
among c o w s  i n  t h e  ranking o f  means o f  e n zyme a c t i v i t i e s  a� d t h e  milk 
c ompo ne n t s . I t  was t e mpting to i n te rpre t the relationship b e t w e e n  
UDPgl u c o s e -4' - e pimerase and  lac t o s e  c o ntent  ( 4 . 2 . 1 )  i n  a c au s a l  se�se  

al t hough all  s t u d i e s  c onduc t e d  on the rodent  mammary gland ( Kutn 1 9 67 ; 
1 9 68; Jo ne s , 1 9 69) �ugge s t  tha t l ac to s e  syn the tase and n o t  t he 

e pime ras e i s  ra te li mi t ing for the synthe t i c  pa thway . The � a c k o f  

c hange in lac t o s e  c o n t e n t  a t  various s tabe s o f  lac t a t io n  d e s pi t e  
large , though n o t  si gn i fi c an t ,  d i f fe ren c es  in t h e  ac t i v i ty o f  t h e  
e n zyme i s  further suppo rt  agains t a c ausal relation s h i p  b e tw e e n  the 
two variab l e s . S imilar c omme n t s  t o  tho se  above apply to the weak 

re l a t i on s h i p  b e twe e n  c o ws , b u t  no t s tage s o f  lac tat i o n , in the ac t i v i ty 

o f  glu c o s e - 6-phos phate dehydrogenase and the c o n t e n t s  o f  fat and 

pro t e i n  in m i l k .  

The dleare s t  rela tionship w a s  b e tween  the ac t i vi ty o f  ac e ta t e  

thiokinase a n d  t h e  c o n t e n t  o f  fa t in m i l k  ( se e  3 . 5 )  where s igni f i c a. t 

frac t ions o f  the varia t ion in fa t c on t e n t  were  ac c o un t e d  for by l i n e a r  

re gre s s io ns  on the ac t iv i ty o f  the e n zyme . The si z e ab l e  inte r c e p t s  

w e r e  r e du c e d  by a d j us ting m i l k  f a t  c o n t e n t  for the frac t i on o f  fatty 

a c i ds c a l c ul a t e d  to have reac he d the gland pre forme d  from the b l o o d  

l i pi d s . The a d j us tme n t  us e d  ( 3 . 5 . 2) a ppe ars s i milar t o  t he me thod 

e mploye d b y  D e c ae n  & Adda ( 1 9 6 6) and i n  both c ase s fat c on t e n t s  were 

re duc e d  approx i ma t e ly 50% . B e c aus e o f  the l arge sample t o  sample 

var iatio n  in milk fat c ompo s i t io n  ( 4 . 2 . 3) ,  the e f f i c a c y  o f  the 

adjus tme n t  was l i mi t e d  and may unde r l i e  the loss i n  d e gr e e  of 



c o rre lation in Tabl e  3 . 1 0  ra the r than the i n c r e a s e  which  was 

expe c t e d .  Similarly , the attempts  t o  r e l a t e  frac tions of t he ac ids  

syn t h e s i s e d  w i thin t h e  gla n d  wi t h  the e n zyme ( c . f . Bartley  e t  c::.2. ,  
1 9 67 ) were o f  l i t t le  value . The re was h o w e v e r  a sugge s t ion that a 

frac t ion o f  the fa t ty ac i ds  syn t he s i s e d  de � may have re s u l t e d  

from t h e  u s e  o f  s ub s t ra t e s  o th e r  than a c e t a t e . 
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The similar i ty o f  re gressions  on  a w i thin c o w  basis d i d  sugge s t  

a c ausal re l a t i o n s h i p  b e tween the ac tiv i ty o f  a c e ta t e  t h i o k i n a s e  and 
m i l k  fa t c on t e n t . S ince ac e ta t e  is c on s i d e re d  to be o f  ma j o r  
impor tance  i n  t h e  me ta boli c  e c o nomy o f  ruminan ts ( 4 . 2 . 1 ) , t h i s  par t  

o f  t h e  s tu dy me r i ts repe a t in� e s pec ially i f  as says f o r  a c e tyl C o A  
c ar b o xylase and e n zymes o f  the pa t hways i n c orporating 4C pre c ursors 

( s e e  1 . 1 )  c ould  be  pe rforme d .  

r· 



4 . 3  C o n c l u s ions 

This  the s is d e s c r i b e s  a new b i o psy t e c hn i que sui table fo r 

r e pe a t e d  s ampl ings o f  mammary t is s ue from lac t a t ing c ows . During the 
e xpetime n t , s o me sampl ing pre c i s ion was sac r i fi c e d  s o  that d e l e t e ri o us 
e f fe c t s  on milk produc t i on w e re minimis e d .  The c o n t e n t  o f  

d e o xyribonuc l e i c  a c i d  a n d  the ac t i v i t i e s  o f  five e n zym e s ,  c o nc erned  

i n  ma j o r  syn t he ti c  pathways for m i lk s o l ids , w e r e  measured  in t i s s u e  

s amples c o l l e c t e d  a t  28 d a y  i n t e rvals through o u t  l a c t a t ions o f  four 
c o ws . The s e  param e t e rs w e re examined fo r rela t io n s h i ps w i t h  e s t iffia t e s  
o f  m i lk produc tion o b t a i n e d  a t  1 4  day i n t e rvals throughou t  t h e  

e xperime n t . 

D i f fe re n c e s  be tween c o w  lac tation ffieans for enzyme ac tivi t i e s  

b o re weak r e l a t i o nships w i t h  di ffe ren c e s  be tween  c ow ' s milk c o mpo s i t i o ns . 
O n e  e n zyme � a c e t a t e  t h i okinase - was relate d ,  on a s t age o f  lac t a t i on 

b a s i s , to c hange s in m i lk fa t c o nten t .  The possib i l i t y  o f  t h i s  b e i n g  

a c ausal rel a t i o nship h a s  b e e n  d i s c u s s e d  in  l i ght o f  pub l i s h e d  r e s ul t s . 
Two ma in fac t o rs i n flu e n c e d  the en zyme c o mpo s i t i o n  c o mpari sons : 

( a ) t h e  val i d i ty o f  the i n t e rpre tation o f  en zyme ac t i v i ty e s t i � a t e s  i n  

a n  i n  v i v o  s ense a n d  ( b ) the marke d e f fe c t  o n  milk  produc tion o f  

c hanging nut r i t i o n  e s pe c ially towards the end o f  t he e xperimen t .  The 
f i r s t  d i f fi c u l ty might have b e e n  par tly o v e r c ome by a more Figo r o u s  

sampl i ng r o ut ine at the expense o f  rel iable milk  produ c tion ( s e e  ab o ve ) , 

b u t  problems invo lve d i n  arguing from the d e t e rminations made i n  vi tro 
t o  the c orres ponding b i o c hemical  pa thways i n  vivo pre s e n t  the great e s t  

d i f f i c ul t i e s  t o  this type o f  experimental approac h ( s e e  4 . 1 . 3  and 

4 . 1 . 4 ) .  r A t t e mpts we re made to  a c c omodate c hanging nu t r i t i o n  in t h e  

d e s i gn and s ta t i s t i c al analyse s b u t  the c o n fo unding of seasonal p e r i o ds 
and s tages o f  lac t a t i o n  ma de a c l ear s e para t i o n  i mpossible . As a 

r e sul t ,  s ta t i s t i c al pro bab i l i t i e s  c ame large l y  from analy s e s  based o n  

s ourc e s  o f  varia t i o n  c on s i d e r e d  one a t  a time , ignoring o t he rs u n t i l  

i n fe r e n c e s  were drawn u s i n g  the  pa rtly c o n founded r e s u l ts o f  s e para t e  

a n d  c ombin e d  analys e s . Errors in  inte rpre t a t i o n , w h i c h  re s u l t e d  from 

this c ompromise , mus t have in fluenc e d  the pre c i s i on of the c ompar i s on s . 

D e ta i l e d  analy s e s  o f  mi lk fat were  unde r t aken t o  ass i s t  in  t he 

inte r pre t a t i o n  o f  c hanges in m i lk c ompo s i ti o n  and t o  give e s t imat e s  o f  
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the frac tion o f  mi l k  fa t fa t ty a c i d s  syn the s i s e d  d e  � by t h e  

mammary glan d . N u t ri ti onal c hanges throughout t he e x p e r i m e n t a l  

pe rio d  led t o  qu i t e  var iabl e  milk fat c o mpo s i tions , pro b ably 
re fl e c ting t he c o n tribu ti on  o f  d e po t  re s e r v e s  t o  milk fa t .  

S t a t i s tical analys e s  o f  c hanges i n  c ompo s i t ion  are no t r e a d i l y  

inte rpre t e d  and the  e x t e n t  of  s ampl e t o  s ample variat i o n  in  all 

79 

m i l k  param e t e rs measure d ,  re s t ri c t e d  the  u s e  o f  more s t raight fo rward 

analys e s  of fa t t y  ac i d  yields . 

C ontro l l e d  i n d o o r  fe e ding woul d b e s t  s a t i s fy par t  o f  the  

re quirements o f  this type of  s tu dy by remo ving nu t r i t ional 

fluc tuations . Fo r reasons advanc e d  i n  4 . 1 . 1 , c on t ro l l e d fe e d i n g  

c on d i tions woul d have i gnored an impo r t a n t  sourc e o f  v a r i a t i o n  a n d  

animals would have to be s t u d i e d  muc h more intensive ly t o j u s t i fy t h e  

e x t ra re sourc e s  e m pl oye d .  The areas enc o u n t e red in the pre s e n t  

e xp e rime n t  whe re a d d i t ional in fo rma t i o n  woul d have a i d e d  i n t e rpre tation , 

v i z  c e ll dynamic s  in the lac t a t ing udd e r  and the i d e n t i t y  o f  ra t e  

l i m i t ing e n zyme s in the b o vine gland , would s t i l l  h i n d e r  t h e  m o r e  

c o n t ro l l e d  e xpe rimen t  above . 

Pro v i d e d  i n fo rmation on t h e s e  two po i n t s  was made availab l e , the 

mo s t  promising fie l d  fo r a c ausal r e l a t i o ns h i p  approa c h  to the 
l a c ta ting mammary gland and its s e c r e t e d  pro duc ts would appear t o  be  

i n  furthe r s tudy of  the  e n zyme s  of  l i p o g e ne s i s  and  the nature  o f  t h e  

milk fat s o  pro du c e d .  
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Appendix A- 1 D e t e rmina tion o f . I so l a t e d  t ran s - Unsa turation  
in ' Trie laidin ' Re ferenc e Vate rial 

A sample o f  ' Trie l ai din ' wa� me thylated  and analys e d  by gas ­
l i quid c hromatography a s  d e s c r i b e d  i n  2 . 5 . 3 e x c e p t  tha t t h e  c o lumn 
was o pe r a t e d  i s o t he rmally at 1 85

°
C .  The resul ting  c hro�atogr�ph 

is pre s e n t e d  in Fig .  A - 1  ( i ) . I n  view  o f  t�e c o n t a m i n a t i o n  b y  

sa turated and other unsatura t e d  ac ids , the m i x t u r e  o f  e s t e r s was 
par t i t i o n e d  i n t o  saturat e d , t ra n s  - unsatura t e d  and c i s - ur.saturate d 

c o mponen t s  on t h i n  layers o f  AgN03 impregn a t e d  s i l i c a  ge l ( f: o r r i s ?  

1 9 62 ) . Pla t e s  were  laye re d w i t h  AgN03 : s i l i c a  eel G ( M e rc k )  : water 

( 6 . 6 : 30 : 60) , dri e d  and ac t i v a t e d  at  1 1 0
°

C fo r 1 h o ur . E s t e rs 

were appl i e d  along w i t h  me thyl s te arate , me thyl o l e a t e  and m e thyl 
elaida te s tandards and the  pla t e s  develo pe d i n  h e xa n e  : d i e t hy l  e t he r 

( 90 : 1 0 ) . Pla t e s  were s pray e d  w i t h  0 . 2% ( w/v ) 2 ' 7 '  d i c hl o r o fluoro sc e in 

in ethanol and frac t ions marke d under  UV l i gh t . 

Thre e po r tions · o f  the pla t e s  c on taining the  s a tura te d , t r � � s  
a nd c i s e s ters w e re s c rape d and e l u t e d  three t imes with  d i e t hyl 

ether . A f t e r  e vapora ting the � he r ,  t h e  e s t e r s  w e re t aken up in 
he ptane , dri e d  ove r  anhydrous N a2so4 and anal y s e d  by GLC as abo v e . 

The re sul t in g chroma t o graphs are pre s e n t e d  in Fi g . A - 1  ( i i ) , ( i i i )  

and ( iv ) . D a t a  from the four graphs were co mb ine d a s  i n  Tab le  A - 1  

and a n  es t imate o f  7 9 . 4% i s o l a t e d  trans was o b taine d .  

" ' 



(u) 

( av) 

Fig .  A - 1  

1 6 : 0  

1 8 : 0 

t - 1 8 : 1  

c - 1 6 : 1  c - 1 8 : 1  

C hromatograms o f  fat ty ac id methyl esters in ' Trielaidi n '  

I n fra-Red re ference standard . 

( i )  

( ii)  

( ii i )  

( i v )  

Total me thyl esters . 

Saturated methyl esters.  

trans - unsaturated me thyl esters . 

c i s  - unsaturated  methyl e s ters . 



Tabl e  A - 1  

From 

Es t i mat i o n  o f  W e i ght  Perc e n tage t rans - 1 8 : 1 in 

Trielaidin Re fere n c e Material 

Fig . A-1  ( i )  Total Fat ty A c i d  }vl e t hyl E s t e rs 

1 6 : 0  1 6 . 639� 

1 6 : 1 0 . 45% 1 6 : 0  
1 8 : 0  2 .  6 1 9j 1 8 : 0  
1 8 :  1 80 . 3 1 %  

::; 6 . 38 

( ii )  S aturated  Fa tty  A c id Me thyl E s t e r s  

1 6 : 0  1 6 : 0  ::; 6 . 35 
1 8 : 0  1 8 : 0  I 

( ii i )  trans -Unsatura t e d  Fa t ty A c i d  M e t hyl E s t e rs I 
I 1 8 : 1 1 00% 

( iv )  c i s - Unsatura t e d  Fat t y  Ac i d  Me thyl E s t e rs 

1 6 :  1 

1 8 :  1 

33% 1 8 :  1 
1 6 : '1 

::; 2 

S in c e  all  1 6 : 1 is o f  t h e  c i s  c o n figurat ion , the  pro duc t o f  the 

rat i o  from ( iv )  and t he w e ight perc e n t age o f  1 6 : 1 i n  ( i ) give s 

the we i ght pe r c e n t age o f  c i s 1 8 : 1 in ( i ) .  

2 X 0 . 45 

and 80 . 3 1 - 0 . 9  

= 0 . 9  c i s  1 8 : 1 

= 7 9 . 4 trans 1 8 : 1 

Es t i ma t e d  W e igh t  Perc e n t age Compo s i t i o n  o f  Re f e renc e Material 

1 6 : 0  1 6 . 63 % 
c 1 6 : 1 0 .. 45 % 

1 8 : 0  2 .  61  % 

c 1 8 : 1 0 . 90 % 
t 1 8 : 1 7 9 . 4 % 

I 
I 



Appendix A-2 

C o w  

( inde x)  n 

1 9  ( 1 ) 9 

1 1 8  ( 2 ) 9 

:----

5 ( 3 )  6 

26 ( 4 )  6 

C o w  M e a n s  f o r . � n zyme A c t i v i t i e s  a n a l y s e d o n  EN Z 1 

A c e t a t e  

T h i o k i n a s e  

68 . 82 

80 . 39 

40 . 68 

8 6 . 4 7  

y
i l  = Jli l  

+ I A . )_ _ _ ... . U DPG 

E p i m e ra s e  

457 . 10  

752 . 5 6 

1 35 . 8 2 

3 L•O . 68 

+ e
i l  

G l y
.
c e r o l  P 

D e  h y d r o  g .  

4 8 7 . 2 2 

9 66 . 93 

1 88 . 70 

324 . 7 7 
---

H e xo k i n a s e  G l u e . 6 P 

D e  h y d r o  g .  
--

97 . 98 1 95 . 7 6 

244 . 29 204 . 5 1  
-

75 . 4 8 5 9 . 1 3 

------ �---

1 06 . 53 5 1 . 87 --- -·---·- · · ------



A pp e n d i x  A-3 S t age o f  L a c t a t i o n  M e an s  for E n z y m e  A c t i v i t i e s  a n a l y s e d  o n  EN Z 2 

� 

y jl = J'j l  
+ K .  

J 
+ e

j l  

S t age o f  A c e t a t e  U DPG G l y c e r o l  P H e xoki n a s e  

L a c t a t i o n  n T h i o k i n a s e  E p i m e r a s e  D e  hy d r o  g .  

1 2 3 3 . 90 357 · 75 3 95 . 50 8 9 . 45 

2 4 43 . 23 308 . 85 327 . 1 5 1 1 9 . 2 8  

3 4 7 1 . 8 8  7 8 3 . 75 1 1 23 . 28 5 4 6 . 60 

4 4 63 . 50 68 3 . 00 7 67 . 70 6 1 . 90 

5 4 67 . 05 240 . 93 25 2 . 50 5 1 . 7 8 

6 4 7 3 . 05 3 1 8 . 68 37 9 . 1 8  48 . 1 3 

7 3 7 1 . 33 208 . 5 3  277 . 90 30 . 50 

8 2 1 0 1 . 1 0 5 94 . 85 595 . 35 4 6 . 85 

9 2 1 33 . 30 5 60 . 90 Lf9 3 .  30 1 26 . 70 · -· 
G l ue . 6 P 

D e h y d r o g .  

1 7 4 . 85 

1 8 9 . 5 3 

1 34 . 75 

235 . 5 8 

65 . Lf5 

8 9 . 95 

63 . 9 3 

2 4 4 . 75 

85 . 95 -----· -



A pp e n d i x  A - 4  

C o w  

( i n d e x ) n 

1 9  ( 1 )  1 8  

1 1 8 ( 2 ) 1 8  

5 ( 3 )  1 5 

2 6  ( h ) 1 4  

C o w  M e an s  fo r M i l k P r o d u c t i o n  V a r i ab l e s analy s e d  o n  MYC 1 

y
i l  = yi l  

M i l k  Fat 

Y i e l d  C o n t e n t  
l b s  % 

2 1 . 455 6 . 5 92 

20 . 828 6 . 409 

32 . 1 1 3 5 . 663 

!� 1 . 329 5 . 1 Lf 6  

+ I A . l. 

Pro t e i n 

C on t e n t  

% 

4 . 8 8 1  

4 . 902 

4 . 3 1 7  

3 . 93 6 

+ e
i l  

L a c t o s e  Fat 

C o n t e n t  Y i e l d  
% l b s  

5 . 28 9  1 .  359 

5 . 1 27 1 . 308 -· 
4 . 77 6 1 . 77 1 

5 .  2 2 Lf 2 . 0 65 

Pro t e i n  L a c t o s e  

Y i e l d  Y i e l d 
lb s l b s  

1 . 0 1 7 1 . 1 39 

1 . 0 1 1  1 . 07 1  

' 

1 . 37 1  1 . 5 Lf 3 

·- -·-j 
1 . 599 2 . 1 7 1  i 

I 
I '--- ·· -----� 



A p pe n d i x  A-5 S ta g e  o f  L a c t a t i o n  M e a ns fo r M i l k  P r o d uc t i o n  V a r i ab l e s  a n a l y s e d  on MYC 2 

� 

y j l  = y j l  
+ K .  

J 
+ e

j l  

S t age o f  M i l k Fat P r o t e i n  L a c t o s e  Fat P r o t e i n Lac t o s e  

L a c t a t i o n  n Y i e l d  C o n t e n t  C o n t e n t  C o n t e n t  Y i e l d  Y i e l d  Y i e l d  
l b s  % % % lb s lb s l b s  

1 2 4 4 . 550 3 · 990 4 . 330 4 . 985 1 . 805 1 . 9 1 5  2 . 235 

2 8 3 6 . 638 4 . 663 4 . 009 5 . 1 1 8 1 .  678  1 . 44 3  1 . 893  

3 8 3 6 . 900 5 · 535 4 . 234  5 . 1 90 2 . 0 1 9  1 . 539  1 . 923  

4 8 33 . 288 5 . 586  4 . 32 1  5 . 208 1 . 8 3 1  1 . 4 1 3 1 . 734  

5 8 3 0 . 1 88 6 . 0 1 3  4 .  Lf55 5 . 1 2 3 1 . 77 1  1 . 3 1 0  1 . 543 

6 8 2 8 . 1 63 6 . 33 1 4 . 508  5 . 098 1 . 75 9  1 . 2 4 1  1 . 1 1 33 

7 8 2 2 . 275 5 . 998 4 . 58 4  5 . 093  1 . 323  1 . 005 1 . 1 2 6  I 
8 7 1 8 . 08 6  6 . 787 4 . 8 93 4 . 920 1 . 229 0 . 88 6  0 . 890 

9 4 1 4 . 975 7 . 325 5 . 270 5 . 1 80 1 . 1 05 0 . 790 0 . 775 

1 0  4 1 1 . 550 8 . 303 5 . 7 70 5 . 005 0 . 955 0 . 668 0 . 580 -



A pp e nd i x  A - 6  

S e a s o n a l  

P e r i o d  n 

1 4 
2 5 

3 8 

4 8 

5 8 

6 8 

7 8 

8 8 

9 8 

S e asonal M e ans for M i l k  Pro d u c t i o n  V a r i a b l e s ana l y s e d  on MYC 3 

-: 

y
k l  = Jl kl + Lk + e

k l  

M i l k  F a t  Pro t e in L C!- c t o s e  

Y i e l d  C o n t e n t  C o n t e n t  C o n t e n t  

l b s  % % % 

2 6 . 300 4 . 9 68 4 . 228 5 - 275 

30 . 920 5 . 28 2  4 . 4 8 2  5 . 1 2 4  

3 6 . 4 1 3  5 . 1 0 1  4 . 235 5 - 1 39 

35 . 438 6 . 005 4 . 5 2 3  5 . 207 

32 . 000 5 . 88 9  lt . 4 8 9  5 . 2 2 4  

27 . 0 1 3  5 - 7 9 1  4 . 350 5 . 1 65 

2 6 . 1 8 8 6 . 4 1 8  4 .  Lt-75 5 - 03 6  

2 1 . 975 6 • 4 9 Lt- 4 . 7 4 3  5 .  o 4 Lt-

1 6 . 1 75 7 - 39 3 5 . 2 65 4 . 878 

- -

Fa t 

Y i e l d  
l b s  

1 . 308 

1 . 596 

1 . 7 80 

2 . 048 

1 . 8 1 4  

1 . 509 

1 .  620 

1 . 36 9 

1 . 1 4 6 

P r o t e in 

Y i e l d  
l b s  

1 . 1 1 0 

1 . 38 8  

1 . 50 4  

1 . 5 43 

1 . 38 6  

1 . 1 2 1  

1 . 1 3 1 

1 . 000 

0 . 825 

I 
L a c t o s e  j 

Y i e l d  
I i 

l b s  

1 . 388 

1 . 5 8 2  

1 .  8 6 1+ 

1 . 8 48 

1 . 67 4 

1 . 388 

1 . 3 1 9  

1 .  1 Olt  

0 . 7 8 8  



A p pe n d i x  A-7 

C o w  

( i n d e x ) n 

1 9 ( 1 )  1 8  

1 1 8 ( 2 ) 1 8  

5 ( 3 )  1 1� 

26 ( 4 )  . 1 4  

C o w  M e ans fo r M i l k Fa t  Fa t t y A c i d  M o l a r  C o m po n e n t s  an a l y s e d  o n  FA 1 
� 

yil = yil 
1 8 : 1 1 8 : 0  1 6 : 0  1 4 : 0  

% % % % 

1 7 . 78 7  1 0 . 3 2 1  29 . 3 4 1  1 5 . 4 8 2  

1 5 . 2 1 9 9 . 2 9 4  3 1 . 932 1 5 . 5 8 3  

1 1+ . 955 7 - 361  30 . 420 1 6 . 4 1 4  

1 6 . 1 0 6  1 1 . 1 34 31 . 48 6  1 4 . 950 ---- -· + I A . 
). + e

i l  

. 1 2 : 0  

% 

6 . 1 6 1 

5 - 7 93 

6. L f03 

5 . 439 

1 0 : 0 8 : 0  

% % 

5 . 740 2 . 2 3 1  

5 .  8 Lf 1 2 . 298 

6 .  1 1 lt 2 . 4 90 

4 . 9 4 9  2 . 1 5 1  

6 : 0  4 : 0  

% % 

3 . 205 1+  • 7 34 

3 . 5 7 7  5 . 0 1 4  

3 . 829 5 .  1 6 1 

3 . 328 5 . 1 50 . ·--· -



A p pe n d i x A-8 S t age o f  Lac t a t i o n  f.l e an s  fo r M i l k  Fa t  Fa t t y  A c i d  t<l o l
.
a r  C o mpo n e n t s  a n a l y s e d  on FA 2 

-= 

y j l = Jfjl + Kj + e j l  .. 
S t age o f  1 8 : 1 1 8 : 0  1 6 : 0  1 4 : 0 1 2 : 0  1 0 : 0  8 : 0 6 : 0  4 : 0 

L a c t a t i o n  n % % % % ' %  % % % % -
2 9 1 7 . 247 1 2 . 1 97 27 . 5 1 2  1 4 . 87 1  5 . 63 1  5 . 8 20 2 . 380 3 . ll- 7 Lt 5 . 683 

3 8 1 4 . 1 75 9 . 4 9 1  27 . 993 1 7 . 000 7 . 1 2 3 6 . 8 75 2 . 8 38 3 . 975 5 . 1 38 

4 8 1 5 . 8 95 9 - 9 9 3  30 . 738 1 6 . 1 0 4  6 . 1 8 9 5 - 795 2 . 228 3 - 330 4 . 638 

5 8 1 4 . 57 9 8 . 5 39 30 .  1 1+ � 1 6 . 450 6 . 5 98 6 . 4 36 2 . 650 3 . 9 1 8  5 - 5 4 3  

6 8 1 5 . 770 8 . 7 1 0  32 . 7 63 1 6 . 0 3 6 5 . 7 48 5 . 3 1 0  2 . 1 9 3  3 . 369 4 . 4 7 3  

7 8 1 6 . 95 9 9 . 3 7 6  33 . 493 1 11- . 5 68 5 - 533 L1- . 62 6 1 . 8 7 4  3 .  0 1+ 4  4 . 5 06 

8 7 1 6 . 04 3 8 . 08 3  3 2 . 334 1 11- . 7 6 7  5 . Yf9 5 . 394 2 . 1 2 6 3 . 650 5 - 5 7 4  

9 4 1 7 . 965 9 . 32 3  30 . 750 1 5 . 56 3  5 . 603 5 • Ll- 40 2 . 253 3 . 203 11- . 25 5 

1 0 4 1 7 .  6LfO 9 . 8 7 3  32 . 908 1 Lt . 38 5 5 - 2 30 Lf • 775 1 . 735 2 . 8 90 4 . 5 65 - · - . --'- --·-··· . ------



Appendix A-9 Seasonal Period Means for Milk Fat Fat ty Ac id Molar Componen ts analysed on FA 3 

ykl = J'kl + 1k + ekl 

Seasonal 1 8 : 1 1 8 : 0  1 6 : 0  1 4 : 0  1 2 : 0 1 0 : 0  8 : 0  6 : 0  4 : 0  

Period n % % % % % % % % % 
-

1 4 . 1 6 . 5 95 1 1 . 0 1 5  2 7 . 1 45 1 L� . 903 5 . 65 5  6 . 1 43 2 . 4 9 3  3 . 7 35 7 • O L�5 

2 4 1 7 . 278 1 1 . 438 27 . 775 1 6  • 3Lt 3 6 . 088 6 . o68 2 . 2 45 3 . 360 4 . 4 20 

3 8 1 7 . 070 1 1 . 339 28 . 0 7 1  1 5 .  8 1t5 6 . 3 7 6  6 . 0 6 3  2 . 3 4 9  3 . 3 1 0  4 .  L�83 

4 8 1 2 . 289 7 . 95 3  28 . 608 1 6 . 625 7 . 8 25 7 . 5 30 3 . 2 2 6  4 .  5 L1 9  5 . 8 38 
5 8 1 4 . 5 !1 3 9 . 30 6  32 . 635 1 6 . 8 7 6  6 . 02 8  5 . 635 2 . 1 95 3 . 368 4 . 6 1 6  

6 8 1 7 . 4 2 6  1 0 . Lt79 30 . 64 8  1 1t .  9 7 6  5 - 4 98 5 . 300 2 . 20 6  3 . 305 Lt . 8 G 1  

7 8 1 7 .  31+9 9 . 00 1  34 . 040 1 1t .  800 Lt . 75 1  4 . 688 1 . 9 6 6  3 . 05 8  1+ . 7 35 

8 8 1 6 . 9 68 8 . 670 32 . 7 38 1 5 . 339 5 · 5 5 4  5 . 0 93 2 . 1 2 9 3 . 270 it . 603 

9 8 1 6 . 040 8 . 5 2 6  32 . 003 1 4 . 699 5 . 7 1 8  5 . 005 1 . 8 7 1  3 . 33 6 5 . 1 1 0 

- '---· - · ·--- _____ ... 



Appendix A - 1 0  Anal y s e s o f  V a r i a n c e o f  R e g_ e s s i o n s  o f  M i l k  Fat 

C o n t e n t  o n  A c e t a t e T h i o k i n a s e  A c t i vi t y  

Cow 1 9  

Cow 1 1 8 

Cow 5 

C o w  26 

C o mmon 

Source 

Total 
Re gre s s i on 

D e v ia ti ons 

Sourc e 

Total 

Re gre s s ion 

D e v iat ions 

S ourc e 

Total 

Regre s s i o n  

De viat ions 

Sourc e 

Total 

Regre s s i on 

Deviat ions 

S ourc e 

Total 

Regre ssion 

D e v i a tions 

d .  f .  

8 

1 

7 

d .  f .  

8 

1 

7 

d .  f .  

5 

1 

4 

d .  f .  

5 

1 

4 

d .  f .  

29 
1 

28 

I ss 
i 

8 . 9398 I 
6 . 4955 

2 . 44 42 

I ss 

! 5 . 64 8 6  

3 .  1 047  

2 . 5438 

ss 

1 . 4737 

0 . 7435 

0 . 7304 

ss 

1 . 3555 

1 . 0207 

0 . 3348 

ss I I 
24 . 80 1 8  

6 . 4850 

1 8 . 3 1 68 

Test o f  Homo gene i ty o f  Varianc e s :  

· X� = 2 . 7809 

1 . 0 6 1 7 
= 2 . 62 ( d . f. 

I I r-:s F I p I l 
l ! I ! 

l ! i 6 . 1.,-955 1 8 . 60 < 0 . 0 1 '"'  I 
0 . 3492 I 

MS E' l p 

3 . 1 047 8 . 5 4  < 0 . 05'' 

0 . 3634 

��s F p 

I 0 . 7435 4 . 07 > O . i O ns I 
0 . '1 8 26 I 

' 
lvlS I F p 

1 . 0207 1 2 . 20 < 0 . 05 *  

0 . 0837 

MS F 1 p 

6 . 4850 9 . 9 1 < 0 . 01 * •  

0 . 65 42 

= 3) P ) 0 . 25 n s  

! I 
i j I 
I I I { 

I 
l ' 
I 
I I 
I 
! 
I 

I 
f 



A p pe n d i x  A- 1 1  

S o urc e 

1 9  

1 1 8 

5 

26 

Po o l e d  C o w  

C o mmon 

C o m pa r i s o n s  o f  R e gre s s i o n s  o f  M i l k Fa t C o n t e n t  o n  A c e t a t e  T h i o k i n a s e  A c t i v i t y 

d .  f .  

8 

8 

5 

5 

2 6  

2 9  

-

� x
2 2 .. 

� xy � y  b 

20893 . 0 1 5 6  3 68 . 3934 8 . 9398 0 . 0 1 7 6  

2 1 69 . 5822 8 2 . 0731  5 . 6 4 8 6  0 . 0378 

830 . 1 08 3  2 4 . 8 637 1 . 4737 0 . 0299 . 

9365 . 3533 97 . 7703 1 .  3555 0 . 0 1 0 4 
--

Po o l e d  D e v i a t i o n s  

33258 . 0594  573 . 0806 1 7 . 4 1 75 0 . 0 1 72 

!35.: t w c e n  S l ope s 

4 1 28 7 . 0 697 5 1 7 . 4353 24 . 80 1 8  0 . 0 1 25 

B e t w e e n  I n t e r c e p t s  - · - --
Be bte e n  S l ope s F3 , 22 

= 
B e t we e n  S l oEe s D e v  MS 

= 
Po o l e d  De v i a t i o n s  MS 

B t I t t F B e t w e e n  I n t e rc e pt s  M S  
e w e e n  n e rc e p  s 2 = 3 , 5 

Po o l e d  C o w  De v MS 
-

1 . 80 

1 1 . 90 

D e v  S S  d .  f .  D e v  HS 

2 • 4Lf lf 2 7 0 . 3492 

2 . 5438 7 0 . 3634 

0 . 7302 4 0 . 1 8 2 6  

0 . 3348 4 0 . 0837 

6 . 0530 22 0 . 275 1 

7 . 5 427 25 0 . 30 1 7  

1 . 48 97 3 o . Lf966 
. -·-�-· 

1 8 - 3 1 68 28 o. 65 l f2  
- ---

1 0 . ?740 3 3 . 59 1 3  

.. - -.::.:_ ... :::::::::.::-.:,:, .... . ::.:::.:�;: ==:::-

P > 0 . 1 0 n s  

P < 0 . 0 1 * �  .. , ______ 



A p pendix A-1 2 Anal y s e s  o f  Varian c e  o f  R e g r e s s i o n s  o f  A d j u s t e d  ?at 
C o n t e n t  on A c e ta t e T h i o k in a s e  A c t i v i t y  

C o w  1 9  

C ow 1 1 8  

C ow 5 

C ow 26  

C ommon 

I I ' 
i S ourc e I d .  f .  ss  l·lS ! F p i 

I I I i 
Total 8 1 .  6528 ! I I I * "'  
Regre s s i o n  1 1 . 1 1 1 9  1 . 1 1 1 9 1 4 . 39 < 0 . 0 1 I 
D e v i a t i o ns 7 0 . 5 408 0 . 0773 I ! I ! 
S ou r c e  d .  f .  s s  I I 

!'!,S F I p 

Total 8 3 . 0366  ! 
' 

Regre s s i on 1 0 . 9067 0 . 9067 2 . 98 > 0 . �1 0  ns I Deviations  7 2 . 1 299  0 . 3042 

S o urc e d .  f .  l ss xs F l p 

To tal 5 : 0 . 90 1 2  I ! I 
' 

Re gre s s ion  1 0 . 2207 0 . 2 207 1 . 30 > O .  25 ns 

D e v i a t i on s  4 o .  6805 0 . 1 70 1  

S ourc e d .  f .  ss I !·lS F I p I 
Total 5 0 . 8338 I Regre s s i o n  1 0 . 60 8 2  0 . 6082 1 0 . 7 9 < 0 . 05 "' 

D e v i a t i o n s  4 0 . 225 6  i 0 . 0564 

S o ur c e  d .  f .  ss �s F I p 

To t al 29 9 - 7 433  I I R e gre s s i on 1 1 . 0 1 1 2  1 . 0 1 i 2  3 . 24 I < 0 . 1 G  

D e v i a t i o n s  28 8 . 732 1 0 . 3 1 1 9  

Te s t  o f  Homoge n e i ty o f  Varianc e s :  

2 V 4 . 87 8 3  /l = 1 . 061 7 
= 4 . 6 1  ( d . f . = 3 )  P > 0 . 1 0  ns 

j 
• ! 
I 
i 
I l i i 
! I I 
I I 
I I 

l 
I 

I 
I I 

I 



A pp e n d i x  A- 1 3  

S ou r c e  

I 1 9  
I 1 1 8 

5 
2 6  

P o o l e d  C o w  

C o m mon 

C o mpa r i s o n s  o f  R e gr e s s i o n s  o f  A d j u s t e d  M i l k  Fa t  C o n t e n t o n  A c e t a t e  T h i o k i n a s c  A c t i v i t y  

d .  r. 

8 
8 
5 

5 

2 6  

2 9  

. 

� x2 :E xy . .  

20893 . 0 1 5 6 1 52 . 4 2 Lt 6  
2 1 69 . 5 8 2 2  4 4 . 3522 

8 30 . 1 08 3  1 3 . 53 4 9  
9365 . 35 3 3  7 5 . 4 7 2 2  

3325 8 . 05 9 4  2 8 5 . 7839 

4 1 28 7 . 0697 201+ .  3 1 68 

-

� y 
2 .  

1 . 65 2 8  
3 . 0 3 6 6  
0 . 90 1 2  
0 . 8338 

Po o l e d D e v i a t i o n s  

6 .  4 2 Ll 3  

B e t we e n  S l o pe s  

9 - 7 4 33 

B e t 1�2_I__n t e r c e p t s  

- . .  

,. 
b 

0 . 0073 
o . o2o4 
0 . 0 1 6 Lt 
0 . 008 1 

o . oo8 6 

0 . 00 4 9  

D e v  S S  d .  f .  D e v  MS 
.. 

0 . 5 4 0 8  7 0 . 07 7 3  
2 . 1 2 99 7 0 .  30Lt3 
0 . 0805 4 0 . 1 70 1  
0 . 225 6 4 0 . 05 64 -
3 . 5 7 6 8  2 2  0 . 1 62 6  

3 . 9 68 5  25 0 . 1 58 7  

8 . 7 3 2 1 28 0 . 3 1 1 9  

-

.1 I 
0 . 39 1 8  3 l 0 . 1 30 6  --- ----··-- ·· - --· 
4 .  7

6 35 I 3 1 _  __ ' . 
5

8 '/ �  _ 4 ..._ _ �- - • .. • - --- � -
B e t w e e n  S l o pe s  F = B e t�?- c n  S l c� p?-s D c v  H S  

3 , 22 
P o o l e d  D e v i a t i o n s  MS 

= 0 . 8 P )  o .  25 n s  

B e t w c on_ I n t_�r c e;pt s_ F = �e t v����_I n t e rc e p t s  �:� 
= 1 0 . 0  P < 0 . 0 1 '� *  3 , 25 Po o l e d  C o w  D c v  MS 

. -.: .. --- ·----� --------



Appe n d i x  A- 1 4  Anal y s e s  o f  Var i an c e  o f  R e gre s s i o n s  o f  C o n t e n t  o f  

1 4 : 0  i n  M i l k  o n  A c e t a t e  T h i o k i n a s e A c t i v i ty 

C o w  1 9  

C ow 1 1 8 

C ow 5 

S o urc e 

T o t al 

R e g r e s s i o n  

D e v i a t i o n s  

S o u r c e  

T o t a l  

R e gr e s s i o n  

D e v i a t i o n s  

S o u r c e 

T o t al 

I d .  f .  I s s  

8 o .  1 904 
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Appendix A - 1 5 Analyse s  o f  Varian c e  o f  R e gress ions o f  C o n t e n t  o f  
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