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SUi'lMARY 

The work in this thesis consists of a short term study of the 

effects of pl ane of nutrition on the synthesis and secretion of milk 

proteins by dairy cows, •·l'i th particular emphasis on the individual 

whey proteins. 

The treatments comprised a hieh and low plane of nu trition and 

were imposed by strictly controlled stocking rates of the experimental 

animals. Six sets of identical twin covrs were split between the two 

treatment groups. 

The technique of discontinuous gel electrophoresis was used for 

the separation of the whey proteins and a method ( called "Proportional 

Subdivision") was developed for the quantitative analysis of the 

individual proteins. The four major whey proteins ( p lactoglobulin, 

ii. 

a. lactalbumin , bovine serum albumin and immunoglobulins) \oTere isola ted 

and quantified. 

1 ) . The treatments v1ere deemed effective as judged by the 

differences which were measured in the concentrations and yields of 

the major milk fractions. The yields of milk, fat and protein were 

significantly (P < 0.01) affected by treatment as was the protein 

percentage measured in skim milk, but not in whole milk. Fat 

percen tage did not alter sig nificantly (P > 0.05). 

2). The masti tis status of the animals was monitored using the 

Wisconsin Mastitis Test . It was possible therefore to show that 

Mastitis infections were not influencing the responses to treatment. 

3). Total whey and casein proteins, each expressed as a percentage 

of total protein, did not alter (P > 0.05). The caseins, expressed as 

a percentage of whole milk differed si gnificantly (P < 0.01) between 

treatments whereas the total whey pro teins expressed similarly did not 

(P > 0.05). The yields of both classes of proteim altered significantly 

(P < 0.01) with treatment . 

4). The concentrations of the Hhey proteins which are synthesised 

in the mammary gland ( j3 lactoglobulin and a. lactalbumin) decreased 

with the low plane of nutrition, but only the difference between 

treatments in a. lac talbumin reached significance (P < 0.05). The 

yields of both these proteins were reduced significantly (P < 0.01) 

by the low plane treatment. 



5). The concentrations of the proteins entering the mammary 

gland pre-formed from the blood stream (Bovine Serum Albumin and 

the Immunoglobulins) moved in the opposite direction to the mammary 

synthesised proteins in response to the low plane treatment. The 

difference between treatments (increase in concentration under the 

iii. 

low plane of nutrition) \'ras highly significant (P < 0.01) for Bovine 

Serum Albumin, but failed to reach significance for the Immunoglob�lins. 

The change in concentration was sufficient to decrease the yield of· 

Bovine Serum Albumin under the high plane relative to the low plane 

treatment. The yield of Immunoc;lobulin was not altered significantly 

by the treatments (P > 0.05). 

6). The separation of the individual p lactoglobulin proteins 

(A and B) in the CO\o{S heterozygous (AB) for ,3 lactoglobulin indicated 

that no significant changes occurred (P > 0.05) in the concentration 

of the proteins beh1een treatments. Similarly, the ratio of the 

two proteins (A/B) did not alter significantly (P > 0.05) with 

treatment. 

The relevance of these results is discussed both in relation to 

the synthesis and secretion of milk proteins a nd in relation to 

observations on the influence of the effect of protein composition 

on the manufacturing properties of milk. 
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1 • 

IN'l'H.ODUCTIO!! 

Milk and other dairy proctucts cor.:prise a major source of roan's 

food. The milk of the cow (Bos taurus) is of overwhelming importance 

(F.A.O. Yearbook 1974). Inte res t in the composition of cows milk stems 

largely from its impo rtance in the human diet and from the need of milk 
producers to meet the legal requirement3 governing its sale (Rook 1961a). 

Prior to about the 1850's milk hLd been found to contain fat, sugar, 

protein and mineral s (Jenness and Patton 1959 ) . The development and 

refinement of qualitative and quantitative techniques has subdivided 

these gross categories of milk com�osition into a vast array of 

molecules (Jenness 1974). 

The composition of cows milk has been extensively reviewed: 

Cerbulis and Farrell (1975), J enness (1974), Webb and Johnson (1965), 

Ling et al. (1961 ), Hook (1961a & b), Armstrong (1959), Jenness and 

Pat ton ( 1 959). The Sal e of Food an,l Drugs Act ( 1 90.:') prescribed 

minimum compositional standards required for milk sold or intended forsale 

in New Zealand. These were"8.5 parts per centwt. of milk solids other 

than milk fat and 3.25 parts per centum of milk fat" (Sykes 1952). 

His torically, milk produced for manufacture (as distinct from 

production for the sale of  liquid milk) has been paid for according to 

the amount of milk fat it contained. Ho1vever, in tne last two decades, 

more attention has been paid to the economic importance of the milk 
proteins. 

Attention has focussed on th�1 inclu:Jion of protein testing in the 

basis for calculating the payment a farmer receives for the milk he 

produces, particulurJy for milk destined for cheese manufactureo The 

Netherlands first introduced the system in the late 1950's followed 

by Denmark, Poland, Switzerland (CerLulis and Farrell, 1975) and some 

States of America ( Corwin et al. 1962). New Zealand has been investi­

gating the inclusion of a protein component in the system of payout for 

milk since the late 1960's (McGilJ.ivray and Creamt;r 1972, Creamer 1973). 



This increase in emphasis on the protein content of milk argues 

for an improvement in the state of knowledge relatinr,- to all aspects 

of the production by the cow of milk protein. 

The current economic climate in Ne't/ Zealand, particularly the 

high fixed costs of dairy farming, have emphasised the importance of 

milk production per unit of farm area. Dairy farmers have been forced 

to become less concerned with production per cow,as testified by 

increasing stocking rates, increased production per hectare and a decline 

in the average production per cow (Hutton 1972). This decline in 

production is indicative of chronic underfeEding of the cows, a situation 

which has recently been compounded by a succession of summer droughts. 

These conditions have resulted in the situation where the feed intake 

of cows is likely to be severely restricted during mid lactation. 

It is important to obtain information on the effect of such 

underfeeding in terms of the expected changes in milk yield and composition 

to permit economic anal ysis of the effects. Such information is also 

relevant to the manufacturing sector of the dairy industry due to the 

relationships between milk composition and the manufacturing properties 

of the milk. Furthermore, the responses of many of the components of 

mil k  to changes in the nutritional status of the cow is incompletely 

understood, nor is their mode of secretion by the lactating ma�mary 

gland. It is this latter factor upon which the major emphasis of this 

thesis has been di·ected with no attempt made to analyse the economics 

of the changes in milk composition. Particular emphasis has been laid 

on the analy�is of the whey protein fraction, due to the current interest 

in their relationships with the manufacturing properties of milk ( see 

section 1:1: 5). 

An experiment was designed with the following objectives:-

1. To observe the responses by cows near peak lactation to a feed 

stress induced by a high stocking rate, in terms of the changes in the 

levels of the major descriptive categories of milk production, i.e. 

milk yield and the percent contents of fat and pro tein. 

2. 

2. To investigate the effects of a feed stress on the protein co mposition 

of milk, with particular emphasis on the effects of the individual 

proteins of the whey fraction. 



3. From the observed changes in the concentrations and yields of the 

individual whey proteins, to obtain information as to the control of 

individual protein synthesis and their mod e of secretion by the mammary 

gland. 

3· 



CHAPTER 1 

Review of Literature 

1:1 The Protein Composi tion of Milk 

1 :1;1 Nomen clature and Classification of Milk Pro teins 

Milk pro teins can be broadly separated into two fractions -

caseins and whey pro teins. Whereas the casein fraction of milk has been 

investiga ted since its first separa tion in 1• 30 by Bracannot, the less 

abundant \'Jhey pro teins, �;hich were called milk serum proteins, were 

thought to originate from the bloodstream and were largely L·nored. 

Sebelien ( 1885) however demonstrated the complexity of the proteins 

of whey by separa ting ou t both globulin and albumin fractions. 

Palmer (1934) isola ted a single crystalline clobulin componen t 

from whey which was la ter named Beta Lac toglobulin. Fur thermore, 

from immune-studies he concluded that this crystalline globulin was 

no t presen t in serum. Thus the description of whey pro teins as " the 

milk serum proteins" which still persis ts, is a misnomer and should 

be avoided. 

Figure 1.1 shows the breakdo\m of the major milk proteins both 

qualitatively and quanti t atively in relation to total milk protein. 

4· 



Figure 1 : 1  DISTRIBUTION of MILK PROTEINS . 

SKIM MILK NITROGEN 3 . 2% Protein 

NON PROTEIN NITROGEN 

Uric Acid Amino Acids 
V itamins Ammonia 
Phosphol ipids Urea 

P ROTEIN 1 00% Creat inine 

NON CASEIN or 

WHEY P ROTEIN 

1 4-24% 

HEAT LABILE WHEY P ROTEINS 

1 2- 1 8% 

IMHUNOGLOBULINS 

IgG 1 1 -2% 

IgG2 0 . 2-0 . 5% 

I gM 0 . 1 -0 . 2% 

IgA 0 . 05-0 . 1 % 

CASEIN P ROTEIN 7 6-8 6% 

a casein as 5 0- 7 0% 
K 8-1 5% 

B casein 2 5- 3 5% 

({ casein 3-7% 

PROTEOSE PEPTONES 

2-6% 

LACTALBUMINS 

B Lac toglobulin 7- 1 2% 

a Lac talbumin 2-5% 

Serum Albumin 0 .  7 - 1 . 3% 
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Adapt ed from: O'Sullivan ( 1 9 7 1 )  

and Ros e  e t  al . ( 1 9 7 0 ) . 



1 :1 :2 Milk Protein Polymorphism 

Polymorphism can be  defined as  the "Occurrence of different 

forms of individuals in the same species "(Kenneth 1967). The 

isolation of two polymorphic Bet a  LactoGlobulin types � 1 and � 2 
( later changed to A and B )  by Aschaffenburg and Drewry in 1955 has 

been followed by the eluc idation of many more genetically controlled 

protein polymorphisms in the caseins as wel l  as the whey protein 

fraction (Aschaffenburg 1968). These are summarised in Table 1:1. 

Table 1 :1 Genetic Po lymorphs of the Major Mi lk Proteins 

Case ins ltlhey Proteins 

a s1, � y K ,3 Lgb . a Lac. B.S.A. 

A A
1 

A A A A A 

B A
2 B B ADr 

B B 
3 c A B 

D B c 
B D 

z 
c 
D 

From: Jenness (1970) 

6. 

All of  the major milk proteins are now known to occur in the 

form of products which reflect  the action of autosomal genes 

transmitted by simple Mendelian inheritance (Aschaffenburg 1968). 
The products which I"epresent the activity of eo-dominant alleles 

found either singly in homozyeous or pai red in heterozygous animals, 

are distinguishable from one another electrophoretically. 
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The biolorrical significance of the polymorphism of milk proteins 

has been intensively investigated. Relationships between variants 

and production traits have however been inconsistent. The most promising 

results have been obtained from the p lactoglobulin variants. Several 

separate studies have shown the superiority of the AA genotype (locus 
A B AA 

1gb ) over the BB genotype (locus 1gb ) and the homozygous 1gb animal 

over the heterozygote 1gb
AB

, in terms of milk yield (Arave et al. 1971, 

Thatcher 1965- cited hrave et al. 1971, Comberg et al. 1964 ). 

Thatcher also obtained significant differences favouring 1gb
AA 

in terms 

of S.N.F., fat corrected milk, total solids and in feed conversion 

efficiency. In contrast, neither Brum et al. (1968) nor Cerbulis and 

Farrell (1975) were able to find any significant differences between 

p 1gb genotypes for the production traits of milk yield and fat percent­

ageo Robertson (1966) - cited Arave et aL (1971) suggested three 

possible explanations for the lack of uniformity in the results or 

the lack of significant relationships between protein polymorphs and 

production traits. These were that:-

(i ) Although the particular polymorphism may be unimportant 

biologically, standard tests may erroneously indicate significance due 

to chance alone 5% of the times. 

( ii ) The effects of polymorphic loci on traits may depend upon 

the genetic constitution of the population in which they are found. 

( iii) The number of loci affecting a production trait may be small, 

whereas the number of polymorphs is large, leaving the possibility of 

picking the right one to study somewhat remote. Alternatively, in traits 

such as milk production where a large number of loci are likely to be 

involved, there is only a small probability that any one locus will have 

a measurable effect. 

Many results have demonstrated an increased quantity of various dyes 

( amido black, naphthalene black, bromophenol blue, coumassie blue) bound 

by electrophoretically separated� lactoglobulin A relative to � lacto­

glboulin B. This has been evident both in the homozygous AA and BB 

states and in the heterozygous AB condition (Asschaffenburg and Drewry 

1955, Michaelak 1967, Arave 1967, 1ontie et al. 1964 - cited Kiddy et al. 

1965, Kiddy et al. 1972). \'lhether this apparently higher concentration 

of protein of the A variant, 1'urticularly in the AB situation, is due 

to a true difference in the protein concentration, to dye-binding 



differences or to a greater loss of B in the analytical methods is 

as yet uncertain. However the studies of Aschaffenburg and Drewry 

( 1957) and Cerbulis and Farrell (1 975) in which the� lactoglobulin 

of individual cows was isolated chemically showed that the yield of 

AA was greater than AB, greater than BB. Kiddy et al . ( 1 965) 

however, using a chromatographic separation technique, found only 

a very s lightly higher proportion of  LgbA than LgbB in heterozygous 

animals . In the proposed comparisons of the same proteins from 

cows on different treatments, such a problem, i f  in fact real, will 

not affect the results. 

1 :1 :3 Origin of Milk Proteins 

The origin of the milk proteins caused considerable debate fo r 

many years and it was not unti l the tracer studies by Larson and 

Gilles pie ( 1 957) that the proteins we re conclusively subdivided 

8. 

into two groups based on their origin. The fi rst r,roup ( comprising 

about 9� o f  total protein in normal mi lk) included the a casein 

complex, � casein, a lactalbumin and p lactoglobul in. These are 

pro teins synthesized in the mammary :-:land from a common free amino 
ac id pool. The second group included the immune or gamma �1obulin 

frac tion, serum albumin and gamma casein and we re consi dered to be 
blood proteins entering preformed from the bloodstream. The mistaken 

o rigin of gamma casein persisted until  1972 when it was shown by 

Gordon et al. and Groves et al. that the molecule i'/as identical to 

a large portion of the p casein. Milk also contains a large array 

o f  other proteins including many enzymes (Shahani et al . 1 973). The 

origin of some of these quantitatively mino r proteins i s  summarised 

in Table 1 :2. 
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Tab le 1 :2 O rigin of some  of th e m in or m i lk proteins 

Prot ein R ef. O rig i n  

Prot eose Pept ones 1 C om ponent 3 -S erum Protein 

2 C omponents 5 & 8-

F ound in b oth S erum and 

C asein M icelles. 

Transf errin 3 S erum 

Lactof errin 3 Mamma ry Gland 

C eruloplasmin 4 S erum 

Lact ollin 5 Unknown, but ass ociat ed w ith  

lactof e rrin 

Fat Globule Hembrane 

Prot eins 6 JVlammary Gland 

1 .  Ros e et aL ( 1970 ) 4 Hanson et al. ( 1967) 

2. J enn ess ( 1974) 5. Gr oves ( 1960) 

3. Grov es ( 1971 ) 6.D owben et al. ( 1967 )  

Sw ope & Brunn er (1970) 



1 :1 : 4  Biological Functions of the Major Milk Proteins 

1 :1 : 4:1 Caseins The loose and open structure of casein (according 

to Larson & Jorgenson 1 974 ) argues aeainst their having a specific 

biological function in the no1�al sense. Farrell & Thompson (1 971 ) 

suggest that the open s true ture of a S 1 and f3 Caseins results 

in theirbeing readily attacked by the proteolytic enzymes pepsin, 

trypsin and chymotrypsin, resulting in the caseins being an effect­

ive source of nutrients for the young. It has been suggested that 

both the large amounts of phospate and calcium that are incorpor­

ated into the casein micelles and the high content of essential 

amino acids in casein, has conferred an evolutionary biological 

advantage on those animals which secrete casein for the nourish­

ment of their young ( Larson & Jorgensen 1974, Jenness 19,0). 

10. 

1:.1:4:2 Alpha Lactalbumin The nutritive function of some of the 

milk proteins may be biologically of secondary importance to an 

enzymatic function. This appears to be the case with a lactalbumin, 

despite its high nutritive value, particularly in relation to its 

high tryptophan content. Ebner et aL (1966 ) suggested that the B 

protein of the lactose synthetase complex, which catalyzes the 

reaction:-

UDP-D-Galactose + -D- Glucose a --> Lactose + UDP 

had similar properties to a Lactalbumin. 

Brodbeck et al. ( 1967 ) subsequently showed that a lactalbumin 

was in fact the B subunit of the enzyme and Brew et al. (1968 ) 

termed a lactalbumin a "specifier protein" in view of its 

controlling activity on the substrate specificity of the enzyme 

complex. Thus the level of production of a lactalbumin is 

considered to be a switching mechanism to control the synthesis 

of lactose by the cell and is a unique biochemical control 

mechanism in keeping with other known properties of the mammary 
gland ( Ebner & Schanbacher 1974 ) 



1 :1 : 4 :3 Beta La ctoglobulin The func ti on of ,3 
lac toglobulin is not as clear as i s  th e functi on of a 

la ctalbumin as is emphasis ed by the stat ement of Thompson 

& Farrell ( 1974). " We  feel  that ,3 lact oglobulin is 

important  b i ologi cally al though w e  don't kn ow exact ly how or why ." 

La rson (1969) repor ts work in which Actinomycin D ( an inhibi tor 

of D.N.A.- dependent R.N.A. synthesis ) when appli ed to  rat 

mammary cel l  cul tures inhibi ted cas ein synth esis but not 

that of ,3 lactoglobulin. 

One of s everal possible reas ons sueges ted f o r  this difference 

was tha t  ,3 lactoglobulin could be  acting like  a cell " const i tutive" 

pro tein and so  less eas ily aff ected by Act inomycin D than ,3 casein 

a protein probab ly not  concerned with survival and which the cell  

can more eas ily do  wi thout .  

P la ctog lobulin may also  opera te as a nutrit ional  reserv e 

prot ein which would f luctua te in concent rat ion according t o  the 

nutri ti onal s tatus of the anim�l . An inv est igation of changes in 

concent ra tion w i th al tered nu triti onal status of the cow may 

throw l ight on this hypothes is .  

Fa rr· ell & Thomps on ( 1 971 ) show ed that ,3 la ctoglobulin 

competi tiv ely inhibi ts the activi ty of bov ine s pleen phosphoprotein 

phos pha tas e, with the A va riant having a greater effect  than the 

B varian t  which was in  turn more inhibit ing than the C variant .  

These diff erences w ere assumed to  be  due to  s truc tural changes 

induced by genetic subst i tutions .  

,3 lac toglobulin does not inhibi t  the dephos phorylation 

of a S 1 casein (Farrell & Thomps on 1971). The inhibi tion 

theref o re appears restr ic ted to  low mol ecu lar w eight subs tra tes 

and possibly due t o  subs trate  bind ing by the p lactoglobulin. 

Such informa tion has led Farrell  & Th ompson (1971) to speculate 

tha t p la ct oglobulin may play a regu latory role in  m amma ry 

gland phospherous metabolism . 

11. 



The fact that fJ lactoglobulin is not present in the milk of all 

species (camel Kessler & Brew 1970, guinea pig- Brew & 
Campbell,1967, human - Bell & McKenzie 1 964) does however imply 

that the function (if any) of ;3 lactoglobulin in the mammary 

gland is unlikely to be unique. 

1:1 :4 : 4  Immunoglobulins Recent studies of ruminants have 

established that there a:·e three classes of immunoglobulins -

IgG, IgM and IgA and that IgG can be further subdivided into two 

subclasses IgG1 and IgG2 (Brand on et al. 1971 ). 

The function of the immunoglobulins as a source of passive 

immunity for the newborn is well known (Brambell 1970 ). In many 

species the young are born with few if any antibodies in the 

circulation. The ability of the young to absorb them via the gut 

in the first few days of life furnishes a mechanism whereby the 

young can acquire a level of immunity. 

1:1 :4:5 Serum Albumin No mention of any function for serum 

albumin in milk appears in the literature. It i s  widely accepted 

that serum albumin is a blood protein which enters the milk by 

leakage or direct infiltration throuGh the mammary gland 

secretory cells. 

Jenness (1974) reported that all 150 species examined to 

date exhibited a component with the electrophoretic mobility of 

the blood serum albumin of the species . This seemingly "universal" 

similarity between serum albumin and milk albumin supports the 

theory that serum albumin accidently enters the gland and appears 

as a component of milk. The observations that the level of serum 

albumin is elevated ( as are other milk components of blood origin) 

at times of mammary stress (Larson & Jorgensen 1974) also supports 

this argument. 
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1. : 2  loiilk Pro t e in Syn thesis and Secre tion by the Mammary 

Gland ---

I t  is necessary to obtai n  a basi c  apprec ia t i on of the 

mechanism of pro tein synthesis in ord e r  to und ers tand the 

i nfluence of the t re a tment on th e parame ters measure d .  In thi s 

1 3. 

cas e ,  the indivi dual whey pro teins will rec e i ve part i c ular a t tention. 

The present s ta t e  of know ledge of the modes of s ec re t i on of the 

indivi dual whey pro teins mus t also be cons i d ered to enabl e  valid 

i n t e rpreta t i ons to be placed on the ensuing resu l t s .  

1 :2 : 1 Milk Pro tein Synthe s i s  i n  the Nammary Gland 

The basi c mechanism of pro tein biosyn thesis a ppears to 

operate in the mammary secre tory c e l l  as i t  does in a l l  o ther 

c e l l s  whi ch have b een i nvestigated ( Jones 1969 , Gaye et al . 1973) . 

The p rocess has been summn.ri sed by many authors and wi t h  partic­

ular referenc e to the synthe sis of milk pro t ·.� i ns by Lars on ( 1 965), 

Lars on ( 1969) and Larson & J orgensen ( 1 974). The general mechanism 

o f  pro tein biosyn thes i s  is outlined di agrama ti cally i n  Fig I :2.  

Bri efly, f r e e  amino a c i ds are act iva ted wi th adenos ine 

tri-phosJ:hate ( ATP ) which then assoc i a t e  wi t h  a speci fi c 

var i e ty of s o luble ri bonu c l e i c  a c i d  ( RHA ) called trans fer 

RNA ( t RNA ) .  These uni t s  are then inc o rporated into the 

p olyribosomes whi ch are complexes of r i b onuc l eo-prote ins c ompris ing 

the ri bosomes and c o n taining ribosomal RNA ( r iuu, ) . There , 

und e r  the mediation of a thi rd maj o r  ca t egory of :mA called 

me ssenger RNA (m RNA ) , the ind i v i dual am ino acids are 

a ssembled into a polypeptide chain i n  the order determined by the 

s e quence of bases on the m RNA cha i n .  The three mT \ . species 

are formed by deoxy-ri bonu c l e i c  acid ( DNA ) dependent RNA 

synthe tases . The bas e sequenc e of the DNA forms a t emplate fo r 

the ass embly of the nuc e l o tide base tri phos pha tes ( cyhdine, 

guanos i ne ,  adenosine and uri d i ne ) i n to the RNA spec i e s  and 

provides the mechanism of gen e t i c  control of pro tein synthes i s .  

m RNA c arri es i ts gen e t i c  " me s s age" as s pec ifi c trinu c l eo tide 

s equences whi ch form a code for th e i ndi v i dual amin o aci ds . Thi s  

"message" i s  t ransported f rom i t s s i te o f  syn the s i s  i n  the nuc leus 

to the cy topl asmi c ribo somes whe re the pro tein s t rand is as s emb l e d .  
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Figure 1 : 2  Diagramma t ic summary o f  the proc ess o f  pro tein bio synthesis . 
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1 : 2 : 2 

t : 2 : 2 : 1  

Prot e in Secretion by the l<';amrna ry Gland 

Secre tion of Proteins Synthesised in the Mammary G land 

Secretory cel l s  c o n tain bo th l oose ri bosomes typical  of 

men-secre t o ry cells as \'Tel l  as ri bosomes bound to the end oplasmic 

re ticulum . The la t ter are responsible for the synthesis of 

proteins des tined for c el lular export ( Caye et al . 1 973,  Sacke & 
Healde 1 974 , Rol l es ton 1974 ) . I t  is obvious that each m RNA 
s t rand mus t " decide" whi ch ribosomal category to associate wi th ; 

a " dec isi on" dependent upon the function of the pro tein for whi ch 

it  codes . Blobel &: Saba t i ni ( 1 97 1 ) pos tulated tha t all m RNA 
s t rands who s e  trans la td.anal products are to be transferred across 

a membrane con tain a uni que s equenc e of s i gnal codons at t he 

1 5 .  

amino te rminal end o f  the chain ( immediately  following the initiation 

codon) . Eme rgence o f  this  sL;nal s equence ( 1 0-40 amino aci d  

res idues ) of the pro tei n cha in from the large ri bosomal subuni t 
t ri gge rs the attachment of the riboso m e  to the membrane of the 

endoplasmi c reti culum. Thu s  al l tran s l a t i on b egi ns on free ribosomes . 

Following attachment  of the ribosome to a membrane binding 

site,  the emerging signal s equence s ti mulates the l o o se as so ci ati on 

of s everal membrane proteins . These rro teins form a pore through 

the membrane whi c h  a ll ows the emerging pro t e i n  c hain to pas s  di rectly 

to the intra c i s t e rna l  space of the end oplasm i c  re t i culum . The 
ri bo some then de taches from the mern ornne and the pro t eins whi ch formed 

the pore dissociate and redif fuse into the plane of the membrane . 

( Blobel & Dobberstein 1 975)  

The pep tides comprising the signal sequence a r e  then 

thought to separate from the pro tein chain within the endoplasmic  

re ti culum by a proteo lytic mechanism. 

It  i s  possi b le that thi s signal sequence may b e  responsi ble 

for several of the observed types of milk proteins . 'rhe A and B 



gene ti c vari.an ts o f Y cas ei n  hav e identical amino acid sequences 

to the A & B variants of l , ,  casein re s pe c tivel y , but the y 
caseins are 27 resi.dues shorter f rom thei r N term i n al end (Gordon 

et al 1 972) . I t  could b e  p o s tulated tha t these 27 resi dues comprise 

the s i g:r. c.t l  s e qu e nce of y c asein and that ,J cas ein is in 

fact y casein w i th re ten tion of the s i gnal s equence . 

Support for the rough endoplasmi c re ti culum ( ·) ·� R ) , ,_., as 

the s i t e  of pro t ein synthesi s ha � been demons trated unequivocab ly 

by autoradiographic s tudi es . S tein & S t e i n  ( 1 967 ) showed the 

local i s a t i on of tri ti a t e d  l eu c i ne over the elements of the RER. 

Time sequence autoradiography has b e en us ed by many "�>Io rkers t o  

d emons trate the pathway o f  rro tein s e c r e t i on ( 1,ve l l ings & Phi l p  

1 964 , Verley & Ro1lman 1 966- cited Saacke & Heald 1 974 . Fi ske e t  al. 

1 967 , Heald & Saacke 1 972 ). A c t i v i ty i s  fi rs t  revealed i n  the 

ergastoplasm ( RER ) , followed by the golgi and the bumen of the 

gland . 

The me chanism by whi ch the pro tei ns move from the :1 � R  to 

the go lgi region is no t well defined.  Smal J ves i c l e s  bud o ff 

from the endoplasmic re t i cul um ,  mov e  to  and are incorpora ted into 

the golgi apparatus ( Kurosumi e t. al :l 96E.o , Li n ze ll & Peaker 1 97 1 , 

Jel!lieson & Palade 1 967 , Mo rre' et  al . 1 97 1 ) .  Apart from knowing that 
thi s  mechanism requires an energy inpu t ( Jamieson & Palade 1 968) , 

the reac ti ons , forces involved and the mo de of movemen t are 

unknown ( Palade 1975 ) . 

I t  is wi thin the go lgi appanlus tha t  much of the protein 

mod i f i cation oc curs whi ch r esul ts i n  the deve l o pment of the 
tertiary s truc ture and prope r t i e s  of the i nd i vi dual pro teins . Barry 

( 1 96 1 )  concluded that the phos phoryla t i on of casein mol ecules 

occurs after the compl e t i on of cha i n  synthesi s .  There is evidence 

tha t a pool  of unphosphoryla t ed casein exi s ts in  the mammary 

gland secretory cel l .  ( Turkingto n  & Topper 1 966 , S i ngh et nl. 1 967 ) 

and Bingham e t  al. ( 1 972) sug:;ested tha t  thi s was s i ted i n  the golgi 

appara tus . Similarly Carrel l e t  al . ( 1 97 1 ) hav e pro po s ed tha t 
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the binding of cal c i um oc c urs f o l l owi n;,; pho s phoryl a b on of casein 

i n  the golgi . The golgi appara tus also appears to transform the 

membrane o f  the endoplasmic re ticu lar v�c u oles to one wh i ch has 

properties s imi lar t o  the plas:na memtra::J.e (Grove et al . 1 96:3 , 
" 

� o n·e e t  al. 1 970 - c i ted Keenan e t  al . 1 970 ) Hembrane i nput a t  

the proximal o r  forming fac e of the d i c tyosome is " balanced" by 

the u t i l i s a t i on o f  membrane in the e l a b o ra ti on of secre tory 

vesi cles at the dis tal or ma turing f a c e  of the d i c tyo s ome (Keanan 
& Euang 1 972) .  G o lgi ve s i c l e s  pinch o ff from the golgi c i s t e rnae 

i n  a s imi l ar manner to tha t sr.own for the " budd i ng" of the RE: .� 

vacuoles ( Saa cke & H ealde 1 974) .  'l'hese workers also sugge s t  that 

the conten t s  of one vacuo l e  may be inj e c t ed into an a �l j ac en t  

vacuol e ,  o r  t ha t  in the matura tion of go l gi vacuo l e s , me rging 

may o c cu r .  These vacuo les are also ass ume d to contain the newly 

formed lac tose f o m  the golgi body as well as the free B pro tein 

of i ts syn thes i s - a lac talbumi n .  Ex tending thi s hypo th e s i s , 

Linze l l  & Peaker (1 97 1 ) proposed tha t  lac t o s e  is  the maj or o smo­

regulator in the go lgi vacuol e .  La c t o s e  cau s e s  wate r t o  be d rawn 

i nt o  the vacuo l e  to balanc e the toni ci ty of vacuo l a r  ma terial w i th 

plasma and wi th mi lk . 

�le manner by which t he vacuo l e B  mov e to the apex of the 

cell i s  an area of c ontinuing deba tt. Bro oker & Forsyth ( 1 972 ) 

reported the exi s tance of m i c ro tubulcs and f i laments al ong which 

the ves i c l es mo v e  in a po s i tive manner t o  the apex of the c el l . 

Palade ( 1 975) su�Ge s ts tha t no su ch organisation exi s ts in 

t he api cal regi on of pancrea t i c  c el l s . O thQrs have shown tha t  

newly formed ( labell ed) secretory granules are dis tributed at 

rand om wi thin the pre-ex i s t ing granul e popul a t i on ,  s o  arguing 

agains t any f o rD of o rgani s ed transpo r t  ( Scheele & Palade 1 975 ,  

Tartakoff e t  <' l .  1 975 ) .  In con tras t  to t he s e  findings , Le Harchand 

et al . ( 1 97·1 ) proposed tha t the drugs c o l chi cine, vinb las ti ne & 
vincri s ti n e  ( previous ly shown to  i n t e  f e re wi th an hepa tic m i c ro­

tubular sys tem , Bori sy & Tay l o r  1 967 , l•lalaw i s t o  & Sa to 1 96 9 )  
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ei th e r  s trongly i nhi b i t e d  or comple tely supp ressed th e rel eas e  

o f  newly syn thes i s ed pro teins though total hepa ti c pr o t e i n  synthes i s  

remained unalt ered . 

The c o n tents o f  the secretory vacuoles are d i s cha rged i nto 

the glandular lumen by a pro cess orit,i nally called membrane 

fus i on bu t has s i nc e been changed to the more d escriptive 
exocy to s i s  or reverse pinocytosis ( Palad e 1 975 ) . As the vacu oles 

a pproach the apical cell surfac e , t he two membranes fus e ,  fission 

oc curs wi thin this area of fusi on and tho two membranes b e c ome 

contiguous . Thi s  pro c e s s  permi ts the -. i scha rge of the secre tory 

produ c ts whi l s t  ensuri ng the mai n tenan c e  of a continuous di ffus i on 

bar r i e r  b e tween the cell sol and the ex tracellular me dium. 

The vesicles thus prov i d e  and rep lace cell membrane whi ch 
is consumed i n  the s ec r e ti on ( process of envelopment ) of the l i pid 

dropl e ts ( Bargmann & Knoop 1 95 9 , 1 960 - c i ted K eenan e t  al. 1 970a ,  

Pat ton & Fowkes 1 967 , Ke enan e t  al. 1 970b , Keenan & Huang 1 972 ) .  

Thi s  c i s t ernal packaging - exocy t o s i s  m o de l of p ro t e i n  

s e c r e t i o n  has consid erabl e  acc epta.nc e o v e r  a w i d e  vari e ty of c e lls . 

Ro thman (1 975) has c ri t i c ally ev�l u, ted this model and s umma rised 

the probl em s  a s s o c i a ted wi th i t . He sug,o-e s ts as an al te rnative , 

an equ i l i brium or membrane t ranspor t mec hani sm at l e ast for the 

s e c re ti on of diges tive en zymes by the pancreas . The central t en e t  

o f  thi s  theo ry i s  tha t  the prot eins can !;love bi-dir ec t i onal ly 

through the membranes so tha t dige s ti v e  enzymes can be in equi l­

ibrium wi th each o ther .  Ro thman however no tes that th i s  equi l­

ibrium model does not p reclude the packagi ng- ex o cy tosis mo d e l . The 

latter would s eem mos t likely to be r e s p ons i bl e  f o r  the secre ti on 

of the milk pro t eins synthes i s ed in the mammary glan d .  



1 : 2 : 2 : 2 Secre t i on of Serum Pro teins by the Na.rnmary Gland 

1 : 2 : 2 : 2 : 1  I mruunogl o bul i  ns Larson & K end al l ( 1 957 ) 
demons t rated a de c ras e i n  tho l evels of s eve ral o f  the serum 

globu l in f rac tions in c ows approach i ng par turi t ion . Thi s  

sub s tantiated the radioac tive tracer s tu d i e s  wh :i. ch indi cated that 

the immunogl obul i ns found in co l os t rum and mi lk were not 

synthesised by the mammary gland . ( Ask onas et al. 1 954 ) . Dixon et al. 

( 1 96 1 ) suggested tha t there was a spec i f i c  transfer nechanism 

through the c e l l s  which favoured gamma el obul i n  and � x8 l ud ed to 

a gre a t  exten t  the small er albumin mole cu l e s .  Pi erce & Feinstein 

( 1 965 )  demons trated that this selec tive absorption ex tended to 

di fferen t i a t i ng between immunoglobulin frac t i ons . The 

predominanc e  of IgG1 ( see Fig 1 : 1 )  i n  mi lk has be en attributed t o  

the exi s t ance o f  a s el e c tive mechanism of t ransfer \'Thich c an 

d i s tingui sh between IgG 1 and o t her I mmunoglobulin f rac t i ons 

(Wa tson & Las c el l e s  1 973) . I t  has been shown tha t  this s elect ive 

me chani sm i s  much more ac tive during colos trum f o rmation than 

dur i ng es tab l i shed lac tat i on and al so dur � ng the ea rly pha s es of 

involution 1-rhen milk produ c t i on i s  declini ne rapidly ( Watson et al . 

1 972 ) .  

1 9 . 

Brand on e t  al. ( 1 97 1 ) al s o  showed tha t t he c oncentrati ons of 

IgG2, IgA and IgM do no t al ter wi th approachir� parturi tion or the 

es tab l ishment of lac tat i o n .  Las c e l les ( 1 97 1 ) - c i ted Brandon e t  al. 

( 1 97 1 ) sugge s ted tha t s e l e c tive t rans fer of IgG 1 requ i red the presence 

of receptor si t es on the basal or i nter c e l lular membrane of 

glandular e pi thelial c ell s .  Trans por t ves i c l es forming at these 

s i tes would therefore c on tai n more IgG 1 than IgG2 . The e l e c t ron 

mi c ros cope s tudies of Barr�ann & 1,'/'e l s ch ( 1 969 )  have shown vesicular 

s t ruc tures around the basal border of the c e l l . Murad ( 1 970 ) als o  

showed tha t pro teinaceous pa r t i c les appeared in t he cy toplasm and 

were t o t al ly s ecre ted i nto the gl andular lumen prio r  to partur i t i on. 

Sonoda e t  al . ( 1 973 ) has pre s en t e d  cytol ogi cal eviden ce tha t a 

pinocy t o t i c  pro c ess i s  respons i ble for I,;G uptake by the fetal 

yolk sac f rom the maternal ute rine lumen for transfer to the fe tus . 

The pro p o s ed basal membrane vesi c l e  theor·y o f  i mmunoglobul i n  

t ran sport has b een used b y  Peake r ( 1 97 5 )  to explain the increas ed 

s o d i um and dec re a s ed po tass ium concentra t i ons ( relat ive to m i lk ) 
obs e rved i n  c olos trum . The sod i um pul!lps shown to be pr•"sent 
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(as i nd i c a t e d  by the presence of Na-K ac tivated A TPases ) on the 

basal and lateral membranes ,  bu t no t on the luminal membrane 

(Kimura 1 96 9 , Johnson & Hooding ( i n  prepn )- c i ted Peaker 1 97 5 )  

would be transpor ted with the membran e  of the transport vacuole 

to the luminal :nembrane . In this pos i t ion t h e  pumps vwuld operate 

to exchange sodi um for po tassium in mi lk .  Once lac tati on begins , 

deple ti on of luminal membrane by the normal pro cess of fat dropl e t  

s ec re ti on and i ts replacemen t b y  merubrnne of go lgi origi n o ccurs . 

This rapidly removes the pump mechanisms and allov1s the charact ('r­

istic i onic balance of milk to es tab li sh .  

1 : 2 : 2 : 2 : 2  Serum Albumi n The mechan i sm by ''�hich  serum 

albumi n  i s  s e c re t ed i n to milk i s  no t well defined . �lacken zie & 
Lascelles ( 1 968 )  concluded that IgG2 and o ther serum pro teins 
mus t  be trans ferred into milk by a less effi ci ent selec tive 

mechanism than that of IgG 1 , or  by a passive mechanism such as 

fil tra tion between the cel l s .  The lat t e r ,  referred to as the leak­
age theory i s  well  entrenched in the l :'. t e rature ( Butler 1 974 , 

Macken zie & Lascelles 1 968 . Las c e l l e s  e t  al.  1 97 1 ) .  The leakage 

theory o.s the ex planation of normal physiol ogi cal l eve l s of serum 

albumin in milk mus t  be ques ti oned on the following grounds : -

1 ) .  I n  established lactat i on a s t eep non-elec trolyte grad ient 

is maintained ( lactos e-mi lk : plasma = · ooo : � ( Peaker 1 975) as well 

as a moderate to  high i oni c grad ient ( S odj.um =1  : 1 0  in  the c ow 
and 1 : 37 i n  man ) . Cl early a " l eaky11 epithelium could no t favour 

the es tabl i shment or maintenance of suc h d i :f e renc e s , parti cularly 

in the case of lac tose . 

2 ) .  The cells  do not allow molecules such as sucro se to pass 

f rom bl ood to mi lk . Lin zell & Peaker ( 1 97 1 a )  used thi s  fac t to 
es timate the volume of milk in the marrur.ary gland � 

20 . 



Thus i t  can be queri ed whe ther the " no rrna l " levP. l s  o f  

albumin ( and o ther serum pro t eins ) i. n  milk are due to a con ti nuous 

passive leakage betw e en the ce l l s . 

2 1 • 

Admini strati on of oxy to c i n  e v·en i n  s ma l l  and phys i o l o�i cal 

amoun ts l en d s  to i ncreases in milk s od l um an'l chl oride nnd dec reas es 

i n  lac tose and po tass i um c onc e n t ra t i ons ( Ieakor 1 97 5 ) . Hhe e l o ck et  

al . ( 1 96 5 )  als o  showed a n  i nc reas e d  c ,:,n:�C! H trat i o n  o f  the non-

casein  pro te i ns of milk und er such c o ndi t i ons . Li n z e l l & Peaker 
( 1 97 1  b )  sugges ted tha t the effec t  of oxytocin  v1as to  disrupt the 

s e c re to ry epi the l ium suf f i c i en t l y  to perr:1i t the pas sage of a l i t tl e 

ex trac e l l ular f l u i d  i n  one direc t i on an d mi lk i n  the o the r ,  via 

the tigh t j unc t i ons . Fo l l owing c e s s a ti o n  of oxy t o c i n  admini s t ra t i on ,  

the mi lk composi ti. on qui ckly r e t u rns to :10rmal ( Linzell 1 967 ) . 

Thus the possibi l i ty ex i s ts tha t t h e  obs erved c oncentra ti o n  o f  

s e rum al bU!!lin i n  mi lk i s  due to l eaka�e d u ri ne and i mw edi a t ely 

af ter the previ ou s mi lki ng . This  s e c �� ti o n is subs eq uen t ly dilu ted 

by the n o rmal s e c re ti o n . Such a hypo th e s i s  i s  suppo r t ed by the 
w ork of Linzell ( 1 967 ) in whi ch i t  w�s obs erved that frequent 

m i lk i ng ra i s ed m i lk Na & Cl but d e pres s ed K and l ac tos e concen trat i ons . 

Fur thermore , Dill et  al . ( 1 972 ) hav e shovm that wi th su c c es s ive 

:inj ections of oxytoc i n ,  the concen t ra ti on o f  s e rum albumin 

consis tently i nc re .::: s e d . The di t' f e ren t i < i .L s i eving of pro teins on 

s i z e as sugges ted by Nacken zie & Las c t: l l cs ( 1 968)  would result i n  

the di ff ering concentrations of the serum pro te i ns ( albumin, pro t eose 
peptones , IgG2 , Igi>l )  in m i lk a c c o rdi ng to this theo_r:-y .  

Anothe r possible me chani s m  for t h e  transfer o f  albumin t o  
mi lk i s  via the IgG1  trans por t ves i c l e s  a s  propos ed by Brandon e t  

al . (  197 1 ) .  I f ,  as i s  propos ed , the t r-ans port vesi cles f o rm a t  the 
IgG 1 b i nding sites  on the basal rne;:;. b rnn e ,  they wi ll c o n tain 

predo minan t ly IgG1 , but do not preclurl& tne random i nc l u s i on of 

o ther s erum pro teins as they form. 



A further possibi l ity is tha t serum albumin e s cape s into t he 

lumen o f  the �land w i th or fol lowing the movement throu�h t he 

i nt erce l lular spaces by the leuc o cy t e8 . Though leucocyte 
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passage between the cells has never been observed , the probab i l i ty 

of obs erving such an eve nt is no t high . No rma l  cows milk cont ains 

in the vi cini ty of 50, 000 leucocyt es pe r ml ( Newboul d 1 974 ) and 
about 0 . 4 mg per ml o f  s e rum al bumi n ( H.olleri e t  al . 1 956 ) . Thus 

each leu cocyt e wou ld l1ave to t ra ns po r t  0 .008 flg of albumin. The 

albumin content o f  inters t itial fluid ( appro xi ma t  d by lymph ) is 

abou t 1 0  mg/ml ( Las cel les e t  al . 1 964 ) .  Su ffi c i e nt se rum albumi n 

to a c count for the physio lo�i cal quan t i t i es in mi lk cou ld the refore 

ent er the gland by as li ttle as 0 . 8  nl o f  i nt e rs ti t ial fluid 

entering the gland per l eucocyte . T h i s  i s  however s oce 20 t i mes 

th8 volume o f  a l eucocyte so i s  likely to ac count f o r  only a sma l l  

pro po r t i o n o f  t h e  t o t a l  serum a lbumi n i n f lux unless of c ourse the 

pro eress of the l eu c o cyte betweeL the c e l l s  so d i s t o rted the t i ght 

j u nc t ions t lw t  cons i clerable leakage o c cu rred su bse que ntly . 

Analysis of the co ncent ra t i o ns o f  the whey pro t e i ns may shed 

some light on t he mechani sm of e nt ry of the s e rum pro te i ns i nto 

the lumen o f  the mamma ry gland . 



1' : 3  Fac t o rs aff ec tin6 Mi lk Composi t i on 

Having defi ned the area \Y"hi c h thin  work is consi derin[; 

(Milk Protein syn thes i s and s ecre ti on ) and t o  s ome ex tent the 

probl ems to  be solved , i t now remai ns to e s tabl i sh those factors 

whi ch have �n i n f lu en c e  on the fi eld . 

1 : 3 :  1 The Effect of Nu tri ti on on 11i lk Y i el d  and on t�e 

Concentra tions and Yield�_�[__the �1ajor Milk Componen ts 

Large numb e rs of trial s hav e been c a rr i ed o u t  to i nvest igate 

the effe c t s  of l ev el o f  feed int.:lkEJ o n  milk yield and the maj or 

mi lk c omponent s .  Bro s to r  et al. ( 1 96 9 )  hnve sugt�es ted tha t the 

li ter ature on level of feeding of d ai ry cows should be subdivi ded 

into short- term tr ials whi c h  ign ore changes i n  body r eserves 

and long- term trial s 1·1hi ch do a c c ount for s u ch c hange s . 

Thi s  revi e'li wi ll cone en t ra t e  on shor t- term t r i a l s .  

1 . : 3 : 1 : 1  Energy Supplemen t s  I n c r ea s i ng tho level. of energy i ntake 

by s u pplemen t ary f e e d i ng hns be on s h ovm by m1my workers ( ·::right et  

a l.  1 974 ) ,  Dawson & Rook 1 972 , Wil3on e t  a l.  1 97 1  , G o rdon &. F'orbes 
1 970 , 1 97 1 , Gardner 1 969 , Bro s t e r  et aL 1 969 , Rook 1 96 1 a )  to resul t 

in an increase in the y i e l d  of mi lk pr oduc e d , though the increase  

occurs a t  an ever dec re a s i ng ra te (Arms uong ( 1 968 ) .  ITuber & 
Boman ( 1 966 ) sugge s ted that  the d e c l i ne in  res pons e t o  i ncreas i ng 

levels of energy supplementa t i on i'la s  asso c i a t e d  wi th an increasing 

rate o f  l i ve-wei gh t  gain.  A decrease i n  the plane of energy 

nutri tion re sul ts in a decreas e i n  milk yi e l d  (Hrigh t et aL 1 974 , 
Greenhalgh & Hei d 1 969 , Bro s t e r  e t  al� 1 96 9 ,  Rook 1 96 1 a , Burt 1 957 ) 

The pro tei n c o nc en tra t i on of mi lk has a l s o  been shown to 
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be  n i  s e d  by iner eased levels of dietary energy ( Da'fison & Rook 

1 972 , Gordon & Forbes 1 97 1 , Rook 1 96 1 a , Rook & Line , 1 96 1 , 

Ki rc hge ssner e t  al . 1 967 ) and decreas ed by reduc e d l e v e l s  o f  d i e tary 

energy (Wright et al . 1 974 , Davrson & Rook 1 972 , Kirchgessner et  al. 

1 967 ) .  'l.'he ef fe et of changes of energy levels are greate r  at low 



than a t  hi gh planes o f  nut riti o n  ( Rook 1 96 1 a ) an observation which 

may e xplain many o f  the c onflic tine resu l t s  and va riation i n  the 

l eve l of re s ponse repo rted in the l i t e ra tu re . 

Dawso n  and Rook ( 1 972 ) have also sho'm th'l t as lac t a t i o n  

pro gre s s es , the respo nses to bo th inc reas e d  a nd de c reased planes of 
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nutri t io n  energy vary . The extent o f  the res po ns e  in t erms o f  milk 

yield d e c reas e d  as did that of p ro t ein c ont ent . The extent of the 

response in lactose content increased and was reflected in an i nc reas i ng 

l evel of  response in the ( SNF ) percentage . 

Increased  ene rgy i n take has l i t t l e  e f fec t on milk fat cont ent 

( Cast l e  1 958 , 1 959, 1 96 1 , Kirchgessner et a l .  1 967, Arms tro ng  1 968) . 

If however t he energy supplement i nduces ma rke d  changes i n  t he 

pro portions o f  the volat i l e  fatty a c i ds (VFA) produced in the rumen, 

dramat i c  depre s s ions i n  mi lk fat content can resu l t  ( S chu l t z  1 974 , 

Davis & Bro'tm 1 970, Arms t rong 1 968 ) .  

1 : 3 : 1 : 2  Pro t e i n  Supplements 

For a given l evel o f  dietary energy, any increase in the leve l of 

protein intake above requi rements hns l i t t le effect on mi lk yi e l d  

( Co rdon & Forbes 1 970, Armstrong 1 968, Blaxter 1 964 ) .  Paquay et a l . 

( 1 973 ) hnve sho\m fu rther tha t  any increase i n  pro t e i n i n t ake over 

re qu i rement i nduc e s  no improvemen t in mi lk s ec re t i o n  but l eads t o  

enhanced urinary N losses . The p ro t e i n  requi reme nt can however be 

raised by an inc reas e in the level o f  e nereY i ntake . S im i larly the 

resu l ts of Rei d  & Ho lmes ( 1 956 ) and Lo�an e t  al . ( 1 959 )  indi cate that 

the respons e from addi t i o na l  ene rgy can be l imit ed by the pro tein 

c o nt ent of the di e t .  Levels of d i e tary pro t e i n  considerably below 

requ i remen t s  l ead to a decreas e in both milk yield and pro t ein content 

(Thomas 1 971 , Arms t rong 1 968 , Ki rchges sner e t  a l .  1 967 ) .  Sma l l  

die tary pro t e i n  defi c i t s  a l s o  re duce mil k  yield but d o  n o t  affe c t  

pro t ein percentage ( Ro ok 1 96 1 a ,  Kirchges sner et al . 1 967 , F a1uay et al . 

1 973 ) .  



An i nc reas e in the pro t e i n c o n tent of rati ons has been 

shown by s ome wo rker s to :i nc reB.se mi lk fat pe rc en tage ( Rev i eN 

by Ki rchges sner e t  al. 1 967 ) , but only in s i tua tions vThere the 

ra tion has a high crude fibre content and i s  l ow i n  s tarch . 
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Prol onged d e fi c i ences of bo th pro tei n and ene rgy ( underfr· eding) 
cau s e s  a de pres s i on i n  the fat con ten t of mi lk (Revi ew by Ki rch­

gessner et al . 1 96 7 ) . Thi s  dro p  i n  f a t  pe r c en tage i s  howeve r 

l imi t ed by the concom i tan t depre s s i on in mi lk yi eld . Thi s  

s i tua tion of ten resul ts i n  no c hange o r  even an i nc r eas e i n  the fa t 

content of mi lk , parti cularly vrh en the re i s  a s u d d en reduc ti on i n  

f e ed i n take . Ro ok ( 1 96 1 a ) stua�ari s ed t h e  eff ec t of plane of 

nu t ri ti on on fa t content as , "a change 'i. n mi lk yi eld wi thout a 

compensatory change j.n f a t  yield" . 

Vari a t i ons in the plane of nu t ri t i on ( c ompri s ing bo th 

available energy and pro t e i n ) have t hu s  b e en shown to exert a 

conside rab l e  i n f l u ence on to tal mi lk pr0 te i n  concentrati on as we ll 

as o th e r  milk c omponent s .  I t  i s  th e refo r e  appropri a te to a l t e r  

the plane of nu t ri ti on of a trea tment g r o u p  o f  cov1 s  t o  i nves t i ga te 

the eff e c t s  on m i lk c ompos i ti on and in particular on the i ndi vidual 

pro tei ns o f  the whey . 

1 : 3 : 1 : 3 S tock i ng Rate Compari tively l i t tl e wo rk hqs b e en carried 

ou t i nve s t i ga t i ng nu tri ti onal effe c ts on mi lk produ c t i o n  usi ng 

treatments based ent i rely on gra z i r� sys tems . Thi s  i s  no doubt a 

refl ec tion o f  the di ffi cul ti es as s o c i a ted wi th such trial s ,  

par t i cu larly i n  the e s t i ma t i on o f  i n t ak e 3  and i n  separa t i ng  the 

e ffec ts of qual i ty and quan t:i. ty of f e ed c onsumed . New Zealand ' s  

dai rJ indu s try which is based almo s t c ompl e te ly o n  Grazed pas ture 

means tha t  ad jus tmen t of s tock i ng r::� te i s  the mos t appro priate 

method o f  imposi ng relevan t nu t ri ti onal treatmen t s  on l ac t a ti ng cows . 

Haxi mum f e ed i n take and henc e max i mum product i on per animal 
is achi eved at low grazing intens i t i t'! S  because ne i the r qu.ali ty nor 

quan t i ty of feed is l i m i  Ung . I rnprovcrt.en ts in the eff ic i ency of 

harve s ti ng ( increas i ng s t o ck rate ) are ob tai ned only at the 



ex pens e o f  a redu c t i on i n  in take by the animal and a c ons equen t 

de c reas e in i ts produc t i on ( Greenhalgh 1 975 ) .  l•lcH e ekan & 'iTal sh e 

( 1 963 )  showed tha t mi lk and f a t  yi e l ds per cow were depressed by 

inc reased s t o cki ng ra tes . The s e  s ame parame t e rs , how eve r , when 

measured on a p e r  uni t area basis were shown t o i nc reus e wi t h  

t h e  i ncreas e d  s t o ck i ng rat e .  Simil8r e f fe c ts have been no ted by 

o ther workers ( Flux & Pat chel l 1 9 54 , Pa t c n e l l  1 957 ,  Fln-' & Pa t che l l  

1 957 , Munfo rd e t  al. 1 96 4 .  Gre enhalgh & Hei d 1 968 , G rc enhal gh e t  al. 

1 966 , Gr u enha l gh et aJ.. 1 967 ,  Hu L ton & Pa rke r  1 973)  o ve r varyi ng 

periods o f  t i me ,  s tage s of lac t a ti on and degrees o f  re s t r i c ti on . 

I n  general , the c oncentra ti ons o f  t o tal pro tein and S tW w e re 

depre s s ed whi l s t  the c o nc en t ra t i on o f  mi lk f a t  wa s i n creas ed as 

the s t o ck ing ra te i nc re as ed . 

The ac tual way i n  wh i ch meas u rabl e ef fec t s  due to s tock i ng 

ra te d i ff e rences a ri s e  i s  no t c l ear . The impo r tanc e of s elec tive 

grazi ng by sheep was origi na l l y  po .i n t e d  out  by S tapl e d o n  ( 1 c 27 ) ­
c i t ed Bredon e t  al .( 1 967 ) . Fagan ( 1 929 )  s ta ted fur ther that 

c a t t l e  were s e l e c t ive &s to the parts of plants eaten. Hennes sy 

& Ahe rn  ( 1 967 ) repo r t ed tha t  c a t t l e  pref e ren t ially s e le c t the t o p  

p o r ti ons of i rrigat ed pas ture . Simi la r ly Eld ridge ( 1 974 ) showed 

tha t when c ows are gra z ed ro tat i ona l 1 y  they s e l ec t  the top pas ture 

laye rs f i rs t ,  r egard l e s s  of the s to cki n · ra t e . 

Seve ral wo rkers ( Davies 1 92 5 ,  Jones 1 933 , S tapledon 1 934 , 

Hard i s on e t  al. 1 954 ) have shown tD.a t the degree o f  s el e c t i  vi t.'l i s  

re l a ted t o the amount o f  pala tab le h e rb age nvai lab l e . S e le c tivity 

is gr ea t es t wh en an abundanc e of var i e d herbage exi s ts and d e c reases 

as the supply b e c om es mo re r e s t ri c te d . 

The e f f e c t  of s e l ec t iv i ty by the animal s on the diges t a 

has b e e n  i nve s t i gated u s i ng oes o phaeea1 Rnd rumen fi s tula and 

anal ysi s of pas ture o ffered and r e f u s e rl .  !-!any workers have no ted 

tha t the c on c entra t i on of n i trogen i. n the faeces of gra z i ng 

animal s i s  h ighe r than i n  animal s f e d  the same ma terial bu t plucked 
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or cl ipped (Review by Hardi son e t  al . 1 954 ) . Material sel ec ted 

by anima l s  has been shown cons i s tently to have higher digestibility 

and crude pro tein and less crud e fibre than animals fed the same 

material wi thout the opportuni ty to select  ( Bredon e t  al . 1 967 , 

Hardi son e t  al . 1 954 , Arnold e t  al. 1 9�6 ) . 

The two o b s e rva ti ons - h ei gh t o f  s el e c ti ve grazing and compo­

si tion of t he i ntake of animal s permi t t e d  to gra z e  s el ec t i vely,  
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have been re l a t ed by the \Wrk of C l arke e t  al. - ci ted Eldridge ( 1 974 ) 

They found that  pro tei n  con tent o f  pas tu r e  d e c l i ned from the top 

layer to the bo t t om .  

The gene ral c onc l u s i ons from \io rk publ i shed on selective 

grazing x pa s ture intake interac tions i s  that cli pped herbage 

provides an unreliable i ndex of the chem � c al composi ti on o f  herbage 

s e l e c ted by gra zing animals .  Similarly the e f fe c ts o f  pas ture 

qual i ty are di ff i cul t to separa te from the effe c t s of pas ture quanti ty 

in stocking rate experiments  wi t h  gr.:1zi n.:: animal s .  

Res tri c t ed gra z i ng i s  thus l ikel y to resu1 t i n  the combine d 

effects of l 1 m i  ting ava i lab l e  e ne rgy anr.l pro tein as i ndi c ated i n  

Sec tions 1 : 3 : 1 : 1 and 1 : 3 : 1 : 2 .  A hi gh stockine; rate tr- -atment could 

be ex pe c t e d  to depress m i l k  yi e l d  and to tal mi lk protein  percentage 

and resul t in a var iab le ef fec t on fa t concentration and in so  

doing achi eve the objectives of  the pro j e c t  a s  ",r t �Vi ously s ta ted . 

1 : 3 : 1 : 4  �ed i a t i on of Nu tri tion o n  M i lk Synthesis 

Gluc o s e  plays a c ent ral ro le in the me tabolism of the mammary 

gland (Davis  & Bauman 1 974 ) .  Ba rry ( 1 952 ) showed that glucose 

was t h e  mai n precurs e r  of Lac tos e .  Linzell & Peaker ( 1 97 1 c )  

proposed that  the presence of lactose i n  the golgi se cre tory vesi cles 

draws wa ter osmo ti cally from the cell i nto the ves icle .  Glucose 
therefore , by i nflu enci ng l ac tose synthe si s large ly controls the 

mi lk yield.  Thi s  mechan i sm i s  al s o  rPs ponsible f o r  the rela tive 

stabil i ty of the lactose percelltage i n  milk . 

A sh o r tage o f  gl uc ose c on be c au s e d  by underfeeding (Linzell 

1 967b) and \vi thout gl u c o s e  i n  the perfu s a te , mi lk secre tion 

almos t c eas e s in i s ol a t e d  perfu s e d  goa t mammary glands (Hardwi ck 
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e t  al . 1 96 1  ) . -:ie c re tion of the aqueous p h a s e  of m i lk r ' . s v mes as s oc n  

a s  gl uco s e  i s rep l a ced . N o  o ther s •  gnr o r  me tabol i t e wi l l  subst i tu te 

for gluc ose i n  s timu la t i ng s e cre t i on. ( Ha:rd1vi ck e t al. 1 963 ) .  

Linz e l l  ( 1 968 ) has s h o wn tha t om.i t ii ug e i tht: r  ami no aci ds o r  ace ta t e 

f rom t h e  perfusa t e  do e s not d e p r e s s  thu l evel of secre ti on , bu t 

merely lowers the ou tpu t  of mi lk fat and pro t e i n . 

Fo lley and Fren ch ( 1 950 ) d c�ons Lratcd tha t fa t ty ac i d 

syn the s i s  i n  the mar.:mary ti ssue o f  rurr. i n a n t s  was un i qu e l y  d i f f e re n t  

from that i n  non-rumi nan ts . Subs equent s tu d i e s  u s i ng 14c sub s t ra te s 

indi c a t e d  that rumi nan ts w e r e  unab l e  to i nc o rpo rate glucose into 

fa t ty acids ( i n  con tras t t o  non-rumi nan ts ) . Ins tead , rumi nan ts 

u ti li s e pla sma a c e tate and Be ta Hyd roxy I1u ty rat e ( Balma i n  et al . 

1 954 , Har«wick e t  al. 1 96 3 ,  Bauman et dl . 1 970 ) deri ved f rom the 

fermen tation of d i e tary c a rbohyd ra t e s  i n  the rumen (Folley & 
NcNaught 1 96 1  ) . Bauman e t  al. ( 1 973) sbo\1ed tha t the di fference 
in subs tra te requiremen t was due t o  the ab s ence of tw o enzym e s  of 

the c i tra te c leavage pa thvmy (A'l'l' ci tra te lya s e  and NADI'-mala te 

dehydrogenase ) . 

I t  is now well es tablished tha t o n  pa s tu re d i e t s ,  li t t l e  

glucose i s  abs o rbed from the gas t r o  intesti nal trac t of ruminan ts 

due to the fac t tha t l i t t l e by passes the rumen mi c ro b i al popu la t i on 

( Lind say 1 970 ) . 'l'herefore rum i nnnts d e pend almo s t  en t i re l y  on the 

proc eess e s  of gluconeogene s i s  for the glu co s e needed fo r s pe c i fi c  

func t i ons , i nclu di ng mi lk syn thesis ( Ba l l ard e t  a l .  1 968) . 

Pro pi o na te and p ro t ei n a re the ma j or gluconeogeni c ma teri als , 

bu t glyc ero l and le.ctate also m.� k e  varying c or: t r i bu t i ons ( Lindsay 

1 970 ) . Production of propi onate in the rumen is s timula t ed by 

increas ed p ro po r t i ons of co ncen t ra t e  f •: c:ds i n  the ra t i on ( Schultze 

1 974 , �:cDouald et  al . 1 973 ) whercm1 Gluc oneo geni c amino acids are 

utilised f o r  gluc o se produc t i on by t h e  liver eve n  v1hen th ey may 

be l imi ti ng f o r  pr o t ein synthes i s  ( Purser 1 970) . Thus und e :c f e e d i ng 

or die ts o f  low dige s t i bi l i ty limi ts the f;lu coneogenic ma teri al 

avai lab l e  to the an imal 1<1h i ch ,  by 1 i mi t ing l a c t o s e  produ c t i on ,  

resul ts  i n  a de c reas e i n  m i l k  y i e l d .  



N ephrun & Li n ze l l  ( 1 966 ) showed tha t a l l  ess e n t i al am ino 

aci d s  are removed from the plasma i n  s u f f i c i en t  qua n t i t i es t o  

account for t h e  correspondi ng syn th es i s  of mi lk pro t e i ns b y  th e 

mammary gland . The uptake of non�·e3s cnt iul ami no ac id s  is variab l e  

and i n  some c a s e s  l e s s  than their outpu t i n  mi lk (Bickers taffe e t  

a l.  1 974 ) .  I t  i s  sug(Se s te d  tha t tho s e  a b s o rbed i n  excess ( A rgini ne , 

O rni thine ) c ou l d  be deami na t ed , provi d i nG ni trogen f o r  re-sy n th e s i s  

of l im i t i ng non-ess e n t i al am ino ac i d s .  :::a u t ama t e ,  Alanine , G lycine , 

S e ri n e  and sometimes A s partate have been shown to be l im i t ing. 

Ve rb eke e t  al . ( 1 969 )  sugge s ted tha t ma t e r i a l s  such a s  short cha i n  

fa t ty a c i d s  could prov i d e  the carb on sk e l e tons f or am i na t i o n  i n  

th e produ c t i on o f  non- e s s en t ial but l im i t i ng amino a c i d s .  

Halfpenny e t  al. ( 1 969 )  show ed tha t the pro t e i n  co ntent o f  

mi lk was s i gn i f i c an tly i nc reased w i t h  high e r  i nt ake s of energy . 
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Thi s i nc rease wa s a s s o c i a ted wi th i nc r eased j ueul a r  b l o o d  conc en tra t i on s  

o n  non-e s s e n t i al amino aci d s ,  bu t notably wi th l o w e r  e s s en tial amino 

ac i d  conc entra t i ons than duri ng the lo�-: i ntake con trol period . 

'l'hi s  they sugges te d  ref l e c t s  an i ncreas ed uptake by the gl and of 

e s sential ami no a c i d s  t o  mee t the rer1u i  remcn t s  for i nc r eased 

pro tei n syn th e s i s .  

The decreas e in mi l k  pro tei n c ont ent resul t i ng from l ow 

planes of nu tr i t io n  may then be due to a l imi tati on of one o r  mo re 

non- e s s e n t i al amino acid s ; there b e 1 ne some res tri c ti on on the 

forma t i o n  of the s e  am i no acids from gl u c o se or o ther usab l e  

sub s tra tes . Glutam i c  acid h a s  b e en impl i cated a s  t h e  maj o r  limi t i ng 

precurser for mi l k  pro t e i n  syn the s i s ,  reflec ti ng the l ev e l  of 

produc t i on of propi ona t e  i n  the rumcP ( H al fpermy e t  al. 1 969 ).  

Ruminant m i l k  l i pi d s  a r e  chara c teri s e d  b y  t h e  pre s en c e  of 

subs tan ti a l  quan ti ti e s  of sho r t and me d i um c hain length fa tty 

acids up to C1 6 (S tarry et al. 1 973 , Bickers taffe 1 97 1 , Dimi ck e t  

al. 1 970 ) .  Thi s  at tri bute i s  a re su l t of a very ac t i v e  d e  novo 
syn thes i s  from the precurse rs - ac e ta t e  and � hydroxy bu tyra te 



whi ch the mammary secretory c el l  obtains from t he bloodst ream 

(Linze l l  1 968 ) .  Longer cha i n  fa t ty ac ids ( s o n:e o f  the C 1 6 and C 1 8 

o r  more ) are de rived di rec t ly from t he plasma l ipids ( B i s hop e t  al .  

1 969).  Bickerstaffe e t  a l .  ( 1 974 ) shOi·led t hat plasma t riglyc e rides 

and blood acetate accounted for 35-80 pe rcent and 25-50 pe rc ent 

res pec t ively o f  the milk fat t riglyceride . The maj o ri ty o f  the 

t riglyc e rides taken up by t he u dd e r w e re deri v ed from the low 

dens i ty l ipopro t ein f rac tion. � hyd ro xy bu tyrate may be more 

important than i t s  leve l o f  mammary uptake ( Bi ckers ta ffe e t al . 

30. 

1974 ) o r  l evel o f  i nc o rpo ra t i o n  in synthes i s e d  t ri glyc er ide ( Bines 

& Brown 1968 , Palmqu i s t  1 969 ) v;-ou l d  i nd i cat e . I t  appears to be the 

pre fe rred chai n ini ti at o r i n  50 perc e n t  of t he fa t ty a c i ds fo rmed by 

de novo synthesis , i . e .  tho s e  not fo rmed by t he Malony l  pa thway 

( Dimick et a l . 1970 ) .  

Ne t t  f ree fa t ty acid a rt e ri ovenous differences have no t been 

reco rded in ei ther goats ( Linzell 1 968 ) o r  c ows (Bickers taffe et al . 

1974 ) .  Infu s i on o f  labe l l ed ac i d s  by t h e s e  workers have shown 

that an exchange of fatty acids does occur be tween pla sma and the 

mammary c e l l s . The net uptake i s  d e rived froru the hyd ro lys is of 

t riglyc e ri d es by l ipopro t e i n  l ipas e whi ch i s  s i tuated o n  the cap i l lary 

endothe l ium ( Barry et a l .  1 963 ) .  In cows fas te d  for 24 hours , it 

has bee n  sho1ro t hat the level of plasma free fatty a c i d  is inc rease d ,  

the rel eas e o f fatty acid f rom t ri glyc E ride dec;:reas es and so t he re i s  

a co nsi d e rab l e  n e t  arteriovenous di f ferenc e a c r o s s  t he mammary gland 

u nder t he s e  c onditions (Kronfi e l d  1 965 ) . Unde rfeed i ng a ls o  al t e rs 

t he c ompo s i t i o n  o f  t he mi lk fat . Pro duct s  of de novo s ynthe s is 

( s ho rt cha in fatty ac ids SCFA) are dec reased whi l s t  the propo rt i o n  

o f  l o ng  c ha i n  fatty ac i ds ( LCFA) increases , i ndi ca ti ng mob i l isation 

o f  body fat rese rves ( Remand & J ou rne t  1 970 , Annison e t  al. 1 968 ) . 
This marked rise i n  mammary f ree fatty ac ids uptake co mpen sates for 

the fal l in t he precu rsors of SCFA synthes i s . The lack of glu cose 

resu l t ing in d e pre s s e d  mi lk y i e l d , w i  tl1  the c ontinuii'l!Y, fat produc t i on 

resu l ts in the commonly o bs e rved rise i n  fat :perc entage wi t h  under-
feeding. Long term unde rfeedi nr; resu lt s  in depl e t ed body res e rves 
and a c o ns e qu ent dec rease in fa t percentage . 



1 : 3 : 2  The effe c t of S t res::.; o n  J\i l k  Yield and Compos i ti on 

S t re s s  resul ting only from und erfeedi ng an d So c i a l  or 

Psychologi cal pressures will be c o ns id er e d .  

The effects of s tres s i n  animal s are bel i eved to b e  

cons equ ences ma j_ nly of t he release of < cd renocorti co trophin 

( ACTH Cam p  b e l l  e t  a .1  ( 1 964 ) . Several expe rimen t s  have 

demons trated the e f fe c ts of inj ect :i �� .\ '� 'l'I-1 in dairy cows 

( Campbell et al. 1 964 , Brush 1 960 , Flux e t  al. 1 954 ) .  The s e  

include a decreas e in m i lk yield  wi th c oncomitan t i ncreas e s in  

the c on c e:rtra ti ons o f  milk fa t and rro tei n . Jraun e t  al. ( 1 970 ) 
sugges t ed tha t such respons es we re due to a progres - i ve 
impai rmen t  of gluc o s e uti lisati on 'iS the plasma c or tico i d 
concen t ra t i on i s  i ncreased.  

Camp be ll et al. ( 1 964 ) sugg e s ted that the change s in milk 

c ompos i ti on re po r ted by �unford et al . ( 1 964 ) resul ti ng from 
res tri c ted gra zing ( confi nem e nt i n  a c o nc re te yard for part or 

all o f  a mi lki ng i nterval )  could have b een r-a r t i al l y  due to nervous 

s tre s s . 

So c i al o r  P sychological s tress  .i s bec omi ne a problem of 

prac ti cal s i gni f i c �nce wi th i nc r eu s i r� pr oduc tion pre s sure on 

ani mals ( Church 1 97 1 ) .  Hancock ( 1 954 ) examined the behaviour of 

monozygo ti c twins and f rom h i s  d i s cu s 2 i on i t  migh t  be expe c ted 

tha t s epara t i o n  of twi ns by treatmen ts '.wuld create a so u r c e  of 

psychological s tress . S o ci al ord e r  would have grea t e r  impli c a t i ons 

par ticularly \-rhen animals are confined. Schake & Riecs ( 1 966 ) 

showed that s o c i a l  rank a ffected tiQC s pe n t  e a t i ng and distance 
wa lked in gra z i ng .  These workers ( Schake & Riggs 1 969)  agnin 

shov1ed that the amount of non-pro du c ti ve activity 1 nc reas es as 

th e food suppl y i s  redu c e d .  La rs en ( 1 9( 3 )  shmved similar resul ts 
( pres en ted by Church 1 97 1 ) fo r graz i ng ani mal s . The animal low in 

the social o rder being forced to trn ve l  rr.uch farther to o b t ain food 

o r  to o b ta i n  i t  \-lj_ thout bei ng mo� cs t ed by m o re dominant P..nimals . 
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These results suggest  that the e l'fects of soc iological 

s tress on the animals will tend to over estimate the ef;ects due 

to the tree tmen t alone . 

1 : 3 : 3 Influence of I>las ti ti s  on Ni lk Yi eld and Compq_s i t i on 

Several recent revi l�Ws have summari s ed the effects of 

bacterial infection of the udder on milk yield and on the maj or 
milk components ( Newbould 1 974 , Nevrs tead 1 973 ,  �·lheel ock & Dodd 

1 969 ) . J.lasti t i s  resul ts in the depr8s s ion of milk yield , the 

degree varying from a few percent to comple te cessa t i on of 

secretion.  Subclinical mas ti tis depres s es yi elds by as much as 

forty perc ent . This depression in yi eld (as determined on an 
individual quar ter basis ) pe rsi s ts for the whole of  lactation, even 

when the bac teria are eliminated by antibiotic  therapy ( Crossmrul 

et  al. 1 950 , i•J:J.eelock e t  al. 1 9r)G ) . The mi lk produc t i on from the 

infected quarter does recover , but often no t completely,  even in 

the succeeding lactation (Wheelock et al. 1 966 ) . Tolle ( 1 969 )-

ci  t ed  Nel'IS tead ( 1 973)  e s  t ima. ted that in the German Federal 
Republic the national milk yield i s  red.u ct=:: d by 4 .  3 perc ent due to 

subclinical masti tis . I t  is  expected that  !ie\'1 Zealand losses 

would be s i mi lar as the i n c i d en c e  of mas ti t is is comparable 

( News tead 1 973 ) .  

Phi lpot ( 1 967 ) and r\s h•.., o r th e t  al. ( 1 'J67 ) d emons tra ted the 
changes in mi lk composition associated w i th mas t i t i s  infecti on.  

Subcl inical mas t i t i s  was shown to  cnuse a depression i n  the 

percentages of milk fa t ,  SNF' and lac tose . Ashwo!· th e t  al. ( 1 967 ) 

found that total pro t e i n  content wao d e pre s 3 ed bu t tha t  the 

relative drop was less than thn t for fa t and lac tose . 

'l1he data relating to tb e i nfluence of m�s t i t i s  on the 

pro teins synthe s i s e d  in the mammary gland are confl i c ting . 

Whereas Asrn·10rth ( 1 96 5 )  recorded a J. ccrcas e i n  the to tnl 

casein content of milk , Butkua e t  al. ( 1 97C) r � po r t ed t!1at casei n 

content of milk increased in masti tic mi lk .  Haenlein et  al. ( 1 973 )  
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f ound that bo t:1 a s 1  and � casein clccreo.s cd wi th mas t i t i s  but 

Randol ph et al.  ( 1 974 ) ,  whi b t nGrL:<.: i nG that ,'i cas ein l evel s were 

decreased , found tha t et S cas e i n s  vre re i nc re:1sed . Both groups 

agreed tha t K cas ein l vel s  i nc reas ed . Bo th Hnenl e i n  e t  al. ( 1 973 ) 

and :tenner ( 1 970 ) f ound tha t the levels o f  t3 l a c t ogl obu l in and 

a lac talbumin  were reduced . Any deprefJ �· i o n in the level of 

prot eins syn thes is ed in the gl and i s  o ff s e t  by an i ncreas e in  the 

level of serum p r o t ei ns . This  i nc r ease can be suf f i c i ent to rai se 
the ero s s  pro t ei n content of mi lk ( Ne�s tend 1 973 ) .  Inc reas e s  in 

s e rum album i n  and immunoglobul in c oncen t ra t i ons in m i lk have been 

consis tently re co rded wi t h  mas ti t i s  infe c t i ons , whi l s t o t her 

s eru::; pro t e i ns such as the pro teose peptones (Hacnlcin e t  al. 1 974 ) 

and l actoferrin ( Schanbacher & Smi th 1 975 ) have also b een shown 

to increase wi th uduer infe c t i ons . See Fig 1 : 3 

Fig . 1 : 3  
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The changen in mineral c omposi ti. on wi th subclini c ·; l  mastitis 

have also been reported wi th some consis tency in the resul ts.  Tolle 

( 1 969) shO\'fed inc reasi ng chlori de and sodium l evel s whi b t  the level 

of  po tassium decreased wi th increas inG cell c ount . Such changes are 

charac teristic  according to \'lheel ock & Dod:l ( 1 969 ) , Peakor ( 1 975 ) ,  

Tolle  ( 1 970� Renner ( 1 970 ) .  

I t  may be  pos s i b l e  to u ti l i s e  the i nforma t i on gained from 

changes in mi lk compo s i ti on wi th mas t i t i s  to explain normal mammary 

gland func ti on. The influx o f  serum pro tei ns i n t o  mi lk and the 

changes in mineral composi tion have sug<�ested to many wo rkers that 

bac terial infe c ti ons damage the glandular epi thelial ti ssue and 

penai t increased leakage bebteGn the cells,  both to and from the 

milk .  

The h1o al ternative theo ries o f  s erum pro tein secretion 

outlined in  Sect i on 1 : 2 : 2 : 2  ( secre tion associated wi th leucocyte 

invasion and secretion via IgG1 vesicular transpo rt ) can also partly 

explain the observed changes i n milk composi ti on caus ed by udder 

infe ction .  S e c re ti on of s e rum pro t e i ns as:3 oc i a ted wi th l eucocyte 

i nvas i on would i ncreas e due to the i nc rease in leuc ocyte entry 

s t imul a t ed by the infection. Leucocyte numbers may increase by 
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1 00 f o ld wi th seve re infecti ons ( lJe>'lbould 1 974 ) .  Such a rise  cou ld 

a ccount for the maximum of abou t a 4 fold i nc rease in s e rum p ro t e ins 

in milk even a l l ow i ng for cons hl erab l e  non-lineari ty in the re lation­

shi p. The t ime relationshi p behreen the increas es i n  serum 

albumin and IgG ( Schanbacher & Smi th 1 975 ) suppor ts this leucocyte 

trans p o r t  theory as well as the i�unogl obulin vesicle transport 

mechanism. The shi f t  o f  basal memb r-ane i on pumps to the c e l l  apical 

barri er wi th the s timulated ves i cular transport of I gG 1 wou l d  also 

c o n tribute to the al tered mineral balance in di re c t i on observed . 

However as the IgG1 secretion remai ns rela tively high in quarters 

f o l lo\'Ting infec t i on whilst  the serum al bumin gradually re turns 

to pre-infection leve l s  (Schanbacher & Smi th 1 975 ) i t is unl ikely that 

ei t her of these  mechanisms is s olely re s ponsible for the changes 

obs erve d .  

The d e c reases in the synthesi s of pr ·.) te i n  and lactose by the 

gland sugge s ts tha t ce l lul ar ac t ivity is reduced.  



The response of the mamma ry gland to i nf e c t i on would thus 

appear to be a t empo ra ry invo luti o n .  S c hanba cher & Smi th ( 1 975 ) 

have s hown a s e c ond peak of IgG c o nc en tra t i o n  about 9 days af ter 

infe c ti o n .  Pri o r  to this , galactosyl trans ferase ac tivi ty 

i nc r eas e d  as did the c oncentra ti on of a lacta lbum i n .  The s e  

changes , i t  i s  suege s te d ,  are i nd i c a tive of mamma ry re-deve l o pment 

as i s  the produ c ti on of a secre tion whi c h has c ertain c omposi t i onal 

charac teri s t i c s normal l y  a s s oc i a ted wi t h  c o l o s t rum. 

3 5 ·  

The e ff e c t s  o f  mas t i tis t:ne re f o r e  mak e i t  essential t o  pe rfo rm 

the propo s ed expe riment w i th animal s  free o f  inf e c ti on and t o  

know tha t infe c t i on did no t es tabli sh during the course o f  the 

trea tment s .  



1 : 4  Effect  of Hilk Protei ns on l'lanufac turing Properties of th lk 

The leve l of p lac togl obul i n  s i r;ni fi can tly affects the 

maximum and minimum heat s tabili ties of mi lk (Feagan et  al ·1 972 , 

Feagan et  aL 1 970 , Rose 1 962 ) .  Rose ( 1 96 1 ) and Te s s i er & Rose 

( 1 964 ) have demonstrated the capaci ty o f  add ed ) lac toglobulin 

to increase the maximum heat stubili  ty ob tainable  i.r. the pT1 range 

of normal milk . 
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Differences betv1een the heat s ta bi l i ty/pH curves of mi lks of 

differing p lactoglobulin geno type have been demons trated by 

thes e  wo rkers . Feagan e t  al. ( 1 972 ) however found that this i'Tas 

due to quanti ta tive differences in the amount of � lact ogl o bul in. 

The addit ion of equal quantities of each variant to a con trol 

milk produced the same resul ts for each - an increase in the maximum 

and a decreas e in  the minimum heat s tabili ties . The increase in 

heat s tabili ty vtas al s o  shown t o  develop s tepwise wi th suc cess ive 

additi ons of (3 lac toglobulin. Feagan e t  al. ( 1 972 ) sugE;es ted that 

the addi ti ons t o  mi l k  of ,3 lact ogl obulin i n  the form of a 1·1hey 

protein concen trate may be a cownercial  propos i ti on fo r improvi ng 

the heat  s tabi li ty charac teristics  of pro c e s s  mi lk . 

If i t  is poss ible to demons trate a s igni fican t  nutriti onal 

r e la t i onsh i p  wi th p lactoglobulin conc e nt ration , such adjustments as 
sugges ted by Feagan et aL ( 1 972 ) ��y be ab le to be avoided . 

The c oncentration of serum al bumi n and im..rrlllnogl obulin also 

have an effect on hea t s tabi li ty as both pro teins are highly heat 

sensi tive (News t e ad 1 973) . Furthermore Feagan et al. ( 1 970 ) have 

shown that the addi tion of s e rum albv�in to normal milk comple tely 

destroys i t s  heat  s tabi li ty .  The increase in the levels of th ese 

two protei ns has also b een sug�es ted as part  of the reason for the 

reduction in heat s tability due to subclinical mas ti tis  ( News tead 1 973 ) .  

The plane o f  nutri tion of the cm" may a l s o  affec t the concent ration 

of these bro proteins in milk so the ir response  to a change in 

nutritional s tatus is  worth examining in relation to their 

impo r tance a s  con trollers of manufac tur i ng qual i ty. 



CHAPrER 2 

Consiie ration of Experimental Des ign and the 

S e l e c t i o n  and Development of Analyt ical Procedu res 
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The object ive of this Chapter is to out l ine the methods and techniques 

available for consideration at each s tage of the design, sampling and 

analys is o f  the experimen t .  The reasons for the sel e ct ion o f  part i cu lar 

methods and the resu l ts o f  labo ratory experimen ts c o ndu c t ed t o  as s i s t  in 

the choice of analyt ical t e c hniques wi l l  b e  pres ent ed . 

2 : 1  Aspects o f  E xpe rimental D e s ign 

The cho i c e  o f  optimum experimental des ign i s  compl i ca t ed by the many 

des igns and varia t ions ava i lable and the c ombi na t i o ns of them that have been 

described in the l i t e ratu re . Ho�reve r ,  anima l  ex periments mu s t  be d e s i gned 

in rel a ti on to hro bas ic ( bu t  confli c t ing ) pri n c i pl es : 

2 :1 : 1  

1 ) . That the s e ns i t ivity o f  the experimen t should be as high 

as po s s ible . 

2 ) .  That the si ze of the e x pe rimen t i s  limi t ed by t he ava i lab le 

resources . 

General Consid erat ions 

To des i gn expe riment s t ha t  make e ffi ci ent use o f  res ourc es , ( Gill 1 969 ) 

sugges t ed that the fol lowing points mus t be prede te rmined :  

a ) the magn i tude of the exp erimental e rro r variance invo lved ; 

b)  the size o f  t he differenc e  that one desires to detect ; 

c )  the s ignifi cance level of the test o f  hypothesis ;  

( Consideration o f  Type I e rro r , or  the rej ection of  the 

null hypo thesis tha t is in fac t t ru e . ) 
d ) the power of the test  of hy po thesi s to  detect t reatment 

differences of s peci fi ed magni tude (whe re power is one minus 

the probab i l i ty o f  Type II e rro r ;  'l'ype I I  e r ro r  b e i n r; the 

ac ceptanc e of a nu l l  hypo thes is that is i n  fac t fal s e ) � 

The f i rs t  o f  the se po ints mu s t  be o b t a i ned from prior data whilst 

the remai nder a re somewha t arbi tary d e c i s i o ns requi red o f  the res earcher. 



'rhe predetermination o f  experi.mentnl s i ze , 'tJhi l3t  providing 

an es timate of the numbers of  experimental uni ts requirP-d , is 

lim i t e d  i n  application b y  the fo llovling : -

a )  the availability of sui table experimental ru1imals ; 

b )  the avai labi li ty of resources to manage , sample or 

ana lys e the treatments , 

c )  the likelihood that the error varianc e of the 

experiment w i ll differ to tha t  us ed in the calculati on 

of numbers required ; 

Cocr..ran and Cox ( 1957) lis t three fac tors by .-� hi eh the 

accuracy of experiments may be increa� ed . These are : -

( a ) to increase the si ze of the experiment; 

( b) to refine the experimental technique ; 

( c )  to u tilise an ex perimental U.esign or me thod of analysi s  

which minimiz es the effec ts o f  vari abili ty ; 

Experimentation in biologi cal sys tems tends to requi re 
large numbers of observat ions to overcome the effects  of variation 

be tween individual uni ts and tile inabi l i  t:.· to control this variation. 

parti cularly in relation to interac tive elements o f  the sys tem. 

Various experimen tal techniques have  been deve loped to overcome 

this problem. 

2 : 1 : 2 Animals (Experimen tal Uni ts) Experimental uni ts should 

represent the population to whi ch resul ts are to a pply (Lucas 1959 ) . 

Representativeness is s ome times sacrificed by choosing 1 1 uniform 11 

animals for the purpose of reducing experi mental error. In t his 

s tudy representa tiveness was the obj ec tiv e and uniform1 ty was 

sacrificed by choosing a variety of brE·eds and of Beta Lactoglobulin 

( � Lgb ) genotypes to extend the appli cability of the conclusions . 

O ther as pe c ts of experimen tal theory were relied upon to res tri c t  

the error variance .  

The use o f  monozygous twi n  cows i s  on e me thod by rrhich the 

e f f e c t  of ex perimental error ea be g-reat l y  redu c ed ( Lucas 1959) 

by eliminating gene ti c  vari ance between hro or more treatments 
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( Di ck & '\'lhi t t le 1951 ) .  Twi n  effi c i en cy va lues (TEV) he.ve 

be en re corded f o r  various trai ts based on this fac t ,  v1h ere TEV 

is defined a s  the numbe r of s e t s  o f  rand omly selec ted animals 

whi ch a s e t  of i dentical tw i ns can re place wi. thou t loss of 
experimen tal s ens i tivi ty (Martin & \i'i l c c x  1 968 ) .  Pa tche l l  ( 1 956 ) 

repo r t ed a TEV of 3 .  2-5 . 5  for the yJ.eld of mi lk and rr.i lk 

c ons ti tuen ts ru1d 1 2 . 6  and 23 . 3  for the percen tuges of mi lk pro t ei n  

and mi lk fat respec tively . He no ted tha t th e s e  f i gu res may be 

o p t imi s t i c  due t o  geno type x enviror..rJ8nt i n t e rac t i ons and that 

they are sub j e c t  to sampling er:·ors . They do hmrever, ind i c a t e  

\·lh ich milk c harac ter i s t i c s  mny be mos t p rofi tably s tudi ed by 

using mon zygous twins . 

2 : 1 : 3  Expe ri men tal Des ign Experi m<:·.r. ts w i th lac tating cows 

are usually based e i the r on c o n t i nuous treatment or on changeover 

d (  s igns (Bros ter & Curnow 1 964 ) . Th ough ch ance-o v e r  d e s i gns resu l t  

in consid e rab l e  c o n t ro l  of error , thuy su f f e r  from s eve ral 
drmv-backs : -

a) carry- over o r  rN1 i dua l e:ff'ec ts illH:Jk the resul ts o f  the 

c urrent treatment ( Lucas 1 959}. 
b )  whe the r or no t carry-over effec t s  exi n t ,  the design may 

resul t i n  bias of the es ti mate of error ( Pa t l erson & 
Lucus 1 959 ) : 

c ) a s s o c i a t ed wi th the ca rry-over e ffec t s is the problem 

of d e termining the optimu m period length, par ticularly 
in time- limi t ed experimen t s ; 

d )  the r e s ul ts have limi ted pra c tical a pr� i c a t i on . 

The continu ous t reatmen t  des i gn ha s the advan tage s of 

simpli c i ty and p e C1n i t s  nu tri t i onel pro b l ems to be exami ned under 

the condi t i ons in whi ch they o c cu r .  l<'ur the nnore ( though n o t  

relevan t t o  t hi s  s tudy ) , c on tinuous d e s igns permi t the examina t i on 

of s ho r t ,  intermedi ate and l ong- t e rm eff u c ts of the treatments 

( Bro s te r  & Curnow 1 964 ) .  
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Covarianc e analysi s us i ng  produ c t i on dur i ng a p reliminary 
period as an i nde pendent variable , hH s been us ed to reduce the 

eff ec ts of vari a tion b e tw een ani muJ o in i nd o or c o n t i nuous tri a ls. 

Redu c t i ons i n  the coef f i c i en t s  of varin t i on by 3<:% to 50>� have been 

o b t ai n e d  by the us e of c ovariance d e s i gns as c ompa red t o  anal ys i s 

wi thout c ova ri anc e ( Bar t l e t t  1 93 5 ,  Burt 1 9 5C3 , Bros ter e t  al. 1 960,  

Bro s t er and Curnow 1 96 3 ) . Bur t  ( 1 9 5<�. ) ab o found tha t covariance 

analysis reduced the c o e f f i c i en t o f  v ari a t i on of rr:ilk yi e l d  of 

gra z i ng covlS by 1 0>6. 

Cunningham and Owen ( 1 971 ) c ompared me tho ds of s ta t i s tically 

analys ing performanc e data from a de.i ry c a t tle f e ed i ng expe rimen t . 

A mo di f ied sw i t chback d e s i gn reduc ed erro r vari anc e for milk yie ld 

and fa t % by 94% and 52�-6 re s pe c tively , compared t o  the c omple tely 

randomised c on t inuous design . Use �f a c ovarianc e ad jus tment for 

performance in a prel imi nary pe riod redu ced the e rr o r  vari anc e  to  
almos t the s ame ex te n t .  The us e of a s e c o nd c ova ria t e  ( body weight ) 
d i d  not imp rove the pre c i s ion fur the r .  

I t  was d e c ided tha t f o r  the pre sent ex periment , the 

disadvantages o f  swi t ch back des i gns de ta i l ed previ ousl� we re 
sufficiently grea t to warran t the u :::; e o f  a c o n t inuous design . 
FurthermorH , a c onti nuous d e s i gn 'honl d wo re adequately me e t  the 

obj e c t ives o f  the expe rimen t ,  in tha t t he relatively low effi ci ency 

of the con ti nuous d e s i gn could be i mproved suff i c i en t l y  by the 

f o l l o w ing : -

a)  inc lu s i on of a prelimi nc.� ry peri od in whi ch to es t ab l i s h  

data f or u s e  i n  a n  analys i s  of covnrianc e ;  

b ) use o f  mono zygous ��i ns t o  res t ri c t  the e rror var ianc e . 

The number of ex pe r imental animaJ. s wns l im i t ed par t i cula rly by 

the number of s amples tha t  c ould be an<cl y s ed . This proh i bi t ed the 

us e of the numbe rs of unrelated an i ma l �  that o the rwi s e  >-TOuld have 

b e en required . 

2 : 1 : 4  Lengths of PreJ iminary anct Compa ri son Pe riods ( PP and eLl_ 

I t  has b een demo ns t ra ted f re quen t l y  tha t the re spons e to 

changes in the nu tri ti onal s ta tus of the c o w ,  in terms of mi lk 
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yield and c ompo s i t i o n ,  o c c u rs rel n t ively rapidly. Vi k-Mo e t  a l .  ( 1 974 )  

conside red that abomas a l  infusi on o f  glu c o s e  a nd cas e i n las t ing 5-7 
days was su ffic ient to dete rmine the e ffec t s  on mi lk y i eld and 

compos i ti on . Sta rry e t  al . ( 1 974 ) sho1·1ed t ha t  bo th t he percen tage 

and yi eld of fat s tabi li zed und er t reatments of bo th high and low 

rough�tge di e t s  after abou t 7 days in feeding peri o d s  o f  1 2  days . 

S to bbs and Brett ( 1 974 ) found that c ha nges in mi lk y i el d  and 

composi tion due to res t ri c t e d  feed i n take o c cu r re d  w i thin 3-6 days . 

Paquay e t  a l . ( 1 97 3 )  al l owed a pe ri o d  o f  1 0  days for the e f fe c ts of 

diet t o  s tab i l i z e befo re be ginning Ni t rogen ba lanc e det erminat ions . 

Feagan ( 1 973 )  (unpubl i s hed da ta ) repo rted that the ,3 1gb content 
o f  factOr<J bul mi l k  doubl ed i n  2-3 d ays fo l loi'T i ng the ch�tnge i n  

feed quality and quanti ty , associn ted >ii t h  summe r d rought b reaki ng 

rai ns in South Aus tral ia . 

C o ns e quently, though longer experimental o r  C P  a re mo re c ommo n 

( 20-60 days ) i n  dai ry fe ed i ng e x pt�rimen t s  ( pn. rti culn rJ ;; •,1 i t h  
cont inuous de s i gns ) , the above evi d ence nuF,"r:;es t r>.d that a C f  of 1 0  
days w ou l d  be su ffi ci e nt t o  indu c e  the e x pe c t e d  res po n� es . This 

dec i si o n ?TaS a l so su u po rt ed by Luc a s  ( 1 950 ) who sugge s t ed that 
the shortest  er compa t i b l e  \dth the e x pe rimen t a l  pu rpo s e  should be 
us ed , as expe rimental e rror inc r e a s e s  vi.th period length . 

PP pri o r  to C P  s e rv e no t only to establish t he i nd e pendent variable 

ne cessary fo r cova ri a nc e a na lys i s  bu t also permi ts t h e  a l lo tmen t of 

cows to trea tment grou ps by t hE! pro c edu re o f  ba l anc i ng .  T his i. s done 

by ass igning the cows to t rea tment groups in such a vray t hat the mean 

PP perfo rmanc es of each group are s imilar . Lucas ( 1 959 ) s t at es t ha t  

though ba la nc i ng has been c ri t i c i z ed on t he grounds that it l ea ds to 
bia� , i t  i s  a c c eptable i n  dai ry expe ri:nents du e t o  the fact tha t 

t he rela t ions h i p  between PP and C P  perfo rmance is e s s entially 

l i near. Furthe rmore balanc ing i s  pre ferable t o  random a l lo tment in 

small experime nts bec ause it gu arantees a naximum e ffi c ie ncy factor 

for t he e xperiment . Consequently i t  was d e c i d e d  to ba lance the 



t reatment groups rather than to randomly assirrn cows wi t hi n  

hrin pa i r  mates to t reatments . 

Bo t h  Campbe l l  e t  al . ( 1 964 ) and Munfo rd et a l .  ( 1 964) used 

a PP of five days . Bu rt ( 1 958 ) used a cont ro l  period of 1 -2 
-.,re eks whi lst Bartlett ( 1 935 ) found no advantage for a 5 •r eek 

period over a 1 ,.,eek PP i n  an i nrl.oor experiment . 

The tw i n  pa i rs cho sen for thi s experiment vre re wi thi n a 

range of 8-1 2 weeks pos t- calving. At this stage of lac t a t ion. day 

to day changes a re the maj o r  compo nent of the vari a t i o n  i n  mi lk 
yi eld and composit ion (Munfo rd 1 974 - pe rs . c omm . ) . Dick ( 1 950) 
e s t ima t e d  that the mean day to day d i f fe rence in milk y i e l d  was 

8 . 1 3% wi th a sta ndard devia t ion of 2 . 65% of the to tal dai ly yi e ld .  

I n  t h e  pre s ent e xpe riment a l l  c o•rs had b een ru n  toge the r under 

normal grazing cond i t ions s ince calvi ng a nd s o  ha d been 

s ta nda rd i z e d  fo r 8-1 2 we eks . A 4 d ay PP inwe diately pri o r  t o  
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the start of t he CP was cons i d e re d  suffi c i e n t  to es tabl ish the 

ind ependent va riable for c ova rianc e ana lys i s  under thes e condi t io ns , 

and on whi c h  to balance the treatme n t  groups . A po i nt to be 

remembered in their es tablishment i s  t hat a PP whi ch is sho rter 

than optimum only results in removint; less of the variance from 

the C P ,  whereas an exc es s ively lone PP w i t h  gra z ing a nimals may 

resu lt in l imi ting the correction poss ibl e .  The lat t e r  may ari s e  

becaus e o f  a poo rer rela t i o nship be h1een the PP and the CP val u es 

resu lting from movement along the lactatio n  curve o r  f rom envi ro n­

mental c ha nges over the ex tended pe ri od . 

The conc lusions a rrived at as to the des i gn of the expe riment 

w e re that a c ontinuous trea tment 1-;i th covarianr. e  analys i s  wou l d  

b es t  mee t  the s tated requ i rement s . A PP of 4 days a nd a CP o f  

1 0  days wou l d  b e  su ffi c ient to measure the e ffec t s  of t he 

t reatments , a nd the anima ls would be a l lo cated to t rea tments by 

the procedu re o f  balanc ing. 



2 : 2  Meas u remen t o f  Respons e Variab l e s  

I n  this s e c t i on ,  the ch o i c e o f  the ma;j o r  anal.yti cal 

pro c edures w i ll  b e  pres en ted as w i l l  the measures whi ch we re 

s traigh t fonrard o r  whi ch had no prac ti cal al ternatives . Experimen ts 

whi ch were carri ed out to deve l o p analy t i cal techni ques wi ll al s o 

be pre sented and the resul ts d i s cuss ed . 

2 : 2 : 1  S eparat i on of Individual \hey_ Pro t eins The d e t e rmination 

of the quan ti t i es of i ndivi dual pro tein fracti ons in a mix ture 

of pro teins ( su ch as whey ) r e qu i res nn i ni t i al s epara tion of the 

c omponent s . An ex cep ti on to t h i n  ls t he . {adi al. Immunodiffusi on 

technique fi r s t used by Ouc h te r l ony in 1 949 , ci ted and deve lope d  

fu r ther by !lian c ini e t  al . ( 1 96 5 ) . 

Frac ti ona tion of complex pro t e i n  mix tures cun be achi eved by 

sal ting ; er; ( NH4 ) 2  S04 and wi th a l cohol::; or va ri ou3 o th e r  o rgani c 

s olvents . Howev e r ,  the se te chni que s  r;c n e ral ly lack s pe c i f i ci ty 

for i ndividual pro t e i n  spec i e s  and requ i r e  careful c o ntr ol of 

condi t i ons . Water s oluble polyme rs such a s  p o l ye thy l ene glyco l 

( PEG ) al s o  f rac ti ona te pro t e i n  mix tu:-es ( Pol s on e t  al . 1 964 ) and 

are apparen tl y  m o re sui tab le than o ther prec i pi tati on me thod s for 

the s epara ti o n of mi lk pro t ein componen ts ( Richter et al . 1 974 ) .  

Davi e s  ( 1 974 ) s e para ted whey pro teins by column chroma t og­

raphy (using Se phadex g-1 00 ) and then qu:.:cn ti f i e d  the fra c t i ons 
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using a m:i. cro-K j eldahl proc edur e .  Though the resu l ts ( each frac tion 

ex pres s e d  as a prop o r ti on ) w e r e  in good agre emen t w i th the v-alu es of 

Ro ll e ri e t  al. ( 1 956 ) ,  ( o btai n ed from movi ng-boundary e l e c t ronhore s i s ) 
Davi e s somewhat po intedly su_: e 3 t � d  th a t  more rapid techni ques 

should be cons i d ered.  

S eparati on of pro t e i n s  by eel-e l e c t rophoreS.s v1as f i r s t  

i n troduced by Smi thi e s ( 1 955 ) . Since then a l arge amount of work 

has b een done in evalua ting va ri ous gel s ,  buff ers and runn i ng  

condi t ion s which has been revi ewod by Por ter ( 1 96Ci )  and Gordon ( 1 972 ) .  



The princ i pl e  of electropho re tic pro t e i n s eparat i on i n  gels is 

based upon hro propert i e s  o f  the pro tei n, mo lecular s i z e  and nett 

ele c t rical cha rge . The pH of the sys t em is adjusted s o  t hat all 

pro teins in the sample have a mobi lity to,N'ards one ele c t rode . 

Di fferi ng net t  cha rges res u l t  in va rying degrees of  at trac tio n 
to that e le c t rod e . Mol ecular s i ze e f fects the deeree of 

res t ric t io n for each protein a s  an i n t e rac t i o n  w i t h  pore size 

o f  the gel . Thus by a l t e ring the running c ondi t i ons va ri ou s  

pro tein mi xtu res c a n  be s e pa rated , t hen fi xed i n  po s i t i o n  a nd 

stai ned fo r qual i tative o r  quant i t a t i ve analysis .  
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The di scontinuous po lyacrylam F e  ,,.el electrophoresis ( rMiS ) 
me thod of Orns t ei n ( 1 964 ) a nd Dav i s  ( • 064 ) ,  as mod i fi ed by Hartman 
an d  ::J wans o n  ( 1 965 ) ,  has been ext e ns ively us ed for the s e pa rat io n  of 

mi l k  pro tein::: , e . g . Dill et al . ( 1 972 ) ,  Ne1·:s tead ( 1 973 ) . The 

excel lent and ra�i d  s eparation of pro t ei n f rac t i o ns pos s ibl e as 

shO\m in Plate 4 : 1a was considered su i t a b l e  fo r this s tudy. 

2 : 2 : 2 Qqa nt i f i cati on o f  t he S epara ted Pro t e ins Davis e t  al . 

( 1 974 ) summarized the t echniques available f o r  the qu anti ta t ive 

analysi s o f  pro teins f o l lovT i ng t he i r  sepnra tion by PAGE as : -

( a ) scanning the u ns tained ge l i n  an ultra-violet moni tor 

at 280nm. 

( b )  s canni ng a s tai ned gel in the vis ib le region. 

( c )  s lic ing ou t the s tained bands fo l lo,,; ed by spec tro­

pho t ome t ric analys is of  the solubili zed dye .  

( d ) phot o<;raphl ng t he stai ned pro t e i n  bands and using a 

densi tomet e r  t o  scan the negat ive . 

Several d i sadvantages are associa tcd \d t h  each metho d . For 

exampl e , the first ment ioned method su -"fers s eriously :rom the level 

o f  bas e l i ne " noise"  ( Davis 1 974 ) ,  \,'h i 1:::; t t he s e cond in limi t ed by 

the difficu l t i es of k.eepint; s taini nt; a n'1 d e s ta i ni n,� c o ndi. t i o n s  c o ns t a nt 

( 'datkin and M i l le r  1 970 ) .  The s lic i n1; t e chni qu e  be c omes 

i mpo s s i b l e  i f  the bands a re even s li r:htly ske1ved a nd th e fi nal 



technique i s  dependent upon the ac .::uracy :md re peatab il i ty c::f the 

pho tographing and deve loping ( Davi ."> 1 974 ) .  'l'hough �·!a tkin and IYJi l ler 

( 1 970 ) s t a t e d  th.<1 t the o p ti cal dc-m> i ty ( OD ) of a s tai ned band 
detec ted by any scanning mac h i ne canno t be d i rec tly t rans la ted 

into qua.."l. ti ty of pro t e i n ,  Krusk i  & Narayan ( 1 974 ) sugg es ted tha t 

quan t i f i c a t i o n of PAGE 
f ea s i bl e .  

peaks from b i o lo1�ica1 m i x tu res v1as 

I t  was d e c ided that the mos t c o�ver! i ent me thod ·would be that 

of s c ann i ne the s tained gel in the vi s i bl e  region . • ach pro t e i n  

peak ( OD )  i s  p l o t ted o n  a chart and the area und er each peak 

i s  s i mul tane ously presented on a li nea r scale (Plate 2 : 2 ) .  By 

coun tint; the i ntergrato r res pons e s  ( s can uni ts ) b e l m1 each peak, 

an ind i r e c t  e s t ima te of c onc en t ra ti on c an be ob tained for tha t 

pro tein. A s uffi c i ent l evel of ac curacy can b e  ob tai ned by this 

me thod if the f o l l O\ti ng a s p e c ts are given c onsidera t i on : -
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a ) con s tancy of acrylam i d e  c o nc en t ra t i v n  ( K ruski & Narayan 1 968X 

b )  fixed migrat i on distance ( running time ) (Kruski & Narayan 1 968, 

},i shbei n 1 972 , Davi s e t  a1. 1 974 ) .; 

c ) accuracy i n  the di lution and l o a d i ng of the pro tein s amples 

(Kruski & Narayan 1 96 Cl )  ; 
d )  limi ting the amount of pro t e i n  a p p .l i c d  so tha t the r e l a t i on­

shi p between the OD of the s tai ned band and the co nc en t­
ra ti on of pro t e i n  is  l inear (.r:ruski & Narayan 1 968 , 1 974 ) ;  

e )  rapid f i x i ng  and s taini ll[;  foll o1-J i ng  FAGS t o  res tri c t  

p ro tein di ffusi on from the bands ( Davi s e t  al . 1 974 ) ' 

f )  constancy of s taining and des ta:i ning condi t i ons ( 1.va tkin & Miller 
1 970 ) ; 

g )  s t o rage of des tained gels i n  a c e t i c  ac i d  and i n darkne ss t o  

preven t  bands fe.ding prior t o  S •::D nn i. ng ( Davis et al.  1 9'(4 ) ; 

h) the es tab l i s hment und er indi vi d ua l  ci rcums tances of the 

particular dye bind i ng  re l a t i onsh i ps f o r  each pro t ein to be 

quanti fi ed (Kruski & Narayan 1 97 1 ,  Dol by 1 96 1 ) ; 
i )  the es tablishment of a s e t  pat te rn of 3Ilalysi.l16 the s cans to 

overc ome the problems of o verl apping peaks and variable 

backgrounds (Kruski & Narayan 1 974 ) . 



The me thod was mod H i ed i n  the l i gh t of the res u l ts of 

s e v e ral ex per i men t s  wh i c h  ware c onduc t ed to try and i mp rove the 

techni que . The techni que as us ed i s  pt'esented in Chapter 3 
wi t h  t he method and nec es s ary p�ara ti ons d e tailed in Appendix I 

Laboratory experiment s  ..,;ere conduc ted to i nves tigate the 

effec ts of acrylami d e  c o nc en tration,  me thod of destaini ng and 

l eng th of the d e s tai n i ng peri od . 

2 : 2 : 2 : 1  .:::..£_rylar:J.i d e  Concen tra t i on 'i'!l.rec gel conc entra ti ons , 

9,1 1 and 1 3i�  oi acryl ill!li d e  w i th propo r ti onally inc reased bis­

acrylamide c on c entra ti ons were evalua t ed . Eight ge ls of each 

c onc en tra tion indi c ated , by s ub j e c tive appra i sal , tha t 1 3;b ge ls 

gave be t te r  pro tein se parat i on than 1 1  ; ;, which "1-Tas i n t urn 

b e t t er than t ha t  ob tai ne d us i ng 9/� gel B . 'l'he 1 37� ge ls were 

however, too bri t t l e  and prone to frac ture for ease of handl i ng . 

Cons equently 1 1 % gels w e re us ed throw:h,mt the analys i s . 

2 : 2 : 2 : 2  i ie thod of Des tai ni ne: Gels 'i'\v o a l t ernat ive me th ods hav e 

been d e s cribed .i n  the l i t era t ure : ·or the removal of ex ce s s  s t ain 

f rom gel s . F i rs t , d i ffus i o n ,  �1ercby the s tai n not bound to 

pro t ein i s  washed from the gel ma trix by fre qu ent changes of 

d es tui ni ng fluid (2% Ac e ti c  Ac id ) . Secondly ,  e l e c t ro pho re s i s , 

whereby the unbound s ta i n  mi gra tes from the gel to the pos i tive 

elec trode . 

An ex perimen t  was co nduc te d  to d e t e rmine whi ch of these 

me thods would be s t  me e t  the maj or requi rements of the analys i s ,  

tha t i s  quan t i ta t ivenes s and s peed. 

Method : 1 2  gel s  were loaded , run a nd s tained i den t i c ally , by the 

me thods ou t l i ne d i n Chapter 3 . Two groups of 6 gels viere formed 

and d es tai ned by one of the two me thod s : 
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a)  The 6 r:e l s  <verc de s t::1i ne d  i n  a 

" home-made" con t · nuous circul a t i on d.i. ffus er Hith ai r agi t at i o n .  

'rhe c i r cu l a t i on ra te of f lui d ( 2 : A c e t .i. c  Ac id ) was 20ml/min \V i  th 

diffused s ta i n  being removed by an i n- l i n e  charcoal f i l te r .  

Di ffusi on des tai ning w a s  con t inu e d  u11.h l  i t  was c onsi d ered that the 
c lari ty of the i nter-band gel ma tched that  of the e l ec trical ly 

d.e s tai.ned gel s . 

b ) E l e c t rophore t i c  Des t a ini ng 'I'he rer:mining 6 gels <ve re 

loaded into d e s tai ning tubes and pln c cd in the baths as for 
runniP..g the ge l s .  Destaini ng f luid replaced the running buffer.  
A c u rrent of 3-}m Amp pe r tube N a s  run un t i l  the s tain f ront jus t 

c leared the end of the g e l .  

Both groups o f  g e l s  we re s t o red and s canne d as described i n  

Cha p t e r  3 .  The re sul ts are present e d  i n  Table 2 : 1  
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'l'ab le 2 : 1  

Pro t ein 

BSA 

a Lac 
;3 Lgb 

t test 
BSA 

a Lac 
,3 Lcb 

Compqri s on o f  'l'v!O l·l e tho:i s o f  G e l  D e s t a i ni ng 

Elec trical �i ffusl on 
Hean Scan Uni ts 

8. 3 
1 6 . 8  
82 . 0  

t value 

2 . 02 

6 'l . o  

1 2 . 0 
72 . 0  

r.., • · �  • .J l f,!ll .�. l C<lllC G  
NS ( P  > 0. 05 ) 

4 . 4 6 ·�··)H!c (P < 0. 005 ) 

7 . 73 i l< lHI  ( P  < 0 . 00 1 )  

Time of Des tai ning �l u c tricnl - 2 . 8 hr 
Dif fus i on - 69 hr 

BSA 

a I,ac 

,3 Lgb 

Bov ine S e rum Albumi n 
Al pha I,ac ta lbumi n 
Be ta Lac t oF,l o bu l i n  
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Conc l u s i ons The e l e c trical d e s t a i n i ng me thod cons i s te n tly 

re sul t e d  i. n high e r  pro t e i n  c o ncen tra ti ons than the gel s  
des tai ned b y  the d i ffus ion method . �1 r therm o re the t i me taken 

for d i fiu s i o n  d e s t a i ning m eant that the di f:usion techni que 

was no t a prac t i c a l  al t e rt;at ive to e l e c t r i ca l  des taining. 

Havi ng e s tab l i shed that el e c t ro ph or e t i c  des tai ning was the 

mos t  s u i table for the requi rem e n t s  o f  the analys i s ,  i t  was 

decided to ch e ck th e ef fec t of pro longed des taini ng by this me th od . 

Davis ( 1 964 )  s ugge s ted that prol onGed e l ec t r o pho re t i c d e s taini ng 

could resul t i n  a reduc ti on in the amount o f  dye bound to a pro t e i n .  

2 : 2 : 2 : 3  Ti me of El e c tr opr,o re t i c  Des taining 

Ne thod 

Twen ty fou r ge l s  were pre pared , l oaded , run and s ta i ned 

under i den ti cal c o nd i t i ons and d e s t a i neJ el e c t ro pho re t i ca l ly as 

described earl i e r .  A t  the point of compl e t i on o f  des tni ning 6 
ge l s  were removed , 3 at random from e�ch b a t h .  Bl ocks of 6 gels 

were removed simi larly af ter t, 1-.\· and 2� hours of ex tra 

d e s  taini ng ,  \-vi th t h e  curren t beine a l t o  red lofi th each b l o c k  t o  

mai n tain 3�-mAmp/ tube thr oughou t the expe rimen t .  Gel s lfere s tored 
and s cann e d  as b e f o re and the re sul ts are pre s e n t e d  i n  Table 2 : 2 .  

I ,  
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Tab l 8  2: 2 Ef f e c t  of Pro longed El ectrophoretic Des taini rl£1 on 

Pro t e i n  Conc entra t i o n  

Ex tra Des taining t i me (hr) 

Pro t ein 

IG j; 

B:::>A. 

a Lac 

p Lgb 

To t a l  

0 

su 

1 � 
su 

26 . 6 . 8 23.0 

1 0 . 5  a 1 0 . 7  

3 1 . 3  a 3 1 . 5  

1 32 . 8  a 
1 28 . 0 

203 . 6  a 1 97 . 8  

SU S can uni ts - mean o f  6 gels 

* S ignifi can t  at P 

* * S i gni f i can t  at P 

< 0. 05 

< 0.0 1  

su su 

� 8 . 8b 1 7 . 5b 

1 0 . 2 9. 3b 

28. 7b 28 . 7b 

F . ra t i o  

4 . 1 7  * 

3 . 25 
* 

* 
3 . 1 7  

** 
g . 20 

� .  

LSD (5%) 

4 . 6  

1 . 0 

2 . 6  

9. 2 

1 6 . 0  

Wi thin rows ( pro t e i ns ) supe rscript " a" di ffers s igni fi can tly ( P  < 0. 05)  

t o  supers c r i p t  " b " . 

� I G  Immu nogl o bu l i ns 

BSA Bovine Serum A l bumin 

a Lac Alpha Lactalbumin 
8 Lgb Beta Lactoglo bulin 



Di scussion Signi fi c ant losses of n tain occurred from all 

pro tein bands when e lectrophoretic des taining was prolonged for 
between t and 1 t  hours . Some depression o f  s tai ni ng  of the 

high concent ration p Lgb band was evident under t hese conditions 
after even t hour. It was conc luded therefore that no ov er-

des taining could be per�i t t ed t o  o c cu r .  

we re not e d  as being relevant : -

To this end two fac tors 

a )  that the cons t rict ion o f  the d e s tn i ni ng  tube shou l d  be no 

erea t e r  than jus t  suffi cient to re tai n  the gel and should 

be constant for all tubes � 

b )  t hat al l ai r bubbles mu s t  b e  excluded from the l oaded 

tube prior to des taini ng. 
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2 : 2 : 2 : 4  Sepa ration of I ntergrato r Response Uni t s  of O v e rlappi ng Peaks 

Several methods are available which al l ow the i ntergrato r response 

uni ts to be s e r� ra t e d  where t h e  s cans of the pro te i n peaks overlap;  
for exampl e  the � Lgb A & B va riants in  the heterozygous animal . 
( Plate 2 : 3 ) .  

The me thod chosen to s epara t e  t he peaks was t o  cont i nue the peak 
s lopes to i nterception, directly below which was taken as the po int 

of s epara t i o n  o f  the two proteins . This me thod resu l t ed i n  peak 

proportions being obtained which were simi lar t o  those ob tained by 

using the me thod o f  "Point of Inflec tion" o f  the s can. The method 
used did however, s light ly favour the flat t er of the two peaks 
by comparison with "Point o f  Infl e c t i o n" . The results of these 

two methods however , d i ff e red markedly t o  t hose from the methods 

o f  d ou b l i ng  the number of res po ns es from the no n- overlapping hal f  

peaks . A co mpu ter prog ramme to �e ne ra t e peak a rea by yet ano ther 

method based o n  peak h e i ghts , width at ha J.f  peak hei,r;ht and peak 
s e pa rati o n  was lat e r deve loped by Dr. E .  Cant ( Dai ry Res earch 
Ins t i tu t e ,  Falmers ton North, Nev: Zealand ) ani a c ompa rison of it s 

performance acains t the method used (Table 2 : 3 )  wi th 5 t;els of 

dif ferine reak relationshi ps shovred reas onabl e agreement . 
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Table 2: 3 Relationshi p  between the peak proporti on from 

Gel No . 

47/1 9 

1 1 / 1 8  

39/1 3 

39/ 1 0 

40/23 

,.J 1gb A 

two me thods of s e para t i ng  these overlapping peaks . 

I Compu te d  A rea I I  Counted Area % Difference 
( Can t Programme ) (Method Used ) ( I-II x 1 00) 

I 1 

0 . 735 0 . 696 -5 . 3 % 

0 . 66 1  0 . 699 +5 . 7 % 

0. 897 0 . 82 1  -8 . 4 Jb 

1 . 035 1 • 1 52 + 1 1 . 3% 

o .  97 5 0 . 86 5  - 1 1 • 2�� 
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2 : 2 : 2 : 5  Compa ri s on of Me thods o f  Quar, ti fying_ Pro t ei n Band Uni ts 

Two me tho ds for converting the s c an uni ts of each pro tein 

to an ac tual c o ncen t ra ti on of pro tei n were c ons i d er ed . The 

firs t me thod ( Di r ec t Re l a t i onshi p) reli ed  on read ing the 
conc entra ti on of the ind ivi dual pro tei n  d i rectly from a s tandard 

curve rela t i ng scan units to c oncen t ra t i on of the individual 

pro teins . Thi s me thod is  dependen t upon the quan t i tative appli ca ti on 

of the sample and comple te re co,rery of the pro teins during 

pro c e s s i ng .  

Th e s e cond me thod ( Pro p o r t i onal S ubdivi s i on) was des iene d 

to overcome the maj or probl em of the fi rs t me thod , nnmely the 

main t enan c e  of quan t i tat i vene s s  throughout the PAGE 

The me thod u t i l i z e s  the s can uni ts from each band as a 

analysi s . 

proportion of t o tal s can uni ts from the one gel. Thi s  propo r ti on 

foll ol..ring corre c t i on for dye bindi ng d i f f e rences b e tween pro teins 

i s  then used to par ti ti on a separate de term i na t i o n  of pro tein 

concentrati on . I n  the s e  ex per i�en t s  the s e pa ra t e  de terminati on 

of pro t e i n  concen tration was o btained u s i ng an adap ta ti on of the 

dye -binding me thod of Dolby ( 1 96 1 ) (Appendix  11 and S e c t i on 2 : 2 : 3 ) 

The Pro po r t i onal Subdiv i s i on me thod ·.tas howeve r, c ompl i cated by the 
obs ervati on that the dye-bindi nc r e ]  o. t i onshi p  f o r  the ind:i.vi dual 

pro te ins i n  the free binding sys t(�m of Do l by ' s , di ffer to th ose of 

the same pro teins i n  tLe ge l  sys t em .  Consequen tly ano t h e r  s e t  of 
s tandard curves was requi red f o r  th e me thod . Both s e ts of s tandard 

cur�es are pres en ted i n  Append i x  V as w e l l  as a compari son of the 

relative dye -b i nd i ng c o effi c · .ents . 

'l'he Proporti onal Subdivi. si on me t lwd decrE-�ases  the demands 

f o r  accura te quan t i ta ti ve runn i r.g of eact sampl e ,  bu t requir< ·s  an 

ex tra ana lys i s  and the use of a s e cond s tand ard curve f o r  each 

es t i ma te .  Hence i t  was deci ded t o  compa re the two methods to 

de termine whe ther in fac t Propo r t i onal Subdi vi s i on a c t ually 

improves the accuracy of th e e s tima te r el a tive to that obtained 
by the Direct Rela ti onship me thod . 



Method The effecti veness of the two me thods was t ested by 

conduc ting a One-Hay Analysi s of Vari ance (Snedecor & Co chran 1 967 

p26 0 )  wi thin each me thod on the results o b tained by each for the 

same group of samples. 

Thirty seven duplicated de terminati ons of p Lgb c oncentration 

were selected a t  random from the comp l e te l i st of c oHs x days 

calculations and the resu l ts are presented in Table 2 : 4 .  
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Tabl e  2 : 4 Comparison of the Sources of Vn r i a t i on wi thin Each 

of Two Y.l e thods of Es tim�_ J 1gb Concent ra t i on from 

the Same S ampl es . 

i :  Dire c t  Re l a ti onshi:Q 

Source df ss HS F -rn t.i o 
To tal 7 3  32 . 7  

B e tween Samples 36 2E3 . 0  0 .  7 8 

Wi thi n  Samples 37 4 . 7  0 . 1 3  6 .  1 2  

i i : Prono r t i  onal Subd i v is i on 

S ource df ss HS I� r<! t i o 

To tal 73 3 1 . 8  

Betw een S8.!:1ples 36 3 1 . 5 0 . 88 

Wi thin Sampl es 37 0 . 3  0 . 007 1 20 . 1 
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Dis cussion The calcUa. ti on of the �' rati o in these analys es 

nerves only to demons t rate the reduc t i on in e rror varianc e due to 

Be thod i i ,  Pro por ti onal Subdivisi on . The g r <"nter preci sion of the 

me thod wi th resp e c t  to that of the Dir t'C t Re la tionsh i p me tho d  is 

s hown by the large reduction in the wi thin sampl e mean square term. 

In this  analysis this term rcpres entn an i nc reased re pea tabi l i ty 

of the estimates by the Pro porti olli� l Sub di vi s i on method. Details 

of the Propo r t i onal Subdivision t":ethod are pr<�s en ted in Appendix IV. 

2 : 2 : 3  De term inati on of To tal Concen tration of \fhey Pro tein 

The Pro por ti onal Subdivision me thod of quantifying pro tein 

bands from PAGE outlined in S ec ti on 2 : 2 : 2 : 5  requires a separate 

determination of to tal concentration of whey pro tein . Several 

al ternative me thods were considered. 

( 1 )  To tal Ni trogen (N) by Kjeldahl or I·:ic ro-K j e ldahl pro c e due s . 

These measures are sui tabl e for d e t e rmi n i ng to tal mi lk pro tein 

where the propo r ti on of non-pro t ei n-ni t rogen ( NPN) can be 

disregarded. However, i ll  whey , lfPN mak e s  up a muc h  larger part 

of total N than in mi lk ( Roeper & Dolby 1 97 1 ) and so  mus t  be 

considered. An extra analysis would be re qu ired to dc· tcrmine HPN 
separately if this me thod were to be us ed . Horeover, the classical 

mi c ro-K j ehldahl technique of Rowland ( 1 938 ) which has been 1iidely 

adopted as the s tandard procedure for d ' : t crmina t i on of whey pro teins 

( �1cGann et al. 1 972a ) is far too time consuming in i tself for a 

routine analysis ( !1cGann e t  al. 1 972 b) . 

(2 ) Pro-Milk Difference Technique ( 1MD'l' ) . The amido black dye-

bindine technique has been shown to be a sui table basis fo r measuring 

protei n content of herd bulk milk, qu i ckly , conveni ently and •Ti th 

acce ptabl e accuracy as compared to the Y.: j ehl dahl m ethod ( Taras suk e t  

a l.  1 967 , Dol by  1 96 1 , Pos thumus 1 960 ) .  A s cmi-au toma ted pro tein 

t e s t i ng ins trument ( Pro Nilk Hark II A/S�J Fo s c  Electri c ,  Denmark)  

based o n  the dye-bi nding princi ple was exam i ned by S z i j arto e t  al. 
( 1 973) and found to produce resul ts very li t t le different to Kj eldahl 

rTi. th si. mi l ar repeata.bili ty .  The PMD'I' for whey was developed by 



l'lcGann et al. ( 1 972 b )  and simply invo J.vcs th e addi t i on of a fixed 

quan ti ty of a s tandard milk or milk powder to a sampl e of whey 

to raise the read ing to the sens i. ti ve 3 - 5 , ;  pro tein rCi!lge of t he 

ins trument scale . The di ffercnee b e t w e e n  the two r ead in�s ; 

s tandard plus whey less s tA.ndard . i s  then c orrec ted f or the high 

dye-binding capac i ty of whey and an es t ima te of whey pro t e in 

concentration i s  ob tai ned . The me t:wd tas the advun tac� of bei ng 
a s i ng l e  es timate d e term i na t i o n ::tnd has a sati sfac tory uccuracy i n  

relation to Kjeldahl . 

The PMDT was howeve r , unsui tab l e  for this analysis as 
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the whey sampl es had be en di luted by a fac tor of 2 . 5  duri ng the i r  

pre para tion. The s ens i t ivi ty of  the techni que under the se condi ti ons 

vrou ld no t have been suffic ien t . 

3 ) 
Dye-binding using Conventi onal S pt> c t ropho t ome t ry. The dye ­

binding me thod o f  Dolby ( 1 96 1 ) can be us ed for bo th milk and 1ihey 

samples . Do lby re ported that the ne thod ad,justed to anal yze whey 

yielded pro tein c oncentrations wh ich w e r e  i n  good agreement wi th 

Kj eldahl values . 

I t  was dec ided to use thi s  me thod ( Dolby 1 96 1 ) to analyze 

the whey protei n concentration. 1'he SL'lall volume and d i l u t e  na ture 

of the s am p l e s  necessi tated s ome mod i f i c at i ons to the me thod. The 

modi fied me thod as used i s  d e tai l e d  in Appendix I I .  

2 : 2 : 4 Masti tis 

Many me thods of de te c ti nG subc l i n i c al mas ti ti s have be en 

develo ped . They can be broadly subdiv i de d  into direct and indirec t  

measures . 

2 : 2 : 4 : 1  Di re c t  M e thods Direc t tes ts u s 8d f o r  the d e t e c tion of 

sub c l inical mas ti t i s  include bacteriologj  cal examina t i on (Pes tle et  

al. 1 97 1 , Natzke et al. 1 972 . Thomas e t  a l .  1 972 ) and microscopic 

( DHCC ) ( Ebe rha rt e t  al. 1 96B Hai te & Smi th 1 972 , Ebe rhart 1 972 ) 

or e l ec tronic ( Coulter counter ) c el l  c o untir�� ( Cu llen 1 96 5 , Phi pps & 
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Ncwbould 1 965 , Phipps 1 968 ) .  The fi rs t  two methods are exc e edingly 

t ime consuming and due to the large dilution factors ,  errors of up 

to .± 50 percent have been rec o rded ( S trynadka & Thorn ton 1 937 ) .  
Electronic counting of cells is accu rate and rapi d but re1ui res 

special equipment which was not available .  

2 : 2 : 4 : 2  I ndi rec t  1-l:ethods l-l:ost of these methods a re i nd i rect 

estimates of the number of leucocytes in milk and are based on the 
reaction no t e d  by \fui teside ( 1 939 ) in v:hich  milk from inflamed 

quarters , \;hen mixed wi th sodium hydox :  rl e produces a viscous mass .  

Various adaptations to this react i on have produced the Californian 

Mastitis  Test  ( CWr) ( Scha1 m  & Noorlander 1 957 ) ,  the M ichigan 
Mastitis Test ( I•'iBT ) (Paape et al.  1 962 ) ,  the Wisconsin Masti tis 

Test ( \·iJ'.'1T) ( 'I'hompson & Postle 1 964 ) and the Ruakura rol li ng  ball 

viscometer, recently examined by I'lil ne & Smythe ( 1 976 ) based on 

the same reaction. 

I ndirect t ests ba s e d  on other factors havii� a relationship 

to udder i nfec ti on have als o been considered . These include the 

concentrations in  mi lk o f  lac tos e ,  chlo ri des , serum albumin, the 

K/Na ratio (Klastrup 1 975 ) and e lectri cal  conduc tivity ( Greatrix 

et  al . 1 968 ) .  Many of  these requi re � base level reading from 

an assumed u ninfect ed quarter of the same cow . 

The C!-�T and \YMT measures have been the mos t  widely accepted 

for measuring subcli nical mastitis in research and for the 

moni taring or checking of the incid ence of subclinical masti  t i  

in c ommercial  herds . Dan i e l  et al . ( ' 97 1 ) desc ri b ed the rel iabi li ty 
of the w1>1T and conc luded that it  \'las a s u i tab l e  obj ectj_ve measure 

for routine subclini cal ma st iti s tes t i ng, was s i mp l e  and the results 

showed a good correlation to di rect  microscopic cell counts .  The 

·dt•iT method as used i s  presented in  Append ix I I I .  
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2 : 2 : 5 H il k  Fat 

The manufacturers (A/SN Foss  Electri c Denmark) claim that 

the M:i.lko-t es ter is accurate to + 0 . 06�0 fat as measured against  

Rose  Gottleib a nd  the reproducibility of  result s between 

duplicates is ± 0 . 02%. Gray ( 1 976 ) �eported that all trials at 

Ru.alru ra over a three year period suppo rted these  claims . Shipe 
& Senyk ( 1973) found that  the Ih lko-t es t e r  gave hi gher ( 0 . 03% 
fat )  results than the Babcock tes t .  
the Mi l ko-test er results (± 0 . 032 ) . 

'rhe s tandard deviation of  

A Mi lko-tester was avai lable 
a nd the above results ind i cated i t s  su i t <!.bi l i ty fo r the fat 
analys i s  in this expe rimen t .  

2 : 2 : 6  l�i lk Pro t e i n  

1'he ar:�i do back dye-bindinG me thod has been show n to be a 
sui tab l e  t e chnL1ue fo r meas u.ri nG the to t a l  pro te in content of 

herd bulk mi lk (ros thumus 1 960, Dolby ' 96 1 , Tarassuk et a l .  1 967 ) . 
S ev e ra l  report s  have however, sugges ted that dye-binding me thods 

are less accurate for milk from indiv i dual cows ( Pos thumous 1960 , 

ErlJ & Ashworth 1 962 , Butcher et  al . 1 967 ) .  This is a pparently 

due to the vo.r:Lation i n  dye-bi nd i ne: ca paci ty o f  the indivi dual 

proteins which are present in di ffering pro portions i n  the mi lk 
of different coNs ( Waite & Smith 1 972 ) . Casein binds only 
75-BO% of the weiGht of dye bound by the whey pro teins . The main 

factors reducing the ratio of  whey to casein are s tage of  lactation 

(Rook 1 96 1 a )  and mas titis ( vlaite & Blackburn 1 963 ) .  A short t ei'Ill 

trial in mid lactat io n  wil l not be i nf luenc ed by the fo rm e r  and 

\rlai te & Smith ( 1 972 ) showed t hat t he effec t s  of the latter were 

so small as to constitute no ob,j ection to the use of the method.  

An instrument ( Pro-Milk I-1cuk II ) fo r semi autOITJr'ltic det erminat ion 

of dye-binding by mi lk pro teins was avai lable and ��as u s ed for the 

analysis of total milk pro tein of  t'!le daily milk samples.  



CHAPI'ER 3 

Materials and H e thods 

The reasons behi nd the c hoice of the maj o r  me tho d s  has been 

covered i n  Chapt er 2 .  This Chapt e r  wi l l  de t ai l th e d es ign and 

running of the experi ment and the me thods by \'lhi ch the samples 

w e re analyz e d .  

3 : 1  Experimental Des ign 

I t  was decided that a balanc ed block c ovariance d esign 

would be t he mo s t  appropriate arra n�ement o f  the anima l s  to meet 

the obj ectives of the s tud y .  Anima l s  were balanced \d thi n  

t reatment o n  t he basis o f thei r  mi lk y i e ld du ri ng a preliminary 

pe riod of fou r days . The compari s on period was ten rinys . A 

further two samples •re re t aken a t  th ree a nd five days fo l lo·,Ti ng 

the compl e t ion of the c ompari so n  pe ri o d .  'rhe s e  s ampl es were 

included to moni tor the c ha nges i n  mi l k  y i e l d  and c ompo s i tion 
duri ng the a nimals re- adapt ion to t he h e r d  envi ronment and were 

no t i n tend ed to ent er t he stat i s t i ca l  analysi s . The retu rn t o  

the he rd i nvolved a co nsi d erable improv ement i n  nu t ri t iona l 

status fo r the high s tocking ra te group and some decrease i n  

that o f  t he l o w  group. 

3 : 2  Animals (Experiment a l Uni t s) 

Monozygous twi ns were used t o  res t rict  the e rro r vn ria nce 

wi thi n  the l imi ted number o f  anima l s  per t reatment that cou ld be 

handl ed . The crit eria for cho i c e  of s e t s  of twins from those 
ava i lab l e w e re i n o rd e r  o f  d e c rea s i ng impo r tanc e , as fo l lows : -

6o .  



( 1 ) a negat ive ( <  1 0) WMT s co re for each quart er o f  both cows 

fo r the hro days pri o r t o  the prel imina:rJ pe riod . The herd was 

o rig i na l ly s c reened by s e l e c t ing the twin sets , both membe rs of 

whi c h  had a bulk Milk sample WMT s c o re of l e s s  than 1 0 . 

( 2 ) calvi nG date was wi thin a f o rt n i ght for both cows of each 

set . 

( 3 ) all sets o f  twins were between 1 -t  and 3 mo nths i nto lac tation. 

( 4 )  representation o f  the three � Lgb geno types (AA,  AB , BB) .  

Only the p Lgb geno type c ri t e ri a  cou ld no t be ful f i l ed du e 

to low frequency of AA twin pai rs a nd t o the inci dence o f  mas t i t i s  

within them. C onsequently three s e t s  each of AB and BB geno types 

were c:r.osen. The desc riptions of the experi men tal animals chosen 

is summa rized in Tab l e  3 : 1 . 



Table 3 : 1  De s c ripti on of Experimental Animals (6 se ts of f-\onozygous 'l'win!i!) 

Twin Pair No Bre ed � Lgb G eno t">Jpe ·,n·rr Indivi dual Calving Date S tage o f  Lac ta ti on 
Quar ters 1·iean s c ores day/month week 

-
3 1  Fri e s i an BB 6 , 4 , 3 , 6 2/9 9 

32 11 11  8, 6 , 7 , 6 1 6/9 7 

89 Jers ey AB 2 , 2 , 3 , 2  3 1 /7 1 2  

90 " " 2 . 3 , 3 , :; 2 3/7 1 3  

95 1 1  AB 3 , 3 . 5 . .1 24/7 1 3  

96 lt " 2 , 2 , 2 , 2  3 1 /7 1 2  

1 0 1 Jers ey X Fri es i an BD 2 , 3 , 5 . 2 26/7 1 3  

1 02 lt 11  3 , 5 . 5 J  5/8 1 1  

1 1 7 Fri e s i an X Jersey AB 3 , 5 , 2 . 2  7/8 1 i 

1 18 " 11 2 , 2 , 2 . 3 8/8 1 1  

1 33 Jersey x Fri esian B3 5 , 3 , 5 , 4  29/7 1 2  

1 34 " 11 2 , 7 , 7 . 6  2 3/7 1 3  0\ 1\) . 



3 : 3 Expe rimen tal Pro cedures 

3 : 3 : 1  Fiwld Work A l l  ccnvs ch o s en f or the experiment were 

par t  of the Nas s ey Universi ty No . 3  Dai ry Herd ( Identical Tvii n  

Ierd ) an d  had been treated as a c omme rc i al herd sinc e  calvi ng . 

As a cons equenc e ,  no adj us tment pe ri od for change of routine was 

required . The f our days pri or to the removal of the animal s from 

the main herd f o r  the ex per iroen tnl trea tmen ts was us e d  as the 

p reli mi na ry peri o d .  The c m'l's continued to be mi lked a t  05 . 30 and 

1 6 . 30 hours . The s t ock i ng ra t e  was cont rolled by two s ingle 

w i r e  e l ec tri c f enc es whi ch spli t the paddo ck longi tudi na lly into 

{ and -i; and lateral ly into " b reak::; " of the s e  area s .  In this way 
the relat ive s to cki ng rates were fixed a t  3 : 1 .  Ac tual s tocking 

ra tes were not fixed but controlled by varyi ng the di s tance the 

lat eral fence was shi f t ed f o rward for each new b r eak . The only 

c ri terion for the dec i s i on as to s i ze of b reak was that the high 

s to ck ing ra te group had to be o bvi ously res t ri c ted as j udged by 

the height of grazing and the grazi ng behavi our of the animals . A 

fresh " break" of pasture \'las made avai l ab l e  to the cows af ter 

e ac h mi lking .  Weighing the c ov1a 1m s  no t c ons i d er ed feasible due 

to the sho r t- te rm natu t' e of the ex pt)rimcnt and the variation in 

suc h measures bo th wi t hin days ( r_'ay l o r  1 954 ) and be tween days 

( Pearson - Hughes & Harke r 1 950 ) .  Obj ec tive as sessment c l assi-
f i ed th e l ow s tocke d grou p ,  as obvi ou s ly fe edi ng " ad lib " under 

the condi ti ons impos ed,  whi ls t the h ieh s t o cked grou p  was moderately 

to severely re s tr i c t e d  ( Plate 3 : 1 ). A back fence t o  contain the 

high s tocked group was no t c ons i d cTOd nec e ss ary due to the heavy 

grazing re s u l ti ng i n  s l ow pas ture regen e rat i on .  An ini tial habit 

of fence jump ing ( H . S .  --> L. S . ) by cow 32 w a s  cu red by a t t aching 

a leng th o f  w i re to her " anti-suckle"  nose rillB' fo r s everal days . 

3 : 3 : 2 Sampl ing and Analys i s  of the 1-la,jor fii i H: Pa rame ters 

3 : 3 : 2 : 1  Milk Yi eld Ni lk yi eld of each cow ''�'as recorded at 

each milking by the use o f  " Waika to " mi lk meters vrhi ch c o l l e c t  a 

proporti on of the t otal yi e l d  in cal ibrated f lasks . Co llec ti ons 



Plate 3;1 Apparatus fo r Po lyac rylami d e  Di scontinuous Ge l 

Electropho re si s ' (PAGE) , feat urin,:r 2 x 1 2  se l tanks • Gel 

d e staining i s  shown in p rogre ss wi th the stain mi grating from 

the ge l ,  top (negative electrode bath)  to bo ttom (positive e lect rode 

bath) . 



w e re combined to form a daily pCJ/am c omposi. t e  sample for each c ow . 

The co nv e rsi on of weight of m i lk ( fl asks c al ibrated in k i l ograms ) 

to volume o f  milk was made usiDG tho c onve rsi on fac tor 1 ml=1 . 032g, 

be ing a mean cal c ula ted from tne data of Jenne s s & Patton ( 1 959 ) . 

3 : 3 : 2 : 2  Milk Fat and Pro te i n  To tal fat and pro tein 

analys es were carr i e d  ou t using the., lh lko - t e s t e r  and the Pro-mi lk 

Nark I I  ( Bo th o f  A/SN Fos s Elec tri c ,  Denma.rk ) respectively on the 

daily composi te mi lk samples . Pro t ei n  analys i s \>Tas carri ed out 

on bo th the whole milk and the skim mi lk samples to ensure that 

any c hange in mi lk f a t  percentage did no t conceal a significant 

re sponse i n  terms of t rue pro tein concen tration. The sk i:· milk 
sampl e s  were prepar e d  using a b ench centrifuge at  2500 ru H for 

1 0  minu t e s . 

3 : 3 : 2 : 3  Mas t i t i s  The incidence of mas t i t i s  i n  the cows 

was moni tored using the vlM'r ( Appe n d i x  I I I ) .  f11i lk sam ple s for 

the tes t were c o l l e c t e d  at the pm mi lki ng ,  ei tner f rom the mi lk 

me ter ( fo r  c o w  bulk mi lk tes ts )  or from the i nd ivi dual teats 

(for f mi lk tes ts ) . Quarter s amples consi s te d of abou t 1 0ml s  

of fo re-mi lk col l ec te d  follm4i ng 3-4 s quir ts to was te dur i ng the 

normal washing procedure . Samples from the m i lk me ter w e re 

c o l l e c ted daily and i f  the �·11-fl' scores were sus pic i ous ( s core 

1 1 - 1 6 )  o r  posi t i ve ( s c o r e  > 17 )  qua r te r  samples were c o llec ted a t  

the subse quen t  pm mi lking . In add i t ion, f samples were taken f rom 

al l c ows a t  ev e ry  thi rd pm mi lking. 

3 : 4 Analys i s  o f  the lvhey Pro tein Compo nen t s . 

3 : 4 : 1 Prepara ti on of ¥/hey_ it/hey s :1mples were prepared from 

skim milk usil".g the me thod of Rmfl and ( 1 93t3 ) \ih i c h  he showed 

attained the max imum pr•.,. C ipi ta t i on of cas e in f rom mi lk . 

The whey s amples were s tored in 6 ml plas tic vi al s at - 1 0° C unt i l  

required f o r  analys i s .  



3 : 4 : 2  Pro tei n S epa a t i on Pro tein s epa ra t i on was c arri ed 

out using PAGE f o r  the reas ons discussed in Chap ter 2 : 2 : 1 

and us i ng the ea te ria l s d e tai l e d  in Appen d i x  I .  Ele c t r o phores i s  

of the s amples was carried ou t u s i ng 2 x 1 2 gel ba ths 1-1hi ch 
cons t i tu ted a run of 24 samples . l�ach s ample was di l u t e d  3 fold 

w i th a 1 0;i{, s o lu t i on of suc r o s e  to i n c rc:a:w the bulk densi ty of 

the sample and t o  reduce the amo unt of ,i Lgb to a l evel wi thin 

the regi on of linear OD ( s e e  Append i x  VI ) of the scanning and 

i n t e rgrati on sys tems . 

Samples were l oaded u s i ng  a 1 00 mi crol itre S GE syringe 
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to layer the samples on to the gels unde rnea th the running buffer. 

'l.fiis me tho d  ove rc ame the pos s i bi li ty of sample loss due to swirling 
tvhich o ccurs when the buff er is add eu to the top tank of the 

apparatus (P late 3 : 1 )  af t e r  the sal!lpl es are loaded. 'fhe dye 

trace ( b romophenol bbe) wh i ch delinea tes the e l ec tropho r e t i c  

f ront moving in the gel , uas ap�lied i n  t h e  euc ro s e  s o l u ti on ra the r 

than i n  the running buffer. 'l'hi s m od i fi c a ti on t o  t h e  me thod 

preven ted the possibili ty of mis-leadi ng s ampl es on to gels whi ch 

a r o s e  when th e m e thod o f  l oadi n(� the,• sample unde rneath the 

running buffer was adopted. Sample s w e r e  run at :3-i mAmp per tube 

us i ng a Shandon Vokam power pack and fi nished when th e runni ng 

front had j us t  cl eared the bo t tom of the gel , i nvariably taking 

two hou rs . Gels were then qui ckJ.y remo ved from the tubes , placed 

in an amido black s taini ng solution ( see A ppend ix I )  and lef t 

overnigh t  (minimum of 1 2  hours ) to ensu re comple ten ,ss of s taining. 

Removal of unbound stain ( des tai ning) was c a rried out 

elec trophore t i c a lly w i t h  the ge ls  loaded i nto tubes wi th c ons t r i c ted 

ends t o  hold them in pla c e .  A t  t�1 e  c omple t i on o f  des tai ni ng the 

ge ls were removed from the d es taining tubes and stored in 2, ; Ace ti c 

Acid i.n 1 0mm x 1 38mm glass tes t tube s and sealed wi th corks . 

I den tifi cetti on o f  the pro t ein bands was made by c ompari son 
wi th the publ ished PAGE s e ;>ara t i ons of Ri c h ter et  al . ( 1 974 ) , 

Davies ( 1 974 ) ,  and Kumar & �:i kolaj ick ( 1 972 ) and by the ru nning of 

pu rified pro te i ns (P lates 3 : 2 ). 



_ _Elate 3 : 2ai Puri ty of I mmuno g l o b u l i n  use d  fo r the p reparation o f  

Dy e  - Binding Standard C urve s .  

ih--- --ntrm{h-r- ----- ------- -t -·---- --- --1 - - - - - ------ - - � - ·-r---r - - -11 

Plate 3;�i_ Sc an t rac e and I n t e rgrat o r  p lo t  o f  t h e  a bove 

I mmunoglo bul i n  Stand ard . 
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f�te 3: 2bi Purity of Bovine Se rum Albumin used for the preparation 

of pye - Binding Standard Curve s .  

rr- -- - -- r - . -

I 
.. O...t � - ------ .. -· ---- - -- - -· . 

P late 3 : 2bi i Scan Trace and Int e rgrato r  p lot  of  the above Bovine 

Se rum Albumin Standard . 



Plate 3 : 2ci  Puri ty o f  Alpha Lactalbumin used fo r the  preparation 

of D,ye - Binding Standard Curves .  

-trr-r----- ------ --------------- - -- ----- - -- . ----, -- -�-r--r----,--, --·-- tl 

Plate 3 : 2cii  Scan t race and Intergrato r p lot  o f  the above 

Alpha Lactalbumin Standard . 



Plate 3 : 2di  Puri ty of  3eta Lactoglobulin used for the preparation 

of Dye - Binding Standard Curves .  

1 

I 
I 
l 

n l  - - - - ------ -- - - - - - --- - --- -,- - - � - -r---.- r nn -rrrfh-t11d lili"Jtltliil!! irhl � -, 

Plat e 3 : 2di i  Scan trac e s  and Int e rgrato r  p lo t  o f  the above 

Beta Lactoclo buli n  Stand ard . 

10 . 



3 : 4 : 3 go t ein Quanti fica t i on The gels were s canned i n  the 

vis ible regi o n  wi thin the s to rage tubes using a Canalco S canning 

Dens itome t e r  (1-1odel G) in c ombinat ion w i t h  a Cana l c o  Chart 

Reco rd e r  and I nt egrator (Model 8 I ) . P ro t ein bands are 

re pres ented by peaks of a bso rpt io n  pl o t t ed on the chart and the 

a rea under the peak ( p ro t e i n  qu�nti ty ) i s  represented by t h e  

number o f  i n t e rgrator s c a n  uni t s  for ea ch. The ca li b rati on of 

t he s ys t em W<:'.. S c hecked for l i ne a ri ty and e quiva l e nc e  of i nt e r­

gra t e r  s e ns i t ivity s e t t ing ( see Appe n d i x  VI ) .  This dat a 

indicat ed lack o f  l i nea ri ty both a t  V <"Jry low and a t  v e ry high OD 

readings . The h10 intergra tor sens i ti vi ty s e tti nes we re 

virtually i den ti cal ov er their mi d ra nee . This l e d  t o  the 

dec i s ion t o  s can the fi rs t s e c tion of each g e l  at int ergra tor 

sens i tivi ty s et t ing 4, as neither the I G  nor the BSA exc eeded an 

OD o f  0 .8 .  In t he t roue-h f o n;a rd of the BSA peak , the intergra tor 

sens i t ivi ty was re-set at 2 fo r the grea te r  OD of the a Lac and 

j3 Lgb peaks . Counts fo r a l l  ba nd s int e rgrated at 4 w e re 

su bsequent ly halved . Thi s pro c edu re resul ted i n  improvi ng the 

a c c u racy of the int e rg rat ion o f  the peak areas of pro t ei ns at 

low e r  c o nc ent ra t i o ns .  

Ove rlapping peaks w ere res o l ved by the me thod o f  co ntinuing 

the ini tial s lope of th e curv e  i nto t he oYe rlappi ng a rea and the 

s e paration judged a s  b ei ng t he po int of junc t ion o f  the s e curves . 

The int e rgrato r scan uni t s  '" ere conv e rt e d  to c o nc ent rat i o ns 

o f  each pro t ei n in m.:"S/ml by us i ng a me thod d eveloped and called 

Pro po rti ona l  Subdivision. The pro po rt ion of each p ro t ei n  i n  the 

whey was cal cu lat ed by c o rrec ti ng the numbe r of scan u n i t s  by the 

dye-bind ing c onstant of each pro t ein :i n  t he gel . and expressing 
thi s as a pro po r t i o n  of the t o ta l  nu mbe r o f  c o rrec t ed s can uni t s  

fo r t he whole Gel . 



These proportions were then  us ed to subd i vi d e a s ep arate 

es timate of dye-b ind ing by the t otal whey pro t eins as d e termi ned 

by the s pectropho tometric me thod ( Appendix I I ) .  The resu l ts 

were corrected for variation in the dy e- bindi ng capa ci ty of each 

pro t ei n  in the s pect rophotometric sy s t em . 

calcula tion are presen ted in Appendix  l V .  
Detail s  o f  this 

The dye- b i nding capa c i t ies ( con s ta nt s ) were d e t ermi n P. d  fo r 

7 2 . 

the four ma j o r  whey pro teins fo r bo th the gel and th e spe c tro­

phot omet ri c sys tems . The stanrl ard cu rve fo r the gel sys tem rela te d 

protein quan t i ty t o  i n t e rgra t ed peak area ( number of int c rgra tor 

s can uni t s ) , and the s pe c t ro pho tome t ri c  s tanda rd cu rve related 

p ro tein co ncentration to absorption a t  6 1 5 m� ( Append ix  v ) ,  

Pure pro teins w e re u s ed t o  pr 0 pa re these standard curves . 

BSA ( Cohn Fraction V)  was obtai ned from S iGffia Chemi cal Co . , 

St . Louis ,  Mo .  Ig ( Ig G1 ) were prepared from bovine co lostral  

'N"hey by the me thod o f  Brando n et a l .  ( 1 97 1  ) • t3 Lgb and a La c  

were prepared f rom bovi ne whey (mid la c tati on ) b y  the method of 

Rich t e r  e t  al . ( 1 974) . These sampl es we re furth e r  puri fied by 

passing them through a Sephadex G-75 (Pharmacia , Ups .J.l a , S'\>reden ) 
column fol lowed by reconcen t ration using the Dia f l o  sys t em ( Ami c on 

Corpo ration , Lexington , Mas s . ) with a U . M . 2  me mbrane. 

FU ri ty of  the f rac ti ons was checked by ru nn ing the indivi dual 

samples on PAGE unde r th e co ndi t ions previ ous ly des c ri b e d .  

3 : 4: 3 : 1 S tandard Curves for Dye-Bind i ng by Proteins in Gels 

Six conc entrati ons o f  each pro te i n w e re run on PAGE (section 

3 : 4 : 2 )  to form the standard cu rves . covering t he e xp e c t ed range 

of each protein in  the s ample . E �u i v a l e n t  dilut ions o f  the four 

proteins ··tere run in t he same r,el . Each conc entrati on was 

rep l i c a t e d  fou r  t imes wi thin  each run a nd three runs 'll'e re 
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c ondu c t e d  t o  obtain a mean numbe r  o f  scan uni ts for each prot e in 

conc ent ra t i on .  T h e  two hi ghest ,:J Lgb c o nc en t rat:i.ons resu l ted 

in smearing of the bands , po ssibly due t o  mo l e cular i n t e rac t i on . 
Cons equ en t l y  the s e  po i nt s  were d i scarded as \iere the a Lac 

po int s  whi c h  were obscured by this s meari ng . This dec is ion was 
jus ti f i ed by the fac t t hat in. the a na lys i s , sample di lu tion would 

be su ffi cient  ( o r  •rou ld be ma d e  su ,..fie  ient in a re- ru n ) to 
prevent su ch high co nc e nt ra t i ons o c cu rrine. M o reove r , su ch 

conc en t ra t .i.ons were e n t ering t h ,.,  rev, i o n  i n  which the l i near 
re�Jpo ns e  of t h e  i nt e rgra ti on sys tern 1-:ns fai l ing . 

T t1e s ta nd a rd cu rv e s  a re pr8S e !l t ed in Appendi x Va wi th the 

Anova r ,  ii.e Tes sion Co effi c:ipnt. s  ( Dye-bi nding co ns ta nt s ) and the 
Y int e rcep t s .  Fo r a l l  four "9U re pro te i ns , variance due to 

recre s s i on :·r, s hiehly s igni f i c a n t , ( P  < 0 . 005 ) and none of the 
Y int erc eps deviated s ignifi �an t l y  from z e ro ( P  < 0 . 05 ) . 

3 : 4 : 3 : 2  S tanda rd Curve of D����inding by P ro t e ins i n  the 

Spe c trophotometric N ethod. Dye-binding in the 

s pec t ro pho to me t ri c  metho d  by each of t he fou r  pure pro teins '1i'3.S 
d e t e rmi n e d  as des c ri bed for whey pro t e ins - Appendi x  I I .  S ix 

c o nc e nt rati ons o f  ea ch p ro t ei n cove ring the expec t ed range of 

s ampl e conc entrat i ons and i nc ludi r� zero p ro t ei n  cont e nt were 

u s e d .  Only two rep li cates o f  th ese po i n t s  w ere conduc t e d  as 
each replicate was in effec t the mear. of nine de tcrmina tions 
a c cordi ng to the m� thod detailed i n  Appe ndi x II . The s tandard 

curves are presented in Append i x  Vo wi th the Anovar , Re ;ression 

Coeffici ents ( Dye-Bindi ng Consta nts ) and the Y i n t e rc ep t s . 

For al l fou r pro t e i ns , va ri a :-1ce du e to re;rre s s i o n  wn s high ly 
s i gni fi cant ( P  < 0 . 005) . I t  was not consi d ered nece s sary to 

det ermi ne wh e the r the Y int e rc e p t s  devi<t ted from z ero . 



The slopes (dye-binding cons tants ) o f  the rela t i onships 

be tween abso rp t i on and pro t e in quan ti t y  for the four maj or 

p ro t e i ns u re pres ent ed i n  Append i x  V c .  Bo th g e l  a nd 

spe c t ropho tome t ric fac t o rs are present ed as ratios rel a t ive 

to the dy e-binding of the IG .  

3 : 5  Total \•lhey and Casein Pro t e i ns Conc entrati o n  

14 ·  

Due t o  the va ri at io n in dye-bind i ng o f  th e componen t ,..,hey 

pro te ins a nd the la rge dif f e ren c es in the i r  re1 '1 tive co nc ent ra­
tions expec ted , a d i re c t re la ti ons h i p  c ou ld not be d e rived fo r 

th e t o tal whey pro tein concent ra t i on f rom the s pe c t ro photome t ri c  

dye-bi ndi ng determi na ti on of ,.,hey pro tei n . The concen t rat i on 

o f  t o t a l  w hey pro t e i n was t he refo re e s t ima te d from the sum of the 
c o nc e n t rati o ns of the c ompo nen t pro t e i ns .  M inor p ro t elns were 

i nc luded u s i ng a mean v alue o f  th e coe ffici ents of the fou r  maj or 

p ro t e i ns fo r t hei r dy e-bind ine: coe ffid ent . 

Cns e i n  conc entra t i o n  was then c a l cu la t e d  by di f f e renc e , by 
subt racting t h e  t o tal whey p ro tei n conc ent ra t ion from the to t al 

mi lk pro tein c on c e nt ration. 



C HAPTER 4 

Resul ts 

Within this C hapter the resu l t s  of the experimenta l treat­

ment s  on the yield of mi lk , and on t he yield and c oncentra ti on 

of the various mi lk component s wi l l  be pres ent ed. 

7 5 ·  

Any i nvest igation should first establish tha t  the treatments 

impo sed are effective . Only then can any resu lts be a c cu ra tely 

interpre t e d ,  S ec ti on 4 : 1  o f  t hi s  Chapt e r  examines t he effect of 

the t reatme n ts on the pa rameters o f  milk product ion whi ch have 

established and widely repo rt ed respo ns es to changing s tat es of 

nu t ri tion of the cow . S e c ti on 4 : 2 co nt ains th e main body o f  
results whi c h  can be exami ned i n  t h e  ligh t of the i nt e rpretation 

o f  the effect iveness of the treatme n t s  obta ined from S e c ti on 4 : 1 . 

4 : 1 Examina tion o f  E f fe ct i v eness of 'I' rea tments 

H i lk vo lume , the yi eld and percen tage cont e nt of mi lk fat 

and to tal r.ri. lk pro tein have been the mo st common component s  by 

whi ch the e ffi cacy of nu triti o na l  t reatme nts have been measured 

in experiment s with lactat ing dai ry cows ( Bro s t e r  & Smi th 1 969. 
Gord o n  & �orbes 1 97 0 ,  Bro ster 1 972 , Vik-Mo et al . 1 974 , Gordon 1 976 t 
Hut ton & Parker 1 973) •  

The measurement o f  the above pa rameters was und ertaken in this 

wo rk particularly to e nable differe nces consi s t ent wi th di f fering 

nut ri t ional states be tween t reatment groups , to be demo ns t rated. 

4 : ,  : 1  Determina tion o f  Time o f  Ons et of T reatment Effe c t s  

Before analysing treatment respons es i t  is necessary t o  

establish whe n the treatments became effec t i ve according t o  the 

pa rame t e rs measured. To es tabl ish the length of thi s pe riod of 

adj ustment to t reatment , suc cessive mean dai ly mi lk yields fo r 

the s i x  c ows pe r  treatment group were ana lys ed by C ovari ance using 

the mean of the da i ly mi lk y i el d s  over the preliminary peri o d  as 

the indep endent va riabl e ( i ) . Resu lts are pres en ted i n  Table 4 : 1 . 



Tab le 4 : 1  Ana lys i s  o f  Time o f  Ons e t  o f  Trea tmen t Effec t s  on  Mean Hi lk Y i e l d  - F i r s t  Day o f  Trea tmen t . 

Milk Y ield ( 1 / day ) f rom 6 pa irs  o f  mono zygous twins dur ing a p r e l imina ry p e r iod o f  4 days and the f i r s t 

day o f  a t rea tment perio d . During t r ea tmen t one cow f rom each s e t  o f  twin s  was g iven a h igh plane 

(H . P ) and th e o ther a low p lane (L . P ) o f  nu t ri t ion . 

Trea tmen t Pre l iminary Per iod 
Mean (x) ± S . E .  

1 / day 

H . P .  1 1 . 6 5 ± 3 . 4  

L . P .  1 1 . 6 6 ± 4 . 0 

S E  S tandard Error 

LSD L ea s t  s igni f icant d i f ferenc e 

NS No t s i gn i f ican t . (P > 0 . 05 )  

Day 1 Mean Adius t ed 
for Cova r iance (Y ) ± S . E .  

1 / day 

1 2 .  1 1  ± 3 . 7  

1 0 . 2 3 ± 4 . 0 

Di f f erence D=L S D  F ra t io S igni f i c anc e 
YHP-YLP 5% 

1/ day 1 / day 

1 . 8 9  2 .  1 2  6 .  1 4  NS 

-.J 0\ . 



Th8 change i n  mi lk yi e l d  due t o  t rea tmen ts fai led to reach 

s igni fi canc e (P > 0 .05 )  on day o ne o f  t h e  trea t me n t  ( day 5 of 
expe riment ) pe ri o d . Ho�.;eve r ,  the t rend o f  the data and the 
approach o f  the obs e rved di ffe rence t o  the cal cu la ted D ( LSD ) 
sugge s t ed tha t it i s valid to i nc lude the obs e rva ti ons from 

11 · 

the f i rs t  d ay o f  treatment i n  t he analysis o f  t reatment ef fe c ts . 
Thus the analys i s  pe riod extended from Day 5 to Day 1 4  i nclusive 

with days 1 -4 being the pTelimin'l �J peri o d . 

4 : 1  : 2  Examination of the Effec t o f  T reatment s on Hilk Yield 

and Gross M i lk Composi t i on Dai ly means derived from 

the s i x  cows in each trea tmen t group have been plo t t ed. fo r each 

parame t e r  and a re presented in Figs . 4 : 1  to 4 : 6  inclus i ve . 

The t reatment effects have been a na lysed by 2 v1ay C ovariance 

using measures o f  the pa rt i cular res ponse va riable ga i ned dur ing 

the preli minary peri od as the res pective ind ependent variable ( x \ 

A mo del of t he fo rm : -

Y . . 1 J  
= � + a i + p j  

has been used \·The re : -

+ p  ( x  . . - i . .  ) + P. . .  l J  1 J  

Y .  . i s  the value o f  the J. th obse:r.ra t ion in the i th block l J  
� i s  the ove ra l l  mean 
a i  represents the treatme nt e ff e c t s  

p j  rep re s en t s  the b l o c k  e ffects 

� i s  the recre s s i o n  coeffi c i ent o f  Y on X 
\j  is the residual 

D e ta i l s  o f  t he analys is of  eac h  parnmet er a re presented i n  

Appendix VII and t h e  resul ts i n  T a b l e  4 : 2 .  



Signi f i can t di fferen c e s  ( P < 0. 0 1 ) w ere meas ured 
bs tween the means of tr"::a tmen t groups i n  t e rms of the y i e l ds of 

milk ,  f a t  and pr o tein . The perc en tage c ontent of both fat and 

pro t e i n  ( wh o l e  mil k )  d i d  no t al ter s igni f i ca n t ly ( P > 0.  05 ) . 

7 8 . 

'l'he change in pr o t ein c o n te n t as meas u r <J d  i n  the fat f r e e  s ampl e s  was 

s i gni f i c a n t  ( P  < 0 . 0 1 ) • 
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Fig . 4 : 1 
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3 5 7 9 

DAY S 
E f fec t o f  P lane o f  Nut r i t ion on Milk Y i eld ( L i t r e s / day) 

l 

1 1  1 3  

Each p oint represen t s  the mean o f  6 cows , their twin ma t e s  c on tribut ing t o  the 
corresponding point in the opposing t r ea tmen t .  

Trea tment period b e tween arrows . 

1 5  1 7  

• 

X 

1 9  

High p lane 

Low plane 
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Fig . 4 : 2  

3 5 7 9 1 1  

DAYS 

E f f e c t  o f  P lane o f  Nut r i t ion on Milk Fat Percen tage . 

Each p o in t  represents the m ean o f  6 c ows , thei r  twin mat e s  
c on t r ib u t ing t o  t h e  corr espond ing p o in t  i n  t h e  o p p o s ing 
t rea tmen t . 

Trea tment p eriod b e tween a rrows . 

1 3  1 5  1 7  1 9  

• H igh p lane 

X Low p l ane 
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Fig 4 : 3  
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3 5 7 9 1 1  
DAYS 

Effec t o f  P l ane o f  Nut r i t ion on Milk Fa t Yield ( gm ) . 

1 3  

Each p o i n t  represen t s  the mean o f  6 c ows, their twin ma tes  contributing 
to the corresponding p o in t  in the opp o s ing trea tmen t . 

Treatment p eriod b e t\,7een arrm.,rs . 

l 

1 5  1 7  1 9  

• 
H igh p lane 

X Low p lane 

CP _. 
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Fig . 4 : 4 
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3 5 7 9 1 1  
DAYS 

E f f e c t  o f  P lane o f  Nu t r i t ion on Total Milk Pro tein Con t en t , 
Expressed a s  a Percentage o f  Who l e  Milk . 

i 

1 3  

Each point rep resen t s  the mean o f  6 c ows , their twin ma t e s  contribut i ng 
to the c o rr esponding point in the oppos ing t rea tmen t . 

Trea tment period b e tween arrmvs . 

1 5  1 7  1 9  

• High plane 

X Low p lane 
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3 5 7 9 1 1  1 3  
DAY S 

E f f ec t  o f  P lane o f  Nu tri t ion on To tal Milk Prot ein Y i e l d  ( gm/day) 

Each point represents the mean o f  6 cows , their twin ma tes  contribut ing 
to the correspond ing point in the opposing trea tmen t .  

Trea tme n t  period b e tween arrows . 

1 5  1 7  1 9  

• High plane 

X Low p lane 

(X) VJ . 
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Fig . 4 : 6  
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DAYS 

E f f ec t  o f  Plane o f  N u t r i t ion on To tal Milk P ro t e in as  a P ercentage o f  Skim Milk . 

Each poin t  r epresen t s  the mean o f  6 c ows , their twin ma t es contr ibu t ing t o  the 
corresponding p o in t  in the oppos ing trea tmen t . 

Treatment p eriod b e tw een a rrows . 

1 7  1 9  

• High p lane 

X Low plane 

.E? 
• 



Parameter 

Hilk Yield 
( l i t res / day)  

Fa t �� 

Fa t Yield 
( g rams / day ) 

P ro t e in % 
- who l e  milk 

P r o t ein Y i e l d  
( grams / day ) 

P r o t ein % 
- skim milk 

Tab l e  4 : 2  I n f luenc e o f  P lane o f  N u t r i tion on Mi lk Y i e l d  and Compo s i t ion . 

Mi lk ( 1 /day) , f a t  ( g / day ) , and pro t e in ( g / day ) yield . P r o tein and f a t c oncen t r a t i on ( % ) , from 

6 pairs o f  mono zygous twins f o r  a prel iminary p e riod o f  4 days , a trea tmen t p e riod o f  1 0  days 

and a pos t  e xp e r imen t a l  period of 4 days . Dur ing the t rea tmen t period one c ow f rom each s e t  

o f  twins was giv en a h igh p lane (H . P . )  and t h e  o ther a l ow p lane ( L . P . ) o f  nut r i t ion . 

Trea tment P r e l iminary Period Trea t . P e riod 
Mean (x)  ± S . E .  Means Adj u s t e d  

f o r  C ovar iance 
(Y)  ± S . E .  

H . P .  1 1 . 7  ± 0 . 7 3  1 1 . 7 3 ± 0 . 4 3 
L . P .  1 1 . 7  ± 0 . 8 3  8 . 90 ± 0 . 4 3  

H . P .  4 . 1 5 ± 0 .  1 6  4 . 9 3  + 0 .  1 4  
L . P .  4 .  1 3  ± 0 . 2 1  5 . 1 3  ± 0 . 1 6 

H . P .  4 8 0 . 0  ± 3 1 . 0 7 5 5 5 . 30 ± 1 7 . 3 3 
L . P .  4 7 6 . 7  ± 34 . 5 3 4 4 6 . 80 ± 2 0 . 4 2 

H . P .  3 . 84 ± 0 . 0 6 3 . 8 6  ± 0 . 04 
L . P .  3 . 80 ± 0 . 0 5 3 . 6 2 ± 0 . 0 5 

H . P .  4 4 3 . 8 5  ± 24 . 68 4 4 9 . 78 ± 1 3 . 1 5 
L . P .  4 3 5 . 26 ± 26 . 7 5 3 1 0 . 1 9 ± 1 2 . 8 3 

H . P .  3 . 9 1  ± 0 . 06 3 . 9 7 ± 0 . 0 3 
L . P .  3 . 8 7  ± 0 . 0 6 3 .  7 7  ± 0 . 04 

Y X 1 00 - --
-X 1 

% 

1 00 . 2  
7 6 . 1  

1 1 8 . 8  
1 2 4 . 2  

1 1 6 . 5  
9 2 . 6  

1 00 . 0  
9 5 . 3  

1 0 1 . 3  
7 1 . 2  

1 0 1 . 5  
9 7 . 4  

y - y 
H . P .  L . P . 

2 . 8 2 

-0 . 20 

1 0 8 . 5 5 

0 . 24 

1 3 9 . 5 9 

0 . 20 

D=LS D  F 
5%  1 %  r a tio  

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

0 . 54 
0 . 89 

1 . 0 6  

5 1  . 1 9 34 . 6 6 84 . 8 9 

0 . 2 9 
3 .  1 4  

0 . 4 8 

28 . 7 3 
1 8 1 . 9 9 4 7 .  6 4  

0 .  1 3  
0 . 2 2 

1 9 . 7 5 

S igni f .  

* * 

NS 

* *  

NS 

** 

** 

S . E . S tandard erro r * p < 0 . 0 5 

LSD L ea s t  s igni f icant d i f f e renc e * * p < 0 . 0 1  

NS N o t  s igni f ican t 

Mean Pos t Exp t .  
P er i o d  ± S . E .  

1 1 . 2  + 0 . 8 6  
9 . 9  ± 1 . 0 5 

5 . 3 5 ± 0 . 40 
4 . 6 5 ± 0 . 2 4 

5 7 4 . 4  ± 2 8 . 0 5 
4 4 4 . 1 ± 38 . 1 6  

3 . 9 0 ± 0 . 0 7  
3 . 80 ± 0 . 0 9  

4 30 . 0  ± 26 . 5 2 
36 9 . 3  ± 3 3 . 9 7  

3 . 9 5 ± 0 . 09 
/-+ . 0 9 ± 0 . 0 9  

():) 
\Jl . 



Resul ts  from Ta ', le 4 : 2  and F i g s  4 : 1 - 4 : 6 a r e  cons i s  tan t 

w i t h  a nu t ri t i onal s t ress suffered by the cort s  i n  the L. P .  

treatment group. Bros t er & Smi th ( 1 96 9 )  repo r t e d  de pres s i ons i n  

milk yield ( 1 5; <) ,  f a t  yield ( 1 4' · : ) and <J Nli' > ; ( 3.1;) by a " l o'..r "  p lane 

of nu tri tion ( c . f . " hi gh "  plane ) over the 1 2 - 1 8 w e ek s tage of 

lac t a ti on . Simi larly, Gordon & Forbes ( 1 970 ) measu red the effe c t s  

o f  unde rfeed i ng lac tating dai ry c ows ( 80;0 o f  e s t i r::ta t e d  ne t t  ene rgy 

and 77:'-b of d i g e s t ible crwle p eo tein requircmen ts , c ompared to 1 20}b 

of e s tima t e d requirements f o r  both ne t t  energy a nd diges tible c rude 

pro t ei n ) .  Reduc ti ons in milk yi e ld ( 2 1 ;� ) . fa t yi eld ( 1 5 '.'�) , pro t ein 

percent ( 1 %) and pro tein yi e ld ( 23 :) He rP record e d  wi th an i nc rease 

86 . 

in fat pe rcen tage of 7;�. Simi larly, G o rd o n  ( 1 976 ) found that de c rease d  
leve l s  of concen t rate f e edi ng and i nc r :, a s e d  stocking r a t e s  a t  pas tur e ,  

b o th resu l t ed in de c reas ed mi lk y i e l d , pro tein � �  an d  S NF . J ,  but did 

no t aff e c t  fat�;. 

The re s ul ts obtai ned from t h i s  ex pe ri ment are in  suffi c i ent 

agre emen t wi th those rep ort e d from o th e r  n u t r i tional and management 

e x p e r imen t s  t o  a cc e p t  tha t the trea tmen t s  i mpo s ed resul ted i n  a 

signi f i c an t  al t e rat i on in the p la :1e of n u t ri ti o n  b e tw Pen the two 

tre� tmen t groups . 

4 : 1 : 3 Influence of Xa s ti t i s  on Treatment Eff e c ts 

Bas t i  tis  inf ec ti ons have be en sh own to :,ff e c t  b o th milk 

yi e l d  and the concentration of many mi lk c omponen ts (Ashi' IO r th e t  a l.  

1 967 , \'Jhe elock & Dodd , 'l 969 ,  Renn e r  1 970 , Haenl e i n  e t  al . 1 973 , News tead 

1 973 , Newbo u l d 1 974 . Schanbacher & Sm i t h 1 '/75 ) .  I t  'tTaS the r efo re 

necessary to demons t ra t e  tha t ma s ti t i s  i nfec ti ons d i d  no t o c cu r ,  or 

tha t they o c cu rred bu t h a d  no s i gnif ican t  effe c ts on th e response 

variables . or  conve rs ely tha t th oy o c curred and requ i red a correc tion 

f o r  the variab l es wh i ch were af f e c ted by the i nfe c t i o n .  

4 : 1 : 3 : 1  Effe c t of Basal l evel <?J_:__j;_nfec �ig..!l_�nd Cl!.§inge s i n  S t�t-��- over 

Time Lev e l  of infec t i on of the mamr:;a ry gland is assumed to be 

proporti onal to the Wisc onsin Mas ti t i s  Tes t s c ore . 



No c linical cases of ma� · t i tis 'rl' e re detected du ring the 

experiment . Table 4 : 3  indicatP.!� tha t o n l y  two pos i t ive '•lM T 

s cores were no ted (underl ined ) a nd thnt 6 were suspic i ous . 

Bo t h  pos i t ive sco res occurred as i sola ted rec o rd i ngs and no 

co•fl vr ::ts p�rsi stently suspl.Cl.ous . Analysis  ( paired t t e s t ) 
Snedecor & C ochran p. 91 ) indicates that the dif ference between 

the means o f  the treatment grou ps Has not signifi cant ( P  > 0. 05 ) . 

I''igu re 4 : 7  presents the i ndi vid.u2.l cow mean WMT scores and 

t reatment means for t he combined preliminary and treatment 

period s .  



Tab le 4 : 3  ��T* Scores  o f  Individual Cows S amEl ed a t  the A f t ernoon Mi lking. 
6 pairs o f  mono zygous twin s  t e s ted on the days indicated during a p r e l iminary and a t rea tment period . 
During the trea tment period one c ow f rom each s e t  o f  twins was given a h igh p lane (H . P . )  and the 
o ther a low p lane ( L . P . )  o f  nu t r i t ion . 

Day Cow N umb er 3 1  3 2  89 90 9 5  9 6  1 0 1  1 0 2  1 1 7 1 1 8  1 3 3 1 34 

Trea tment H . P .  L . P .  L . P .  H . P .  H . P .  L . P .  H . P .  L . P .  L . P .  H . P .  H . P .  L . P .  

P r e l iminary Period 

1 5 8 2 2 3 2 l 6 3 3 4 2 

2 
3 

4 5 7 3 3 6 4 4 5 6 5 1 1  5 

Trea tmen t P eriod 

5 2 2 3 2 2 2 2 1 6  2 3 2 2 

6 
� 2 2 2 1 1  3 3 2 1 0  3 2 5 2 I 

8 3 5 3 3 2 2 2 3 6 2 1 5  2 

9 7 18  8 8 7 9 1 8  8 1 0  2 4 2 - --

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

1 1  2 2 3 1 0  2 3 2 3 2 2 4 2 

1 2  2 2 3 2 " 2 2 4 2 9 1 1  2 L 

1 3  

1 4  1 2 5 5 2 5 3 3 2 2 5 2 

Mean 3 . 5  5 . 0  3 . 8  5 . 2  3 . 8  4 .  1 3 . 9  6 . 2  4 . 7  3 . 8  7 .  l 2 . 7  

S tandard error ( S . E . )  ±0 . 6  ± 1 . 6  ±0 . 6  ± 1 . 1  ±0 . 8  ±0 . 9  ± 1 . 6  ± 1 . 3  ± 1 . 1  ± 0 . 8  ± 1 . 3  ±0 . 5  

WMT s c o re < 1 1  = Nega t ive , 1 1- 1 7  = Susp ic ious , > 1 7  = Pos i t ive . 

Mean HMT score H . P .  = 4 . 55 ± 0 . 5  t ( 0 . 0 5 ) 5 
= 0 . 1 3 38  NS 

L . P .  = 4 . 4 2  + 0 . 4  -
Requ ired t ( 0 . 05 )

5 d f  
= 2 . 5 7 1  CP CP 

WMT* Wisconsin Mas t i t is Tes t . . 
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Table 4 : 4  indicates by ana lys is  of - deviation from regression 

that no cov1 altered s ignifi cantly ( P  > 0 . 05 )  in he r ·.nvrr s c o re 

duri ng the experi ment . This confi rms t h e  lack o f  relations hi p  

indi ca ted by the l o w  " r" va lues and the fac t  t ha t  Y i s  equal 
to the ca l culated Y intercept ( a ) for all COl-IS . Thns , chanee in 

man t i  tis s tatus of the c ow s  can be removed as a po ssibl e source 

of confou nding resu l ts .  Fur t hr� rmo re , the ana lysis  by C ov n riance 

wi l l  remove base l evel diff e renc e s  i n  the process o f  adjust ing 

t ren tmcnt means . 

4 : 1  : 3 : 2 S f fect o f  I so la t e d  Suspi c i ous a nd Posi tive 1tlMT Scores 

The occu rrenc e o f  i s o la t e d  sus pic i ous and positiv e VMT 

� ·  

scores rai ses the possibi l i ty tha t milk yield and/or compositional 

changes o c cur in c onjunc t i o n  with such obs erva t ions . I t  vras 

ne cessary to d e te rmine whe th e r  the da ta from cows on days o f  

high Y.'NT score should b e  di s ca rded from the ana lysis  o f  t rea tme nt 

e ffect s .  Values for the maj o r re8pons e  pa ra me ters f ro m  the high 

':.1-lT s amp l e s  'Jlere compared \lli t h i n  cows t o  the mean o f  the values 
for t h e  C.ay be fore and th8 day a ft e r . 
Tab l e  4 : 5 .  

Resu lt s  a re present e d  in 



Tabl e  4 : 4  Analysis  o f  Individua l Cow WMT* Scores Ove r  Time . 

Cow Numb er 3 1  3 2  8 9  90  95  9 6  1 0 1  1 02 1 1 7  1 1 8 1 3 3  1 34 

Trea tment H . P .  L . P .  L . P .  H . P .  H . P .  L . P .  H . P . L . P .  L . P .  H . P . H . P .  L . P . 

r 0 . 3 7 0  0 . 2 69 0 . 4 39 0 . 3 2 6  0 . 0 74 0 . 3 1 4 0 . 1 1 8 0 . 4 54 0 . 006  0 . 1 7 1  0 .  1 3 1  0 . 08 8  

± S . E . r  2 . 0 4 5 . 2 3 1 . 84  3 . 4 34  2 .  7 2 2  2 .  7 8  7 5 . 28 8  3 . 9 30 3 . 64 2  2 .  7 7 8  4 . 50 1  1 .  5 7 9  

b 0 . 1 9 5  0 . 348 0 . 2 1 4 0 . 28 3  0 . 048 0 . 2 1 9  0 . 1 50 0 . 4 7 7  0 . 00 5  0 . 1 1 5 0 . 14 1  0 . 03 3  

± S . E . b  0 . 1 7 1  0 . 4 4 1 0 . 1 5 5 0 . 28 9  0 . 2 2 9  0 . 2 3 5  0 . 44 6  0 . 3 3 1  0 . 30 7  0 . 2 34  0 . 3 7 9  0 . 1 3 3 

y 3 . 50 5 . 00 3 . 80 5 . 2 0 3 . 80 4 . 1 0 3 . 90 6 . 20 4 . 7 0 3 . 80 7 . 1 0 2 . 70 

X 8 . 1  8 . 1  8 . 1  8 .  1 8 . 1  8 .  1 8 . 1  8 .  1 8 . 1  8 . 1  8 . 1  8 . 1  

a 3 . 50 5 . 00 3 . 8 0 5 . 20 3 . 80 4 . 1 0 3 . 9 0 6 . 2 0 4 .  7 0  3 . 80 7 . 1 0 2 . 7 0 

t ( 0 . 0 5 )
8df l. 1 4  0 . 7 9 1 .  38 0 . 98 0 . 2 1 0 . 9 3 0 . 34 1 . 4 4 0 . 0 2  0 . 4 9  0 . 3 7 0 . 2 5  

For s i gni f icance t ( 0 . 05 )
8df 

mus t  exc e ed 2 . 306  

WMT* \oli sconsin Ha s t i t is Tes t .  

\.D 
.... 



Parameter 

Milk Yield ( 1 / day ) 

Pro t e in ( % )  

P ropor t ion o f  Whey 
Pro t ein in To tal 
Protein ( % )  

BSA Cone . (mg / ml )  

I G  Cone . (mg/ml ) 

a lac Cone . (mg /ml ) 

S Lgb Cone . ( mg /ml ) 

Tab l e  4 : 5  E f f e c t  o f  I solated H igh ��T* Scores  on Milk Y i el d  and Compo s i t ion . 

The milk y i e ld ( 1 /day) , prot ein concen t ra t ion ( % ) , propo r t ion o f  whey p ro t e in ( % ) and 
c oncentr a t ion ( mg /ml ) o f  bovine s erum a lbumin ( BSA) , immuno globulin ( IG ) , a lac t a b lumin 
(a lac )  and S lac toglob u l in C B Lgb ) in 8 milk samples  w i th h i gh w�T s c o res compa red 

w i th mi lk s ampl es taken the day b e f o r e  and the day a f t e r  the h i gh scor e . 

No o f  
Ob s e rva t ions 

H i gh WMT day ± S . E .  Mean o f  Day b efor e & 
Day a f t e r  H i gh ��T 

day ± S . E .  

D i f f erenc e D=LSD F* * S igni f i c anc e 

8 

8 

8 

8 
8 

8 
8 

1 1 . 4 0 4  ± 1 . 1 9 3  

3 . 6 9 4  ± 0 . 1 2 7  

1 7 . 8 9 3  ± 0 . 7 5 8  

0 . 50 6  ± 0 . 0 5 2  

0 . 5 1 5  ± 0 . 1 0 3  

1 . 6 2 3  :1: 0 . 09 4  

3 . 4 4 0  ± 0 . 24 4  

1 1 . 8 1 0  ± 1 . 3 1 6  

3 . 7 04 ± 0 . 1 24 

1 8 . 50 1  ± 0 . 4 7 8 

0 . 50 6  ± 0 . 05 3  

0 . 5 1 9  ± 0 . 08 9  

1 . 7 0 5  ± 0 . 0 7 6 

3 . 5 9 9  ± 0 . 1 9 5  

0 . 406  

0 . 0 1 0 

0 . 608 

0 . 00 

0 . 004 

0 . 08 2  

0 . 1 5 9  

( . 0 5)  ( 1 , 7 ) 

0 . 7 6 2  1 . 5 9 

0 . 04 5  0 . 28 

1 . 28 1  1 . 2 6 

0 . 03 7  0 . 0 0 1  

0 . 0 7 9  0 . 0 1 7  

0 . 1 2 6 2. 4 1 0 

0 . 26 7  1 . 9 7 7  

N S  

N S  

N S  

N S  

NS 

NS 

NS 

* W iscons in Mas t i t is Tes t  

* *  2 Way Anovar 

S . E .  S tandard Error 

NS  No t S igni f i cant ( P  > 0 . 0 5 )  

'W 1'\) 
. 



No si Gnifi cant  changes ( P  > 0 .05 )  in milk yield or in 

the c omponents of mi lk considered mon t likely to alter vri th a 

mastitis infection,  were observed . Cons e quent ly the high 

vi'MT readings can be disregarded in t erns of their affect ).ng 

the t reatment respons es .  Therefo re , the re su l t s  from these 

samples were retained in the analys is  of t reatment effect s . 

4 : 2  Effect of Plane of Nu triti on on the Conc ent ration and the 

Yiel d of M i lk Pro teins 

4 : 2 :1 Ufect on Major }1 i lk Pro te i n  C lasses 

F i g .  1 : 1 indicates tha t the fi rst separation of mi lk 

protein is into the broad t,roupi ngs of Casein and \fuey pro teins . 

93 · 

It is the r•�fore logi cal to exaiT'ine firs t the effect of t he 

t reat me n ts on these two major groupings of milk pro teins . Analys is 

of the effects of plane of nu t ri t i on on the yield and concentration 

of the major milk protei n  c lasses is present ed in Table  4 : 6 .  
Changes i n  the yi eld and co nc en tration of  the pro tein c lasses over 

time are presented in Figu res 4 :8 to 4 : 1 3  inclus iv e .  



Tab le 4 : 6  E f fect  o f  P lane o f  Nutr i t ion on the Y ield and Conc entra t i on o f  the Maj or Milk Protein Cla s s e s . 

Wh ey p r o t ein a nd non whey pro tein ( ca s ein ) yi eld ( g / day)  a l s o  expr essed as  a perc en tage o f  the who l e  milk 

and the total  p ro t ein yield f rom 6 pairs of  mono zygous twins during a preliminary p e r i od o f  4 days , a 

treatmen t p eriod o f  1 0  days and a p o s t experimental period o f  4 days . During the t rea tment period one 

c ow f rom each set of twins wa s g iven a high plane ( H . P . )  and the o ther a low plane ( L . P . )  o f  nu t r i tion . 

Parame ter 

wney P r o t e in 
( % o f  who l e  milk) 

Non Whey P r o t e i n 
( Ca s e in s )  
( %  o f  who l e  mi lk) 

\·Th ey P r o t e in 
( %  o f To ta l 
Pro t ein)  

Trea tment 

H . P .  
L . P .  

H . P .  

L . P .  

H . P .  

L . P .  

Non Wh ey P ro te i n  H . P .  
(Caseins)  
( %  of To tal P ro te:in) L .  P .  

\.Jhey P r o t e in 
Yield  ( g / day) 

Non ��ey Pro t e in 
( Ca s ein)  
Yield ( g /day)  

H . P .  
L . P .  

H . P .  

L . P .  

S tandard erro r 

Mean P r e l iminary 
Period (x) ± S . E .  

0 . 7 5 ± 

0 .  7 7  ± 

3 . 1 0 ± 

3 . 0 3 ± 

1 9 . 4 9 ± 

2 0 . 1 6 ± 

0 . 0 5 

0 . 06 

0 . 0 8 

0 . 0 6 

0 . 9 0 

1 . 1 5 

8 0 . 5 1 ± 0 . 9 0 

7 9 . 8 4 ± 1 . 1 3 

8 4 . 8  

8 5 . 4  

3 58 . 5  

3 6 3 . 5  

± 6 . 4 7  

± 7 . 0 6 

± 3 9 . 4  

± 34 . 6  

S . E .  

LSD Lea s t  s i gn i ficant d i f f erence 

Mean Trea t . 
P e r iod Adj us ted 

for  Cova r ianc e 
(Y ± s .  E . )  

0 . 7 5 ± 

0 .  7 2  ± 

3 .  1 5  ± 

2 . 8 6  ± 

1 9 . 3 6 ± 

1 9 . 7 3  ± 

0 . 04 

0 . 0 8 

0 . 0 8 

0 . 08 

0 . 5 2 

1 .  2 8  

8 0 . 6 4 ± 0 . 5 2 

80 . 2 7 ± 1 . 2 8 

8 4 . 7  ± 

6 0 . 7  ± 
6 . 9 7 

5 . 0 6 

3 6 4 . 0  ± LI S .  4 

2 4 9 . 6  ± 3 2 . 7  

y X lOO  - --
X 1 

1 0 0 . 0 % 

9 3 . 5 % 

1 0 1 . 6% 

9 4 . 4 % 

9 9 . 3 

9 7 . 9 % 

1 00 . 2 % 

1 0 0 . 5 % 

9 9 . 9 % 

7 1 . 1 % 

1 0 1 . 5 % 

6 8 . 7  

* *  (P  < 0 . 0 1 ) 

D i f f erence D=LSD - -
YH . P .  - YL . P .  5 %  l %  

0 . 0 3  

0 . 2 9 

- 0 . 3 7 

0 . 3 7  

2 3 . 9 9 

0 . 1 2  

0 . 2 0 

0 .  1 6  

0 . 2 7 

2 . 2 0 

3 . 6 5  

2 . 0 4  

3 . 3 8 

8 . 9 7 

1 4 . 8 8 

2 1 . 7 1  

F 
ra t io 

0 . 4 1 5 

2 3  . -'+ 5 

0 . 2 2 5  

0 . 26 1  

5 5 . 0 7  

1 1 4 . 4  3 6 . 0 1  21 3 .9 

NS N o t  s igni f i c a n t .  

Sig . 

NS 

* *  

NS 

NS 

* *  

* *  

Mean Post Exp t . 
P e riod ± S . E .  

0 . 7 4 

0 . 7 3 

3 .  1 2  

3 . 0 8 

1 9 . 00 

1 9 . 1 1  

+ 

± 

± 

± 

± 
+ 

0 . 0 5 

0 . 0 9 

0 . 0 7 

0 . 0 9 

0 . 86 

1 .  9 0  

8 1 . 00 ± 0 . 8 6 

80 . 9 0 ± 1 .  9 4  

8 1 . 3 7 ± 
6 6 . 8 5 ± 

5 . 1 8 

5 . 1 1  

3 4 8 . 1  ± 2 1 . 2  

3 0 1 . 9  ± 2 9 . 7  

:;g . 
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F i g . 4 : 8  

3 5 7 9 1 1  1 3  
DAYS 

E f f ec t o f  Plane o f  Nu tr i t ion o n  To t a l  vlh ey P r o t e in s  Exp r e s s ed a s  a 

P e r c en tage o f  Who l e  Mi lk . 

1 5  

Each poin t  rep r e s e n t s  t h e  mean of 6 cows , the i r  twin ma t e s  contribut ing t o  

the c o r res pond ing p o in t  in t h e  oppo s ing t r e a tmen t .  

Trea tmen t p eriod b e tween a rr ows . 

1 7  1 9  

• High p lane 

X Low p lane 

'-0 
V1 • 
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l 

� 
1 I l 

3 5 7 9 1 1  1 3  1 5  
DAY S 

E f f ec t  o f  P l ane o f  Nut r i t i o n  on the To tal Non Whey Pro t e ins Exp r e s s ed a s  a 
Percen tage o f  Who l e  Milk . 

Each p o int represen t s  the m ean o f  6 c ows , their twin ma tes c o n t r ibut ing t o  the 
c o rrespond ing p o int  in  the oppo s ing treatment . 

Trea tment period b e tween a r rows . 

1 7  1 9  

0 High plane 

X LoH plane 

\.0 0"1 
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3 5 7 9 1 1  1 3  

DAY S 

E f f e c t  o f  P lane o f  N u t r i t i on on To t a l  Whey P r o t eins Exp r essed as a 
P e rcentage o f  To ta l P r o t e in . 

l 

Each p o in t  represen t s  the mean o f  6 c ows , their twin ma tes c o n t r ib u t ing 
t o  the corresponding point in the oppos ing t re a tment . 

Tr eatment period b e tween a rrows . 

1 5  1 7  1 9  

• High plane 

X Low plane � 
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Ef f e c t  o f  P lane o f  N u t r i t ion on the To t a l  Non Whey P ro t eins Exp r e s s ed a s  a 
Perc en tage o f  To t a l  Pro tein . 

Each point  represen t s  the mean of 6 cows , t he i r  twin ma t es cont ribut ing 
to the correspond ing point in t he o ppos i ng t rea tmen t . 

Trea tment p eriod b e tween a rrows . 

1 7  1 9  

• H igh p la n e  

X Low p lane 
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Each p o int represents the mean o f  6 c ows , their twin ma t e s  contributing 
to the correspond ing point in the oppos ing treatmen t . 
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No s ignifi cant (P  > 0. 05 ) c hanges were obs e rved in the 
pro portion o f  t otal pro t e in cont ri bu ted by ea ch o f  the wh ey 

and non whey pro tein frac tions . The conc e n t ra t i on o f  whey 

pro t ein in who l e  mi lk did no t alt er ( P  > 0 .  05 ) whe reas the 

conc ent ra tion o f  non whey pro t e i n  c ha nge d s i c;nif i c antly ( P  < 0 . 0 1 ) 
wi t h  t reatment . Yields o f  bo th whey and non whey pro t eins we re 

a l tered si g ni fi cantly ( P  < 0 .01 ) by plane o f  rru.trition. 

4 : 2 : 2  Effec t on t he Hajor Indi vi du a l  1tlhey Pro t eins 

The e f fe ct s of plane o f  mtt ri tj on on the fou r  i ndividual 

whey pro te i ns (a Lgb , a Lac , BSA, IG)  which comprise the great 

ma j o ri ty o f  the whey p ro t e i n  f rac t i o n  a re pres ented in Tab le 

4 : 7 .  Changes i n  t he yie ld and c o nc e n t ra t i o n  of thes e pro teins 

over time a re presented in Figs . 4 : 1 4  to 4 : 2 1  i nc lusi ve , and 

shown in Plat es 4 : 1 a ,b ,  c and 4 : 2a ,  b, c .  

',Jith und e rfeed ing , the c onc e nt ra t ion of aLa e decreas ed 

(P  < 0 .05 ) whilst the c oncen t ra ti on of BSA inc reased (P  < 0 .01 ) .  
Changes in conc entration o f  ;3 Lgb and I G  were not significant 

( P  > 0.05 ) . Yields o f  p Lgb and a Lac decreased s ignificant ly 

( P  < 0 .01 ) wit h restric t ed feedi ng . Changes in the yie l d  of 

BSA and IG 1·1 e re no t significant (P  > 0 . 05 ) . The inc reas e  in 

yield of BSA over the fi rst 5 days o f  underfeeding �.zas also 

non-signifi cant as 1'1as the maximum daily di fferenc e be hreen the 

t rea tment s ( Fig. 4 : 1 7 ) .  

101 . 

The absorpt ion du e to t'J Lgb A and p Lgb B in the hete ro zygous 

(AB) cows ( 4  set s )  did no t alte r s i gnif i c antly ( P  > 0. 05 ) nor 
did the relativ e  propo r t ions o f  the variant s (}�g .  4 : 22 to 4 : 24 ) . 



Table 4 : 7  Ef f e c t  of P lane o f  Nut r i t ion on the Conc en t ra t ion and Y i eld o f  the Maj o r  Whey Pro t e ins . 

The concent r a t ion ( mg / m l ) and y i e l d  ( g / day) of a l a c t a lbumin (a lac ) , bovine serum a l bumin ( BSA ) . immunoglob u l in ( !G )  and B l a c t o g l obu l in ( e  l g b )  
f rom 6 pa i r s  o f  monozygous twins d u r ing a p rel iminary p e r i o d  o f  4 days , a trea tment period o f  1 0  days , and a p o s t  exper ime n t a l  p e r i od o f  4 days , 
together w i th the mean y i e l d  of BSA between days 5 to 9 and on day 7 .  The proport ion of B lgb A & 8 l gb B based on t h e i r  r e l a t ive d y e - bind ing 
capac i ty i s  a ls o  presented . Dur ing t h e  t reatment p e r iod ( da y s  5- 1 4 )  one cow f rom each s e t  of t w i n s  was g i ven a h i gh p l ane (H . P . )  and t h e  o ther a 
low p lane ( L . P . )  of nu t r i t io n .  

Paramet e r  

.::� Lac Cone . 
(mg /ml ) 

:t Lac Y i eld 
( g /day) 

BSA Cone . 
( mg / m l )  

� S A  Y i e l d  
( g / d a y )  

B S A  Y i e l d  
Days 5-9 

( g /day ) 

BSA Y ie l d  
Max . D i f ference 
Day 7 ( g / da y )  

IC. Cone . 
( mg /m l )  

Trea t . 
P e r iod 

H . P .  
L . P .  

H . P .  
L . P .  

H . P .  
L . P .  

H . P .  
L . P .  

H . P .  
L .  p .  

H . P .  
L . P .  

H . P .  
L .  p .  

Mean P r e liminary Per i o d  (x)  ± s . E .  

l .  7 4  

l .  7 6  

20 . 0  

20 . 0  

0 . 4 0  

0 . 4 2  

4 . 4 9 

4 . 59 

4 . 4 9 

4 . 59 

4 . 4 9 

4 . 59 

0 . 05 

0 . 08 

l .  9 7  

2 .  2 8  

0 . 04 

0 . 04 

0 .  39 

0 . 30 

0 . 39 

0 . 30 

0 . 39 

0 . 30 

Mean Trea t . Per iod 
Ad j u s t ed for Cova r i a t e  . (Y)  ± s . E .  

l .  8 1  

l .  5 2  

20 . 9 3  

1 3 . 4 1  

0 . 44 

0 . 6 1  

4 . 9 1  

5 . 09 

5 .  07  
5 .  7 7  

4 . 9 7 

6 . 7 6 

0 . 06 

0 . 0 7  

2 . 28 

4 .  2 2  

0 . 0 5  

0 . 08 

0 . 58 

0 . 54 

0 .  26 

0 . 3 3  

0 . 4 2  

1 . 1 1 

y X l OO 
x -�-

1 04 . 0% 

8 6 . 4 % 

1 04 . 7 % 

6 7 .  I %  

1 1 0 . 0% 

1 4 5 . 2 % 

1 09 . 4 % 

1 1 0 . 9 % 

1 1 2 . 9% 

1 2 5 . 7 % 

1 1 0 . 7 % 

1 4  7 .  3% 

D i f f e rence YH. P .- YL .  P .  

0 . 29 

7 . 52 

-0 . 1 7  

-0 . 1 8  

-0 . 70 

- I . 79 

D=LSD 
5% . 1 %  

0 .  2 1  

0 .  3 5  

2 .  7 3  

4 .  5 3  

0 . 08 

0 . 1 3  

0 .  5 1  

0 . 8 5  

0 . 9 2 

I .  52 

2 . 30 

3 . 8 2  

F 
r a t i o 

1 4 . 70 

58 . I 7 

3 5 . 7 1  

0 . 9 5  

4 . 4 8  

4 . 6 5  

S i g  

* 

** 

** 

:'<S 

�s 

�s 

)ofean Post Exp . 
Period : S .  E .  

l .  7 2  

1 . 64 

1 9 . 34 

1 5 . 9 1  

0 . !, 6 5  

0 . 4 1 9  

5 . 06 

3 .  59 

0 . 06 

0 . 0 7 

1 . 6 7  

1 . 6 2  

0 . 0 5  

0 . 0 7  

0 .  54 

0 . 18 

0 . 6 1  ± 0 . 08 0 . 4 4 ± 0 . 0 7 7 2 . 1 % 0 . 24 0 . 5 5 0 . 0 7  

0 .  1 4  o . 56 : 0 . 1 0 0 . 6 5 : o . 1 6 1 1 6 . 1 % -0 . 2 1  0 . 40 5 . 5 5 �s o . 5o ------
IG Y i e l rl H . P .  6 .  7 7  ! 1 . 6 2  5 . 1 9 ! 0 . 8 2 76 . 7 % 2 . 06 5 . 94 : 0. 7 3  

( g / da y )  L . P .  6 . 1 3  0 .  7 8  5 . 06 ± 0 . 82 8 2 . 5% 0 . 1 2 3 . 4 1  0 . 0 3 NS 3 . 89 : 0 . 6 1  

3 Lgb Cone . H . P .  4 . 3 3 ± 0 . 34 4 . 1 8 ! 0 . 3 2 96 . 5% 0 . 5 2 4 . 0 1  0 . 20 

( mg / m l )  L . P .  4 . 4 2  ! 0 . 39 3 . 88 ! 0 . 38 8 7 . 8% 0 . 30 0 . 86 �. 08 ± 0 . 26 

8 Lgb Y i e l d  H . P .  48 . 8  ± 4 . 4 5  46 . 8 1  : 4 . 3 3 9 5 . 9% 5 . 02 4 4 . 09 ± 3 . 1 5  

( g / da y )  L . P .  49 . 3  ± 5 . 1 0 32 . 9 9 ± 3 . 1 0 66 . 9% 1 3 . 8 2  8 . 1 3 58 . 30 ** 38 . 2 6 : 3 . 3 7 

3 Lgb A Abs . H . P .  0 . 1 7 1  ± 0 . 00 5  0 . 20 2  ± 0 . 004 1 1 7 . 6 % 0 . 0 8 0 . 1 89 7 : 0 . 0 1 0  

8 Lgb B Abs . 

Rel a t ive Propn . (8 Lgb A / B  Abs . )  

S . E .  S tandard Erro r .  

L . P .  0 . 1 78 ± 0 . 006 0 . 1 8 0  ± 0 . 006 1 0 1 . 0% 0 . 02 0 . 08 7  6 . 2 9 NS 0 . 1 989 ± 0 . 0 1 5  

H . P .  0 . 1 2 7 ± 0 . 004 0 . 1 4 5  ± 0 . 00 3  1 1 4 . 4 % 0 . 0 5 6  0 . 1 399 ± 0 . 00 5  

L . P .  0 . 1 30 + 0 . 004 0 . 1 4 0 : 0 . 004 1 0 7 . 8% 0 . 0 1  0 . 1 2 9 0 . 00 NS 0 . 1 386 : 0 . 009 

H . P .  1 . 36 3  ± 0 . 0 2 7  1 . 3 7 4  ± 0 . 0 1 9  1 00 . 8% 0 . 1 2 1  1 . 35 5  ± 0 . 04 8  

L . P .  1 . 369 ± 0 . 0 29 1 . 3 1 3 ; 0 . 0 1 4 9 5 . 9% 0 . 06 0 . 2 79 '• . 7 4 NS 1 . 4 30 : 0 . 00 3  

LSD Lea s t  s ignif icant d i f ferenc e .  * ( P  < 0 . 0 5 )  * *  ( P  < 0 . 0 1 )  N S  Not S i gn i f ic an t . 
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Fig . 4 : 1 4 
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E f f ec t  o f  P lane o f  Nut r i t i on on a Lac t a lb umin Concen tra t ion . 

Each p o int represents the mean o f  6 cows , the i r  twin ma t e s  contribut ing t o  
t h e  correspond ing p o i n t  in the oppos ing trea tmen t . 

Trea tment period b e tween arrows . 
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1 1  1 3  1 5  

E f f e c t  o f  P lane o f  Nut r i t ion on a Lac talbumin Y ield  (gm/day) .  

Each point represents the mean of 6 c ows , thei r  twin ma tes con t r ibuting to  
the corresponding po int in the oppos ing t r ea tmen t . 

Treatment p eriod between arrm.Js . 

1 7  1 9  

• High plane 

X Low p lane 
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Fig . 4 :  1 6  
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E f fect  o f  P lane o f  Nutrit ion on Bovine S erum Albumin Con c entra t ion . 

Each point represents the mean of 6 cows , their twin ma tes contributing 
to the corresponding point in the oppos ing treatmen t .  

Trea tment p er iod b etwe en arrows . 

1 5  1 7  1 9  

• H igh p lane 

X Low plane 
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E f f e c t  o f  P lane o f  Nut r i t ion on Bovine Serum Albumin Yield ( gm/day ) . 

Each p oin t represents the mean of  6 cows , their twin mat e s  c on trib u t ing t o  
t h e  c o rresponding p o i n t  i n  the oppos ing t rea tmen t .  

Trea tment period b etween arrows . 
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Fig . 4 : 1 8 
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E f f e c t o f  P lane o f  Nutr i t ion on Immunoglobul in Concen t ra t ion (mg/ml ) . 

Each p o int  represen t s  the mean o f  6 cows , their twin ma t es con t ribu t ing t o  
the c o rres ponding p o in t  i n  the oppos ing t re a tment . 

Treatment p eriod b e tween a r rows . 
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Fig . 4 :  1 9  
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3 5 7 9 1 1  1 3  1 5  
DAYS 

E f f e c t  o f  P lane o f  Nu t r i t ion on Immunoglobulin Y i e l d  ( gm/ day ) . 
Each poin t  represen t s  the mean o f  6 cows , their twin ma t es contributing to the 
correspond ing p o in t  i n  the opposing trea tmen t .  Trea tmen t period b e tween arrows . 

1 7  • 1 9  

High P lane 
X 

Low P lane 

..... 0 CJ . 
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Fig . 4 : 20 
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DAY S 

E f f e c t  o f  Plane o f  N u t r i t ion on S La c toglobul in Concen t r a t ion (mg /ml ) . 

Each poin t represen t s  the mean o f  6 cows , t h e ir twin ma t es contribut ing to 
the correspond ing point  in the oppo s ing t r ea tmen t . 

Trea tment p eriod b e tween arrows . 

1 7  1 9  

• H igh plane 

X Low p lane .... 0 \,[) 
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E f f e c t  o f  P lane o f  Nu t r i t ion on B Lac toglobulin Y ield ( gm/ day ) . 

Each point represents the mean o f  6 c ows , their twin ma t e s  c ontribut ing to  
the correspond ing point  in the opposing t rea tmen t .  

Trea tment p eriod b e tween a rrows . 
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E f f e c t  o f  P lane o f  Nu tri t io n  on the Conc en tra t ion o f  
B Lac toglobul in A (Ab sorbanc e  Uni t s ) . 

1 

1 3  1 5  

Each point  represen t s  the mean o f  4 cows he tero zygous f o r  S Lac toglobulin 
typ e (AB) , their twin ma t es contribut ing to the corresp onding point in the 
oppos ing t r ea tmen t . 

Trea tment p er iod b e tween arrows . 
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Fig . 4 : 23 
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E f f e c t o f  P lane o f  N u t r i t ion on the Concen tra t ion o f  S Lac toglob u l in 
B (Ab sorbance uni ts ) . 

1 5  

Each point r epresen t s  the mean o f  4 c ows h e t e ro zygous f o r  S Lac tog lobu l i n  
type  AB 1  t h e i r  twin mat e s  contribut ing to  the c o r r esponding p o i n t  in the 
opposing t r ea tmen t . 

Trea tment p er iod b e tween ar rows . 
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Fig . 4 : 24 
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3 5 7 9 1 1  
DAYS 

E f f e c t  o f  Plane o f  Nutri t ion on the Rel a t ive Propo r t io n  o f  
� La c t og lobulin Varian ts  (A/B) . 

1 3  1 5  

Each point represen ts  the mean o f  4 c ows h e t ero zygous f o r  S La c toglobulin 
type (AB ) , their twin ma t e s  contributing to the corresponding point in the 
oppos ing trea tment . 

Tre a tment period b e tween ar rows . 
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P lat e 4: 1 a Whey pro t e i n  separat i on o bt ained by PAGE ( d e sc ri bed in 

Chapte r 3 : 4 : 2  ) .  Samp l e s  sho wn we re taken at day 3 of the 

t reatment p e ri od from a set of i de n t i c a l  t wi n  cows het e ro zygous 

fo r Beta Lac toglobul i n  type ( AB) . H . P .  and L . P .  re fe r to the 

samp le from the cow on t he High and Low p lane o f  nut ri t ion 

t reatment s re spective ly .  

1 1 4 . 



Plate 4 : 1 b  Scan t race and l nt e rgrator p lo t  o f  t he ge l shown 

i n  Plate 4 : 1 a  H . P .  

J ' late 4 : 1 c  Scan trace and I n t e t'grato r p l o t  o f  �he ge l sho wn 

i n  P l � t e  4 : 1 a  L . P .  

1 1 5 .  



J 

L . P ,  

Plat e 4: 2� l·lhey p ro t e i n  separat i on obtained by PAGE (described in 

Chap t e r  3 :4 : 2  ) ,  Samp l e s  sho wn we re taken at day 3 o f  the 

t re atment period from a set of i dent i c al t wi n  cows homo zygo us fo r 

Beta Lactoglo bulin type (BB) . H . P .  and L . P .  refer to the samp le 

from the cow on the Hi gh an d Low p lane o f  nut ri t ion t reatment s 

respect ive ly .  

1 1 6 .  
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Plate 4: 2b. Scan t race and I n t e rgrat o r  p lot  o f  the ge l shown 

in Plat e 4 : 2a H . P .  

P la t e  4 : 2c Sc an t rac e dn d l ntergrator p lot  o f  the ge l shown 

i n  P l a t e  4 : 2a L . P .  

1 1 7  • 



CHAfT ER 5 

Di s cu s s i on 

The effec tiveness of the trt::! a tmen t s  has b e f m  examined in 

Chap ter 4 : 1  in relation to the re sponse variables by whi ch the 
effec t of varying the nu tri ti onal s t a tus of lac tating cows is 

commonly rec orded , i . e .  M i lk Y i e l d ,  Fa t ;"o, Pro t e i n  ;"b and the 

Yields of Fat and Pro tein . The re sul ts indic a ted an effec tive 

di. ffe renc e be b;e en the nutri ti onal s tat es o f  the two treatment 

groups . 

Thi s discussion wi ll c oncen tra t e  on exam i n i ng  the effec t of 

thi s  difference be tw een t rea tments o n  the m i lk pro tein classes and 

in par ticular on the individual whey proteins . 

5 : 1 Eff ec t _of Treatment on To tal th lk Pro tein 

!oiunford e t  al . ( 1 964 ) presented mi lk SN"Jt, 

percentage of whol e m i l k  and as mi lk s e rum SNF 
both as the 

perc entage , 

by correc ting the meas u re for t: u) vari a t i o n  in f a t  conten t ,  us ing 

the formula SNF x 1 00 
1 00 - Fa t % 

The cha nge in to ta l  pro tei n percentage in th i s  expe rimen t 

was measured separat e ly in Vfho l e  and skim mi lk i n  an attempt to 

improve the sens i t i vi ty of the pro tein de termina ti on .  I t  was 

cons i dered that s e pa ra t e  d e t e rrni nati ons w ou ld be more effective 

than the Hunford et a l .  ( 1 964 ) c o r r ec t i on .  

'l'he protein concentrati on i n  who l e  mi l k  did no t alter 

signi fi can t ly ( P > 0. 05 ) , in c ontrast t o  the high1y significant 

( P  < 0. 0 1 ) ,  difference measured be t,;Te en t • ·e a truen ts i n  the skim 
mi lk samples . This difference refl e c ts an improv eme n t  j.n the 

sens i t i vi ty of the me asu re , clue pre sumably to the absence of random 

and trea tmen t va ri a t i on in mi lk fat conten t .  

1 1 8 . 

This re su l t  differs c o ns i d erab ly to tha t of Hunford e t  al . ( 1 964 ) 

where the level of si gnif i c anc e of the difference be tween treatment 

means of the two me thods di d no t a l t er , nor did the apparent s tandard 
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deviations of the observations . 

Changes in milk S NF concentration is mainly a product of 

changes in  levels of ai lk protein  ( Balch 1 972 ) .  Many reports 

suggest that the supply of di etary energy is consid erably more 

impor tan t than dietary pro tein i n  affectin� SIIT % and therefore 

protein �� ( RoHland 1 946 , Bailey 1 952 , Burt 1 957 , Rook 1 96 1 , 

Hube r & Boman 1 966 ,  Broster 1 972 ) .  Fi� . 5 : 1  shows the effect of 

1 1 9 . 

plane of  energy nutrition on milk S �fF % ov e r  a range of condit i ons 
described by several autho rs .  

Fig . 5 : 1  E f fec t o f  P lane o f  N u t r i t io n  o n  Milk S . N . F .  Con t en t . 
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The Var i ous Symbo l s  r e p r e s e n t  resul t s  r ep o r t e d  by 
d i f f e r e n t  au thor s . 
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Energy in take ( K g  s t a r c h  cquiv i:1 l e n t / 1 0 kg mi lk) 
- f rom Rook & Line ( 1 9 6 1 )  . 



'when c ow s  a re fed l ess than t he u sua l ly ac cepted s tanda rd 
o f ene rgy requirements , milk S NB' content fal ls and when fed 

a bove t h e  st anda rd t he re i s  a tendency fo r it to ri s e .  

t•:ilk p ro t ein i s  only af fected by e x t reme pro tein und erfe eding 

1 20 .  

( Ro ok 1 97 1 , Armstrong & Pres co t t  1 970) . Furthe rmo re these reports 

sugge st that d i e tary pro tein in excess of recogni sed standards 
( '�oodman 1 957 ) has li ttle effe c t  on milk yi eld and co mpo si t i on .  

T h e  resul ts obtaine d can therefore be int erpreted as a major  

depress ion i n  energy i ntake being the main e ffec t ,  possibly 

compounded by a re s t rict i on in pro tein intake . 

5 : 2 Effect o f  Treatment on the Major Cla sses of  Nilk Prot eins 

The proportions of both Caseins ( non whey pro t ei n) and ',fhey 

Protein i:1 t o t al pro t e i n  were similar to those report ed by S zijarto 

et al . ( 1 973) , Ashworth ( 1 965 ) and Cerbu l is & Fa rrell ( 1 975 ) . 'rhe 
propo rt ion to •·rhich each protein c la s s  co nt ri bu t ed t o  t o t a l  pro tein 

did no t a l t e r  s ignifi cant ly ( P  > 0 . 05 )  wi t h  t reatment , no r did the 

post t reatment period monito ring of the pa ram e t e rs indi cat e  any 

c hanges du e to the re tu rn to the herd s i tua t i on of fu l �  feeding. 
These resul t s are in go od a,r:re ement wi th t ho s e  reported by Hn. enlein 

et al . ( 1 968 ) . 

Al though t he a pparen t rela t ive chane-e s in 1'i'h ey pro tein an d 

cas e i n  conc ent rati on ( expressed as a pe r c e ntage o f  who l e  milk) 
due t o  the e f f e c t  o f  the treatment s a re v e ry  si mi lar ( mean 

depre ssi ons of 6 .  5�i and 6 .  2% respe c t ively due to und e rfeeding) , 

the signifi co.nce  of  the s e  res poEs es va ries great ly .  \l.'hereas 

the change in c onc ent ra t i o n  of t he whey pro t eins was not significant 

(P > 0 .05 )  the cha nge in the c on c e n t ration of t h e  cas e ins was 

si gni fi cant at the 1 %  level of proba b i lity.  'I'his difference is 



a t t ri bu t ed t o  th e large va ria t i o n  i n  res -po nse by the whe y 

pro tein class relative t o  t he c� s eins . Fu rth e nno re ,  the 

obs e rvat ions i n  the post t reatme nt pe �iod indi cated an 

increase in t he conc en tra ti on o f  the caseins wi th t he retu rn 

to ful l  fe.:cding o f  the low plane t reatment group .  No such 

inc rease i :J reco rded fo r t he "vrhey pro teins at this  t ime . 

The se obs e rva t ions can be e xp la i ned by the obs erved changes 

in concentra t ion o f  the i'rhey pro t e i ns .  Suc h  cha nges a re the 

resu l ta nt o r  resi dual o f inc rea sed conc en t rations o f  t he mammary 
synthesised whey pro teins plus the decreased conc entra t i ons o f  

t he whey pro t eins originat i ng i n  the blood s t r eam . 

The results obtaine d are consis t ent \d t h  previ ou s ly repo rted 

work .  Bnlch & Campling ( 1 96 1 ) demons t rat e d  that a res ponse in 

1 21 • 

SNF c o nt ent to l evel o f  Ni t ror�e n int ake (at low level s o f  i ntake ) 
\ofas mai nly du e t o  the changes i n  the leve l s o f  the cas ein f ract ion. 

Simi la rly J enness ( 1 97<� )  has reported a l t e ra ti ons i n  milk pro tein 

cont ent as a resul t  of underfeeding , to be due pri ma ri ly to changes 

in the percentage of  casein. Haenlein et a l .  ( 1 968 ) also 

demons t rated changes in both the w hey and casein cont ent s  of m i l k  

due t o  the feed inc; o f  a h i c;h c ne rp;y rat i o n .  Furth0rmo re , the 

changes in c ont ent ob s e rved w e re reversed du ri n� a post treatment 

pe rio d . It  �.;as also no t e d  t hat the propo rti ona l  cha nge in the 
casein f raction was cons iaerab l y  great er than t hq t  of t he whey 

protein frac ti on. Roo k  & Line ( 1 <) 6 ' ) showed tha t changes in 

milk pro t e i n  cont ent due t o  plane of cnr� rey nut rit i on cou ld be 

a c c ou n t e d  f o r  almos t quan t i t a t ively by changes in casein con ten t  

iofi th pro po r t i o nat ely si mila r change s i n  t he nvimma ry synthes ised 

whey pro t ei ns . 

The y i e l ds o f  b o th whey pro t eins and t he case ins showed highly 

s ignifi cant respor.ses (P < 0 . 01 ) to t rea tment � re fle ct ing the 

add i t ive di rec tion of the changes in mi lk y 1. e ld and pro t ei n  content . 
The retu rn to  ful l  foeciing in t h e  pos t  t reatmen t peri od by t he lo\'T 



plane t reatment group pro duc ed an ap�� re n t  inc reas e  i n  the yi el ds of 

both protein c lasses , further demo ns t r.:lt i ng t h e  effec t ivenes s of  the 

t reatment and i t s  influence on both c la s s es of mi lk p ro te ins . 

5 : 3 'rhe Effect o f  T rea tme n t  on I n hvi :iua l '.•.fhey f'ro t e i ns 

Larson & Gillespie ( 1 957 ) es tabl i shed that � lactoglobulin 

and a lac ta lbumin were synthesi zed wi thin  the mammary gland whi l s t  

the immunogl obulins and milk s e !"Um a lbumi n entered t he milk 

pre-fo rmed f rom the bloodstream . 

5 : 3 : 1  Mammary Synthe s i zed Whey P ro t e i ns The concentration o f  

bo th a la ct albumin and p lac toglobulin decreased under the low 

plane trea tment , but only t he change in a lac talbumin reached 

significance ( P  < 0 . 05 ) .  Rook & Line ( 1 96 1 ) demons t rat ed a 

change in total mi lk pro tei n content assoc iated wi th a cha nge i n  

energy intake , t o  which a lac ta lbumin and ,i lac toglobulin 

contributed pro po r t i ona l ly .  How mre r,  Yousef et  al.  ( 1 97 . ) found 

tha t ,  in res ponse to an increa s ed era i n  i ntak e ,  ,j lac t oglobul in 

increas ed whereas a lac talbumin did no t .  I n  a cell cultu re 

experiment ,  Pa rk & Chandler ( 1 970 ) shoHed tha t  t he s ynthe s i s  of 

bo th a lactalbumin and ;3 lac toglobulin was increased •�i th  the 

increasing avai labi li ty of amino ac icls . These repo r t s  are in 

ac cord w i th the findings o f  the cu rrent w o r� ,  assumin� o f  cours e  

that t he mechani sms o f  pro te i n  syn thes is  v1i t h i n  the mamm::try �land 

o perate sy s t em:l tically ,  bo th pos i t i ve ly a n d  negn t i  vely in relati on 

t o  inc reases and decreases in the l evel  o f  nu t ri e n t s surrpl i ed to 

the gland . 

Yi e lds of  bo th a lactalbumin and � lac t o globu l i n  differed 

highly significantly ( P < 0 .0 1 ) wi th t reatment , re flec ting the 
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c ommon di re c tion o f  movement of the changes i n  bo th the c oncentra tion 

o f  t h e  pro teins and the Yo lume of mi lk s e c reted . 



No s ienifi cant changes (P  > 0. 05 )  due to t rea tmen t  were 

re co rded in the conc entration ( exp ressed in abso rbanc e uni t s ) 
o f  t he indivi dual ;3 la c t oel obulin vari ant s A and B wi thin the 

h e t e ro zygous c ows . The ave rage relative co nc e nt rat i on of t he 

A pro t ein "1a s s hown t o be consi d e rably hi ghe r ( 36 . 67�) t han t he 

conc en t ration of the B :pro t ei n  ( w Hhin he t erozygou s AB animal s ) 
duri ng the preliminary p�ri od .  

The s e  resu l t s agree <ri th the ma j o ri ty o f  re -co rt s . Lo n t i e  

et a l . ( 1 963 ) i n  a s pe c i fi c ex �eri men t d emons t ra t ed t hat .:J lact o­
gl o bu lin AB milk c ontained mo r e  A pro t ei n than B rro tcin, 
su-ppo rt in,;; the o rigi na l fi ndinr;s of Ascha ffenbu rg & Drewry ( 1 957 ) 
and �{o s e  ( 1 ')62 ) .  Dav is ( 1 974 ) hmo�ever, has shown higher 

conc ent ra t i ons of the ;J la c to;dohu l in B pro tein as did Hillier 

( 1 976 ) .  !�l t hough C e rbu l i s  & Fa rrell ( 1 975 ) d id not separa t e  

� la c t oglobu lin variant c o nc e nt ra t ion wi t hi n  het e ro zygous a nima ls , 
they found that in a po pula tion o f  covr s  the av e rage c onc e nt rati on 

o f  ,J lac t ogl o bul in A was great er t han ,J lac togl obulin AB 1-ihich 

was in turn great e r  than ,-: lac t or; l o bu l in B . Thi s l end s some 

suppo rt to the above observa t i o n  bu t such data runs the dange r 

o f  u ne qua l numbers o f  varian t s  c o nfound ing th e resu l t s .  

5 : 3 : 2 1:They Pro t eins orir;i na t i nr;  j n the B l o od s t ream The 
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conc en t rati ons of bo th serum al bumin and t he i mmunoglobulins 

inc rea s ed wi th t he low plane of nu t riti on, but only th e change in 

s e rum albumi n reac he d signifi cance (P < 0 . 01 ) .  The non-signif i can t 

(P > 0 . 05 ) change s in t he yie1 is o f  the s e  two proteins refl e c t s  the 

inverse fo rm of the relations h i p 1-Jhi ch e xi st s bebreen mi lk yi eld and 

co nc en trati on of the s e pro t e ins . 

The i n c reas e in conc en t rati on of t h e s e  pre-formed pro t eins , 

help s e x p l a i n  the no n- s igni .fi co.nt ( P  > 0 .  0'3 ) ehr,nge in the c on centrati on 

o f  to t al t-�h<�y pro t ei ns ( T ab l e  4 : G ) . The decrea s e d  ro.t e  o f  synt he sis 
o f  t h·� 1rhey pro te ins o r iginc.. t ing i n  the m?.. mary '!;land ( J  lact o:�lobulin 

and a l� c ta l bumin) is o ffs e t by increased co nc en t ra ti ons of the 

p re forl>le d  pro t c i n s  s e rum albumi n and immuno.<?;lobu l i n s .  



Ro ok ( 1 97 1 ) sugge s t ed th.s.t an inc reased e n t ry o f  b lood 
pro tei ns into mi lk could be a s s o ci.:1 t ed wi th ei the r an a l terat ion 

in the pG r�eabi lity o f  the ud der t i ssue o r  a more rapid decl ine 

in t he rat e  of synthesis of mi lk tha n  in the t ransfer of pro tei ns 

f rom the blood s t ream � 
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The res-u l t s  o bta ined imply that the pro teins •rhi ch ent er the 

milk preformed from t he blo odst ream tlo so at a rat e whi ch i s  

ind epend ent o f  t he ra te a t  whi ch mi lk i s  synthesised in t h e  mamma ry 

gland , ( a t  l east i n  the sho rt t �rm) a s  empha s i s e d  by the i nc reased 

yi e l d  of s e ru m  a l bumin to fo rm a peak s evera l  days after the onset 

of t he t reatments . Thus , Rook ' s second sugge s t 0 d  me cha ni sm is 

no t the s i mple answe r .  

ThfJ pa t t e rn of c ha nge , b o t h  i n  conc e nt ra t i o n  a nd yie ld o f  the 

immuno glolm l i ns is wo rth c on..<J i d e ring. See Figs . 4 : 1 8  and 4 : 1 9 . 
The mean i mmunogl o bulin c onc en t ra t i o n  o f  t he und e rfed group changed 
s l ightly and non- significantly ( P  > 0 .  0) ) <ri th respect t o  t he high 

plane grou p ;  the average differe nce behreen the t reatment e;roup 

means beine due as much to a d ec reased i�nuno globu l in concent rat ion 

of the h igh pla ne group as t o  an inc reas ed i mmuno globulin conc en­

t ra t i o n  of the l ow plane grou p . Such a pa tt ern wou ld fit mo re 

c lo s e ly 'che second hy po the s i s  ( vo lume of s ec ret i on effect ) of 

Rook than the f i rs t  ( al t e re d  t1dder pe rmeab i l i ty ) . An alt erna t ive 

explana t io n  c ould be that the fi rs t hy po t h e s i s  is in fac t o perat ing 

for the pas s ively t rans ferred i rrmmnoglobu l i n  component s ( G2 ,  A & !� )  
Butler ( 1 969)  but t hat the i r e ffect ive c onc ent rat ion change i s  

ma sked by t he cont inua t i o n o f  the s e l e ct ive t rans f e r  o f  immunoglobu l i n  

I n  contra s t  t he -pa t t e rn of change i n  the concen t ra t i on of s e rum 

al bumin very s t rongly suggAsts that the pe rmeab i lity of t he udder 

t is su e  ha s a l t ered drarril t i co. 1ly .  The i nc rea s e i n  c oncent rat i on of 

serum a l bumin und e r  t he lo,., plane t rea tmen t fo rmed an i n i t i a l  peak 

at o r  about day 3 o f the trea t men t pe ri o d  ( day 7 of exp e ri me nt ) and 

vms fo l lo · ! e d  by a s econdary peak around day 9 o f  t h e  t rea tme nt 

pe riod ( day 1 3  of t h e  e x:p e rj_rn<> nt ) . Thi s pa t t e rn of change i n  



concentration was st ill  ap1urent in the plot o f  s e rum albumin 

yield against time ( Fi g .  4 :  17)  although the dif ference bebv e en 

t reatoentn \vas not s ignifi cant (p  > 0. 05 ) . Stat ist ical 

analyn i s o f  the di f ferenc e in s e rum albumin yield between 

t reatments for days 1 -5 of the t rea tment pe ri od ( 5-9 o f  the 

experiment ) and of the maximum di f ference in s e ru m  albumin 

yi el d ( day 3 of the treatme n t  o r  day 7 of the experiment ) 
both failed to reach s ignifi ca nc e (P > 0 . 05 ) .  

Schanbacher & Smi t h ( 1 975 ) have shown a s).milar peak in 

serum a l bumin concen t ration du e t o  t h e  ons e t  o f  a cu t e  i nduc ed 

mas ti t is . T he s i mi la ri ty extends t o  t he t i minp, of the peak ( 50 

hours po s t  i nnocula t io n )  a nd t o  the anpea ranc e o f  a secondary 

peak s ome four to f i v e  days late r .  'l'he au t ho rs sug;:est that 

these cha.r1g c s  i n  s e rum albumin ( and a l so immunoglobu l i n )  

indicate des t ruct ion o f  the pe rmeab i l ity ba rri e rs of  t he mamma ry 

epi t hel ium und a co nsequ en t  inf ux o f  serum pro te ins . Though 

less sev e re , the nu t 1� ti onal regime ( low plane ) i mposed tn t hi s  

expe riment hns resulted i n  b roadly si mil a r  effects  o n  mi lk yield 
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and the concentrations o f  the whey pro teins , as ha.s re sulted f ro m  

nume rou s investi gat ions o f  t he e f f e c t s  o f  mast iti s (Schanbache r & 

Smith 1 97 5 , Haenlein et al . 1 97 3 ,  Rando l ph et al .  1 97 4 ,  Lecce & 

Lega t es 1 95 9 , Rowland 1 938 ) .  I n  t he absence of masti t is ( s e e  

sect ion 4 : 1  : 3 ) ,  the resu l ts i ndic at e t hat the effect of a 

nu t ri t :i. ona. l  d eprivat ion may ope rat e on the manmary e·land to a grea t er 

extent than simply by limi t i ng precurso r  avai labil ity for mi lk 
synthe Gi s . Schanbacher & Smith  ( 1 975 ) sugg est  t ha t  events in the 

dis eas ed udder may be rela t ed to t ransitions in t he no rmal 

funct ional  cycle o f  the gla nd ; a n  opinion which the results from 

this work support . I t  can be co nsid e red t hat  bo th nut ritional 

stress and udder d i s ease prec i pi tat e  an invo lution response by the 

mammary gland which is t he n  reversed by some unknown condi tion 

which rc- a t imu l a t e s  the gland and an i ni t ia l ly c o l o s t ra l-like 

secretion is fo rm e d .  



CHAPTER 6 

Conc l us i ons 

The e xp e riment co nduct ed rcsu l ted in a nut ri t i ona l differenc e 

b eing establi s hed between t reatmr n t groups . The yie ld o f  mi lk and 
t he c o n cent rati ons of t he ma j o r  milk co mpone n t s  ( rat and prote in) 
were c o ns i s t ent with a res t ri c t e d  feed intake by the und erfed 

t reatme nt group . 

T he d i re c ti ons o f  the changes in the co nce n t ra ti on and yield of 

t he i ndi vidual \'They pro t ei n s  i\' e re cons i s t ent wi ih the recogxrls ed 

mechanisms o f  synthe sis and/ o r  s e c ret ion o f  the i ndi vi dua l pro tei ns . 

How ev er , the exte!'lt and pat t e rn of the changes i nd i ca t e d  t ha t  t he 

pro c es s e s  i nvo lved may b e  l es s  s t rai ghtfo rNard t han o r i gi na l ly 

consi d e red . Schanbacher and Smi th ( 1 97 5 )  rai s e  the po s s ib i l i ty 

that the mammary gland might elaborate fa c t o rs i nto i t s  s e c ret i ons 

which s erve to regu late mamma ry f\l nc tion. Certai nly t he respo ns e by 

the s e rum albumin frac ti on would suppor t  such a hypo thes i s . 
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The add i ti o n  o f  ;3 lac toglobulin t o  mi lk has be en s hovm t o  i mprove 

t he hea t  stabi l i ty c ha rac t e ris t i c s  of that mi lk ( Feagan et al . 1 97 2 , 

T e s s i e r  and Ro s e  1 964 , Ros e 1 96 1  ) . The lack o f  a ny si.�if i c ant change 

in the conc e nt ra t i on o f  ;3 lactogl o bul in and the a bs ence o f  any indi cati on 

of a slow or s t eady d e c rease i n  ;3 lac toglobu l i n  c onc en trati o n  wi th t ime 

of und e rfee ding , sugges ts that nu t ri t i ona l ID!l ni pu la tion would be unl ikely 

to a l t e r  the he a t  s tabi l i ty o f  mi lk thro ugh affect ing t he conc en t ration 

o f  � l ac t o glo bu l i n .  The lack o f  a i ramati c  increase i n  the conc ent ration 

o f  thi s  p ro t e i n  with the pos t e x pe ri mental re tu rn  t o  fU l l  feeding su ppor ts 

thi s view . 

Thi s  conclusion d o es however, conf l i c t  with the obs e rvati ons o f  

Feagan e t  al . ( 1 972 ) that :-



( a ) CO'i'IS pro du ce milk wi th a h ighe r hea t  s ta bi l ity ( at pH 6 . 7-6 . 8 )  

when we l l  f e d  ( wi nt e r/s pring and su�n e r  i rrigated luc e rne ) than when 

po o rly fed . 
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b )  t he re e x i s t s  a relat ionship be tween heat s b.bi l i  ty and (3 la ctoglo bulin 

genot ype which i s  due to t he relative quan t i  t i c s of !3 la c t o ·>;lo b.l l i n  

produ c ed b y  each va r ian t .  

The cha nge i n  conc en t ra ti o n  o f  ,J l a c t o ;�lobul in observed ( though 

no n- si.:;nifi c an t , P > 0. 05 ) achieved i ts maximum rli t h in 24  hours of o ns et 

o f  the t re:�.tmcn t s  ( s ee Fig. 4 : 20) . 'J'hi r; i ndi ca t e s  t hat ,:J la c toglobu l i n  

is an e x t rene l y  labi l e  pro t e i n ,  a s w�.:;e s t i o n  v1b i c h  i s  in li ne wi t h  i t s  

tentativ ely sugge s t ed enzyma t i c functi on ( Fa rre l l  & Thom pson 1 971 ) .  

T he s i gnif i cant (P  < 0 . 05 )  di f f e renc e betw e e n  t reatments in 

a la cta lbumin concentrat ion is a. re fle c ti on o f  its con t ro l  func t i on 

in lac tat io n  as the s peci fi er pro t ein of the la ct o s e synthe tase enzyme 

( Ebne r et a l . 1 96 6 ,  Brodbeck et al .  1 96 7 ,  Brew et a l . 1 968 ) . 

The immunoglobul in co nc e ntra t i o n  di d no t a lt er as drama t i cal ly as 

t he s e rw:J  a l bumin fracti o n , no r d i d  i t  a l t e r  i n  the pa t t ern o f  s e rum 

albumi n whi ch was descri bed in the previous C ha p t e r  ( Figs . 4 : 1 6  and 4 : 1 8 ) .  

The comparison o f  the res pons es t o  t reatme n t  o f  the se two pro t eins 

i nd i cates that the i r  secreti on is unhkely to be i nt e rde pendent . As 
mentioned befo re, the apparent s e c retion o f  immunogl o bu l i n  may be 

c onsi d e ra bly stabi l ized by the act i ve t ransport mechani sm prepos ed for 

immunoglobulin G1 ( Pierce & Fe ins t e i n  1 965 ,  \olatson & La s c el le s 1 973 , 

Peaker 1 975 ) .  

The s e  rosul ts for irnmunoglo1m l i n  conc e n t ra t i on c he.nr;es t end to 

su p po r t  t he " l eakage " theo ry of s e rum pro tein sec reti on rat he r  than 

a d d i ng to t r.e v eight o f  evi d enc e aga i nst i t .  Ho··· ever, und e r  cond i t ions 

of s t re s s  ( e  • .:-; . infecti o n ,  nu t r:i. t i or..a l  insuf fi c i ency) the normal 
phy s i o lo�i cal o pe rati o n  o f  the zl and may be impa i red o r  a l t e red . 



Tho des ign and conduc t o f  the e xperiment l eft ro om for 

i mprovem e nt . Probab ly t he ma j o r  c rit i c ism is tho.t t he co nt ro l led 

gra z i ng method of imposing the nu t ri h o nal t rea tments c ould have 

been ineffi cient for the o bj e c t ives of t he pro j ec t . Und e r  suc h  

condi t i o ns the po s s ib i l i ty exi s t e d fo r do minant cov1s i n  the 

und erfed ( l o w  plane ) group to o bta i n r e la t ively more fe ed than 

the shy c o ws . At t he e x t reme i t  wou ld be po ss i bl e t o  have the 

dominant cow o r  CO'I·TS a p pro a c h i ng fu l l  feedi ng whilst the t i mi d 

c ows wou l d  be s everely re st ri ct ed . 
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Und e r  such condi t ions ,  the rankin� o f  co 1·rs ac c o rdi ng to the i r  

so c ial po si t i on in a herd may pe rmi t suc h a fac t o r  a nd t!'le cons i d e rable 

varia t ion a s s o c i a t e d  wi t h  i t  t o  be removed s t o. t i s t i c a l ly .  The 

e xc e s s i ve d i s play of dominanc e 1·ras not obs erved i n  the und erfed 

he rd , but in t he a bsence o f  co nti nuous o bs erva t i on may have 

ope ra t ed LlS p:1sture became limit ing. \'li t h  suf fi cient labour and 

faci l i t i es , a pe n feed ing d e s i r;n Nhere i ntake s cou ld be a c curat ely 

co nt ro l l ed wou ld be a ppro pri a te to re- e xam i ne t he le vels of change 

in the conc e n t ra ti ons o f  t he  whey pro t e ins . 

Regu la r 1ve i ghing o f  the cows vms no t ca rri ed ou t fo r  the rea sons 

ou t lined in Chapt e r 2 .  Hm� evc r  t• c moni to ri ng o f  l ivevrei ght o f  t he 

animals wou ld have indi cated cha ngi ng gu t  fi l l  and indicated whet he r  

t he rela t ive i nt akes o f  t he a nimals was co mpa rable . 

Though eco no mi c ana lys i s  i s  beyond th e s c o �  o f  this t he s i s  the 

resul ts lli� ve i ndi cat ed tha t s ho r t  t e rm f e e d  re s t ricti ons have a 

d ramatic effect o n  mi l k  y i e l d  and composi tion . It i s  fu rther indi c ated 

t hat wi t h  a n  econom ic va lue plac ed u pon milk pro t e i n ,  such as i s  
pro po s ed in the mod ified ba s i s o f  payment fo nn ,J la , f e ed res t ri c t i ons , 

whe the r qual i ta t ive or qua nti t a t ive,  wi l l  ha ve a grea t e r  ec onomic 

e ffect t han on the fa t only bas is of paymen t  du e to the ad d i t ive na ture 

o f  the cha nge s i n  pro te i n conc entrn ti on and mi lk yi el d .  
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Appendix I Poly Acrylamid e  Gel Elect rophoresis (PAGE) 

Method : Adapted f rom Hartman & Swanson ( 1 965 ) and Davis ( 1 964)  

�ia t e rials : 

Small Pore Gel Soluti ons . 

Small Pore I equal parts of A & c .  
Solution A 1 N HCl 64 . 4ml ) 

1 44 · 

T ri s  49 . 1  g ) to 200 ml wi th cleioni se d wat er. 

� Temed 0. 23ml 
Ionic concentrati on = 0 . 1 1 0  

pfi = -9.9 

Solution C for 1 1 %  Acry lami de Gels 

Ac rylami de 44g � 
Bis Acrylamide . 73g) 

to 1 00 ml wi th -1 eionised water. 

Small Po r e  I I  0. 1 4g Ammonium Persu l phate t o  1 00  m l s  wi t h  de ioni s ed 

\-la t e r .  The small pore gel was mi xe d as i t  was 

requ i re d  as fol lows : 

Larg:e Pore 

Solut ion 

Gel 

B 

Solution D 

part Solut ion A 
part Solut ion C 

2 parts Small Pore II 

Solutions 

1 N HCl 48 ml 
Tris 5 .  98g 
'rerued 0. 46 ml 

Acrylamide 1 0g 
Bis Acrylamide 2 . 5g 

) 
) 
) 
) 

) 

� 

) 
) 
) 

Smal l Pore I 

to 1 00 ml wi th dei oni � ed water 

to 1 00ml wi th de ionised water 

Solution E Ri bo flavin - 4mg/ 1 OOml of deionis ed , ... a ter. 

The large po re gel is photopolymerised , s o  stock w a s  s tored in the 

d a rk at 5°C 



Running Buffer 3g Tris 

1 4 . 4g Glyci ne 

) 
) to 1 li tre wi th dei onised wa ter 
) 

S tain 2% Am.ido Black 1 OB in 7% Acetic Acid 

Des taining Soluti on 3% Acetic Acid 

1 45 ·  

Gel Tubes 6mm Inside diam. , 9mm Ou tside diam . Small Pore Gel 60mm 
Large Pore Gel 1 2mm 

Destaining Tubes 7mm Ins ide diam . , 9mm Outside diam. x 85 mm, 
cons tri cted end. 

Chemicals 

Ace t ic Ac id 

Acrylamide 
AnalaR 
Eastms.nn 

Ammonium Persu lphate  M & B 

Bis Acr.ylamide ( N  N�Methylenebisacrylamid e )  

:<::as tmann 

Glycine ( ami no acetic ac i d ) J . T .  Baker 

Hyd rochloric Acid (o .  994 N against  IN NaOH) 

B . D . H .  

Eibc flavin Eas tmann 

Temed ( N , N , N' , N '  - Tetrame thylethylenediamine ) 

Eastmann 

Tris (Tri s ( hyd roxymethyl ) methylamine ) 

Amido Black 1 0B 

AnalaR 

Merck 



Append ix I I  Spec tropho tome t r ic Me thod for the Det ermina t ion o f  

Dye-B ind ing by To tal Whey Protein 

Bas i s  o f  Me thod When a nega t ively charged dye ( a c id dye) is int roduc ed 

1 46 .  

into a solut ion i t  c omb ines wi th a ny pro tein pr esent forming an inso l ub l e  

pro t e in-dye comp l ex . Remova l o f  this complex and d e termina tion b y  

spec tropho tome try of the res idual d y e  conc entra t ion yields  a n  ind i r ec t  

measure which can b e  c a l ib ra t ed for pro t e in c onc en tra t ion . 

�e thod - adap t ed f rom Dolby ( 1 9 6 1 ) . 

1 200 � 1  o f  samp l e  (whey d iluted 1 : 2 . 5) 

2 1 000 W l  o f  dye s o l u t ion - 0 . 6 1 6 5g Amide B la c k  l OB 

6 3 . 0  g C i tr i c  Ac i d  

1 2 50  m l  Wa ter 

3 Dye solut ion and s ampl e  were mixed and a l l owed to s tand for 20 minu tes . 

4 Mixture wa s c entrifuged , approx . 1 500g x 20 min . 

5 lOO � 1  o f  the superna tant was d iluted in 3 . 00ml H
2

0 .  

6 This  s o l u t ion wa s mixed by invers ion . 

7 Solut ion r ead a t  6 1 5  m� . O p t ica l Den s i ty (O . D . )  correc t ed for c uve t t e s  

which were c l eaned and recal ibra t ed each 1 2  samp l es . 

8 B lanks were pr epar ed for  each run ( l OO samp l e s )  b y  sub s t i tu t i ng 

200 � 1  o f  d e ionised wa t er for the samp l e  in s tep l .  O . D .  o f  b lanks 

by this method wa s 1 . 04 c ompa red to tho s e  of Dolb y ' s  o r iginal me thod 

o f  0 . 9 0 . 

9 O . D .  Protein = O . D .  Blank - O . D .  Samp l e . 

1 0  S tandard curves were pr epared b y  the same method for each o f  the 

maj or whey pro te ins - I G ,  BSA ,  a Lac , B Lgb . S e e  Append ix Vb . 

Di scus s ion To overc ome the poor dup l ic a t ion wi thin samp l e s , each sampl e  

wa s p r ec ip i ta ted i n  t r i p l ic a t e  and the sub sequent superna tant d i l u t ion s t ep 

wa s also t r i plica ted . In calculat ing the mean protein conc entra t ion o f  the 

ni ne resul t ing e s t ima tes , o u t l y ing obs erva t ions wer e  tes t ed b y  "Tchebyche f f s  

Inequa l i ty ' ' ( S amuelson 1 9 6 8 ) , w i th the p robab i l i ty o f  Type 1 error b ei ng 

s e t  a t  1 0% ,  i . e .  1 in 1 0  chanc e o f  rej ec t ing the observat ions when in fac t  

i t  i s  a va l id e s t ima t e . Al terna t ivel y ,  a l l  observa tions having grea t er 

than 1 0% chanc e o f  b eing a true es t ima t e  were a c c ep ted . On this b a s i s , 

few o f  the outly ing observa t ions wer e suf f ic ien t l y  anoma lous to b e  r ej ec t ed . 

An exampl e  o f  the c a l cu l a t ion i s  p r e s ented b elow . 



Observa tions . 3 7 8  

. 3 78  

. 384  

. ;364 

. 350  

. 29 9  

. 38 2 

. 39 0 

. 3 7 8  

Mean . 366  

1 47 • 

The outl i er ( . 29 9 )  has a 1 6 . 6% probab i l i t y  o f  b eing a true observation and 

so is r e ta ined in the es tima t e . 



Appendix I l l  Wi scons in Ma s t i t i s  Tes t 

ll3 s i s  o f  Method In
'

response to inflamma t io n ,  the mammary g land 

progr e s s ively r e l eases l eucocy tes into the m i l k . The tes t reagent 

lyzes all c e l l s  presen t  in milk and reac t s  wi th the nuc l e ic ac ids 

released . A viscous s l ime i s  produc ed , the vicos i ty o f  which i s  

proport iona l t o  the l eucocyte numb e r s  and i n  turn the degree o f  

in f ec tion . 

* 
Me thod 2 mls of R . M . T .  reagent was added to 2 ml of a r ep r es enta t iv e  

milk samp l e  in a plas t i c  t e s t  tub e 1 2 . 1  x 1 30 nun �vith a 3 nun vent some 

6 5  mm f rom the base o f  the tub e .  1 0  samp l es were t es t ed a t  a t ime . 

The rack o f  1 0  tub es o f  milk and reagent wa s roc ked gen t l y  to mix the 

contents and was then inver ted for prec i s e l y  1 5  sec onds . The mixture 

ran from the tubes through a c a l ibra t ed hole in the removab l e  brass 

cap a t  a ra t e  inversely r ela ted to  i ts visc o s i ty . The amount o f  

mixture r ema ining i n  the tub e was measured i n  mil l ime tres f o l lowing a 

dra ining per iod o f  2 0  s ec onds in the up r igh t po s i t ion . The tubes and 

caps were r ins ed twic e and dra ined b e tween samp l es . 

* 
Rapid Ma s t i t is Tes t Reagen t ,  I . C . I . ( N . Z . ) L t d . Wel l ington . 

1 48 .  

Grading WMT Score . 

1 - 10 mm 

1 1 - 1 7  mm 

> 1 7  mm 

Ma s t i t i s  S ta tus . 

Negat ive 

Suspic ious 

Posi t ive 

App ropria t e  C e l l  Numb e r s . 

( 2 1 4 , 000  c e l l s /ml 

2 14 , 000  - 4 3 5 , 000  c e l l s /ml 

· > 5000 , 000  c e l l s /ml 

Ref . Daniel et a l . ( 1 9 7 1 ) 



_Append ix IV Quant i f ica_tion of Whey Prot eins by the Me thod of 

Prop6 r t iona l Subd ivis ion 

Bas is of  Method The propo r tion of  each pro tein in a mixture was 

determined by PAGE and d ens i tome try . These propo r t ions were then 

used to par t i t ion an ind ependent e s t ima te of the to tal pro t e in conten t  

of  t h e  mix tur e . The me thod was unfortuna tely comp l icated by the 

varying dye-binding relationships b o th b etween individual prote ins and 

b e tween the two sys tems of  e s t ima t ing dye-binding in the me thod . 

Assumptions invo lved in the method 

l .  tha t the dye-binding coe f f ic ients of  8 Lgb A and 8 Lgb B are  

identical . 

2 .  tha t  the dye-b inding coeffici ents  of the minor pro tein components 

are  equal to the mean of  the coef f ic ien ts of  the four maj o r  

pro t eins , 8 Lgb , a Lac , B S A  and IG . 

3 .  that assumpt ions l and 2 hol d  for b o th the gel and spec trometric  

me thods of  e s t ima t ing dye-b ind ing rela tionship s . 

1 49·  



Out l ine o f  Method 

Intergra tor Respons e Uni ts Gel Dye-Bind ing Coe f f ic ient 

for "X" 

( scan unit s )  -� '-........ 
Concentra t ion o f  "X" 

(mg/ml ) 

Spec trophotome t r ic Dye­

B inding Coe f f ic ient f o r  "X" 

(Ab s /mg/m.l ) 

for  "X" 

( scan uni t s /mg/ml)  

( Direc t Method o f  

Calcula tion) 

Correc ted Ab sorption for  "X" 

f o r  a l l  Proteins 

Ab sorpt ions l Sum o f  Correc t ed 

Measured Absorption 

o f  Sampl e  

Proport ion o f  To tal Absor p t ion 

due to "X" 

---i 
Absorpt ion due to "X" 

Spec t ropho tometric 

Coe f f ic ient ( Dye-Binding ) 

for  "X" (Ab s /mg/rnl) 

Concentration of "X" 

(mg/rnl ) 

Dilution Fac tor  

o f  Samp l e  

Final Concen tra tion of  "X" 

(rng/rnl) 



Ca lculat ion where + A 
B 

c = 

D 

UN 

AG 

BG 

CG 

DG 

MGB 

AS 

BS  

CS 

DS 

MSB 

Abs 

True Concentrat ion o f  A 

Coun t s  ( scan uni t s )  o f  I G .  

1 1  1 1  " BSA . 

IJ 1 1  1 1  CL Lac . 

1 1  1 1  1 1  8 Lgb . 

1 1  " ( to ta l )  f o r  unknown 

minor pro teins . 

Gel Dye-Bind ing Coef fic i ent for A .  

" " 

1 1  1 1  

1 1  1 1  

1 1  

1 1  

1 1  

B .  

c .  
D .  

1 51 • 

1 1  " 11 (Mean) for  all  unknown 

minor prote ins . 

Spec tropho tometer Dye-Bind ing Coe f f ic i en t  for  A .  

1 1  1 1  

1 1  " 

1 1  1 1  

1 1  

1 1  

1 1  

1 1  B .  

1 1  c .  
" D .  

1 1  ( l1ean) for a l l  unknown 

minor pro t e ins . 

Es t imate o f  Sampl e  Absor p t ion . 

Absor p t ion due to A ,  corrected for  

Gel  dye-b inding of  A 

Absorpt ion due to the sum o f  a l l  pro teins , 

each c o rrec ted for i t s  Gel dye-b inding facto r .  

x Spec tropho tome tric  Samp l e  Absorpt ion x Dilution 

Spec t ropho ton1etric Dye-Binding Co e f f i c i en t  o f  A 

True Concentration of ' A X 

�G X AS] + [�
G 

X BS]+�
G 

x �S]+ [%
c 
x DS]+��

B 
x MSB] 

x [�s] x D i lu t ion 



Appendix Va S tandard Curves for Ind ividual Whey Prot eins 

r e la t ing Absorbance to Pro t ein Concentra t ion 

in the Gel Dye-Binding Sys tem .  

The rela t ionship b e tween pro t e in quan t i ty and absorbance (measured 

as  in tegra tor scan unit s )  was required for the d e terminat ion of pro tein 

concentra t ion . S tandard  curves were requi red for  each protein due to 

their individual and charac teri s t ic dye-binding capac i ty . 

Va : 1  Imm�noglobulins See Graph Va : 1  

Regress ion Analys i s  

Source d f  s s  MS F ratio 

Be tween 5 2 5 , 9 7 6 . 66 7  5 , 1 9 5 . 3 3 3  509 . 9 7  

Regr ' 1 2 5 , 9 2 8 . 33 7  2 5 , 928 . 3 3 7  2 , 1 4 5 . 96 

Dev ' n  4 48 . 3 3 0  1 2 . 08 2  1 . 1 9 

Wi thin 60 6 1 1 . 2 7 2  10 . 1 8 8  

To tal 6 5  26 , 58 7 . 9 39 

Regre s s ion Co e f f ic ient "b " (Dye-Binding Fac tor)  

"b"  y . x . = 4 35 . 3 5 6  

Y intercept "a" "a " = -6 . 2 5 1  

Sign i f icance o f  Devia t ion o f  Y int ercep t f rom Y o .  

Required 

** (P  < 0 . 0 1 )  

NS ( P  > 0 . 05 ) . 

t = 0 . 02 7  NS 

t . 0 1 4 = 2 . 78 

S ig .  

* *  
* *  
NS 
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Va : 2  Bovine S erum Albumin S ee Graph Va : 2  

Regress ion Analysis 

Source d f  s s  MS 

B e tween 5 59 , 00 7 . 894  1 1 , 80 1 . 57 9  

F ra t io 

6 1 4 . 8 6  

Reg ' r  l 58 , 984 . 0 2 3  58 , 984 . 02 3  9 , 8 8 3 . 84 

Dev ' n  4 2 3 . 87 0  5 . 9 68 

Within 60 1 , 1 5 1 . 6 36  1 9 . 1 9 4  

To tal 6 5  6 0 , 1 59 . 530  

Regression Coe f f ic ient "b " (Dye-binding Fac tor)  

"b " y . x .  = 5 3 1 . 244  

Y interc ep t "a"  

"a " = 0 . 56 7  

S ignif i cance o f  Devia t ion o f  Y intercept from Y o .  

Va : J  

Sourc e 

t = 0 . 08 7  NS . 

t . 0 14 = 2 . 78 .  

Alpha Lac ta lbumin 

Regress ion Analysis  

el f  

See Graph Va : 3  

s s  MS 

Be tween 3 1 6 , 4 7 3 . 1 8 2  5 , 49 1 . 06 1  

Regr ' 1 1 6 , 44 3 . 6 5 5  1 6 , !. 4 3 . 6 5 5  

Dev ' n  2 29 . 5 2 7  1 4 . 764  

Wi thin 40 6 8 6 . 54 6  1 7 . 1 6 4  

To t a l  4 3  1 7 , 1 59 . 7 2 7  

Regress ion Coe f f i c i ent "b"  (Dye-b inding Fac t o r )  

"b " y . x .  = 4 3 2 . 2 7 3  

Y intercept "a" 

"a" - 5 . 00 

Signi f icanc e o f  Devia t ion o f  Y f rom Y = o 

t = 1 . 5 7 2  NS . 
- t t . 0 52 - 4 . 303 . 

** (P  < 0 . 0 1 )  

NS ( P  > 0 . 05 )  

0 . 3 1  

F rat io 

3 1 9 . 9 2 

1 , 1 1 3 . 80 

0 . 86 

1 54 · 

S ig . 

** 

** 

NS 

S ig . 

** 

** 

NS 

t Degrees o f  Freedom di ffer  b e tween Va : l  & 2 and Va : 3  & 4 due to d el e t ion 

o f  the two highes t concen tra t ions o f  b o th a Lac talbumin and 8 Lac toglobulin . 

This wa s necess i ta ted by the s e  pro tein band s overlapping a t  the higher 

conc en tra t ion . 
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60 

B 40 
·.-1 
c:: 
::J 

1-< 
0 
<-! 
(1j 
1-< 
00 

� 2 0  c:: H 

0 

y -5 . 0  + 4 3 2 . 3  X 

0 . 02 0 . 04 0 . 06 0 . 08 0 . 1 0  0 .  1 2  

Concentrat ion (mg /rnl ) o f  a lac talbumin 

APPENDIX Va : 3  a Lac ta lbumin S t andard Curve ( g e l s )  

0 . 1 4 0 . 1 6 
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Va : 4  Beta Lac togl_s>bu l in See Graph Va : 4  

Regress ion Ana lysis  

Source df s s  MS 

B etween 3 6 3 1 , 5 7 9 . 88 6  2 10 , 5 26 . 629  

Regr ' 1 6 29 , 3 7 4 . 04 1  6 29 , 3 7 4 . 04 1  

Dev ' n  2 2 , 20 5 . 84 6  1 , 1 0 2 . 9 2 3  

Wi thin 4 0  u� , 3 1 1 .  09  1 3 5 7 . 7 7 7  

To tal 4 3  64 5 , 8 9 0 . 9 77  

Regres s ion Coe f f ic ient "b " ( Dy e-bind ing Fac to r )  

"b " y . x .  = 5 34 . 86 

Y intercept "a "  

" a "  = 1 9 . 05 

S igni f icance o f  Devi a t ion o f  Y f rom Y o .  

t = 2 . 4 2 24 NS . 

t ( 0 . 05 ) 2 = 4 . 30 3 .  

* * ( P  < 0 . 01) 
NS ( P  > 0 . 05 )  

1 57 . 

F ra tio Sig . 

588 . 4 3  ** 

5 70 . 64 ** 

3 . 08 NS 
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�endix Vb S tandard Curves for Ind ividual Whey Pro teins rela t ing 

Absorbanc e to P ro t ein Conc entra t ion in the 

Spec tropho tome tric Dye-Bind ing Sys tem .  

The rel a t ionship b e tween ab sorbance ( o p t ical  densi ty a t  6 1 5nm) and 

pro t e in conc entrat ion was required for the analysis  of protein 

1 59 · 

concentra t ion . As each whey protein exhib i ts a charac teristic  dye-bind ing 

capa c i ty , s t andard curves were requir ed for each . 

Vb : 1 Immunoglobulin See  Graph Vb : 1  

Regres s ion Analysis 

Source df  

Be tween 5 

Regr ' 1 

Dev ' n  4 

Wi thin 6 

To tal 1 1  

NS No t s igni f icant 

**  ( P  < 0 . 00 1 )  

s s  

0 .  7 25 6  

0 . 7 2 1 6  

0 . 0040 

0 . 00 2 5  

0 . 7 2 8 2  

MS 

0 . 14 5 1  

0 . 7 2 16 

0 . 00 1 0  

0 . 0004 

Regr ession Coe f f ic i ent "b " ( Dye-b inding fac tor)  

"b " y . x .  = 0 . 1 4 3 6  

Y in tercept "a"  

"a" = � 0 . 00 9 5 . 

F ra t io Sig . 

34 2 . 6 1  ** 

8 9 5 . 8 5  **  

2 . 38 NS 
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0 . 2  
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Concentrat ion o f  Immunoglobulin ( mg/ml ) 
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Vb : 2  Bovine S erum Albumin See Graph Vb : 2  

Regression Analysis  

Source df s s  MS 

B e tween 5 1 .  8 2 29 0 . 3646  

Regr ' 1 1 . 8 2 2 2  1 . 8 2 2 2  

Dev ' n  4 0 . 00 0 7  0 . 0002 

W i t h i n  6 0 . 0006 0 . 00 0 1  

To tal 1 1  1 . 8 2 29 

Regres s ion C o e f f ic ient "b " ( Dye-b ind ing Fac tor)  

"b " y . x .  = 0 . 2 2 8 2  

Y intercept  "a " 

Vb : 3 Alpha 

"a"  0 . 006 1 .  

Lac talbumin 

Regr ess ion Analysis  

Source  d f  

B et>veen 5 

Regr ' 1 

Dev ' n  4 

W i thin 6 

To t a l  1 1  

S ee Graph Vb : 3  

s s  

1 . 0 3 28 

1 .  0 3 1 5  

0 . 0 0 1 2  

0 . 02 2  

1 . 03 5 0  

MS 

0 . 2 0 6 6  

1 . 03 1 5  

0 . 0003 

0 . 004 

Regr ess ion Co eff ic i ent  "b" (Dye-b inding Fac tor ) 

"b " y . x .  = 0 . 2 2 5  

b . y . x . = 0 . 2 2 5 0  

Y interc ept "a"  

"a " = - • 00292  

F r a t io S ig . 

3 , 6 1 6 . 88 ** 

9 , 9 7 1 . 4 2  ** 

1 .  8 1  NS 

F ra t io S ig . 

558 . 2 5 ** 

3 , 3 2 7 . 52 ** 

0 . 84 NS 
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Vb : 4  B e t� Lac togl obulin (AB )  S ee Graph Vb : 4  

The regress ion analysis  and e s tablishmen t o f  the 6 Lac toglobulin 

dye-b inding fac tor wa s carried out on protein s epara t ed f rom bulk milk . 

Cons equent ly the sampl e  contained roughly equal proport ions of  the two 

common 

S o u r c e  

B e tween 

Regr . 

Devn ' 

Wi thin 

To tal 

B Lac toglobulin varian ts , 

Regress ion Ana lysis  

d f  

5 

1 

4 

6 

1 1  

s s  

1 . 06 2 7  

1 .  0 6 1 4  

0 . 0 0 1 3  

0 . 0008 

1 .  0 6 3 5  

A & B .  

MS 

0 . 2 1 2 5  

1 .  06 1 4  

0 . 000 3 

0 . 000 1 

Regress ion Co e f f i c i en t  "b " (Dye-b inding Fac tor)  

"b 1 1  y .  X ,  = 0 .  17  4 1  

Y intercep t "a" 

"a"  -0 . 0 0 54 

F ra tio  Sig . 

1 , 554 . 80 * *  

3 , 29 3 . 70 * *  

2 . 36 NS 

The above relationships were assumed to hold f o r  b o th the AB and the BB 

S Lac t oglobul in cond i tions th roughout this experiment . 
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Append ix Vc. 

Pro tein 

IG 

BSA 

a Lac 

s Lgb (AB ) 

Rel a t ive Dye-Bind ing o f  Whey Proteins in the Gel  

and  Spec tropho tome t r i� Sys tems . 

1 66 . 

Spec tropho tome tric Sys tem Gel Sys t em 

Regression Rela t ive Regres s ion Rela t ive 
Co e f f ic i en t  Coe f f ic ient*  Coe f f ic ient Coeff ic ient* 

0 .  1 4 3 6  1 . 0 4 3 5 . 35 1 . 0 

0 . 2 2 8 2  1 . 5 88 53 1 . 24 1 .  2 2 0  

0 . 22 5 0  1 .  5 6 7  4 3 2 . 27 0 . 9 9 3  

0 . 1 74 1  1 .  2 1 2  5 34 . 8 6  1 .  2 29 

* Dye-binding c o e f f i c ient o f  the individual protein rela t ive  to tha t 

o f  Immunoglob u l in . 



Append ix VI Linea r i ty o f  Scanning/ Intergrator Sys tem 

The l inea r i ty o f  the scanning d ens i tometer and intergrator system 

was checked a t  two intergra tor sens i t iv i ty s e t t ings . 
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Appendix VII  Covar iance Ana lys is o f  the Effec ts  o f  Trea tment 

on Response Parame ters . 

1 68 . 

NS No t s igni f ican t , * = S igni f icant at  5% , S igni f icant a t  1 % .  

VII : 1 Milk Yield - Day 1 of Trea tmen t . ( For Tab l e  4 : 1 ) .  

Devia t ions f rom Regress ion 

Source d f  I: x  
2 r. xy 

To tal 1 1  1 4 0 . 4 0 1 3 9 . 26 

B locks 5 1 3 7 . 23 1 34 . 1 3 

Trea tmen t 1 0 . 00 1  -0 . 04 

Error 5 3 . 1 7 5 .  1 7  

Tr . & Err . 6 3 .  1 7 1  5 .  1 3  

To Tes t Adj us t ed Means 

VI I : 2  Milk Y i eld  - Ful l  t reatmen t  
-·-·---

Source d f  L X  
2 r. xy 

To t a l  1 1  1 4 0 . 4 0 1 2 2 . 3 1 

Blocks 5 1 3 7 . 2 3 1 2 2 . 1 8 

Trea tmen t 1 0 . 000 1 -0 . 06 

Error 5 3 . 1 7 0 . 1 9 

Tr . & Err . 6 3 . 1 7 0 0 . 1 3 5  

To Tes t Adj us ted Means 

VI I : 3  Fa t Percentage . ( Fo r Tabl e  

S o urc e d f  f. X 
2 I: xy 

To tal  11 3 . 5 3 4 . 5 3  

Blocks 5 2 . 7 6 4 . 3 3  

Trea tment 1 0 . 00 0 3  -0 . 0 1  

Er r or 5 0 . 7 6 0 . 20 

Tr . & Err . 6 0 . 7 6 0 . 1 9 
---- -

To Tes t Adj us t ed Means 

r, y 
2 

1 5 9 . 0 3  

1 3 3 . 0 5 

1 0 . 5 8 

1 5 . 40 

2 5 . 98 

e f f ec t . 

L: y 2 

1 36 . 0 1  

1 1 1 . !� 6  

2 3 . 9 5  

0 . 6 1  

24 . 5 6 

4 :  2 ) . 

r. y 
2 

9 . 5 3 

8 . 9 1  
0 . 1 2  

0 . 50 

0 . 6 2  

d f  s s  MS 

4 6 . 9 7  1 .  7 4  

5 1 7 . 68 

1 1 0 . 7 1  1 0 . 7 1  

( For  Tab l e  4 : 2 ) .  

Devia tions f rom 

d f  s s  MS 

4 0 . 59 0 . 1 5 

5 2 4 . 5 5 

1 2 3 . 9 5  2 3 . 9 5  

Devia t ions f rom ... 

df  s s  MS 

Lf 0 . 4 5  0 . 1 1  

5 0 . 5 7 

1 0 . 1 2 0 . 1 2 

F rat io S i g . 

6 .  1 4  NS 

Regress ion 

F ra tio  S ig .  

1 6 1 . 2  * *  

Regression 

F ratio S ig .  

1 . 06  NS 



V I I : 4  Fat  Y i el d . ( Fo r  Tabl e  4 :  2 ) . 

D ev ia t ions from Regression 

Source df L: x 
2 

l: xy L: y 
2 

df  s s  MS F Sig . 
ratio 

To tal l l  1 5 2 , 7 7 2 . 4  1 2 7 , 1 1 1 . 5 1 4 7 , 9 1 2 . 8 

B l ocks 5 1 4 8 , 6 64 . 5  1 2 2 , 640 . 2  1 03 , 9 1 8 . 4  

Trea tment 1 3 2 . 2  1 , 0 9 3 . 3  37 , 1 4 6 . 4  

Error 5 4 , 07 5 . 8  3 , 3 7 8 . 0  6 , 84 8 . 0  4 4 , 04 8 . 4  1 , 0 1 2 . 1  

Tr . & Err . 6 4 , 1 08 . 0  4 , 4 7 1 . 3  4 3 , 994 . 4  5 39 , 1 2 7 . 7  

To Tes t Adj u s t ed Means 1 3 5 , 0 7 9 . 3  3 5 , 0 7 9 . 3  34 . 7  ** 

VII : 5  P ro tein Percen tage - Whole Milk . ( Fo r  Tabl e  4 : 2 ) 

Devia tions f rom Regress ion 

Source d f  2 2 d f  s s  HS F S ig . L X  l: xy L: y rat io 

To t a l  1 1  0 . 6 2 3  0 . 800 l .  3 6 5  

Blocks 5 0 . 60 2  0 .  7 3 3  0 . 99 6  

Trea tment 1 0 . 0 1 1  0 . 0 5 5  0 . 26 7  

Error 5 0 . 0 10 0 . 0 1 2  0 .  1 0 1  4 0 . 086  0 . 0 2 1  

Tr . & Err . 6 0 . 0 2 1  0 . 06 7  0 . 368 5 0 .  1 55 

To Tes t Adj us t ed Means 1 0 . 069 0 . 069  3 . 1 9 NS 

VII : 6  Pro tein Y i eld . ( For Tab l e  4 : 2 ) .  

D ev iations from Regress ion 

So urc e  d f  L X 
2 2 d f  s s  MS F � S . l: xy l: y ra t io lg . 

To tal 1 1  1 4 2 , 294 . 9 1 1 3 , 1 35 . 5  1 49 , 7 5 1 . 8  

Blocks 5 1 38 , 338 . 8  1 10 , 4 3 7 . 8  9 1 , 5 1 9 . 0 

Trea tmen t 1 2 2 1 . 6  3 , 548 . 8  5 6 , 8 26 . 1  

Erro r 5 3 , 7 34 . 5  - 8 5 1 . 2 1 , 4 0 6 . 8  4 1 , 2 1 2 . 8  303 . 2  

Tr . & Err . 6 3 , 9 56 . 1  2 , 69 7 . 6  58 , 2 3 2 . 9  5 5 6 ,39 3 . 4  

To Tes t Ad j us t ed Means 1 5 5 ,1 8 0 . 6  5 5 ,1 8 0 . 6  1 8 1 . 9  * *  



1 70 .  

VII : 7  Pro tein Percentage - Skim Milk (For Tab l e  4 :  2 ) . 

Source 

Total 

Blocks 

Trea tment 

Error 

Tr . & Err . 

VII : 8  Whey 

Source 

To tal 

Blocks 

Trea tment 

Error 

Tr . & Err . 

VI I : 9  Non 

Source 

To tal 

Blocks 

Trea tment 

E r ro r 
Tr . & Er r . 

Devia t ions f rom Regression 

d f  2 l: xy l, 
2 

d f  s s  MS F [: X  y 
ra t io S ig . 

l l  0 . 80 7  0 . 9 58  1 . 5 2 5  

5 0 . 794  0 . 89 9  1 .  1 5 3  

1 0 . 00 5  0 . 0 34 0 . 28 2  

5 0 . 008 0 . 02 5  0 . 090 4 0 . 0 1 9 0 . 00 5  

6 0 . 0 1 3  0 . 0 59  0 .  37 2 5 0 . 1 1 1  

To Tes t Adj us ted Means 1 0 . 09 2  0 . 0 9 2  1 9 . 7 5 * *  

Protein Percen tage of  I.Jhol e  Milk . ( For  Tabl e  4 : 6 ) . 

Deviations f rom Regress ion 

d f  L X 2 
L: xy L: y 

2 d f  s s  MS F 
rat io 

S ig . 

1 1  0 . 1 7 3  0 . 164  0 . 228  

5 0 . 1 64 0 . 1 5 7  0 . 20 1  

1 0 . 00 1  -0 . 0005  0 . 0003 

5 0 . 008 0 . 008 0 . 0 2 6  4 0 . 0 1 9  0 . 00 5  

6 0 . 00 9  0 . 00 7 5  0 . 02 6 3  5 0 . 02. 1 

To Tes t Adj u s t ed Means 1 0 . 00 2  0 . 00 2  0 . 4 1 5  NS 

Whey Protein Perc en tage o f  Whole Milk . (For Tabl e  4 : 6 ) . 

d f  l: 2 L: xy L: 2 X y 

l l  9 . 9 1 3  0 . 3 5 4  0 . 6 58 

5 0 . 26 2  0 . 27 6  0 . 366  

1 0 . 0 1 7  0 . 06 5  0 . 24 9  

5 9 . 634 0 . 0 1 3  0 . 04 2  

6 9 . 65 1  0 . 0 7 8  0 . 29 1  

To Tes t Adj us ted Means 

Deviations 

d f  s s  

4 0 . OL1 2 

5 0 . 29 1  

1 0 . 24 9  

from Regression 

MS 

0 . 0 1 1  

0 . 249  

F 
. Sig . ra t1o ·· 

2 3 . 4 5  * *  



V I I : 1 0  Whey Protein Percentage of  To tal Pro t e i n . ( Fo r  Tab l e  4 : 6 ) . 

Devia t ions f rom Regression 

Source d f  I X 2 
I xy I y 

2 d f  ss  MS F 
ratio S ig . 

To tal  1 1  6 5 . 5 1 4 7 . 4 9 6 1 . 1 2 

B locks 5 5 8 . 8 7  39 . 62 4 5 . 39 

Trea tment 1 1 .  3 2  2 . 1 6 3 . 54 

Error 5 5 . 32 5 .  7 1  1 2 . 1 9  4 6 . 0 5  1 .  5 1  

Tr . & Err . 6 6 . 64 7 . 8 7  1 5 . 73 5 6 . 39 

To Tes t Adj usted Means 1 0 . 34 0 . 34 0 . 22 NS 

VI I : l l Non Whey Protein P ercentage of  To tal Pro tein . ( Fo r  Tabl e  4 : 6 ) . 

Dev i a tions f rom Regress ion 

Source d f  
2 

I xy L: y 
2 d f  s s  MS F 

I X ra t io Sig . 

To tal 1 1  6 3 . 6 3 4 6 . 7 3 6 1 . 1 1 

Blocks 5 58 . 10 39 . 25 4 5 . 36 

Tr ea tment 1 1 . 0 2  1 .  90  3 . 55 

Er ro r  5 4 . 50 5 . 58 1 2 . 20 4 5 . 2 7 l .  3 2  

Tr . & Err .  6 5 . 5 2  7 . 4 8  1 5 . 7 5 5 5 . 6 2  

To Tes t Adj us ted Means 1 0 . 34 0 . 34 0 . 26 NS 

VII : 1 2  Non Whey Pro tein Yield . (For Tab l e  4 : 6 ) . 

· Devia tions f rom Regress ion 

S o u r c e  d £  
2 

L: y 
2 

d f  F L X I: xy ss  MS ra tio  Sig . 

To tal 1 1  2 , 7 5 5 . 3  1 , 98 5 . 1  4 , 003 . 5  

Blocks 5 2 , 6 5 2 . 6  2 , 086 . 3  2 , 07 1 . 2  

Trea tment 1 1 . 0 7  - 4 3 . 7  1 , 7 7 5 . 6  

Error 5 10 1 . 6  - 5 7 . 5  1 56 . 7  4 1 24 . 1  3 1 . 0  

Tr . & Err . 6 1 0 2 . 7  - 10 1 . 2  1 , 9 32 . 3  5 1 8 3 2 . 5  

To Tes t Adj us ted Means 1 1 708 . 4  1 708 . 4  5 5 . 1  ** 



1 7 2 .  

VI I : 1 3  _Non Whey P ro te in Y ield . ( For Tabl e  4 : 6 ) . 

Devia tions f rom Regression 

Source df L X 2 2 L: xy L: Y  d f  s s  MS F 
ra t io S ig .  

To tal 1 1  1 08 , 688 . 9  8 5 , 7 1 3 . 2  1 0 6 , 589 . 5  

Blocks 5 1 05 , 558 . 9  8 2 , 9 7 1 . 5  6 7 , 32 9 . 2  

Treatment 1 2 4 5 . 7  3 , 0 7 7 . 5  38 , 544 . 7  

Error 5 2 , 88 4 . 3  - 3 35 . 8  7 1 5 . 6  4 6 76 . 5  1 69 . 1  

Tr . & Err . 6 3 , 1 30 . 0  2 , 74 1 . 7  3 9 , 260 . 3  5 36,858 . 7  

To Tes t Adj u s t ed Means l 36 ,18 2 . 2  36,18 2 . 2  2 1 3 . 9  * *  

VI I :  14 Concen tra t ion o f  ex Lac talbumin . ( For Tab l e  4 : 7 ) 

Devia t ions f rom Regress ion 

Source d f  L X 2 L: xy 
2 d f  s s  MS F 

L: y ratio S i  

To tal 1 1  0 . 2 7 5  0 . 1 3 6  0 . 4 69 

B l ocks 5 0 . 2 1 9  0 . 1 29 0 .  1 5 1  

Trea tment 1 0 . 0008 -0 . 0 1 4  0 . 24 1  

Error 5 0 . 05 5  0 . 02 2  0 . 07 6  4 0 . 068  0 . 0 1 7  

Tr . & Err . 6 0 . 056  0 . 008 0 . 3 1 7  5 0 . 3 1 7  

To Tes t Adj us ted Means 1 0 . 249  0 . 24 9  1 4 . 70 * 

V I I : 1 5  Y ield o f  a Lac talb umin . ( For Tab l e  4 :  7 ) . 

. Devia tions f rom Regress ion 

Source d f  L: 2 2 d f  F X L: xy L: y s s  MS 
r a t io S ig . 

To tal  11 2 7 2 . 70 2 2 7 . 57 4 1 6 . 00 

Blocks 5 26 3 . 4 5  2 3 5 . 40 2 2 8 . 64 

Trea tment 1 0 . 0 1 6  - 1 . 66 1 7 1 . 6 1  

Error 5 9 . 24 -6 . 1 7 1 5 . 7 4 4 1 1 . 63 2 . 9 1  

Tr . & Err . 6 9 . 25 - 7 . 8 3  1 8 7 . 3 5 5 1 80 . 7 3  

To Tes t Adj us ted Means 1 1 6 9 . 10 1 69 . 10 58 . 1 7 ** 
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VII : 1 6  Conc en t ra t ion o f  Bovine S erum Albumin . (For Tab l e  4 :  7 )  • 

Devia t ions f rom Regression 

Source df L X 
2 

2: xy 2: y 
2 

df  s s  MS F 
Sig . 

ra t io 

To tal 1 1  0 . 09 3 6  0 . 1 52 5  0 . 3 7 4 1 

Blocks 5 0 . 0880  0 . 1 3 29 0 . 2 3 6 2  

Trea tment 1 0 . 00 1 6  0 . 0 1 39 0 . 1 2 30 

Error 5 0 . 0040 0 . 0056  0 . 0 1 49 4 0 . 00 7 0  0 . 00 1 7  

Tr . & Err . 6 0 . 0056  0 . 0 1 9 5  0 . 1 3 7 9  5 0 . 06 9 7  

To Tes t Adj us t ed Means 1 0 . 06 2 7  0 . 0 6 2 7  35 . 7 1  ** 

VII : 1 7 Y i e l d  o f  Bovine S erum Albumin . ( For  Tab l e  4 :  7 )  

Deviat ions f rom Regress ion 

Sourc e d f  L X 
2 

2: xy 2: y 
2 d f  s s  HS F S ig .  ratio 

To tal 1 1  7 . 29 7  1 0 . 5 7 9  1 8 . 86 5  

Blocks 5 6 . 64 2  9 . 9 59  1 7 . 800 

Trea tment  1 0 . 029  0 . 0 7 8  0 . 209 

Error 5 0 . 6 2 6  0 . 54 2  0 . 8 56  4 0 . 38 7  0 . 09 7  

Tr . & Err . 6 0 . 6 55  0 . 6 20  1 . 065  5 0 . 4 7 9 

To Tes t Adj us t ed Heans 1 0 . 09 2  0 . 09 2  0 . 9 5 NS 

VII : 1 8  Yield o f  Bovine S erum Albumin Days 5-9 . ( For  Table  4 :  7 ) . 

Deviat ions from Regression 

Source df 
2 2 d f  s s  HS F 

Sig . L X 2: xy 2: y rat io 

To tal 1 1  7 . 29 7  1 1 . 053  2 1 . 6 9 4  
B locks 5 6 . 64 2  1 0 . 44 9  1 8 . 48 2  

Trea tment 1 0 . 02 9  0 . 22 4  1 .  7 28 

Error 5 0 . 6 2 6  0 . 380  1 . 4 8 3  4 1 .  2 5 2  

Tr . & Err . 6 0 . 65 5  0 . 604 3 . 2 1 1  5 2 . 6 54 0 . 3 1 3  

To Tes t Adj u s t ed Heans 1 1 . 40 3  1 . 403 4 . 48 NS 
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V I I : 1 9  Maximum D i f f e renc e in Da i ly Y i e l d  o f  B o v i n e  S e rum Albumin 

b e tween Trea tmen t s . ( Fo r  Ta b l e  4 :  7 ) . 

D ev i a t ions f rom Regre s s ion 

S o u r c e  d f  
2 2 

d f  s s  HS 
F 

I x  I xy I Y  ra t i o  
S i g . 

To tal 1 1  7 . 2 9 7  1 1 . 8 7 1  5 0 . 4 4 6  

B l o cks 5 6 . 6 4 2  1 2 . 4 0 3  3 2 . 9 2 9  

Trea tmen t 1 0 . 0 2 9  0 . 4 8 0  7 . 9 7 6  

Error 5 0 . 6 2 6  - 1 . 0 1 3  9 .  5 4 1 4 7 . 904 1 .  9 7 6  

Tr . & E r r . 6 0 . 6 5 5  -0 . 5 3 3  1 7 . 5 1 7  5 1 7 . 0 8 4  

To Tes t Adj us ted Means l 9 . 1 80 9 . 1 8 0  4 . 6 5  NS 

V I I : 2 0  Conc en t ra t ion o f  Immunogl o b u l in s . ( Fo r  Tab l e  4 :  7 )  . 

D ev ia t i ons f rom Regr e s s ion 

S o u r c e  d f  
2 2 

d f  s s  MS 
F 

I X  I xy I y ra t i o  
S i g . 

S our c e  1 1  0 .  4 7 1 4 0 . 6 0 6 0  0 .  0 4 8 1 

B l ocks 5 0 . 4 4 9 9  0 . 5 8 3 9 0 .  7 7 8 9  

Tr ea tmen t 1 0 . 00 7 1  0 . 0 1 2 9 0 . 0 2 3 4  

Erro r 5 0 . 0 1 4 3  0 . 0 34 7 0 . 1 4 58 Lf 0 . 0 6 1 6  0 . 0 1 5 4 

Tr . & Err . 6 0 . 0 2 1 4 0 . 0 2 1 8  0 .  1 6 9 2  5 0 .  1 4  7 1  

To Tes t Ad j u s t ed Means 1 0 . 08 5 5  0 . 08 5 5  5 . 5 5 NS 

V I I : 2 1  Y i e l d  o f  Immunoglobul ins . ( Fo r  Tab l e  4 :  7 ) . 

Devia t ions f rom Regr e s s ion 

Sou r c e d f  L X  2 
L: xy I y 

2 
d f  s s  F 

MS 
ra t io 

S i g . 

To t a l  11 3 2 . 8 1 7  3 3 . 2 3 8  4 3 . 9 9 8  

B l o cks 5 3 0 . 6 0 8  2 9 . 6 0 5  3 5 . 1 4 8  

Trea tme n t  1 1 .  2 5 2  2 . 1 6 1  3 .  7 2 9 

Error 5 0 . 9 5 7  1 . 4 7 1  5 . 1 2 1  4 2 . 8 6 0  0 .  7 1 5  

Tr . & Err . 6 2 . 2 0 9  3 . 6 3 2  8 . 8 5 0  5 2 . 8 8 0  

To Tes t Adj u s t ed Means 1 0 . 0 2 0  0 . 0 2 0  0 . 0 3 N S  



1 7 5 · 

V I I : 2 2  Conc en t ra t ion o f  B Lac t og l o bu l i n .  ( F o r  Tab l e  4 :  7 )  . 

Dev ia t ions f rom Regr e s s ion 

Source d f  
2 2 

d f  s s  MS 
F L X L xy L y 

ra t io 
S ig . 

To t a l  1 1  8 . 0 5 7  6 . 4 6 6  7 . 34 6  

B l o c ks 5 7 . 8 6 6  6 . 3 2 6  6 . 6 4 5  

Trea tmen t 1 0 . 02 6  -0 . 0 5 4  0 . 1 1 0 

Error 5 0 . 1 6 6  0 . 1 9 4 0 . 5 9 1  4 0 . 3 6 5  0 . 09 1  

Tr . & E r r . 6 0 . 1 9 2  0 . 1 4 0  0 .  7 0 1  5 0 . 5 9 9  

To Tes t Adj u s t ed Means 1 0 . 2 34 0 . 2 34 2 . 5 7 NS 

VI I : 2 3  Y i e l d  o f  8 Lac t ogl obul in . ( Fo r  Tab l e  4 :  7 ) . 

D ev i a t ions f rom Regr e s s ion 

S o u r c e  d f  L 2 2 
d f  s s  MS 

F 
Sig . X L xy L: y ra t io 

To t a l  1 1  1 , 3 7 6 . 0  9 0 5 . 8  1 , 4 4 6 . 0  

B l o c ks 5 1 , 3 3 2 . 0  9 4 9 . 2  8 0 3 . 3  

Trea tmen t 1 0 . 9  - 2 3 . 2  5 9 4 . 7  

E r r o r  5 4 3 . 1 - 2 0 . 2  4 8 . 0  4 38 . 5  9 . 6 

Tr . & Err . 6 4 !f . 0 -4 3 . 4  64 2 . 7  5 5 9 9 . 9  

To T e s t  Ad j u s t ed Means 1 5 6 1 . 4  5 6 1 . 4  5 8 . 3  "�* 

V I I : 2 4  Ab s o rbanc e ( Conc en t ra t io n )  o f  8 Lac toglobu l i n  A in AB c ows . 

( Fo r  Tab l e  4 : 7 ) .  

D ev i a t ions f rom Regr e s s i on 

Sourc e d f  
2 2 

d f  s s  F r. x  L xy l: y MS 
ra t i o  

S i g . 

To t a l  7 0 . 00 2 9 3  0 . 00 2 8 2  0 . 0 0 6 0 6  

B lo c ks 3 0 . 00 2 6 8  0 . 00 2 7 9  0 . 00 5 2 0  

Trea tmen t 1 0 . 0 0008 -0. 00 0 1 8  0 . 00 0 3 8  

E r r o r  3 0 . 00 0 1 6  0 . 00 0 2 1 0 . 00048 ') 0 . 00 0 2 1 0 . 00 0 1 0  L 

Tr . & Err . 4 0 . 0 0 0 2 4  0 . 0 0 0 0 3  0 . 0 0 0 8 6  3 0 . 0 0 0 8 5  

To Tes t Adj u s t ed Means 1 0 . 00 0 6 4  0 . 0 0 0 6 4  6 . 2 9 NS 



VII : 2 5  Ab s o rbanc e ( Concen t ra t io n )  o f  8 Lac togl o b u l in B in AB Cows . 

( Fo r  Tab l e  4 :  7 ) . 

S o u r c e  df  L X 2 
L: xy L: y 

2 df  

To t a l  7 0 . 00 1 9 8  0 . 00 1 5 4  0 . 00 2 9 2  

B l o c k s  3 0 . 00 1 8 8  0 . 00 1 3 5  0 . 00 2 2 7  

Trea tment 1 0 . 0 0 0 0 2  0 . 0000 3 0 . 0 0 0 0 5  

E r r o r  3 0 . 00 0 0 9  0 . 0 00 1 6  0 . 0 0 0 5 9  2 

Tr . & E r r . 4 0 . 00 0 1 0  0 . 0 00 1 9  0 . 0 0 0 6 4  3 

To Te s t  Adj us t ed Means 1 

VI I :  2 6  P r opo r t ion B Lac toglobu l in A 
B La c t o g l o b u l in B 

Sou r c e  d f  
2 2 l: X  L: xy L: y 

To t a l  7 0 . 0 5 6 5 7  0 . 0 5 1 1 9 0 . 06 0 8 2  

B l ocks 3 0 . 0 5 5 1 3  0 . 0 5 0 9 3 0 . 0 5 0 6 6  

Trea tmen t 1 0 . 0 0 0 0 7  -o .  000 6 6  0 . 00 6 5 5  

E r r o r  3 0 . 0 0 1 3 7  0 . 0009 1 0 . 00 3 6 1  

Tr . & E r r . 4 0 . 00 1 4 4  0 . 0 0 0 2 5  0 . 0 1 0 1 6  

To Tes t Ad j us t ed Means 

Devia t ions f rom Regr e s s i o n  

s s  MS 
F 

ra t i o  

0 . 00 0 3 1 3 1 4  0 . 00 0 1 6  

0 . 00 0 3 1 3 2 9  

0 . 00000 0 1 5  0 . 000000 1 5  0 . 00 1  

( F o r  Tab l e  4 : 7 ) . 

D ev i a t ions 

df s s  

2 0 . 00 30 

3 0 . 0 1 0 1  

1 0 .  0 0 7 1 

f rom R egr e s s ion 

MS 

0 . 0 0 1 5  

0 .  0 0 7 1 

F 
r a t i o  

4 . 7 4 

1 7 6 .  

S i g . 

NS 

S i g . 

NS 
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