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STIMMARY

BOVTNE MILK PROTEINS : T1IEIR DETERI'fINATTON, ÀND ASSOCIATIONS BBI'TÂTEEN

¡4ILK PROTEIN GENO1YPES A}]D I"[LI( YTEI,D AND COMPOSITION

A publíshed method of e.stimatÍng the caseín concentration of milk

r.rsing dye binding Idas modified: the me-thod of casein precipitation

vas simplified, the number of readings on the Pro-Milk Mk. II instr:u-

ment was reduced from lhree to lwo, and the use of skim mil-k and

i.ntroduction of a centrifugation step enableri separation of casein

for subsequent analysis. By u,sj.ng a regression equation relaLiLrg the

differenc.e bet\^reen dye binding and KjeJ-dahl values with the tcrtal

pr:otein concentration of tire nrilk, the accuracy of estimales of

casein in milk from individual cov/s vras irnpr:oved.

A methocl forLhe estimaEion of case-in conrposition of milk, which

is suitable for large numbers of samples frotn incli.vidual cowst \'/as

developecl . Casein samples \^/ere treated with urea and 2-mercaptoethanol

and submitted to electrophoresis in a horizontal polvacrylarnide gel

with a continuous tris-glycine buffer system. Separate estimates of

Y- and r-casein l^Iere obtaine-d by also srrbmitting a sample tleated

with chymosín to elect.:rophoresis. Protein bands \deIe stained with

Coomassie blue G250 in trichloïacetic acid ancl scanne-d with a densi-

tometer.

Casein resolutíon appealert to be superior to other publishe-d

methods and genetic variants of osl-, fl- and K-casein could be readíl-y

determined. Casein was subclivided into five fractions. The co-

efficients of variation of our-casein, os2-casein (4 peaks) and ß-

casein were5fi (expressed as 7" of total casein) and Ehe coefficients

vaar



of variation of y-casein and K-caseín ¡vere 14% '

Differences in dye binding capacitíes were found betwe-en genetíc

variants of o=r-casein ancl ß-casein. Relative dye binding capacities'

eiven cr..-cascin B = 1.00, v,rere cr,-casein C 0,94, a.^,r-'caseÍn 0-98,¿-'-" -sf Sl. s¿
12

ß-caseins At 0.69, A.' 0,66 and B 0.71 and para-K-câsein 0,76.

Eíght Large commercial herds r¡/ere selected and cows lactating

between 10 and 270 days vlere used. Single milk saurples from 289

Jerseys and 2.49 Friesians, free of subclinical mastitis, were

analysed for total sofids, proLei¡, casein, casein composition,

$-lactoglotrulin, o-lactalbumin and rnilk protein genotype. Lactatiorr

milk yield, lactation fat yiel<l and mean fat concentration were

obtained from herd recording records. Dat-,a were analysed by least-

sqlrares analysis of varíance.

The o"r-casein and ß-lactoglobulin phenotypes in the .Jersey breed

showed significanL deviation from expe(ÌtaEion of i,ndependent assortilent'

Sj-gnificant dif ferences in mj-lk yield and composition were foul-td

wÍfh age anrl stage of lactatj-on of the cow, and tretween herds wíthir-r

each blee.d. Jersey an<l Friesian mílk had si-gníficantly dj-fferent

compositi-on.

The Ûrean peïcentage- composítions of casein frorn Jersey and

Fríesian cor^rs r^/ere r:espective.l y, cru,-caseirr 31.9 and 33.6 t oS2-

casein 12.8 and Il..J, ß-casein 114.2 and 35.4, y-casein 8.6 anrl 8-5

and r-caseÍn 12.4 and 10.B. Only l-he K-cåsein percents ItTeTe

significantly rtifferent" Compared to the best estímates in the

literature. the proportion of o,. l-caseit'r w¿rs l.ow clue to the dye

binding adjustnent used, and pïoportion of Y-case-in was hígh partly

due to sarnple stol:age'

Sígnificant ciífference-s in caseín composition !ùere found between

1X



cr .-casein, $-casein an<l rc-caseín ge.notypes: the conCentration and
SI

proportion of each casein was highly signifÍcantly associated with

its respective genotype! as has been well docurnented Ín 1--he liter.'

ature with ß-lactoglobulin. Slgnificant differences in fat concen-

Èratfon \^/ere also detected between S*casein genotypes.

Significant differences in total solíds, f.at, câsein' o¿s2-casein,

whey protein and B-lactoglobulin concentratÍons rtere- found between

B-1actoglobulín genoËypes.

The associations found are discussed in relation to published

literature. The genetic variants preferred for cheese manufacture,

fl-lactoglobulin B, $-casein B ancl rc-casein B, ar'e considered to have

pot-ential as additional criteria in selection of bulls for use in

artificial breeding.

X
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CHAPTER I

GENERAL IhITRODUCTION

A. Protein Composition of Bovine Pltlk

I. Sr¡nthesis of l"lilk ProEeins

The principal bovíue lactation-specific proteins consist of six

prj-mary translatíon productsr cur-r Gs2-, ß- and K-casej.n, ß-

lacloglobulin and q,.-lactalbumin. These proteins comprise more than

90% of thei proÈeíns of milk taken from heallhy cows i-n rnid-lactation"

The inducti-on and maintenance of lactati-on is under ho'rmorral

control (for a recent r.'evieq see I'alconer 1980). The mechamisnr of urilk

protein synthesis is sirnilar to Ehat in all cells of other species,

with each rnilk protein being codecl for in Lhe cleoxyribonuc.Le-Lc acid

(DNA) of each ce1l. MuLaÈions of the DNA chain c¿luse genet.ic variants

of the milk proteins (see. later).

l"lilk proteins ar:e- synthesised in the alveol.ar epithel.iurn cells

of the mammary glancl , from ¿lminc¡ acids obt¿rined from the blood.

Synthes"i.s of mil.k protein precursors or pr:elactoproteins, Ïravíng amincr

termirral extensíons of between 15 and 21 ¿rrnino ací-d residr"res (Ga.ye a-ncl

i''Íercier 1919), Lakes pl-ace on the bound pclyribosomes of the rcrugh

endoplasmic reticrrlum (Gaye et ctL. 1973). The hydrophobic terninal

extension provirles the signal for passage through Ehe encloplasmic

reticulum membrane-, and is proi:eolytica1,ly re-leased during the process"

The proteins then pass to the Colgi apparatus v¡here Ehe additíon of

phr:sphate groups and carbohydratr.: residues probably occurs j-n those

proteins containing these nioie-ties. lt'he aggregaÈiott of the caseín

monomers to form mic.el-les probably also conunerlces here. Tire protei.ns,

I



2

together with other synthesízed non-lipid constiÈuents of nilk are

transportqd to the apical portÍon of the cell in secretory vesicles

and the conÈents discharged into the 1umen.

Although the orÍgin of many of the minor protein components of

milk is uncertain, a number appear to be synthesized in other tíssues

as well as in the manrnary gland (e.g. lactoferrin, secretory immuno-

globulin A and mosË of the enzyrnes) and others pass unchanged from the

blood strean (serum albumin, t.ransferrin and many oÈher blood proteins

in low concentraticn).

2. Caseins

(i) ltrhole casein and its components

The primary structure of all the major milk proteíns and many

of the rninor proteins are no\^/ knorrrn. The caseíns, which account for

approximately B0% of the prot.ein in domestic cow milk' are phospho-

proteins containing a high level of proline residues. The phosphate

groups are linked rnainly to serine and Èo some extent to threonine

resiclues. A rnajor proportion of the caseins occur in rnilk as micelles

r¿hictr are large, stable complexes containing calcium phosphate and

citrate (see section vi.).

However, an operational definitíon of casein is requíred, and the

caseins have been defined as "those phosphoproteins that are

precipitatecl from raw skim milk by acidificatíon to pH 4.6 aE 2OoC"

(I{hiËney et aL. 1976). However, as discussed by McKenzíe- (1971a),

Ëhere are difficulties with Èhis definition. The precipitation of

phosphoprotein is probably not complete at 20oC, and small amounts of

proteíns that are not phosphoproteins may also be precipiËated wittr

Ëhe casein.

Other methods of isolation of casein may be employed, but these
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also ínvoh¡e difficulties when proposing their use as a defínítion of

casein. The method of von Hippel and Waugh (1955) involving sedimen-

tation in the presence of calcium may not isolate all the casein, where-

as with precipitation by 2M ammonium sulphate, some immr:noglobulin,

'tproteose - peptones" and glycoproteins containing phosphorus may be

included r¿ith Ëhe casein. It \ras proposed by l"tcKenzie (1967) that

the trproteose - peptonesrt are caseins and this is supported by recerit

vrork whích has shovm that compoil.enËs 5 and B-fast arise from hydrolytfq

cleavage of p-casein (Andrews l97B a,b).

According to Woodr¿arcl (1976), bovine whole c¿rsein was separated

into two fractions by Schlossberger as earl.y as 1846, but it was not

until the work of LindersÈrdm-Lang and Kodama (1925) and Linclerstrfrn-

Lang (1929) that ttre l-reterogeneity of casein r¡as generally recognísed"

Mellander (1939) used moving bounclary electrophoresis to demonstrate

that ürhole casein gave rise to three peaks designated q-, ß- and y-

caseíns" In 1956, I^.1augh and von Hippel showed Lhat cx-c.aseín contained

two fractions which were called o"-casein and r-casein. They found.

that the rc-casein fraction was soluble in the presence of calcium and

that it prevented tl're precipitatÍon of u.-casein by calcium.

Recent studies have sho\,irn that only four primary translation

products make up the caseins of bovine milk, and these have been desig-

nated ü ,-, o o--¡ S- and r-caseín" Genetic variation, phosphorylation,sI sl
glycosylation and proteolysis all contribute further heterogeneiËy.

This new nomenclature is becoming accepted, but a problem now exists in

desígnatí,ng the components of the cl_,- and o_.-casei-n groups.

(ii) a"r-Caseí-ns

The ma-1 or casein groLrp ín bovine milk ís the u"r-caseins which

contribute approxímately 387" of. casein in mature milk (Davies and Law

I977a, i:) . Bovine o, sl -caseín, the rnajor componerit, i-s a single
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phosphoprotein cont.aining I99 arnino acid residues, the B geneEic

variant havíng a molecular weight of 23 616 daltons and containing B

phosphoseryl residues (Mercier et aL. 1972).

cl=O-Casein, which moves slightly faster than u"r-caseÍ_n

during electrophoresis at alkaline pH, differs from a"r-casein onlY

in Ehat it contaíns an addiËional phosphaÈe residue at position 41

(Manson et aL. 1977). It contributes approximately L57" of the a"r-

caseín group (Iu1anson et aL. L976).

(iií) a"r-Caseins

Migrating between o"r-casein and ß-casein in alkaline gel

electrophoresis are a group of caseins which were called o,"r-, os3-,

os4-, o"r- ancl cx"U-casein or the rmínor cr"-caseins I (Annan and Manson

1969). They contain two cysl-eyl residues (Brignon et aL. 1977) and it

has been suggesterl that o"r-casein consists of a"r- and rr"O-casein

molecules linked together by a disulphide bond (Annan and Manson 1969,

Hoagland et aL. L97I and Toma and Nakai L973).

This group of case.íns, which contribute approximately IA% of whole

casein (Davies and Law |9l7a,b), have recently been shov¡n to have

ídenÈical- peptide chaÍns which differ only ín their phosphate contenL

(Brignon et aL. 1976), and so have been coilectively called cr,"r-

caseins. The complete amino acíd sequence has been determined: they

contain 207 amino acid residues, the varíous derivatives have 10, 11,

12 and 13 phosphorylated residues, and assuming none of the group con-

tains carbohydrate, the total molecular weight varies from 25 150 to

25 39O daltons (Brignon et aL. 1977).

(iv) g-Casein and related polypepl-ides

(a) ß-Caseín

The second most abundant milk protein in ß-casein, contributing
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approximalely 367" of whole casein (Davies and Law I977a, b). This

protein consists of a single polypeptíde chain of 2O9 amino acid

residues, the ß-casein A2 varianÈ having a molecular weight of 23 982

daltons (Ribadeau Dirtnas et aL. 1972). ß-Casein genetic variants, with

the exception of p-casein C, contain fíve phosphoseryl resídues, four

of which are located ín a group close to the N-Ëerminal end. The fifth

phosphoseryl resídue, which is located ín position 35, is noË phophory-

lated in ß-casein C as a lysyl residue is substituted for t,he glutamyl

resídue at position 37 (Mercier et aL- 1972) -

(b) y-Caseins

llork by Groves and co-workers at the Eastern Regíon Research Centre,

Philadelphia, together with early partial sequences of y-casein determined

by the French grouP at Jouy-en-Josas led to the conclusion that the

y-casein group of proteins are identical wíth large C-terminal portions

of the ß-caseín molecule (Groves et aL. 1972, Groves et aL. L973)- The

latest report from the Committee on the Nomenclaturer- Classification and

Methodology of Milk Proteins has reconmended that the components of rwhole-

y-caseinr be renamed yl , \Z- and yr-casein on the basís of polypeptide

chain length (lfhitney et aL. L976). The Yr-caseíns contain one phos-

phoserine resídue and the fr- and Y3-caseins do not contain phosphorus.

(c) Proteose-pePtone grouP

The proteose-peptones consist of a míxture of heat stable, acid

soluble (pH 4.6) phosphoproteins insoluble in L2% trichloracetic acid

(see !ühitrLey et a.L. L976). Their classification as caseins or whey

proteins has been uncerËain (see l"leKenzie 197 Ia). Four componenLs

(3, 5, 8-fast and 8-slow) have been described and each of these are

possibly heterogeneous (!ühitney et aL. I976).

Recently, Andrews (1978 arb) has shown Èhat two of the proteose-

peptone components, 5 and 8-fast, are N-terminal portions of the Ê-



6

casein molecule gÍving sËrorg support for the proteolytic mechanisrn of

formatíon of both these proÈeose-peptones and the y-caseins.

(v) r-Casein

Bovine K-casein was first discovered by Waugh and von Hippel

(i956), and was shor^m to play a nrajor role in stabilj-zLng the casein

mícell-e. A wide range of r<-casein concentratíons have been measured

in bovine casein, depending partly on the method of deÈermínatíon (see

Table IV. I and 2): thc¿ mosE reliable met.hods found approximately 1-3%

t<-casein in whol-e casein.

Work on the prirnary structure of < -casein has been carried out in

a number of laboratories, resulting in tlre full prirnary sÈructure being

publislred by l"lercier et aL. (i973). This has minor differences from

sequences published by Jolles e't; aL. (1912) " It consists of a single

polypeptide chain containing I69 amino acids: the molecular weight

of the ceri:bohydrate-free monomer of <.-casein B i-s 79 023 dal.tons.

Chymosin (rennirr) attacks Èhe rc -câsein molecule, hydrolysing a labile

bond beEween the phenylalanyl residue at ¡rosition I05 and the rnethionyl

resj-due at posiEiorr l-06, produc-í.ng para-rc-casein and macropeptides

(Jolle-s et aL. 1968).

The para-K-casein portíon of t-he molecule contains t\^ro ha1f-

cystine residues (Jolles et aL. 1962) whích accordÍng to Beeby (1974)

are ín the form of masked sulphydryls, one of whj-ch is ntore accessible

than the other" Therefore, in natíve micelles k-casein may be in the

form of reduced monomers, whereas on isc¡lation frcm milk it occurs as

mixtures of polyners held together by intermolecular bonds (Swaisgood

and Brunner 1963).

Most of the heterogeneity of t<*caseín is present in the rnacropep-

tide portion of the molecule, and is due to genetic varíatíon and
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differences in carbohydrate conterrt (cf. Vüheelock and Sinkinson 1973).

Two genetic variants of K.tcaseirl (A and B) are known (see Section B) 
"

When homozygous K.-caseín is subjected to electrophoresis in an a1ka1íne

buffer system containing urea and mercaptoethanol, one major carbohy-

drate-free band ís found together with a number of faster migrating

minor components of varying carbohydrate content (Mackinlay and Wake

L964, Neelin 1964, Schmidt 1964, I^loyctrik 1964) '

(vi) The casein micelle

In mílk, the caseins are present as large, spherical aggregates

known as micelles. These micelles are sÈable to flocculation, the cal-

cium sensitive caseins being sLablized by r-casein agaínst precipita-

tion by calcium. They have a porous structure (Ribadeau Dumas and

Ganrier f97O) ancl are highly hydrated (Dev¡an et aL. L9l3).

Casein micelles are composed of o"1-, os2-, $- and r-caseíns

together with ioníc calcíum, colloidal calciurn phosphate and ciErate'

Although cl"r-casein, an important casein component comprising approxi-

mately L0",4 of casein, is present in Ehe micelle, ít has been ignored ín

mícelle models.

Bovine casein uricelles exhibit a wide size dístributíon rangíng

from approximately 20-680 nm díameter, with the cliameter of rnediarl

volume be-ing 130 nm (schmídt et aL. 1973, McGann et aL. r9B0). Parti-

cles with a diameter of less than 20 nm (subrnicelles) account for

nearly BO7" of the number of caseÍn particles presento but comprise less

Lhan 37" of total micellar volume (Schmidt et aL. L973) " As micelle

size increases, the proportion of r-caseín in the mícelle decreases

(Waugh and Noble 1965).

A number of models of micelle structure have been proposed. It

is now accepted that micelles are cr:mposed of spherical sulluniLs of

approximately 20 nm diameter each containing 25-30 casein monomers.
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The subunit structure was first suggested by Shirmnin and Hill (1964)

and a mode-l íncorporating subunits was proposed by Morr (1967). The

model which best firs the available daEa is thaÈ of Slatter:y and Evard

(1973): in this nodel submicelles are composed of varíable amounts of

ûsl-, g- and r-casein, and they are formed with hydrophílic and hydro-

phobic areas on their surface, due to asynmetric dj-stríbutíon of rc-casein.

The main driving force in assocíaEion of caseln ilonomers to forn.r

submj-celles are hydrophobic ínteracEions (SchmidÈ and Payens L972'

Slattery and Evard L973, llosako et c¿L' 1980). I¡Ihen milk i.s coole'd,

$*caseil and to a lesser extenE r.-case-in, díssociaÈe fl:om the casein

micelle (Rose 1968, Dorvney and Murphy l97O). This has been ínterpreted

as due to weake¡ing of hydrophobic inl-eractions with decreasing tenp-

eïature. Electrostatic inËeractions are also important, particularly

wit-h gor-casein (Slattery and Evard 1973) ancl calciuu phosphaLe lirrkages

have been irnplicated (Morr 1967' Carroll et aL- 1971)'

Submicelles aggrega.te by hydropbobic interactions to fonn a porous

stïucture, and growth is limited by the eventual concentration, at the

micelle surface, of submicelles rich j-n rc-case-ín (Slattery and Evard

1973). Salt linkages of calcj-um phosphate and cítrate help stabi-líze

the micelle (Iiorr 1967 " Slattery and Evard 1973) '

3 I{hey Pro teíns

The whey p::oteins consist of a comp.Lex p5rorrp of proËeins which

are soluble at- pll 4.6, the two major components being $-lactoglobulin

and o-lactalbumin.

( í) $-Lac ro glcl¡u1in

Bovíne rnílk is usually considered to cont a:rn 2-3 gl-l of 3-

lactoglobulin (see Lyster 7912), although much hígher concentrations have

been reported (McLea:n et aL" 1974). IL compríses 7-I2% of skim millc
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protein (lJhítney et aL. L976). In 1955, Aschaffenburg and Drewry

detected t\,üo genetically conÈrol.led, electrophoret.ically distinct

components of ß-lactoglobulin nor¿ known as A and B. Other genetic

variants have since been detecte-d (see Section B).

'Ihe primary structure of S-lactoglobulín has been established:

the A variant consists of 162 amino acid residues wíth a molecular

weight of lB 362 daltons (Braunitzex e-b aL. 1972). There is one cyst-

eine residue and two cystine resídues per monomer: McKenzie and Shaw

(L972) proposecl that the sulphydryl group can occur in alternate positions.

Near the íso-ionic poi.nt (ca. pI{ 5.2) ß-lactogl.obulin exists as

a clímer of two chains linkecl by non-co'¿alent folces, and as the pH is

::aised or lowered f rom Lhis po-i-nt, dj-ssociation to the monomer occurs

(see ùlcKeozíe L97fb). Ho"'Iever, the level. of association of ß-

lactoglobulin in cors milk is not known.

(ii) o,-Lactalbumin

The second most abundant bovine rvhey protein is cx=lacta1bumin.

Blanc (1964) r:eported concentrations of 0. 7^I.5 gi--1 in milk an<l

Gordon and l(alan (1974), who colopiled data from rnarìy sources, for.rnd

cr-lactalbumin conÈrj-but-e.d 2 to 5% of skím milk protein.

Tr,ro geneti-c variants, A and B, occ"ur in Zebu caltle, brit only

the B Lype is present in Western breeds of cattl-e (see Section B) "

The primary structure of cx-lactalbumin has been deËermined (Brew et

aL. 1970), the B variant consisting of I23 amino acid residues, with

a molecular weíght of I4 174 daltons.

lulinor forms of cr,*lactalbumin have been reportecl (Preaux et aL.

1965), which are due to differerìce-s in glycosylatíon (Gordon et aL.

1968, Barman 1970, Hopper and lulcKenzie 1973), or number of arníde,

residues (Hopper and Mcl(enzie ig73). Normally, cr-lactalbumir-r conÈ¿rins

Þ
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four disulphide bridges, but Barman (1973) has reported a form r¿ith

three disulphide- bonds, which âccounts for about 57" of the total o.-

lactalbumin.

Bovine cl-lactalbumin and hen egg lysozyme are structurally very

similar and it has been proposed that both prote|ns arose from a

common ancestral proteín (Brew et aL. 1967). cx-Lactalbumin has

a uníque role in the biosynthesis of lactose; this role has been

revie\^red by Ebner and Schanbacher (L91 4)-

(iii) Minor whey proteins

Bovíne milk contains serum albumin, which is identical to blood

serum albumin, and is transPorted unchangecl from blood to milk. The

concentration, as with other blood proteíns present ín rnilk, depends on

the integrity of Èhe permeability barrier of the marnnary epi-the-liurn

which ís affected by diseases such as mastítis.

Immunoglobulins are a group of high molecular weight glycoproteins

synthesised by cells of the reticuloendothelial system air<l whích have

antibocly activity. There are three major classes of bovine immuno-

globuiín: IgG, wirh subclasses IgGl and IgG2, IgM and lgA. Immuno-

globulins of mammary secretiorrs have been reviewed by Butler (L914).

Other proteins in whey, present in Lower concentratj-ons, include

transferrin and lactoferrin (see Groves 1971), ceruloplasmin (Hanson

et a7.. 1967) lactollín (see Groves 1971), a large number of enzymes

(for reviews, see Groves 1971, Shahani et aL. 1973, Jenness 1974) and

many serum proteins including proteíns as large ?s o¿2-macroglobulin

(Gugler et aL. Ig5l , Mclean unpublished data). Recently, Pearce

(1980) has detected a large fiumber of heat stable, nítrogenous whey

compounds which have bee-n previously unrecognísed.

r
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B. Genetic VarianÈs of Bovine Milk Prote.ins

1. Origin ancl Detection of Genetic Variants

Genetically controlled variation of a míllc protein was first

discovered in ß-lactoglobulin by Arichaffenburg and Drewry (1955) " Since

that Êime, genetic variation has been detected in all of tire other

major milk proteins, These genetic varíants are transmittecl by simple

Mendelian inherítance without dominance.

Tllis genetic varíation or protein polymorphism is due to a ntuta*

tíon in the DNA nucleotide chain which causes an amino acid sub-

stitution o:: deletion in the milk protein polypeptide chain. The most

common type of genetic varíaËion is a single amino acid subsLitutionn

although tr^7o substitutíons occur in variants of several milk proteins

(r*casein B..A and g-lactoglobulin B+A ancl E+T, see Tabl-e I. 1) " Amino

acid substit.ution nay change t-he number of ptrosphate resídues (e_.g.

S-casein C) or carbohydrate content (e.g. B-lacËoglol¡ulin Droughtmaster)

A deletion of a section of Èhe polypeptide chain occurs r¿ith tv¡o milk

protein varíants, clel-casein A and our-casein D.

Witll f ew exceptions, all rnilk proteín genetic varíatìts have been

detected by electrophoresis, as the ami-no acíd substitution or delet-ion

has resulted in a change in charge of the molecul-e. l¡ihen subjectecl to

zone electrophoresís the prote-in genetic variant.s nove at different

rates and so two bands are for,med with a heterozygous sarnple.

Paper electrophoresis r,úas or-íginally used to discover many of the

millc protein genetic variants e.g. S-lactoglobulin (Aschaffenburg and

Drewry 1955 and L957), cr-lacta-lbumin (Blurnberg ancl Tornbs f95B) anrl

S-casein variation (Aschaffenburg 1961) . Ilowever, starch ancl acrylamide

gel elecErophoresis, with theír superíor resolving poriÀrer, are no\¡7 the

most cornmonly used electrophor:esis support media. The na-jority of milk

protein variants are detected by electrophoresis j-n an alkaline nedir:m
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TABLE I" 1

Alterations ín amíno acid sequences specj-fic for the genetic variants

of the major milk proteins'k

Protein Compared variants Alterations of the protein

S
ct -casel_nI

CX -caset-n^n

S-casein

cr-lactalbumin

A

K-caseln B+ A

$-lactoglobulin B + A

B +A

B+C

B+D
+E(Bali) (=E(yak) ?)

A+ts

A-+ C

A+D

A +A
+B
+C

Deletíon of residues 14 Lo 26

192 G1u + Glr¡

53 A1a + ThrP

Deletion of residues 50-58 or
5l to 59, or 52 to 60

67 Pro + His

I22 Ser + Arg

( 37 etu + Lys
( 35 SerP+ Ser

106 His + Gln

( 148 Àla + Asp
( 136 Ile + Thr

( 64 G1y +- Asp

( 1I8 Ala + Va1

59 Gl-n -+ His

45 G1u + Gln

158 Glu + Gly

( 129 or 130 Asp + Tyr
( SO Pro -> Ser

78 Ile + Met

28 Asp + Asn + CI10

l0 Arg + G1n

Asp + Asn or Glu + Gln

A
I
I

I2

A

A

2 3
-+

B+C
B+D
B -+ E(=D yak)

E+F

E+G
.[+Dr
B+A
B+C

t

ù
Cornpiled from Mercier et. aL. Q972), LysÈer (I972), CYosclaudeet

a.L. ( 1979), 8e11, Hopper and McKenzie (1981) and Bell, Mcl(enzie-

and Shaw (1981)
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but Kiddy et aL (f966) were able to resolve ß-casein A into its Al,
,2,

A- and A" components by electrophoresis in an acid medium. Many

methods have been publibhed for geneÈically typing mílk proteins:

these have been reviewed by Thompson ( 1970), McKenzíe (I97Ia) and

Swaisgood et aL. (i975).

It has been estimated thaE the charge of the proteín is changed in

only abouË a third of singJ-e amino acid substitutíons (Harris 1971b

and Lewontin 1973). More elaborate methods, such as accurate amino

acíd analysis and sequencing, are needed Eo detect electrophoretically

neutral or sílent varíants. Boyer (1972) found a high inci-dence of electrc¡-

phoretically neutral variants among primate haemoglobins. However,

Tovrnend et aL. (1965) performed amíno acíd analysis on S-1actoglobu1ín

samples from 33 individual Holstein and Ayrshire-IlolsÈein crossbred

cows but were unable to find any differences other than the previous.ì,y

known A-B amino acid difference. Aschaffenburg et aL. (i968)

detected the ß-casein B , vatíant, which replaces ß-casein B in Zet¡u

cattle, by non-electrophoretic means (mapping chymotryptic peptides)

and recenË1y Bel1, McKenzie and Shaw (1981) deÈected a neutral sub-

stitution in $-lactoglobulín in milk from Balí cattle.

2. Milk Proteín Genetic Variants

The specific differences between the genetíc vari-ants of cs1--,

ß- and r-casein and the relatíve mobilities of these varj-ants i-n alka*

line and acid gel electrophoresis have been summarised by Mercíer e't;

aL" (1972) (see Table I. 1. and Figure T. 1.).

(i) cl .-CaseinsSI

Eíve genetic variants of o,"r-casein are knor¡n: A, I), B, C and E

j-n order of decreasÍ.ng electrophoretic mobility in an alkaline buf fer

system. o .-Casein A, B, and C were discove-::ed by Thompson et aL.' sr
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(1962), o,sl-casein D by Grosclaude et aL. (1966)r osl-casein E (-.ak)

by Grosclatð,e et aL. (I976a) and crur-casein E(Bafi) by 8e11, Hopper

and McKenzíe (I9Bl).

Variants B and C occur ín all. breeds, wi[h ts being predomínant

in l{estern breeds and C predominant in Zebu breeds (Aschaffenburg

f968). o"r-Caseín A is rare, having been detecEed in the Holstein-

Friesian in U.S.A. (Thompson et aL. 1962), Australia (Munro, personal

cotununication) and New Zealand (Creamer, reported by Thonpson and

Farrell 1974) and ín the Red DanÍsh breed (Thymann and Larsen 1965).

o"r-casein D is also rare, but has been de-tected i'several

European breeds of cattle (Grosclaude e'b aL. 1973).

The cr"r-casein A variant is due to a deletion of 13 codons in

Èhe DNA chain coding for o,"r-casein (Kalan et aL. 1966, Thompson et a.L.

1969) " It would be expected thaÈ cr"O-casein type derivations of the

genetic variants of a"r-casein woul.d also occur (Manson et aL- Igll).

(ii) o ^-Caseinss¿

A genetic variant which símultaneously affects the four a=r-

casein fractions has recently been <liscctverecl (Grosclaude et aL. 1976b),

'Milk of bovines, zebus and yaks ín a high Nepalese valley were in-

vestigated, and in addition to the classical variant os2-casein A,two

other vari-ants were f ound: o, -casein B in bovines and zebus and o,._
Þs2 2

casein C in yaks.

An additíonal var:iant,o¿s2-caseín D, has been found in two bovine

breeds of eastern France (Vosgíenne and Montbeliarde) by Grosclaude

et aL. (19i9). This díffers from cr^.-casein A by the deletion of a

very acidic nonapeptide.

(iii) ß- and y- Caseins

Genetic variation of g-casein (.4, B, and C) was first deÈected
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by Aschaffenburg (1961) using paper electrophoresis i.n an alkaline

buffer system" The A band was resolved into three dístínct variants

(Al, a2 arra a3¡ by acid gel electr:opl'roresis after it-. was found that

tryptic peptides contained heterogeneity with respect to histidine

residues (Peterson and Kopfler L966, Kiddy et aL. 1966). A fourth A

variant, g-case,ir A4, has recently been found in Bali cattle (BelI,

Hopper and McKenzie 19Bl).

Aschaffenburg et aL. (1968) discovered a further genetÍc variant,

S-.ca,sein D, in the Indian Deshe and l(c'nyanBoran and also demonstratecl

that in Zebu cattle, the $-caseín B, variant replaces the normal ß-

casein B vaniant c¡f Western breeds of cattle. Another variant of

B-casein called ß-casein E, has been detected in Italiau Piemont catt-le-

(Voglino L972) and Creamer and Richardson ( 1975) reported a further

variant which they callecl B-case in n2.

S-Casein A is common in all breecls of dairy cattle. the A2

variant generally has a higher frequency than 41, with A3 b.i.rg ïare.

The B gene is fairly conmon in Jerseys and Brown Swiss, has a lower

frequency in Holstein-Friesíans, Guernseys anci Zebus ancÌ has not been

detect.ed in Ayrshire cattle. ß-Casein C, although originally thought.

to be restricl-ed to certain breeds, has now been detected in low

frequency in most l¡Iestern breeds of caltle (see Grosclaude et aL.

I9l 3)" ß-Casein D l-ras a 1ow frequency:'-n Indian and African Zebus. but

has not been observed ín ülestern breeds of catÈle (Aschaffe-nburg 1968).

The frequency of the newly deËected ß-casein B2 arld E varianÈs is not

known

The existence of y-case-Ln polymorphj.sm was suggested b1z

Aschaffenburg (1961) trsing paper electrophoresis and confirmed by

Grcrves and Kiddy (L961, t96B) using disc electrophoresis. The genetic

variants of the y-casein fragments are determined by the ß-caseín locus
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and the variatíon present depends on the position of cleavage so

separate Ëyping ís not rlecessary.

(iv) r-Casein

By using ge1 electrophoresis of casein in the presence of urea

ancl mercaptoethanol , varíatíons of K-casein in individual milks \¡/as

demonstrated independently by three \,lorkers (Neetin 1964, Schmidt 1964,

I^Ioychik 1964). This variation was shown to be genetíca1ly controlled

by Thynann ancl Larsen (1965), and Grosclaude et aL. (1965). The poly-

peptíde chains of the t\^ro genetic variants, A and B, díffer by two

amino acid residues (I^Ioychik et aL" 1966, de Koníng et aL. 1966).

Recently the discovery of a third K-casein variant which was called C,

was claimed by Di Stasio and Merlin (f979). However, verificat-ion by

amino acid analysis or geneLic studies is necessary, as the. C band

could have been a carbohydrate containing rc-caseirr band or a y-casein

band.

The A allele tends to predomínate in the majority of breecls,

although there are several exceptions, íncluding the Jersey

(Aschaffenburg 1968).

(v) ß-Lactoglobulin

Aschaffenburg and Drewry (195-5, 1957) demonstrated that bovine

milk contains Ër¡Io genetic variants of ß-lactoglobulin, which they

designated as A and B. A third variant, ß-lactoglobulin C, was

detected in Australian Jer:seys by Bell (1962 , 1967) and Grosclaude

et aL. (1966) detected a fourth, designated ß-lactoglobulin D.

The breed distribution of ß-lactoglobulin A, B, C and D has

been compíled by Aschaffenburg ( 1968) : the B allele is predominant in

the majority of breeds tested, with Ehe A allele usually present in

lower frequencies. g-Lactoglobulin C i-s present in low frequencies
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only in the Jersey, although an unconfirmed single heterozygote \^ras

reported in Èhe South African Nguni (Osterhoff and Fretorius 1966).

S-Lactoglobulin D has been founcl in several European breeds but its

frequency is low. ,

BeII et aL" (f966) reported a rare genetic variant in Australian

Droughtrnaster beef cattle which was called ß-lactoglobulín Droughtmaster

and which is due Èo a substituÈion of Asn for Asp at position 28,

with the carbohydrate inoiety attached Ëhrough the Asn (H.4. McKenzien

I^I.H. Murphy and D.C. Shaw, quoted by Bell and McKenzie L976). Three

new ß-lactoglobulin variants E, F and G, have been found in Balí cattle

in Austral-la (8e11, McKenzie and Shaw 1981). The amino acid substitu-

tions involved ín the genetic variants of ß-lactoglobulin are given in

Table I" 1.

(vi) q,-Lac.talbr:min

Blumberg and 'Iombs (1958) forrnd two forms of a-lactalbumin, when

rnilks from the Nigerían Zebu were examinecl by paper electrophoresis.

One form corresponded to the mobility of the single bancl found in

I,lesIernbreeds of cattle (u-lacËalbumin B) and the other, cx-lacEalbumin

A, moved more rapidl-y. Recently, Bel1, Llopper and Mcl(enzie (1981) have

reported a third a-lactalbumin variant, C, whích is present in Bali

cattle.

(vii) Srrnunary of rnilk protein genotypes and common types irr Inlestern

cattl-e breeds

Five geneti-c var:iants of cl"r-caseín are knol{n (4, B, C, D, E),

B being predominant and C occurring in lower frequencies in l,rlesÈern

breeds of cattle. Four o"
2
-casein varianËs have been deLected (4, B,

only aur-casein A is conrnon in trrlestern breeds. Ten variants

ll.

c, D), but

of B-casein
4A,(AI

t
2 c

Â' B, 8,, 82, C, D, E) have been reported,



19

t)
A-, A- and B being most conìrnon in hÌestern breeds. Two variants of

rc-casein are known wíth A and B both common. B-Lactoglobulín has

eight known geneËic variants (4, B, C, D, Dr, E, F, G), A and B being

the most couunon in-lùestern breeds. 0n1y one o-lactalburnin tyÞe (B) is

known in L{estern breeds.

3. Linka between Caeein Genes

Linkage belween the a"r-casein and ß-casein was di-scovered

independentl-y by Grosclaude et a.b'! (I964) who used segre-gation data

collected from suiËable farnilíes and by King e1; aL. (1965) who showecl

in contingency tables the non-association between aur-casein C and ß-

casein B variants. The linkage of the r-casein locus to the a"r- and

$-caseín loci rvas demonstrated independently by Grosclaude et aL. (1965)

and Larsen and Thymaun (1966) both using segregation data.

It has been proposed that the genes responsible for the synthesis

of rhe casein fractions are located togellìer on the same chromosone in

the order o ,-: ß--, <-casein (Grosclaude et aL. 1973). This cluster:
SJ.

of genes or "gene complex" appear to be transmitted from one generation

to anocher with a very 1ow probability of recombination.

Recent genetic studies (Grosclaude el; aL. 1976b, Grosclav,de et

ai. 1979) have demonstrated that. the four cr"r-casein fracti-ons are

synthesised by the same structurel gene and that. this gene is cl"osely

linked to the genes coding for o.., -, ß- and K-caseíns. As Èhe y-

caseins have been sho\dn to resulÈ from proteolysis of the ß-casein

molecule, all of the major fractions of casein are no\^r known to be

synthesised by this gene complex.



C}IAPTER II

THE AII,IS OF THE PRESENT INVESTIGATION

The major proteins of bovíne milk and their genetic variation were

reviewed in Chapter I. The main aim of thís investigation \,ras to

determi-ne r¡hether significant associaEions exist between these milk

proÈein genetic variants and the milk yield of the coi,lr and the

composition of Ehe millc, particularly the protein compositíon.

A,lihougtr dairyãrners irrAustralia are still paid on the basis of

the amount of fat produced, the value of the protein cornponent of milk

is being increasingly recognised. Milk protein has an economi.c value

to the manufacturer símilar to that- of mílk fat, ít is seen as a major

nufrj-tional ingredient of clairy products and it makes an ímportant

conÈribulion to the manufacturing properÈies of the milk. In the'.

manufacture of cheese ancl casein, the caseín concenÈration determines

the yielcl for a given volurne of rnilk, and rneans of increasitrg casein

concentration of mi1lc by using possible assocj-ations with milk protein

genotype were sought.

Little information \.vas availabl.e on the relationship between milk

proËein genotype and concentr¿rtions of indívi-dual milk proteins, other

than Lhe well docurnented relatíonship between genotype and concentration

of ß-lactoglobulin. Therefore, in'vestigation of associatíons between

genotypes of Èhe caseins ancl their concentrations rlras an importanË aím

of this study"

Numerous studies of relationshíps between rnilk protein genotypes

and milk yield, gross composition and manufacturing properÈies have

been reported in the literat.ure. StaËistical sígníficance was often

not demonstrated, and some sigrrifícant differences \¡rere conf 1-icting.

20
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Many studies used small numbers of samples and often environmental

variatíon and genetic variation other than Ëhat due to the specifi-c

genotype r47as rloE rveLl controlled, Tl¡e investigation descríbe-d in

Chapter V aimed to select rnilk samples fr:om a lal:ge number: of cows

in cornmercial dairy herds ín South Australia and tc elimj"nate or control

variation other lhan due to nilk proteín genotypes " A línitatíon of

this r¿ork was thaE rnilk composiÈion, other th¿rn fat concenLration,

could only be determined on a single milk sainple from each cow.

A rapicl and reI.íable method for estimating the. casein coricentration

ín large numbers of rnilk sarnples from individual cor,üs vras requíred.

A published method, based on the dye bincling princÍple'-, rvas rnodífied

to suit these requiïements, and thís v¡r¡rk is described in Chapter III.

A suitable meEhod for determi-ning the casein composÍ-tion of these

samples \^7as also required" QuantiEative gel elecErophoresís 'øas

selected but specific problems \,,lfere encountered. llhere are few

estima¡es of the dye binding capacities of indivick-ral casej-ns in. the

literature and no information on possib,[.e differences ín dye binding

between caseín genetic variants. .A.s the assocíations betvreen casein

genoËypes and concentrations of indívidual case-íns was to be investÍgatecl,

the results v/ere deperrrlent on determining any dífferences in dye binding

between variants and correction of casein concentr¿ìtions if dífferences

occurred. The- development of the quantitative ge-L electrophol:eFiis

methocl used is described in Chapter IV.



CIIAPTER III

DETERMINATION OF TIIE CONCENTRATION OF TOTAL PROTEIN, CASEI}tr AND WTIEY

PROTEIN TN MILI(

A. Determínation of Total Protein

t. Total Nitrosen

The most accurate method of determiníng the 1-otal nitrogen (TN)

concentratíon in rnillc is by Kjeldahl analysis and this is usually used

as the reference method. There has been consíderable variation in the

method of determinirrg nítrogen concerttration in milk by Kjeldah1

analysis: a relatívely rapíd ancl precíse metÌìod has been outlined by

l4cKenzie and I'la1lace ( 1954) .

Early estimates of the average value for nitrogen content of puri-

f ied acid-precipitated casein r,ras 15.657"(m/n), and alÈhough the

nitrogen conËent of the principal whey proteíns \,üere lowe-r' a mu1-tiply-

ing facror of 6"38 (100/f5.68) was considered acceptable in calculatíng

crude protein concentration (see lühite l9B0). Renner (i980) has

suggested ttotal nitrogenous substancest for this fraction, but as the

term tcrude protein' is so widely used, it will be reËained in rhe

present study. The conversion factor depends on the compositÍon of the

mí-lk, and may vary between 6.37 and 6"40 (Kroger L913), so the proteln

concentration detennined in this way ís not absolute. Early estimates

of nitrogen content of mílk proÈeins rnay be in error due to uncertainty

about the salt and water contents of the test samples. Based on

recent values for the nitrogen content of the indivÍdual proteins com-

piled by Jenness (1970) and a recent estímate of protein composition of

milk (Davies and Law 1980), l,lhíte (1980) calculaËed that the average

22
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nitrogen content of rnilk protein was 15.89% and he suggested that crude

protein concentration be obtaíned by multiplying total nitrogen content

by the factor 6.29 instead of by 6.38. Hc¡wever, the factor of 6.38 is

universally accepted at Prese-nt.

ApproximaEeLy 6% c¡f the nitrogen content of milk c.onsists of non-

protein constítuents, and so the true protein concentration is obtained

by the formula (total niËrogen - noo proLein nitrogen) x 6,38. Non'-

protein nitrogen (NPN) can be determined by Kjeldahl analysis of the

filtrate after prec.ipitation of protein using f20 gL I arr"ntoracetic

acíd (Rowland 1938b).

Many workers ignore the NPN r¿hen determinj-ng the prot-ein concen'-

traÈion of nilk (e.g"Kiddy 1963, Sherbon 1978, Standarcls Associatir:n of

Australia I974). McDowel.L (1972) suggested that- values for protein con-

centration of milk shoul-d refer only to utr,¡e proteint, and Ehat in the

absence of an analytical result for NPN, the subtraction of an average

value from TN x 6"38, rvould be justified. ldhite (1980) agreed that a

constant factor could be used to obtaín true protein of bulk milk

samples, i.e. 6"29 (tota1 N x 0.94), bub with indivi<lual c.ow samples,

such a scheme \das not practicable clue to variatíon of NPN content.

Renner (i980) also considered that use of a constant factor would give

incorrect true protein results due to variation of NPN content.

The Kjeldahl meLhod is the official method for deËennination of the.

protein corrcentration of milk (e.g. Stanclards Associatj-on of Aust-ralía

L974). However, it is time consumíng, costly and impractical for

routine determination oÍ large numbers of samples, and sirnpler methods

of deEermining the protein concentration of mi.lk have beerr developed,

These can be grouped into the following categoríes: biuret reaction,

Folin reaction, refractometry, spectrophotometry including the use of

direct infra-red energy absorption due to pepticle linkages, f1r-roremeÈry,

acidometric methods, formol titration, alkaline steam distillation
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(Kofranyi) and dye binding (for revier¡rs see Rooy et aL. L962 and

Kroger Lg73). Of these methods only two,dye f inding a¡d infra-red

absorption, are sufficiently accu.rate and precise and are suitable for

rouÈine- use on a large scale. Commercial instruments based on both

príncÍples have been developed for rnilk protein estimation.

2. Dve Bínding

The basic principles of dye bindíng were first described by Fraenkel-

Conrat and Cooper (L944) and the use of dye bínding for the determina-

tíon of nilk protein was introduced by Schober and llelzel (1956) usíng

the dye anido black l0B and by udy (1956) usíng orange G' Measured

volumes of millc and buffered dye solutíon are mixed and j.nsoluble com-

plexes are formed due to reaction of the basic amino acid residrres

of the protein, particularly lysine residues,with acici groups on the

dye and also due to hydrophobic ínteractions. These insolub-Le complexe-s

are removed by filtering or centrifugation and the excess dye is

measured photometricallY.

The indiviclual proLeins of mj-ik bincl different ailounts of dye, with

whole caseín bincling less dye than the whey proteins (Ashr^rorth and

Chaudry L962) ancl so the clye binding method denendson the milk protein

composítion remaining relaÈively consjtant. As protein composition

changes wi.th such factors as stage of lactatíon and leve1 of masti-tis'

it may be expecLed that dye binding methods could be inaccurate when

used to estimate prot-ein content of indiviclual cow samples' Horvever,

Waíte and Smith (1972) fc¡und the accuracy of the dye bincling method

was little affected eve.n in cases of severe subclinical mastitis, but

that the accuracy was reduced in milk produced in the first and last

nonth of lactation.

Dye bincling rnethods are norrnally calíbrated agai.nst the I(jeldahl

methodn As non-proteín nitrogen does not bínd any significant amount
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of dye (Ashworth and seals 1958), it i-s logical tc¡ callbrate the dye

bindíng method to ttrue proËeínr. Calibrarion may c,onsíst of determin-

ing a regression between the amounE of dye bound and the protein con-

cenÈration of the calibrat-íng samples or by adjustment of Èhe volume of

dye soluÈion delívered so that the protein read-out- is ec1ua1 to that

obtaj-ned by I(jeldahl de[ermination. Because the relatíonship between

Kjeldaht (N x 6.38) and dyebinding method is infltrenced by changes ín

protein composition and ploportíon of NPN, and be-cause purity of clye

lots vary, the method should be regularly calibrated using the same

type of milk as will be routinely testecl. Drrring a one year study to

evaluate the Pro-.Milk Mark II, an instrument measuring milk protein by

the dye binding method, Szijart<> et aL. (1973) found thaË six caljbra-

tion adjustmenLs \¡/ere required throughout the year, three ruhen changing

dye lots and three with the sarne. dye 1ot, clue fo seasonal char-rges in nean

dye binding capacity of milk prot.eins.

Clark (1979) and Grappin et aL, (1980) have propose<1 using st:an-

darclise<l reconstituted milk samples as a secondary refe::ence standar<l to

elininate the necessity of carryíng out Kjeldahl de-terminations for

calibraÈion purposes in every laboratory usíng dye bincling rnethods ancl

to reduce variation between laboratories. I{hile achieving the airn of

reducing variation between laboratories, the use of a reference protein

sample does not allow re-calibratÍon for seasonal changes :l-n the milk

proteín dye binding capací-ty"

The accuracy of dye bínding me-thods of measurÍng nilk protein is

good, as standard deviations (s.d.) of the clifference beÈ\íeen deternrin-

ations by the Kjelciahl method an<l dye binding methods of between * 0.4

--|to + 1.1 gL - have been reported (Renner and OmerogLv 1972, Szijarto

et aL. 1973, Sherbon I974, McGann I97B). Prec.ision (repeatability) of

dye bÍ.nding methods is exceptionally good with the standard deviation
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generally better than * 0.1 gt-1 (McGann 1978).

3. Infra-red Spectroscopy

The proEein concentraüion of rnilk and also the concentration of

the other two major constituenÈs of mi1k, fat and lactose, can be

neasured by infra-red spectroscopy as each has an absorptiorr peak in

the infra-red regíons where the oEher components have 1ittle absorption

:(Goulclen 7964). The wavelengths selected by Goulden (1964) were 5.73

pm for the carbonyl gloups of fat (freqr-rency I 745 cm-l), 6.46 ym fot

the amíde groups of protein (1 548 cm l) and 9.60 prn for the hyrlroxyl

groups of lactose (1 042 .* l). Problems involving strong \^7ater

absorption bands and light scattering by f.at globules and casei.n micelles

have been overcome anrl several instruments using infra-recl absor:pti-on

are available commercially.

As with dye- binding methocls of measuring milk protein concentra-

tion, the infra-red instruments must be checked routinely with results

obtained by acceptable reference methods. The accuracy, expressecl as

standard deviation of the difference betweerr values obtained by ínfra-

red instruments arrd ref e,rence methocl , is acceptable: Grappin and Jeunet

-1 -l(1976) foulcl + 0"3 gL-' and l_ 0.5 gL ' for herd and indívidual cow

milks respectively, ancl McGann (1978) reported + 0.4 - 0,6 gt--l fo'

individual cow millcs. The precision of the infra-red method I'ras also

satisfactory, r,rith a standard deviation of duplicate measul:ements of *

-t - 1

0" 15 gl-r (Grappín and Jeunet Lgl6) an<1 * O.2 gL ' çMcca^tt l97S).

4. Other Methods

A nephelometric procedure for: deternrination of nilk protein (and

fat) has recently been developed (Beítz et a1.. 1917) but the precision

of this methocl (s.d. + 0. 83 gl,-l) \n/as not as good as dye bindi-ng and

infra-red spectroscopy instruments .
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Renner ancl Omeroglu ( 1972) studied the accuracy of a number of

methods for the determination of the protein concentration of rnílk

based on a photometric pri-ncíple. They found Chat the biuret methocl

was not sufficiently accurate (s"d. + t,0 gt-1;, the manual amj-<io

_1 -, 1

black (s.d. +.0.6 gL '), orange G (s.cl. + 0.6 gL ') and formol ritra-

tíon (s.d. * O.Z gL-I¡ had satísfactory accuracies ancl the Infra Red

Miilc Analyser (s.d. + 0.5 gL t¡, ooft"nyi method (s.d. + 0.4 gt-l)

and amido black instruments (s.d. * 0.1r gf,-1) had very Ìrigh accuracies.

For the rapid determination of the protein conc.entration of large

numbers of milk samples, i.nstruments based on rlye bínding and infra-

red spectroscopy are suitable, and are sufficiently accurate and

precise. For the present stucly, a Pro-Milk Marlc IL dye binding instnr-

ment. r^ras available, and as this r¿as also suj-table for estimaLing the

sasein concentraticln of milk as díscussed in the following sectíon,

thÍs r¿as the nethod selected.

B. Determínatiorr of Casein and \dhey Protein

l Precipitation of Casein

The first step in determiní.ng the concentlation <¡f c.asein and

whey protein in milk ís the separation of these two fractí,ons, and thís

has most cornnonly been carried out by acídification tc¡ the- isoelectric

point of casein (plf 4.6 - 4.7) . Rowland (1938a) found that maxirnum

precipitation of casein from rnilk samples of varying casein concentra-

tions resulted from the addítion to 10 mL of mi1lt of about 80 rnT, of

r{ater at 40oC and l. 0 mL 100 gl,-1 acetic acicl soluti-on, f ollowed af ter

10 mÍ-nutes by 1.0 mL of M sodium acetate solutíon. Tlhe reaction of

acid with caseinate \^ras not insEantaneous, and acetic acÍd rvas a<lded

fírst to increase the rate of precipítatíon by giving a ptl value

slighËly on the acid side of the isoelectríc point, then the sodium
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acetate r^ras added to bring the pH to the isoelectric poi-nt, However,

the actual proteins precipitated \.,r'as noÈ tested by Rowland (i938a). It

is possible that some whey proteíns are precipitared by the adclitíon'of

acetic acid which do not redissolve in lhe periorl before- filtering

(McKenzie, personal communication) .

Rowlandrs (1938a) method of adding acetic acíd and sodium acet-ate

separately to díluted milk is widely used and is incorporeted in various

sÈandard methods (e.g. International Dairy Federation 1964 and Standards

Association of Australia f974).

Other methods of removing the casein have been used in various

rapid methods of measuring casein concentration. Ashworth (1956)

precipitated casein by adding an acetic acid-sodium acetale buffer

corrtainin g 240 gL-1 ethanol to give approximately I:10 clitutíon of slci-n

nilk. McGann et aL. (L912) precípitated the caseín lvith minírnum clilu-

tion of whey, by separately adclirrg equal volumes of acetic acíd and

sodium acetate which together amounted to only 6% of the rzolrrme of the

milk and which approximately counter-balances the contraction in volr:me

of milk due to the removal of the casein ancl fat co-precipiEate.

Methods other fhan acid precipitatíon may also be used to separate

the casein and non-casein fractions. but the protein composition of

the casein fractions wil.l be dif ferent,as discussed earlier. Ammonírrm

sulphate precipítation was used by Llagner et aL. (I974) ancl coagulation

by chymosin action was used by Mickelson and Shrrkri (1975).

Howeve::, Sherbon (1978) still considered that there was a crítícal

need for a fast-er, easíer method to remove caseín.

2. Methods of Measuring the Pr<¡teín Concencrations of Ca.sein or Inlhey

(i) Total nitrogen

The classical (Rowland 1938b, Aschaffenburg and Drewry 1959) an<l

standard (e.g" International Dairy Federation 1964, Stanclards Association

t¡

I
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of Australi.a I974) methocls use Kjeldah1 analysi-s Eo determine the

nitrogen content of the filtrate after casein precipitation. By sub-

tracting the non-caseín nitrogen (whey proteins + lÑPN) fro¡r Èotal

nitrogen, casein nitrogen is obtairred. A volunte correction facLor is

normally applied to allo¡u for the volume of precipitate. Rowland (1938b)

used 0.995 for whole mílk and the International Dairy Federation (1964)

and Standards Assocíation of Australia (L914) use 0.994 fot whole rnilk

and 0.998 for sl¡iÌl millc.

(ii) Rapid methods utilì-zing clye binding

To avoid slor¡ and tedious i(jelc1ah1 analysj-s, a number of rapid

methods have been published r^¡hich utilize- dye bínding. The preci.pi-

tated casein r¿as re-dispersed and measurecl by Ashworth (1965), Renner

and Omeroglu ( Ig13) and lrüagner eb a.L" (1914). Haenlein et aL. (1968)

and Michelson and Shulcri (1975) were able to measure- whey protein

direct.ly by using a suitable whey*dye ratio. In the Pro-Mi1k dif fere-nce

(pMD) merhocl of McGann et aL. (l,0lZ¡ the rnilk sampl.e and the filtrate

were míxed with dye solution Èo transpose the readings to a more sensi-

tive part of the scale.

Amido black (McGann et aL. 1912, Renner and Omeroglu 1973 and

Wagner et aL. Ig74) and acid or¿urge G (Ashworth 1965, j:laenlein et aL,

1968 and Mickelson and Shukri 1975) dyes have both been userl in rapirl

methods of measuring casein concenLratíon.

The casein values obtained by rapid, dye binding methods must' be

adjusted using a colrection factor or reglession equatíon relating

them to val-ues obtained wíth a suitable reference method. McGann ¿t

aL, (Ig72) founcl that when 0.4 gL I r." added to the Pro-Mitk difference

(pt"D) values they agreed wíth Ehe non-c.ase,in protein values determined

by the standard Kjeldahl procedure (International Dairy Federation

1964). However, Renner and Ando (1914) used the Pro-Milk differe-nce

i

r
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method of l,IcGann et aL. (1972) and found a díf ferent regression

equation for measuring whey protein concentration (whey protein ín

_1
gL"=7.64IPMD+0.44).

The accuracy and. precision of the various dye binding methods of

measuring the casein concenÈration of mílk aÏe very good. McGarirl et

d,L. (1972) obtained standard deviatíons of the dífference between Èhe

dye binding and Kjeldahl analysis methods of * 0 .t¡6 gL I .rrd + O'22 gL-I

for whey protein and casein estimations of bulk milks respectively and

_l
a s.d. of * 0.46 gL t for casein estimation of individual milks.

Mickelsen and Shukri (1975) found that ttreir dye binding method r^7as more

precíse than methods utilizing Kjeldahl analysis and formol titratíon'

(iii) The method selected and modifícations required for the present

study

Inthepresentstudyarapi<l,convenienËandpreci-semethodof

measuring the casein ancl whey protein concentrations ín small samples

of milk from a large number of individual cows was required' The- most

suitable method available r¿as Èhe Pro-Milk difference method of McGartn

et aL. (1972), but various modifications to the method were necessary'

In the method of McGann et aL" (1972) the casein and fat are co-

precipitated by Ehe addition of acetic acíd and sodium acetate solu-

rions Èo 100 mL of whole milk at 40oC and the whey obtained by fil.-

tration. Three readings per rnilk sample- are carried out on the Pro-

Milk Mk. II instrument -

ReaclingI-lmLofmilkplus20nLofdyesolution

Reading II - 1 mL of rnilk plus 1 mL of distíIled water plus

20 rnl, of dYe solution

Reading III - 1 url of m¡l1k plus I mL of whev olus 20 ¡nL of dve

solution.

Reading I gives the toÈal protein concentration of the milk.

il
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Reading II is used to determine the dilution of excess dye resulting

¡^rhen both milk and whey are míxed \,rith the dye solution, and this is

subtracted from Reading III to give the Pro-Millc difference (PMD) an

uncorrected measure of the whey proËein concentration.

In the present study, the method of McGann et aL. (1912) was

rnodif ied by ( i) reducing tl-re volume of milk required , (2) pr:ecipitat-

ing Èhe casein from skim mílk rather than whole milk, (3) usíng a

single addition of acetic acid - sodium ¿rcetate buffer and (4) adding

a centrifugation step. Modif ícaLions (2) and (4) \¡/ere necessary to

obtain casein for qr.rantitative analysis as well as whey for proËein

determination. The method of converting the Pro-Milk readings to whey

protein concenÈration and the necessíty of the three Pro-Mí1k rea<lings

v/ere reassessed.

Data on the casein concentraÈion in milk fr:om only I in<1ivídua1

co\^/s !/as presented by McGann et aL. (1972) whereas ín the present study

al1 determinations rrere on millc from individual cows, so information

on the accuracy of the dye binding method for estimating caseín and

whey protein concentrations of milk from indívidual cc¡ws has been ex-

tended.

The Present Investigation: Estimatíon of Total Caseín

and Inlhey Pr:otein Concentration

1" Experimental

(i) Mílk sampling anci analysis

Individual coru samples were collected from the Northfield Research

Centre herd on three occasions. The presence of subclinical nastitis

\^ras tested using Ëhe Inlisconsin Mastitis Test (Thompson and PosËle

1964) and samples wíth a score of more than 15 mm \,¡ere discarded. The

caseín and non-casein fractíons hrere separated by a different method

C

I
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with each of the three collections, as outlined below. Duplícate

Kjeldahl deterrninations \^/ere carríed out on the whey, usíng the method

described by McKenzíe and trnlallace (1954), except that tlre amount of

K^SO, was increased to 2.Og (this was found necessary with the burners
/_4

used, to increase the digestion temperature) and 0.5 mL of. 307" HrO,

free of N-contaíning preservatives was adde<l to the digest mixture to

reduce foaming (lr. tt.A. McKenzie, personal communication),

Just before each collectíon, the volr:me of dye delivered by the

Pro-Milk Mk. II (Foss-Electric, Hillerdd, Denrnark) was adjusEed sc¡ that the

indicated protein content of a herd milk sarnple was'identical to the crude

proteín value (TN x 6.38) estimated by duplicate Kjeldahl determinations.

Ìlethod 4 - l,Jhey separation by the method of McGann et aL. (1912)

Thirty-five indí.vidual cow samples were used to prepare whey as

described by McGann et aL" (1972), síngle Pro-Milk readings RI, RII and

RIII were talcen and the PMD calculated" No volume correction \¡Ias

applíed to the Kjelclahl values of the whey as Elne 6% diluÈion of the

whole milk by acetic acid and sodlum acetate approximately counter-

balances the contraction in volume of milk due to the removal of the

casein and fat co-precipitate (McGann el; aL. l9l2).

Method B - Modifíed method of whey separation

The method of whey separaÈion of McGarLn et qL. (1972) was mocli-

fied by (1) using skim mílk insread of whole mí1k, (2) reduci-ng the

milk vol-une from 100 mL to l0 mL and (3) inËroducíng a centrifugati-on

step to obtain a caseín pellet for further quantitative analysis. Thís

method was used Ëo prepare whey from 51 individual eow sarnples.

The rnodífied method was as follows -

I¡Ihole milk was centrifuged at 3 000 rpn (1 000 g) and 2oC :For

5 minutes and Èhe skim milk decanted. 10 mL of skím milk was pipetted

into a 15 rnI, centrifuge tube and warmed'to 40oC. 0.30 mL of 333 gl,-l
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w/v solution of acetic acid was added whil-e mixing on a vibraling

stirrer, then the stoppered tube was inverted several times for com-

plete mixing. After l0 minutes, 0.30 mL 3.33 M solutíon of sodium

acetaËe was added, mixing as previously. After about 3 minutes, the

tubes \^rere centrifuged at 10 OO0 rpm ( 12 000 g) and 20oC for 15 minutes

and the whey decanted through a 9 cm I,trhatman No. 41 filter papet:.

As wíth ,.vhey samples prepared by method A, single Pro-Milk

readings RI, RII and RIII were taken and the PMD calculated.

A correction factor of 0.966 was applied to the whey volume used

for Kjeldahl analysis. This factor rdas experimentally determined: the

volume obtained when 6 ml, of acid buffer \¡/as added to 100 mL skim milk

was determined, and then the volume of casein ,wl-rich was determined by

drying Èhe precípitated casein in a vactrum oven at IO2oC lor 2 hours and

by using dísplacement, r^ras subtracted to give the actual whey volume.

Method C - Further modificatíons to nethod B, using a single addition

of acetic acíd - sodium acetate buffer

Inlhey separation method B was further rnodif ied by combínÍng the

acetic acid and sodium acetate before adding to the milk i.e. 0.6 mL of

a I:1 míxture of 333 gL L r/u solution of acetic acid and 3.33 M

solution of sodium acetate was added to 10 mL s¡ skim mílk at 40oC.

After waiting at least 10 minutes, the tubes ú/ere centrifuged and

filtered as described for method B.

inlhey from 33 individual cor¿ samples was prepared, síngle Pro-Milk

readings RI and RLII were taken, RIT c"a.lculated using a re.gression

equation (see laÈer) and the PMD calculated.

Kjeldahl determinations \^rere carried out on the skirn milk, whey and

_l
a I20 gL ' tríchloracetic acid filtrate (NPN). The whey volurne used

for Kjeldahl analysis was muttíplied by a correction factor of.0.966,

determined as described previously.
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Prior to using thís rnodified rnethod of whey separationu the effect

of adding a single volume of acetic acicl - sodium acetate buffer was

assess ed.

Inlhen the volumes and concentrations of acetic acid outlined by

International Dairy Federation (1964) and McGann et aL, (1972) were added

to 100 mL of whole rnilk at 40oC, the pH of the mixtures measurecl after

10 minutes \^¡ere approximately 4.4 and 4,3 respectively" After additíon

of the respective volumes and concentrations of sodíum acetate' the pH

íncreased to approxímately 4.8 ar'd 4.7. A final pH of approximately 4.7

\Á/as measured when 6.0 mL of a 1:l rnixture of 333 gL 1*/., acetic acid an<1

3.33 M sodium acetate was addecl to 100 mL of skim milk at 40oC'

By a<lding the acetic acid and sodiuü acetate together, the PMD of

the whey was found to be 2 gL I high.t ttran when the casein r/üas preci-pitated

by adding the same acetíc acid and sodium acetaÈe solutíons separately.

!trhen lN hydrochloric acid was addecl to skim rnílk at 20oC to a final plì

of 4.60, the PI"ID was 5 gL I high.t than the PMD measured usíng whey

obtained by adding acetic acid and sodium acet.ate solution separately.

(ií) Sirnplifícation of Pro-Millc readings

I^Iith the aim of reduci.ng the work required to detemine the c'asein

concentration, the need to carry out reading RII on the Pro-Mi1k was in-

vestígated. Using the data from casein deterrninations on t-he milk

frorn 147 indívídual cow samples collected oveT several years from the

Northfielcl Research Centre herd, Èhe relatíonship betr¿ee-n RII and the

total protein concenÈration (RI) was delermined.

2" Results

(i) Modifícation of the correction factor

The mean and range of crude protein conceritrations determined

using the Pro-Milk Mk. II, and whey protein concenËrations determined
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by l{jelda}rl analysis on the whey filtrate (KWP) of the milk from the

three samplings are shown in Table III.1. The rnean dj-fference between

the Kjeldahl protein values of the whey filtrate and the PMD, for the

three methods of whey preparation, are also shown ín Table III.1.

The differences, KI^iP-PMD, \^rere signif icanÈly (P < 0.001) related

to the total protein concentration of the rnilk, with each method of whey

separation (see Table III.1.).

This relationship was used to correct the Pro-Milk whey protein

determinatíons ínstead of using a simple mean dífference as r.rsed by

lulcGann et aL. (L972). The rearranged equations used to calculate

whey protein concentration are shown as Equation I in Table III.1. Tbe

accuracy (mean difference between Kjeldal'rl and Pro-Itilk estirnations *

standard deviation of the difference) of Pro-l'li1k estj-mat-,ions of whey

protein and casein concentrations, corrected using the simple mean

differences and using regressíon equations 1, are shown in Table IlI.2.

With samples collected for whey separation methods A and B the

only Kjeldahl analysis \¡/as on the whey filtrate and so the accuracy of

the Pro-1"1í11c casein esl-imation could not be deterníned. However, the

samples coll-ected for whey separation by method C were also used for

Kjeldahl analyses of the skim milk to give crude protein and of the
_l

l2O gL'T.C.A. filtrate to enable calculatíon of true protein.

The mean difference betr¿een Ëhe crude protein concentration

deÈermiued by Kjeldahl analysis and using the Pro-Milk ¡,¡as + 0,16
_1

i 0.453 gL'correspondíng to a coefficient of variation (c.v.) of

7.2"/", referred to the mean crude protein concentration. The mean

dj-fference between Kjeldahl true protein and Pro-Milk protein estima-

tions was * 1.69 + 0.371 gl,-l (c.v. = 1.0%).

The caseín concentration of the skim mllk was calculated for both

Kjeldahl and Pro-Iulilk rnet.hods as the dif fere-nce between their respective



TABLE III. i

The protein content of whey sa*plesa prepared by 3 rnethcds and regression equations to correct the Pro-Milk

readings

Method of whey separation

0"84 + 0"39

O. II RI_2.89

0. 70

PMlr-O.llRr-2.89

B

0. I0 Rr-2.32

0 .67

PMlr0. l0Rr-2.32

33

31.4 +
)a?-

0. t2 Rr-3.09

0. 78

PMD+O.12RI-3.09

A

35

:

C

Number of milk samples

Mean total proteinb
Range of Ëota1 protein
Mean whey proteinc
Range of whey proteins
Mean dif ference: Kjeldahl whey protein (KI^IP)

Pro-Milk difference (PMD)

Relationship between KIüP-PMD (y) and crude
protein (RI): y =

Regression coefficíeut (r)

EquaLion 1: Whey prctein (using R II) =

Equatíon 2: i,trhey protein (without R II)

31.4
2.58d
43.8

35 I
26.9

51

:

l +o. J
6.6

3.01
43.1

0.
10

79
.J

8.0
6.6

60

"0
L2

3.
43

8.0 + 0.78
6.6: rO.r

I
1 0.9

1.ì9 + 0.45 1.39 + 0.55

RTII - 0.857RT. RIII - O.B67RI
- 4.33

RITI - O.B47RI
-5"I0- 4" 0

"Al1 protein values are expressed ", gL-1
h"Crude protein values determined by Pro-Milk Mr II
tWh.y protein values determined by Kjeldahl analysis of the rvhey filtrate (N x 6"38)
.1"Standard devÍation

UJ
o\



TABLE III. 2

The accuracy of Pro-Yr-ilk estimates of casein and whey protein content using various methods of correction

I'fechod of correcti-on of Pro-i"iilk values hhey proÈein (gl--1) Casein (gL

A B C C

28 "93
b

--L
)

Mean Kjeldahl' v-hey protein (KhT)a

Using mean dif fererice from KI^IP

Meen Pro-Milk (rltf¡c
Mean difference (KI^IP+ivl1)
S.D" of difference
c.v. I

Using regression equations I

Mean Pro-Milk (Pr'tZ)d
Mean difference (KI^IP-PM2)

S.D. of difference
c.v.

Using regression equaticns 2

Mean pro_Mitk (pM3)e
Mean Cifference (KI^}?-PM3)

S.D" of difference
c.v.

8.0 r

8.03
-0 "02
+0.28

3.57"

8.28
-o"0r
+0. 34

4.t%

8"27 8.32

??

.01

.55

.67"

JJ
01
J+
17.

29.08
-0. 15
+0.48

1 10/

f
ö

-0
i0

5

-7 0-l

+0.04
+0.39
-4.s7

8

-0
10

4

o
O

-0
r0

3

.28

.0r

.45

.4%

B

-0
t0

6

8

-0
r0

4

I
0

+0
-4

29

-0
10

I

.08

.15

.50

.7'/"

29.09
-c.16
+0.50

L "77"

.22
"21
.27
. J/o

.31

.04

.34

. 17"

32
00
35

tK3*ldrhl analysis of vrhey fíltrates prepared rùíth minj-mal Cilution (N x 6"38)
bc"".i' was calculated as the difference between Kjeldahl pror-ein (Tl{ x 6.38) and Kjeldahl rnrhey proteín content

"lüh"y proËein conÈerits deterrnined by adding the respective ïnean differer-rces (KLrP-PMD) to Lhe PMD (for mean

di-fferences, see Table III. 1)
.au*u, proËein contents deÈermined from PIID and RI usíng the respective regression equations l in Table IIr. I
ththr.y proÈein contents determined wi-thout taking reading RII and calculated using the respective regression
equations 2 in Table III. 1

fpro-lnilk estimates of casein conÈenË were cal-culated as the difference beÈween Pro-Milk Eotal protein and r'rhey

proceín conËenÈs
Ecoefficient of variatioa = standard deviatiori,of the differeoce cìivirled by the mean Pro-Ifílk whey protein content T
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total crude protein ancl whey protein concentratíons and so gives true

casein concentration. The mean difference and standard deviatíon of

the difference between Kjeldahl and Pro-Milk methods of deEermíning

casein concentration, after whey protein concentlation had been

corrected using either the mean difference or the regression equation

relating IGIP-PMD wíth crude proËein (EquaÈion 1) are shown in Table

TTI.2.

(ii) Simplification of Pro-Milk readings

I{ith rní1k sarnples from índivídual. cows which ranged in protein con-

centraÈion from 25.5 to 48,0 gL I ah" mean and standar<l devíation of
_l

the difference beEween Pro-Milk readings RII and RI was 0.87 + O.L1 gL'.

The difference between RII and lìI (total protein)was significantly

(P < 0.001) related to Èhe total protein concentration of the milk -

y = 2.01 - 0.033 x (r =-0.76)

where

Y=RII*RT

and x = RI (total protein)

i. e,

RIT- = 0.967 RI + 2.01

This regression equation was combíned wíth equations I in Table I1I.1

to give equations 2, alrso shown in Table III.1., which can be used 1-o

calculate the whey protein concentration r^¡ithout taking reacl-Lng RII.

Table TTl.2. shows the effect of elirninating readi.ng RII on Ëhe

ac.curacy of the Pro-Milk estimates of whey protein and casein concen-

trations of skim rnil.lc.

(iii) I-nvestigaÈion of atypical milks

The largest dÍfference bet\,reen the Kjeldah1 whey protein concen-

tration and uncorrected PMD for all samples ín the Lhree collections

-1(a total of 119 milk samples) was 2.6 gL' lthe largest di-fference after

correction of the PMD u¡;ing the appropriate regression equation was
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_t
0.9 gl--'). Hor¿ever, prior to the three- sample collectíons described

in this experiment, uncorrectecl clifferences of up to 4.5 gl,-1 had been

founcl (corrected clifference of 2.4 gf-l¡. Milk samples which gave

these large differences between estimates of whey protein by Kjeldahl

and Pro-Mílk determinations l^/ere from co\,rs ín late lactation with very

hígh total protein coricentrations" In the above case' where the un-

corrected difference r¡/as 4.5 gt-l, the mílk was from a Je-rsey cow ín

its tenth rnonth of lactation producing very little milk whích contai-ned

_l
41.7 gL ' totai proËeín.

It was thought that these trígh protein, late lactation milks may

contain high levels of non*proteil nitrogen (NPN) which does not bind

dye, or high levels of l.mmunoglobulins which have a lowe.r dye binding

capacity Èhan the major whey proteins, ß-lactoglobulin and cr-lacLalbr¡rnin.

Milk sarnples from 6 covrs selectecl to give a range of (KVüP-PMD) values

r,¡ere analysed for NPN and 3 samples vüere anal)rsed for whey protein

distribution (Aschaffenberg and Drewry 1959). No obvious relatí.onship

\,ras found between (KI{P-PMD) and whey composition. Further work is

required to deterrnine why whey prepared from high protein, late lacta-

tion mílk has abnormal dye binding properties.

3. Discussion

In the present study the Pro-Milk was calibrated to give the sanne

reading as the crude protei¡ concentration determined by Kjeldahl

(N x 6.38). Although Inlhite (1980) has suggested multiplyíng by Lhe-

factor of 6.29, the factor of 6"38 has been retained in the presenl

study because of its universal acceptance. The mean difference betrueen

crude protein estimates by Kjeldahl analysís and Pro-Mílk of + 0.16 +
_l

0.45 gL ', obtaíned with milk from inclividual covüs, ín<licates that the

Pro-I"lilk esÈimations ín Èhe present study are nearly as accurate as
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those of l4cGann et a'1. (L972) obtained using bulk milt< samples (-0.05
_l

+ 0.38 gL ') and superi,or to the results of Sherbon (1974) vrho

analysecl milks from indíviclual c.ows (0.21 + 1.09 CL-l). However' it

should be noted that in the present study, samples wer:e collectecl a short

tíme after the Pro-Milk had been calibrate<l, whereas in the studies of

McGann et aL. (1912) and Sherbon (I974) mílk samples were collect-ed

over a period of one and tvro years respectívely, and so a number of

calibrations would have been carriecl c¡ut during these- perj,ods.

As would be expected, a larger difference l^ras oblained between the

Pro-Milk estimate and true protein measur:ed by Kjelclahl analysis, <lue

to the method of Pro-Milk calibration. The difference, * 1.69 +

_l
0.371 gL t, reflects Ehe non-protein nitrogen content of the milk (rnean

of 1.70 .+ 0 .167 gL I u*n..""ed as 'protein' i.e. NPN x 6.38). This

mean NPN value is lower than the mean NPN, expressed as tprclteint, of
,_1

2.23 gL'fo¡,nd by t.,tcDoweJ-l (1972) for Friesian milk in Neri¡ Zeal-ancl-

Many workers have ignorerl NPN ancl use I(jeldahl total nitrogen x

6.38 to calculate the prote:in concentration of samples for Pro-llílk

standardizatior. (see Kiddy 1963, Sherbon 1978). tleínrich (1978)

has recomnrended using crude pr:otein in preference to trtre proteín as the

reference melhod for calibratÍng rapid routíne rnethods. Determínatíon

of total protein in milk by Kjelclahl analysis (Starr,lards Associat j'on of

Australia 1974) ignores the NPN content, and a recent draft Australi.an

Standard f6r determination of protein in milk by dye binrJing methods des-

cribes both alternatives without making a definite- recornmendation-

However, a number of authors lÌave recently recommende-d that Erue

protein concentration should be cìetenuined for standardizatioî (McDowell

1972, Clarlce 1979)" Certainly it is more logical to standardize to true

protein as clye binding methods are not affected by NPN" In fact, since

the present st-.udy was carr:j.ecl out, the llr-o-I{11k in lhe authors l¡¡boratory
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has been standardized by adjustment Èo the true protein concentration

determined by Kjeldahl analYsis.

Kjêldahl analysís of whey filtrates gives an estinlate of (whey

protein nitrogen + NPN) x 6.38 and as the Pro-Milk values aLe cor:recËed

to this Kjeldahl estimate using a regression equation, the Pro-Milk

twhey proteinf concentrations also include NPN. Subtraction of whey

protein concentration from crude proteín willrtherefore, gíve an

estirnate of true casein concentraËion. lilhen the Pro-Mílk ís standardízed

to give true protein concentration, the correction of the Pro-l"lilk whey

protein concentrations to give true whey protein ís necessary, so that

true cascin can be obtaÍned by difference.

Ttre isoelectric point of casein is rrsually consi<lere<l to be' pH

4.6 - 4.7 (Rowland 1938a).- AE the isoelectric poinE, solubility of

protein is at a minimum and this ís utilized in the acid precipitatiorl

of casein f rorn milk. However: casein is nc¡t homogeneous, but consists

of four proteiçs, each of which rnay be p!-esent in dif ferent forms, an<l

a single pH givíng complete precipiEation of all caseins, without pre-

cipitation of whey proteins, cannot be specifie<l" The problems of

defíníng casein were <liscussed in Chapter I"

Addition of acetíc. acicl to whole milk at 40oC as in the method of

Rowland (1938b), International Dairy Iederatíon (1964), St-an<lards

Association of Austral.ia (1974) and McGanD et a.L, (1972), resul-ted in

a pH below the ísoelectric poinE and the pH after subsequent addltiorr

of sodium acetate solution \,üas above the isoelectric point. The pH

of 4.7 measured after the adclítion of acetic acid-soclium acetate- buffer

r¿as the same as the fínal pH when acetic acid and sodium acetate vtere-

adde<l separaÈely in the method. of McGann et aL. (1912),

Additíon of aceÈic acid - sodir¡m acetate brrffer resuL-Lecl in a

higher PùID of the whey than when they \¡Iere added separately, and
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adding hydrochloric acid to skín milk at 20o(l as in the definition of

casein (iühitney et aL. 1976) resulted in an even higher PMD of the

whey. This indicates that either casein precipitation was incomplete-

when using these trvo methods or that some wtrey protej-¡s were being

precipitated witir c¿rsein when acetic aciel was addecl or to a lesser

extent by the acetic acid-sodium âcetate buffer and which did not re-

dissolve on the adclition of sodíum acetate" Rowland (I93Ba) studied

conditions of maximum protein precipitaLion, without lnvestigating the

specifíc proËeins precipitated and concluded that addition of acetic

acicl and soclium acetate at the sâme time resrrlted ín incomplete casein

precipitatíon. However, by acldíng the two solutions together, the

amount of protein precipítatecl j-s clclser to that precj-pítated by conrli-

tions def ined by \{hitney et aL- (l!176).

In method A, wirere whey was preparecl as describecl by McGann et A'L'

(Ig12), the PMD v¡as on average 0. 84 + 0.39 gl,-l lot.r than the Kjelrlahl

protein value" McGann et aL. (1972) found that the PMD values wele 0'7

gL-I l-o*"r on average than the Kjelrlahl protein values of whey prepared

rvithout significant dilution and 0.4 g1' I lotut than the Kjeldahl

protein values on diluted whe-ys prepared using the Internatíonal Dairy

Ire<leration (1964) standard methocl . These authors used 0.4 gL I ", t

corï,ectiorr factor to obtaín the Pro-Milk whey protein concentration'

Inlhen modífications üIere made to the methorl of whey separation of

McGann et aL. (Lglz), the cliffe::ence bethTeen the PMD and the respective

Kjeldahl whey protein val-ue increased, and so the adjustme-nË necessary

to corïect to the Kjeldahl whey protein value \474s larger (see Table

III.1.). This is possibly reflected in the increased standard clevi¿l-

tion of the difference between Kjeldahl and Pro-Mi-lk esti-rnations of

whey protein concentraËion, with all nrethods of correction of the Pro-

I'tilk data, as shown in Table III .2.
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The accuracy, expressed as mean * standard deviation of the

difference between Kjeldahl aud Pro-Milk estimatíons, are not strictly

comparable to Lhe results of McGann et aL. (1972) as they used the

International Dairy Federatíon (1964) Kjeldahl method as a standard"

whereas in the present study Kjeldahl cletermj.nations \,¡ere made on the

whey prepared with minimal dilution. Using the method of casein

separation of McGann et aL. (1912) and correcting the PND by adding the

mean difference from the l(jeldahl protein value, the mean * s.d. of the

differenc-e from the Kjeldahl protein value \^/as + 0.04 + 0.39. McGann

et aL. (1972) díd not publish any whey protein values for individual

corüs, but the mean and s.d. of the differences in wl-rey proteÍn concen-

traLion estímated by Kjeldahl analysis and by rrsing the Pro-l4ilk, for

24 bulk milk sarnples, lvas - 0.04 + 0.46 gL-1. For caseín concentïation

in milk from B individual cows, the mean dífference and s.d. was

+ 0.16 + 0.46 CL-Ì. McGann àt oL. (Igl2) foun<l that Pro-l'1ilk estímate-s

of whey protein r'¡ere not as accurate as e-stimat-es of casein and that

estimates of casein i-n individual cow milk r¿as not as accurate as those

of bulk milks. Therefore the accurac-y of the method of Mc.Gann et aL.

(1912), cletermined in the present sÈudy, compares very favourably with

that determined in the original study.

An improvement in the accuracy of the rnethod of cleterminíng whey

proteín concentration resulËs if a regressíon equation relating the

difference (tsJ^IP-PMD) with Pro-Milk total protein concentratíon is used

to correct the PMD values instead of using the sirnple mean difference

(see Tabl-e III .2.). This improvement in accuracy occurre<l with all

methods of casein separation. The dif ference, KI'trP-PI'ID, is also

significantly (P < 0"01) related to stage of lactatíon (r = 0,47),

Total protein concentration increases with lacÈation length, and proteín

composition changes, with increasing proportions of serum albumin and
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lnnnunoglobulins towards the end of lactation. As these proteins have

aþ\^rer dye binding capacíty this r:esults in an increase in the

difference, KWP-PMD.

By utilizing the relationship between the (Reading II - Rearji-ng

I) ancl the total protein concentration (Reading I), whey Protein con-

centration can be obtained by malcing only two Pro-Milk readings instead

of three used by McGann et aL. (1972). The accuracy of the metho<l was

not reduced; in fact, the standard deviation of the difference betr¡/een

mean Kjeldahl and corrected Pro-Milk whey protein concentrations are

the same or slighEly less than when three Pro-Milk readings \^7ere taken.

However, with one method of casein separation (t"tethocl A - that of McGann

et aL. I9l2) the mean dif ference Ì,/as larger.

\'ühen the casein concentration was calculated for milk samples

used for method C, j,t was found that accuracy \^ras nol improved by using

a regression equation ínstead of the simple mean difference to correct

the whey protein concentrations. The accuracy of the Pro-l'lilk deter-

minaLion of casein usíng the rnodj.fied method C ín the present stucly

(- 0.16 + 0.50) was not as good as found by McGann et ctL. (L972) for

bulk milks (- 0.04 + 0.46), but ís similar to that found for mj.lk from

nrilk from individual- cows (+ 0.16 + 0,46),

In the present sÈudy a simple- method of measuríng easein and whey

protein concentration in large numbers of milk samples from individual

co\^/s, and which the separated casein could be used for further analysis'

roas requirecl. Method C, where casein was precipitated by addition of

acetic acid-sodium acetate buffer to skim milk at 4OoC arLd the casein

\^ras separated by centrifugation, was the method selected for use in the

study described in Chapter V. If the casein fraction rvas not required,

the meËhod could be simplified by aclding the ace-tic acíd-sodium acetate

buffer to whole milk at 4OoC and omir-ting the centrifugation step. T-n
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thís case it would be necessary to re-deËermíne the relationship between

the PMD and Kjeldahl analysis of Èhe whey filtrates ' However the

difference in whey prot-ein concentration calculated with different

regressíon equatíons is not large: usíng extreme toÈ41 protein and PMD

values obtained in the experiment described in Chapter V, and calculating

whey protein concentration using regression equations for Methods A

and C, Èhe same whey protein values r¡ere foun<l at lor¡ total protein

concentrations (2S gf,-l) and a 2.6% ð,íf.ference resulted aÈ high total

protein concentraÈions (50 gL-1¡.



CHAPTER IV

DETERMINATION OF INDIVIDUAI PROTEINS OF MILK

A. Caseins

l. Introduction

In milk, the individual caseins are bonded together to form

the casei_n micelle, and in mosE methods of esËimating casein

composition the micelle must be dissociated into the casein monomersi

I{ake and Baldwin (196f) disaggregated casein using concentrated

solutions of urea, revealing many neI^/ components on starch gel

electrophoresis. Hor¿ever, K-caseín was still presenL as a Smear:

use of treatment to break disulphide bonds by Mackinley and I'lake

(1964), Neelin (1964), Schmidt (1964) and Inloychik (1964) resulted

in many distinct bands.

Urea, the disaggregating agent most commonly used during

fractionation of casein by electrophoresis or column chromatography,

ruptures hydrogen, hydrophobic and salt linkages. To prevent

rc-casein from reaggregating into dísulphide bonded polymers, 2-

mercaptoeEhanol or dithíothreitol is used. Urea and E.D.T.A. were

used by Manning et aL. (1971) wherr estímaÈing r-caseiri concentration

by sulphydryl analysis.

In the meÈhods which rely on amino acid release by carboxy-

peptidase and macropeptide release by chymosín, the casein micelle

r¡ras not dissociated as carboxypeptidase and chyrnosín are able to

move freely within the porotrs structure of the casein micelle

(nibadeau Dumas and Garnier 1970).

Several recent reviews have mentioned the lack of suitable

accurate and precise methods for the estimation of the concentration
46
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of the individual milk proteins, particularLy the caseins (Jenness

LgT\,Idheelock et aL. 1972, Alais and Blanc 1975).

2. Methods Used to De-termine Casein Composítion

(i) Quantitative electrophoresis

Various methods of electroptroresís, including moving boundary

and zone electrophoresis in different medj-a have been the most

commonly used methods of estímating caseín composition of milk"

(a) Moving boundary electrophoresis

Moving boundary electrophoresis has been used to determine

individual caseins quantitatively, giving vålues which range frorn

65-157" cr-casein, 22-32% ß-casein anð 3-9% y-casein (Mellander 1939,

Hipp el; aL. 1952., Rollerí et aL. L956, Lalson and l{endall 1957).

The method is tedious, requires expensive equípment and does not

estimate osl-, o,"r- and r-casein. itraugh and von Hippel (1956)

separated casein fractions by calcium precÍ,pitation at 37oC and

using moving boundary electrophoresis estimated that casein conLains

very approximaÈely 55% cr-casein, 307" ß*casein and 15% r-casein.

(b) Zone electrophoresis

Zone electrophoresis is a more convenient and versatile method

than moving boundary electrophoresis. Paper was the first medium

used for zone electrophoresis buË resolution ís poor compared to

more. recently cleveloped methods util-izing starch and polyacrylamide

gel. Both sEarch and polyacrylarnide gels have been used for

quantitative electrophoresis of casein and when considering resolution

and band sharpness neither appears to be superior. The major

advantage of polyacrylamíde ge,L is that it is transparent ' so can

be scanned by transmission densitometry without further treatment.

However, protein bands separated by star:ch gel electrophoresís,
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where the background ge1 is opaque, may be estímated using reflectance

densitometry (Murphy and Downey 1969), by scanning photographic

transparencies of the rínsed gels (Kim and BLrd 1972) or by rendering

the background gel Èransparerlt (l'tíchalak 1973a) -

Protein bands separated by electrophoresis are most commonly

staj-ned and scanned wiEh a densítometer, although unstained bancls can

be estimated using nephelometry (Lontie el; aL. 1963), ultraviolet

absorbance (I,Jatkín and Miller 1970) or fluorescence emission of

aromatic amino acids (Easton el; aL,l97I). The major source of error

in quantitative densitometry of stained protein bands is variation

in the amount of dye bound by the components of the protein mixture:

many studies of caseín composition have- failed to correct for these

differences "

The casein composition of milk estirnated using quantitaËive

zone electrophoresis is summarised ír-r Table IV.1. It is dífficult

to compare the results of these studíes because different sarnples and

methods of preparation were used and the degree of protein separation

and peak splitting were <lifferent. However, the wide variation in

composition found should be noted. only MacRae and Baker (1958)

and ¡lichalak (L973a) applied a correction for dye-binding differences:

many estimations of rc-casein by electrophoretic means are low compared

with other methods of estimation, due to failure to correct for

differences in dye bínding capaci-ties of the caseins.

(ii) Column chromatographY

(a) Gel filtration

yaguchi et aL" (1968) used Sephadex G-I50 gel filtration in

tris-citrate-urea buffer, to prepare K-caseín and found that based

on peak areas, uncorrected for differences in absorbance, acid casein

contained 13% rc-casein" Ttris gel fíltration method was used by
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TASLE IV. 1

Casein composiËion of bovine rnilk as determined by quanÈíÈative zone

electrophoresis

Medium Casein compositíon
casein)

7" of totaLlas
a Reference

bo o" oslds2ß Y r y*rc

Paper 60

55

32

39

42

B

6

MacRae and Baker(1958)

Ganguli and Bhalerao
(1963)

Pavel et aL. (1966)46 72

Starch 54

46

40

11

15

47

358
37 1

33 L4 38

Morr el; aL.(197I)
Maríani (1972)

Kim ancl Bird( Ig72)c

Michalak( 19 73a) 
d

5

I6

12

4

6

B

l
6

Polyacrylanúde 56

59

Pre-cr, 1f 4B

50

32

37

3B

35

tiakí et aL" (1971)

Dil-l et ctL.(Lg72)e

Haenlein et aL (1973)g

Ramachandran et a'1 ,
(1e73)h

Randolph et aL. (Tg7 qL
Rothenbuhler(1974)j

ü
r¡ù

I

51

4B-s2

44

37-47

3

9* 13

I

I

Footnotes;

"All fig,tres ror:nded to the nearest percent
brrr.rtut containing ge1s, where proportions of both. r- ancl ^¡-casein
have not been given, this fracÈiorr has been called Y- * r-casein

e^iCasein prepared by method B or C

à
"Sk-im milk samples used; relaËive casein concentrations recalculaÈed
as 7" of total casein

tFigrrr"" qugted are for total machine mí1k samples
+
'Fast movÍng proteín bands ahead of cl"r-casein
gFigrrt"" cluotecl are Holsteins with a leucocyte contenL <250 000 per nrl.

hA*rrortirr* sulphate casein
f-l{MT negatíve milk
jrtt* milk samples used, but whey proteí.ns ignored - so semi-quantÍtative

t
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Creamer and Berry (1975) to estimate <-caseirr in column effluents

and by Davíes and Law (1977b) to confirm K-casein concentrations

obtained by ion-exchange chromatography. In Table IV. 2 Ehe proportion

of r-casein founcl by gel filtration 1.s compared wíth the caseín

composition found by methods oÈher than electrophoresis.

(b) Aniorr-exchange chromatography

Ribadeau Dumas et aL" (1964), Mercier et aL' (i968), Rose et aL.

(1969) and El-Negoumy (1976) have published methods of estimating

casein composition by DEAE - cellulose colurnn chromatography in

urea. I¡lith these nrethods resolution was incomplete. DEAE-Sephadex A-

25 has also been used (Hladik and Kas 1973), but separati-on hras poor.

Davies and Law (1977a) modj-fied the method of Rose et aL. (i969)

by using an improved ion exchanger, Whatman DEAE-cellulose DE52 anrJ

changing the buffer and methocl of protein determinatíon. Excellent

resolution of q, - ^' - R- ^,- and r-caseins was obEai-ned but elect-ro-
sl " *"2 t r't I

phoresis patterns indicated that the r-casein fraction contained an

unknown impuríty and so rc-caseín l^7¿ls overesti.mateci by 1C-30%.

Davies and Law (I977b and 19BC) appliecl thls inethod to study casein

composition of factory, herd and individual cow samples-

(c) Cation-exchange chrornatography

Annan and Mason (1969) treaËed whole caseín wj-Ëh me-rcaptoethanol

and obtained good separation of fractions by chromatography on a

column of sulphoethyl Sephadex C-50 in the presence- of B It urea. No

quantitative results rn/ere preseuted.

Snoeren et aL. (1,917) obtained excellent separ:atiot of orr--caseins,

r-casein and other caseins using Amberlite CG 50 and step-wise elulion

with EDTA*NaC1.-urea buffers. Estimates of q"2- caseins an<1 <-casein

contents were 8.47" and 10,82 respectively.

t
I

!
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TABLE IV. 2

casein compositÍon of bovine mí1k as determined by methods other than

elec trophoresis

Method Caseín composition(as % Reference
of to tal casein)

o" 0s10s2ß Y K

Colunrr chromaÈo graPhY
-gel filtration 13 Yaguchi et a'1. (1968)

-anion exchange 38630 1l Ribadeau Dtrmas et aL.
( 1e 64)
Mercier et aL. (1968)
Rose ¿t aL.(1969)
Hladik and Kas(1973)
Bl-Negoumy (!916)
Davies and Law( L977 a,b)
Ekstrand and Larsson-
Razníkiewícz(197 B)

40
50

11 ( (
JI-JJ

49

52

305
^aJJ

2E-41 T9
343

3810363

r5
154

12_IB
13
13
15JJ

B 11 snoeren et aL. (L977)-catíon exchange

il
',i

-hydroxyapatite 52
49

35
34

I4
5 10b

McGann et aL. (1979)
Barry and DonnellY
( leB0)

Sialic acid
estimation

I6
IT_26

Sullivan et aL. (1959)
Marier et aL. (i963)

Sialic acid and
turbidimetric
estimation

49-60 19-36 10-23 Tessier et aL. (1963)

Amino acids rel-
eased by carb-
oxypeptidase

44-41 30-36
l

1l-12c Ribadeau Dumas (1968)
Ribadeau Dumas et aL.
(le7s)

23d Manning e1; aL. (1971)Sulphydryl grouP
analysis

Laurell t s imruuno-
electrophoresis

27-30e Thymann (L912)

I

Macropeptide release
by chymosin

19
1B

4-9f
11-13

Alaís(1963)
Kirchmeie r (L967 )
Creamer et aL. (1973)
Hossain and Gravert
(7e76)

l

alncludes 'y-caseín
bAl"o 

3% unidentífiecl components
t3-47" para-K-casein was also measured
dAl"o incl-udes cl"2-casein

eRecalcrrated as a "/" of caseín
fD"t.trni.red in micelle size frac-
Èions - small micelles contaíned
B-9%: r-casein and large micelles
4-6% rccasein
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(d) Hydroxyapatite chrotnatography

Using column chromatography on hydroxyapatíÈe with buffer

containing phosphate, urea and díthíothreitol, Donnelly (1977)

obtai.ned good separation of o"-, g- and r-caseins" This method was

used by McGann et aL. (1979), and Barry and Donnelfy (1980) to determine

casein composition. A major disadvantage of this method is its failure

to separate crsr- and o,"r- caseins: two distinctly different protein

groups.

In general, column chromatography methods tend to be slow and

not suiLable for analysing large numbers of samples. Possibly the

ion-exchange chromatography method of Davíes and Law (L9l7a), and for

cr"r- and r-caseín, the method of Snoeren et a.L. (1977), could be used

as reference methods for other less accurate but more rapid methods.

(iií) Sialic acid and turbidímetric determinations

Sullivan et aL. (1959) aid l"larier et aL. (1963) used sj.alic

acid (N-acetylneuraminic acid) as an index of rc-casein concentration

in bovine skirn milk. Ilowever, these esÈinates are unreliable due

to variation in the proportion of carbohydrate rich components.

Tessier et aL. (1963) estimated the amount of ß- 4 r-case:'-n in

whole casein by turbidi.metric measurements. By subtracting the

rc-casein content determined by sialic acid analysis (Marier et a.L.

1963) the ß-casein concentration was obtaíned. Ilowever, turbidity

measurements are subject to errors caused by presence of other caseins

and by unidentified changes in casein components (Rose et aL. 1969).

(iv) Analysis of amino acíds released by carboxypeptidase

Ribadeau Dumas (1968) measured the C-terminal amino acids

released by the action of carboxypeptidase A to determine the o=r-,

ß-, rc- and para-K-casein concentrations of whole caseín. In addition,

I
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Ribadeau Dumas et aL. (1975) also measured the concefitration of the

os2- caseins. This method could be subject to many errors' as it

depends on the <truantitative cleavage of the C-terminal amino acids,

and also any non-specific proteolysis or contaminatlng peptides could

give rise to false results. It is relatively Èime consuming and

requires specialized and expensive equipment '

(v) Sulphydryl grouP analYsis

Ifanning et aL. (1971) outlined a procedure fox estimating r-casein

concentration by sulphydryl group analysis, and found a mean rc-casein

content, of 22.57" for 25 bulk skim rnilk samples. However, the a"r-

caseins also contain sulphydryl groups and so this estimate agrees

fairly well wirh the 19.2% obtained by snoeren et aL. (1977) for

O¿ - * r-casein.
2

(vi) Immunological methods

The immuno electrophoretíc method of LaurelL (L966) was used by

Thyrnann (1972) to estimate K-casein conËent of skim rnílk. The

r-casein content was found to be much hígher than prevíous estimates

(26.6 - 29 .9"/" of. total casein assuming B0Z casein conËenË of milk

proËein). Possibly differences in the staËe of aggregation between

the r<-casein standard and the casein micelles caused different

diffusion rates in the agarose gel as no reducing agents were used"

Another disadvantage with this approach is the problem of preparing

specific antisera due to the dífficulty ín preparing immunologically

pure individual caseins and to their poor antigencity'

(vii) Macropeptide release by chymosin

Several \^Torkers have estimated rc-caseín concenÈration in rnilk

by measuríng macropepËides released by chymosin action (Alais 1963'

Kirchnreier 1967, Creamer et aL. 1973, Hossain L976 aní Beeby 1980)'
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Variation in details of the method have resulted in wide variation

in r-casein contents obtained (see Table IV.2.). The earlier methods

relied on Kjeldahl analysis to measure the increase in nitrogen

soluble in 2-3% T.C.A., but Beeby (1980) reacted the T.C.A. filtrate

with fluorescamine aE pH 6.0 and measured the fluorescence, so

elimínating the Kjeldahl analysis. Under the conditions employed

by Beeby (1980), all available rc-casein was cleaved and ot.her casein

components \^/ere not measurably affected by chymosin. The method gave

reproducible results and rras capable of detecting variations of the

order of. 57" in the level of r-casein. Unfortunately, only absolute

r-caseirr contents hTere presented by l3eeby (1980), so cornparison with

other methods could not be made.

3. Summary of Methods for Determining Casein Composition and

Selection of the Method for the Present Study

Earlier e-lectrophoretic methods (moving boundary' paper, agat)

are inferior ín resolutíon to starch and polyacrylamide gel electro-

phoresis. For quantitatíve worlt, polyacrylarnide has the advantage

of being transparent, although methods are available for use with

starch gels. Improved resolution of the caseíns, use of stanclards

and allowance for differences in dye bindíng capacitíes between

proteins have resulted in quantitative gel electrophoresis becoming

increasingly accurate and precise. Also it is suitable for routine

use with large numbers of samples. However r many \^/orke-rs do not

allow for differences in dye bínding capacities: there is a need

for further \dork on the relative dye binding capacities of caseins

and theír genetic variants.

Of the other methods of determining casein composition, several

can be discarcled because of inherent problems (sialic acid and

turbidimetríc analysis, immunological methocls, sulphydryl analysis) .



rÊ))

Ion exchange chromatography (e.g. the method of Davies and Law

1.917a) appears to give a r:ealisËic estímate of casein composiËíon but

is bime consuming.

Apart from gel electrophoresis and ion exchange chromatography,

Èh.e only other method which provides c.omplete casein composition

is f.he analysís of amino acids released by carboxypepticlase, anrl this

ís also time consuming and requíres expensive, specialised equipment.

Ge-l filtration aud chromatography usíng Amberlíte CG 50'

altl-rough time consunrirrg, could be used to estimate r-casein

concentration. Beebyrs (1980) method of estimating rc'-casein by

release of macropepticle by ch-¡mosirl ís rapid and sensit-ive.

Although Davies and Law (1980) found little varíation in the

relatirze amounts of indiviclual caseins in fact.ory mÍ-llc samples,

co¡siderable variation was found in composition of individual cov¡

m:i1-k sarnpl es (Davies and Law l9l7 a). However, a reasonable estim¿rte

of bovine casein composition,' lr.-.oud on the r:esulf-s of ){ichalalc

(1973a), Yaguchi et aL. (196S), Davies and Law (L977a,b, 1980)

Snoerren et aL. (1977) ant{ Ilossain and Gravert (1976) is approxÍmately

39f a --- caseins, 1.A'/" a ^- caseÍ-ns, 35% p-casein, 37" y-casein and 13%
SI S¿

K-casein.

!-or the purposes of the present study, a methocl for the

deLermination of the casein composítion of large numbers of milk

sarnples from indj-vidual co!üs tüas recluired, and quanti-tatíve gel

electrophoresis was selected. Be.cause- polyacrylamide gel is

transpareltt, it was selected ín preference to starch. The method

should be símtrl.e and-conven-ïent to use arLd horízontal gels wíth a

c-ontinuous buffer systen appeared most suítab1e. Also, resolution

of ihe casej-ns ¿rnc1 their genetic variants should be such that casein

is separatecl into its major components for quanËitaEion and genetic

variants (except ß-casein A variants) are identifiabl-e' Hor^rever, gel
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electrophoresis does have problems when used for quantitative

analysis, particularly i-n obtaining a linear relationshíp between

dye and protein concentration and because of dífferent dye binding

capacities of caseins and their genetíc varj.ants ' and these aspects

were investigated in some detail.

B. Itrhey Proteins

1. Introduction

As with the estimation of casein composítion numerous methods

have been used to estimate the concentrations of the whey proteins,

includíng chemical fractionatíon, various types of electrophoresis,

gel filtration, ion-exchange chromatography and immunoassays. Alaj's

and Blanc (1975) and l^Ihítney e'l; aL. (1976) have compiled tables

showing whey protein composition.

2" Methods of Dete Imrnr-ng üJhev Protein Composition

(i) Chemical SeparaÈions

Chemical fractionaËion followed by nitrogen determinaËion vras

used by Rowlancl (1938a,b) to determine total albumins, globulius

and proteose-peptoDe concentrations. Values obtained for the globulins

and proteose-peptones fractions were overestimated by this method

and Ashaffenburg and Drewry (1959) modified the method to gíve four

fractions, the values obtaíned being comparable to values obtained

by moving boundary electrophoresis.

The methocl of Aschaffenburg and Drewry (1959) has been widely

used for measuring non-casein proteins in milk, but is subject to

error (ArmsËrong e|; aL. 1967 and Farah 1979). Also, Pearce (1980)

has shown that Aschaffenburg and Drewry's (1959) 'total albumin

fractionr contaíns as much as 20% of previously unrecognised heat

stable proteins classified tentively as Pl:oteose-peptones, and so
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revealed a major inaccuracy in Aschaffenburg and Drewryrs methocl

of whey protein fractionation"

(ii) Electrophoresis

Moving boundary electrophoresis was used by l,arson and Rolleri

(1955), Rollerí et aL. (1956) and Larson and Kendall (1957) to

measure concentrations of whey proteins" Electrophoresis on paper

(Lecce and Legates 1959, Pavel et aL" 1966), cellulose acetat

(ltat<i et aL. Ig7l, L:uc,k et aL. 1976" Bell and Stone l9l9) in starch

(Michalak 1973a) and polyacrylamide gel (Ilartman and S'i^ranson 1955'

DíIL et aL. Lgl2., Haenlein et aL' 1973, Rarrdolph et ctL' l'974,

Darling and Butcher 1976, Hillier 1976, Anderson and Andrews I9l7)

have been used for quantitaEion of whey proEeíns. 0f these studies,

Miclrat.ak (l9l3a), Darling ancl Butcher (L976), Hillier (L976) and

Anderson and Anclrews (1971) have allowed for differe¡ces in dye

binding capacities of the tìlo, otoaeirrs.

The use of zone electrophol:esís for determirríng casein composiCion

was <l|scussecl in the previotts section: the same advanËages and

problems apply to the use of electrophoresis for: measuríng whey

pro teins .

(iií) Column chr:omatograPhY

Gel filtration and ion-exchange chromatography have been used

for. the separation of whey proteins and several quantitative methods

have been publíshed. Armstrorlg et G.L. (1970) separatecl the whey

proteins into five fractions by ge1 filtration on Sephaclex G-75 or

c-.100. The quantitative gel filtration rnethod of Davies (L974)

used Sephadex G-100, but separaÈed only the albumin fraction of the

whey proteins. Davies and Law (1980) used a símilar method to

fractionate total whe,y proteins ínto 4 fractions with only slightly

poorer resolution. A quantitative nrethod using DEAE - Sephadex was
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used by Hladik and Kas (1973) but separation \^/as ncrÈ complele.

(,i.v) Tmrnunological. methods

A number of workers have used iurmunological nethods for the

estimation of whey proteins. The Oudin inrmunodj.f tusion methoci was

used Eo m.easure corìcentratj-ons of Íilactog-lobulin (Larson and l\^rarog

196f) anci o-lactalburnin (Larson and Hageman 1963). The improved

radíal inrmunodif fusiorl method of Þlanc|n'L e.t aL. (19(r3) has been

used to measut:e the concentratiorr of ß-lactoglobulin (Iuicì,ean eb aL'

Ig74, Hodate and Johke L976, Komatsu et aL. L971), cr-lactalbuuin

(Ilocì.ate and Johke 19-16, Komatsu et aL. L971, Bartsch et a.L. 1979)

and many other minor Proteins.

Babajimcpoulos and Mikol.ajcik (1977) cortpared Oudin's immuno-

dif f usion,I{ar-rclni' s radial immunoclif f usion and Laurel-l' s (I966)

j.nununoelectrophoresis me-thod to measure the concenbratíons of

S-l.actoglobulin and seruni ¿rlbumin in mi1lc" Laurellts j-mmunoelectro-

phoresis met.hocl was the rnost rapid and sensltive method and reclui-recl

the least arnourrt of reagents. Gui-dry and Pearson (1979) described

several in.rprovements to the radial inrmunodiffusion technique that

have recluced the coefficiencs of variation to be.Low 5% for the- rnilk

and serum proteíns tested.

Crossed immunoelectrophoresís (Clarke and Freeman 1968) e-nables

many proteins Èo be esEj-mated simulf-aneously and does not require

a specific ant-isera. IE has been used for ttre analysis of rvhey

proteíns (Lowenstein et aL. L975) but no quantitative data was

presented.

3. Summary of Method s Used to Determine Concerltraríons of l^Ihey ProËe"i-ns

Quantitative gel filtration and ion-exchange chromatograplLy

methods are relatívely time consuming and have generally not given

good separatj-on of whe¡' ¡rroteíns. Recently published methods of
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quantitative polyacry-lamide gel electrophoresis (e. g. Hillier L976'

Darling and Butcher 1976) have improved precisíon and overcome

problems of different dye binding capacities. Immuno assays provicle

a rapid and convenient method for estimating individual proteíns

in large numbers of samples, the main disadvantage being the

necessity of a speclfic antísera. A method for measuring the

concentration of the two major whey proteins, ß-lactoglobulin and

cl-lactalbumin, in large numbers of samplest T^7as required' and as

suitable antisera were available, radial ímmunodiffusion was

selected.

C. The Present Investigation:

I)etermination of Individual Proteins of Mílk

1. Expe rimental and Results

(i) Casein composition

(a) Materials and aPParatus

Reagents usecl in this sÈudy r¡Iere generally analytical grade.

Sources of less cofllmon reagents are listed:

Chymosín - Sigma rennin (U.C. No. 3.4.4.3) crystallized arrd lyophílized

powder from calf stomach'

[JreA - The cyanate level of the urea \^7as tested by measuring the

absorbance of a 4 M solufion over a r3nge of wavelengËhs and the

sample with the lowest absorbance between 220 and 250 nm was used.

AcrgLatnide - Cyar1ogum-4l, which consists of a míxture of 957" wlw

acrylamide monomer anð. 5% w/w N:N'methylene-bís-acrylamj-de from

B.D.H. Chemicals Ltd., Poole, England. Canalco ulËra pure acrylamíde

and bis-acrylamíde from Miles Laboratories Inc., Elkhart' U'S.A'

\^7ere also used.
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papeT uicks - for application of samples into the gel slab were crrL

from i,rlhatman 3 IM chromatography Paper, üIhatman Biochemical-s Ltd',

Maidstone, England.

stains - The purity of the ami,do black (Merclc Amido schwarz l0B)

and coornassj-e blue G250 (Gurr xylene Brirl cyanin G, searle Diagnostic),

was tested by measuring absorptiviLy, a' as carried out by Wilson

- r - j
(1979). The aot. of aurido black (O"Ot gL ' dissolved ín 10 gL

acetic acid), \^ras 19.3 artd according to I^/ilson (1973) pure amido

blackhasanabsor:ptivityvalueofg0.0,sothe}terckamidoblack

sanple was 80% pure. The wavelength of maximum absorbance of the

-1 -1
0.01 gL solution of amído black in 10 gL'acetíc acid r,ras 620 nm,

as reported bY lùilson (L979) '

Th. ,605 of Coomassie blue G25O (O'OZ gt'-l dissolve-d in

methanol)was55.Owhichisslightlyhigherthanthemostpureof

3 samples tested by l^lilson (1979) ' The wavelength of maximum

absorbance of this coomassie bl-ue G250 solution was 609 nm, and the

wavelength of maximum absorbance of an cl"r-caseín trand stained

with coomassie blue G250 by the methocl of Diezal et aL' (1927) was 606 r'rm'

MíLk sanpLes - llerd milk samples and individual cow mí1k samples

of knovm genetic type were collected fromthe Northfield Research

centre's grade Friesian herd and used for studíes on the gel electro-

phoresis mef-hod for deterrnining caseín composition' I'tilk homozygotls

for casein genetic variants was obtained from the Northfíeld herd

and a cornntercial Jersey herd and used for protein preparation'

ELectrophoyesis apparatus - Three electrophoresis uníts were used,

(l) a Multiphor uníL from LKB Produckter AB' lJronma' Sweden'

(2)aunitconstructed'fromPerspexutilizingLKsglasspl-atesand

(3)aunithavingabrass-coolingplatecoatedwithlulelanex(PaEon

InclustriesPty.Ltd.,Stepney,southAustralia)asdescr'ibedby

Bailey (1968a) and also utilizíng LKB glass plates'
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Circulating \,/ater was maintained at constant temperature using a

Lauda ref rígerated thermostat (l'lessgerate-In/erk Lauda, l{est Germany).

Initially a Vokam power supply (Shandon Scientific Co. Ltd., London,

England) was used, but when electrophoresis of three gels was

conducted si.mul taneously an Ames Model 300 C pohrer supply (funes

Company, Division Miles Laboratories Inc", Elkhart, U.S.A.), which

has three po\^rer outlets, \^ras used.

Densitometers - Tr^ro transrnission densitometers were used: a Pye

Unicam SP 1800 u1 traviolet spectrophotometer l-itÈed r,rj.th a Pye

Unicam SP 1809 scanning densitometer accessory (Pye Unicam Ltd.,

Cambridge, England) and connected to a Linear Instrunents Model 252

A electronic integrating chart recorder (Linear Instruments Corp",

Irvine, U.S.A.) and a Helena Quick Scan Junior TLC densitometer

(Helena Laboratories Corp. , Beaumont, U. S.A. ) .

(b) Sample preparation

Casein was precipitated from skím milk by method C as described

in Chapter III. The volume and concentrations of the imidazole-liC1

buffer used to redissolve the casein were chosen to give a casein

solution of approximately the same volume as the original slcim milk

(i.e. 10 mL) and to overwhelm the acetic acid-sodiurm acetate buffer

sufficiently to give a pH value of 6.6 I 0.03. Under these conditions

the casein dissolved readily and gave a final pH value sufficiently

low so subsequent cleavage of K-casein by chyrnosin was complete.

Inlhen separated by alkaline gel electrophoresis the r<- and y-casein

bands urigrate between ß-casein and the application si-ot. To obtain

an estimate of each component, two accurately mqasured samples of each

casein preparation t{ere examined by elec.tropl'roresís, one being

treated with chymosín prior to reduction and used to estimate 1- and

para-K-casein and the other diluted with a volume of water equal to
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the chymosin volume and used to estimate other components.

Optirnum chymosin concentration was determined. Dilutions of a

_l
2 gL-' stock solutíon of chymosin were prepared and 10 pL of these

dilutions was added to 50 pL of 25 gL I acid casein solutíon to give

the concentratíons shown in Figure IV.1. After: 5 minutes at 37oC

a solution of urea and mercaptoethanol v¡as added" The effects of

chymosin on the various components is shown in Figure IV.1. A

chymosin concentration of 0.0083 gL-1 caused complete cleavage of

K-casei1l, no proteolysis of cl"r-casein and a 3.6% loss of ß-casein,

and was therefore used in subsequent experiments. The o"r-caseins

fraction included the clegraded ß-casein peak in this particular

subdivision, so this fraction increased wíth increasing chymosin

concentration above 0.0083 gL-1.

Urea and 2-mercaptoethanol \üere used to disaggregate Ëhe casein

micelles before elec.tr:ophoresis. Urea anct dithíothreitol ancl urea,

clithiothrei Eo1 and iodoaceEamide- (alkylation) also gave good r:esolution

of caseins urrder the rigl'rt conclitions -

Sample buffer concentration did not appear to affect resolution

of the caser'-r-rs, although in one ge1, samples in more dilute buffer

procluced -sharper bands (see Hjerten eb aL. 1965). In the nethod

adopted the sanple buffer concentratío¡r was one-tenth that in the

gel. DeÈaíls of the gel electrophoresís method finally adopted are

given in Section (o).

(c) Gel ancl buf fer system

A large number of variables affect the resolution of the caseins

using acrylamide gel electrophoresis. Some of these variables, such

as type and concentration of acrylamide and buffer, concentrations of

urea and 2-mercaptoethanol and electrophoresis temperature ü/ere

Ínvestl_gaLted j-n the present study. It was clifficult to test
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systematically all variables as often after a varíable had been

shown to give optimum resolution, it was necessary to retesË it

after another variable was changed.

Several dif ferenL types of buffer systems r^/ere exaniined (e.g. those

of Thompson et ãL. i964, Melachouris 1969) but a continuous trís-

glycine system was selected for more intensive study. Several

c.ombinations of tris and glycine concentration (0"2O M tris and

0.385 M glycine, 0.05 M tris and 0.385 I{ glycine and 0.10 M tris

and 0. t9 M glycine) were used for a period with good results but

the 0.10 M tris- 0.19 I'f glycine system of l'{cKenzie (1973, personal

communication) was finally adopted.

Both Cyanogum-41 and Canalco ultra pure acrylamide and bis-

acrylamide \^,rere used with equally good results. Lower acrylamide

concentrations (50 gf,-l) appeared to give better resoluti-on with the

0.2 \L tris, 0.385 M glycine buf fer, wl-rereas an acrylamide concentration
_t

of. 70 or 80 gL ' gave better resolution with the 0.1 l.{ tris, 0.19 }f

glycíne buf fer system. i^lith the .50 gl,-l acrylamide gels, the

r-casein bands overlapped one of the rnajor y-casein bands making

genetic typing diffícult, whereas wilh acrylamide concentrations

-1al¡ove 70 gL -, the rc-casein A and B bands migrated between the two

major y-caseín bands.

Gel urea concentratíons between 3,5 and B M were tried and iË

was found that gels should contain at least 7 M urea for optimum

resolution.

(d) Electrophoresis conditions

The three electrophoresis units appeared to give identical

patterns. Initially, electrophoresis was carríecl out wiËh the

temperature maintained at 10oC. However, ít. was ofËen found that

poor band resolution \^ras due to the proteins moving faster aË the
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top gel suïface than the surface next to the cooling plate. Increasíng

the temperature to 25oC improved resoluËion but the edges of the ge1

dried out, and although this could be overcorne by covering the

ge1 surface with a thin film of plastíc, a tempeï'ature of 2OoC

was adopted.

For ease of peak-subdivision (see later) it was desírable t-hat a

given protein band migrate the same distance in each gel . Horrrever,

with the same initial potential gradient (10 V .,r,-l), the rate of

increase of the gradienË varied during electrophor:esis, according to

Èhe number of times the electrode buffer had been used, resulting in

slightly different migration distances being obtained wíth different

gels. A dye marker, bromophenol blue, I,t/as tried, but as its migration

rate r^ras much faster than o"r- caseín, it was not used.

(e) Saurple application

Application of samples into the slab of polyacrylamide gel for

horizontal electrophoresis ís a critical step in obtaining sharp'

straight proteÍu bands. Cutting a slot with the sharpened end of a

spatula and adding the sample (usually 1 .5 uL) in a srnall wíck cut

from chromatography paper ga've Ëhe best resolution. For quantitative

analysÍs, a wick length of 4 mm enabled the whole v¡idth of the

stained proteín bands to be scanned (Fazekas e1; aL- 1963) when using

a 5 mm slit in the densitometer and allowing for slight divergence

of the bauds during electrophoresis.

(f) Staining alLd rinsing

In some experímenÈs, protein bands were stained with amido black,

but for the majority, Coomassie blue G25O staíning according to the

method of Diezal et aL. (1972> was used. The progein was fixed by

irnmersing the gel in 125 gl,-l Erichloroacetic acid (TCA) for 5



minutes, then a volume of 2.5 gL -1

blue G250 equal to one-t\dentieth of

minutes after the addition of dye,
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aqueous solution of Coomassie

the TCA volume was added. Fifteen

the gel was placed in 50 gl--l

acetic acid"

The bindíng between proteín and Coomassie blue G250 was examíned

using gels containíng replicates of a casei-n sample which were

stained overnight by the method of DiezaI et aL. (1972) then rinsed
_l

in 50 gL'acetic acid for 0,2,5, 7 or 8 days. Equal areas of

gel were ímmersecl in equal volumes of 50 gl-l 
"qr-,"ous 

ammonia for a

day and the absorbance at 610 nm of dye removed by ammonia solutíon

was determined.

The results (see Fí9. IV.2 ) show that rinsing in 50 gL-1

acetíc acid progressively removed dye, presumably unbound dye from

the gel background, and an equilibrium vlas reached by approximaEelY

5 days. Inlhen the ge1 was placed in the arnmonia solution f or one

d"y, further dye was removed but a proportion of dye remained bound

to the protein.

Rinsing of the stained gels ín 50 gl,-1 acetic acid was the usual

method of desÈainíng. Use of alcohol in the destaining solution

increases the efficíency of the destaining process, but may result

in loss of dye (Bertolini et aL. 1976). Electrophoretic destaining

\^ras not used as Fishbein (L972) found it to be variable and uneven"

Some gels, mainly gels stained r¿ith amido black, were destained by

círculating the rinsing solutíon through a short column of actívated

charcoal granules to remove the dye, I^lith Coomassíe blue G250 this

was found to substantially reduce band intensity and r¿as not further

used.

Linearíty of peak area versus protein content was examined using
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polyacrylamide gels stalned wíth Cro,massie blue G250 after rinsing
the gel for various times in 50 gL ' acetíc-acid.
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dílutions of whole caseín or individual caseins. Inltially, gels

were stai.ned for 15 mÍnutes using Coomassie blue G250 as described

by Díezal et aL. (1972). It was found that rvhen gels had been left
_1

ín lhe 50 gL ' acetic aci-d rÍnsing solution for long periocls of time

(e"g. 38 days) pealc area versus protein weight was linear, whereas

a non-linear relationship resulted when gels were only rinsed for

1-3 clays. Therefore the effect of rinsirtg tirne was examined in nore

detail.

The relaLionship of peak area v¡ith protein weight for: gels

rínsecl 2 hours, 1, 2,5 and 9 days after stainíng for 15 minutes is

shov¿n ín Figure IV.3. Although curves we-re obtained for a1l rinsing

Èinres, peak area increased for 2 days then there appeared to be a

sligtrt redistribution of stain, with bands containj-ng more- than

approximately 5 ¡.rg $-casein staining more intensely and peak aleas

of bands with less than 5 pg decreasing sli-ghtly.

To examine the effect of migratí.on distance on the relationship

between area and protein weíght, using the 15 rninute staining metl'rod

of Diezal e'b a.L. (L972), dilutions of üsl- caseín were submitted to

elec.trophoresis for I, 2, 3 and 4 hours giving rnígration distances

of 1.5, 3"0, 4.?- and 5.5 cm. The- stained gel was rinsed for 7 clays in
_1

50 gL-' acetic acid before scanning ancl the peak area versus prolein

weight for each mígratiort dist¿lnce are shown in Figure IV.4.

The effe-ct of staining time was studi.ed in arl attempt to extend

the range of linearity of area versus protein weight" Dilutions of

whole casein were sub.jected to electrophoresis, stained with

Coomassj.e blue G250 for 15 trrl nutes, t hour and overnight by the metlrod

of Diezal et aL. (1972) an<1 scanned after It¿ and 6 days" I¡lith the

rnajor caseins, osl- and ß-casein, 15 minrrt.e and one hour staíníng

tirnes wiLh 1.5 and 6 days rlnsing resulted in a non-linear relation-

shíp between densitomet-er area and protein we-ight. 0verníght
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staining resulted in a linear relationship after rinsing for I%

days or 6 days (see Figure IV-5 ).

some later gels showed that 3 days rinsing was insufficiently

long to attain a linear area versus protein weíght relationship

whereas after 6 days rinsíng a straight line resulted'

Based on these results, it was decided to use overnight

staíning and 7 clays rinsing for all quantitative gels íncluding those

in the experiment described in chapter v. However' after the

quant.itative electrophoresis of samples collected inChapter V was

finished, electrophoresis of purified casein genetic variants to

determine dye binding capacities showed that a linear response r^7as

not always obtained using overnight staining and rinsing for 7 days

(see Section i).

The area versus protein weíght relationship obtained with the

staining metl'rod modif iecl from DiezaL e-b aL. (1972) \^Ias compared to

that obtained using the Coomassie blue G250 staining method of

Anderson and Andrews (1977) and with 5 gl--1 amido black. The two

Coomassie blue. G250 staining methods gave similar results, with curves

for the two major caseinsr osl- and ß-casein and straight lines with

the minor fractions, os2- and para-K-casein. A linear peak area to

protein weight relationship was found with amido black staining with

Èhese gels although a linear relationship has not been consistenËly

found wíth amido black ín thls r,rork.

(g) DensitometrY

i¡Iith the Pye UnÍcam densitometer, the scanning procedure, ín

whích gel strips hTere placed in a silica cuveEte containing rinsing

solution, \i/as extremely tedious. Resolution was checked using a

test slide supplied by Pye Unicam and linearity of response examíned

with either dilutions of K?-ct20l solution or a l(odak optical density

il
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step tablet" A str:aight line was obtainecl to 1.2 absorbance units

with both methods of checking lineat:ity and sample concetltratj.on

was adjusted so that 1.2 absorbance ttnj-ts \^Ias not exceeded.

I'or the majority of the densitometry reported in this strrdy,

incluclí-ng the gel electrophoresj-s describecl in Chapter V, the

Quiclc Scan densÍtometer was used" Scanning gel slabs with ttris

instrurnent was much simpler and quicker than with the Pye Unic¿rm

scanníng accessory. Gels \.rere scanned at 610 nm using a 0.5 x 5 rnm

slít and the high chart speed. Ttre base line and integratol: settings

are extremely critical, particularly for minor componentsr and

Ídeally they should be constant r,rhile scanning the whole gell .

Ilowever adjustments r,rere sotnetitnes nece-ssary dur:ing the time

required to scan a gel due- to instrument variatíon"

I'lhen testing linearity of response of the H,elena Quíclc Scan

densitometer using the opti-cal density step tablet, at the gain

setting usually used for scanni"ng casein samples (6), beig,ht and

area (integrator cleflections for a fíxed chart dÍstance) were both

linearly rel-ated to nominal optical density up to t.[re maximum

obtainable (0.8), whereas with a gain setting of I the ínstruntent

¡vas lí.near to 0"D. = L.7.

In scanning ge1s, the densitomete,r r{as adjusted to zero rvitir

the gel positioned t,o nte¿Lsure absorbance in front of all casein

bands. I^Títh most gels the instrLlment also recorded zero on the

posití-ve side of the sample slot., and with cl'ryntosin treated samples,

on both sirles of bhe para-<-caseí.n peak. However, with a few gels

there. \^¡as a s1íght increase in background staíning towards the-

ne-gative encl of l-he gel and it was necessary to aPPly a baseline

correction. To determine integrator deflections per unit area,

the main pen \^/as adjusted over a range of heighLs using both the

!
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I
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densitometer zero and an opEical density step Èablet. Integrator

deflecÈions per unit area v/as constant only \,rhen pen height was

at least 2 cm (0.028 deflections per sq. rnm). tr^Iith the rnajority

of gels where baseline correctíoris r^ras necessar:y, the incr:ease in

baseline above zero \¡/as less than 2 mm (with J-arger deviations the

whole gel was repeated) and so the integraLor defl-ectíons per square

millimeËre at 2 mm (0.035) was used for baseline correction.

(h) Casein resolution

An acrylamide gel containing resolved casein components after

electrophoresis is in Figure IV"6, and in Figure IV.7, several

electrophoresis patterns and their correspondÍng densitometer traces

are shor,¡n.

I,rIiËh casein samples untreated with chymosín the densitomeÊer

peaks \^rere separated into fíve grollps -

pre-o-fraction. These protein bands rni-grate faster than ct"O-

casein and appear to be formed by degradation of o,"r-caseins. All

casein sample,s showed at least some of these l¡ands, and the number

and íntensily increased ¡.¡ith mastitis, ãBe of cow, storage and

chymosin action. T\vo peaks resulÈing from proteolysis of heterozygous

cr"r-casein could be distinguished in the pre-c-fract-íon with some

samples (see Figure IV.7) "

qsl-caseins. In the homozygote, 2 bands ar:e produced due to

the najor crs,.-casein componenË and a weaker slightly fast.er mígrating

o"O-c"asein component. The appearance of cx,"O-casein in densitometer

scans varíed, being eiÈher barely visil¡le, a shoulder or sometimes

with a trough between separate peaks (see Figure IV"7). Samples

contaíninB a"r-casein BC produced 3 bands, the csl-- B band presumably

overlapping the o"0- C band,

cll.r-caseins. Four bands (and densitometer peaks) could be
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FIGURE IV.6

An acrylamide ge1 used for genetic typing of c"r-, B- and r-casei-n
and quantltative determÍnation of indÍvídual caseins. The ge1

contain.s 12 índividual cow caseln samples (from Jersey herd 3 in
chapter v) and the casein standard; each sample was run with and

without prior chymosin treatment. casein genotypes are as fo1lor¡s:

Genotype:

SampleNo. | 2 3 4 5 6 I B 9 10 tl 12 13

I a"r-casein C

p-casein A

rc-casein B B

B

B

BC

AB

B

BC

AB

AB

BC

AB

B

BC

AB

AB

AB

A3

BC

AB

B

B

B

B

B BBCBC
BABA
BBAB

Casein
std"
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FIGURE TV.7

Electrophoresis paEterns of indivídual cow casein samples and the corres-

ponding densitometer traces

a

b

c

cow 602

cow 680

cow 743

(cl"r-casein B, g-casein AC,

(a"r-casein BC, fi-caseín A,

(a"r-caseín B, g-caseín AB,

ç-caseín AB)

rc-caseín AB)

r<-casein AB)

Protein peaks are numbered as follor+s:

The lor^rer electrophoresis pattern and the solid densitometer trace shows

the caseín sample r^rithout chymosin treaËment and Èhe upper electrophoresis

pattern and the dotted densitometer trace shows the effect of chymosin

CT -casein B 9 ß-casein A

ß-casein B

S-casein C

y-casein

K-casein A

r-casein B

glycosylated - r-ca sein

para-K-caseín

S 0
1

2

3

4

5

6

7

crs l-cåsein B

o,",-casein C

o",-casein

3-case-l-n

-case-].n

10

1l

L2

13O¿

0s4 t4

15

8 degraded g-casein I6

The position of the application sl-ot is Índícared by an arro\^I

Note the increasíng conÈent of pre-o and "¡-casein wiÈh age of cow:

cow 602 was 5r¿ years old, cow 680 was 3% years old and cow 743 was 2

years old

o¿ --caseinst)
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distinguished, correspon¿ing to os2, 3, O and U-caseín 
(o.r-casein

is split by 2-mercaptoethanol to form cr"r- and o,"O-casein, so is

not present in these gels). With samples containing osl-casein C,

the orr-casein peak appeared as a shoulder on the c*"r-casein pealc,

rnaking fraction subdivision diffícult (see later). Although the

o ^-caseins r/r'ere not normally quantitat.ecl separate'l'y, an approxj-mate
s¿

estimate of their proportion of Lhe total area of cx,"r*caseins,

calculated as the mean of 15 indivídual cow sanples' \^ras L67" arr*,

317" u ^-, 387" u,- and 9% u .- casein, or 2.O7", 4"6%, 4"87" ar^d 1.17"
SJ 54 SO

as a propor:tion of total casein, assuming I2.57" cror-casein in total

casein.

ß-casein. The 3 ß-casein varíants cletected using the allcalíne

buf f er system (4, B and C) are sho¡n¡n in Fíguxe IY .7 . l{íth ß-casein

AC, virtually complete separation was achíeved. These 3 casein

samples were prepared on the day following milk collection and had

been stored at -15oc for 16 days. Degraded ß-casein (peak 8) can

be detected ín all 3 samples, but as this fraclion \,¡as grouped witlt

ß-casein little ert:or should result.

y- l- r-casein. The Y- and rc-casein bands mígrate in the .t."_,

betwe-en ß-casein and the application slot. I^Iith sanples heterozygous

for r-casein, the two major unglycosylated proEe:l.n bands migrated

between two major Y-casein bands I^ríth little overlap, so r-caseÍn

could be readily typed for genetic varíants. Differences in the

number ancl intensity of y-casein barrds between individual cow

samples T^/as obvious.

Chymosin splits r-casein and as Para-K-casein ís the only

fracÈion mif,rat.ing towards the negative electrode, it can be reaclí-ly

scanned. With the splitting of t<-casein the only protein bancls

niigrating between ß-casein and the application slot are numeroLrs
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y-casein components, so ân índe-pendent estirnate of these carr be

made.

(i) Subdivision of casein fractions

If the areas of Lhe casein were determj.ned by clrawing a verËi-cal

line from the rninimum point between fractjons to the integrator

tracen then the two peaks resolved in heterozygotes would requi-re a

longer scan length than would homozygot-es. Thê possibility exists

that minor proteins of similar mobility might be included ín the

area scanned for: the heterozygote caseíns and not for that of the

homozygote. In that case the heterozygote would be overestimated.

As an extreme example, ß-casein AC has two widely separated peaks

with ß-caseín C overlapping Y- or K-casein bands (see Fjgure IV.7a).

If electrophoresís couJ.d be conducted so ttrat the migration

distances of each protein \¡Ias constanl in each gel run, then the

components could be subdÍvided by using a consEant densilomete.r

chart length regarclless of whether the protein w¿ls homozygoLls or

heterozygous. However, in practice the same initial V cm*l

gradient and electrophoresis tíme resulted in varying mígration

dis tances .

The method of frac.tion subdivision adopted \,iras as f ollows:

r^/ith a1l samples in each gel a consta.nt peak width, the mean peak

widËh of heterozygotes wíËhin that gel, \^ras used for both our_- and

ß-casein. l-or gels containing few or no hetetozygotes, the peak

width was calculated by multiptying the standard casein (see Section j)

peak width of that gel by a factor: of 1.1. This factor: r^/as calculatecl

for boËh o,"r- and ß-caseín by dividing the mean heterozygote peak

width for all gels in the experiment descríbed in Chapter V by the

peak wi<lth of the standard easein averaged over all gels (this factor

was relatlvely constant wiLll varying inigration distance). In the
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experiment descrj-bed in Chapter V, no ß-casein C variants T/iere

detected, simplifying peak splitting for ß-casein. The length of

the scan for y-casein in the chyrnosin treated sample was the same as

that between the ß-casein/y--1-r-casein subdivision and the application

slot of the untreated samPle'

(j ) Inlhole casein standard

A sample of caseín was submitted to electrophoresis wíth the

unknovm sarnples in each ge1 to correct for betwee-n gel variability

and to determine conceritratiorrs of individual caseins (see Ð:rrling

and BuLcher 1976).

The method of preparation of this casej-n ge-L standard was

similar to that used for all case-in samples prepared for electro-

phoresis. A bulk milk sample from the Norf-hfield ìlesearch Centre

herd, which contained mixed genetíc varianLs, r^ras slci-mmed and casein

precipitated by the addition of acetic acirl-sodium acetate mj-xture

as described in Chapter IIT., The centrifuged case-ín was dissolved

in ímidozole-HCl buffer ancl stored at -11oC.

A sample of the casein standard rvas submitted to eiectrophoresis

on each of the 55 geJ-s used to determ.Lne casein compositíon in t-he

study described in ChapEer V. The mean concentratj-on of caseín

conrponenl-s, expressed as a percent of total casein and uncorrected

for differences in dye-bindirrg, urere pre-cx-casein 6.5 t 1.987",

cr, .-caseins 34 "B ! 2.297", u ^-caseins 11.5 t 1.637", ß-casej-n 29.6 t
sI ' sl

2.2L7", y-casein 8.3 "t 2.37 ancl para-r-caseín 9"4 '- I-75%" It rvas

intended to correct these gels for between gel dÍfferences using the

standard caseín meaD. composition but thís correction caused increased

varíability of ntinor conponents¡ (see Section m), so ¡ras nol usecl .

It was also intended to determine the composition of the standard

casein sample by submitting the standard and purified casein
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fractions of knovrn concentfation to electrophoresis simultaneously"

However by the time suitable purified casein fractions \^/ere prepared

(see Section j) tne standard casein solution had degraded

appreciably. Therefore the. casein composition of unknown samples

rvas determined by correcting the pealc area for dífferences in

dye bindíng capacity (area/weight of protein - see sectíon 1) ancl

calculatíng protein weíght as a percent of total probein wei.ghf.

(k) Purificatíon of casein components

o"O-Casein B and C, o"r-casein B and C, o"3r4-casein, ß-casein
1)

A', A' and B and r-caseÍn were purif íeci to er-rable the determination

of relative dye binding capacities.

casein was precipitated by acid from skim rnilks selected for

particular genetic variants and for absence of mastítis, washed

twice in distilled water, redissolved in ímidazol.e - HC1 buffer and

stored at -16oC. The casein fractions \^/ere separatecl by :Lon-

exchange chromatography on Llhatmans DEAE-cellulose (Davies and Larv

Iglla). DEAE-Sephacel was also used but resolution \¡/as slightly

inferior.

Protein fractions from coltmn separations r¡Iere grouped according

to absorbance at 278 nm and concentrated by díalysis against 100 gL-1

polyethylene glycol or by ultra-fíltration, and filterecl through an

0.45 pm Millipore membranre. r-Casein fract.ions r,rere also dialysed

against distitled r^raÈer to lower the pH for optimum ch¡rmosin reaction.

Problems \rrere experíenced in obtaining pure y- and rc-casein fractions

using ion exchange chromatography: their concentration was low and

during corlcentlation a cloudy precipítate formed. No estimate of

the dye binding capacity of y-casein could be obtaíned, and rc-casein

prepared by Dr. E.R.B. Graham using calcium precipiÈation at 37oC

to remove other caseins, colrrmrt chromatography on Sepharose 48 anrl
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and column electrophoresis, \^las used to estimate Ëhe clye bínding

capacity of para-r-casein.

Al1 fractions selected for dye bíndj-ng studies v/ere electro-

phoretically pure excepË for rc-casein where the estimated concentration

\¡/aS corrected for absorbance of ímpurities. The o"r-case-íns fractíon

consisted mainly of o."r- and tx=O-caseln, the two major c.omponents.

The concentration of purified casein componenÈs \alas estímated

by subtracting the absorbance at 350 nm, as a correction for

scâttered light, from Ehat at, 278 nm and using the absorptivities

shov¡n in Table IV.3.

Thompson and Kiddy (1964) founcl a small difference ín

absorptivity between genetic variants of our-casein and their

values were used in the present study (see Tabl'e TV.3).

Estirnates of 1.04 ancl I.o7 for the absorptivity of c-,..,-caseín'su
by Annan and Manson (1969) and Manson et aL. (1976) respectively

were similar to Annan an<l I'Ianson's (i969) esti-mation of 1.07 for

s --caseirr so the same value I,,IaS rrsed for both cl ^- and s '-casein.*sI"*""^^.""s0SI

The absorptíviËy of o"r-casein determirred by Annan ancl Manson

(1969) was 1.01. As this value was lower than thej.r estimate for

o. ,-casein, it was decided to reduce the value used j,n the present
SI

sLudy to 1.00.

For B-casein, ttre absorptivity values determíned for the

genetic varíants by Thompson and Pepper (1964) were used" r-Casein

concentration was estímaEecl usíng an absorptivity value of 1.05

(Garnier 1963) ín preference to L.22 neasured by ZiEtIe and Custer

(1963) as this value gave a more realistic gel electrophoresis

estimate of r-casein.
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TABLE IV. 3

)k

Estimates of absorptivity, G , of casein components measured at 2lB

nm and the values used 1n the present study

Casein component o27B Re ference

pre-a-fraction

CX -caser-n
s0

Cr ^ -C ase l-n
sU

cx."O-casei-n B & C

0, -casein Bsl

0 -casein Csl

ct -casel-nssl
o.r-caseins
ct ¿ -casel-ns

ß-casein A

ß-casein B

K-CASer-n

rc-casein

I .00 No reportecl values, so same value
as used f or cro.r-caseín

Annan and Manson (1969)

Manson et aL" (1976)

Used irr the present study

lÌhompeon and Kiddy (1964) and used
in the present study

Tlrompson and Kídcly (1964) an<l used
j-n the presenr study

Annan and Manson (1969)

Annan and Mausort (1969)
Usecl in the present study

Thonrpson end Pepper (1964),
Garníer et aL. Q964) anrl used in
f.he present stur3y for ß-casein
Al and A2

Thompson and Pepo,er (1964) and used
in the present stucly

ZittLe and Custer (1963)

Garnier (1963) and use-d in the
present stuCy

1.04

1.07

r,. 00

1.005

1.003

1.007

0 .46

0 .47

i.0l
1" 00

'1.22

1. 05

A
(L =, bc ¡¡here A = absorbance, b = sample path length í,n centi-

metres and. c = concerrtration ín gt -l
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(f) Dye binding capacitíes of the caseins

The relative dye bindíng capacitíes of u"r.casein B and C,

o ^*caseins, ß--casein Ai, A2 and B and para-r-casein r,7hen staíned
s¿

rvith Coomassie blue G250 were determined after electrophoresis in

6 ge1s, although the results obtained r^7ere supPorÈed by additional

work. Each protein was dih¡ted to give a range of 5 concentratíons

and each gel contained dílutions o:E 5 different proteíns or variants.

One of the six gels (gel 6 in Table IV"3) ís in Figure IV-8 and

the re-lationship betweerr densitometer area ancl weight of protein is

in Figure IV.9. A curved relaÈíonsirip resulÈed with cr"r- and ß-casein.

The dye b:inding capacity (area/ug protein) of proteíns with a

curved relatíonship was measured at approximaEely their pr:otein

concentration in milk. As the absolute dye binding capací-ty varied

between gels and ruith densitometer settings and because all caseins

and variants could not be conpared wiLhin the sarne gel, dy.

binding capacíties relatÍve to that of a"r-casein B were c.alculated

(see Table IV.4).

Gclod agreement for ltre dye binding capacitie-s of ß-casein

variants measured in 2 additional gels was obtaíned: the- mean

relative to ß-casein A2 = 0.66 üras ß-casein Al = 0"70 and ß-casein

B = 0.12. However, the rnean relaEive dye binding capacíty of u"r-casein

C, measured in 3 gels, \¡/as only 0.8/+ compared to oql-casein B = 1.00"

cr, ^-Casein B had a higher clye bindíng capacity than o ^-casein C.*s0 "*"** - --J_ , sU

The dye binding capaci.ty of y-casein was not deterruined as a Pure

fraction of suitable concenÈration could not be prepared. As these

fractions are degradation prodrrcts of ß-casein ancl the proportiort

of basic groups (lysine. arginine, histadine and terminal amino

group) in the y-caseins .is similar to that in ß-case:'-n, the dye

bi-ncling capaciti.es used were the sanìe as the appropriate genetic
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]iTGURIi 1V. B

po-lyacr:'ylarnicle ge1. electr:cphoresis p;rtterosi of puri.f i<:c'l qaseins rrseíl

f or the c1e-terutin¿lti-o. of relaEive dyebinding r-'ap;'lcití c'-r'i (lFr 0 íi-i TabLe-

IV" 4) :

(a)

(c)

(e)

(t)

( .1)

u,,-casein B ,

2
ß-case-in A

p irrei*r<* c asein

cl ,,--c¿rseíns

ß-c¡-rsein ß
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FIGURE IV. 9

I 1220

The estimation of relative dye binding capacífÍes of casein compon-

ents subjected to electrophoresís in polyacrylamide ge1. The

relaËionship between densitometer area and protein weight for u"1-
casein B,ss2- caseins, g-casein B and A¿ and Para-K-casein dilu-
tions or, t-ãitrgle ge1 (Gel 6 in Table IV' 4) is shown' Protein
bands were stained with Coomassie btue G250 for 16 hours and rinsed
lor 7 days before scanning.
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TABLE IV. 4

The relative dye bindÍng capacítíes of casein components subjected

Èo gel electrophoresis and stained with Coomassie blue G250

Casein Gell G€I2 Ge13 GeL4 Gel5 Gel6 Mean

u"r-casein B 1.00

cr," r-caseln C 0.9 I

ir,or-caseins 0.99

3-casein A1

ß-casein A2

ß-casein B

para-K-casein 0. 87

0.66

0.74 0.60

o .67

0. 73

I .00

0.93

0. 88

0. 65

0.72

1. 00

1.06

1.00

1. 00

0. 84

1.00

1. 05

0. 66

0.74

0. 61

1. 00

0. 94

0. 98

0. 69

4.66

0.71

0 .16

0. 71

0 .66

0. 70

0. 82
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vâriant of ß-casein-

(nt) Pre cisi.on

The precision of the determina tj-on of individual caseins was

determineci r¿ith gels scanned with bi¡th clensitometers.

The ge-ts scanned with the Pye lJnicam system coDtained 70 gl-l

cyanogum and 8 M urea with 0.05 M tris - 0.385 l'I glycíne buffer

system. Five gels each corrtaíned I replicates, with and without

chymosin tre-atment, of an acid precí.pitated casein sample pi:epared

from herd nilk. ProÈein bands were stained ¡¡ith Coomassie blue G250

(Diezal ei; aL. Ig72) and scanned after 6 v¡eeks in 50 gL I acetíc

acid.

The mean coefficient of varíatÍon of íntegrator area units of

the 5 ge1s, (c.v. - standard deviation divicled by the mean expressecl

as a percent) for o"r- (including pre-o-), üs2-, ß-, y'- and rc-caseins

(uncorrected for baseline deviations, between gel di-fferences and

<1ye binding differences) was 5'8, 6'8, 5'J, 42'4 and lz'B'v"

respectively. The corresponding c.oefficients for each caseín

component, expressecl as a 7" a'] total casein, was 2. 1, 3.5 , 2 .I 
'

59.5, 12.L7" resPcctivelY.

Protein bands scannecl with Ehe Quick scan densitometer rvere

separated using the geI electrophoresis method outlined ín section (o)'

Four gels, each contail-ling 4 indivj-dual co\.'I casein saropl-es ancl whole

standarcl casein, in duplícate, wiÈh and r¿ithout chymosin treatment

\¡/ere scanned, The coefficient of variation of each casein coutpone-nt

for both Ehe integrator area and the component as a percenË of total

casej.n are shown in Table IV.5. The integrator areas of the case-in

components of the individual cow samples r¡Iere corrected for beËween-

ge1 ctifferences by divicling the component area by the mean area of

the whole casein standard wichin the gel and multiplyíng by the
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TABLE IV, 5

Precision of estimation of case.ín componen¡s usi¡g the Quick Scan

cl.ensitometer. Coefficients of variat.ion for integrator areas and

casein conponents expressed as a pelcerit, of total casein 9 al'e presen-

ted before and after correction for between gel differences*

Case i.n Integrator area Casein component as 7" of
t"ota1 casein

component
I¡iithout

correction
Between gel
correction

l,liùhout
correc.tion

Between ge1
c.orrec ti on

Pre-q

o,,-caseins

cr, ^-case ins
s¿

fi-casein

y-casein

K-casein

24. 4

5,0

8.3

1+.6

15. 3

18. 1

17. 5 20.8

4"9

5.1

4,8

13.l

14 .6

5.1

14 .7

4.3

t1

l, Ç.

15.9

16.2

ü

ï
7 "4

4.8

17.8

l_7 .1

* Between gel correction: component aïea x

The overaltr mean ar:ea of standard,

the mean of 4 gels.

overall mean ârea of standard

mean area of standar:d within
rhe gel

for each caseífì component ' v/as

I

r
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overall mearì. of the standard. coefficients of variation of

corrected areas \^/ere compared with the coefficíents of variation

without correcLion'

(n) Values obt-ained for casein compositíon

The overall mean casein composition, expressed as a Percent

of total caseín, of 287 milk samples from Jersey cows and 236 miLk

samples from Friesian cows which \^rere sanpled in the experiment

described in Chapter V' r,ùas cr"r-casein 3I.9 an<1 33"6, o"r-casein

12.8 and IL.7 " ß-casein 34.2 ar,:d 35.4, y-casein 8.6 and 8.5 and

rc-casein 12.4 attd 10.8, respectively. The only signíficant

difference in casein compositíon between breeds was in the proportion

of r-casein (see later).

(o) Summary of gel electrophoresis method adopted

'Ihe alkaline urea-acrylamicle gel electr:ophoresis method which

rvas adopted Ëo geneticalJ-y type os1-, ß- (except A varÍants) and

r-casein and to estimate casein compositi.on, and which was used

in the study clescribed in chapter v, is outlinerl below.

Prepar,at'Lon of s aJnPLes

Solutions

Imidazole - Ilcl sol-ution: 0.05 M imidazole, 0.008 M tlcl

Chymosin stock solutíon z 2 gL 1 Sig*" crystal-line chymosin"

Store at ZoC.

Chymosin working solution: 0.05 g],-l. Dilute stock solution

I in 40.

Urea - 2ME - buffer mixture: l0 M Urea, O'02 M Trís, 0'38

M Glycine, 2% (v/v) 2-mercaptoethanol (prepare daify) '

$
'L
I

I

i

I

I

r
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Method

The precipitated casein pellet was drained for at least 15

minutes and dissolved in 9.2 mI of imidazole-tlCl solution using

stirring. If it was not irnmediately required it was stored at

- 16oC. Ten uL of eíther v¡ater or chymosin working solution was

added to 50 yL of each acid casein sample in 2 mL Autoanalyzer

vials (chymosin concentration O.0OB3 gL-1). The vials were capped,

gently shaken and placed in a 37oC water bath for 5 minutes. Ttren

60 uL of the urea-2ME-buffer mixÈure was added and the samples

gently mixecl and stored overnight at 2oC.

ELectrophov,esis

Solutions

Tris-glycine stock soluËion: 0.5 Ì't Tris, 0.95 I{ Glycine

Electrode buffer: 0.1 l{ Tris, 0.19 }4 Glycine pII B.B. DiluËe

tris-glycine sEoclc solution I in 5 wíth \^/ater. Store at 2oC

and replace each week.

Anmonium persulphate stock solution: 200 gf,-l

MeÈhod

Gels contaíned B0 gt-I acrylamide, 0.10 14 tris, 0.19 M glycine,

7 M urea and 0.25% (v/v) 2-mercaptoethanol" Each gel of approximately

60 mL r¡ras prepared by clissolving 25.2 g urea in 25 mL water and

12 rnl, trís-glycine stock solution, adding 4.8 g Cyanogum, 60 uL 3-

dimethylaminopropionítrile (DMAPN), 150 ¡L 2-mercaptoethanol and

finally 3OO uL 200 gL I .**otium persulphate solution. A-fter mixíng,

the solution was poured into a cell prepared as described by the

LKB MulËiphor instructions, and lefL overnight.

Pre-electrophoresis vüas carried out at 10 V cm-l an<l 20oC for

30 mínutes. Using a 0-5 pL rnicro-syrínge, 1.5 uL of sample r¿as added

to a 4 x 1.5 mm r¿ick cut from hlhatman 3 MM chromatography paper and

i

I

I
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Ëhe wick insertecl in a 5 rum long slot cut in the gel using the

sharpened end of a spatula. The position of the 26 s1oÈs cut in

each 248 x 115 x 2 mm ge1 was located 32 rnm from the cathodic edge

using a ternplate. Àfter adjusting the power supply to initially

give a potential gradienË of 10 V cm-l across the gel, electro-

phoresis was carried out at 2OoC for 4.0 to 4.5 hours, depe-nding

on rate of increa.se of the potential gradient.

Staining and rinsing

Solutions
_l

125 gL ' trichloracetic aci<l
_l

2.5 gL- ' aq,reo,-ts solution c¡f Coomaséie blue G250

_1
50 gL ' acetic acid

Metl-rod

The protein was fixed by inrmersing each gel in 100 mL of
_1

L25 gL' Eri"hloracetic acid for 5 mj,nutes and st¿rined by adding

5 rnl, of <lye solution and leaving overnight. The dye solutiorr was

then discardecl" the gel was rinsed in 50 gl,-l acetic acld, and

left for 7 <lays in 50 gl.-l acetic acid in the dark.

Densitometry

Stained gels were scanned using a Helena Quick Scan densítometer,

with a 610 nm filter and using a 0.5 x 5 mn slit and high chart

speed. The baseline and integrator settí.ngs were adjusted to zero

in a ge] area free of staínecl ba:nds. The peak widths of the major

components, 0"1- and ß-casein, I^IaS constant- within each ge1 and

was the inean peak r^ridttr of heterozygotes withín that gel , ol: for

gels contaíning few or o heterozygotes the peak width was the

standard- casrjin peak width multíplíed by 1.1 (see Section h).

The peak width of the y-casein fraction on chyrnosin treated samples

was the distance between the ß-caseinly- * r-casein subdivision
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and the slot in the untreated sample. Peak areas of casein fractions

where the baseline deviated from zero v/ere corrected by adding or

subtracting the area of deviatíon (sq. nun multiplied by 0.035 to

gíve area in integrator units - see section f) -

Protein fraction areas were divided by the relevant relative

dye binding capacity to give weight of protein and expr:essed as a

percent of total casein which r¿as determined by the dye bindíng

method described in Chapter III.

(ií) VJhey protein composition

The concentration of ß-lactoglobulin and ry-lactalburrin in skím

milk was determined by radíal imn'runodiffusion (Manciní et aL. 1963).

ß-l,actoglobulin and cr-lactalbumin r/rere prepared from mastitis

free skím milk by the ammoniurn sulphate fractionation methods, Ia

ancl IIb respectively, of ArmstrorLg et aL. (L967). They were further

purífied by column chromatography on Sephadex G-100 and DEAE-Sephadex

450 as describecl by Armstror.g et aL. (1970). Ttre absence of

apparent heterogeneity of protein fractíons l^7ere tested by starch

gel electrophoresis and by immunoelectrophoresis using rabbit

anti-bovine skim milk, anti=bovine whey and anti-bovine serulu.

Rabbits were immunized using a rnethod similar to that used

by Avrameas (1969). The specificity of the antisera \¡/as checked

by immunoelectrophoresis against skim milk and bovine serum and

strongly reacting specífíc antisera were combined'

The general procedures used were simílar to those described by

Inleeke (1973) for immunoelectrophoresis. The optimum dilution of

antisera in agar and dilution of protein standard and skim

milk were deterrnined as descríbed by Tahey and McKelvey (f965). Each

ge1 was loaded with four dilutíons of the purífied protein standard

in duplícate, and the diluted skj-m milk samples were loaded in duplícate.
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Àfter 2 tlays diffusíon the gel was rínsed, dried and the

precípition rings stained with Coonassie blue G250. The diameter

of the stained ríngs vlas measured after pro.jection using a photo-

graphic enlarger. A stanclard graph vùas dra\{rn by plotting

concentration of the standarcls against tl're square of the precj-pitation

ring diameter (Mancini et aL. L963, Berne 1912) '

To test whether each of the genetic variants of ß-lactoglobuli-n

react eclually wiËh rabbit antisera prepared agaínst a single

genetic variant, purified ß-lact-oglobulin A, B and C were each diluted

to give a rarige of concentrations normally used for standards ancl

radíal immunodiffusion carried out usíng an antiserum pr:oduced

agaínst a single varj-ant. Each of genetíc variants reacted equally

with this antísera and it \ras concluded that quantitation of

ß-lactoglobulin by radial. immunodiffusion would rtot be affected by

the genetic variant Present.

During prelimínary determínations of ß-lactoglobulin concentration

in skim mi1.k, sone repeatable values well outside the range expected

from concentratíons in the lite::ature \¡Iere obtained. To test the

validity of tl-rese apparently higtr values, the method of standar:d

additíons was used" The concentrations of ß-lactoglobulin obtai-ned

r¡rere as expected and iE was concl.udecl that the hígh ß-lactoglobulin

values obtained using radial immurrodiffusion were valid.

2. Discussion

The method of casein precipitati.on \^Ias as used for the

estimation of toÈal casein concentration, and ís discussed ín Chapter

III. El-Negoumy (1966) also precipitated caseirr by adding an equal

míxLure of sodium acetaËe and acetic acid for the rapid preparation

of samples for gel elecÈrophoresis. I(im and Bird (1912) showed that

ttre method of preparation of isoelectic casein can affect the relative
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percenE of casein components" To miníinise loss of minor: components

such as y*caseín, t-he precÍpiËated casein ri¡âs díssolved without

any washing, and this may be the reason that the concentration

of pre-o- and y-casein fractions found in ftre preserrl- study was

higher than in sotne olher studies. No contamination of the casein

samples with whey proËein !/as apparent in the gel elecr:ropho.resj.s

patterns.

Some studíes (Murphy and Do¡¿ney 1969, Iulichalalc L973a, Rothenbuhler

I974 and Anderson ancl Andre¡^¡s 1977) submitted skim milk samples

Ëo electrophoresis for quantítation of all milk proteín components

in a single analysis. Horvever, although the tíme consuming pre-

paration of casein is eliminatecl, densitometry is complí-catecl by

the problem of overlapping peaks.

Goocl resolution of casein groups was obtained using ttre

horizontal polyacrylamide gel electrophoresis system with corrtinuous

tris.-glycine buffer" In facto resolution appears lo be superior

to other published quairtitatíve el-ectrophoresis methods of est-imating

casein composition. Genetj-c variants of cr"r-casein, ß-casein (e>rcept

for A variants) and r-casej-n could be readily deterrnined rvith the

same gel. The reports of nìany studies r.rsilg quanl-itative electro-

phoresis of caseirr gi-ve no in<iication of resolution as Ëhe densitometer

traces obtained are not presented. Exceptions are Mtlrphy and Dovmey

(1969) and Michalak (1973a) who boËh obtained similar traces with

good resolulion, alttrough prot.ein peaks overlapped due to the use

of skim milk instead of casein. Ilaenlein et aL. (i973) olrtained

gor:d resolution with c.asein sampj-es but the method used by I(í-ru and

Bird (I972-) gave poor resoluËion.

The densiEonreter peaks r^rere divided into 6 groups of casein components:

pre-or-, 0sl-, o"2-' ß-, y- and rc-caseín. Most studies of normal milk
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have i-gnored the protein bands migrating more rapidly than cr"O-casein,

although they have been reported in several studies of mastític

milk (Kidd,y et aL. 1968, Ilaenlein et aL. 1913, Randolph et aL'

lg74). It appears that the pre-c, fraction, or at least some of

its componenÈs, are formed by proteolysis of the clur-caseí.ns ín

a similar maflner to that shown for ttre y-caseí-ns. This is supported

by Aimutus and Eigel (1980), who also showed that this fraction has

many similarities to À-casein (see Long et aL. l95B and El-Negoumy

f973). The concentration of pre-c-caseín found with mastitis-free

millc was frigher than the proportion of 1,5% found by HaenLein et aL'

(1973). Both pre-o and y-caseins vary considerably in concenl-ration

in individual cow milk samples and this depends on the age and

mastitis status of the cow and storage ancl chymosin treatmenE of

the sample.

lfhe 4 separate peaks obtained to, orr,3,/* "td U- casein were

simílar to those obtained by Haenlein et aL. (1973) a-lthough these

authors did not identify the components. Michalak (19734) obtaíned

peaks f or two of the cr"r-caseins, with the other t\,/o components

presumably being nasked by ß-lactoglobulin and o-lactalbumin pealcs,

and other studies have not obl:ainerl suff icíent resol-ution to estimate

the o"r-caseins. The propo::tion of cl"r- ancl a"ru-casein in total

casein was slighEly hígher than 4% obtaíned by Richardson and Creamer

(Lgl6), alÈhough this difference may be partly because Ríchardson

and Creamerts values are aS a percent of toÉa1 micellar maÈerial'

In alkaline gel electrophoresis of casein the y- and rc-casein

bands aïe normally interspersed in Èhe region between ß-casein and

the origin. Consequently reported figures of K-casein concentration

often include y-casein, although Kim and Bird (1972) and Marianí (1972)

have reported separate estimations. Prol,eolysis of r-casein with
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chymosin allowed separate estimates of Y- and r-caseín in the present

study. Recently, methods of determining para-K-casein by gel electro-

phoresis after reacÈion of milk vrith chymosin have be-en publ.ished

by Dalgleish (1979) and Chaplin and Green (1980)"

The major problem with the present quantitative electrophoresi-s

method was the failure to consistantly p::oduce a linear relationship

between densítometer peak area and protein weighC. tr{hen tested

using an optícal density step tablet both densitorneters showed a

linear: response betr¿een pen heighL or area and optical <lensity

wíthin the range of opti-cal densitíes found usíng the casein sample

preparation de.scribed in section (b). These results indicate that

the densitomeÈers \¡Iere not responsible for the non-linear resporise

often obtained. Therefore Èhe effect of the staining method on

the relationship between peak area and protein weight was investigated.

The Coomassie blue G250 stainÍng mettrod of Díeza7- et crL.

(Ig72) was selected for investigation because of its sensitivity an<1

laclc of backgrouncl staining, ar¡d because amido black, which is

commonly used for quantitative electrophoresis, v/as not consider:ed

satisfactory by Fazekas et aL. (1963)'

Datyner and I'innimore (1973) listecl the requirements for a

quantitative staining method as (i) Ëhe dye should form a stoichio-

metric complex r¿itir the protein, to obtain a linear dyelprotein

relationship, (ii) the stairring method should be reproducible (to

achíeve thís, siufficient time should be allowed for dye to penetrate

all parts of the protein zone so as to attain an equilíbrium sítuat-ion)

and (iii) all excess clye which is not bound to the protein should be

removed.

To obtain a stoichiometric dye-proLein complex iE is desiral¡le

that the dye-protein bond be covalent. Rinsing stained ge-ls ín
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50 gL-' acet-ic acid for more lhan 5 days removed all unbound dye fr:om

the ge1 background. Further dye, which was electrostatically bound

to the protein was released by 50 gL I trn*orrit so1utio1 , as this

deprotonates the sites for anion arlsorption (Daytner and Finnimore

1973). A proportion of dye remained bound to the proteÍn, and

Ehis was considered by Daytner ancl Finnimore (1973) to be covale-ntly

bound, although fishbein (I972) considered that Coomassie blue does

lot form covalent bonds. tlydrophobíc interactions between non-polar

regions are also involvecl (Fullingtorr et q.L. 1980). Therefore the

dye-protein binding with Coomassie blue G250 appears to be partly

electrostatic and partly hydrophobic, and this nay explain the

failure to consistently obtain a linear response and the poor

reproclucibility of the present resulEs. However, linear relation-

ships between densitometeï area and protein weight have been obtained

usirrg anúdo black (e.g. Kruskí and Narayan 1974, Dat]ing and Butcher

1916) although Racusen (1973) showed that binding was electrostatic

ín nature.

Fazekas et aL. (1963) introduced Procion brilliant blue RS for

quantitative work on cel.lulose acetate, because it can form covalent

bonds with proËein, and found i-t superior in accuracy and precision

to Coomâssie blue R250 and amiclo black. However, it could not be

used to stain protein bands in polyacrylamide gel because of

diffj culty in removing unbouncl background dye (Datyner and f¡innimore

lg73). There is a need for a dye capable of forming covalent bonds

with proLeín, giving the advantages of stoichiome.try and precision

and which, if unbound, can readi.ly be r:emoved from polyacr:ylamíde

ger.

The ínEensity of Coomassie blue G250 bound to protein bands is

dependent on both staining tírne an<l rinsing time, and the dye
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concentration became stable only after 16 hours staining and 7 days

rinsing" Little work appears to have been done on staining and

rinsing times for quantitative electrophoresis. Fish et aL. (i969)

presented clensitometer tracings of gels stainecl with Coomassíe blue

R250 which showed that longer staining times (3 hours) intensifíed all

bands. Minor band.s \^Iere best seen afEer 16 hours staining. Inllie'n

introducing the G250 forrn of Coomassíe blue, T)tezeT et a'1. (1972)

showed that band intensity increased with storage of the gel in

-150 gt-'aceLic acid, and Reisnet et ctL. (1975) using this rnethod

found that aËtainment of maximum colouratíofi rt/as signifícantly

slower than with other stains. using a coomassie blue G250

perchloríc acid solution for stainíng, Reisner et aL. (I975) found

that overnight staining \Â/as necessary for the clye to completely

penetrate the gel "

The nigration clis tance of protein bands by electrophoresis

affected the relationship between peak area and protein weight'

As migration distance decreases, the area versus proteÍn weight

relaLionship deviaÈes from línearity, as found by Fishbein (L972).

However, even at the longest rnigration distance of 5.5 cm, líneariÈy

\^ras not achieved. This experiment was carried out prior to the

experiments studying stainíng time and the 15 minute stainíng method

of Diezal et aL, (L972) was used: a more línear relationship may

have been obtained at the longest migration distance wíth overnight

stainíng.

At the longesr migration distance (10-rl cm), l'ishbeín (L912)

found that area !üas proportional to proteín weight up to 55 Ug, but

at 3-4 cm migration dístar-rce (the migration distance of ß-casein in

the present sËudy) the relationship r¡as linear to approximately 15 Ug.

Fishbein (Lg72) suggested Èhat progressive compacEion of Ëhe protein

bands aE shorter migration distances prevent stoichiometrÍc uptake
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of dye molecules once a critical protein concentration has been

exceeded.

Using the casein preparation and sample application of the

present method, the weight of u"l- ot ß-casein applied with a milk

sample of average casein content' \^7ould be approximately 7 Vg'

Fenner el; aL. (1975), using Coomassie blue R250, obtained a linr:ar

relationship between dye uptake and amount of proteín in Ehe range

1-10 ug protein, ancl Hillier (I976) ' usirtg Coomassie blue G250,

found a linear relatíonship over the range 0-4 Ug protein.

Although consistent resul-ts were not obtained, some gels showed

linear relationships between peak area and protein weíght with ttre

ninor c.omponenL", o"2 and para-r--casein (up to approximately 5 us

protein), buÈ with the major components, o"1 "td ß-casej-n, a curve

was obtained. It is fortunate that components of higher concentration

in millc gerrerally mígrate further tiran thc¡se of lower concentration.

Possibly rhe protein wei-ghts applied to the gel were too high, but

further dilution would increase the difficulty ín obtaining

estimates of the minor comPonent-s, Y- and r-casein, which already

have lower precísion.

The range over which linearity is obtained can be extended by

eluting the dye (Kruslci and Narayan L97l¡, Fenner et a'1 . 1975), but

thís would be difficult r¡íth a complex mixture of proteins such as

casein,

The variation j-r-r dye binding capacities in a protein mixtur:e

such as the caseins and between-gel dífferences in degree of

staining can be ovelcome by simultaneously separaËing a standard

protein mixture prepared either by grouping known amolrnts of

purified proteins (Hillier 1.976) or by usi-ng a proteín míxture which

have been stanclarclized prevíously using purified proteins (Darling
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and Butcher 1976) " The second alternative is preferably fot

economy of purified proteins r¿hich are time collsuming and difficult

to prepare, ancl it was intended t-o use this technique in the present

stucly. However, degradation of Ëhe caseiu standard used in the

study described ín Chapter V before the purification of casein

components was completecl prevent.ed the use of this technique" Casein

to be usecl as a standard should have been freeze clried and stored

at -16oc.

Few estímaÈes of the precision of quantitative gel electro-

phoresis methods are available. Usíng Lhe transmission mode to

scan 6 different proteins submitted separately to cellulose acetate

electrophoresis, Fazekas et a:1 . (1963) found Èhat precision,

expressed as coefficient of variation, was 2.0 - 13"5"/" with Procíon

blue and 10.0 - 32.O7" with Coomassíe blue R250. Michalak (1973a)'

usíng starch gel electrophoresis ancl amido black staining, reported

that the precision of estimaEes of major: milk protein component-s,

cr .- and ß-casein and ß--lactoglobulin was good (c'tt' = 9'3, 7'3 and
SJ.

13.57" respectívely), v/hereas the precision of estimates of proLeins

with lower concentration, rc-casein, zones 1.00 and 1.04 (o"r-

caseins) ancl a-lactalbumÍn, \,üas lower (c"v. = 19.8, 16.8 and 16"17"

r:espectively). The use of an internal standard reduced the co-

efficient of vari-ation from 1.6 - 8.57" to 2"6 - 3.-5% when estinaLing

four whey proteins stainecl with Coomassie blue G250 aftex poly-

acrylamide gel electrophoresis (Hillier I976)'

The accuracy of the present method \,üas not estimated but it r¿ould

have been higher if a linear rblationship had existed between area

and proteín weight.

By expressing each casein c-omponent as a percent of total casein,

the variability was reduced. Although scanning protein bands using
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the Pye Unicam scanning accessory was slow and tedious, precision

of estimates of all fractÍons excePt Y-caseín was slightly better

than wíth rhe Quick Scan densitometer'

The correction for <iifferences between gels using the standard

casein solution which was applied to gels scanned using the Quick

Scan densitometer resulted in reduced variabílity of sone fractions

(pre -cl, osl-, ß-casein) and an increase in variability of the other

fractions and so T¡ras not used in the casein composition estimates in

Chapter V.

The coefficient of variation of the ü=1-, üs2- and ß-casein

fractions was less t:nan 5% with both instruments and with the

Quick scan instrument, a c.v. of approxiilrately Ll¡% was obtained

foily- and. rc-casein. The lo¡"rer precision of esti.mates of minor

fractions y- and r-caseins r:esults because very s1-ight changes

in baselirre acl-justnent made relati.vely large differences to peak

area (see also Law et aL" L979).

There have been few estinal-es of the- absorptivíty aE 278 nm of

casein conponents, particularly genetic variants of caseins, and

the valtre of absorptivity used will affect the relative dye birrding

capacities and so the fínal caseín composition determined by

quantitative gel electrophoresis. Differences in absorptivity

betr¿een genetic variants of both orr- ancl ß-casein have been found'

The deÈermination of the relative dye bincting capacities used

in the present study (table IV.4) suffer from two protrlems: the

relationship between densitomeËer area and protein weight \'/as not

always linear particularly with major caseins and the precision of

estinìates of relative dye bínding capacities was poor'

Although gel electrophore-sis has þeen frequenLly used to

estimate casein composiÈion, tl-rere have been few estimates of the
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dye binding capacity of casein components and correction of

densitometer areas for differences in dye binding.

By míxing known arûounts of protein and amido blaclc, Ashworth

and chaudry (1962) estirnated that the relative dye binding

capacities of q-caseín, ß-caseín and r-casein was 1.00: 0.90: 1-03

and Tarassuk et aL. (1967) estímated the relative dye binding

capacities of cr-casein, ß-casein, y-casein and r-casein was 1.00:

0. 85 : 0. 93: 0.90. MacRea ar-rd Baker ( 1958) scarrned casein bands

separatecl by paper electrophoresis and sLaíned r^rith azocarmine B

ancl founcl relative dye binding capacities of cr:$:y = 1.00: 0.63:

0.26. Michalak (1973a) stained protein bands separated by starch

gel electrophoresis with amido black and corrected scanned areas

using the dye bindíng capacities estimated by Zwierzchowski and

Michalak (r971). These relative dye binding capacities were

o, .: ß : rc = 1.00: 0.9I: 0.67.
SI

The only estimate of dye binding capacity of caseins using

Coomassie blue G2-50 was by Anderson a¡d Andrews (1971) and they

founcl that the densítometer peak are-af1gprotein of ß-caseín v¡as

1.18 times that of o"r-casein. This clifference in clye- b-inding

capacities is the reverse to tirat forrr-rd wifh amido black and in

the present study using Coomassie b¡lue G250 anrl this explains [he

very high ratio of cr"r-casein to ß-casein reported by Anderson

ancl Andrews (L917). The dye bín.ling capacity of rc-casein and other

minor caseins \,ras not reported by Anderson and Andrews (L977) as

íË was considered that r-caseín could not be readíly or accurately

quantified by the polyacrylamide gel electrophoretic procedure rrsed'

It can be seen that large differences have been found for the

relative dye birrding capacitíes of casein fractions, due presumably

to <lifferences in the purity of casein fractíons used, the type of

dye used and method of determining the dye bindíng capacity.
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The most reliable estimates of casein composition of bovine milk

are those of Davies ancl Law (I9-/la,b, 1980) who found that on

average casein consisted of 38|l orr-casein, lO7" a"r-casein ' 36'L

ß-casein, 37" y-casein and 13% rc-casein. The average casein composition

of f-he milk samples collected in the experiment described in

Chapter V differs from this, the main differences beíng the lov''

proportion of o"r-casein and high proportion of y-casein' The

casein composition obtaíned by gel electrophoresis depends largel-y

on the dye binding capacities used for adjustment of integrator

areas.

The relative dye binding capacity of ß-casein estimated in the

present study (0.66 - 0"11 for genetic variants) is lower than that

found by Ashworth and Chaudry (1962), Tarassuk et aL" (19'61) arrd

zwierzchowski and Michalalc (1971) and when used to correct densito-

lneter areas results ín a lower crsl-caseín concentratj-on relative

ß-casein than expected when compar:ed to the estímate of casein

composition by Davies and Lavr (1980). Tlierefore it is consÍdered

that the dye binding capacities of ß-caseins used in the present

study are too low. l"fíchalak (1973a) also reported a higher

proportion of ß-casein than u"r-caseínr and he considered his estimate

of the <1ye bincling capacity of o=r-casein was slightly high.

The proportion of o"r-casein obtained was slíghÈIy higher than

that reported by Davies and Law (1980), but no e-stimate of the

dye bindíng capacity of this fraction coulcl be founcl in the-

literature.

In the present study, rc-casein concentration was estimatecl by

correcting the area of the para-rc-casein peak for differences in

dye binding from other caseins. No other estimates of the relative

dye bindjng capacity of para-K-casein was found in the literature'
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K-casein has a low dye binding capacity (zwiletzdnowski and

Michalak 1971) and in studies where no correctí-on for differences

in dye binding capacity were made, low r-casein concentrations

\^rerereported(e"g-MorretaL'IglL,Dr.\Lel:aL'L972'llaenlein

et aL. lgl3, Randolph et aL. lg74) " Usíng the dye bíndíng adjustment

forpara-r_caseÍnínthepresentstudy,theproportionofrc-casein

obtained was slightly lower than that of Davíes arrd Law (1980) 
'

who considered their estimate of r-casein to be too high due to

inclusionofchymosin-insensitiveprot'eininther-caseinfraction

(Davies ancl Law I977a) -

very trigh values of y-c-asein r^rere obtained in the Present study,

compared to those of Davíes and Law (L977a,b, 1980), although

estimat,es in the literature have ranged up to 9%. Published

estimates of y-caseir-rs rnay be low due to losses occurring during

precipitation and washing stePS of casein Preparation' although

Davies and Law (L971a) claímed only about 1% loss of caseín during

washing.Estimatesofy-caseinusingelectrophoresismaybe-1ow

<lue to inclusion of y-casein urith r-caseín (see Kim and tsird L9l2) "

In the presenÈ study, the same relatíve dye binding capacity was

used for y--casein as for ß-casein. llowever' Tarassuk et aL" (1967)

found that Y-casein binds more dye than ß-casein' so the use of a

hígherdyebindingcapacitywouldlraveresultedinlowerl-casein

concentraÈions" However, much of the increase in y-casein in the

present study may have resulted from prolongecl st-orage of Ehe

casein samPles.

InthestudydescribedinChapterV,theeffectofcaseín

genotyPesontheconcentrationsofindividualcaseinsinmilkwas

studied. If the genetic variants have different capacities for

binding dye, concentratiorrs of casein comPonents estimated without
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correction for this clifference would be ín error and false associations

coul-d be found. To the present auLhors knowledge there has not been

any stuclies of the dye binding capacíties of rhe genetic variants of

caseins. Reimerdes and Mehrens (1978) reported that 3-lactoglobulin B

bound nearly twice as uruch eoomassie blue G250 as the A variant,

although Hillier (i976) also using coomassíe blue G250, found little

dífference in their dye binding capacities '

In the present Study, differences in dye birrding capacity vTeIe

found between the genetic variants of o"r- and bet-ween thoseof

ß-casein. Therefore the casein concentraEions of millc from individual

cows of knovm casein genotype lüere corrected for these differences '

The relative dye binding capacity used for ]neLetozygotes rías midway

between the homozygotes. As r-casein concentratíon was estimated

by scanníng par¿I-K-casein, this estimation \^7as not ínfluenced by

dye binding differences between variants'

The diffeïences ín dye bincling capacities between caseins and

their genetic variants are generally as expected when the proteíns

content of basic anino acids Ís considered. The number of basic

groups in the caseíns, expressed as a percent of total amino acid

residues, is cl"r-casein B ancl C 13.1, u"r-caseíns 16"4, ß-caseín B

1211.0, A' 10.5 and A'10.0, r-casein A and B 10.1 and para-<-casei'

13.3. The o,"r-caseins, with the highesL content of basic groups'

would be expected to have the highest dye bindíng capacity, but a

similar dye binding capacit)¡ to ü"r-casein \^Ias fourrd" Although the

number of basic groups of the o"1-caseins B ancl c are simílar, a

consistent differerrce in dye binding capacity was found- The dye

binding of g-casein genetic variants \^ras as expected considering

their conteût of basic groups. Para-r-casein has a similar content

of basic groups ao psr-casein, but its dye binding capacíty was
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much 1o\^7er. Based on cont.ent of basic groups, the dye bíndlng

capacity. of r-caseín would be lower than that of para-r-casein,

although the carbohydrate content of rc-casein would also reduce

dye bindíng.

The quanÈitaÈive gel elecÈrophoresis method described in this

chapter was used to esËímate casein compositíon ín the study

described in Chapter V. Although Èhe proportions of casein components

rnrere not Ehe same as the most reLiable estimates avail-ab1e, this is

not a limiËation |n a comparison of composition between gIouPS

of rnílk samples, such as 1n Chapter V.



CHAPTER V

ASSOCIATION BETI,JEEN MILK PROTEIN GENOTYPE AND

MII,K YIELD AND COMPOSITION

A. Review

i. Introduction

Economically irnportant characteristics of daíry cattle, such

as rnilk yield and fat and protein concentration of the milk, show

continuous variatíon. GeneËic and non-genetíc (environmental)

faclors contribute to this variation. In the past, the major

genetic improvements in milk production have been made using the

hethods of quantitatíve genetics (see e.g. Falconer 1960); in

particular, by the estimation of a bullrs breeding value using

progeny testing, the selection of superior bu1ls, and Èheir use by

artif icial insemin¿rtion.

The heritabiliËy of a quantítaÈive trait ís Lhe proportion of

the total phenotypic variance generated by the summed additive

genetic effects of all quantiÈatíve loci affecting the trait. The

number of loci affecting a quantitative trait r¡as until recently

generally considered Èo be large, with each gene havíng a small ¿nd

essentially unídentifiable effect" Hor,vever, Èhere is considerable

evidence suggesting that genetic variatíon in a conÈinuous quantitative

Èrait may often be controlled by relatively few genes. (see

RoberËson 1966, Ste\,üart 1969 and Shire L976).

In this chapter, literature on the association beÈween milk

protein loci and various quantítative traits is revíewed, and an

investigation of the associat,ion between these milk protein genotypes

r07
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and milk yield and composition is described.

2. Genetic Variation and its Causes

The genetíc variation of proteins discovered by the widespread

use of e1-ectrophoresis is an example of Èhe enormous variation of genes

coding for proteins found in mosË species studied. In Chapter I.B.

the genetic variants of bovine milk proteins \^¡ere revíewed: all major

rnilk proteins are now known to be polymorphíc. Harris (I97I) estimated

that in man any indivídual may be heterozygous at about 167" of all gene

loci coding for the structures of enzymes. Lewontin (1973) compiled

data from studies on a number of species and wheu it was assumed that

electrophoresis detects only one-ttrircl of all allelic variatíon, the

average propoi:tion of loci which were polymorphic was 66% and average

heterozygosity per individual was 297". It seems 1íkely that at most

gene locí coding for protein stTucture dífferent alleles occur amonEl

members of natural poPulations "

The classic "Darwinian" view is that polyrnorphisms are the

consequence of differential selectíon and represent stable balanced

equilibria due to heterozygoie advantage, frequency <lependant selection

or other processes, or they may replesenÈ intermediary stages of gene

evolution (see llarris 197L and Clarke 1975).

Natural selection of polymorphisms can be assessed only through

investigaÈion of survival rates and fecundity. Some axarnples of the

mainLenance of balanced polymorphism by selection differenEial exist,

the best known one being sickle cell haemoglobulin polymorphism.

A number of studies have provicled direct evidence- of natural selection

by showing a correlation between environmental cc;nclíEíons and allelic

frequency of enzymes (see review by Lewontin 1973). Clarke (1975)

describeel experiments wíth genetic variants of alcohol deirydrogenase

of. DrosophiLa meLanogaster which demonstrated the operatíon of frequency
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dependant selection: a polymorphic population \¡Ias able to exploit

its environment more effectively ancl grernr larget than a genetically

uniform population.

Functional differences in the products of common alleles have been

demonstrated with many proËeins. Harrís (I97L) classified the tvlenty-

three human enzyne polymorphisns detecËed at thaÈ time, and founrl that

there was evidence for quantitative differences in enz¡nne activity

in sj-xteen cases, and in most of the other seven cases the effect had

not been closely exaniined.

To explain the wealth of genetic variability and the fact that

in many cases protein polymorphísms appear to have no vísíble

phenotypic effects and no obvíous correlation wíth envíronmental

conditions, Kimura and his colleagues proposecl the neutral theory

of mol.ecular evolution (see Kimura L-q79). This theory proposes that

at the molecular level most evolutionary change and most of the

varj-abi1iËy within a species are calrsed not by selection but by random

drift of mutant genes that are selectively equival-ent.

The controversy of the relaËive ímportance of naLural se-lection

a¡cl random drift of neutral genes on the observed genetic variaEion

has not been settled at tlee present time.

3. Genetic Variation and Milk Production

Numerous studies have investigated the association between genetic

variants of blood antigens, enzymes and serum and milk proteins and

varÍous perfornìar1ce traits ín dairy cattle. These have been recently

revie\nred by Kiddy (L979). Associatíons between bl-ood groups (4, B,

FV, J, L, M, S and Z systems) and econornícally important traits have

been denronstrated (see Mather I97 7), but the effects are usually small

and often not consisrent, Genetic polymorphisrn of the serum proteín

transferrin has received considerable attention and although some results

L
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are conflicting, there is evidence thaÈ 2% of milk production variation

is clue to the transferrin locus (Ashton and l{ewetson 1969) ' There are

few studies of genetic variat.ion of enzymes and milk production of

dairy cattle br:t functional differences betr^/een efizyme genetic

variarits have been demonstrated in other specíes. The present study

is concerned wíth the association between milk protein genetíc

variants and milk yield ancl composítion; many significant effects have

been found in other studies and l-hese wiLl be reviewed in a later

section "

Brum et aL. (1968) suggested that possible e.xplanations of

association beÈween polymorphism type and production dífference include

pleiotropic effects of the genes aE the polymorphíc loci or chromosomal

linkage of these genes to other gerì.es which exert major influences

upon the production traíts. Neimann-Sþrenson and Robertson (1961)

and Brum et aL. (1968) could fincl no indication of linkage between

blood group genes ancl genes with neasurable effects on the productíon

characters studiecl-

soller (197S) obtained some quantitative estimates of the

possible contribuÈÍon to dairy cattle improvemenË programrnes of

several selection procedures utilizing individu¿l loci' I{e concluded

thaÈ only selection for identifiable quantitatíve loci having direct

physiological or molecular effects that are inherited in a símple

Mendelian manner could make a significant contribution to dairy

production.

Loci having direct effect on milk producÈion could do this ín a

number of ways. change in the nucleotide sequence coding for the

precurser of a Lrarticular nrillc proËein may directly affect the rate of

synthesis of that protein. Also genes coding for enzymes which

release the hydrophobic terninal extension or add phosphate groups

and carbohydrate residues may affect the rate of synthesis or function

I
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of a milk protein. Substitutions could also occtlr in nucleotide

sequences of genes coding for enzymes and peptide hormones involved

in the synthesis of rnilk comPonents and secretíon of milk. Even

substitutions in enzymes and hormones ínvolved in general body

metabolism could have an effect on milk production'

Possible explanations for lack of uniformity of results or iack

of significant relationships in studies of associations between

polymorphisms and production Ëraits are:

1) Although the effect of a polymorphísm on a given trait may be

unimportant biologically, standard tests may erroneously indicate

significance due to chance alone 57" of the time (RoberÈson 1966) '

2) The number of loci affecting a quantitative trait to an imporËanÈ

extent rnay be small whereas the number of polymorphisms is large,

givíng a low probability of selecting the right one to study (Robertson

1966). Alternatively, a relatively large number of loci may affect a

quantitative trait vfith a small probability that any ofle locus would

have a major effecÈ (Arave et aL. f97f). As discussed earlier, the

number of loci affeeting quantitative traits is not knou¡n' It would

be expected Ehat the number of loci affectíng the concentration of a

single rnilk protein such as ß-lactoglobulin would be less than the

number affecting a more complex trait such as milk yield'

3) The effects of a polymorphic loci on a trait may depend on the

genetic constitution of the population in which they a::e found

(Robertson 1966). For example, dífferences in significance between

breeds was found by-Neirnann-Sdrenson and Robertson (1961), Hoogendoorn

et aL. (1969), and Munro (1978). Differences in productíon traiLs

due Èo the cows sire can be removed by least-squares analysis

(Brum et aL. 1968, Arave et aL. 1971 and Mather L977) '
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The effect of a genet.ic varÍant may be affected by variation at

other loci i.e. interactions between loci (Shire L976). For example"

El-Negoumy (Ig12) found that the effect of a genetic variant on the

stability of casein micelles was dependant on the genetíc variants of

the other rnilk Proteins Present '

There is a possibility, particularly in studíes involving small

numbers of anímals, that the group of animals containing lhe variant

being investigated may have a hígher incidence of another protein

varj_ant and so affect the relationship found. Mather (1977) suggested

that analysis of relationships between genetíc markers and production

should be on models conlainíng several markers and interactions, so

that estimates of each marker is not really attributable to others'

Another approach was used by an Italian grouP (l"fariani et aL' 1976,

I'lariani et aL. lgTg) where milk was produeed by pairs of cows, one

being homozygous for one allele ancl the other homozygous for the other

allele, with other milk proteín genetic types being identical.

However, iÈ ís probable that there \^7ere differences in rnany other

genetic locí, some of whj-ch could have had an effect on the production

traits measurecl. Many stuclies have relied on an equal distribution

of other genotyPes.

4) Results of studies on the effecË of polymorphisms on producÈion

may depend on how effectívely enviroDmental effects have been

elíminated by selection of animals included ín the sËudy or by

correction of the <lata. Environmental effects are taken to ínclude

herd effects (e,g. nutrition and manageme.nÈ), seasofl, êB€, stage of

lactaËion and disease (ín particular mastitis). Eídrigevich et aL.

(Ig72) found that the effect of genetic variants on milk yielcl

varied substantially between farms and Janicki (I974) found differences

between high and low yielding herds, semenenko (1971b) and Marinchuk

(1978) found differences in superiority in different lactatíon numbers'

t
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To mininise non-genetic causes of variatíon, Neimann-Sfrenson

and Robertson (1961) used cor,rs at the Danish Progeny Testing Stations

where heifers of approximately the same age and date of calving are

kept under uniform conditions during their first lactaÈion. Michalak

(1973b) used selected cor,¡s which were fed identically during their

first lactation and MarianL et aL. (1976) and Mariatí_ et aL. (1979)

used selected pairs of cows in Ëhe same herd with comparable number

and stage of lactation.

AnoËher approach to minimise environmental variation is Ëhe use of

correctíon factors Èo adjust production data for the effects of age,

season and lactation length and by the use of least-squares procedures

(Brum et; aL. 1968, Hoogendoorî elt a.L. L969, Arave et aL. 1971 and

Mather I977).

5) Arave et aL. (1971) consÍdered that a furÈher possible reason

for the lack of unifoìmity of results or lack of significant relation-

ships between polymorphisrns and prcduction traits could be linkage

betr¿een polymorphic loci and genes affecting quantitative traits.

Presumably, this could be because genes may be correlated in one

population and uncorref.ated in another, although selection is the same

in both cases (see Lewontin 1973) "

4. Association between Milk Protein GenotYpe and Milk Yield and

Composition

(i) B-Lactoglobulin genotYPe

In searching for the possJ-ble pliysiological sígnificance of tl-re

recenÈly discovered ß-lactoglobulin geneËic variants A and B,

Aschaffenburg and Drewry (1957) measured the casej-n and ß-lactoglobulin

concentration in milk frorn 24 indlLdual cows. The results suggested

some form of quantitative relationship between ß-lactoglobulin and

casein synthesis. \nlhen ß-lactoglobulin corìcentration was plotted
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against casein concenLratíon, linear relationships were found with

each genotype, with slope constants: Ke = 0-150, KAB = 0"122 and

\ = 0.087. Taking the data from Aschaffenburg and Drewryrs figure 1

to show the effect of ß-lactoglobulin genotype on ß-lactogl-obulin

and casein concentration separately, the mean ß-lactoglobulin

concentrations in gt--I were A 3.6, AB 3.3 and B 2"5 and nean casein

concentrations we.re A 24.0, AB 27.0 and B 2B'3'

The association between ß-lactoglobulin genotype and concentration

of ß-lactoglobulin in milk ís the most consistently found association

of a milk protein genotype with any milk protein component or

production trait (Aschaffenburg and Drewry 1957, Moustgaard et aL.

1960, Rose 1962, Murphy and Downey 1969, Feagan et aL. L972, Micl'ralak

1g13b, Mclean et aL. Ig74, CerL¡ulis and Farrelf 1975, Komats'r et oL.

1917, Marianí et aL. I979). Mean ß-lactogiobulin concentration

decreases in order of ß-lactoglobulin genotype A, AB, B. Cerbulis

and Farrell (1975) and Maríarj- et aL. (1979) also found significant

differences in whey protein content between ß-lactoglobulin genotypes

(A > AB > B)"

The increase in casein concentration with ß-lactoglobulin genotype

in order A, AB, and B, as found by Aschaffenburg and Drewry (1957) 
'

has been confirmed by Moustgaard et aL. (1960) (P < 0.0005) and

ì4aríani et aL. (1979) (P < 0.05) andwas also índícated in some data collected

by the present author from cows in a controlled feedíng situation'

Moustgaarð. et aL. (f960) and Mariani eb aL.(1979) also demonstrated

thar ß-lactoglobulin B milk had a significantly (P < 0.0005 and

P < 0.00I, respe,ctively) higher proportion of casein in the toËal

protein, and Michalak (1973b) and Cerbulis and Farrell (1975) reported

the same trend.
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The results of Michalak (1973b) showed a trend of higher o."r-

and r-casein contents and lower ß-casein contentr expressed as a

percent of total protein, wiËh ß-lactoglobulin B cows when compared to

S-lactoglobulin A cor¡s (significance not given). Although Mariani

et aL. (I919) found no significant differences j-n casein components,

expressed as a percent of total casein, the u"r- and r-caseín

concentrations were significantly (P < 0.05) higher in ß-lactoglobulín

B millc than in tyPe A milk.

The results of studies on the association betw-een ß-lactoglobulin

genotype and total protein concentration in milk are conflicting.

Janicki (L974) and Golikova (1975) claímed ß-lactoglobulin A was

signifícantly superior for protein production' Senenenko (197lb) and

Mityurrko (Igl4) claimed that ß-lactoglobulin B was significantly

superior, Pyanovstka and Meshcheryakova (I974) claÍmed that the

heterozygote, ß-lactoglobulin AB, was significantly superior and

Dvorak and Macha (1970), Kiddy and Kral (L973), Cerbulis and Farrell

(ß15), Janícki (1978) and Marianí et aL. (1979) found no signífícant

difference.

The results of studies on the associatíon beLween B-lactoglobulin

genotype and milk yield are inconsístent although most studies found

that ß-lactoglobulin A was superior. !'Ihen comparing the A and B

genorypes, comberg et aL. (L964), Thatcher (1965), Macha and Mullerova

(t969), Arave et aT. (1971), Kamenskaya (L913), Mityutrko (I974),

Kuzmenko et aL. (Lgl7) and Munro (1978) found $-lactoglobulin A

sígnificantly superior and Eidrígevic]n et aL. (1972), Osipenko and

Miryur'ko (I973) and Janicki (1978) found B-lactoglobulin B significantly

superior.

The onJ-y studies reporting a significant associaÈion between

g-lactoglobulin genotype and fat concentration were Golilcova (I975>
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(ß-lactoglobulin A superior) and Sherbor: elt a.L" (undated) and lloogendoorn

et aL. (L969) (ß-tactoglobulin B superíor) '

(ii) cr"r-Casein genoËYPe

Hoogendoorr- et aL. (1969) found a significant association

between cr,"r-casein genotype and milk protein cont-ent with Jersey cows

but the super:ior genotype \n/as not given. Dvorak and Macha (1970)

and Munro (Ig77, 1978) found that o,"r-casein BC cor¡s produce milk

with significantly higher protein content tiran o,"r.-casein B cows,

whereas MiËyuttko (1974) found that the reverse was true.

Golikova ancl Panin (lglZ) found that G-casein content (expressed

as a percent of toËal casein) røas higher and ß-casein content was

lower for cr,"r-casein C cows when compared to cr,=t-casein B cor,øs

(sígnificance not given).

Mítyut'ko (Ig14) reported that cr"r-casein B cows had significantly

higher milk yield than BC cows although other studies where significance

\^ras not demonstrated have reported the reverse trend'

lulunro (1978) founcl that osr-casein BC Friesians had a hígher

rnilk fat content tharr Eype B. A significantly higher fat yíeld was

obtained from cl"r-caseín BC cows compared to B type cows althotigh

mi1-k yíelds were not significantly different (semenenko 197la).

(iii) ß-Casein genotYPe

Hoogendooxr¡ et aL. (1969) found that in Milking Shorthorns, the

ß-casein genotype significantly affected the milk protein content and

I,lunro (Ig77, LglB) showed that milk containing ß-casein B genetic

Ëypes had significantly higher protein contents, wíth both Friesian

and Jersey co\¡/s.

Heterozygous ß-casein AB co\^rs s)mthesized signifícantly more
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total protein, casein, ß-casein and whey "globulint' than the homozygotes

(Mityukov Lg14). However, Golikova and Panín (1972) found that milk

from ß-casein A cows had a higher percent cl-casein and lower percent

ß-casein when compared to p-casein B corrs'

I^Iith regard to the association between ß-casein genotype and milk

yielcl, Kamenskaya (1973) found type A and AB were higher than type B,

Míryuttko (Ig74) found that type A was higher than AB, Timoshenko (1973)

found type AB was higher than type A and Eidrigevich et; aL. 0912)

found rhe heterozygote AB gave the híghest milk yields.

Hoogendoorr- e'L c¿L. (1969) found a significant association

between ß-casein genotype ancl fat content in Shorthol:ns' MityuÈ1ko

(Lgl4) found ß-casein AB had a significantly higher fat content than

type A and Munro (1978) reported a significant relatíonship in Jerseys'

(iv) rc-Casein genotyPe

Two studíes have shown that milk from r-casein B cor¿s is

significantly superior to other types for milk pr:otein c-ontent

(Hoogencloor:n et aL. 1969 wi.th Je::seys and Munro L977, 1978 with Jerseys

aDd tr'riesians) and this trend was also found in several other studies

where signifícance LTas not gíven (Michalak 1973b, Maríani et aL" 1916

and Pavlyuchenko et aL. 1977) -

Mityukov (1g74) fouud that anj-mals heterozygous for the r-casein

genotype \^/ere capable of more intensive slmthesis of rnilk proteins'

but only the ü"r-casein fraction was significantly dj,fferent. casein

concentrations calculated from the data of Michalak (1973b) show

r-casein AB is associateci with higher casein content than r-casein A,

and Maríani- et aL. Q976) found that r-casein B niilk had a higher

content of casein than r-casein A milk, but the signifícance of the

results of these two studies \^7as not gíven. Michalak (1973b) and

llariani elt q.L. ( 1976) found similar effects of r-casein genotype on
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individual proteiu concentratíons: K-casein B nilk contained a lower

cr --casein conLent and higher ß- and K-casein contents, with similar
sI

whey protein contents-

Munro (1978) reporÈed that r-caseífl genotype had a significant

association with milk yield, but no significant association with fat

content has been rePorted.

(v) Casein genotyPe

The genes responsible for the synthesis of cr'"r, ß- and r-caseins

are closely linked (see section I.8.3), and so the effect of the casein

genotypes on milk production and composition should be considered as

a tcasein gene comPl-exr.

Hoogendoorn et aL. (1969) found that when ttre four milk protein

loci (o ,, ß- ancl r-caseín and ß-lactoglobulin) were cornbined,
sl

ignoring breeds, significanË differences (P < 0'005) in percent

protein was observed. Larsen (L972) showed that casein polymorphism

signifieantly affected Ëhe protein c.ontent of rnilk" In Jerseys'

1.57" of. the variation in percent protein hTas accounted for by the

casein system, with lesser amounts in two other bree-ds-

Mityutrko and Pavlyuchenko (1973) found that cows wíth the casein

genotype ß lr - < A gave the highest milk yield rviríle ß AB - < À gave the

lowest. Zhebrovskíi et aL. (1975) reported that cr"I ii - 13 A - r A -

ßfg A r,¡as the most promising genotype when considering milk, fat and

protein yÍelcl .

Association between Milk Protein Gen o type and 0ther Parameters
5

Earlier sections have revíe\¡/ed associations between milk protein

genotypes and milk yield, fat and protein contenÈ and protein

composition, those being the parameters directly involved in the

present investigation. Before a decision could be made with regard
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to selection for a particular genetic variant, other parameters of

economic importance \,/ould also have to be considered, such as fertility,

feed efficiency, mastítis resistance and suitability of Ehe milk for

manufacture of products"

Few studies of the association between milk protein genotype and

fertility have been reported. Janicki (1977) founcl that ß-lactoglobulin

AB cows \^/ere sigtlificantly younger at first calvíng ttran type A or B.

Hargrove et aL. (1980) found that the probability of conception was

signifj_cantly associated wíth cr"r-casein (BC > B), and ß-casein
'la

(lt'n' > others) genotyPe.

The feed efficiency of ß-lactoglobulin A cows was significantly

greater than that of ß-lactoglobulin B cows (Arave et aL. I97l).

Resistance to nÌastitis was greater with ß-lactoglobulin heterozygotes

(AB) than with the hornozygotes (Kriventsov and Pryankova 191 L,

Osterhoff et aL. 1973) "

Casein variants with a lower net negative charge (Í. e. the slower

variants during electrophoresis in an alkalíne nredium) have shorter

chymosin clotting times resulting in firmer curds at a given cutting

tirLre. For cheesemaki-ng, o."r-casein C gives a fírmer curd than B

(Sadler eb aL. i96B), and with ß-casein and r-casein, type B gíves a

firrner curd than A (Feagan et aL. L972). Mariani et aL- (1916)

found that mílk contaíníng rc-casein B was more suited for manufacture

of Parmesan cheese, and Moríni et qL. (L979) showed that the cheese

pr:oduced had better physical-. chemical and organoleptic characteristics

than cheese from K-casein A milk,

Conclusíonsu

A number of studies have shown associations beÈween milk protein

genotype and rní-llc yield, milk composition and other parameters, but in

very few cases are they sígnificant and consistent. Also, litt1e work
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hasbeenpublishedongenotypespresentinlowfrequencies,suchas

cr .-casein C, ß-casein C and ß-lactoglobulin C'
SI

s-Lactoglobulín genotype affects the concentr:atíon of ß-lactoglobulin

in the milk and appears to affect the ratio of casein to whey protein,

without any consisËent effecË on the total proteín content of the nilk'

Forcheesemaking,ß-lactoglobulinBmilkwou]-dbepreferableto

ß-lactoglobulin A milk. However, a nunber of studies have- indicated

rhat ß-lactoglobulin A is associated with higher milk yíelds, and one

study has shovm that the feed efficiency of ß-lactoglobulin A cows is

si_gnificantly higher than ß-lacroglobulin B cows. As milk yield is

negativelycorrelatedwithconcentratíonsofmilkcomponent.S'

considerations of commercial breedíng may have to accomodate conflic'ting

effects of a genotype.

There has generally been insufficj-ent studies to clraw clefinite

conclusions about the association between casein genotypes and milk

yield ancl coniposition- o"r-Casein B cows appear to produce more milk

containing lower concentra'r,ions of fat and protein, when compared to

cx --casein BC cows. I^lith ß-casein genoLype, type A cows appear to
sI

prodtrce more milk r¡rith lo\^ier proteín content, when compared to type B

co\^/s, rc-casein B cows appear to produce mole milk contaíning a

higher content of protein ancl caseint colnPared to rc-casein A co\^Ts'

For cheesemaking, the clur-casein C, ß-casein B and' r-casein B

genes are suPerior-

In the present investigaÈion, the association between mílk protein

genotypeandmilkyieldandcompositionwasstudiedintwobreedsof

daíry cattle in South AustralÍa. Apart from the knor^m association

between B-Iactoglobulin genoLype and ß-lactoglobulin concentration,

there have been few studies on the direct effect of mílk protein

genotype on the conc-entration of that protein' and in the present
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investigation the association between casein genotypes and

individual caseirr concentrations was studied. The association between

g-lactoglobulin genotype and total casein concentration in milk,

demonsÈrated in several studies, could be of practical significance

for manufacture of cheese and other products and was also investigated

B. The Present Investigation

l. Experimental

(i) Herd selection

Ilerd recording in south Australia is carríed out by the Herd

Improvement services co-operative of south Australia Limited

(FI.I.S.C.O.L.). only hercls participating in the H.I.S.C.O.L. monthly

herd recording service were included in the present investigatiou as

this facilitated collection of rnilk samples, provided rnilk yield and

fat content on the clay of milk collectíon and also provided records of

the breed., síre, date of birth, calving date and lactation data for

each cow. To facilitate milk collectíon, the study hras restricted to

he-rds in the Central and Southern Hil-ls areas of South Australia.

I'líthin these È\,/o areas, H.f.S.C,0.L. has two testíng centres aË

Hahndorf and Yankalilla respectively. Both 'herd recorcler sampledr

and to\,rner sampledt herds were used, and both stud and grade herds

were used.

Eight large herds r¡/ere selected to give the maximum number of

suitable samples within each herd. When selecting these herds,

uniformity of breed, seasonaliËy of calving and herd cell count r¡/ere

al.so used as criteria. Cows in the same herd v¡ere assumed to be under

uniform management and nutritional conditíons.

This sËudy \Â/as restricted Èo the Jersey and Friesian breeds,

which are the Ëwo major breeds of dairy cattle in South Australia,
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and four herds of each bleed were selected. \nlhere herds contained

mixed breeds, herd size selecÈion \,/as based on the number of purebred

animals inclicated by the her:d manager. Inlith one herd (herd 6)

H.I.S.C.O.L. records later indicated that only 29 of the 84 milk samples

selected were from pure Fri-esian cows. The herds selected, breed and

sampling date are in Table V' 1'

To reduce seasonal ef fects, the herds \^7ere Sampled within the

shortesL time possible - a four month per:íod between May and September,

Ig78. This time uras selected Èo give the maximum number of milk

samples from cows in micl-lactation. The order of sampling of the

selected herds depended on the seasonal calving pattern of the herd

and the H.I.S"C.0.L. test claËe.

(ii) Milk collection, milk yield and fat concerrtration

A subsample of milk from each cov¡ was taken during the evening

and morning mílking using Tru-test milk meters (Tru-test Plastics

Ltd., Auckland, New Zealand). These separate p'm' and a'm' samples

v/ere transported to the H.I.S.C.O.L. testing centre at either Hahndorf

or yankalilla, warmed to 40oC, mixed, and weighed to obtain the daily

milk yield in litres. A subsample was Êaken for f at detemination and

the remaínder was immediaËely transported to Lhe Northfield Research

Centre.ThefatconcentrationofthecomposiËep.m.-a.rn.milksample

r,ras determined by H.I.S.C.O.L. using the Babcock method (Standards

Association of Australia 1976) '

(iií) SamPle selection

Lactationlengthf¡/asÏestríctedtobetweenl0and2Todaysso

that variation in protein composítion due to early and late lactation

milk was reduced. At the time of sampling, ca1-ving dates i^Iere not

knovrn, and sanrples from cows with monthly test numbers of 9 or greater
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TABLE V" 1

The breed and samplíng date of selected herds and various co\¡/ and

rnilk sarnple numbers

Herd
No.

Major
breed

Date
sampled

Total cows
in milk

No. of pure bred
cows of the
major breed

No,of samples
ínitiallv

,_dselected

l

2

3

4

5

6

7

8

Jersey

Jersey

Jersey

Jersey

Fríesian

Fries ian

Friesian

Fríes ían

10..5. 7B

7.6.78

22.8.78

11.9.78

22.6.78

r1.7.78

t9 .t .78

16.8.78

llB

153

L26

T2I

124

160

140

105

118

106

B8

72r

124

29

139

77

BO

6B

70

90

80

B4b

r04

47

o Fror cor¿s indicated by Èhe farm manager to be pure bred, with

rnonthly test number of B or less and Iil,M.T. reading of 15 or

less

h" Only 29 samples were later found to be from pure bred animals:

other samples, although from co\^rs more tll.ar- 3/4 Friesian, \^Iere-

not íncluded in the gene frequencies and genotype/productíon

analysis.
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vrere díscarded. When the calving date became avaílable, and Lhe

lactation length at sampling could be calculated, 5 co\'/s were found to

have been lactating for less than 10 days and 17 cows for more than

270 ð.ays, and so t,he results of these samples v/ere not usecl .

To elimínate the effect of subclinical mastj-ti-s on protein

composition the milk samples r¡ere tested using the l^lisconsin Mast-itis

Test (Thompson and PosËle L964) and samples with a reading of more

than 15 Íìm \^Iere discarded.

(vi) Fat separation

Inlhole rnilk was centrifuged at 3000 r.p.m. (1000 ø) and ZoC for

5 minutes using a M.S.E. High speed 18 centrifuge (Measuríng and

Scientj-fic Equipment Ltd., London, u.K.) or a Damon/IEC 8-60 ultra-

centrífuge (Darnon/IEC Division, Needham Heigtrts, Massachusetts, U. S.A. ) -

The hard fat layer was broken with a spatula and the skim milk

decanted.

(.r) Skim millc composition

(a) Total solids concentration

The total solids concentratíon of skim milk samples was determined

by drying on a hot plate at lOBoC f.or 25 rninutes. An aluminium milk

bottle top containing two filters (Argus Rex, Nykoping, Sweden) was

heated on a hot plate for 30 minutes and quickly weighed while hot'

One mL of skim milk was adcled to the filters using a glass barrelled,

stainless steel syringe and the bottle tops again placed on the hot

plate. After drying fox 25 minutes, they were again quickly weighed

vrhile hot. The total solids conceRtration obtaíned was corrected for

an average fat content of 0.g gL-l in the skim milk. This correctíon

factor r¡/as deËermined by selectíng 5 mílk samples containing a range

of fat concentrations,centrífuging at 3000 r.p.m- and 2oC for 5 minutes
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as used to prepare the skirn milk, and determining the residual fat

concentration using a Milko-tester Mark II (Foss-Electric, Hillerdd,

Denmark) . There r¡ras no trend in residual f at concentration wíth

initial fat content and the mean (O.g t 0.32 gt-l) was used to correcÈ

the total solicls concentration of skim milk.

(b) Protein concentration

The protein concentration of the skim milk samples r¿as determined

using a Pro-l"Iilk Mark II (Foss-Electríc, Hillerdd, Denmark). Pr:ior to

the sampling of each herd, the volume of dye delivered by the

Pro-l"lilk was adjusted so that the protein reading obtained for a bulk

milk sample was the same as the crude protein value obtained by

duplicate Kjeldahl deËerminations. The syringe used for milk sampling

was adjusted to deliver 1 g of distilled r^/ater.

(c) Protein composition

The casein concentïaÈion of the skírn mílk samples was determined

using method C as described in Chapter III. Iíith a small proportíon

of samples, the protein concentration of skim milk and whey exceeded

-l55 gL ', the maximum reading on the Pro-Milk scale. \^Ihen this occurred,

a skirn mílk sample of lower protein concentration was usecl as the

base to obtain readi,ng III.

The casein precipiÈated from the skim milk samples during

estimation of whey protein and caseín concentration was redissolved in

imídozole-HCl buffer as described in Chapter IV and storecl at -16oC.

1he casein composition was determined by quantitative polyacrylamide

gel electrophoresis as described in Chapter IV. This was noË completed

until approximately one year afÈer sample collection due to difficulties

in obtaining a linear relationship between the amount of purified

protein added and densitometer peak area.
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The concentrations of ß-lactoglobulin and cr-lactalbumin were

determined by radial immunodj-ffusion as descríbed in Chapter IV.

The diluted skim milk samples were loaded on the agar plates on the

day after sample collection.

(vi) Lactation data

Lactation data (milk yield, fat yield, mean fat content and

lactation length) was collected for the 1978-79 xecording year from

H,I.S.C.O.L. records. Thís lactation data was míssing from the

H.I.S.C.O.L. records for 37 of the co\,/s. This could be due to two

reasons:- (1) the cow faíled to lactate for a minimum 90 day period

required for conipiling a lactation sufllmary or (2) the lactatíon summary

contaíns lactation dat.a for all cows completing their 90-300 day

l-actation before 31st March. Some cows' particularly in' herds sampled

lat.er, mây not have finished lacLating within the 1978-79 tecotding year

ancl the f979-80 recording year lactation suüuuâries \^7ere not available.

(vii) Genetic variants

(a) o"l-, ß- and r-Casein variants in alkaline gel

The genetic variants of osl-, ß- and r-casein, wíEh the exception

of ß-casein A variants, \¡/ere obtained from the acrylamide gels used

for d.etermining casein composition (see Chapter IV) '

(b) ß-Casein A variants in acid gel

Skinr milk samples for genetic typing of ß-casein A and ß-lactoglobulin

v/ere stoled at -l6oC. ß-Casein A geneËíc variants \^7ere determined

by thin layer starch gel electrophoresis using the buffer system of

T.K. Bell (personal communicatiorr).

The gel contained 20 g hydrolysed starch, 29 g urea and 100 rnl, of

lithiurn formate buffer of pH 3.0 made up of 0.017 M lithíum hydroxide
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ancl 0.083 M formic acid. The e.lectrode buffer of pH 3.7 was made up

of 0.079 M lithium hydroxide and 0.1f6 M formíc acid.

The starch slurry r¡7as poured into a mould consisting of a

Perspex frame and glass plates, to produce a starch layer 246 x 1I3 x

1.5 mm on a 1 mm thick glass Plate-

The skim milk samples were diluted with an equal volume of 7 M

urea solution and loaded into the gel as described for the quantitative

acrylamide gels (Chapter IV). Electrophoresis ralâs carried out for

5 hours using an LKB Multiphor apparatus (LKB Produckter AB, Bromma,

Sweden) with the po\¡rer source adjusted initially to 260 volts, and

with water at 15oC circulating through the cooling plat-e.

The gels were stained for t hour r^iith 0.0069 gt--l nígrosine in

methanol: \,/ater: glacial acetic acíd ( 15 : 15 :2, v:v:v) and rinsed

in niethanol: r¡/ater: glacial acetic acíd (5:5:1, v:v:v).

Four sample.s had deteriorated and could not be typed for ß-casein

as 3 bands of varyíng interrsity \^Iere Present. The acid casein

preparations of these four samples were also tested, with the same

result.

(c) ß-Lactoglobulin variants

The ß-lactoglobulín genetic- variants were determined by starch

gel electrophoresis using the buffer system of Gahne (1963). The gel

contained 13.5 g hydrolysed starch and 100 mL of pH 8.5 buffer made

up as 0.060 M Tris, o.oo5 M citríc acid, 0.008 M lithium hydroxicle

and 0.031 M boric acid. The pH 8"5 electrode buffer v/as made up as

0.050 M l-ithium hydroxide and 0.191 M boric acid.

The method of gel preparatíon \¡Ias similar to that used for acid

ß-casein sEarch ge1s, Skin milk samples were loaded ínto the gel

without dilution. Electrophoresis \¡ras caïried out at l6oc fot 2.5 hours

wírh inirial settings of 250-260 V and 65-80 mA giving 13-f4 V"*-1.
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-l
The gel was stained for 1 minute in 0.064 gL

\^/ater: glacíal acetic acid (5 .6 :5 : I , v:v:v)

\,/ater : glacíal acetic acid (5 :5 : I , v:v:v) .

amido black in rnethanol:

and rinsed in methanol:

(viii) Statistical analYsÍs

Comparison of genotype frequencies between breeds and between

herds w-ithin breeds \^7as caïríed out using j x k contingency tables

(l,tather L964). Non-independent segregation between pairs of nilk

protein genes l^/ithin each breed was also tested using j x k contingency

tables.

The association between milk protein genotype and milk and fat

yield and milk composition variables was analysed by least-squares

analysis of variance (Harvey I975). The model fitted included breed,

herds within breed, â8€ of cow and genetic type as maín effects, and

the two way interaction terms breed by age of cow, breed by genetic

type and age of cow by genetic type. Stage of lactation v¡as included

as a linear covaríate. Breed, age of cow and genetic type were

Èreated as f ixed ef f ects, whereas herds withín bree.d \^/as treated as a

ran¿om effect. The four milk proteins studied which exhibiÈ genetic

variation vrere included in the model one at a time. The effect of

sires within l-rerds was ignored, as the number of sires used in each

herd was large and so the number of daughters of each sire was often

small with large variation in numbers beÈween sires. The síres of B0

co\^/s ín 5 herds üras unkno\^rn or not available from H.I.S.C.O-L. results.

Fifty seven known sires r¿ere used in the 4 Jersey herds arrð 45 of these

had 3 or less daughters and 39 sires were used in the Friesian herds

and 3l had 3 or less daughters.
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2 - 3ÊÊ4!-q-

(i) Milk yield and comPosition

The mean lactation milk and fat yield and fat concentration, and

the concentrations of components il1 the test day sample, for each herd

and the two breeds, are in Table v. 2. The proportion of casein in

Ëotal protein, proportion of casein components in total casein and

proportion of ß-lactoglobulin and o-lactalbumin in total whey protein

are in Table V. 3.

The significant differences obtained dtre to the effect of breed,

herd within breeci, aBê of cor^r and stage of lactaLion on lactation milk

and fat yield, mean fat concentration and the compositíon of the test

day mílk sample are in Tabl.es v. 4. and 5. The least-squares means

and standard errors of these varj-ables for breed and age of cow are

in Tables V. 6. and 7'

The concentrations of total solids, fat, Proteín, casein, osl-,

ß- and rc-casein and whey protein were significantly higher in skim

milk from Jerseys compared to concentrations in Friesian milk.

Lactation milk and fat yields hTere not significantly different' The

only significant dífference in casein composition between breeds,

\^ras a higher proportion of K-casein in milk from Jerseys (P < 0.05)'

Significant differences between herds within breed was obtained

for all yields and concentrations measured '

Lactation milk and fat yield increased significantly (P < 0'001)

rvith increasing age. Significant differences bet\,Jeen age groups \^/ere

found with total solids, fat, whey protein and ß-lactoglobulin

conce-ntrations: the concentration of each reached a maximum in the

second or thírd lactation and then declined with increasing age'

Similar, norr-significant, trends were indicated wíth protein and casein

concentrations. The concefitratl-on and proporÈion of cl"r-, B- and

r-casein declined and thaÈ of Y-casein increased with incr:easing age'
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T.Á,BLE V. 2

Themeæ,sÈandârd'devia|ionadrangeoflactationnlìkaodfatyield'faÈconcentFaEj.cu

Variable Jersev'herds Friesian herds Friesian
mean

5 6 7 I (ræge)
2 3

J ersey
ne&

( range)

7t 21 97

2887 + 818. I 3L92 + 706.8 3775 + 831.3
(137 - 4889) (r}n - 4264) (Lrrl - 5484)

Overall
mean

( range)

?38 501

3 486 333 3

(737 - 6453) (312 - 6453)

!44 r59
(22 -276) ( 13 - 335)

41 48
(29 - 63) (2e - 7c)

LãcEaÈion dåta:

Number oi observations

ì4irk yield (L)

FaE yield (kg)

Fat coûcentration (gl'-I)

Test Cay daÈa:

Nurrber of observations

uilk Yield (I)

Conceniratiæs (gL

ToÈal solid's

Fat

Pro tein

Casein

cs I -caseln

üs2-caseln

B-caseln

Y-ca sein

K-casein

I^rney Proteín

g-lactoglobul ln

q- lactalbumln

2 850
(3rz

t62
(13

51
(47

6rg .51!

41r0)

224)

4.7
70)

OJ

2029 + 510.3
(410 - 3316)

104 + 26.8
(24 - 164)

52 + 5.1
(42 - 62)

63

colc
(2685

(r58

54

734 + 33.2
(64 - 186)

41 + b.¿
(3s - 63)

59

3230 + 548.1
(2L34 - 4815)

t12 + 30.9
(rr2 - 259)

53 + 3.8
(46 - 65)

59

11.9 + 3.58
(4.1 - 20.1)

289

1ì.9'I (l.s-29.5)

29

15.0 + 3.60
(6.6 - 22.2)2 .68

15.3)

169 + 14.0
(L44 - 204)

63 + 9.7
(42 - 97)

4L.8 + 4.24
(33.3 - 52.3)

32.4 + 3.49)
(25.4 - |O-i)
I0.3 + I.44
(7 .9 - 14 .4)

3.3 + 0.68
(2.3 - 5.4)

lI.6 + I.49
(B.r - 14.8)

2.6 + L, t9
(0.6 - 6.0)

+

+

+

+

+

182. 6

6439)

38. 7

335 )

5.0
65)

263

319 5

(3r.2 - 6439)

!12
( 13 - 335)

54
(42 - 70

123 + 33.3
(22 - 189)

43 + 4.3
(30 - 5s)

11

r52 + 34.8
(57 - 276)

40 + 4.4
(29 - 53)

4I91 + 985.6
(2r20- 64s3)

I7I + 40.0
(79 - 2s 1)

4l + 3.7
(3s - 49)

63
21,9

13.I

) Jö

12.5
+

84

.7

.9

42101

13.0 + 3.98
(3.9 - 23.8)1.5 + z.t3

(2.6 : 13.4)
8.9 +

(3.0 -
L2.3 + 4.54
(4.9 - 22,9j29

5

9.2 +
(6.5 -
1.9 + 0.84

(0.4 I 5.2)

2-6 1-

(1.2 -

:

+

l
3

t3
(1

s7
.t ) (3.e - 23.8) (1.9 - 29.5)

t)

t5I + 10.9
(r30 - r85)

52 + 1.6
(34 - 75)

I53 + 10.5
(130 - 189)

52 + 6.3
(33 - 66)

160 + 13.0
(134 - 188)

53 + 1.tj
(42 - 10)

159
(130 - 2C4)

55
(33 - 97) (

40.6 33
(23.5 - 52.3)(27

134 + 10.9
(11s - 167)

L35 + 9.7
(11s - rs9)

39 + 6.3
(28 - 57)

3 + 0.84
5 - 10.2)

r. + 0.73
3 - 4.6)

30
II
41 + 5.9

(30 - 52)

32.4 + 3.lO
(26.r- 38.2)

25.5 + 2.39
(20.2- 29 .5)

8.5 + 0.78
(1.2 - r0.2)

3.0 + 0.5ó
( r.3 - 4.4)

131 + 8.0 I
(106 : lss) (I

1,32 r47
(r.06 - r67) (I06 - 204)

4t 49
(20 - 60) (20 - e7)

3r..9 36.6
(25.r - 42.3) (23.5 - s2.3)

24.7 28.5
(18.6 - 33.r)(18.6 - 41.8)

8.3 9.3
(8.0 - 11.6) (6.9 - 14.4)

2.9 3.6
(1.3 - 5.6) (i.3 - 7.1)

8.8 9.9
(s.7 - 12.0) (5.7 - 15.2)

2.1 2.4
(0.4 - 5.2) (0.4 - 7.0)
1a 1Á

(i.2 - 4.s) (r.2 - 6.3)

1.0 8.0
(4.2 - 13.6) (4.2 - 16.7)

1.0 3.3
(r.8 - 4.4) (1.8 - 5.e)

0.98 1.06
(0.ó2 - 1..}s)(0.6? - 1.-s6)

141'
9.4

42 + 6.9
25 - 60)

8.6 + 1.03
(6.6 - 11.6)

3:0 + 0.69
(1.3 - 4.i)

41 + 5.6
(20 - 57)

39.6 + 3.61 37.6 + 3.11 42.6 + 3'61.
Q3.5= 4g.2) (31.7 - 43-9) (37.z - 30'3)

10.1
(6.9

4. t
( 1.8

10.8
(7.0

2.7
(0.5

lq

(1.4

14.4)

t. t)

15. 2)

7. 0)

6. 3)

1.UJ
r.2 . 0)

30
(2s

23
(18

I
(5

2
(1

8
(5

i
(0

2

+ 3.3C 32.8 + 2.68

= 42.3) (28.3 - 39.9)
i + 2.3I
I - 38.9)

3 + 2.00
6 - 32.2)

0 + 0.92
6 - r0.4)

3i,0 + 3.02 29.3
(23.5 - 4r.3) (22.2

10. 3 + 1.29
(7.6 - r3.7)
3. 3 + 0.62

(1.8 - ¿r.4)

10.4 + l.¿7

+ 2.71 33.6 +
- 3s.r) (24.9 -

9.3 + 1.06 I0.5 + 1.00
(6.9 - rr.6) (1.5 - 13,2)

3.8 + C.69 5.1+ 0.96
(2.r - 5.3) (2.9 - 1.r)

1û.8 + 1.23
(8. r - r.3.7)

3.34 3r.7 25.5 + 2-61 26-3 + 2'54
t+1.8) (22.2 - 4i.3) (20.9: 3r.4) (22.4 - 33.1)

:
:

7

9

8.
(6.

J.

(r.
9,

(7.(7.0
18

.41

88
8)

59
2)

3.0
(0.e

4.1
(2. 4

- 15. 2)

+ 1.40
: 7.0)

+ 0.8i
- 5.b)

i0.5 + 1

(1 .1 - |
2.1 + 0
(o's: 4

3.6 + 0.

9.0 + 1.01
(t.5 - lI.0)
3.6 + 0.65

(2.5:5.I)
1.26 + 0. 129
I.0r - 1.54)

8.6
(5.3 - 16.7)

3.6
(2.1 - s.9)

0.65
5.6)
0.95 8.8 + 1'09
li.o) (5.7 - 1I.2)

2.6 + 0.96
(r.2- 4.9)

2.7+ 0.62
(1.7- 4.5)

6.9 + LZl
<4.9-9.1)
2.1 + 0.47
(1.8 - 3.s)

0.88 + 0. I05
(0.62- I. 14)

3 + I.17
2 - 11.9)

4 + 0.75)
r - 4.5)

9 + 0.75
4 - 4.4)

5 + 0.47

3.2
(0.5

J.0
(1.4

8.6
(5.3
3.9

(2.6

:
+

6. 3)

0.79
6. 3)

0. 68
4. 3)

r.54

3.3 + 0.53
(2.5 - 4.5) (_r.4 --3.5)4.2 + 0.76

Q.7: 5.9)

9. 3 + 1.46
(6.1 - 12.9)
4.I + 0.83

(2.4 - 5.9)

- 16.1)
+ 0.75

0.95 + 0. 126 t. l8+ 0. I 14

(0.70 - 1.37) (0.94- l.s6) (

+ 2 03

lssi

8.3 + 1.02
(s.5 - rr.0)
3.0 + 0.48

(2.1 - 4. r)

l.t2 + 0.073
0.98 - r.33) (

6.5 +
(4.2 -
2.9 +

(2.o -

r3.6)
0.58
4.4)

1.6 +
(4.9 -
3.2 +

(2.4 -

0.91
7.9)
0.50
3. 8)

0.94
9.e)

+ 0.41
- 4.1)

+.J
.6
.0

o

1.13 0.97 + 0.125 1.02 +
(0.70 - r.56)(0.74 - I.3B) (0.8I -

0.102 1.01 + 0.116
r.27) (0.69 - 1. 38)

H(,
O

ll r"". + standard devlacion with the range in brackets underneath
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Jersey mean

(ræge)

Friesian herdsJersey herds

TASLE V. 3

rhe Eean, srædard deviatlon md range of the pioportíon of casein itr toÈal DroËein and groportion of casein comPonents in total casein, and mean proPorEion

of whey Protein in toÈal r+hey oroÈein'' for each herd and breed

Variable

Casein as Z of ToÈal-
ProEein

Casein comPonents as Z

of Eotal casein
0s l-casean

ds2-casern

9-casein

y-caseln

K-Casean

I"Ihey protetns as Z

of total whey
proteln

$-Iactoglobulln
c-lacÈalbunln

45 .4

t3.7

40. 0

14.0

42. r 44.6

t5 .1

44.r
14.9

I

39. r

t2. 8

Friesian
mean

( range)

42.9

14.0

OveraII
meæ

( rarLge)

4r.3
r3.3

6I z

77.5!2-67!| 7g.3! 4.14 77.s!2.53 78.g!2'3-5 78.1 76't!3'54 80'2!z'75 77'4!2'69 78'7+. 2'9L

(7r.3-83.0) (63.e-84.j) (70.0-83.7) (73.3-eÌ.sl tåá.õ-s¿.7) (67.6-84.2) (74.8:s6'o) (67.1-84'3) (7r'e-83'7)

9,
I
I

6,

31
25
I5

(10

77 .4 77 -9
(67. r-86.0) (63.9-86.0)

3¡.1+ 2.57 33.2!'?.13 3r.91
(26. r-38. 7) (25.9-39.6) (2s'4-3
I1.6+ I.57 10.6+ ].64 r2.9+

( 1.s=14.6) ( 6.7:14.s) ( 8.4:1
35.8+ 3.08 33'.c+ 4.20 35.9+

J t1
6.e) (

88 I2.8
4) ( 6.7-I8.
24 34.2
6) (23.7-43-
s2 8.6
2) ( L.9-23.
6 L I2.4
9) ( 4.4-18.

1!2
4-37
3+I
9:r8
I+2
h-tt
0+2
8-16
3+1
7-L5

0s 31 .9
6) (2s.4-3e

40.9

12. I

33.81 2.6s 3r.31 I.ss 34.t2-3e -l?'1i's5
6) (2s.4-39.s) (28.6:34'8) (23-2-39.3) (30' I-36'4)

11.9+ 2.08 11.7+ 2.36 11'54 2.67 1I'6+ I.81
4) ( t.1=r¿.éi ( s.5-1¿.1) (.s.e-r7.4) ( 6'4-Is'4)' '36']+ 3.22 35.?+ 2.88 35'3+ 2.88 34'4+ 3'13
8) (2t.s-43.s) (28.7-42.o) (27.6-42.1) (28.2-39'7)

7.6+ 3.08 9. l+ 2.83 8.1+ 3.31 10'2+ 3.6r
7) (r.1-t1.sj ( ¿.¡-t+'+) (r.7-20.2) ( 4'3-18's)' 

70.3+ 2.32 L2.6+ 1..41 10.6+ 1.82 10'5+ 2.04
7) ( 4.7-Is.t) ( 9.4-14.7) ( 6.4-r4-8) ( 6'9-16'2)

33. 6
(23.2-39.9)
r1.7

( s. r-r7.4)
35.4

(21 .6-43.5)
8.5

( r.7-2A.2)
r0.8

( 4.7-16.2)

32.6
(23.2-39.9)
12.5
( s.r-18.4)

(23,7-43.8)
8.5

( r.1-23.7)
1I.8

( 4.4-r8.7)

I
6

2

75
3)
68
e)
82

(26.6-41.7) (23.7-43'8) (29. 6-4r
7.9+ 3.68 10.4+ 4.36 7.1+ 2

( 2.3-1s.5) ( 1.9-23.7) ( r.9-16.8) (

12.9+ 1.85 Lz.j+ 2.26 12.3+ 1.65
( 9.8-18.s) ( 4.4-18.7) ( 9.3-17.0) (

(2

44. I
r0.z

36.1

r3.5

ilrean (calculaÈed froE the Eean concentraElons ln Table v' 2) * standard deviâtions wlth rangé in brackets mdemeâEh

(,
ts
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TABLE v. 4.4

LeasÈ-squares æalysls of varleD.ce of lacÈaÈ1@ n1lk æd feÈ yleld, fâ't concentration a¡d the concenttaÈ1ons of total so1lds' ProEelnt casel¡' çhey

proteln, B-ractogloburiri md d-lactalbunlû Ín Èhe tes! day nllk saple when B-lacÈogloburll geûotyPe rtas fDcluded ln the mdel

d. f. Mem squåles-Coûcentratlofls of compments l¡. test aay saqle (gL-l)
d.f ì&a¡ squares-Co[Plete lactâ¡iod deÈaSource of

varlatlon

Breed (B)

Herds (wLÈhln
breeds)

Agè of cow
(A)

P-lactoglobuLin
genoEYPe (G)

BxA

BxG

A' G

stage of láctå-
ttm (llnear)

Rénåinder

1411k yleld
(r)

i90. 6 10. 63

1,723'954.16'r*

L19 ,332.65

368,244.41

Fat yLe1d
(ke)

600.64

2,266 .66t

4t4.67

9t 8.79

53.11

812-97

Fat contmÈ
(sL-1)

49 .9 3*

46. 35

17.30

19.48

2.99

2o.47

Caselt

23.84**

I 7.90*

5. 1l

6.21

865. 29***

6.22

I.¡hey
Pfo Èeln

190. 33*

19 , 82***

7,71***

7. 4 0***

L.27

6,96**

L.73

14g .64***

1,22

B-Lacto- a-Lact-
globulll albunlnTotal sollds ?rotein

I 5,6r0.91 103,687.76 9,456.55*** r 41,L15.77t

6 3,351 ' 74***

3 267.55*

4 229.46'

3 88.05

2 7.50

L2 I70.85*

I 13, 795. 77***

504 9 r. 30

27.24**

8.8s

I. 43

6.08

I,737.57***

1 ,44

33. 49

q t?***

0. 49*

14, 22***

0. 06

0. 68*

0. 10

26.53***

0, 15

2. 103

0.650***

0.005

o.029

0. 006

0. 006

0.008

0.285**rr

0,013

4,678.64** 2,97L.98**

304.58*** 2L5.22***

16.90 9.16

6 4A,727,617.99**t' 109,992.86't** 246'13***

3 I1,114,818.73't'r* 21,9L7'Ogtt** 59'19*

4

2

12

467

158,629.87

404,265. 38

H
u)
NJ

P<0.05; ** P<0.01; *** P<0.001
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TASLE V. 4.b

LeasÈ-squareg Analysrg of varlance of lactatlon mllk aacl faÈ ylel¿t, fat concenÈratÍon and' the concent¡atlons of total solids' Þroteln' caseln' whey

prorqin, B-lacEoglobull¡ æd a-lactalbrml¡ lD the tèst day n1lk sanple wheo a"t-caseln geûotyPe was focludeil fn the oodel

d.f. Mean squares-coEcenÈratl-oÊs of componeîÈs fs test aay sæple (gt'-l¡
Source of
varLatl-on

Breed (B)

Herds (within
breeds)

Àge of cñ
(A)

c .-Caseln
g3*"trc cype (G)

BxÀ

8xG

AxG

l,fi1k yfeld
(L)

| 493,02L.29

FaÈ yleld lat coûÈett
(ke) (e].-r)

d.f }teæ squâres-CotPlete lactatfon data

Total sollds ProÈetn Caeel¡ I{hey
ProEelû

g-LacLo- û-Låct-
globulln aJbunJ.n

0.09 0.297

9 .55:t*'t 0. 647***

0.59 0.002

0.33 0.002

0.28 0.008

0,46 0.004

0. 21 0.006

28,75*** 0.306***

0.31 0.013

15,584.73

12 1 ,6 13 . 55***

181, 67

546 .t 4

26.72

5.ZL

846. 16

764.70

224.52***

44.26

22.45

r .60

26.02

0,87

20,64

L 3,24r.L8 372.28 364,62

7. 00

0.02

t tt

0. 68

5.09*

l. l0

15 l. 52***

1.39

6 45,360,227,44***

3 8,32I,679.90't't* 20'146.25*** 23'22

6 3,OZg.A2*** 283.94*** 193'39'!* 22.L31t**

2.76

2

3

-006rr

2

o

27 ,669 .44

698 ,226 .45

89,123.16

93, 140. r9

3 15 1.99

2 9.93

3 68.24

2 13.74

6 44.93

t I3, 375 ' 57'tt'*

5r3 95.70

9 .57

0.06

2.92

0. 80

2.65

I ,689. 27***

7.70

2,41

6.71

8. l3

1,78

sÈege of lacÈa-
Èton (llneer)

ReDâlnder 416

65, u0 . 9s

4r6,055.57

829.62***

6. 40

H
U)(,

r p<0.05; ** P<0.01; *** ?<0'001



TAðLE V.4'i

Least-qÉres aalysls of verr-æce of lactåtr-on nllk and fat yre1d, faÈ concentration and the concàntrations of total solids' Protein' caseín' rÀthey

proEeln, B-lactoglobulln æd a-lacÈalbumln 1n Ehe Èest day ultk smple whén B-casein genotype was lncl-uded in the Bcdel

Mean squares-Concen tration of conPoneots In test day sanple (gl'-1)

Source of
1'ariat lon

d. f. Meæ squares-ComPlete l-acteÈlm data

ß-Lacto- o-Lâct

d. f.

¡'ar yleld
(ke)

372 .72

1,720.5I

143,50

86 1 .50

106. 86

844 .2L

Fat content
( cL- 1)

52. 89 t

33. 28

28.32

14.45

4. l0

20.3t4

3 139.05

Ceseln

5.22

6.?9

5.86

4.56

898.30***

6.39

Whey
?ro teln

67 .13

2l . l4***

5.99**

4.04't

1. 18

3. 85**

0 .83

139 . 75 **r¡

1.37

Total sollds Protel-n globulio abumln

13.00 0.136

9,04*** 0.682***

1.12*** 0,001

0.37 0.025

0.26 0'003

0.30 0.001

0.5 1 0.009

85. 78*** 0. 253***

0.31 0.0I3

tsreeo (Þ,

Berds (withln
breeds )

Age of cow
(A)

ß-Caseln
genotype (G)

ìfllk yield
(L)

L 2,565,667 .45

ó 45,878,90r.00***

3 10,452,209.58***

5 70, I37. 13

3 1,637,581. l3**

4 271,L94.22

t5 562,L27.94

r 253,962.09

461 4O2,563.59

*r(* P<0. 00I

2 ,729 .7O | 
'527 

, L8¿' r 9,25L.93 956 .'17 516.91

119,520.62¡t?t* 206.88*** 6 2,933.66't** 261.99*** 180' 64***

20,469.31*** 46.51 10. 02 5.32

AB

154. 0 1

106. l0

84.7r

80. 50

12.OI

3. 35

9 .47

1.89

4
BxG

AXG
t5

I 13,975.82*** l'749'43't**

498 93.90 7'50

SÈage of lacta-
tlm (linear)

Remain¿ler

H
UJ
F.

'kP<0. 05 ; ** P<0.0I;



TABLE V. 4.d

I€ast-sqrares æarysis of variance of lacÈation nllk and fat yÍe1d, faÈ concentraÈion Ðd the concentraEions of total solids, protein, iasein' whey

ploÈeLn, g-Iactoglobulitr æd d-lactalbmin in the EesÈ day uilk sample when r-casel¡ SenotyPe wæ lneluded ln the nodel

l,teæ squares-Concentration of comPof,æts ln Èes! day sample (gt'-I)
d. f. lfean squares-Complete lactaÈion data d.fSource of

verleÈÍon

Breed (B)

Ilerds (wlthln
b reeds )

Age of cow
(A)

K-Caseln
genotype (G)

MlIk yield
(r)

489 ,540. 10

288 ,7 52 , 30

83r,077.88

403,r40.46

264,250.76

409 ,205. 44

Fat yield
(ke)

533.7 4

245 .38

| ,406.44

848.95

I99.67

838,27

Tat cmÈent
( sL- I)

Cas efn

2,293-28t

195,6I***

14,75

2.62

10.0t

1.35

2.73

896. 36***

6.36

l.Ihey
?rçÈeln

166.85*

21.98***

10. 73***

4.06

0.13

0.89

0.3I

140,59rr**

1. 4l

ß-Lacto-
globulLn

c-Lact-
albunl-n

Totat solfds ProÈein

r 8,456,442.34 23,636.44 8,661'39*** 1

235,34t**

47.69

30. 19

60.2 t*

0.61

27.70

c. 82

z0 .54

35 ,97 8, 46*

3,118.04*+*

345. 50*

41.11

104 . 37

77.98

50.26

13,7O2.97x**

95.62

3 , 704. 5o*

284.37***

L7 ,69

0.23

8. 19

13. 02

2.99

1,751.95***

7.66

34.72

g .47**rr

2. l2***

1.38*

0.2I

0.46

0.07

25.9 I***

0.31

1.995

0.726***

0.001

c.067**

0.0004

0.034

0.006

0.327***

0.0I3

6 45,819,651.78*** I22,254,16**r\

3 21,601,365.09*** 48,323'r2***

6

3

22

BxA

bxb

AxG 6

3

2

6

SEsge of lacte-
tion (linear)

Remâ lnd e r

I

476 513

F
U)
(Jt

* P<0,05i ** P<C,01; **rr P<0,001



TABLE V. 5. a

Least-squares analysis of variance of concentrations of casein components and casein comPonents exPressed as a percent of total casein when

î-lacÈoglobulin genotyPe was included ín the nodel

Source of
variatiÒn

d.f. ìfeæ squares-ConcentraEion of casei¡ conponents (gL-1) Mean squares-Casein componenÈs as a Z of Eotal casein

o",-casein o"r-casein ß-casein y-casein r-casein ds l-casein c"r-casein $-casein Y-caseín K-casern

llreed (B)

Herds (withln
breeds)

Age of cow
(A)

B-lactoglobulin
genotype (G)

BxA

BxC

AxG

Stage of lâcta-
t ion (linear)

Renainder

I

6

3

4

3

2

I2

I

489

102

2L

0

I

0

0

0

TZ

0

1. 20

1.36

z. t6

0.79

6.10

lL68

L50

14.86

6.36

7.81

5.38

1 .67

6.14

7 .2r

3.85

t. 90

0.35

3 .41

159.50*

15.00***

a .47

l. l8

2.78x

t.93

0.78

103.58***

0.93

54

g 8***

68

45*

32

33

t9

, 89 ***

,48

229 .58^

23 -29**x

l l

1.90

2.38

L .',21

27.22x*x

I 2?

26.63

10.92***

1.64**x

107.81+*

6. 06***

0.61

0.83

0.66

0.1r5

n q?

7.9 3***

0.43

308.93

56.59*** II9. l0***

I4¿1.24 133.72

to I ?*

r.16

t8 .42

8 .25

282.07***

8.46

5.85

84 , 25*)k)t

90. 79***

8.04

9 .44

32. 12*

1,84

3 I0.90***

o t!

2t6 . Z6t,

I9.37**).'

4.04

2.81

I. 60

5.19

3 .64

9.20

3 .65

58.80****

0.75

*p<0.05; ** P<0.01; *** P<0.00I

H
U)
o,



TA31E V. 5,b

LeasÈ-squares a[ãIysfa of varlæce cf cmceDtratíons of casein components atrd caseln components expressed as a percent of total caseln ¡¡he¡r

c"r-caseLn genoÈype was lncluded in lhe nodel

Souree of
verlaÈio[

d.f. }lea¡ aquares-CotceûËrat ion of cæel¡ c@PmeûÈs (8t-1)

ssl-ceseln or-caseÍn ß-casel¡ Y-casein r-caseln

Mean squares-Caseio coûpotmÈs ss a Z of totâl casela

csl-caseln c"r-casel-u ß-casel¡ Y-caselt r-caseln

Breed (B)

Eerds (wlÈhlû
breeds)

Age of cm
(A)

a --cåse1û
q8*otyp. (c)

BxA

BxG

AxG

Stege of lacÈa-
tLon (lfnea!)

Remainder

18,81

12. 8l***

L.36

l0, 18***

0. 88

t.79

0.78

9 3. 03È**

0 .82

12.88

21. 8l**t!

r .08

0.27

0 ,05

0. 12

0.36

12.53***

0.48

0. 88

l. 85

0.46

0 .45

26. 70***

1.40

0. 87

t.44

0 .51.

L.47

60 . 79 ***

0. 78

L4.56

5. 58***

0.83

1. 46*

0.7l

0. 15

0.31

7. 37***

0. 43

53. r3

58.85***

8.97

1 12 . 73*rr*

6.78

0.5I

4. 51

3. 0I

4. 56

14. 53

L28.74***

9.88*

4 .78

4.28

1.03

3.2I

0 .28

3. 45

23.20

I I5 . 58***

18.24

3.74

7 .98

0. 82

8. 41

265.08***

8.57

6. 13

88. I8***

53.35t!**

10. 34

11.71

4.89

t2.66

331.14.***

9.62

33. 88

20, 33***

6. 6ó

15 .9 7*

3.08

0. 37

2.70

9.7r

3.61

6

I

2.5.75 4 -95

20. l5*** 11. 18**t!

2.60 4.3 1***

2

3

z

6

498

'! p<0.05; ** P<0,01; *** P<0.001

ts(,
!



TABLE V. 5.c

LeasE-squares æalysls of varl-ance of conceûtraÈi.ons of caseln conponeûÈs Ðd easeln coupoueaÈs e)<preased ae a percæt of total caseln when

6+aseln genoÈyPê sas l-ocluded Lo Èhe nodel

of caseln cotpooenus 1g!-l¡ yeaû squares-C¿seln componeûÈs as a U of total câsel¡
Source of
variation

Breed (B)

Ilerds (wiÈhin
breeds)

Age of cow
(A)

ß-Casein
genotYPe (G)

42.79

10.64 ***

o.42

2.90 **

0. 09

l.4 I

0. s0

96.03 ***

0. 83

8.87

19;31 ***

0. 70

0.9 3

0. 34

0.32

0.65

I3. lg ***

0. 48

33. 08

19.44 ***

2.56

8.23 ***

1. 82

L.37

I.08

38.57 ***

L.22

I .05

10.27 &**

1. 59

1.2 0

0. 81

0. 50

1.20

55. 5I ***

0.78

3.79

I15.91 ***

4.O2

8.29 *

1. 68

r.05

5.8

0.68

3. 36

27,65

123,56 t**

LL.46

65.85 ***

). zo

5.79

7 .52

204. llt r.**

7,29

7.?4

79 .83 **rr

25.44 *

1r.99

7.13

7 .O7

t4.uz

278. I0 ***

9.9

43,23

25.93 ***

2.24

11.36 ¡*

2.59

3.24

2.94

4,59

3,t6

0 ,70

0, 53

0 .31

I0.05 t**

O't+2

46.86 ***

6, L4

3, 13

3. 16

34

2l

d.f. Meaû squares-ConcenÈratlon

c"r-caseln os2-casefn B-Casefr y-casela K-caselD csl-caselD Cs2-caseln B-CaSel¡ Y-caseln K-caseln

6

18,51 0. 34

6.24 **x 43.00 ***

0.32 2.83)

5

B

B

A

xA

xG

3

4

15

SÈage of lacÈa-
tloû (Ilnear) 0

4
Remalnder 483

,t P <0.05; 'l* P<0,01; *** P<0.001

F(,
@



TA3LE V, 5.d

LeasE-squares æalysis of varience of concentrations of casein components and casein componenÈs expressed as a pereent of toÈâI casen when

K-casein genoÈype was included ín the nodel

Source of
variation

llean squares-ConcenÈration of caseín conponents (gL-l)d.: I'1ean squares-Casein conponents as a Z of total casein

cs l-casein 
qs2-caseín ß-casein y-casean K-casean c" r-casein ds2-casein ß-casein Y-CASern K-CaSeln

Bre¿d (B)

Herds (within
breeds)

Age of cow
(A)

K- Cas e in
genotype (G)

BXA

212

I3

1

2

3

0

0

99

0

60**

ll

OU

75 **

75

98

39***

93

65.61

22 .65*tx

2.08**

0.03

0. 28

l.lI

0.12

I 3. 9 7***

0.49

t85.44*

20.61***

1.23**

i.36

l.35

1.28

31.50**+

1.38

18.17

10.92***

g. 0 7***

0.79

2.25*

r.06

5 3. 84 ***

0 .19

45.25*

5.09***

L.4l**

6. 4 t***

0. t5

0.33

0.30

I l. I lt(*t

0. 39

14.07

44 . 7 3***

3.16

50 . 72 ***

9.35

5. 15

5.74

r.7l

5. 16

i. 04

4. 50

7 .86

0. 49

0.09

3.51

14 .49

I4, 33***

8. 75*

80,68***

2.01

8.20

2.7 6

r. t3

3.03

Ì5.2 l**

65 .66

L29 .46*x*

10 a^

144.03***

30,58*

7 .93

5 .66

7 .43

263,05***

8. 68

0. 56

83.05***

L2l. 32x**

tI.37

20.87

5.36

15 .44

264. 49*t*

9.57

2

BxC

Stage of lacta-
tion (linear)

Remainder 498

* P< 0,05; ** P<0.01; *** P<0.001

H(,
\o



TART.E V. 6,a

LeastTquares meæs and stand.ard errorg of lacEatlon nilk and fat yield, fâE concèntratl-on md the concentrations of ÈoEa1 solids, ptotelc,

casein, whey proteln, Ê-lactoglobulin and c-lactalbuln iD the test day n1lk sample when ß-lactoglobulin genoÈype was lucluded ln Èhe nodel,

Iio . of
obsv.

Conplete 1acÈât1on daÈa concentratlon of conponenÈs ln test day smple (gl,-l)
No of
obsv

Overall mean

Breed

Jersey
Frlesian

P-Laetoglobulln
genOtvñÞ

Age of cow
(years )

I{Í1k yleld
(L)

262 3168-{-682.6
238 3t77+798.3

324t+594.3

3 2 37+586 .5

3 r63+586 .9

3 172+6 04.0

3049+606.6

FaÈ yleld
(ke)

1 70+35 . 5
L29+41 -5

147+30.8

154+30 ,5

152+30.5

15ûr31.2

145+3 I . 3

L 22+30.8a

139+30. 8b

163+30. 9c

174+30.5c

Fat content
(er,-l )

1+I
8+1

31.2+I.45a I
24.5+L.77b 7

B-1acto-
globulin

3. 6 7+0. 284
2.96+A.348

lotal
sollds

. bbar

.95b
157 .
L32.

7la
0lb

ProÈel-n Caseln

39 .9+1.72a
31.6+2.1Ib

!ùhey
proÈeln

c-Iact-
albunin

500 3r72+586.4 149-+30.5 48.011.43 537 r45.2!5.O2 35.8-r1.51 27.9+L.27 7.9!).38 3.3110.249 1.04+0.070

13r{
951{

080
098

288
249

54
4l

6+5
8+7

7+1.44a
0+0.54b

I
0

AA

AB

BB

AC

BC

61

2I8

169

23

29

64

23L

r85

25

32

46 . GÈ1 .59a

48.3+1.43b

48.4+I. 44b

47.7+l.76ab

49.4+1.8tb

58a

58b

64b

45 ab

142.3+5.22a 35.9+1.57a

146.0+5.02b 36.6+1.51a

147.7+5.03b 36,4+r.52a

144.5+5,4lab 35.8+L.62a

145.3+5.49ab 34. l+1.64b

27 .9+L.38ab 7 ,9+0. 45bc

26.&+L,4Oa 7.2+{.46c

27 ,4+L.33a

28.5+t.27b

28.6+r .Z7b

27.7+L.32

28.5+1.31

z7 .3+l .35

28.1+1.28

L 5+0. 42a

8. 1r{. 38b

7 .7+1.39c

7.24{.4Ia

8.0{{.4lb

8.4-rc.43b

7 .9+0. 39b

4.08+0

3.56l{

2.94fl

3. 4r+O

2 .59+0

1 .0 i+0.072

1.06fl .070

I .06r{.070

1 03{{.074

I .02+0.075

256a

249b

250c

263b

265d

3

80

r.09

68

46.2+L

48 .4+l

49 .5+l

47 .7+L

94

rl7

70

256

2613+593.9a

2957+594.\a

3370+597.4b

369ùr5 87 .5c

14 l. 4+5 . l9a

147,3+5. l7b

146 .5+5 . 30b

145.4+5.05b

34 , 9+1 .56

36 . 4+1 .55

35.7+1 ,59

36 ,0+I .52

3.22+{.255a

3.45€ .2 54b

3.33+0.259âb

3.25+0.25ù

1.03+0

t .05r{

I .03+0

I. 04+0

012

07r

073

070

ts5
O

5f

/fu""." roÈ followed by the satre letter are slgnlficanÈly (P < 0'05) different



TABI,E V. ó. b

Least-€quares meaûg and staadard errors of lacÈatlon nilk and faÈ y1e1d, fat coûcenÈration and the coneentrations of Èotal solids' protein'

casein, whey proteln, B-lactoglobulln and û-lactalbun1n Ín the test day n1Ik saple when a"r-caseln genotype was lncluded in the rcde1

No. of
obsv.

Coûp1ete lâctatlon data No. of
obåv.

Total
sollds

289 156.7+4.79
249 135.1+23.01

Concentration of conponents fu test day sanple (gl-l)

Proteln Casein

Overdll mean

Breed

Jersey
Frlesian

c --câseinsl
genoEYPe

BB

BC

501 3176+1452.3 L52+ 75.2 48.5+3.20

Ì4i1k yield
(L)

3310+ 619. I
3043+29LL.7

3t93+1448,0

3151+r450.7

3186+1488.8

2687+I456.6a

2984+1455,2a

3366+1456. 8b

3669+1452. Ic

I'ar yield
(ke)

It6+_ 32. L

128+150.8

1501 75. I

r54+ 75.2

I52+ 76.7

126+ 75.4a

t43+ 75.3b

163+75.4c

175+ 75.2c

Fat content
(eL- I)

53. 8+I. 37
43.2+6.4L

47 .6+3 . L0

49 . 3+3. 17

48. 6+3.9 5

Whey
protein

8. 5r{ . 4l
8. 4+1. 96

8. 1+O.9 7

8.0+0.98

9 ,2+I. t6

8, l+1.01

8. 4+I . 00

8. 8+1.01

8.4]{.99

Ê-1acÈo-
globulin

a-lacÉ
albumin

s38 145.9+r1.63 36.1!3.56 27.8!2.94 8.4+0.99 3.46+0.653 1.06+0.170

263
238

l7+0.070
96+0. 337

39.9!r.47
32.6+7.05

31.5+1.21
24.2+5.81

28.?+2.9 |

28.3+2.93

27.I+f.20

21.6+2,96

28.4+2.96

21.5+2.97

Z7 . &+2 .9 rt

3.52+n.269 l
3,40+t.292 0

319

150

340

163

35

I45 . 7+1r. 51

I46.5+rI.60

L45 .4+t2 .63

t44 .0+rr ,72

148.4+11.71

r45. 8+1 1. 76

145.z+tl.62

36.2+3.53

36 . 3+3. 55

36, 3+3. 83

35. 7+3.59

36.9+3.58

36 . 2+3. 60

36 . 2+3. 56

3.39r{

3. 30+0

3.70+0

646

651

7r1

3. 331{ . ó58

3.57€. 658

3.55+{. 66 I

3. 39+0.653

r. 0tr-o. r69

1.051{.170

r. 08r{ . 179

1.07+0.r71

07+0. I 7 I

06+0. 17l

06+0.170

Age of cow
(years)

2

5+

8I

I09

68

243

47

48

49

48

6+3. 30

7+3.27

6+3,30

1+3.19

95

LT7

70

256

H
N
F

#'Meens not follæed by the same letter are slgnlflcantly (?<0.05) different



TASLE V.6.c

Least-squares means and sÈædard errors of lacEåtlon nilk and faE yleld'

caseln, whey proteh' B-lactoglobutin and c-lactalbwln ln the test day

fat cotìcentraÈion and the concentratiots of Èotal sollds' p-roEeln'

uilk sæple shæ B-casein genoÈyPe was included in the rcdel

ConceDtraÈim of components íft test day sanple (gL-I)
No, cf.
ob sv.

Coúplete lactatÍon data

Fat yteld
(ke)

Fat conEent

No, of
¡bsv.

ToÈal
so11ds

ProÈein Casein !¡hey
proteit

B-1acÈo-
globulin

a-lacÈ
albwinl4llk yleld

(r) (cL-1)

overall nean 500 3246+ 9A4'L 154+46'2 47.8+1.90

Breed

537 r47.5!6.0g 36.841.82 28'7lI'51 8'l+C'52 3'39r{'338 1'0510'093

L6L+44.4
147+7 5 .5

53. l+2 .64a
42.5+3,1lb

45. &12.56ab

45 .9+1 .93a

49.t+2.26b

48, 6+1 . 90b

48 .4+2 .48ab

49.1+2.13b

47 .3+2,02

48. 8+l . 98

48. 2+I .99

46.9+L.92

L59.6+ 9.63 40
r35.4+I0.02 32

3t.6+2.39
25 .9+2 .49

28.7+L .79

28 . t+1 .53

28. 8+1 ,63

28.5+1 .52

29 .5+1.64

28. 9+l .60

28. 8+l .55

29 .9+1.54

28.6+I.55

28 - 4+L.52

9.1+0.8r
7.11{.85'

9.2+0.68a

7 . 7r{.53b

7 . 7+0. 59b

8. O+O . 52b

7 . 8+0.59b

8. l+0.57ab

7+2.88
9-t-3. O0

289
248

rqt0
00r{

14
15

534
556 3

3
2Jersey

Friesian

ß-Caseln
geno Èype

II

eI¡2

¡I¡
2ZAA

¡2¡

BB

Age of cæ
(yearg )

z

3

4

5+

263 3030+1260.8
237 3462+1479.7

9L

L32

19

I17

108

33

3405+ 935.9

3246+ 905.+

3L7L+ 92O.2

3257+ 904.3

3265+ 931.6

313r+ 914.3

156+47 .5

L48+46.2

155+46.8

155+46.2

156+47 .3

t52+46.6

r49 -6+ 7 .r3

143.9+ 6.17

L46.2+ 6.54

146.9+ 6. 13

151.3+ 6.55

147 .2+ 6 't+L

37.9+2.I0

35 . 8+1 .84

36.5+1.94

36,4+1.83

37 .3+t . 95

37 . Gi-1 .9 I

3. 74+0 . 399

3. 31+0. 34 2

3.28Ð.364

3 . 33r{. 340

3. 29+{ . 365

3.41+0.357

I .0 1+O . 102

I .031{.094

L 02-t{ .097

1.08r{ .093

I .09+0 . 09 7

1.07+0 .096

95

t35

22

L25

JI

8l

109

68

2760-1 909.4a 13û146.4a

3003+ 907.6a 145146'3b

3496+ 907.9b 167+46.3c

3723+ 905. Ic 174+46.2c

95

I l7

70

255

146.5+ 6.24

149.5+ 6.21

L47.7+ 6.22

t46.3+ 6.13

36.4+1.86

37.3+1.85

36 .9+1 . 86

36.6+I.83

7 .#O.54a

8.3+0.53b

8. 3r{.54b

8.2+0. 52b

3. 18+0-347a 1.0510.094

3.57+0.345b 1.05-r0.094

3. 49+0. 346bc r.0510.094

3. 33+0. 340ac 1.05+0.093

F
F'
NJ

liM."." .ot followed by the same letter are' sLgniflcanÈly (P < 0'05) dlfferent



TÀBLE V. 6.,d

Least-squares meaûs and sÈmdârd errors of lactatlon m1lk ancl faÈ yleld, fat ccnceniration and Ëhe concentratj'ons of total solids' Protein' casein'

wheyprotefn,ß-lactoglobullnagda_lacEalbminlolhetest<layollksam[1.ewhenK-casel¡genoÈyPewaslncludedlnthe[odel

concenÈratfon of cor@oneots 1n tests aay sanpte (gI;1¡
No,of
obsv.

263
238

126

L9Z

r83

8t

109

68

243

FaË yield
(ke)

CoBpleÈe lacteEloo data No. of
obsv.

133

208

197

95

1t7

70

256

Total
sollds

!ùhey
proteln

&-lacto-
globulin

e-lact -
albuminProtein Caseln

Ì,fllk yteld
( t-)

3125+531. I

3L88+524.2

3302+526.5

2687+527.6a

3039+526.3b

3409+528.2c

3684+524,1d

lat content
(cL-I)

6 54.1+1,s5!
6 41.4+1.50b

5 38 t45 .&+4,O1 36 .3+L.23 28 ' ial ' 02 8 ' 0+0 ' 34 3.35+0.224 l.05{.062
Overall mean

Breed

JerseY
Frieslan

r-Cas ein
genotYPe

AA

A3

BB

Age of cæ
(yars )

2

3

c

5+

501 3205+523.3 l5l!27 -O 48'0+1' 18

r62!42
L40+34

?997!823
3412+669

289
249

8.9+0.53a
7.4]{.44b

3 1. 5+1. 59 a
25 . 0+r. 32b

149+21.3

L5r+27 , I

L54+21.2

124+27.2a

146+27.2b

162+27.2e

48. 9+r. 34

47.6+r.20

47.5+I.24

47.L+L.27

48.8+1.24

48. 4+l . 28

47.7+1.19

158.7+6.37a 40

133,0+5.27b 32

146.8+4.26

145.5+4. I0

145. l+4. 16

144.5+4. I7e

148.4+4. 16b

145.3+4.zLa

144. 9+4 . 10e

36 , 3+I. 28

36.3+1,24

36.2+1.25

35.8+1.26

36 . 8+1. 25

36.4+1.27

36,2+1,24

28.I+1'07

28, 3+1. 0 3

28.5+1.04

28.3+1.05

28.8+I.04

28. r+1.06

28,0+1. 03

8. 3+{ . 37

8. O+0 . 34

7. 5+0 . 36a

8 . r+0. 36b

8.3r{.37b

I . 2+0. 35b

4+1
z+l

.92a

.59b
3. 75+0. 35 I
2.95+î.290

3.53+0.236a

3. 30+0. 226b

3 .22+4.230b

l. l5+0,097
0 . 96+0. 08 L

1.07+0.064a

I. 07+0 ,062a

I .02l{.0ó3b368r{

3.15+0.230a r.05r{.063

3. 49+4.229c 1'01!0.063

3. 45+0. 233bc 1.05"t{.063

3. 32+O.226b r'05+0. 062

I 73+27, ld

ts
N

U)

#M".." rot followed by the såme Ietter are stgntflcantly (P<0'05) differeut



TABI,E V. 7. A

LeasÈ-squares Eeans end stædard. errors of concentrations of casel¡ coEponÐtFand caseln coEPoûætsexPressed as a PercenÈ of ÈoËa1 caselnuhen

ß-lacioglobulLn was Íncluded in Ehe nodel

No. of
obsv.

concenÈratlon of casein components (gL-I) Caselu corpooents as a Z of cotal caseit

c"r-caseln car-caseln B-casein 1-caseLn K-caseÍn c"r-casein cs2-caseln ß-casein Y-cåseln K-Caseln

522 9.3r{.34 3.4+0.41 g.s+0.42 2.2+{.2g 3.2+n.22 33.3+0.6ó 12.O10.96 35.31r.04 7'9+0.80 1I.4+0.38
Overall mean

Breed

Jersey
Frieslaß

ß-lac toglobulln
genotYPe

AA

A3

BB

AC

Age of cd
(years )

2

9 .0+0.37

9. 3r{.34

9.3+0.34

9.5J{.40

9,I+0.41

9. 3+0 . 36

9 .4r{.36

ô tM 10

9 .2jn .34

9 .6+0.46

9 .9+O .42

10. 0r{) , 43

l0 .0+0. 50

9 . 5+0. 50

9.9+0.45

10.2+0.45

9,5+0.48

9 . 7+{. 43

2.4+Ð,32

2.1+{.29

2.4+0,29

2 .0+0. 35

t.9+0 .50

1.9+0.31a

2 . 0+0. 31ac

2. 4+0. 33b c

2.6+n.29b

3. lr{. 24

3.3+{.ZZ

3.4+0.22

3,21{ ,26

3, I+0. 26

3.4+Ð,23

3. 0r{. 25

3 ,31{ -22

33. 3r{, 74

32,1+O.66

32,8+O,66

34. 0r{ . 84

33.8+0.85

33. 8.Ð. 73

33. l+O. 73

33. 4+0. 79

33.0+0,70

Ir.9+t.00

I2 . 5+0. 96

12. r{{.96

rl.7+I.05

12. 0+ r. 05

I2. rr{.99

12.3+0.99

l2 . 2+1. 02

11.6r{.97

35 . 3+1. 13

35 .0+L 04

35. I+1. 05

35.8+1,23

35.7+L.24

36.0+1. l2a

35. 9+I. I la

34.9+1. lSab

34. 6+l . 06b

3 . 411 ,42

3. 5+0. 42

3 . 4+0. 43

3.3r{.41

6 . 7+0. 90a

7 . GÈ0. 90a

8.6]{.98b

286
236 48b

3
2

0
4I

s+0
9a0

47a
60b

4.0r{ .45
2.@.5e

0+0
5{{

t0. 8+o
8.9+0

z
1

e10
6+0

24a 32.2+4,72
3lb 34,4+0.94

8+I.06 34.6+1.15
3T1 . 37 J6 . wr, 49

12.
11.

8.11{.88
7 .7+r. L4

12. 3+0 . 42a
10. tt-o . 54b

Il.l+0.48

11.6+0.38

Ir.7€.39

11.21{.57

t1.3r{.58

Il.4+0,46

11.7+0,46

I0, 9r{ . 52

11.6+0.40

61

226

I t'9

24

3.31{

3.6{{

3. 5+{

3. 3lO

3.2+î

4Ja

4Ib

4 1ab

44lb

44a

8.5r{

8. 2+0

8. 3+0

7.2+l

7.3+l

o?

80

8l

05

07

4

ol

107

69

2555+

ts
F.
F.

#l'1.r." not followed b)'Ehe aame Ietter are slgnlficancly (P<0'05) different

9.3+0.82b



Least*quares means and standard errors of concentration of casein conponenEand casein componênts exPressed as a Percent of toÈal casein when

Concentration of caseln comPonents (gL

TABLE V, 7,b

l-casein geootyPe was included in the nodel

t) Casein conpooents as a Z of total caseil

g
S

No.of
obsv.

281
'23í,

csl_caseinc",-caseirrS-caseiny-caseinr-caseinùsl_caseino",-caseinB_caseinl-caseinK-caSeln

Overa.l-I mean

Bree d

523 9-3+0.75 3.5r-0.98 s.1!0.94 2.3+{.1A 3 2fl'49 33'6il 60 12 3!¿',38 34'8+2'24 8'0ll'95 rI'31-0'93

32. 2+0
35. O+3Jersey

Friesian

-Casein
otype

ii ¡l

4I
89

4
2

IO
B

31
45

rr0
5+1

2+O

û+1
I0. 6+0 . 39

u,7+l.EI
13.1+I .00
lI.6+4.60

t2 .3+2. 35

Il.8+2.37

12.9+2.39a

12.6+2.39ab

!2. I+?. 41et)

11.9+2.37b

33.8+0.94
35 .7+4 . 34

35.3+2. I8

34.9+2.22

34 . l+2. 68

8. 5+0 . 82
7.5+3.78

8.6+1.87

7.8+1.92

7 . 6+2 .50

I .2+2.00a

7 , 3+2. 00a

8. 2+2.03ab

9.3+1.95b

12 .4+0.39
3 ,9+0. 2 I
2 .5+Q .9 5

2. 1+0 .29
1. 8+1. 35

2 . 4+{ .68

2 .21Ð .69

2. l+0.83

2.0+0.71a

2,1+0.7Ia

2 .3+0 .7 lab

2 .6]{. 70b

6l
t0 t0-2+1.80

o,sl
gen

cc

Age of cow
(y,'ears )

8.9+0.73a

9.8+0.74b

9. 2+0 . 88ab

f. il{

9 .5+C

9. å+o

o 1+n

3.5+0.97

3.4-1{.98

3.5+1. it4

3.6+0.98

3.6+0.98

3. 3+0.99

9.9€.91

9.9+0.93

9 . 2+1. 1l
lL.1+l.33ab

lI.9+0.87a

10.9+0.9Ib

11.7+0.97

11.6+0.97

10. 7+0 . 99

ll.3+0.93

321

I6I

35

31

34

34

q-l

6+1

3+l

55a

58b

93b

3.4+0. 48a

3. 1+0 . 49b

3. I+0 . 59al:

3. 3+0 . 50

3. 6+0 . 50

3.0J{.51

3.2+4 .49

92

107

69

76

16

t6

9 .1+0

9 .9+0

9 .4+0

95

95

96

93

33. l+1.63

33.5+1. 63

34 .3+L. 64

35

35

34

34

3+2

o+2

7+2

0+2

28

28

30

24

4

983+05+
33.6+i.60

'y".r".ot followed by the sffie letteï are significætIy (P<0.05) different

tsr
(Jl



TABLE V. 7'C

Leest-squares Eeare and standard erl'ors of cmcæÈlatlms of casei4 coEPoaenÈ aûd cæeln components exPressed as a pelcent of Èotal cêseln when

ß-caselt geDoÈyPe was included í-n the rcdel

corcentraEion of caseln "otpot"tts 
(gL-1¡ Caseifl componeûts as a Z of toÈal casein

Breed

No. of
obsv,

c"r-casein c"r-casein B-caseÍn 1-casein K-caseln c"r-caseln c"r-caseln B-casel-D y-easein K-casej'n

overall reæ 52z 9.2]{.38 3.6+0.51 lo.Il{.5r 2.4!).37 3.5!).29 32'L+4.76 r2'4+L.26 35.3+1.29 8.3-rl'03 1r'910'59

Jersey
Frleslan

287
235

t0 . I+0.56
8. 4+{. 66

9rl
3+0

4.0r{. 76
3.zfü.89

2.6Ð.
2.1+i.

55
64.

4
2

43
50

110.
9a0.

0+1.
2+L.

13
31

12

32 r+2- 17
L2
t2

6+1.86 34.6+1.91
36.O+2.24

33.6+1.66a

34,5+L.32a

38, 0+1 . 45b

34. 3+1. 3 la

37. 5+L 50b

33.4+l.4la

8.0+1,53
8.7+r.19

8.5+1.57

8.0+1.07

8.3+I.28

8. I+1.06

7. 5+I. 36

9 .5+1.22

8.0+l . l2a

7.7+I.104

8.6+1. llab

9. I+t.05b

i2. 8]{ . 87
11.ùrI.02

L2.6+{.92ab

I1.6+0.6Ia

I1.6+0.74ab

I I. 3+0. 60a

I l. 6+0 . 79ab

12. 8+0 . 70b

12 . I+0

12. l+0

t 1. 6+0

11.9+0

ß-Caseln
geno EyPe

alet
lz
A

I
B

9 . 4+0. 52b 3.6{{.58

3.5+0 . 52

3.Z+4.54

3. 61{. 52

3.8]{.55

3.9+0.53

3. 7r{

3.7{{

3. 6+0

3. 5+0

9.6+0.66a

9.61{.52a

10.9+0.58b

9 .7+î .52a

I1..1+0.60b

9 . 7+0. 56a

r0, 2l{.54

l0 . 3+0. 53

10. 0+0. 5 3

9.9+0 . 52

2. 5+0 . 50

2.244 ,38

2. 4+O . 43

2 , 31{. 38

2.3r0.45

2.8{{.4r

2.41n.39

2 . 3r{. 39

2_.${.39

2,6r{. 38

3.7+0.38ab

3 . }l0. 30a

3 . 4+0. 33ab

3. 3+0 . 29a

3. 5+0 . 34ab

3, 8+0. 32b

32.9+1,09bc

33. 5+0, 78b

30. 9+0.9 la

33. 8+0. 77b

30. 9+0 ,96ac

30.6+0.87a

12.4+1.44ab

L2.5+1.276

I l. 2+1. 334

t2.6+L.26b

12. 4+l . 36ab

13. 2+1. 3lb

it
9I

r32

22

117

37

c

BB

Age of cm
(years)

9 . 4+0. 39bc

8. 9+0. 44ac

9.6+0.38 b

9.2+0,46ab

8. 8+0. 42a

9 . 2+0. 40

9, }rc. 40

9 . 2r{. 40

9 . 2+0. 38

A

A

A

A

2
A

B

2

3

9Z

r07

69

254

52

<l

3. 5+0 . 30

3.6]{.30

3.4l{.30

3.414 .29

31.8+O.81

32 . 2+0. 80

32 . 3+0. 80

32.2t4 .71

t2. É+1.28

t2.5+r.28

12. 3+1.28

12. r+L.26

35. 6+1. 35

35. 6+I. 34

35.2+r.34

34. 8+I. 30

65

63

63

60

4

5+

tss'
o\

f""..".oa follwed by the same leÈÈer are signlffcantly (P<0.05) cllffermt



TASLE V. ].d

LeasE-squares Eeans æd sÈandattl errors of conceEtråÈions of caseft cmponetrts and caseLn comPmenta exPressed as a PercenÈ of toÈal casef¡ when

K-caseln getotyPe vês tncluded 1n the model

No. of
obsv.

ConcenÈraÈion of casel¡ conpments (gl-l) Casein components as a Z of total cæeln

.¡-caseln K-ceseln
c"r-casein as2-caseln ß-casein Y-casein r-casein c"r-cæeln o"r-caseln B-cæein

Overall neæ

Breed

Jersey
Frleslan

r {ase!n
genotyPe

AA

AB

BB

Age of cæ
(¡rears )

523 9,3]l).26 3'5J0.35 9.8+0.33 2'4+0.24 3'3tO'16 33'O+O'48 12'2r{'83 34'7+1'87 8'4+{'66 LL',7+O'27

43
35

0{)
4lp287

?36
L0 . 3+{ .42a ll
8,3r-0.34b

4
2

55
44

0+l
9+c

8
a0

I
7+0
8r{

.52a

.42b
2.1+{.38 3.8+Q.26e
2.1+0.31 2.sþ.2tb

34. t+1. 38
35 . 3+1. 12

T2
1l

.04
84

4+t
3r{

L28

199

196

9 .5r{ . 29

9 .3+{ .27

9 . t+0. 28

9. 3+0. 28

9.5+0. 28

9.3r{.29

9,214.27

3.5{{.36

3. 51{ . 35

3. 5+0 . 35

3. 6+0 . 35a

3. 6+0. 35e

3. 4+0. 36ab

3. 3.+{}. 35b

9. fl{.36

9 .9+0. 33

9 .9{{. 35

9.9+0. 35ac

10. I+0.35a

9. 6+0 . 35b c

9.6]{.33b

2.5+O.26

7 .3+4 . 24

2, 4+Ð .25

2.2+O.25a

2.2+0.25a

2 . 5+O. 26b

2,7r4.24b

3.ù10. l8a

3.6+0. l7b

3.7+0. l7c

3.4+0. 17ac

3.5+0, lTec

3.3+0. l8bc

3.3+O. l7b

32.U{.76
33.3-t1.62

34. GÈ0. 57a

32 , 9+0. 50b

32. 1+0. 52c

32,8r{.53

32 .9+O.52

33. }}O.55

33.0+O.49

12. 7+1 . 3l
rt.6+1.06

l2 . 2+O. 86

12.3+0.83

12 . 1+0. 84

l2 . 4+0. 85ac

12. 5+0 .84ac

12. I+0,85bc

I 1. 8+0. 83b

34. 4+0. 95

35. 0+0. 88

34. 7+0. 9 t

35.2+0

35. 21{

34. 3+0

34.3l{

8.8+0.77

L0]{.68

8. 3+0. 7 I

7.7+4.72a

7. 6+0. 7 la

9 .5+0 . 67b

10. 5+0. 35a

II.8+0.28b

12,9+0.3Ic

l2 .0+0. 32a

ll.9+0.3Ia

II.5+0.33ab

11.5r{.28b

2

4

5+

o,

I07

69

255

92ac

9 lac

93bc

88b

74b8+08.

H
_È-

!

/ll'L*" .ot follæerl by the sæe letter are slgnlf fcantly (P<0'05) dl-f ferent



L48

Inlhen the cornposítion of Ëhe single test day milk sample was

analysed for effect of stage of lactation, signifícant (P < 0.001)

increases in the concentration of total solíds, protein, casein,

all casein components, whey proteins and ß-lactoglobulin and a

decrease in the concentration of o-lactalbuntin was found, Also,

the proportion of y-casein in total casein increased and the

proportion of ß-casein decreased wíÈh íncreasing stage of lactation

(P < 0.001).

(ii) Mifk protein gene frequencies

The genotype and gene frequencíes for t-he four milk proteins,

o ,-, ß- and r-casein and ß-lactoglobulin, for eacl'r trr:rd and for
SI

the two breeds, are in Table V. B and 9, respectively" Significant

differences in genotype frequencies between herds r'ríthin breeds were

detecLed v¡ith each milk protein for both breeds, as inclicated in

Table V. B. The overall genotype frequency of the two breeds rvas

significantly different with each of the four mílk proteins (Table V. S).

The genotype distribution \^/as tested for deviatíon from llardy-

I,Jeinberg expectation (Falconer f960), and no deviation was detected

with the four milk proteins within each breed. However, when the

overall genotype clistribution was tested, signifícant (P < 0.05)

deviation r¡as detected with ß-casei.n,

The significant associations found beEween milk protein systems

using j * k contingency tests are in Table V. 10. Only combinatir¡ns

with expected values greater tl-ran 1..00 were included. Significanl:

differe-nces from expectation of índependent assorÈment \^rere found

with cr , - and ß-casein phenotypes and with ß- and rc-casein phenotypes
SI

in Jerseys, and r¿ith cr"r- and r-casein phenotypes in Friesians. In

the Jersey breecl , signíficant differences from expectation r¡Ias also

found with the o,nr-casein and ß-lactoglobulin pheuotypes. I,trhen the
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TABLE V. 8

Number of each mílk protein genotype according to herd and breed

(a) cx,",-casein

Breed Herd
No.

Geno type Total Significance
covTs

BB BC CC

Jersey a

b

b

c

5

ö

4

1

2

3

4

38

20

3l
25

3l
40

35

47 1B

BO

6B

70

90

Friesian a

b

c

b

I
0

0

1

8

4

2

1

5

6

7

I

]T
25

r02

44

BO

29

104

46

c

c

Jersey Total
Friesian Total

r14

242

159

15

35

2

308

259

a

b

(b) ß-casein

Breed Herd
No.

Genotype

lI

Total
co\ds

Signifi-
carrce*

A A BB

61 AZB A2 43
fI

B B

Jersey 1 1

2T
30

29

24

15

29

79

66

70

9040s3

0

0

0

0

2

5

6

5

8

1

330
240
31 0

370

9

4

11

16

ab
d

b

ab
Frleslan 540

66
/ JJ

819

34

T4

51

20

6

3

16

3

a

b

c

c

0

0

0

0

0

I
0

0

0

0

0

I

0

4

2

2

0

I
2

1

BO

29

104

46

Jersey
TötAI

Fries ian
Total

22516970t2504030s

98lr9 B 28 r 4 1 0 259

a

b
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TÀBLE V. B (continued)

(c) r- casein

Breed Herd
Nc¡.

Genotype Total
co\¡/s

b lgnal]-cance

A.A. AB 'DD
J)t)

Jersey a

U

L

b

4

6

1

4

1

2

')

4

39

24

1B

29

37

38
r1J-t

57

80

6B

70

90

Fríes ian a

b

a

d

o()

9

B

)

5

6

1

oO

36

4

54

toLO

JO

16

4I
74

BO

)o

103

41

Jersey Total
Friesian'Iotal

It0
I07

183

30

l5
122

308

2s9

a

b

(d) S-lactoglobulin

Breed llerd
Ncl

Genotype TotaI Signífi-
cov¡s cance?k

AA AB BB AC BC CC

Jersey 1

2

1J

.l+

O

4

4

IO

29

22

34

36

20

z4

27

26

13 l
10

4

11

a

b

c

b

2

0

0

0

t1

I
7

79

68

l0
90

Fries ian a

b

â"

b

0

0

0

0

0

0

0

t,

5

6

l
8

19

J

15

3

39

13

47

2.7

2T

13

42

23

0

0

0

0

19

29

104

4t
Jersey Total
Friesian Total

2.6

40

L2L

120

97

99

29 32 a

b

2

0

301

2590 0

>kDÍf ferences in genotype distr:ibution between herds wj-thin breed
and bet¡vee-n breeds: distrihutions not fol-lowe-d by the same letter
are sigr-ri-f icantly (P < 0. 05) dif f erent
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Gene frequencies
.L

breed

TABI,E V" 9

forsI, ß- and r-casein and S-lactoglobulin for each herd and for the Jersey and Friesian

0 -casetn ß-casein K- CaS elrt ß-J-actoglobulin
cl

I
A B

Breed Herd
No.

Jersey l-

2

a

4

Jersey, or.'erall

Friesian 5

6

7

8

Friesian, overall

A

0.608

0.6c6

0.486

0"556

0.564

tf

0.335

0.280

0.42L

0.400

0.362

B

0 .706

0.735

0.857

0.794

0.713

0.325

0.586

0.277

0.255

0 .322

J
A

2
A A

0 .106

0.588

0.693

0.539

0 .628

0.294

0.4r2
0.307

0.46r
a .372

0.057

0.114

0.093

0.044

0.074

0.294

0.265

0.143

a.206

a.227

0.361

0.279

0.307

0. 350

0.329

0.481

0 .588

0 .657

0.550

0.565

0.L52

0. L32

0.036

0. 100

0. r06

B

0.938

0.931

0.990

0.967

0.963

0.063

0.069

0. 0Ic

0. 033

0.037

0

0

0

0

0

0.1L2

0. 517

a .572

a .652

0.625

0. 288

0 .362

0. 409

0. 304

0.348

0

0. 103

0.0i9
0.033

c. 025

0.615

a.4r4
4.723

U. /4J

0 .678

0.513

0.672

0. 630

0.713

0.614

0

0. 017

0

0.011

0. 004

a .487

0 .328

0.370

a.287

0.386

0

0

0

0

0

L¡
ts

The number of sampies in each herd and breed âre given in Table \¡" B
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Table V. 10

Detection of non-independent assorÈment of genotypes amoïìg the four milk protein loci ín the Jersey and Friesian

breeds by j x k contingency tables

Loci jersey Fríesian

P
2 2

¡df Pxdf

ct,sl- and B-casein

cl"r- and K-casein

Ê- and K-casein

cr," r-casein and $-lactoglobulin

ß-easein and P-lactoglobulin

r-casein and S-J-actoglobulin

2

2

4

2

6

4

3

4

4

0

16

Ò

1BÌ. 9 2

3. 14

65. 4L

18.27

19. 53

5 .05

<0 " 001***

<0.70

<0.001**-*

<0. 05*

<0-30

<0.80

L+.LO

6.34

9.L6

L.7 5

1. 03

1. s9

<0. 30

<0. 05*

<0. 10

<0.50

<0.99

<0..90

ts
l¡
t!
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o,s1-casein C and ß-lacLoglobulin C homozygotes were not inc.luderl in the

analysis (lowest expected number 9.3) the differences from expectation

was still significant (x2 = L4.68, 4 d'f ' P < 0'01)'

As the osl--, ß- and r-casei.n loci are closely linked on the same

chromosorne, the frequency of casein phenotypes \¡/ere determined. The

most colnmon casein phenotyPes in Jerseys \dere cl"t'-casein BC-ß-casein

l}s - r-casein B (21 .6%), o=l B - ß B - r B (13.1%), o"1 BC - ß LZ -

rc AB (r0.Bz) and url B - g ¡2s - r AB (g.B%) ancl in Friesians o"1 B - ß

ale2 - K A (22.17"), o"t B - ß A1 - rc A (L8.27")' GsI B - ß Al - rc As

(L5.g7") and cr"t B - ß nla2 - rc AB (14.77") .

(iii) Associatj-ons between milk protein genotype and milk yi eld and composition

For each of Ehe nilk proteins, the signifícant differences found

between the genetic variants for l-actation rnilk and fat yíeld, fat

concentration and the milk composiËion variables determined using the

test day skim milk sample, are indicated in Tables V. lr and 5" Any

interactions of genofype with breed or age of cow is also indicated. The

least-squares means and standard errors of these variables, for the

genetÍc vai:iants of each milk protein, and an índication of which variants

are significantly different, is in Tables V. 6 and 7' A summary of the-

sÍgnificant relationships between rnilk prol-ein genotypes and mill< yield

and composition is in Table V. tl.

(a) B-Lactoglobulin genotYPe

The ß-lactoglobulin A milk was significantly (P < 0.05) lower in

total solicls and fat concentrations when compared to milk of AB and

B genotypes. The BC genotype had significantly lower protein concentration

than othe-r ß-l.actoglobulin genotypes i.e. there Ìüas no signifícant

difference between the A, Aß, AC and B genotypes'

The ß-lactoglobulín A genotype vlas also significantly (P < 0.01)

r
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TABLE V. 11

Summary of the sígnificance of relationships beÈween milk proteín

genotype and milk yield and composition

Variable l,{ilk proteÍn genotype

CX -casein ß-easein r-casein S-lactogiobulin
1S

CompleEe lactation data

Milk yield
Fat yield
Fat col.tcentration

Concentrations in test
day sample

Total solids
Protein
Casein

C[ --cAseinsl-
o"r-casein
g-casein

y-casein

rc-casein

Whey protein

ß-1acÈoglobulin
a-lacEalbumin

Casein components. ex-
pressed as 7" of total-
casein, in tesÈ day
sample

cr, , -cas ein
SI

c"r-caseín
g-casein

y-casein

K''casein

¡k Jc:l

Jc:k:l

¡l:!

,t*

?k

.u

**

¿

* P < 0.05, :'c;'r P ¡ 0.01; *)k?k P 0.00r.
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lower in caseín concentration when compared to the- AB and B genotypes.

However, the only significant difference between ß-lactoglobulín geno-

types in casein composití-on \ùas ín orr-casein conce.ntratiort (P < 0'05) '

The difference in mean casein concentration between ß-lacLoglobulin

A and B milks was 4.37"-

Significant differences between ß-lactoglobulirr genotypes \'/ere

found in whey proÈein (A > ¡,9 > g; P < 0"00f) and ß-lactogl,obulin

(A > AB, AC > B > BC; P < 0.001) concentTatic¡ns" The difference in

mean ß-lactoglobulin concentration between ß-lactoglobulin A and B

milks was 32.5%. With \^Ihey Protein concentration there \^Ias a significanL

breed. by genotype interaction: differences \¡Iere not significant

between Friesian genotypes and with Jerseys only type A was significantly

greater than type B. A significant breed by genotype ínteraction was

also obtained with B-lactoglobulin concenËratíon and within each

breed the same significant trend was found (A', AB > B) '

Breed by genotype interactions for ß-casein concentration ancl

propot:tion of y-casein in total casein were founcl buf rvithin breed

clifferences ln¡ere noË significant.

(b) cr ,-Casein genotyPe
SI

There were significant differences between qsl-casein genotypes

ín concentration and proportion of toËal casein of both u"t-casein

(p < 0.001) and r<-casein (P < 0.05). The C allele \i¡as assocíated vrith

afrighercorrcetrationofo."r-caseinandalowerconcentrationof

rc-casein in the milk when compared \n7íth Ëhe B allele'

There v/as a signifícant (P < 0.05) interaction between breed and

genotyPe for whey protein content' our-Casein genotype r¡ras not

si-gníficantly associated with whey proteín concentratio ín the

combined bree.d analysis, and within breeds there $7ere non-significant

trends in opPosite directíons.
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(.) ß-Casein genotYPe

significant differences between ß-caseín genotypes were found with

osl-,ß_andrc-caseinconcentrations,anclwiththeproportionsof

osl-, cs2-, ß- and rc-casein ín total casein' I'trith three comnìon

alleles (41, Ã2, B) at the ß-caseín locus, it was more difficult Eo

clecermíne the order of gene superiority. with both concentration

and proportion of ß-casein, the homozygotes Al' A2 ancl B \^/ere not

significantly different. However, the B type heterozygoEes' A1B ancl

A2B, ,"r" sígnificantly higher both in concentratíon and proportion

of ß-casein than Al, AlA2 "nd A2 and also the B homozygote (P < 0'001)'

The ß-casein B allele had signifícantly lor¡er c"t-casein concentration
2I tt2; P < 0.01) ancl higher rc-caseiu concentration (B > A

than the A allele.

(B<A

P < 0.01)

significant clifferences between ß-casein genotypes were also

found ín far concentration (Al ' 42, B; P < O'05) a'rd whey pro[ei'

coricentration ial t n2; P < 0.05). I^lith vühey protein concentration'

there \^7as a signíficant (P < 0.01) interaction bet¡¡reen breed and

genotype. The whey proteín concentratj-on of milk from Jersey

ß_caseín A1 .or" was signifícantly higher than that with all other

genotypes, whereas there were no significant differences between

Friesian ß-casein genotyPes'

(c1) r<-Casein genotYPe

Significant differences in concentration of <-casein in skim

mÍlk ¡¡ere <letected between r-caseín genotypes (A < AB < B; P < 0'001) '

When casein components were expressed as a '',A of total casein' r-casein

B milk had a significantly (P < 0.001) lower proportion of cx"r-casein

andhigherproportíonofrc_casein.SÍgnificantdifferencesbetween

rc-casein genotypes were also found ín ß-lactoglobulin (A > AB, g;

P < 0.05) and cr-lactalbumin (4, A¡ > n; P< 0'0f) concentratíons'
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3. Discussion

The milk yietd and fat concentration was not considered in the

selectlon of the four Jersey and four Friesían he-rds sampled. The

herd.s $rere generally rePresentative of commercial dairy herds in the

Central and Southern Hills areas of South Australia, with milk production

of some herds being above the State breed averages, and some being

lower (the mean milk yield, fat yield and fat concentration of herd-

tested Jerseys during the 19 7B-7g seasofr was 2B7l L, 151 kg ancl 5: gt--l

respectively, and the corresponding fígures for Friesians was 4310 L,

17I kg and 40 CL-l). The average rnilk and faÈ yíeld of the four

Jersey herds \^ras above the State aveTage yíelds for Jerseys and the

average of the four Friesian herds \¡/as below the State average' It

should be noted that the nean milk yield of herd 4 was well above the

average for Jerseys and was hígher than all I'riesian herds sampled'

The milk yield on the test day shov¡ed considerable variation

betv¡een corrs, mainly reflecting sËage of lactation. The Pro-Mílk

used to estimate protein concentration was standardized against

Kjeldahl total nitrogen x 6.38 and so total protein concentrations

include non-prote-ín nitrogen (i.e. crude protein). Casein concentrations

are Lrue proteil Values. casein nitrogen, expressed as a Percent of

total nitrogen, has been called the casej-n number by Rowland (1938c) '

The mean casei-n number was 77.9 which is símilar to that found in

other studies (Rowlands 1938c, llaite and smith 1972, Haenlein et aL.

Lg73, Cerbulis and Farrefl 1975). Rowland (f938c) found that in normal

mílk variabilíty of the casein number was low, ranging from 77'3 and

g0.7. Casein number was reduced by mastitis and so has been proposed

as an indication of rnastitis (Rowland and zein-el-dine 1938, Ashworth

1965). However, in the present study, in which samples affected by

subclinical mastitis vrere eliminated, casein number varied widely'
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ranging from 63.9 to 86.0 (which is simj-1ar to Lhe range reported by

Cerbulís and Farrell 1975), and so vr'as not considered a good

indication of subclinicaf mastitis '

There hras no evidence that the distribution of casein number

of Jerseys rüas narrov/er than with Friesians, as found by Cerbulis

and Farrell (1975).

Considerable variatíon in the proporËion of casein comPonents

v¿as f ound ir-r milk samples f rom 523 individual cows. Mean coe-f f icient

of variatíon of ouf, o"r-, ß-, y- and r-casein was J7", 167", 9%, 387"

and 16% respectively. The most variable fractions were o."r- and

y-casein, and to a lesser extent ß-casein, and the coefficients of

variation for q . - and rc-casein were only slightly higher than the
sI

precisí-on of the nethod of estimation (Table IV. 5). Considerable

variation of casein composition in individual cow sarnples was also

founcl by Davies and Law (1977a), and Davies and l,aw (L971b) showecl

that rnucl'l of this variation was due to samples col-lected in early

and late lactation. The range of values found in the plesent study

was wider Ehan that reported by Davies and Law (L977b) (only 42 milk

samples), with lower osl-', ß- and r<-casein values and higher y-casein

values being found.

The mean $-lactoglobulin concentration of 3-6 ancl 3'0 gT--I

for the Jersey and Friesian breeds v/as similar to the mean concentrations

of 3.9 and 3.0 gt-I found by Rolleri et aL. (1956) for these breeds.

The proporti-on of ß-lactoglobulin in toËal whey protein (including

NPN equivalent) varied between 36 and 457"" whích was higher: than the

mean of 267. found by Cerbulis and Farrell (L975) who used the method

of Aschaffenburg and Drewry (1959). Together S-lactoglobulin and

q-lactalbumin nade up approximately 55% of whey proteín. This agrees

with the whey composition found by Davies and Law (f980), when their
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data is calculated as a percent of whey protein * NPN i.e. 4L.O%

ß-lactoglobulin, 16.O% ct-lactalbumin, L2.7% IPL (immunoglobulins,

proteose-peptone, lactoferrin) 5.9% serum albumín and 24.4% NPN.

pearce (1980) considered that o11 a nitrogen basis, up to l¡0% of

polypeptide material in whey should be classified as proteose-peptone,

if tl,re heat stable portion of the 'tota1 albuminr fraction is adcled

to the convenLional rProte-ose-peptone fractionr. However, this

proportion seems Loo high, when other components making up the whey

protein + NPN are considered.

The higher concentrations of components in the nilk from Jerseys

compared to Friesians \^ras as expected (Iniilcox et; aL. I97L, Rolleri

et aL. 1956) and presurnably reflect the attributes selecËed for in

the past (Munro Lg76). The differences in concentration of

g-lactoglobulin betv¡een breeds \^7as not signif icant, although Roll-eri

ef; aL. (1956) and Mclean et aL. (1914) had shown that the concerrtration

in Jersey milk was higher than in milk from Friesians. That

significance of the difference j-n mitk yield l:etween t¡reeds I'/as not

achieved rvas possibly because the mean of the Friesian herds selected

was below the State average and Jersey herds were above average.

Tl-re only significant breed ef fect on casein composition \'üas a

higher proportion of rc-casein in Jersey milk, although a non-significant

trend of higher proportion of ct"r-casein and lower proportíon of

cl -- and ß-casein in Jersey milk was found' The higher Proportíon of
sI

r-casein ín Jersey milk was due to the higher r-casein concentration

in r-casein B milk cornpared to K-casein A milk and the higher frequency

of B genes (0.77) in Jerseys conpared to Friesians (0.:z¡. Rolleri

et aL. (19.56) found that casein of the Holstein breed contaíned

significantly 1-ess ß-casein ancl more y-casein, but approximately the

same amount of q, -casein.
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The increase in lactation rnilk and fat yield with increasing age

is well known (e"g. lJaite et aL. 1956, \,Jilcox et aL. 1971). Although

the differences did not reach sígnifícance in all components, the

concentrations of total solids, fat, protein, casein, whey protein

and ß-lactoglobulin increased to a maximum in either the second or

third lactation ancl then declined witl-r increasing age" [^Iaite et oL.

(1956) and Rook and Campling (1965) showed that the concentrations of

all major constítuenÈs irr milk (fat, solids-not-fat, lactose, total N,

casein N and ß-lactoglobulin N) declined with increasing age'

I^Iaite et aL. (1956) founcl that the fall was least for crude protein,

as a slight rise in non-casein N concentration in the milk of older

covJs partly compensated for the fall in casein concentration" In the

present study, whey protein concentration was significantly lower in

the fírst lactation than in later lactations, inclicating that seruü

proteins increase wi-th age due to the effects of mastitis, as shown

by \^laire (1968). Although cow numbers v¡ere smal-l (three) in the study

by Rook and Campling (1965), some mi-lk components from two of the

cows increasecl to a maximum in the second lactation then declined,

as found in the Present studY.

The concerìtration and proportion of 'y-casein in the nilk increased

and concentration and proportion of ß-casein decreased with increasing

age of the cow, indicating increasecl proteolysis of ß-casein j-n milk

f rom older coI^IS. The concentration and proportion of cr"r- and rc-casein

also declíned with age, but thaE of cl"r-caseín remained relatively

stable. The long storage of rnilk samples may have emphasised the

differences in $- and "¡-caseín concentraLions by allowing tirne for

higher levels of proteolyÈic enzymes in milk from older col^Is to react'

In the least-sqr.rares analysis of variance (Harvey I975), stage

of lactation was included as a linear covariate. SignificanL regression
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coefficients ¡¿iÈh stage of lacEation were obtained for all concentrations

of components measured: all increased during the lactation except for

q-lacLalbumin. The trends in gross mílk cornposition associated with

stage of lactation of the cow are well characteri-zed (f.or revie\,ü see

Rook 1961). The concentration of fat and protein are high in earl-y

Iactation, fa1l to a minimum, which occurs at about 10 weeks for fat

and about 6 weeks for protein, then increase, most rapidly in the

later stages, until the end of lactation (Azarme 1938, i¡Iaite et aL.

1956, Rook and Canipling 1965, Munro et ctl. L9l4) " Casein concentration

follows the same trend as proteín (Azarrne 1938, I^Iaite et aL. 1956).

g-Lactalbumin was the only protein to decline in concentration

during the lactation. After an initial íncrease, the concentratíon

of lactose also declines (Waite et aL. f956). In the biosynthesis of

lactose, o-lactalbumin acts as a protein nodifier of an efrzyme'

galactosyltransferase, and the control of lactose biosynthesis appears

to be rtirectly related to the concenlration and rate of flow of

u-lactalbumin through the Golgi apparatus (Ebner and Schanbacher l9l4).

This unique system explains the relationship l¡etween cl-lactalbumin

and lactose concentrations during lactation.

The increase in proportíon of y-caseín and decrease in ß-casein

during the cowfs lactation v/as also found by Larson ancl Kendall (1957)'

before the relationship between ß-casein and 1-caseín had been

demonstrated by Groves et a'1. (1972). Davies and Lar,¡ (I977b) fognd

that in early and late lactaLion, the relative amount of p-casein was

lower and those of rc- and y-caseins were higher than j-n mid-lactabion.

Stage of lactation appeared to have little effect of the relative

amounts of s ,- and cr ^-casein.sI sz

The significant differences between the Jersey and I'riesian

breeds in gene frequencies of atl milk protein tested vras as expected
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(Aschaffenburg 1968) "

The genotype of each cow results from the genotype of the dam

and sire. However, although many sire.s wet:e used ín each herd

sampled, a majority of the co\¡/s v/ere sired by a few bulls, and so

bull selection by Ëhe farm manager \,,¡as a major cause of the significant

differences in genotype frequency found between herds withln each

breed.

Aschaffenburg (1968) discussed this problem of between herd

variatíon, and he stressed the ne-ed for adequate numbers of samples

giving a representative cross-section of ttre population, when

determining gene fr:equencies.

The gene frequencies of the four rnilk proteins were comparecl

with those reported in other studies (the review by Asc}-iaf fenburg

1968, Hoogendoorn et aL. Lg6g, Lj- and Gaunt 1972, Hines et aL. 1917,

Munro Ig77 , f978). Except for ß-casein Al and ß-lactoglobulin C,

the gene frequencies found in the Jersey breed wer:e within the range

reported in other studies. The frequency of ß-casi.t AI v/as vely

low (0.074) and Munro (L977) reported a frequency of 0.207 in a

simj-lar population of cows.

The frequency of ß-lactoglobulin C varied widely between herds

(0.036 - 0.152) ancl rhe overall frequency for Jerseys (0.106) was

higher than most other reported values, although it is símilar to

rhe frequency of 0.10 found by Bell (1967) who typed 448 Australian

Jersey cows in 5 herds. However, Aschaffenburg (1968) considered

thís freclueocy was abnormally high due to the startlíng concentration

of the C allele in a single herd. Estimates of the frequency of the

C a1lele in Australian Jerseys by Bailey (1968b) (0"06 for 229 cows

in 6 herds) and Munro (1917) (0.06 for 348 cows) are alsio higher than

frequencies of 0.01 found by Aschaffenburg (1965) in B0 cov¡s in the
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U.K' and 0.04 found by Larsen and Th)'mann (1966) in 159 Dan'ish

Jerseys. Other studies, such as those of Kiddy et aL- (1965)'

Hoogendoorn et aL. (1969) and l,i and Gaunt (1912) trave failed to

detect the C allele, due to the use of phenotyping rnethods vrhich

either do not resolve ß-lactoglol¡ulin C from the B varíant or it is

masked by ß-casein A-

ß-casein c was not detected, although Li and Gaunt (1972) ancl

Munro (lgl7) have reported a low freqrrency in Jerseys. Tl-re absence

?
of ß-casein Ar in Jerseys agrees \,/ith data reviewed by Aschaffenburg

(1968) and with tloogendoorr et a.L. (1969) and Li and Gaunt (L972) -

The gene frequencies in the Friesian breeds r¡Iere also generaLly

within the range reported in the liter:ature, except that the frequency

a

of ß-caseín AJ vias lovrer. The u"r-casein A variant was not detected'

although a heterozygote has been found in a simil-ar population of

co\¡/s (Munro, personal communication) " The absence of ß-casein C in

Friesians agrees with other studies'

If non-independant assortnenÈ among os1-, ß- and <-case::n loci

can be attributed to close linkage (i.e. linkage disequilíbríum),

one would expect significant results between any pair of these loci

(Li and Gaunt 1gl2), but this was not found in the present study or

by Li and Gaunt (L912) -

Two-way contingency tables do not separate the effects of linkage

from interloci interactionr but can demonstrate the absence or very

low fre-quency, of certain combinations of loci whích are consldered

to be recombinants. This was shol¡m, in particular, by the âbsence

of a .-casein C - p-casein B phenotypes (BC - ¡'1s, BC - B, C - A1B,
SI

,>

C - A'8, C - B) in the Present studY.

Linkage can be directly proven by collecting segregatíon data from

suitable families: this was the method used to demonstrate linkage
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between cr"r-casein and ß-casein (Grosclaude et aL. 1964) and, between

K-casein and the a"r- and ß-caseins (Grosclaude e'b aL- 1965, Larsen

and Th¡rmar-rn i966).

The significant (P < 0.05) difference from expectatíon of independ-

ant assortment between the cl"r-casein and ß-lactoglobulín loci in

Jerseys fdas unexpectecl, although Li and Gaunt (I972) found non-

independent assortment of genotype betr¡een the K-casein and ß-lactoglobulin

loci in Brown Swiss cows (P < 0.01)" Linkage between the caseins and

B-lactoglobulin locí has not been demonstrated using segregation data and

presumably the associations found in these studíes are due to inter-

loci interaction.

The relationships between nilk protein genotypes and milk yield

and composition'q/ere analysed usíng leasÈ-squares analysis of variance'

(Harvey L975). The least-squares approach was able to equalize the

effects of unequal numbers, and allowance was rnade for the effects of

breed, hercl and stage of lactation" In this study each proLein geno-

type \,/as analysed, separately, without inch-rding interactions betr¿een

genotypes. Hor¡ever, according to l,Iather (L917), this approach does not

deter-mÍne whether ef f ects are aclditive between genoEypes. Mather (1977)

considered three different approaches: analysis of each genotype

separately, analysis of combinations of genotypes and analysis of

combinations and genotype interactions. He concluded that the third,

more complex model, gave Ehe truest picture. However, Soller (1978)

found the usefulness of linked marker genes would not be íncreased if

a number of marker alleles were followed simultaneously.

The relationship between ß-lactoglobulin genotype and concentration

of ß-lactoglobulin in the milk (A > AB > B), which has been reported

in numerous previous studies, IÀ/aS again confirned in the present

study. Because of its low frequency and its occurrence onJ-y in the

Jersey breed, the effect of the C ai-lele has been less studied.
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ß-Lactoglobulin AC rnilk had a lower ß - lactoglobulin concentration

tl-ran ß-lactoglobulin A rnilk, and ß-lactoglobulj-n BC rnilk had a lower

B-lactogtobulin concentration than S-lactoglobulin B milk, but these

differences vlere not signíficant. Mclean et aL" (L914) found that

Ëhe ß-lactoglobulin concentration of milk contaíning the C variant

(AC, BC or CC) was not significantly different from ß-lactoglobulin

B milk, but was less than ín ß-lactoglobulin A nílk'

The highly signifícant. and consistently found association between

$-lactoglol¡ulin genotype and ß-lactoglobulín concentration in the

milk is most probably a direct effect of the $-lactoglobulin gene on

the rate of synthesis of ß-lactoglobulin in the mammary gland, although

an unlikely alternative explanation is differences in brealcdown of

the molecule after synthesis.

The significant differences in rvhey protein concentratíon between

ß-lactoglobulin genotypes, which wer:e also found by Cerbulis and

Farrell (i975) and Mariani eb aL. (1919), are due to the- contribution

of ß-lactoglobulin, which is the major whey protein compolìent.

The significant assocíation between ß-lactoglobulin genotype

and casein concentration in milk confirms the results of studies by

Mousrgaarð, et aL. (1960) and Maríaní et aL- (1979) who also showed

significant differences, and Aschaffenburg and Drewry (1959) whose

work first indícated this relationship. Only Cerbulis and Farrell

(1975) have reported the reverse trend in concentration (not significant)

but when their results \^Iere exPressed as a pelcent of total protein,

ß-lactoglobulin B rnilk had a higher percent than tyPe A mí]k.

ExcepË for o,"r-.caseín concenLration (AB > A) , no signi-f icant

association \,'/as found between ß-lactoglobulin genotype and concentration

and proportion of casein components, but wiÈh each of the other c.asein

components there \¡ras a non-significant trend of higher concenLrat-ions
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with rhe ß-lactoglobulirr ts genotype. Marianí et aL. (1919) found that

the concentration of o"r- and rc-caseín was significantly (P < 0.05)

higher: in ß-lactoglobulin B milk than in type A milk.

The only significant association between ß-lactoglol¡ulin genotype

and Lotal proLein concent-ration of the nilk \,/as the- lower concentration

ín ß-lactoglobulin BC milk samples con'rpar:ed to otl'rer genotypes. The

results of studies of Lhe association between ß-lactoglobulÍ-n genotype

and total protein concenl-rat1on reported in the literature are

conflicting: r,rhere significance has been demonstrated, the superior

gene \¡ras not consistent, and the majority of sludies have not been

able to demonstrate a signlficant difference- between genotypes" It

appears that as $-lactoglobulin B is substituted for the A gene, the

concentratÍon and pr:oportion of whey protein (ß-lactoglobulin in

particular) decreases, ancl that of casein increases with the total

pr:oteín concentration remaining constant.

The superiority of the ß-lactoglobulin B allele for fat

concentr¿rtion supports the studies of Sherborl eb Q.L. (undated) and

Hoogendoorr- et aL. (1969), but conflict with Gotikova (1975) who

found that ß-lactoglobulin A was superior, and many other studies

have failed to find a significant associatíon.

ß-Lactoglobulin B milk also had a hígher total solíds concentration,

presuniably due to its higher fat concentration. However, Arave eb aL.

(I97I) found rhar ß-lactoglobulin A mílk had significantly higher

total solids concentration.

The only signifícant associations found with the orr-case-in

genotype were -*¡ith casein composition: the corrcentration and

proporLíon of cx"r-casein was higher and the concentration and proportion

of r-casein was lower wiËh o"r-casein C when compared to type B-

The magnitude of change in mean crur-casein and rc-casein concentration
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\^rere eclual , and so no significant change in total casein concentration

was detected. Golikova and Panin (L972) had noted a trend of higher

proportion of a-casein and lower proportion of ß-casein with c t-

casein C cov¡s compared to qst-casein B cows.

Some significant but often conflicting associations bet¡¿een

cl,-casein genotype and total protein concentration of milk have been
SI

reported in the literature (Hoogendoorn et aL. 1969, Dvorak and

Mac_ha lglo, Miryut'ko L974 and Munro 1978) but differences in the

present study \^rere not significant. Also, differences in milk and fat

yield ancl fat concentration were not significant, although ì4unro (i978)

found that milk from o."r-casein BC Fríesian cows had higher milk

fat concentration than from type B corrs.

ß-casein genotype was significantly associated wlth changes ín

the concentration and proportion of most of the caseín components.

Tests of signi.ficance of the relationship between ß-casein genotype

and both concentration and proportion of ß-casein, indicated that the

12
B heterozygotes, A'B and.A.-8, \^rere supelior to other genotypes, but

it shoulcl be noted that the type B co!üs wele all of the one breed

(Jerseys), although no breed by genotype interaction was found. A

higher ß-casein concentraLíon wíth ß-casein B urilk compared to type

A milk and a lower cr."r-casein concentration of milk from ß-casein
1?

B cows compared to A* and A" genotypes agrees with the trend found lry

Golíkova and Panin (1972). The higher rc-casei¡ concentration of

ß-casein B cows, compared to A2 cornrs, has not been previously reported.

The changes in concenÈrarion of the casein components wtiícl'r vrere

associated with the ß-casein genotype balance out, and so no significant

difference-s between genoEypes \^/ere detected \^7ith toËal caseín

concentration.

The higher fat concentration of ß-casein A2 anel B cornpared Lo
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1 __ -_ .l
A' conflicts wíth the findings of lulunro (L977, l97B) who found A-

\¡ras superior to other types in Jerseys" I-Ioweve-r, a large study by

Babukov (1978) r:eported that B-casein B rnilic had the highest fat

concentration, but the significance of this result was nol given.

Most sÈudíes of the associa[íon between B -casein genotype and milk

yield and compositíon have not considered the specific p-casein -4.

vaÏíants.

The significantly higher conceritration and proportíon of rc-caseill

and lower proportíon of ct"r-casein jn milk of K-casein B cows when

compared to type A cows confilms the trends reporteci by Michalak

(1973b), Mariani et aL. G976) and Davies and Law (I977b), although

these studíes díd not demonstrate significance. Change-s in case-in

components díd not cause a significant difference in total casein

concentration, although a trend of higher casein concentration wíth

K-casein B milk has been reported (Mícl-ralak 1973b and Mariatí et aL"

Ig76). A1so, significant dífferences in total protein concent.ration

which have been detnonstrated for rc-casein genotype (Iloogendoorrr et ã'L'

1969, Munro 1978) \,üere not founcl in the prese-nt study. The sígnificant

associatíon between K-casein genotype and the concentration of the two

major whey proteins, $-lactoglobulin and cr-lacÈalbumin, has not been

previously repor:ted.

Milk yield was not significantly associated wíth any of the

four milk protein genotypes testecl. This result rlzas not unexpected

as many studies reported in the literature have also been unable to

detect a significant difference and the results of different studies

r¿hich detected significant differences are often conflicting. Perhaps

the most consistent association between rnilk protein genotype and milk

yield found in the literature, i.s Ëhe superiority of the ß-lacEoglobuliu

A gene (Comberg et aL. 1964, Thatcher 1965, Macha and Mullerova 1969,
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Arave e1; aL. I9lI, Kamenskaya 1973, Mityutrko 1974, Kuz'rnenko et aL.

L977 and l"lunro 1978). As there is a negative genetic correlation

between milk yield and the concentration of cornponents such as fat

and proteln (l¿ilcox et aL. I97I), and as the ß-lactoglobulin B gene

is associated with higher concentraËions of some compônents (fat,

total solids and casein), the findíng by other studíes of lower

mí1k yield with ß-lactoglobulin B would not be unexpected. However,

at least one componenL, ß-lactoglobulin has a lower concentraEion

in ß-lactoglobulin B nilk.

The cows fat yield, which is the most important economic parameter

to the dairy farmer supplying milk for manufacture, as he is paid on

the basis of amount of fat produced, \,üas not associated wíth any millc

proteín genotype. The higher fat concentratíon found with the

)l
B-casein A- arrd B genes when compar:ed to the A- gene and with

ß-lactoglobulin B gene compared to the A gene, clid not cause a

significant difference in fat yield. Semenenko (19714) found fat

yield to be significantly higher with cr"r--casein BC cows when compar:ed

to type B cows.

The results of the study by Soller (1978) showed that loci

associated with quantitative traits in dairy catËle can only make a

significant contlibution to improvement when they directly affect

milk production. Afthough the milk protein loci \^/ere not associated

with rnilk yíeld and fat yie1d, the tl^/o most ecc¡notnically irnportant

traits, a number of signíficanÈ associations \^Iere found \,/ith fat

concentration and proteín composition"

As the link between the DNA nucleotide sequence causíng the

protein variants and the variable being investigated becomes less

direct (possibly more genes having ín effect on the variable) it

becomes more likely that any effect will be masked and that conflíctíng
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assocíaLiotls r\rill be founcl by dif ferent workers. Other possible reasons

for lac-k of unjforruity of results or lack of significant relationships;

in studies of associations between genotypes and nillc production

variables, r!^/ere reviet/ed j-n section v.4.3. T,t appears that for a

relatíonship to be consiclered "real-" it should be consistently anrJ

sígnificantly demonstrated by clifferent \^rorkers in different ccw

populatíons, However, it is possible that "real" effects could be:

masked in c.ertain studies by the environmental conclitions at the tíme-'

For e_xamp1-e, Feagan et aL. (1972) were able to demonstrate a

relationship between ß-lactoglobulin genotype and the type of lreat

coaguJ-ation time - pI{ curve of millc during ttre dry summer/a.utuun

period, but nr:t during winter and spring'

'Ihe genes responsíb-le .Eor synthesis of u"r'-, $- and r-casein

are very c-losely linked, ancl sr: these geDotypes should be consiclered

as a t casein Bene colliplexr . It is inlended to analyse the c.asein

variants as a comp-l.ex, and to inc|ude j.nteractions beElreen genotypes

ín the model in future r,rortr(.

Ti-iis study has investigated- rel"ati.orrshi-ps between mi1-k prot'ein

genotypes and t-he yield and compositíon of the mi11c, btlt before any

der:ision r.s made on rnrhi ch arc.- i-he- most favor-rral.r1e genes to .trreed for, cthe-r

properLies such as the manufacturing properties of the milk must be

considered. fn south Australia, the majority of rnilk in excess of

liquid mi.lk requírenenL is used for cheesemaking, âDd, so ttre properties

of millc of clifferent genotype for cheeseurakíng will be especially

conside-red "

The B variant of g-lactoglobulirt is prefer:able for cheesemaking

as these cows procluce mílk wÍ.ttr higher total solids, f at and casein

concentrations, ancl so woulcl be expected to give a hÍgher yield of

cheese. The firmer curd formed wíth ß-lactoglobulín B milk after

I
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chymosin addition (Sherbon et aL. 196l) may the the result of higher

casein concentration (I,treisberg et AL. 1933, Zviedrans, personal

communication), although l¡trhite and Davies (1958) found no consistent

relationship between casein concentration and curd firmness -

However, Feagan et aL" (1972) díd not find a sígnificant difference

between ß-lactoglobulin genotyPes in curd firmness. Àt plesent,

the gene frequency of ß-lactoglobulin B in South Austra]-a,a is 0'57 in

Jerseys and 0.61 in Friesians-

The- association of o,"r-casein genotype with casein composition

is not of clirect economic importance. However, signíficant differences

in curd firmness betr^reen genotyPes were found by Sadler et aL. (1968)

(A < AB < B < BC) but not by Feagan et aL. (1972) 
"

The association of ß-casein genotype B with higher fat (8,
,t 1

^t 
t A'), and r-casein content (present study)rshorter chymosil

clotting tirne (A > AB > AC > B, El-Negourny 1972), and higher curd

firmness (A < B, Sherbon el; aL. 1967, Feagan et aL- 1972,

CorradirrÍ L914) suggest that for cheesemaking, the B variant is

preferable. Its low frequency (0"36 in Jerseys and 0"03 ín tr'riesi¿ns)

allows potenÈíal for selection.

In the present study, K-casein raras assocíated only wíth concentrations

of individual proteins, but a number of studies have consistently

shor,¡n that rc-casein B rnilk clots faster on chymosin addition and so

forms a firmer curd (sherbon et aL. L967, El-Negoumy L972, Feagan

et aL. Lglz, Losi et cL. Ig73, Corradini L974 and. Mariani. et aL.

1976). r-Casein B milk is also more suiËed to cheese manufacture-

(l"lariani et aL. 1976) and the cheese produced is superior to that

produced from rc-casein A milk (MorLnt- et aL. 1979). The B variants

of both ß- ancl r-casein have higher concentrations of rc-casein, which

is the chymosin-sensítive protein in milk. A hígh r-casein concentrat'ion

may be beneficial to curd formatiorr.
r
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CON CI,I]S IONS AND RECO}ß,IENDATIONS

The dye binrling netlìod of estirnating casein concentration develop-

ed by l'{cGann et aL. (1912) and mclclified in Lhe pr:esent study allowed

rapid and accurate cleterm.i,nation of large numbers of slcim milk samples

f rom indivídual co\^/s. The precipiLated casein was suj-table for analysi-s

of casein c-omponents. 'Ihe ¡nodifiecl me[hod a].so saved dye solution anci

time. Ttre use of a regres.çion e-quation to adjust the Pro-Míl-k

d j-ffer:ence values improvecl the accuracy of the methr:cl cornparecl to [he

original method of ]ulcGann et q.L, (1912). Because of íts simplicity,

thís methocl could be used in cheese factoríe,s to obtain an accurate

estimation of casein concentration so that milk can be adjusted to [fie

correct casej-n to fat ratio. Al present, methods whlch assunte a

consLant PIopol Eion of casein in toEal protc'-in arc¿ used, and th.is

proportion is kno\rn to vaïy seasonally, lfire mel-hod should not be used

to det-ermine the casein concentration of milk from indiviclual cows in

la¡e lactation whích contain high levels of protein. Calibration c.E

the Pro-yilk to read ttruet total prr:tein and recalculation of the

re,gression equation to givettrgetwhey protein concenilation ís

recommended.

The method devel,opeci for the estimation of casein c-onìposition

consj,stecl of electrophoresi-s of treaterl casein samples in a horizontal

polyacrylamide ge1 slab with conti-nuous buffer system. The protein

bands r,Ìere stôined and scanned usíng a densitoneter.

The casein coilponenÈs \,ùere subdívided into five majoT gIouPS,

whe::eas other: published methods do not give separal-ion of a1l these

groups. TÌre- densj-tometer trace appeared tcl be superior to other

172
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published methods, ancl casein genetic varíants cou]'d also be deter-

mined. Goocl preci.sion v/as obtaÍnecl with estjmates of major case-ins,

but it r,ras lower wit-h estimates af y- an<-l <-casein'

The inclus j-on of adj ustilrents fr:r clif ferent dye binding capacities

for the caseins and the genetic variants of o"t- and $-casein macle the-

rnerhocl suitable for indiviclual cow sarnpl-es. Acljustment for dye' binding

cliffe¡enceis between rc-caseiû Benotypes \^/aS not necessary as sePârat.e

estímates of y- and r-.casein were obtainecl by adding chynrosin to

case-in samples anci scanning the para-K-caseiil bancl .

Hor,¡ever,tfieseescimatesofityebindingcapacitiesmaynotbe

accurate, and as the precision of estirnates of dye' binding capac-iEies

were low, estimates of certaÍn casein components dÍffereci from the best

est-imates available l'-rr Ehe literature, Ilurther \ùork orì dye binding of

caseí.ns i.s needed '

A problen r,¡ith this methocl , in which proteins were stainecl rvi[ìl

Ccromass j-e blue- G250, was thc'- failure to cc¡nsistently obtain a linear

rel¿rt-i.onshíp between clensi,Eometer peak area and proteirr weight'

l,ligration dis tance ancl staíning ancl r-Lnsing tirnes were shor^¡rL to have-

an importaut effect on t-he lineari.ty of response. llhere is a neerd

for a dye which is capahle of covalently bincling with proleiDs formi'ng

a stoichiometric comp1.ex, and whictr can Ïeaelily be rerncved f rou poly-

acrlzlamide geJ- when unbound'

The direcL-. association bel-ween a proteíns genotype¡ and its rate

of synthesis, which has been u;ell clc¡cumetrted wj-ttr s-lac"roglobulj-n, has

now beeu demonstrated r;uith the three caseins, ßsI , ß- a¡rd K-caE;ein;

their concenEratiortç in milk wer:e all hígh1y signifícantly associaCecl

with the-ír resp ecl j-ve genotyp es .

Ttre casein genotyPes r¡/ere associate-d wil-h the case-in c'ompositÍon

of the millc, but not with tota-| casej.n or to[al proteín concer'ìtratj-on'

I-n conLrast, the ß'*lactoglotlulin genotype was associated ü/ith total'
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caseln concentration, but not with casein components excePt wi-th a"r-

casein.

Consideration <¡f the resr:lts of the present study and of pub-

1íshed reports. indicate that some of the associations found could

l'rave economic importarÌce. The- greatest potential role of milk

proteín genotypes appears to be in intproving ttre yield and qual-iLy of

the final product, rather than in i-ncreasing milk and fat yÍeld from

the cow! a.s no significant associations \^rere found Trith these variables.

The associatj-on between S-lactoglobulin genotypcì and total solids, fat and

casein concentïations could be exploited in dairy cattle breedíng- ß-

LactogJ-obul.in B milk, which has higher concentrations of these cornponents,

will give a hi.gher yield of cheese- from a given volume of nilk" Other

str.lclies have shown that the B variants of both ß-casein and r*casein are

superior tc¡ tl-re A variants, for cheese manufacture.

Geno[ypes with favourable attributes could be consir]ered ¿rs

addíEional criteria in the final selec-tion of 'bullls for widespr:ead

use in artíficial breedí.ng. The rnilk protein genes carried by al bull

can be deterrnined by genetically typing rnilk from the bull's

claughters. BuIl selection is dependent on progen.y testing now, so

r.ro further: delay would result. Mather (1911) considered that sel-

ectíon based on gene-tíc rnarkers could aid in selection of animals at

a much earlíer age. However, í.t is not envisaged by the present

author that the use of millc protein variants could replace Progeny

testing as carried out at present.

t
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