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INTRODUCTION

In the past much more attention has been given to

the quantitative aspects of milk production than to studies

of milk quality which have largely been concerned with de¬

terminations of such major constituents as fat and total

solids. Within the last 20 to 25 years» a deep interest in

the variation of the chemical composition of milk has devel¬

oped* and attention has begun to focus on the protein* lac¬

tose* solids not fat (S.N.F.) and mineral content of milk.

In some areas of the world concern has arisen because milk

supplies have failed to satisfy minimum standards for legal

milk marketing* e.g. solids-not-fat.

Information on the inheritance of chemical constitu¬

ents other than the fat of milk such as minerals is rela¬

tively sparse in comparison with the major constituents.

The simple reason for this is the labor of analyzing suffi¬

cient samples to reach conclusions of statistical signifi¬

cance. Interest in the variation in these chemical constit¬

uents of cow's milk stems largely from the nutritional im¬

portance of milk in human diets, the growing conviction

1
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that the nutritional properties of milk and its competitive

position with other food stuffs can be enhanced by increas¬

ing certain chemical constituents« the recognition of the

fact that changes in milk composition reflect quantitative

changes in the physiological and biochemical process of milk

secretion* and another reason which can not be dismissed*

that certain chemical constituents such as fatty acids play

an important role in the flavour and palatability of milk

and milk products.

In appraising the opportunity to improve the quality

of milk* the important roles which both the genetic and en¬

vironmental elements can play must be recognized and under¬

stood. Available information certainly indicates that there

are breed and individual differences in the minor chemical

constituents of milk, unfortunately the studies that have

been made are insufficiently systematic to enable precise

definition of the extent of these differences.

In this study a special effort has been made to in¬

vestigate the genetic influence on some constituents

of cow's and ewe's milk. In cow's milk the inheritance of

the potassium to lactose ratio was investigated. In ewe's

milk the genetic influence Oh variation in potassium

to lactose ratio as well as potassium* lactose, sodium* and
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total solids contents were determined. The existence of the

well known two blood potassium levels; high (HK) and low (LK)»

in sheep provide the basis of an hypothesis to study the

physiology and synthesis of potassium and sodium in the

milk# and its relation with the same minerals in the source

of all fluids in the body# the blood. This may explain the

mechanism of the secretion of potassium and sodium in

mil) ,andj if potassium in milk is inherited; do the same

genes HK and LK of the blood control the potassium level in

the milk? This observation has not been applicable to cattle;

as it is already known that no great differences in the po¬

tassium level exist between different breeds, nor between

the individuals of one breed, in their blood. Because of

the great number of investigations which have been done on

the correlation of haemoglobin (Hb) phenotypes of sheep with

the potassium levels in blood, an attempt has been made to

study the effect of the existence of different haemoglobin

phenotypes in sheep blood on the secretion of potassium and

sodium, in their milk.

The work to be described may be divided into two

sections, the first dealing with the investigation into the

hereditability of potassium to lactose ratio in dsjxy cattle I/
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and the second# investigations into the inheritance of potas¬

sium# lactose# sodium# total solids and potassium to lactose

ratio in ewe's milk.



REVIEW OF LITERATURE

gov's

The nature and the causes of the variation in the

chemical composition of milk may be divided into two parts«

environmental influence and genetic influences. Earlier

reviews of the factors affecting milk composition have been

presented by Johansson & Claesson (1957)# Larson (1958) and

Tayler (1958). The fat content of milk has received the

major share of attention since the beginning of this century

and will not be reviewed here. This review will deal mostly

with the factors affecting the solids-not-fat constituents

of milk.

Solids Not Fat (S.N.F.) Constituents

I. Environmental influences

1. Season and climate

The influences of the season and climate are diffi¬

cult to separate from nutritional factors. In addition

when seasonal calving is practiced# studies# involving herd

5
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milk# suffer from the confusing effect of stage of lactation.

Bailey (1953)# Waite# White & Robertson (1956) in Europe#

and Davis# Harland# Caster & Kellner (1947)# Specht# Brunner

Madden & Ralston (1956) and Wilcox# Peau# Mather & Bartlette

(1959) in U.S.A.# have shown that the S.N.F. content in June

and July is rather consistently lower than in other months

of the year. The lactose content generally is highest when

the protein content is lowest and vice versa. Nevertheless#

when the average composition is calculated for an entire

lactation# each lactation extends over the greater part of

the year and season of calving differences are usually small

(Robertson# waite and White# 1956).

Some work has definitely pointed out that S.N.F. can

be lowered by high environmental temperatures. In controlled

climatic chambers# Cobble & Herman (1951) found that the

S.N.F. content decreased as the temperature rose above 90°F#
the chloride content increased and lactose content decreased.

Lowering temperatures from 50 to 5°F produced an increase in

fat and S.N.F.# but there was no appreciable increase in

chloride or lactose content. Legates (1960)# suggested that

o o
environmental temperatures from 30 F to 70 F do not appre¬

ciably influence the composition of milk. Likewise#
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variations in humidity do not appear to influence milk com¬

position when the temperatures are below 75°F.

2. Stage of lactation

Stage of lactation becomes most important when the

influence of certain factors on S.N.F. is being examined in

short-term experiments. ISie content of total solids* solids-

not-fat and protein drop rather precipitously after the first

days of the lactation* reaching a low value by the second

- month. Most data show a reasonably constant level for S.N.F.

during the second to the fifth month of lactation* with a

gradual rise being displayed towards the end of the period

(Bailey* 1952? Bartlett* 1934; Nicholson* Thomas* Willard &

Brown* 1958 and Waite* White & Robertson 1956). The lactose

content is highest at the beginning of lactation and declines

linearly during the remainder of the lactation (Waite. White

& Robertson* 1956). Gestation also can make an important

contribution to the change in S.N.F. during the lactation

period (Gorrie & Harvey* 1953). Bartlett (1934) and Wilcox*

Peau* Mather & Bartlett (1959)• found that the content of

S.N.F. rose beginning with the fourth or fifth month of ges¬

tation. Bailey* (1952) working with the same herd as Bart¬

lett* (1934) but at a more recent date* found that S.N.F.
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showed a tendency to rise by the second and third month of

pregnancy. It was particularly evident in the data reported

by Wilcox* Peau* Mather & Bartlett* (1959) * that the rise

in S.N.F. during the later part of the lactation was prac¬

tically negligible for those cows which were out o£ doors.

3. Age of the cow

The decline of S.N.F. percentage with advancing age

or lactation number is approximately twice the magnitude of

the decline in lactation fat percentage. A summary of five

studies* Bailey (1952)* Bartlett (1934)* Robertson* waite &

White (1956)* White & Dvakeley (1927)* and Wilcox* Peau*

Mather & Bartlett (1959)* has shown declines in solids-not-

fat ranging from 0.21 to 0.45 during the first seven lacta¬

tions. Politiek (1957) reported that the decline in S.N.F.

with age in his data must be ascribed to a decrease in lac¬

tose content. This general observation agreed with data

reported by Robertson* Waite & White (1956). However* their

more detailed analysis indicated that while crude protein

did not change much with age* the casein percentage declined

during the first seven lactations almost as much as the lac¬

tose. Hence* there is circumstantial evidence that whey
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protein or non-protein nitrogen fractions increase with ad¬

vancing lactation number.

The percentage of variance due to age influences

for several milk constituents as found by Robertson# Waite

& White (1956) are as followsx Milk yield 27%# fat percent¬

age 5%, S.N.F. X8%# crude protein 4%, casein 1136 and lactose

23%. All of the reported age changes must be considered in

the light of the selection which has taken place in the pop¬

ulation analyzed. In most cases selection probably was made

on the basis of milk yield which has rather consistently

shown small negative phenotypic correlations with milk con¬

stituents. The part played by age is further confused by

the possible influence of udder deterioration through

normal usage# and the increasing incidence of mastitis

with advanced age (Legates# 1960).

4. Food changes and plane of nutrition

Reports of attempts to alter the fat content of

milk through feeding are numerous# but current information

on the influence of specific foodstuffs on S.N.F. content

is most limited. There is reasonably abundant evidence to

demonstrate that the percentage of S.N.F. is substantially

influenced by the energy content of the diet (Rook# 1961).
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Feeding rations with 25% less than the normal energy require¬

ments results in a decrease in S.N.F.# most of the decrease

being attributable to a decrease in protein. In other ex¬

periments/ feeding only 40% of a normal ration for 6 weeks

at the beginning of the lactation resulted in a decrease in

the average S.N.F. for the entire lactation# Flux & Patchell#

(1954). Even reducing energy intake by 10% or 20% of normal

requirements depressed the lactation average for protein per¬

centage but no appreciable change resulted in lactose con¬

tent (Flux & Patchell# 1954). Several other workers# Dijk-

stra# (1958) and Patchell (1957)# have pointed out that

under-feeding may reduce the S.N.F. percent by as much as

0.30 to 0.40%. Generally# the results from underfeeding

have been in agreement in showing that the protein content

is reduced somewhat more than is lactose.

Holmes# Reid# MacLusky# Waifce & Watson (1957)# have

reported that S.N.F. increased rapidly from 8.3 to 8.6 in

Ayrshires when concentrates in the ration were increased

from 0 to 4.6 lb. per gallon of milk produced. Burt (1957)

has also shown that the S.N.F. content may be increased by

feeding above the normal British standards. However# feed¬

ing excess protein did not alter the protein content# but

the non-protein nitrogen content was enhanced (Stein# 1957).
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As was suggested earlier* some of the seasonal varia¬

tions in S.N.P. may be traceable to changes in feeding. When

cows are allowed fresh pasture the S.N.P. increases* mainly

due to an increase in protein percentage. Politiek (1957)*

Rook & Rowland (1959) have reported that S.N.F. increased

within four days after initiating grazing and the increase

reached a peak after six days. The most important changes

in protein was an increase in casein and the lactose content

was not affected. Bartlett & Hutton (1959)* have suggested

that the increase in S.N.F. which occurs when cows are turned

onto young pasture may be due to the estrogenic activity of

certain grasses. Folley* Watson & Bottomley (1941) have

shown that injected or implanted estrogens increased the

total solids content of milk* but their results agree with

Browning* Fountains* Marion & Atkeson (1957) in reporting no

significant effect from feeding diethylstilbestrol.

Although the information is not extensive* different

sources of carbohydrate foods do not appear to influence the

S.N.F. content (Bailey* 1952). Within reasonable limits*

changing the relative proportion of concentrates to hay does

not markedly alter S.N.F. percentage (Bailey* 1952)„ However

in two tr ials with 69 cows Dijks&tra (1958) & (1959) * has
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reported that milk yield# S.N.F.# and the protein content

of milk were depressed when grass silage in contrast to hay

was fed as the sole roughage.

5. Disease

Milk from cows affected b\/ mastitis generally has

been characterized by a fall in lactose and potassium (K)

contents# with a compensatory increase in sodium (Ha) and

chloride (CI) contents (Barry & Rowland# 1953)# an increase

in globulin content and# to a lesser content# in the content

of serum albumin and proteoses# and a decrease in casein

content (Rowland# 1938). Waite & Blackburn (1947) have

suggested# on the basis of a survey of samples of bulk milk

of individual cows that# for animals with sub-clinical mas¬

titis# throughout the major part of the lactation# there is

an association between total cell count in milk and the ex¬

tent of changes in milk composition. There are two major

types of cells in milk# polymorphs# which provide an indica¬

tion of the extent of acute lobular mastitis, and epithelial

cells which reflect the extent of post inflammatory involu¬

tion (Blackburn & Macadam# 1954? Blackburn# Laing# Malcolm#

1955). Waite & Blackburn (1957) consider that an animal

with a total cell count in its milk of less than 100#Q00/ral.
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particularly when the polymorphs are low# is not affected

by sub-clinical mastitis and that with an increase in cell

count to 500»000/ral. there is a progressive reduction in

the S.N.P. and lactose contents of the milk# but that above

500#000/ml. the effects are less pronounced and that casein

content is not affected until counts approach l#000#000/ral.

It is further suggested that the distinctive differences

between the effects associated with cell counts below and

above 500#0Q0/ml might be explained by two types of lesion.

Up to this number# lesion may be mild but wide spread and

have a considerable effect on milk composition# whereas

higher numbers may reflect more severe lesions present in

very few focii# so that the cell count will be high but# be¬

cause of the small area of tissue involved# the effect on

the composition will be small. McXenzie# Booker & Moore

(1958) have also given evidence of an association of high

total cell count in milk and a low content of S.N.F.

King (1955) has reported that a rise in body temp¬

erature accompanying certain disease conditions is associ¬

ated with an increase in fat percentage and a decrease in

milk yield and S.N.F. content.
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IIu Genetic influences

The current approach to the genetic improvement of

quantitative traits such as the composition of milk* re¬

quires a thorough appraisal of the existing genetic and

environmental relationships both between and within breed¬

ing groups. Breed differences in S.N.P. contents have long

been recognized, but the economic emphasis on fat content

and the lack of satisfactory field procedures for determin¬

ing the composition of S.N.P. has affected the study of the

variation within breeds.

1. Breed differences

Breed of the cow has a distinctive and general ef¬

fect on milk composition. Many breed comparisons have been

made either from selected populations where small numbers

of animals have been used which may not therefore be repre¬

sentative of the breeds, yet these results have been used

to indicate the likely differences in milk composition be¬

tween breeds. Reliable averages for the fat and S.N.F.

contents of the milk of the main dairy breeds in England

and Wales are now available, however, from surveys carried

out by the Milk Marketing Board (Table 1). More information

on the differences between breeds in the detailed composition
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of their milk (Table 2} has been provided in 2m investiga¬

tion by the National Institute for Research in Dairying in

1948 (Rowland & Rook# 1949) of the milk of representative

selection of herds of the Ayrshire# Friesian# Guernsey# and

Shorthorn breeds located in the Southern counties. An ex¬

haustive review by Armstrong (1959) summarized the litera¬

ture from Canada and U.S.A. bearing on the composition of

milk from different dairy breeds# and the average values

derived are included in Table 1.

TABLE 1

AVERAGE VALUES OF THE FAT AND S.N.F. CONTENTS OF THE MILK
FROM THE MAIN BRITISH DAIRY BREEDS

M.M.B.I M.M.B.2
Breed (1945/1947) (1957/1958) Armstrong

(Provan 1949) (M.M.B. 1958/59) (1959)

j^Fat fS.N.F.jJPat IS.N.F. jFat ^S.N.P

Ayrshire 3.72 8.73 3.81 8.72 4.15 8.96

Friesian 3.45 8.58 3.62 8.65 3.49 8.61

Guernsey 4.41 8.93 4,54 8.94 4.99 9.32

Jersey ———— 4.90 9.10 5.51 9.49

Shorthorn 3.65 8.68 3.70 8.75 — .
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TABLE 2

AVERAGE VALUES FOR DETAILED COMPOSITION OF MILK FOR
FOUR MAIN BRITISH DAIRY BREEDS

Constituent Ayrshire Friesian Guernsey Shorthorn
%

Fat 3.69 3.46 4.49 3.53

S.N.F. 8.82 8.61 9.08 8.74

Total protein (NX 6.38) 3.38 3.28 3.57 3.32

Casein (NX 6.38) 2.56 2.47 2.74 2.52

Lactose (Anhydrous) 4.57 4.46 4.62 4.51

Ash 0.74 0.75 0.77 0.76

Calcium (Ca) 0.116 0.113 0.130 0.121

Phosphorus (P) 0.093 0.090 0.102 0.096

Potassium (K) 0.151 0.158 0.154 0.152

Sodium (Na) 0.054 0.058 0.048 0.059

Chloride (CI) 0.099 0.113 0.096 0.102

The information in Tables 1 and 2 shows that milk

constituents also vary from breed to breed# while not vary¬

ing as widely as percent of fat.
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2. Intra-breed genetic variation

The probable response of a trait to selection pres¬

sure is a function of the nature and magnitude of its hered¬

itary variation sometimes incompletely expressed as hereli-

tability# which also includes genetic and environmental

intr^-relationships. For dairy cattle hereditability and

genetic environmental inter-relationships are most conven¬

iently estimated from daughter-dam regression and by an

assessment of the variation between paternal half sisters.

Identical twins have also been used recently to demon&hrate

the genetic variation in milk composition# but estimates

of its her4@itable relationships are not comparable to re¬

sults from daughter-dam and paternal half sisters analysis

unless special experimental designs are used. Several re¬

ports each based on limited observations are now available

and are shown in Table 3. The most complete study is the

one reported by Robertson# waite & White (1956) from 814

Ayrshire cows.

The particular value obtained for hereditability

in an investigation is clearly dependent on the degree of

environmental uniformity achieved in the study (C.F. the

high values for hereditability obtained by Hansson & Bonnier#
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1849? and Hancock* 1953) and on the accuracy of the esti¬

mates of the lactation averages of the individual animals
r

(Q'Connon & Lipton* I960). The rate of improvement in milk

quality possible by selection would therefore be increased

if the milk composition characteristic of an individual

animal could be assessed independently of non-genetic ef¬

fects* due to stage of lactation* udder disease* and level

and type of feeding.

TABLE 3

ESTIMATES OP HERB»ITABILITY OP MILK CONSTITUENTS

(constituents %)

Authority Pat S.N.P. Protein

(Nx6.38)
Lactose

Anhydrous

Robertson et. al. (1956) 0.32 0.53 0.48 0.36

Johnson (1937) 0.33 0.35

Politick (1957) 0.75 0.70 0.75 0.70

Lankamp (1959) 0.72 0.83 0.76

O'Connor (1959) 0.52 0.65

Wilcox et. al. (1959) 0.57

Von Krosigk et. al. (1960) 0.50 0.45 0.45
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Evidence on the hereditability of other milk constit¬

uents not included in Table 3 is more scarce. Hansson (1948)

conducted an experiment in Sweden with 3 pairs of identical

twins. His results indicated little difference within the

twin pairs in calcium and phosphorus contents of milk# but

greater differences were obtained between non-twin pairs.

In 1962* Comberg# Andreae & Meyer studied the mineral con¬

tents of milk of identical twin (MZ) cattle. They deter¬

mined calcium# phosphorus# magnesium# sodium# and potassium

in the milk of 6 pairs of MZ twins under similar feeding

conditions and stage of lactation. The results showed con¬

siderable differences in content between the pairs of cows#

the number of lactations having little effect. Comparative

figures given from their results show clearly greater dif¬

ferences between pairs than within pairs. The intra-pairs

correlations were calcium C.77# phosphorus 0.76# magnesium

0.68# sodium 0.33# and potassium 0.91. From these results#

the mineral contents of the milk would seem to be genetic¬

ally controlled.

Inter-relationships of the concentrations of
Milk Constituents

More clearly-defined relationships have been demon¬

strated between the major osmotically active constituents:
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lactose* sodium# potassium# and chloride. Knowledge of such

relationships might help in the understanding of the pro¬

cesses of milk secretion and in the explanation of natural

variations in milk composition. Early work emphasized the

close inverse relationship between the concentrations of

lactose and chloride (Mathieu & Ferre# 1914)# and the direct

relationship between the concentrations of chloride and so¬

dium (Jones & Davies# 1935). Observations by Black & Voris

(1934)* based on the analysis of milk taken from 12 Holstein

Friesian animals at intervals throughout an entire lactation*

confirmed these relationships* but indicated a low correla¬

tion between the concentrations of lactose and potassium

(r * 0.1767 ± 0.0565) and of potassium and sodium (r - 0.2367

± 0.0550). In a similar investigation with 12 Shorthorn cows

over a period of 3 months in mid-lactation# Rook and Wood

(1958) determined the constituents known to play a major

part in the osmotic properties of milk# namely# sodium# po¬

tassium and lactose. From an analysis of 104 samples of

milk they showed that the concentrations of lactose and po¬

tassium varied independently with that of sodium# and they

obtained the following relationship when the constituents

were expressed in mg/100 g milk water.

Ma » 343.7 - 0.393 k - 0.0411 lactose
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They further suggested that sodium in milk may be

considered to be derived from two sources,, a part associated

with potassium and the remainder associated with lactose.

Thus the water secreted in milk can be represented as a two

phase system: in one* referred to as the sodium lactose

phase* potassium is absent and sodium and lactose vary in¬

versely; in the other a sodium-potassium phase* lactose is

absent and sodium and potassium vary inversely.

By considering the effects of stage of lactation*

mastitis and individuality* strictly quantitative relation¬

ships between the concentrations of the various constituents

have been demonstrated. Barry & Rowland (1953) and Sutton

(1954) showed that with advancing lactation and mastitis

the progressive and proportionately similar decrease in lac¬

tose and potassium concentrations are paralleled in a quan¬

titative manner* by increases in the concentrations of so¬

dium and chloride.

An attempt to devise an index which would provide

an assessment of the individual characteristics of milk of

individual cows relatively free from non-genetic effects

was made by Rook & wood (1959). They showed that the potas¬

sium content was constant in the milk of the individual
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animals through the first four to five months of lactation*

even during the period of transition from colostrum to

normal milk when the changes in other constituents were

large. The lactose contents of the milks showed marked

increases during the first two to three weeks of lactation*

but in the succeeding three to four months the values for

each animal showed a constancy similar to that observed

with potassium* and an inverse relationship between the

potassium and lactose content has been demonstrated. From

the inverse relationships between the values of potassium

and lactose content obtained with different animals* they

suggested that the ratio of the two hypothetical water

phases (sodium* lactose phase and sodium potassium phase)

in milk is fairly constant for an individual animal but

varies considerably from animal to animal. They furthermore

suggested that the concept of the water of milk arising in

two ways is now seen to be consistent with the mechanism

of the formation of milk within the cells of the alveoli.

The sodium potassium phase corresponds to typical intra¬

cellular fluid and the sodium-lactose phase would arise by

the synthesis within the cells of lactose together with pro¬

teins and fat coupled with the movement of the water into
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the cell to maintain osmotic equilibrium. The way in which

the cell contents are expelled into the lumina of the alveoli

was not established# but it is reasonable to suppose that at

the moment of expulsion* the ratio of intracellular to the

secretory fluid will be fairly constant in any individual

and yet varies from animal to animal. An explanation of the

constancy of the potassium content of the milk of individual

animals and its variation between animals is thus afforded.

Walsh & Rook (1964) have carried more important investiga¬

tions on the potassium and lactose relationship and how it

is altered by infection of the udder and stage of lactation.

Prom Priesian animals in their first lactation# between the

second and the fifth month of the stage of lactation and

free from infections of the udder# they obtained the follow¬

ing general relationship.

Y - 7.4242 - 0.01095X

Where Y is the lactose in gm/100 gm of milk water and X is

the potassium in mg/100 gm of milk water. The standard error

of the regression coefficient was £ 0.00112 and the standard

error of estimates was ± 0.144. These workers also found

that lactose and potassium concentrations in milk from

quarters damaged by bacterial infections or physical injury#
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or in the milk of an animal at an early or late stage o£

lactation are seldom the same as those found in milk from

infection-free quarters in the middle part of the first

lactation. Each of these effects tend in varying degrees#

to cause a decrease in the concentrations of lactose and

potassium and an increase of sodium. They also showed

that the empirical relationship between lactose and potas¬

sium contents of milk secreted by healthy quarters of the

udder of cows in the middle part of the first lactation

appears to apply to most of Friesian cattle so far examined.

Thus they suggested that if it could be shown that# while

the concentrations of lactose and potassium are depressed

by various physiological factors# the ratio of potassium

to lactose is unaltered# this ratio would provide a basis

for predicting a "Potential" lactose content in cattle of

all ages irrespective of their stage of lactation or pres¬

ence of infections of the udder.

Finally in a genetic study of the her«titability of

the potassium to lactose ratio of Friesian cattle# they sug¬

gested that the potassium to lactose ratio and the predicted

"potential" for lactose content in the milk of individual

animals are largely independent of the effects of environ¬

mental factors and physiological changes associated with
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stage of lactation* and serve to characterize the genetic

potential for lactose content.

These results of Rook & wood (1959) and Walsh & Rook

(1964) suggested that the previous studies by Black & Voris

(1934) and Barry & Rowland (1953) of the variations in the

potassium and lactose contents of milks* have been based on

analyses of milk samples obtained from animals varying

widely in the age and stage of lactation or on comparisons

of the composition of the milk from separate quarters of

the udder of cows infected with mastitis: the data showed

a direct or low relationship between the concentrations of

potassium and lactose in the milk.

Ewe's Milk

In contrast with the abundant data available on the

composition of cow's milk* information on ewe's milk is rel¬

atively sparse. This is particularly true of mineral ele¬

ments such as potassium* sodium* magnesium* and the trace

elements. Among the more extensive analyses which have been

published are those of Niedig & Iddings (1919)» Peirce (1934);

Godden & Puddy (1935); Bonema (1939); Barnicoat*Logan & Grant

(1949); Barnicoat* Marry* Roberts & Wilson (1957); El-Sokkary*
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Sirry & Hassen (1949)y Perrin (1958)y Nejim (1963)y Ashton*

Owen & Ingleton (1964)y Ashton & Yousef (1966)y and Yousef

& Ashton (1967). Of these* only the last three references

(with the exception of the work of Godden & Puddy)* were

obtained under conditions prevailing in Great Britain.

This review will deal only with the constituents

which have been studied in this investigation* namely—

lactose* potassium* sodium* and total solids.

Values given by various workers for lactose in ewes•

milk have been quoted by Ashton* Owen & Ingleton (1964).

These values varied between 4.1% reported by Perrin (1958)

for New Zealand breeds* to 5.8% by Nejim (1963) for the

Awassi breed in Iraq. The mean value for lactose is arouna

4.7% reported by most of the other workers i.e. Niedig &

Iddings (1919)y Peirce (1934)y and Ashton* Owen & Ingleton

(1964). With the exception of the results of Perrin (1958)

and Negira (1963) there is good agreement between the results

quoted for lactose content. The lowest value for total

solids was 16.3% obtained by Barnicoat et al. (1957) for

the New Zealand Roftmey * the highest* 21.8% reported by

Perrin (1958) in New Zealand breeds. The average for the

other authors* quoted ranged between these two extremes.
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The variation in the lactose % and total solids % in ewe's

milk is smaller in comparison with the other major constit¬

uents (Ashton# Owen & Ingleton» 1964). Sartore (1959)

studied the sodium and potassium contents of Sardinian

sheep's milk during the lactation period. His results indi¬

cated that the stage of laction affected sodium and potas¬

sium concentrations in the milk. He reported the values

given in Table 4.

TABLE 4

AVERAGE VALUES OP SODIUM ANT POTASSIUM DURING THE STAGE
OF LACTATION IN EWE'S MILK %.

Constituent Beginning of Mid-Lactation End of
Lactation Lactation

Sodium 0.0463 0.0362 0.0565

Potassium 0.136 0.119 0.155

Charton# Faye# Herry# Bernard & Gueslin (1962) studied the

variation in sodium and potassium contents and their ratio

in ewe's serum during the lactation. They found averages

for sodium and potassium of 33*5 «g/liter and 144 mg/liter

respectively for folded sheep and 3 6'kftff/liter and 197 rag/

liter for sheep at pasture. Age# growth# and lactation did

not affect the variation in sodium or potassium# but sodium
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was affected by feeding. Ashton & Yousef (1966) studied the

mineral constituents in the milk of Clun Forest ewes and

found that the sodium content of the ewe's milk increased*

whereas the potassium content decreased during the lactation

with a reasonably constant period in the middle of the lac¬

tation. They reported a mean value for these elements of

0.046% and 0.168% for sodium and potassium respectively.

The statistical analysis of their data showed significant

differences between the sheep in these elements. There is

a good deal of variation in the few results available for

these elements in the literature probably owing to the in¬

adequacy of the analytical methods available at the time.

For sodium* Godden & Puddy (1935) and Konigs (1920) obtained

values of about 0.05% and 0.03% respectively* while Godden

& Puddy (1935)* Konigs (1920) * and Morrison (1951) give 0.13%*

0.18 and 0.19 for the percentage of potassium. Perrin (1958)

reported a lactation average of 0.13% for potassium and

0.0431 for sodium* for the sheep on a high plane of nutri¬

tion and 0.135% and 0.039 for another group on a low plane
-

. H

of nutrition. These results of Perrin (1958) agree with

the report of Charton et al. (1962) that the sodium content

was affected by feeding.
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No reports were found in the literature on the in¬

heritance of the following constituents of ewe's milk? lac¬

tose# potassium# sodium# and total solids. The finding of

differences between individual sheep by Ashton & Yousef (1966)

in sodium and potassium# did however suggest that these might

be inherited. Daaaat & Saxtore (1962) also found large dif¬

ferences between individual sheep for fat# protein and

solids-not-fat and quote repeafcabilities of 0.630# 0.606#

and 0.805 respectively for these constituents.

Sheet's Blood

pofrassiuiq frevejs

The work on potassium levels in sheep's blood was

originally conducted in Great Britain by Evans (1954). He

found that sheep may be classified into two distinct types.

In one type the potassium concentration in their blood was

high (about 36.0 ra. eq./L) and sodium concentration corre¬

spondingly low# whereas in the other type the potassium

concentration was relatively low (about 13.0 ra. eq./L) and

sodium concentration correspondingly high. The two types

of animals have been called HK and LK respectively. The

plasma potassium concentrations are the same in the two
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types of animals and the phenomenon is therefore entirely

due to difference in the red cells. The same observation

has been confirmed by Widdas (1954)* Darcel & Avery (1960)*

and Poter & suska (1962). After Evans* finding* Evans and

King (1955) studied the basis of the inheritance of the po¬

tassium phenotypes in sheep. Their results of test matings

indicated that the potassium phenotypes in sheep are in-
|pair7

herited and controlled by a single gene^HK or LK with HK

being recessive. They suggested that the balance betweer

sodium and potassium in the red cells of British breeds of

sheep investigated can be substantially modified by a single

gene difference. These results were later confirmed by Kid-

well* Bohman# Wade* Haveland & Hunter (1959); Darcel & Avery

(1960)f Kraay, Oaiilard & Brouwer (1961)j Sartor® (1961)t

Meyer (1963)* and Darsset & Bernoco (1966) on different

breeds and crosses of sheep. Only the results obtained by

Khattab* Watson & Axford (1964a) suggested that the HK and

LK types were not clear cut. Although the distribution of

whole blood potassium concentration in Welsh Mountain sheep

showed marked bimodality* about 5% of the animals lay in

the area where the tails of the two distributions merge.

The matings data examined by them showed that the bimodality
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to

wasy(one pair of genes* the LK was dominant to its allele HK

Neither gene controlled the character completely* but LK

phenotypes showed much less variation than HK. It would

seem that the results for 5% of the animals which lay in

the area where the two tails of the two distributions merge

and reported by Kbattab et al. (1964) are due to experimental

error and these animals could be of HK or LK type if the

blood analysis were repeated and the sodium concentrations

taken into consideration when identifying the types. Thus

their suggestion that neither HK nor LK gene controlled the

character completely should be ruled out.

Haemoglobin types

Harris & Warren (1955) found that if haemoglobin

preparations from different adult sheep are subjected

to electrophoresis on filter paper at pH 8.6* three distinct

types of animals may be recognized—those with a single com¬

ponent moving relatively rapidly (A) towards the anode* or

a single component moving relatively slowly (B) or a mixture

apparently consisting of both A and 3 components (AB). The

three distinct types have been reported in different breeds

and crosses of sheep by others; e.g. Darcel & Avery (1960)j

Teodor* Lraann* Popa, Duica & Micle (1961) ? and Meyer (1963) .
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Evans# Harris & warren (1957) indicated that sheep in Brit¬

ain are of haemoglobin types A# AB# or B. The types are

inherited and appear to be determined by two allelic genes

each responsible for the formation of one kind of haemoglobin.

They found that in general# Lowland breeds were predominantly

haemoglobin B and Mountain, and Hill breeds predominantly

haemoglobin A. This suggests that haemoglobin types may be

of some adaptive significance# but no obvious difference in
the

any other characteristics ofy^sheep haue been detected. Khat-
tab# Watson & Axford (1964b/ confirmed that the haemoglobin

types are controlled by one pair of allelic genes and found

that frequency of Hb»A varied from 0.378 to 0.4S4 in various

ages and groups examined. Huisman# Van Vliet & Seben (1958)

reached the same conclusion# but they gave the names of Hb»I

for Hb#A and Hb«IX for Hb#B. In a later communication by the

same authors (1958# B)# they further suggested that Hb«II in

the Texel breed originated from European Mouflon and that

HB#I may have originated from other types such as Lincoln

and Leicesters which possess this haemoglobin.

The Association between Potassium
Levels and Haemoglobin Types

Evans, King# Cohaen# Harris & warren (1956) found

no association between haemoglobin and potassium phenotypes.
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They suggested that genes responsible for the two sets of

red cell characteristics are probably situated at different

loci. However both HK and LK individuals with haemoglobin

A had a higher average value of whole blood potassium than

those with haemoglobin B» haemoglobin AB animals being in¬

termediate. Evans« Harris & Warren (1958A) again found that

Mountain and Hill breeds of Britain tend to have rather high

frequencies of haemoglobin B and low potassium. In Finnish*

Iceland and Old Norwegian breeds Hb*A was very common* while

in the Middle Eastern and African breeds (Awasi* Barki*

Blackhead* Persian* Fulani* Masai and Rahmani) Hto.B predom¬

inates. LK was relatively infrequent in Scandinavian* Middle

Eastern* and African breeds with the exception of Barki. The

Merino flocks studied by the same authors were almost en¬

tirely LK but both types of Hb were fairly common. This last

observation was confirmed by Evans (1961). He studied the

gene frequencies of HK and Hb#A type in each of five strains

of Merino. Strong non-peppin Merino had a highest frequency

for HK of 0.16 and a highest mean for erythrocyte potassium

of 15.7 m. eq./L* as compared with 0.05 and 12.0 respectively

for other strains examined. Evans* Harris & Warren (1958B)

have studied the relative frequency of Hb*A and HK genes
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within 33 Bxitish breeds. The great majority of breeds were

polymorphic in respect of Hb and K types# and gene frequency

varied greatly from breed to breed. They confirmed the pre¬

vious suggestion of Evans# King# Cohaen# Harris & warren

(1956) that# although there was no correlation between the

two sets of characters within breeds# there was a remarkable

correlation between them from breed to breed. Breeds with

a high frequency of Hb#A had a relatively high frequency of

HK gene and vice versa. They further showed that the broad

pattern of gene frequency distribution suggests that the two

sets of characters have or have had some adaptive signifi¬

cance. Dassat & Bernoco (1966) have also confirmed that the

two systems Hb types and K types are independent.

Watson# Khattab & Axford (1963) found that the two

loci controlling Hb types and erythrocyte potassium respec¬

tively have shown evidence of association in flock of Welsh

Mountain sheep# an excess of Hb#B homozygotes occurring

amongst HK animals. The imbalance extended to other pheno-

types having the Hb#B gene but not to Hb#A homozygotes.

Again Khattab# Watson & Axford (1964B) reported that sheep

possessing Hb#A gene only had a significantly higher potas¬

sium concentration in their blood than the animals possessing
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Hb.B gene only. AB types wexe intermediate in value, and

this was in agreement with the results o£ Evans. King. Co-

haen. Harris and warren (1936). but Khattab et al. (1964)

suggested that the nature of the variation reported by them

was that such animals carrying the Hb.A and LK gene had the

highest packed cell volumes and the most fragile erythro¬

cytes; the differences in packed cell volumes were suffi¬

cient to account for changes in whole blood potassium con¬

centration between the different phenotypes.



SECTION ONE



POTASSIUM TO LACTOSE RATIO AND ITS GENETIC

BASIS IN THE MILK OP DAIRY COWS

The object of this section is to investigate the

finding of Walsh & Rook (1964) on the inheritance of the

potassium to lactose ratio in cow's milk using another breed

of dairy cattle and a different genetic relationship. This

experiment includes an analysis of data of one egg* two egg

twin cattle# pairs of half-sisters* and pairs of unrelated

animals# all subjected to the same husbandry regime. As

foreseen by Hutt (1930)# Bonnier & Hansson (1943)« Hancock

(1951 & 1953)# and Donald (1953 and 1959)* one egg twins

offer opportunities for economizing in experimental mater¬

ial when certain designs are appropriate. To avoid the ob¬

jection that the variation between sets of twins may be in¬

fluenced by various unknown non-genetic factors* the varia¬

tion arising within uniformly treated and contemporary one-

egg# two-egg* half-sisters and unrelated pairs has been com¬

pared.

37
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Description of the Experiment

One hundred and two Ayrshire cows were used in the

experiment. These were composed of 10 pairs of one-egg twins

(MZ)# 12 pairs of two-egg twins (DZ)# 19 pairs of half-sisters

(HZ)* and 10 pairs of unrelated animals (U). All animals

were under the same husbandry regime* in the first to the

third lactation and in different stages of lactation. Such

differences occurred approximately equally in each group and

in any case should not affect the within pairs differences

which are the main concern.

Thirty of the animals used in this experiment were

in their first lactation and between the second to the fifth

month of lactation. The data obtained from these animals

have been chosen for calculating the lactose and potassium

inter-relationship as previously recommended by Walsh & Rook

(1964). The milk of each animal was sampled on one occa¬

sion at a morning milking. The samples were found to be

free from mastitis and negative to the vfoite Side test

(Murphy & Hanson* 1941). Bach sample was analyzed for:

lactose* potassium* and total solids.
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Methods of Analysis

1. Determination of the Lactose

Content of Milk

The method described by Hinton & Macara (1927) was

used as follows*

Twenty-five ml of milk were pipetted into a previ¬

ously weighed glass basin and reweighed quickly to obtain

the exact weight of the sample. The milk was transferred,

using a glass rod. to a 200 ml flask. The basin was then

washed by distilled water and the washings were transferred

to the flask also. Five ml of zinc acetate solution (54.75

gra zinc acetate dissolved into 250 ml water to which 7.5 gm

acetic acid were previously added) were added; 5 ml of po¬

tassium ferrocyanide (26.5 gm dissolved in 250 ml water)

were also added. The flask was made up to the mark with

distilled water and shaken well. The solution was filtered

through a No. 12. 18.5 cm fluted filter paper into a dry

clean beaker. Twenty-five ml of the filtrate were pipetted

into a 250 ml concial flask# neutralized "th N/10 NaOH

using about 3 to 4 drops of phenolphthalein indicator and

a further 3 ml of N/10 NaOH were added after neutralization.

Fifty ml of N/20 Chloramir\& T (7.5 gm Chlofamine T were
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dissolved ml liter distilled water) were added by pipette.

10 ml of potassium iodide were also added. The flask was

stoppered and kept in the dark for 1-1/2 hour. After this

period the stopper was removed and washed into the flask
a^dL lenwl dilute xad outded.

by distilled water. / The solution was then titrated with
$odiu.(v\, l-hiosu.lptate' Solufiotv-

standard ^ using starch indicator. The lactose was

calculated as follows:

Blank - Titration X factor X 100

weight taken

127 8 100
Factor - N of Na2S2°3 - Xoo X 0^i X 1

2. Determination of the Potassium
and Sodium* Content of Milk

The potassium was determined by the method of Have

& Mulder (1957). This method employs flame-photometery and

was carried out on milk simply diluted (1:400) with distilled

water. It has been found by Ashton & Yousef (1966) that

there were no significant differences between the results

of potassium and sodium obtained by this method and the

chemical methods.

Potassium and sodium were determined by comparison

with standards containing Ca and P concentrations similar

♦Sodium was determined later in Section Two.
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to those in milk and in which potassium and sodium were

relatively related to each other.

3. Determination of the Total
Solids Content of Milk

The total solids of milk were determined by evapor¬

ating thejwater and weighing the residue.

Aluminum dishes about 44 mms in diameter and weigh¬

ing about 1.2 gms were used. In these about 1 gm of milk was

weighed accurately and rapidly on an automatic balance.

After drying on a steam bath for 15 minutes# the dishes

were placed in an air-oven maintained at the temperature

of 100°C for three hours# weighed# replaced in the oven for

a further hour and weighed again.

Results

The results of the analysis carried out on the 102

samples of milk are given in Table 1 of the Appendix. The

mean values expressed per 100 g milk were as follows: Lac¬

tose# 4.66 gm; Potassium# 151 mg; total solids# 12.86 gm.

Lactose and Potassium Inter-relationship

The results of the analysis of milk samples of the

thirty cows in the first lactation and between the second
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to the fifth month of lactation are given in Table 2 in the

Appendix and were used for calculating the lactose and po¬

tassium inter-relationship. Rook & wood (1959) found that

the lactose and potassium content in milk of cows free from

infections of the udder were shown to be constant from the

second to about the fifth month of lactation* and an inverse

relationship was demonstrated between the concentration for

the lactose and potassium obtained with different animals.

The relationship between such values for lactose

and potassium is shown in Fig. 1. Regression analysis gave

the following highly significant (P^O.OOl) relationship.

Y » 6.7900 - 0.00939X

where Y is lactose gro/100 gm of milk water

X is potassium mg/100 gm of milk water

The standard error of estimate of lactose at a given value

of potassium was ± 0.100* and the standard error of the re¬

gression coefficient was ± 0.008.

Genetic Basis of Potassium to

Lactose Ratio in Ayrshire Cows

An analysis of variance between and within pairs in

the different groups used in this experiment is summarized

in Table 5.
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TABLE5

ANALYSISOFVARIANCEBETWEENANDWITHINPAIRSOFANIMALSFORLACTOSE,POTASSIUM ANDTHEPOTASSIUMTOLACTOSERATIO
SourceofVariance

d.f

MZ

M.S.

d.f

DZ

M.S.

d.f

HZ

.MM.S.

U

d.f.

M.S.

]

1.Lactose

•

!

Betweenpairs

9

0.117

11

0.119

18

0.067

9

0.114

Withinpairs

10

0.002

12

0.018

19

0.069

10

0.132

2.Potassium
Betweenpairs

9

382.80.

11

508.18

18

329.89

9

790.89

Withinpairs

10

3.90

12

221.75

19

229.78

10

175.30

3.Potassiumto LactoseRatio

31.34

11

.

i [

1

24.95 • 23.45

Betweenpairs
1

45.84

18

9

57.08

■

Withinpairs
1

10

.

0.34

.]

12

13.13

•

9

I |

I

10

|

17.17
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Referring to the within-pairs variation in the

table^ the DZ groups were as expected more variable than the
MZ groups. The HZ groups were more variable than DZ groups

in lactose and the potassium to lactose ratio# but simile*.'" I©

bhe DZ groups in potassium content. The U groups

were more variable than DZ# MZ. and HZ groups in lactose#

but unexpectedly were more variable than the MZ group only#

in potassium and the potassium to lactose ratio. The ratio

of variance within and between sets of MZ indicates a wide

variation between different pairs, but any one heifer tended

to behave as her twin did. The variation between sets of

DZ heifers in the lactose# potassium and potassium to lac¬

tose ratio was large enough to justify thinking that DZ

twins had a tendency to behave similarly although not so

markedly as MZ twins. No such tendency was evident among

HZ heifers. Unfortunately the U heifers have behaved dif¬

ferently than expected in the potassium and potassium to

lactose ratio. This may have arisen as a result of an ex¬

perimental error# in selection of the animals and for this

reason the results obtained from this group of animals will

not be considered in the discussion.
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Discussion

Rowland and Rook (1949) obtained average values of

12.41 gnv/100 gm of milk# 4.57 gm/100 gm of milk and 151 rag/

100 gm of milk for the total solids# lactose and potassium

contents respectively# with Ayrshire dairy cattle. Their

result for potassium is in close agreement with the mean

value of 152 ircj /100 gra of milk obtained in this experiment.
The mean values of total solids and lactose contents obtains

in this experiment are slightly higher than the average

values for both constituents reported by them. The differ¬

ences in the results of total solids and lactose contents

could be explainable by the effect of the season# as fore¬

seen in the literature that solids-not-fat contents in June

and July are rather lower than in other months of the year.

They mav have taken their samples in that time of the year#

but the samples used in this experiment were collected in

November and December. It has been pointed out also by

Holmes# Reid# MacLusky# W&ite & Watson (1957) that solids-

not-fat increased from 8.3 to 8.6 in Ayrshires when concen¬

trates in the ration were increased# and the animals used

in this experiment were receiving concentrates because they

were kept indoor during the experiment.
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Lactose and Potassium Inter-relationship

If it could be shown that# while the concentrations

of lactose and potassium in milk are depressed by various

physiological factors* the ratio of potassium to lactose
.'V

is unaltered# this ratio would provide a basis For predict¬

ing a "potential" lactose content in cattle of all ages#

irrespective of their stage of lactation or presence of in¬

fections of the udder. Barry & Rowland (1953) have shown

that infections of the udder and advancing lactation cause

similar reduction in the lactose and potassium content of

milk. Walsh & Rook (1964) found that lactose and potassium

concentrations in milk from quarters damaged by bacterial

infections or physical injury# or in the milk of an animal

at an early or late stage of lactation are seldom the same

as those found in milk from infection-free quarters in the

middle part of the first stage of lactation. Each of these

effects tend to cause a decrease in lactose and potassium.

They showed that the ratio of potassium to lactose content

in milk is little affected by infection of the udder or by

stage of lactation except during the first few days and the

last two months of lactation# but comparable information on

the effect of the age is not available.
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In the herds of Ayrshire cows in which the perform¬

ance of heifers is found to conform to the relationship ob¬

tained in the results (Y « 6.7900 - 0.00939X)« the ratio of

potassium to lactose content in the milk of each of the ani¬

mals of the herd, can therefore be used to predict the "po¬

tential" value for potassium and lactose content defined by

the above equation. Graphically the potential values will

be determined by the intercept of the regression line of

Fig. 1 with a second line extrapolated from the graph origin

describing the given ratio of potassium to lactose as shown

in Fig. 2. For lactose content the calculation would be

made according to the formulas

6.7900
1 + (0.00939)R

Where R is the ratio of potassium content to lactose content

found in the milk water.

Walsh & Rook (1964) obtained the following regres¬

sion analysis for lactose and potassium content of Friesian

cow's milk, between their second and fifth month in the

first lactation.

Y « 7.4242 - 0.01095X

The standard error of estimate obtained by them was ± 0.144
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and the standard error o£ the regression coefficient was

i 0.00122. fhis equation differs from the equation ob¬

tained in fhis study. One explanation of this difference

may be that it is due to a genetic difference between the

two breeds studied* as the available information certainly

indicates that there are breed differences in the mineral

composition of milk (Rowland & Rook* 1949). It is to be

expected that the formula for calculating the "potential"

lactose in the Ayrshire is different than the formula ob¬

tained for Friesian cattle by Walsh & Rook (1964). They

gave the following formula for calculating the "potential"

lactose in the Friesian cattle.

7.4242
1 + (0.01095) R

These results of the lactose and potassium inter-relationship

agree with the results of Walsh & Rook (1964) in the trend

of the regression but not in the values.

Genetic Basis of the Potassium
To Lactose Ratio of Milk

The variation within pairs of the four groups of

animals* MZ» DZ» HZ* and U* as a first approximation (neg¬

lecting non-additive effects) can be represented by the

following simple scheme (King & Donald* 1955).
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2 2
Mean square within MZ pairs s o MZ «■ e

2 2 2
" " " DZ " i c DZ » 6 + 1/2 g

» " " HZ " t c2HZ = e2 + 3/4 g2 + m2
2 2 2 2

" " " U " xCU-e +g +m

2
It is assumed that e * the variance due to environmental

effects is the same within DZ* HZ* and U pairs as within MZ

pairs and that DZ* HZ* and U pairs are drawn from the same

population in which the variance due to additive gene effects
2

is g . It is further assumed that HZ and u pairs being non-

2
twins have additional variance* m * not shown by twins. Each

HZ pair has had two dams* and may suppose to be subject to

maternal differences of various kinds not arising in twins

produced by a single dam.
2 2

Values for e and g can be obtained from the first

and the second equations as followss

2
e » Variance within MZ pairs
2

g »2 (Variance within DZ pairs—variance within MZ
pairs)

2
From the first three equations m can be obtained

as follows?

2
m « variance within HZ pairs—variance within MZ pairs

- 3/4 x 2 (Variance within DZ pairs—variance
within MZ pairs)
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« Variance within HZ pairs + 1/2 variance within
MS pairs - 3/2 variance within DZ pairs.

For the lactose# potassium# and potassium to lactose
2 2 2

ratio# values of e # g # and m were obtained and given in

Table 6. Each was then expressed as a percentage of the

total variation.

TABLE 6

COMPONENT OF VARIANCE FOR LACTOSE# POTASSIUM# AND
POTASSIUM TO LACTOSE RATIO

Source
of

Variance

.

Lactose

/
\

Potassium
Potassium to

Lactose Ratio

2
e

2
9

2
m

1

*M.S. rep]

M.S.* %

0.002 2.60

0.032 41.56
"

0.043 55.84

resents the mean

M.S. %

3.90 1.19
•

/

425.70 123.50

-100.89 -30.69

square.

M.S. %

0.34 1.14

25.58 85.72

3.92 13.14

2
If this hereditability in column g was calculated

2
from MZ and D2 pairs only# g will be 94.12% for lactose#

99.10% for potassium# and 98.69% for the potassium to lac¬

tose ratio. This is to b® expected and is in agreement with

most of the work done on the hereditabilities obtained from



53

within and between sets of MZ and DZ only. Johannson (1958)

has listed a number of possible causes for the higher esti¬

mates of hereditability obtained from twins* in comparison

with the field data* as follows:

1. Genetic variance in twin data includes domin¬
ance epistatic and gene environment interaction
contribution.

2. Variance between pairs of MZ twins includes
some part of herd differences in genetic merit
(to which might be added seasonal and other
environmental differences).

3. Maternal influence makes MZ twins alike.

4. Field data come from heavily called herds.

5. Environmental variance is less within pairs
of twins than within daughter dam pairs.

6. Control of feeding is much closer in experi¬
mental twin herds than on the commercial farms.

7. Measurement is more accurate in twin herds.

This list applies particularly to estimates of her^itabil-

ity equivalent to intra-class correlations of MZ twins which
2

require the use of variance arising between pairs. When h

is calculated from intra-pair variance of MZ and DZ twins#

one of these possibilities# namely (2)* is ruled out or al¬

most so because non-pedigree DZ twins could show some part

of breed difference.
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There is no point in trying to assess the contribu¬

tion to all remaining six factors on the present data. It

can be accepted for the time being that factors 4# 5# 6#

and 7 may help to reduce environmental variation and in¬

crease hereditabilities# but since all apply to all classes

of pairs# no distinctions can be made among them. Attention

must be concentrated on 1 and 3. If genetic variance in¬

cludes non-additive genetic effects due to dominance and

epiatasis (1)# then the variance within DZ should be higher

than expected on a purely additive hypothesis. Since 3/4

or more of the non-additive effects will occur within DZ

pairs# but only 1/2 the additive effects. Dominance and

2
epistasis would tend to cancel any twin effect (m ) by mak¬

ing DZ pairs more alike HZ pairs in respect of within pairs

variance. This have happened in the results for potas¬

sium.

Alternatively# or additionally, if twins are more

alike than singles# partly as a result of some environmental

circumstance peculiar to twins (3)# then the series of classes

of pairs should show an influx of within-pairs variation
2

(ra )# when it changed from DZ to HZ. This is also what maj have

happened with the lactose and the potassium to lactose ratio.
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Another possibility is that MZ and DZ pairs suffer

a reduction in intra-pair variation because environmental

conditions before and after the birth are more uniform them

those experienced by single born calves. King & Donald

(1955) reported that the mutual attachment shown by MZ pairs

grazing may result in their having more uniform environment

than even DZ pairs. Such an effect would lead to an under¬

estimate of environmental differences between unrelated

animals and to an overestimate of genetic differences.

There remains one more factor which is possibly more im¬

portant than all the foregoing. The assumption that all

genetic and environmental differences act additively# neg¬

lects genotype-environment interactions. Should these in¬

teractions b® important in producing the observed variabil¬

ity between unrelated animals# the use of one-egg twins

will overestimate the genetic variance through inclusion

of the whole of the variance due to interaction and part

of the variance due to direct effect of environment (Lush#

1948) .

The above several sources of variation which have

been ignored and may have influenced the genetic variance

would tend therefore to overestimate the additive genetic



56

2
variation# but anyhow# whether or not estimates of g which

forms a large percentage or the total variation in twin data

are seriously misleading owing to such omission is at present

unknown.

Taken as a whole# however# the estimates of heredi-

tabilities for lactose and potassium to lactose ratio agree

reasonably well with the estimates of her&litabilities ob¬

tained previously. Robertson# Walte & White (1956) obtained

a hereditability of 36.2% for the lactose from Ayrshire cows

in comparison with the hereditability of 41.56 obtained in

this investigation. Walsh & Rook (1964) obtained three es¬

timates for the hereditability of the potassium to lactose

ratio in Friesian heifers as follows*

2
1. From values for the MZs h ® 95%

2. By calculation of the within-herd regression
of daughter group means on the record of their
dams gave h^ estimate at 95% ± 27

3. By repeating the record of the dam with each
of her daughters in an analysis of co-variance
of dam and daughter# giving h^ estimate of
76% ± 24.

Comberg# Andreae & Meyer (1962) reported a hereditability

of 91% for potassium obtained from an identical twin exper¬

iment •
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t

There is a great variation in the maternal effect on

the characters studied in this investigation. This may be

because the maternal effects could be of primarily pre-natal

origin for some characters and of post-natal origin for
2

others. Therefore it is to be expected that m could be

varied from one character to another# or from one set of

data to another obtained under different circumstances.

The results obtained for the potassium to lactose

ratio in this experiment and the results obtained by Walsh

& Rook (1964) with Friesian cattle# show that the potassium

to lactose ratio of individual animals has the characteris¬

tics of a high genetic parameter and is highly independent

of the effects of environmental factors and of physiologi¬

cal changes associated with age and stage of lactation. It

also shows that this ratio could provide a basis for pre¬

dicting potential values for lactose and potassium contents

in cattle. The differences in the two formulas for the re¬

gression coefficients obtained in both experiments with

Friesian and Ayrshire cattle may indicate that more studies

are necessary to determine this relationship with other breeds

to establish if this difference is due to breed differences

or to an experimental error. If this difference was due to
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differences between breeds* then the formula obtained by

Walsh & Rook would be used for predicting the potential

values for lactose in the Friesian cattle only* and the

formula obtained in this experiment would be used for pre¬

dicting the potential values for lactose in the Ayrshire

cattle only. On the other hand if this difference was due

to an experimental error a correct formula could be obtained

and would provide a basis for predicting the potential lac¬

tose content in cattle of all breeds irrespective of their

ages* their stage of lactation* or the presence of infec¬

tions of ti\e udder.

bj c.i furthermore provides further evidence

that twlnfc- cot''. .■ be uoed wito ..aucec^s t-.o provide reasonable

tstime.Los ■ fur une ht'rcdite;--ili ty ot mrjU. constituents # if

ccrtnln designs ttr-'j appropriate.



SECTION TWO



INVESTIGATION OP GENETIC ASPECTS OP SOME

EWE'S MILK CONSTITUENTS

This investigation includes three separate experi¬

ments carried out to examine the genetic aspects of certain

constituents of the milk of the ewe. The constituents con¬

sidered were lactose* potassium* sodium and total solids.

The ratio of potassium to lactose was also investigated.

In the last experiment an attempt was made to correlate

these constituents with blood levels of potassium* with

haemoglobin types and with packed cell volumes.

Experiment A

Investigation of the effect of stage of lactation

on the potassium* lactose* sodium* total solids content*

and the potassium to lactose ratio of the milk of the ewe:

The object of this experiment was to establish if

there was a period of the lactation over which the above

constituents were relatively constant so that the effects

of the stage of lactation could be avoided in the genetic

studies in the later experiments.
60



61

Design of the Experiment

Thirty-five ewes were lambed before the normal lamb¬

ing season. Among these ewes 24 were Finnish X Dorset (FXD)

and the rest were of the Dorset Horn breed. The FXD ewes

were two years old and the Dorsets were also two years old

except for two of them which were six years old. All the

animals were kept inside under one husbandry regime and ware

given concentrates and a basal diet of hay.

Milk samples ware collected by hand milking at the

end of a 3-1/2 to 4 hour interval during which the ewes were

separated from their lambs. The samples were obtained every

Wednesday during lactation weeks: 1, 2, 3# 4# 5# S# 7# 8#

and 9. For this reason there were differences in the time

at which the first sample was taken from different ewes.

For example # in the case of the ewe which was in the 1st

day after lambing when the first sample was obtained from

her* the second sample was collected at the 8th day and the

third at the 15th day after lambing . . . etc. The samples

were collected in this manner to get a complete curve for

the milk constituents studied in this investigation from

the 1st day after lambing to about the 63rd day of the lac¬

tation period. Ho colostrum samples were obtained and all
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samples were taken only from one side of the udder of each

ewe. Some of the ewea were dried off before the 9th sample

was obtained < and it was difficult to get enough milk for

all the analyses from some ewea. The milk samples were

found to be free from mastitis and negative to the White¬

side test prior to chemical analysis.

Method of Analysis

Lactose* potassium* sodium* and total solids content

of each sample were determined as described in Section One.

The potassium to lactose ratio was calculated according to

the following formulas

Ratio (R) - Potassium (k) rag/100 am of milk*
lactose gm/10Q gm of milk*

♦Notes The constituents are expressed in terms of milk
rather than milk water as for cows* because the
total solids contents were not determined in some

of the first few samples* and anyhow the value of
potassium to lactose ratio will be the same if
both terms of milk and milk water were used for

any given sample.
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M2MU&

Tables 7* 8. 9* 10* and 11 give the mean values of

lactose* potassium* sodium* total solid* and the potassium

to lactose ratio respectively in ewe's milk. The tables

were designed as follows:

1st sample

2nd sample

3rd sample

4th sample

5th sample

6th sample

7th sample

8th sample

9th sample

Samples from ewes between 1st day
after lambing to 7th day

Samples from ewes between 8th day
after lambing to 14th day

Samples from ewes between 15th day
after lambing to 21st day

Samples from ewes between 22nd day
after lambing to 28th day

Samples from ewes between 29th day
after lambing to 35th day

Samples from ewes between 36th day
after lambing to 42nd day

Samples from ewes between 43rd day
after lambing to 49th day

Samples from ewes between 50th day
after lambing to 56th day

Samples from ewes between 57th day
after lambing to 63rd day

With reference to the general average of all the ewes* lac¬

tose was low in the first sample* about 4.84 gm/100 gm of

milk* and increased during the second and the third samples

up to 5.36. It was constant at this level for the next
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TABLE 7

MEAN VALUES OF THE LACTOSE CONTENT OF EWE'S MILK
DURING THE LACTATION

Breed No.
or of
Cross Ewes

SAMPLES

1
r

2 3 4 5
i

6 j 7 8 9

Dorset 11 4.72
1

F X D 24 4.90

Ave. 35 4.84
■■

5.20

: 5.14

5.16

5.29

5.39

5.36

5.34

5.34

5.34

5.35

5.44

5.41
:

,

\
5.13 ;5.22

I
5.06 5.06

\

5.11 5.11
i
i

4.99

5.51

5.35

5.42

5.31

5.22

Notes: 1. The mean values are given as gm/100 gm of milk.
2. The data which these means represent are given

in the Appendix, Table 3.

TABLE 8

MEAN VALUES OF THE POTASSIUM CONTENT OF EWE'S MILK
DURING THE LACTATION

Breed No.
of

Ewes

SAM P L E S

or

Cross 1 : 2 3 4 5 6

'

7 8 9

Dorset 11 166 I 145
i

129 119 113 118 114 117 127

F X D 24 160 ! 129 124 113 118 125 131 126 133

Ave. 35 162
1
j 134 126 115 116 123 123 123 130

Notes: 1. The mean values of potassium content are given
as mg/100 gm of milk.

2. The data which these means represent are given
in the Appendix, Table 4.
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TABLE 9

MEAN VALUES OP SODIUM CONTENT OP EWE'S MILK
DURING THE LACTATION

Breed
'

No.
of

Ewes

SAM P L E S
or

Cross

' ■

I

1 2
n

33
|

4
|

5 ; e
jj

7 8 9

Dorset 11 22.5
j

26.4 30.5 32.7 35.3 35.3 41.1 46.4 48.4

PXD 24 23.8 27.4 32.7 33.0 36.2 ;36.7
1

42.2 45.5 49.8

Ave. 35 23.4 (27.1 32e0 32.9 35.9 36.2
j1

41.8 45.8 49.2

Notest I. The mean values of sodium content are given as
rag/100 gm milk.

2. The data which these means represent are given
in the Appendix* Table 5.

TABLE 10

MEAN VALUES OP TOTAL SOLIDS CONTENT OP EWE'S MILK
DURING THE LACTATION

Mean
No.
of

Ewes

SAM P L E S

1 2 3 4 5 6 7 8 3

mm wot 35 16.6 17.1 16.6 17.1 17.9 18.1
.

18.5

I,

19.1 18.6

Notesi 1. The mean values of total solids content are

given as grn/100 gm of milk.
2. The data which theses means represent are given

in the Appendix* Table 6.
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MEAN VALUES OP POTASSIUM TO LACTOSE RATIO OP EWE'S MILK
DURING THE LACTATION

Breed No.
of

Ewes

S A M P L E S
or

Cross
I

1 2 3 4 5 6 7 8 9

Dorset 11 35.6 28.1 24.5 22.3 21.1 22.8 22.0 23.8 24.3

P X D 24 34.0 25.5 23.5 21.2 21.9 23.0 25.7 23.3 25.7

Ave. 35 34.5 26.3 23.8 21.5 21.7 22.9 24.5 23.5 25.1

Notesc 1. The potassium to lactose ratio was calculated as
followst

k ma/lQO qm of milk
lactose gm/100 gm of milk

2. The data which these means represent are given
in the Appendix* Table 7.

three weeks* but afterwards fluctuated until the last sample.

In the Dorset ewe's milk* the lactose content took the same

trend as the general average except that it reached a con¬

stant level a week earlier. The lactose content in the P X D

ewe's milk took exactly the same trend as the general average.

Pig. 3 shows that the approximate time during which the lac¬

tose content is approximately constant in ewe's milk is be¬

tween the 3rd and the 6th weeks after lambing. The average

potassium content was high in the first sample* about 162

mg/100 gm of milk* but decreased to about 134 in the second

sample. The potassium concentration in the 3rd sample was
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similar to the concentration in the 6th sample and the 4th

was similar to the 5th sample. The content was constant

after the 6th sample until the last one. The Dorset ewe's

milk had a high content of potassium in the first sample

and it decreased in the second and the third samples *

afterwards the concentrations were constant until the

last sample. The potassium content in the P X D ewe's

milk follows the same trend as the general average of the

two groups. The main decrease in the potassium content was

in the second sample.

Fig. 4 shows that the potassium content of ewe's

milk was approximately constant from the 3rd week to about

the 8th week after lambing. The overall average for sodium

content of the milk of both groups of ewes was low in the

first sample and increased continuously during the stage of

lactation. The main increase was in the second sample and

in the last three weeks. The Dorset and P X D ewe's milk

were identical in the sodium trend during the lactation

period and both are similar to the overall average trend

during the stage of lactation.

Fig. 5 shows that sodium content in ewe's milk in¬

creases continuously during the stage of lactation/ but
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Fig.4.--Potassiumcontentofewes' milkduringthefirstnineweeks afterlambing.
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differences between the 3rd sample to about the 6th sample

were smaller than the differences between the other samples.

It was not decided to determine the total solids content

until a few samples had been collected and already analyzed;

for this reason the results of the total solids of some ewes

were not included in the 1st* 2nd# and the last samples.

As a whole the total solids of ewe's milk increased

in the second sample and decreased in the 3rd sample; after¬

wards it increased continuously until the 8th sample and de¬

creased again in the last sample.

Fig. 6 shows that unlike the individual constituents

already discussed the total solids content of ewe's milk is

not approximately constant during any particular period of

the lactation. The potassium to lactose ratio in ewe's milk

followed the same trend during the lactation as the potas¬

sium. The ratio was 34.5 in the first sample and decreased

to 26.3 in the second sample. It remained below this level

until the end of the lactation ranging from 21.5 to 25.1.

The differences between the 3rd# 4th# 5th# and 6th samples

were smaller in comparison with differences between the other

samples.
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Pig. 7 shows that the potassium to lactose ratio of

ewe's milk reaches an approximately constant value between

the 3rd to about the 6th week after lambing. Fig. 8* 9* and

10 show the potassium to lactose ratio in the groups of ewes

studied plotted against the actual day of the lactation on

which the samples were taken. Again the period from the

20th to about the 35th day of the lactation is less variable

than any other time during the lactation period* and the two

groups of animals agree reasonably well in this matter.

The Repeatability of Potassium
to Lactose Ratio of Ewe's Milk

One of the most important statistics in the analysis

of milk production is the correlation between performance at

different times or different stages of lactation of the same

animal* off">n given the name "Repeatability." This measures

the proportion, of the variation between animals within herds

which is common to the samples concerned and therefore in-*

eludes all hereditary differences which affect both samples

alike as well as some environmental similarities. It is an

upper limit of the hereditability of the character. The re¬

peatability is calculated as follows:

p2 sfreep
a2 sheep + o2 error



Fig.7.—Ratioofpotassium tolactosecontentsofewes' milkduringthefirstnine weeksafterlambing.
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2
0 sheep is the component of variance between the

2
sheep and 0 error is the component of variance within the

sheep.

An analysis of variance of the potassium to lactose

ratio of ewe's milk in the 3rd* 4th* 5th« and 6th weeks

after lambing was carried out as given in fable 12. The

repeatability of the four samples of all animals was calcu¬

lated from the table of analysis of variance as follows:
2

0 error « 9.97

2
o sheep Between sheep variance - error) = 10.22

10 22
Repeatability » 3^9 * 0,45

TABLE 12

ANALYSIS OF VARIANCE OF POTASSIUM TO LACTOSE RATIO OF
EWE'S MILK IN THE 3rd, 4th* 5th* AND 6th WEEKS OF LACTATION

Source of Variance d.f. M.S. F. P.

Between Weeks 3 41.32 4.14 1*

Between Breeds 1 2.54 1

Between Sheep/breeds 33 50.84 5.10 0.1%

Error (within sheep) 102 9.97
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It was decided to use the 3rd and 6th week of lacta¬

tion in later experiments and for comparable results the

correlation was calculated between the 3rd and 6th samples

of the P X D ewes only# as they were of a similar age. The

repeatability of the potassium to lactose ratio was 0.7999.

Table 13 gives the analysis of variance which was used in

calculating this repeatability.

TABLE 13

ANALYSIS OF VARIANCE OP POTASSIUM TO LACTOSE RATIO OP
P X D EWES IN THE 3rd AND 6th SAMPLES

Source of Variance d.f. M.S.

Between Samples 1 439.94

Between Sheep 23 51.82

Within Sheep (error) 23 5.76

2
0 Error » 5.76

2
0 Sheep » 23.03

23 .03
Repeatability » 2q 79

• 0.80

The value of 0.7999 expresses the degree to which

the potassium to lactose ratio of the F X D ewe's milk

would be expected to be consistent from the 3rd to the 6th

sample.
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Discuasion

This experiment has demonstrated the effect of the

stage of lactation on ewe's milk constituents studied*

namely lactose* potassium* sodium* total solids* and the

potassium to lactose ratio. It certainly indicates a smaller

variation in these constituents between the 3rd to about the

6th week after lambing than at any other time during lacta¬

tion. These results agree reasonably well with the results

obtained by Perrin (1958) in New Zealand. She obtained a

smaller variation in these contents in mid-lactation than

any other period of the lactation.

The mean values obtained in this experiment are com¬

pared with the mean values obtained by other investigators

in Table 14.

The data in Table 14 emphasises the great variabil¬

ity in the levels of these constituents found by different

workers. This may be due to many factors: genetical and

environmental* such as breed differences* different manage¬

ment* and the different methods of analysis available at

the time of the investigation.
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TABLE 14

MEAN VALUES OF LACTOSE* POTASSIUM* SODIUM* AND TOTAL SOLIDS
OF EWE'S MILK

Author Breed or Cross
Total
Solids

Lac¬

tose
k Na

Abderhalden(1908) Various 80 64

Neidig & Iddings
(1919) Various —— 4.7 ——— ——

Konigs(1920) German breeds 180 30

Peirce(1934) Merino 18.9 4.7

Qodden & Puddy
(1935) Cheviot 19.3 4.8 126 50

Bonsma(1939 Various 16.6 ——.

Barnicoat et al.
(1949) N.Z. Romany 16.3 4.4 —— ■ ——

El-Sokkary et al.
(1949) Rahmany & Awsemg 19.4 ———— ———— ——

Morrison(1951) Various 190

Perrin(1958) N.Z. breeds
H.P.N. 23.0 4.0 124 48

L.P.N. 20.5 4.1 121 38

Ashton et al.
(1964) Clun Forest 16.9 4.7 ——

Ashton & Yousef
(1966) Clun Forest 168 46

Results obtained
(1967) Dorset 5.15 127.5 35.4

F X D 17.7 5.27 128.7 36.1

Notes: Total solids expressed as gm/IQO gm of milk.
Lactose " " gm/100 gm of milk.
Potassium (k) " " mg/100 gm of milk.
Sodium (Na) " " mg/100 gm of milk.
H.P.N, means high plain of nutrition.
L.P.N, means low plain of nutrition.
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t

Ashton# Owen & Ingleton (1964) pointed out that lac¬

tose was variable in Clun Forest ewes with a coefficient of

variation between ewes of about 4%, The total solids of

this breed showed also variation between ewes. They further¬

more suggested that in sheep as in dairy cows individual

animals may produce milk which tends either to be compara¬

tively rich or poor in certain major milk constituents.

Ashton & Yousef (1966) showed that the content of potassium

and sodium in ewe's milk varied significantly between the

ewes. This is in agreement with the highly significant dif¬

ferences obtained in this experiment between ewes within

breeds in Table 12.

The repeatability of 0.5061 and 0.7999 obtained in

this experiment for the potassium to lactose ratio express

the upper limit of the hereditability of this character in

ewe's milk. It surgest~s that the potassium to lactose
ratio in ewe's milk is inherited and further experiments

are needed to obtain more information about other factors

which might affect this character and to examine the inheri¬

tance of the other constituents.
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Experiment B

The inheritance of lactose# potassium# sodium# total

solids and potassium to lactose ratio in ewe's milk.

Design of the Experiment

This experiment involved the use of two different

breeds of ewes with a wide range of age and sires# to study

the variation of the above constituents related to the ef¬

fect of age differences and different sires within ages.

There were 96 Clun ewes# divided into 6 groups

according to the ages which vary from one to six years and

again divided into 22 groups according to the sires of the

animals. Eleven ewes were of the Suffolk breed# to give a

mean for these constituents only. Ml the animals were under

one husbandry regime# out on grass# received less concen¬

trates than the ewes in Experiment A# and were lambed in

the normal lambing season.

A list of the identity of each ewe used in this ex¬

periment is given in the Appendix# Tables 8 and 9.

Two milk samples were obtained from each animal*

the first in the 3rd week after lambing and the second in

the 6th week. The milk samples were collected as described



in Experiment A and were treated by the same procedure prior

to chemical analysis for lactose# potassium# sodium* and

total solids.

Results

The mean values of the milk constituents of Clun

ewes studied in this experiment were as followss lactose*

4.85 and 4.76; potassium* 129.71 and 123.96; sodium 31.8

and 36.5; and total solids 17.0 and 18.1 in the 3rd and 6th

weeks of lactation respectively.

Table 15 gives the average of these constituents

in the Clun ewe's milk in different ages.

The lactose and potassium contents decreased very

slightly after the two-year-old group until the four-year-

old group# and started to increase again very slightly in

the last two groups. The highest levels for lactose and

potassium were obtained from the two-year-old group* and

the lowest levels from the four-year-old group. The total

solids and potassium to lactose ratio were constant in the

different groups of animals# but there were differences

between the groups in the sodium contents.

Table 16 gives the mean values of the milk constit¬

uents of different groups of ewes under different sires and



TABLE15

MEANVALUESOFCONSTITUENTSINIHEMILKOFCLUNEWESOFDIFFERENTAGES
Ageo£

NO.

Average

Date

Lactose

Potassium

Sodium

Total

Raio

Ewe

Of

No.of

of

k

Na

Solids

k/lactose

in

Ewes

Lamb

the

rag/100gm
mg/100gm

T.S.

years

Sucked

Sample

gm/100gm

1

12

1.00

1)3rd
wk.4.89

131.47

30.93

15.89

26.78

2)6th
wk.4.75

124.27

36.27

17.12

26.11

2

31

1.45

1

4.97

136.13

32.13

16.94

27.50

2

4.86

127.23

36.39

18.53

26.51

3

32

1.31

1

4.79

124.75

31.25

17.37

26.23

2

4.75

120.38

36.13

18.25

25.85

4

5

1.80

1

4.63

118.40

31.20

17.02

25.84

2

4.61

109.60

37.60

17.44

23.88

5

9

1.56

1

4.68

128.89

31.56

17.52

27.54

2

4.60

129.78

36.00

17.87

28.46

6

4

2.00

1

4.87

129.00

37.00

17.78

26.45

2

4.65

131.00

40.00

18.10

28.18

Group

96

1.52

1

4.81

128.11

32.34

17.09

26.72

Means

2

4.70

123.71

37.06

17.89

26.50

Note:ThedatawhichthesemeansrepresentaregivenintheAppendix#Table10.
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TABLE 16

MEAN VALUES OF MILK CONSTITUENTS OF CLUN EWES UNDER
DIFFERENT AGEES AND SIRES

Age 1 Tear Old 2 Years 3 Years * Years 5 Years 6 Years Average

Sire 1 2 3 * 5 6 7 8 9 10 11 id 13 1* 15 16 17 18 19 20 21 22 22 Group

No. of
Animele

* 5 1 * 1 12 9 10 32 1 2 1 1 1 3 2 1 1 1 1 2 1 d96

No. of Lambs
Suckled 1 1 1 1 1 1.67 1.56 1.10 1.31 2.00 2.00 1 .2.00 2.00 1.67 2.00 1 1 1 2 2 2 l.*7

Potassium*
2

139
131

125
121

108
10*

136
123

1*0
1*0

139
127

132
125

136
130

125
120

108
108

116
100

96
96

156
1*8

1**
1*8

1*0
127

138
122

120
1**

100
120

100
132

120
128

11*
128

168
1*0

127.27
125.3*

Lactose g
*•95
*.75

*.76
*.72

*.19
*.20

5.1*8
*.86

5.02
5.02

*.91
*.8l

5.05
*.78

*.98
*.99

*.79
*.75

*.*8
*.67

*.93
*•73

*.70
*.69

*.13
*.23

5.22
5.07

*.6*
*.38

*.83
*.*2

*.15
*.56

*.27
*.9*

*.95
*.89

5.25
*.38

*.6*
*.77

*.93
*.67

*.77
*.69

Ratio i2
27-05
27.70

26.22
25.38

25.80
2*.70

27.20
25.38

27.80
27.80

28.53
26.73

26.16
26.38

27.*6
26.35

26.23
25.85

2*.10
23.10

23.50
21.10

2*.*0
20.10

37.70
3*.00

27.50
20.10

30.17
29.17

28.70
28.*5

28.90
31.50

23.*0
2* .20

20.20
26.90

22.80
29.20

2*. *5
26.80

3*.10
29.90

26.7*
26.81

Sodium
g

29.O
38.0

31.2
36.0

36.0
36.0

31.0
35-0

32.0
36.0

32.0
36.0

31.1
36.0

33-2
37.2

32.0
36.1

30.0
*0.0

32.0
38.0

32.0
36.0

28.0
36.0

32.0
36.0

32.0
36.0

36.0
36.0

28.0
36.0

32.0
36.0

32.0
36.0

*0.0
36.0

36.0
*2.0

36.0
*0.0

32.22
36.83

Total l
Solids 2

15.57
17.10

15.*0
17.18

17.20
18.30

16.23
16.78

17.00
17.10

l6.*3
18.07

17.87
19.98

16.71
17.79

17.37
18.25

MM

16,30
16.70

16.50
16.35

19.10
19.80

17.60
18.00

15*30
15*90

17*33
17 .*3

18.95
19.50

19.20
19.30

17.30
18.00

16.00
16.30

18.30
19.00

18. *5
18.70

15.90
16.00

17.07
17.80

Note: The data which these mesne represent are given in the Appendix, Table 10.
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ages. It appears from this table that sires have an effect

on some of the constituents* namely potassium and sodium.

The data obtained from this experiment were subjected

to the following statistical analysis testes

1. Analysis of Variance

The following tables 17 A and B indicate that potas¬

sium and sodium contents of Clun ewe's milk are the only

two constituents which are affected by the variation between

the ewes in the ages and sires* but the lactose* total solids*

and potassium to lactose ratio were not affected by this var¬

iation. The data again have been classified in a "hierarchi¬

cal" way, assuming that there is not any statistically sig¬

nificant interaction between the factors on which the classi¬

fication has been based.

The general scheme of variance-analysis is given in
2 2 2

Table 18. °a * ° s' an<* ° w are the components of variance
according to ages, sires and "error" respectively. The k

values have been calculated as given by King & Henderson

(1954).

The proportion of variance components in the total
2

phenotypic variance* ot has been calculated as follows:
2 2 2 2 2 2

Assuming ot «■ ow + os + oa » then we get cw /ot *
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TABLE 17

ANALYSIS OF VARIANCE OF CLUN EWE'S MILK

d.f. Mean Squares

A. .Corrected Mean Squares (M.S.)

Between ages

Between sires

L (xcCoic Patassm/H Sodtu.n'v

3374.4 89877 35517

Tot*iSolfaU k/l K&fip
833.1 2006.6

within ages 16 1813.9 56098 8659 5930.9 3201.7

Between sheep
within sires
and ages 74 2195.3 14624 4682 4403.0 2458.9

B. F Values

F, . 1.86116

F

F

74

16

74

1.511

<1

xx
1.60 4.10 1.40 <1

6.14XX 7.59XX 1.89 <1

3.83XX 1.84X 1.34 1.30

Notes: x « significant at 5?6 level.
xx « significant at 136 level.

2 2 2 2
os /at and oa /at . The results are given in Table 19

for milk lactose» potassium* sodium* total solids* and

potassium to lactose ratio respectively. Table 19 indicates

that half of the variance in the potassium content of ewe's
I

milk is due to the difference between ewes* the other half
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TABLE 18

THE GENERAL SCHEME OF VARIANCE-ANALYSIS

Source ◦£ Variation Degrees of Expected (M.S.)
Freedom

2 2 2
Between Ages a - 1 c + k«os + k-ca

w 2 3

2 2
Between Sires/Ages isi-a ow + k^os

2
Within sheep "error" n - isi ov

Notess a ■» number of ages.
Si « number of sires within ages,
n » total number of individuals.

TABLE 19

PERCENTAGE OF CONTRIBUTION OF SOME FACTORS TO THE TOTAL
VARIANCE OF MILK CONSTITUENTS

Character Lactose Potas¬

sium
Sodium Total

Solids
K/L
Ratio

Source of
Variation:

•

.

■

Ages 0.04 8.49 24.66 3.36

Sires/ages
'

38.64 13.53 7.93 7.23

Within Sheep 99.96 52.86 61.80 88.70 92.77
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being due to the effects of the age and sire of the ewe.

Sixty percent of the variance in the sodium content of the

ewe's milk was due to the difference between the individual

ewes and the remainder was due to the effects of the ages

and the sires of the ewes. The variance in the lactose#

total solids and the ratio of potassium to lactose content

of ewes' milk was mostly due to differences between the

ewes only. The differences between the individual ewes

includes genetic influences accompanied by some permanent

environmental factors. The variance between ages is an en¬

vironmental difference# but the variance between sires is

about 1/4 of the hereditability and is entirely a genetic

difference.

2. The repeatability of Clun ewe's milk constituents

To measure the proportion of the variation between

the animals within herds which is common to the samples

concerned and therefore includes all hereditary differences

which affect both samples alike as well as some environmental

similarities# the repeatability of these characters was est¬

imated as in Table 20. These results indicate that the re¬

peatability of the total solids of ewe's milk is greater than

that of the other constituents studied in this experiment;
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TABLE 20

REPEATABILITY OF CLUN EWE'S MILK CONSTITUENTS

Source of , _ Lac- Potas- „ Total K/Lac-
. d.r.^ . Sodium _ ...Variation tose arum Solids tose

Ratio

Between sheep 95 2193.1 25569.8 6553.6 4867.1 2560.2

within sheep
"error" 95 615.9 12460.0 3367.5 356.6 630.2

Repeatability 0.5614 0.3447 0.3211 0.8634 0.6049

it also indicates that the repeatability of the potassium

and sodium are lower than that of the other characters.

3. The phenotvpic correlation between the milk
constituents studied in the exoeriement

Table 21 gives the correlations between the lactose#

potassium# sodium# and total solids contents and the potas¬

sium to lactose ratio of the Clun ewe's milk.

There were low negative not significant correlations

between total solids and sodium on the one hand and the other

milk constituents on the other. There was a negative corre¬

lation also between the potassium and lactose content but

this correlation was not significant. The only significant
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TABLE 21

CORRELATIONS BETWEEN CLUN EWE'S MILK CONSTITUENTS

Potassium Lactose E/Lactose
Ratio

Sodium

Lactose -0.130

E/Lactose ratio 0.749XX _ ,,,xx-0.466

Sodium -0.073 -0.106 -0.049 '

Total solids -0.122 -0.100 -0.026 -0.110

Notesj x « d.f. 95

xx ■* significant at 196

correlations were those between lactose and potassium concen

trations on the one hand and their ratio on the other.

4• The effect of number oflambs suckling the ewe

The ewes used in this experiment were divided into

two groups, one group with only one lamb suckling each ewe

and the other with two lambs suckling each ewe. It seems

that the group which had more than one lamb produced more

potassium and lactose in the milk in the 3rd week# but the

concentration of lactose decreased again in the 6th week.

Table 22 gives the MP" values of the differences between

the two groups of animals in the milk constituents studied.
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TABLE 22

\

"P" VALUES OF THE DIFFERENCES IN THE MILK CONSTITUENTS
BETWEEN THE TWO GROUPS OF ANIMALS (1 LAMB OR 2 LAMBS SUCKLING)

Constituents 3rd Week 6th Week

Potassiufli +1.7146** +0.5767

Lactose +0.9589* ■f'f
-1.8029

K/lactcse ratio +0.9200* +0.8547*

Sodium -0.5062 -0.5636

Total solids -0.1453 -0.0251

Notes: d.f. ■» 95
+ ® significant at 5%
4-+ » significant at 1%

The Suffolk ewes which were used, in this experiment

gave the following mean values in the third and sixth week

after lambing respectively: potassium# 128.0 and 133.0;

lactose# 4.75 and 4.74; potassium to lactose ratio# 27.3

and 27.0; sodium 32.0 and 36.4; and total solids# 16.1 and

16.5. The data which these means represent are given in

the Appendix# Table 11.

Discussion

A third experiment was carried out to confirm the

results of the previous experiment and to extend its scope.



91

For this reason the foregoing results are briefly discussed

here and a general discussion on all aspects will follow

after the third experiment.

fhe mean values for the potassium# sodium# and total

solids contents of Clun and Suffolk ewe's milk obtained in

this experiment are in good agreement with the mean values

for the same constituents in the milk of Dorset and F X D

ewes used in the first experiment. The values for lactose

and potassium and for potassium to lactose ratio are rather

different in both experiments.

This experiment indicates that there are certain

genetic effects operating on all the constituents studied

and the repeatabilities of these characters were determined.

There are also considerable environmental effects on the

levels of both potassium and sodium of the Clun ewe's milk.

The number of lambs suckling (one or two lambs) has no con¬

sistent effect on the variations in the composition of the

Clun ewe's milk studied in this experiment.

The correlations between the milk constituents were

calculated# and it seems from this experiment that the con¬

stituents studied varied independently of each other.
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Experiment C

I. The inheritance o£ lactose* potassium* sodium*
total solids and the potassium to lactose ratio
of ewe's milk.

II. The correlation between the above milk constituents
and some blood characters.

Design of the Experiment

This experiment like the previous one was designed

to study the differences in the above milk constituents be¬

tween crosses* between ages of ewes* and between ewes sired

by different rams. The second aim of the experiment was to

study the correlations between some milk constituents on the

one hand and the blood characters on the other* namely packed

cell volume.potassium types* and haemoglobin types.

One hundred thirty ewes were used in this experiment.

They were of five different crosses* divided into ten age

groups and again divided into nineteen groups sired by dif¬

ferent rams. A list of the identity of the ewes is given

in the Appendix* Tables 12, 13, 14* 15* and 16. All ewes

were lambed in che normal lambing season and were again

under the same husbandry regime as that described in Ex¬

periment B. Milk samples were collected twice from each

ewe in the third and the sixth weeks after lambing. The
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samples were treated and analysed for lactose, potassium,

sodium, and total solids as previously described. One

blood sample was taken from each ewe and analysed for the

following characters:

1. packed cell volumes

2. Sodium and potassium in plasma volumes

3. Sodium and potassium in whole blood volumes

4. Haemoglobin types, A, AB, and B.

Methods of Analysis

1. Milk samples were analysed as previously described
in Section One.

2. The blood analyses were carried by the following
procedures.

Packed cell volume

The blood samples were transferred into Hawksley

Micro-Hoematocrit centrifuge tubes and spun for 12 minutes.

The results were read in percent packed cell volume (PCV36)

with a Hawksley Micro-Hoematocrit Reader.

Sodium and potassium plasma volumes

The plasma was obtained by centrifuging the blood

samples. Of the plasma, 0.25 ml was transferred into a 50

ml volumetric flask. The volumetric flask was then filled
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to the mark with distilled water and the samples were then

passed through an EEL flame photometer.

The standard solution used for sodium determination

was prepared by dissolving 0.634 gm NaCl in one litre of

distilled water to serve as stock solution. Of this stock*

40 ml solution were again diluted to one litre with dis¬

tilled water. The standard solution ibr potassium was pre¬

pared by dissolving 0.477 gm KC1 in one litre of distilled

water* then 20 ml of this solution were diluted to one litre

with distilled water.

Sodium and potassium were calculated into m. eq/

litre by the following formulae:

m.eq Na/L « flamephotometer Heading X 40
23

m.eq K/L ® flamephotometer Reading X 20
39

i

Sodium and potassium in whole blood volumes

Before the samples were centrifuged for obtaining

the plasma* 0.25 ml from each of the blood samples was di¬

luted to 50 ml in a volumetric flask with distilled water.

The rest of th® analysis and calculating m.eq Na/Land m.eq

K/L were carried out as the same procedure in the determin¬

ations of sodium and potassium plasma volumes.
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Potassium in whole packed cell volumes

The potassium in whole packed cell volumes was cal¬

culated by the following formula:

ra.eq K/p.C.V. * 100 [ra.eq/L whole blood potassium -
PCV

m.eq/L plasma potassium X(IOO-PCV)
100 ]

Haemoglobin types

The haemoglobin was subjected to electrophoresis at

pH 8.9 by the following procedure:

The whole blood samples were washed three times in

0.09& NaCl solution* centrifuged after each wash and the

supernatant was sucked off. In the third wash the samples

were spun for 10 minutes and the supernatant sucked off.

The equal volumes of distilled water were added to the

washed packed cells (2/1 distilled/WPC) to cause haemolysis.

An electrolyte buffer was prepared by adding Tris* 40.4 gm

(Tri Hydroxymethyl) Methylamine: KDTA* 40.0 gm; and Boric

acid* 3.0 gm* to two litres of distilled water.

Seventy-five ml of the above electrolyte buffer

were transferred to a 250 ml volumetric flask and made up

to the volume with distilled water. Thirty gm approxi¬

mately of hydrolyzed starch were put into a Buchner flask
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with 55 ml gel buffer and swirled. The rest of the buffer

in the volumetric flask was heated and added to the starch.

The mixture was swirled and then connected to the suction

pump to remove air bubbles and then poured into the gel

plates.

The electrophoresis was set up at 300 volts# about

30 MA# the inserts removed after 1-2 minutes and the samples

were run for about 2-1/2 hours. The haemoglobin types were

taken direct from the gel as follows:

- B AB A +

moving slowly intermediate moving fast

Mote: The blood analysis methods are the standard methods
used by the Blood Typing Department at the A.B.R.O.
Edinburgh.

Results

Table 23 gives the mean values for potassium# lac¬

tose# sodium# and total solids and potassium to lactose

ratio of milk from five different crosses. It is quite

noticeable that there is a wide variation between the dif¬

ferent crosses in both potassium contents and the potassium

to lactose ratio# but the mean values for the other constit¬

uents# lactose# sodium# and total solids are rather similar

for the different crosses used in this experiment.



TABLE23

O

MEANVALUESOPPOTASSIUM*LACTOSE*SODIUM*TOTALSOLIDS,ANDPOTASSIUMTOLACTOSERATIO INMILKPROMDIFFERENTCROSSES
No.of

No.

Potassium
Lactose

K/Lac-

Sodium

Total

Crosses

Lambs

of

rag/100gm
gm/100

tose

mg/100

Solids

Suckled

Ewes

Milk

Milk

Ratio

Milk

gm/100 gmMilk

BLXBF

1.50

16

X113.25

4.94

23.08

33.25

16.74

(BorderLeicxBlackFace)

**109.25

4.50

24.59

37.50

18.02

FXBF

1.90

29

111.72

4.78

23.53

33.79

16.51

(FinnishxBlackFace)

110.76

4.56

24.28

38.48

17.78

MXBF

1.13

31

123.10

4.65

26.33

32.39

16.28

(Merino
xBlackFace)

1

124.65

4.64

26.80

36.77

17.59

CXBF

1.58

32

118.23

4.79

24.88

34.15

16.46

(Clunx
BlackPace)

114.15

4.62

24.84

37.23

17.83

DXBF

1.43

28

129.43

4.87

26.76

34.29

15.85

(Dorset
xBlackFace)

125.93

4.76

26.68

38.29

17.03

Groups

1.51

130

119.15

4.81

24.92

33.57

16.37

Mean

116.95

4.62

25.44

37.65

17.65

Notes:ThedatawhichthesemeansrepresentaregivenintheAppendix*Tables17*18* 19*20«and21. xThefirstvalueisthemeanvalueofthesamplescollectedinthe3rdweek afterlambing.
xxThesecondvalueisthemeanvalueofthesamplescollectedinthe6thweek afterlambing.
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The next two tables# Table 24 and Table 25# give the

mean values of the milk constituents studied in this experi¬

ment for ewes of different ages within different crosses and

for ewes of different sires within different ages and differ¬

ent crosses. It is obvious that there are a variation between

the different groups of animals in potassium content and the

potassium to lactose ratio# but the lactose# sodium# and total

solids remain similar between these different groups.

In an analysis of variance of the data obtained in

this experiment there are highly significant differences in

the potassium content and the potassium to lactose ratio be¬

tween ages within crosses and between sires within ages and

crosses as given in Tables 26A and B.

The data obtained in this experiment were again

classified in a "hierarchical" way# assuming that there is

not any statistically significant interaction between the

factors on which the classification has been used. The

general scheme of analysis of variance is given in Table 27.

The proportion of variance components in the total pheno-
2

typic variance of ct has been calculated as follows:
2 2 2 2 2

Assuming: ot • aw + os + oa + oc #

222222 22
then: ow /ot t os /at j oa /ct * and cc /at .



TABLE24

MEANVALUESOPTHEMILKCONSTITUENTSOPDIPPERENTGROUPSOFEWESOPDIPFERENTAGES WITHINDIPPERENTGROUPS
Crosses

Age

No.
of Ewes

Mean of Suckling

Potassium mg/100gm Milk

Lactose gm/100 Milk

K/Lac- tose Ratio

Sodium rag/100^ Milk

Total Solids gm/ioof gm/Milk

BLXBP

2

9

1.44

123.11 113.78

4.95 4.50

24.87 25.19

32.89 36.89

16.68 18.08

3

7

1.57

100.57 103.43

4.93 4.49

20.77 23.81

33.71 38.29

16.81 17.94

FXBP

2

15

1.93

116.53 112.00

4.63 4.44

25.34 25.25

33.87 38.93

16.05 17.09

3

14

1.86

106.57 109.43

4.95 4.69

21.60 23.24

33.71 38.00

17.00 18.50

MXBF

2

13

1.08

117.85 116.92

4.64 4.72

25.26 24.90

31.38 36.31

16.52 17.75

3

18

1.17

126.89 130.22

4.66 4.62

27.09 28.17

33.11 37.11

16.11 17.48

CXBP

2

14

1.43

113.86 109.43

4.87 4.66

23.27 23.63

35.71 38.00

16.81 18.17

3

12

1.75

123.33 119.67

4.67 4.58

26.76 26.25

32.33 36.33

16.06 17.43

DXBP

2

14

1.36

131.43 127.14

4.90 4.82

27.03 26.62

33.71 37.43

16.15 17.36

3

14

1.50

127.43 124.71

4.84 4.70

26.50 26.71

34.86 39.14

15.56 16.69



TABLE 25

MEAN VALUES OF THE MILK CONSTITUENTS IN DIFFERENT GROUPS OF EWES OF DIFFERENT SIRES
WITHIN AGES AND CROSSES

Crosses Age in
Years

Sire No. of No. Lambs
Animals Suckling

k lac¬
tose

Ratio Na T.S.

BL X BF 2 1 7 1.57 123.86
108.57

5.00
4.48

24.57
24.36

31.43
36.00

16.97
18.61

2 2 2 1.00 124.00
132.00

4.78
4.59

25.90
28.10

38.00
40.00

15.73
16.55

3 3 7 1.57 100.57
103.43

4.93
4.49

20.77
23.81

33.71
38.29

16.81
17.94

F X BF 2 4 6 1.83 116.00
112.27

4.59
4.62

25.38
24.38

31.33
40.00

15.73
16.55

2 5 9 2.00 116.00
111.56

4.65
4.32

25.31
25.83

35.56
38.22

16.26
17.46

3 6 8 1.88 105.00
108.50

5.07
4.74

20.79
22.73

34.50
38.50

17.35
18.98

3 7 6 1.83 108.67
110.67

4.80
4.62

22.68
23.93

32.67
37.33

16.53
17.90

M X BF 2 8 10 1.00 135.60
137.20

4.67
4.67

28.85
29.26

32.80
37.20

16.49
17.75

2 9 8 1.38 116.00
121.50

4.66
4.56

29.90
26.80

33.50
37.00

15.64
17.15

3 10 6 1.00 117.33
114.00

4.48
4.56

25.75
25.15

31.33
36.67

16.52
17.85

3 11 7 1.14 118.29
119.43

4.78
4.86

24.84
24.69

31.43
36.00

16.51
17.66

C X BF 2 12 8 1.75 125.00
123.50

4.69
4.62

27.31
26.95

31.50
35.50

16.18
17.35

2 13 4 1.75 120.00
112.00

4.65
4.50

25.65
24.85

34.00
38.00

15.83
17.58

3 14 7 1.57 109.43
100.00

4.83
4.59

22.39
22.04

37.14
38.29

16.83
18.50

4 15 7 1.29 118.29
118.86

4.91
4.73

24.16
25.21

34.29
37.71

16.79
17.84

D X BF 2 16 6 1.50 131.33
128.67

4.90
4.91

27.12
26.43

33.33
37.33

16.10
17.45

2 17 . 8 1.25 131.50
126.00

4.90
4.77

26.96
26.80

34.00
37.50

16.19
17.30

3 18 9 1.44 136.44
134.89

4.77
4.61

28.72
29.27

34.67
39.11

15.43
16.66

3 19 5 1.60 111.20
106.40

4.96
4.87

22.50
22.10

35.20
39.20

15.78
16.76

Means or 2/3
Groups

19 „ 130 1.49 119.18
117.36

4.79
4.64

24.98
25.41

33.70
37.78

16.29
17.55

Total Average
of Animals

- \ 1 f.. 130 1.50 119.74
117.83

4.79
4.63

25.11
25.55

33.57
37.66

16.33
17.61
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TABLE 26

ANALYSIS OF VARIANCE OF THE DATA OBTAINED IN EXPERIMENT C

Source of
Variances

d.f.

I

Potassium
i
Lactose

K/Lac- j
tose

Sodium
Total
Solids

' Ratio 1

A. Corrected M.S.
.j

!

Between crosses 4

"

287500 2184.0
j

10067.5 27384.0 6095.0

"
ages with¬ |

in crosses 5 119651 3176.0 ■7961.8 29807.0 6981.8

Between sires/ £eK..'*v -

ages & crosses 9 108011 1645.0 5378.8 18878.0 2957.7

Between sheep/
sires/ages & j

crosses 111
' ii

24132 1694.0 1835.4 21435.0
■

3305.6

B. F Values
,

■

'

,

;

■

•

.

1

4
f:
5

2.66 <1 1.26 <1 <1

|

F9 1.10
!
I

j
1.9*

si tt
1.48

.

'

1.57 2.36'

r4
111

11.91 l
i
1.28

i

**
5.48

,

1.27
r

1.84

F5 1*111 ]
4.95

\
i
|

f
1
§
I
i

1.87 4.33++ | 1.39 2.11

F9
111 ;

++
44.47 <1 2.93

ft

1

<1 k
i

■ 1 4.
■

. {
•

^Significant at >1% level.
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TABLE 27

THE GENERAL SCHEME OF ANALYSIS OF VARIANCE OF EXPERIMENT C

Source of variation Degrees of Expected (M.S.)
Freedom

2 2 2 2
Crosses C - 1 cw + k.c-s + keQa + k,cc4 5 6

2 2 2
Ages/crosses Xiai - C aw + k-cs + k,ca2 o

2 2
Sires/ages/crosses . rilesij - ai aw + k^s

I

2
Within sheep "error" n - SiZcsij ow

Notesi c is the number of crosses.
ai is the number of ages in i " cross,
sij is the number of sires considered in j year of
ith cross.

cw2# cs2# ca2i and ec2 are the components of variance
according to "error#" sires# ages# and crosses reap,

k values were calculated as described by King & Hen¬
derson (1954).

The results of the percentage of contribution of these fac¬

tors to the total variance of the milk constituents studied

are given in Table 28. Half of the variance in potassium

content# 70% of the variance in the potassium to lactose

ratio# and most of the variance in lactose# sodium, and

total solids contents of the milk samples used in this exper¬

iment were due to differences between the individual ewes.

These differences# as previously mentioned in Experiment B#
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TABLE 28

PERCENTAGE OP CONTRIBUTION OP SOME FACTORS TO THE TOTAL
VARIANCE OP THE MILK CONSTITUENTS IN EXPERIMENT C

Character Potas¬
sium

Lac¬

tose
K/Lac-
tose

Ratio

Sodium Total
Solids

Source of variations

Crosses 13.47 3.11

Ages/crosses 5.83 6.25 6.41 2.90 7.83

Sires/ages/crosses 28.23 20.83

Within sheep "error" 52.47 93.73 69.64 97.10 92.17

includes genetical and permanent environmental factors. The

differences between the crosses have a considerable effect

on the variation between the individual ewes in the potassium

and potassium to lactose ratio only. The diMerest ages

within crosses hav« a fairly small effect on the variation

between the individual ewes in these milk constituents. This

may be due to the small difference between the ewes used in

this experiment; all were in their third and fourth year of

age. The differences between sires within ages and crosses

have a fairly large effect on the variations in the potassium

content and potassium to lactose ratio, but this source of
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variance haa no effect on the other constituents. This in¬

dicates that both potassium content and the potassium to

lactose ratio are inherited to a greater extent than the

other constituents studied.

fly? repeatability o£ frfre Milk
Constituents Studied in Experiment C

The repeatability of potassium, lactose, sodium,

total solids, and the potassium to lactose ratio of the

milk samples studied in this experiment is given in Table

29.

TABLE 29

THE REPEATABILITY OF THE MILK CONSTITUENTS STUDIED IN
EXPERIMENT C

Source of Variance \<
\

d.£.
Potas¬

sium
Lac¬

tose
K/Lac-
fcose

Ratio

Sodium
Total
Solids

Between sheep

Within sheep "error"

|
129! 141852.9 1763.6

!
129;14629.1; 896.3

1 1 1

2575.3

765.2
;

21765.5

4522.8

3510.3

239.9

Repeatability
!

0.4465 ] 0.3266 0.5418 0.6559 0.8720

From these results it seems that total solids is more highly

repeatable than the other constituents, but anyhow it indi¬

cates that there are certain genetic influences on all the

constituents studied in this experiment.
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The phonotvplc correlations between

the. MilH gonet.1cuent^s

Table 30 gives the correlations between the milk

constituents studied in this experiment.

TABLE 30

THE CORRELATIONS BETWEEN THE MILK CONSTITUENTS

Potassium Lactose
K/Lactose
Ratio

Sodium

Lactose -0.045

K/Lactose ratio -0.778 -0.323**

Sodium -0.205* *0.037 -0.189*

Total solids -0.104 -0.031 -0.078 -0.047

Notess + « significant at 5% level.
++ m significant at 1?6 level.

The total solids content were negatively and not signifi¬

cantly correlated with any of the milk constituents studied.

The correlation between potassium and lactose was not sig¬

nificant and indicates that the contents of lactose and po¬

tassium in ewe's milk vary independently from each other

at least at this stag© of lactation. Potassium was corre¬

lated with sodium at the 5% level. Lactose was not corre¬

lated with the sodium content indicating that lactose and
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sodium contents in these samples vary independently of each

other. Finally there was a high correlation between the

potassium and lactose contents on the one hand and the po¬

tassium to lactose ratio on the other.

The Effect of Number of Lambs

Suckling the gye

The ewes used in this experiment were divided into

two groups» one group which had only one lamb and the other

with two lambs suckling. The number of lambs suckling sig¬

nificantly decreases the potassium and the potassium to lac¬

tose ratio, but the effect on the other constituents was not

consistent. Thus the effect on lactose was significant at

1% level in the 3rd week samples and not significant in the

6th week samples. There was no significant difference be¬

tween the two groups of ewes in the contents of total solids.

Table 31 gives the "P" values of the differences be-

tween the two groups of animals in the milk constituents

studied.

Blood Characters and its Correlation

vyjtft ,f|ie friilfr Constitgents

The results of the blood analysis of the ewes used

in this experiment# packed cell volume (PCV)» potassium in
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TABLE 31

"P" VALUES OP THE DIFFERENCES IN THE MILK CONSTITUENTS BE¬
TWEEN THE TWO GROUPS OF ANIMALS (1 LAMB OR 2 LAMBS SUCKLING)

Constituents 3rd Week Samples 6th Week Samples

Potassium -2.6686++ -3.0143++

Lactose +2.0574++ -0.3769

K/Lactose ratio -3 «Q025++ -2.6178++

Sodium +0.5143 +0.9641*

Total solids -0.2809 -0.3763

Notes a + « significant at 5% level.
++ * significant at 1% level.

whole packed cell volume (KWPC)# potassium and sodium in

whole blood, potassium phenotypes and haemoglobin pheno-

types are given in the Appendix Tables 22. 23. 24. 23. and

26. Sheep used in this experiment may b© classified into

two distinct types according to the potassium and sodium

concentrations in their blood. In one type the potassium

concentration is relatively high (about 30.1 m.eq/L) and

the sodium concentration correspondingly low about (99.8

m.eg/L). Whereas in the other type the potassium concen¬

tration is relatively low (about 11.1 m.eq/L) and the sodium

concentration correspondingly high (about 110.5 m.eq/L).
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The two types of animals have been called Hk and Lk respec¬

tively. Fifty-five ewes were of Hk type and 75 were of Lie

type (Pig. 11).

Table 32 indicates that although the potassium and

sodium concentrations in the blood of the two types are dif¬

ferent they produced milk containing similar concentrations

of potassium and sodium.

TABLE 32

MBAH VALUES QT THE HjOOD ANALYSIS AHD THE 0DRHSSP0HSI80 VALUES OP
POTASSIUM AHD SODIUM TS THE MILE

Cross
Blood
(k)

Typo

Ho.
of
Ani¬
mals

Eoemat-
ocrit

(PCV)£

Potas¬
sium
in

VPC

Sodium
in

Vfhol©
Blood

Potas¬
sium

Whole
Blood

Sodium
in
Milk

Potas¬
sium
in
Milk

m.eq/L m.eq/L m.eq/L iwr/100 g mtlV

SL X BP Hk
Lk

5
11

33-3
3k.6

5k.0
Ik.3

98.1
111.6

29.8
10.8

35-6
35-5

110.8
111.1

PX BP Hk
Lk

11
18

31.9
31.k

6k.l
15.1

101 .k
110.3

31.2
10.8

36.9
95.7

106.5
llk.l

M X BP Hk
Lk

11
20

32-7
33-6

63.1
15.5

100 .k
U3.7

30.k
11.3

33.8
35.0

125.8
122.8

C X BF Hk
Lk

9
17

32.9
33.5

56.1
15.8

101.0
106.9

28.9
11.3

35.k
35.8

llk.o
118.1

SI BF Hk
Lk

18
10

33.1
3k.0

61.1
lk.6

98.3
109.9

30.2
11.1

36.3
36.k

125.8
129.1

Groups Hk 55 32.8 59.7 99.8 50.1 35-6 116.6

Mean Lk 75 33.k 15.1 110.5 11.1 35.7 119.0



Fig, 11.
Potassium ConUtits of ulhok b\ood of €W£S USed in jFxp.C
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The correlations between the blood characters and the milk

constituents studied are given in Table 33. The results

j TABLE 33

THE CORRELATIONS BETWEEN THE MILK AND BLOOD CONSTITUENTS

Blood
Milk

Constituents
of

Lactation
PCV KWPC Na in

Whole
Blood

K in
Whole
Blood

Potassium 3 -0 .166 0.059 -0.017 0.055
6 -0.121 0.021 -0.033 -0.024

Lactose 3 0.12* 0.015 0.001 0.040
6 0.171* -0.105 0.059 0.045

K/Lactose
Ratio 3•* -0.205x 0.041 -0.030 0.024

6 -0.183* 0.069 -0.061 00.001

Sodium 3 0.163 0.081 -0.112 0.138
6 0.153 0.050 -0.098 0.099

Total Solids

'

3 -0.024 -0.005 0.076 0.001
6 -0.041 0.069 0.054 0.0749

Significant at 5% level.

indicate that potassium in whole packed cells and sodium and

potassium in whole blood are not correlated with any of the

milk constituents studied. T"h<2 latk of cortr-e-l<3ot"ioru may suggest

that the levels of potassium and sodium in the two fluids—

blood and milk—are independent of each other and it may be
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that the mammary gland has a selective action in regard to

some minerals among them potassium and sodium. It also in¬

dicates that the genes responsible for the blood potassium

levels have no effect on the milk potassium# and that potas¬

sium in milk is subjected to a different group of genes.

The only significant correlation was that between the potas¬

sium to lactose ratio in milk and the packed cell volumes.

There was also a correlation oefcween the lactose

in milk and the packed cell volume.

The sheep may be classified again according to their

haemaglobin types into haemoglobin A, AB# and B types. The

distribution of these types in regard to the packed cell

volume and the potassium in whole packed cells are shown in

Figs. 12 and 13. Table 34 gives the mean values for blood

characteristics, namely packed cell volume, potassium in

whole packed cells, and potassium and sodium in whole blood

on the one hand and the milk potassium/ sodium# and potas¬

sium to lactose ratio on the other# in the different haemo¬

globin types.

Table 34 indicates that the milk of sheep of haemo¬

globin A or B type is similar in potassium content and po¬

tassium to lactose ratio although the milk of sheep of
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haemoglobin AB contains more potassium and has a higher

potassium to lactose ratio than the milk of the other two

types.

TABLE 34

TBS KKAB VALUES 07 BLOOD CHARACTERS ASD MILK COHSTITUEKTo IS
DITKESMT HAEM0QL0BH T5TPI8

BP*?mo ~

globla

Bo.
of
Swee

rev KWPC k In
whole
blood

Ns in
whole
blood

k/Leo-
toee
Batio

k in
Milk

Be In
Milk

Type * m.eq/L m.eq/L s&.eq/L in milk Bg/100 gta milk

A 21 32.7 38.1 20.7 104.8 2*.5 114.1 35-5

AB 73 32.9 37.2 20.7 105.0 25.8 121.2 35.9

B 30 3^-5 36.3 19.6 103.0 23.6 112.0 36.9

Table 35 gives the "P" values of the differences in

the milk constituents studied between the groups of animals

(haemoglobin A and B). It indicates that there are no dif¬

ferences between both types of animals except for sodium

content which appears# from Table 34# to be higher in the

milk of the animals of haemoglobin B type.

Table 36 gives the "PM values of the differences in

the milk constituents studied between the animals noraozy-

goto^j Sor haemoglobin A and B on one hand# and on the
«rvirw,a,l$

other hand thse^heterozygous Per .. haemoglobin AB.

/
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TABLE 35

"P" VALUES OP THE DIFFERENCES IN THE MILK CONSTITUENTS
STUDIED BETWEEN THE TWO GROUPS OP ANIMALS OF HAEMOGLOBIN A&B

3rd week Samples 6th Week Samples

Potassium

Lactose

K/Lactoae ratio

Sodium

Total solids

+0.4710

+0.3386

+0.5737

+0.9808^

0.0971

-0.2545

-0.0948

-0.2196

-0.9362+

-0.4348

^Significant at 5?& level.

TABLE 36

"P" VALUES OF THE DIFFERENCES IN THE MILK CONSTITUENTS
STUDIED BETWEEN THE ANIMALS OF H0M02YG0T2S GENES OF

HAEMOGLOBIN A AND B ON THE ONE HAND, AND THE HETEKOZYGOTES
GENES OF HAEMOGLOBIN AB ON THE OTHER

3rd Week Samples 6th Week Samples

Potassium +1.5983+ +2.0833**

Lactose -0.0849 -0.1664

K/Lactose ratio +1.2967* +2.1423**

Sodium +1.2381* +0.3016

Total solids -1.3644* -1.0036*

Significant at 5% level; significant at 1% level.
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These values indicate that there is more milk potassium and

a higher potassium to lactose ratio but less total solids

in the heterozygotes group than the homozygotes group. The

lactose contents were similar in the different types of ani¬

mals and sodium concentrations were higher in the group of

animals carrying haemoglobin B only.

These results suggest that the milk constituents

studied in this investigation are independent in their in¬

heritance of the effect of homozygotes genes of haemoglobin

A or Bo but the presences of AB haemoglobin could effect

some of the milk compositions as described above.

pjscusqioft

The mean values of the milk constituents obtained

in this experiment are in good agreement with the mean

values of the same constituents obtained in Experiment B.

As in Experiment B the mean values of lactose and potassium

to lactose ratio are different from the mean values of both

~naracters obtained in Experiment A. This difference might

be due to b^eed differences or to the fact that the animals

used in Experiment A were under different husbandry regime

than the regime used in experiments B and C. In the first

experiment the animals were kept indoors and received
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concentrated foods but in the other two experiments the ani¬

mals were out of doors on grass and received less concen¬

trates .

Vhe components of variance of the milk constituents

obtained in this experiment agree reasonably well with the

components of variance of the same milk constituents in the

previous experiment. Half of the variance of the potassium

contents in both experiments was due to differences between

the individual ewes. The differences in the ages of the

ewes had a considerably greater effect on the variation of

sodium contents in Experiment B than in Experiment C and

this may be due to the fact that the age differences between

the ewes used in Experiment C were small (one year). There

is agreement in both experiments B and C regarding the source

of variations in the levels of lactose# total solids# and the

potassium to lactose ratio. The repeatabilitiea obtained in

both experiments are in close agreement with regard to the

total solids# potassium# lactose# and potassium to lactose

ratio. Sodium was more highly repeatable in Experiment C

than in Experiment 3.

Although a correlation has been found in Experiment

C between potassium and sodium contents# this correlation
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is very small and less than that usually found in cow's

milk. These phenotypic correlations indicate that the milk

constituents studied in this experiment vary independently

from each other.

There is a difference between the effect of the num¬

ber of lambs suckled on the milk constituents observed in

this experiment and the effect observed in the previous ex¬

periment. It may therefore be that the number of lambs

suckled has no consistent effect on the milk constituents

studied. It could be due to the better treatment of ewes

with twin lambs or to the more frequent emptying of the

udder# or it may be that other environmental factors such

as health of the animal# size of the mammary gland# or me¬

tabolic factors could have additive influences on the milk

constituents.

Finally# it has been proved by many workers (see the

review of she-ep's blood) that sheep may be classified into

two types according to the potassium and sodium concentra¬

tions in their blood. In one type# the potassium concentra¬

tion is high and the corresponding value for sodium is low;

this type is called Hk. In the other type the potassium con¬

centration is low and the corresponding value for sodium is
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high; this type la called Lk. The two types of blood potas¬

sium are inherited and controlled by a pair of genes Hk and

Lk with Lk being dominant over the Hk gene. This difference

in sheep's blood affords a good basis to show whether the

potassium in milk ia inherited by the same genes as that of

blood or not. The results obtained certainly indicated that

both types of sheep have only one level of potassium in their

milk and suggest that the potassium and sodium in milk are

inherited by different groups of genes, and that the mammary

gland acts in a selective manner towards both elements, or

it may be that the genes of Hk and Lk have some effect on

the membrane of the red cells in blood and allow certain

concentrations of potassium and sodium in the blood plasma

which go to the mammary gland. The latter suggestion is

more probable than the first one as it is known that the

blood plasma in sheep has one level of potassium and sodium

although the red cells may be Hk or Lk in type.

The haemoglobin types which also are inherited appear

to be independent in their inheritance from the inheritance

of the milk constituents studied# but the presences of AB

haemoglobin increased the potassium and potassium to lactose

ratio in the milk and the presence of B haemoglobin increased
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the sodium concentrations. These results suggest that more

work is needed to study the correlation between the differ¬

ent haemoglobin types and the constituents of great economic

importance in milk such as fat and proteins. It also sug¬

gests that the possibility of improving the levels of the

milk constituents studied by looking into the blood potas¬

sium types is not worth while.



GENERAL DISCUSSION

In Experiments A# 3, and C the genetic effects on

potassium* lactose* sodium* total solids* and the potassium

to lactose ratio of ewe's milk were studied. It has been

found that these characters are repeatable in different ex¬

periments and different breeds and crosses. The effects of

breeds and crosses* age of the ewe* 3ire of the ewe, number

of lambs suckled from the ewe* stage of lactation, the exis¬

tence of two different types of whole blood potassium—Hk

and Lk—and the existence of different types of haemoglobin

were studied in relation to their effects on the variations

in the above milk constituents. The possibility of using

the potassium to lactose ratio in predicting a potential

lactose content of ewe's milk as in cow's milk will be dis¬

cussed.

■The Genetic Basis or the Ewe'a
MUX Constituents Studied

As previously mentioned one of the most important

statistics in the analysis of milk production is the

121
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correlation between performance at different time® or dif¬

ferent stages of lactation of the same animal. This corre¬

lation is often given the name of "Intra-class correlation

or Repeatability." The repeatability in this case measures

the proportion of the variation between animals within herds

which is common to the samples concerned and therefore in¬

cludes all hereditary differences which effect both samples

or stage of lactation. This value of repeatability expresses

the upper limits of the herditability of the character. The

repeatabilities obtained for the milk constituents studied

in this investigation are given in Table 37.

TABLE 37

THE REPEATABILITIES OP THE MILK CONSTITUENTS
STUDIED IN EXPERIMENTS B AND C

Constituent Repeatability in
Experiment B

Repeatability in
Experiment C

Potassium
Lactose

K/Lactose ratio
Sodium
Total solids

0.33
0. 35
0.60
0.32
0.85

0.45
0.33
0.34
0.66
0.87

The particular value obtained for repeatability in an inves¬

tigation is clearly dependent on the degree of environmental
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uniformity achieved in the study. This may have been the

cause of obtaining a different repeatability for sodium and

lactose in both experiments. The only repeatabilities found

in the literature on ewe's milk were reported by Dassat and

fiartore (1»62). They gave values of 0.63# 0.61# and 0.81

for fat# protein# and solids-not~fat respectively.

Source of Variations of the Ewe's Milk
Constituents Studied in this Investigation

1. Breeds and Crosses

There is noticeable a significant variation at 1&

between the crosses in both potassium and potassium fco lac¬

tose ratio in Bxperiraent C. Table 38 gives the mean values

for potassium# lactose# sodium# total solids# and the potas¬

sium to lactose ratio of ail breeds and crosses studied in

the previous experiments.

A. Potassium Contents

The highest level of potassium was obtained for the

Suffolk ewe's milk followed by D X 3F# Clun# F X D» M X BF#

Dorset# C X BF# and F X BF; the lowest value was obtained

from BL X BF ewe's milk. These results are in close agree¬

ment with the potassium results obtained from Mew Zealand
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TABLE 3$

MEAN VALUES JUR EVE'S MILK CONSTITUENTS 0? THE BREEDS AND CROSSES
STUDIED IK SECTION T-4Q

Exper¬
iment

Breed
or

Cross

No.
of
Eves

Potassium
m/100 gm

Lactose

grn/lOO
gm

r/Lactoee
Ratio

Sodium
mg/100

gm

Ibtal Solidl
gm/100 gm

A Dorset 11 123.5 5.21 23.7 32.9 17.1
F X D 2k 12k. 5 5.23 23.3 3k.7 17.5

B Clun 96 127.0 k.8l 26.6 3k.2 17.1
Suffolk 11 130.5 *.75 27.2 3k.2 16.3

C HI. X BF 16 111.0 k.72 23.9 35.* 17.*
F X BF 29 111.5 k.67 23.9 35.* 17.2
M X BF 31 12k.0 k.65 26.6 3k.6 17.0
C X BF 26 116.0 k.71 2k.9 35.7 17-2
D X BF 28 127.5 k.82 26.7 36.3 16.5

Hotea: 1--These valuea represent the mean of the 3rd end 6th week* samples.
2*-Dorset Is the Dorset Born breed.
3—7 X D is Finnish X Dorset Bam cross*
4--Clan is Cluu Forest breed.
9*-BL X BF is Border Leleister X Black fece cross.
6—F X BF is Finnish X Black face cross.

7—M X BF is Merino X Black face cross.
8—C X BF is Clun Forest X Black face cross.

9—-D X BF is Dorset Bam X Black face cross.

by Perrin (1958). She reported value® of 124 and 121 rag/100

gm of milk for ewes on high and low planes of nutrition re¬

spectively. Godden & Puddy (1935) reported a value of 126

rag/100 gm of milk for the Cheviot ewes. Sartore (1959) ob¬

tained a value of 119 mg/100 gm of milk for Sardinian ewe's

milk in mid-lactation. Other values ranging from 80 to 190

mgk/100 gm of milk were reported by other investigators
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including Abderhalden (1908)» Konigs (1920)« Morrison (1951)#

Charfcor*# Faye# Harry# Bernard & Bueslin (1962)» and Ashton

U Yousef (1966). These values can be accepted as reasonable

mean values for the potassium concentrations in the milk of

the ewes with regard to the breed studied* age of the ewe,

and stage of lactation which* from the results of this in¬

vestigation definitely have an affect on the potassium con¬

centration of ewe's milk. Differences in the methods of

analysis used by different investigators might have affected

the results obtained to some extent.

B. Lactose Content*

There is only a small variation in the lactose con¬

tents of the different groups of animals studied in this

section with the exception of the results obtained from

the Dorset and F X D ewes# which have higher values for

lactose than the other breeds and crosses. The difference

between the Dorset# F X D ewes and the remaining groups may

have occurred as a result of different lambing seasons and

feeding systems. Dorset and F X D ewes were lambed before

the normal lambing season# kept indoors during the lactation

and received concentrated foods. Burt (1957) obtained an

increase in solids-not-fat percent when additional
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concentrates amounting to 25% more than, the production re¬

quirement were given to cows on a basal diet of hay.

The results obtained for lactose contents except in

Dorset and F X D ewes# show fairly close agreement with the

results obtained by other investigators including Neidig &

Iddings (1919)# Peirce (1934)# Godden & Puddy (1935)# Barni-

coat et al. (1949)# and Ashton# Owen & Ingleton (1964).

They obtained values of 4.7# 4.7# 4.8# 4.4# and 4.7 percent

respectively. Perrin (1958) obtained comparatively low

figures for lactose of 4,0 and 4.1# but it is interesting

to note that her figure for chloride- is correspondingly

high# which may indicate some udder infections. From all

these figures it is conceivable that the breed has no ef¬

fect on the lactose content of ewe's milk. In Experiment

C there were no significant differences between the differ¬

ent crosses in lactose content.

C. Sodium Contenti

There is little variation between the sodium con¬

centration found in the milk of different breeds and crosses

used in this study. However# in the few results published

in the literature# there is a wide variation in the sodium

level quoted for ewe's milk. These sources include#
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Abderhalden (1908)# KSnigs (1920)# Godden & Puddy (1935)#

perrin (1958) # Charton et al. (1962)/ and Ashton & Yousef

(1966). They obtained values of 64# 30, 50# 48# 38# 34, &

36 and 46 rag/100 gra of milk respectively. Sartore (1959)

reported a value of 36 mg Na/100 gm of milk in mid-lactation#

which is in close agreement with the results of the samples

obtained in the 6th week after lambing in this investiga¬

tion.

There were no significant differences between the

different crosses used in Experiment C. Thus the varia¬

tions in the results of sodium content in the published

literatures may be due to differences in the ages of the

animals. Experiment B shows that age is an effective

source of variance in the sodium content of ewe's milk.

It may also be due to the plane of nutrition and Charton

et al. (1962) reported that the sodium level of ewe's milk

was affected by feeding. It could also be due to the stage

of lactation as it is very clear from Experiment A that it

effects the sodium content. The difficulty involved in
in

the past in the determination of sodium^biological material
such as milk could also influence these results.
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D. Total Solids Content:

The total solids contents are approximately similar

in the different groups of ewe's studied in this investiga¬

tion and range from 16.3 to 17.5 giu/100 gm of milk. These

values are in close agreement with the results of Peiree#

(1934) # 18.9; Bonsma (1939) # 16.6; Barnicoat# 16.3 and

Ashton# Owen & Xngleton (1964)# 16.9. With regard to the

different breeds and crosses# ages of the ewes used in this

investigation and in the previous literature# it is con¬

ceivable that breeds# crosses# and ages have a very little

effect on the variation in the total solids contents of

ewe's milk, some higher values for total solids such as

23.0 mg/100 gxu of milk have been reported by Perrin (1958)

when a high plane of nutrition was introduced into the hus¬

bandry regime of the ewes.

E. The potassium to Lactose Ratio:

The highest value was obtained for the Suffolk ewes

and the lowest for the BL X BF ewes# with the exception of

the pre-larabing season groups which gave a lower ratio as

a result of higher values of lactose. There is a signifi¬

cant difference between the different crosses used in the

potassium to lactose ratio.
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It is interesting to note that this ratio in the re¬

sults of Perrin (1358) was high* namely 31.0 and 23.5 and#

as previously mentioned# that she gave low figures for lac¬

tose of 4.0 and 4.1 gra/100 gm of milk and a high figure for

chlorine which may indicate the presence of some udder in¬

fection.

2. Stage of Lactation

Table 39 summarizes the effect of the stage of lac¬

tation on the milk constituents studied in this investiga¬

tion.

TABLE 39

MEAN VALUES FOR POTASSIUM# LACTOSE# SODIUM# TOTAL SOLIDS
AND POTASSIUM TO LACTOSE RATIO OF EWE'S MILK DURING THE

STAGE OF LACTATION

Constituents Weeks After Lambing

1st 2nd 3rd 4 th 5 th 6th 7th Qth 9 th

Potassium 162 134 126 113 116 123 123 123 130
Lactose 4.84 5.16 5.36 5.34 5.41 5.11 5.11 5.35 5.22
Sodium 23.4 27.1 32.0 32.9 35.9 36.2 41.8 45.8 49.2
Total Solids 16.6 17.1 16.6 17.1 17.9 18.1 18.5 19.1 18.6
K/Lactose ratio

mi

34.5
1

w,. .™

26.3 23.8 21.5 21.7s21.7
'

.

22.9 24.5

,

25.1

Notes Potassium and sodium contents as mg/100 g. Lactose,
and total solids as gm/100 gnt.
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The potassium decreased in the first two weeks and was rea¬

sonably constant up to the 8th week when it increased again.

The same trend was reported by Sartoxe#(1959) when he studied

the sodium and potassium contents of Sardinian sheep's milk

during the lactation period. His results indicated that po¬

tassium was high at the beginning of the lactation# decreased

in the middle# and increased again at the end. Ashton &

Yousef (1966) reported that the potassium contents in Ciun

Forest ewe's milk decreased continuously during the lacta¬

tion period but the decrease in mid-lactation was much

smaller than the decrease at the beginning or the end of

the lactation. Rook & Wood (1959) showed that the potas¬

sium content of cows' milk was constant in the milk of in¬

dividual animals through the first four to five months of

lactation# even during the period of transition from colos¬

trum to normal milk when changes in other constituents were

large. It seems that sheep's milk differs from cows' milk

in the effect of stage of lactation on the potassium content.

In sheep's milk the potassium content sharply decreased in

the first two weeks after lambing. Both milks are in a

close agreement in that there is a constant level of potas¬

sium in the first half of the lactation period.
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The lactoa© content increased during the first two

weeks of lactation and apparently was constant up to the

9th week. Ashton# Owen & Ingleton (1964) reported a con¬

stant value of lactose in three different groups of Clun

Forest ewes from the beginning of the third week after

lambing up to the 9th week* but they did not give any in¬

formation about the first two weeks of lactation. The lac¬

tose trend in cow's milk reported by Rook & Wood (1959) is

in close agreement with the above trend in ewes' milk. They

found that lactose contents of cows' milk showed marked in¬

creases during the first two to three weeks of lactation*

but in the succeeding three to four months the values for

each animal showed a constancy similar to that observed

with potassium.

The sodium content was increased continuously during

the lactation. The period between the 3rd and the 6th week

after lambing was less variable in the sodium concentration

than any other period of the lactation. The same trend was

reported by Aahton & Youeef (1966). They found that the so¬

dium content of Clun awe's milk was constantly increasing

during the whole period of lactation. The steady increase

in sodium with advancing lactation is characteristic of cow's

milk (Ling* 1956).
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The total solids seems to have nc prono u,nc<sd

trend during the lactation period* but the period iro*i toe

3rd to the 6th week of lactation is less variable than the

early or late periods. The same trend for the total solids

was reported toy Ashton* Owen & Ingleton (1964) and Perrin

(1958).

The potassium to lactose ratio decreased during the

first two weeks and was apparently constant up to the end

of the 9th week after lambing. Fairly similar results could

toe obtained from the figures of lactose and potassium of

ewe's milk given by Perrin (1958)7 from these figures the

potassium to lactose ratio in the two groups of animals

used toy her are as followst

Days of Lactation 1st Group 2nd Group
High Plane High Plane

of Nutrition of Nutrition

3-6 31.2 39.5
7-27 21.2 18.7

28 - 48 —— 20.5
49 - 69 25.8 23.3

Walsh & Rook (1964) found that the potassium to lac¬

tose ratio in cows' milk decreased in the first two to three

weeks of lactation and was fairly constant up to the fourth

or the fifth month. These results are in close agreement

with the results obtained in this investigation on ewes' milk.
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3. Aces of the Ewes

The ages of the ewes have a significant effect on

the potassium and sodium levels in their milk. The potas¬

sium increased in the 2-year-old group* decreased in the

3- and 4-year-old groups* and increased again in the older

groups. The differences between the 5- and 6-year-old

group was not significant at the 5% level and there were

no significant differences between these two groups and the

2-year-old group. The sodium increased very slightly in

the 2-year-old group* stabilized in the 3- and 4-year-old

group* and then increased in the older groups. These re¬

sults are not in agreement with the results obtained by

Charton* Fraye. Harry* Bernard & Gueslin (1962). They re¬

ported that age growth and lactation did not effect the var¬

iation in sodium or potassium of ewes' milk. The other milk

constituents—lactose* total solids* and the potassium to

lactose ratio—were not affected significantly by the age

of the animal.

4. Sires of the Ewes

There were significant differences between the ewes

sired by different rams in the potassium* sodium* and potas¬

sium to lactose ratio of the milk* but no such differences



134

were obtained in the other milk constituents studied in

this investigation.

1* m Ihdiy legality of the Ewes

It is conceivable that most of the variations in

lactose* total solids* and sodium are due to differences

between the individual ewes. These differences between the

ewes are mostly genetic differences but also include some

environmental factors such as the health of the animal*

metabolic effects and the interactions between the genetic

and environmental factors. The variations in the potassium

and potassium to lactose ratio are divided into two parts.

Half is due to differences between the individual ewes and

the other half is divided between the effects cf different

sires* different crosses* different ages* and the interac¬

tions between these factors.

6. Number of Lambs Suckled
from Each Ewe

There is a difference between the effect of the

number of lambs suckled from the ewe* on the milk constit¬

uents* observed in Experiments B and C. It may therefore

be that the number of lambs suckled from the ewe has no

consistent effect on the milk constituents studied. This
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difference between the ewes with two lambs and the ewes with

one lamb may be due to the better treatment of the ewes' with

twin lambs or to the more frequent emptying of the udder#

or it may be that the environmental factors such as health

of the animal# size of the mammary gland# or metabolic fac~

tore could have additive influences on the milk constituents.

7. PjLfferenfr TYP«s
o% pptassiwn and ff^e^ogj-ofrj.^ in
the BiPQff

From comparisons of the results of analysis of ewes'

blood and milk# it is shown that the potassium and sodium

concentrations in blood have no effect on potassium and

sodium concentrations in the milk. The potassium and sodium

concentrations in the milk of both Hk and Lk phenotypes were

the same and no correlations between these phenotypes and

any of the milk constituents were obtained.

In view of the facts obtained in this study about

the lack of correlation between blood and milk potassium*

and sodium* the secretion of these two elements could be

explained by a selective action on the part of the mammary

gland.

2he haemoglobin types which are inherited appear to

be independent in their inheritance from the inheritance of
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the milk constituent© studied in this investigation/ but

the presence of AB haemoglobin increased significantly the

potassium and potassium to lactose ratio in the milk/ and

the presence of B homozygotes haemoglobin increased the

sodium concentration. These results suggest that more

work is needed to study the effect of the different haemo¬

globin types on the constituents of great economic import¬

ance such as fat and proteins.

Ihe Phenotvoic Correlations Between

the Milfe Constituents

This investigation on ewes' milk indicates that the

milk constituents# namely lactose/ potassium/ sodium/ and

total solids vary independently from each other/ at least

in the 3rd and 6th weeks of lactation. These results cer¬

tainly do not agree with the results obtained for cows'

milk in this study and the results reported by Rook & wood

(1958) and Walsh & Rook (1964). In cows' milk there are

highly negative correlations between lactose and potassium/

lactose and sodium/ and between potassium and sodium. This

atiPfer-ance between ewes' and cows' milk w 'Vo nn additive

j . •rc.i'tc r: i. r t. -—1 ; ' ^ilk/—suggests that the potas¬

sium to lactose ratio of ewes' milk is not of any importance
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and could not be used in predicting a potential value for

lactose in ewes1 milk as it can in cows' milk.



CONCLUSION

This study is concerned with some genetic aspects

of some milk constituents of cows and ewes.

A, Qowq'

In this experiment 102 Ayrshire cows were used.

These were composed of 10 pairs MZ, 12 pairs DZ# 19 pairs

HZ# and 10 pairs U animals. Ohe inheritance of lactose#

potassium# and potassium to lactose ratio was investigated.

An analysis of variance between and within pairs of

cows of each group indicated that DZ pairs were more vari¬

able than MZ pairs# and HZ pairs were more variable than

MZ and DZ pairs# with regard to within-pairs variance in

lactose and potassium to lactose ratio. The DZ pairs were

more variable than the MZ pairs and more alike the HZ pairs

with regard to the potassium contents.

Table 40 gives the components of variance as a per¬

centage of the total variance calculated from MZ# DZ# and

HZ pairs. This table indicates that potassium and potassium

138
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to lactose ratio are highly inherited and largely independ¬

ent of environmental effects.

TABLE 40

COMPONENT OP VARIANCE AS PERCENTAGE OP THE TOTAL VARIANCE
CALCULATED FROM ME» DZ, AND HZ PAIRS FOR COWS' MILK

CONSTITUENTS

*2
e

*2
g

*2
m

Environmental Genetic Maternal
Effects Effects

h2
Effects

Lactose 2.60 41.56 55.84

Potassium 1.19 129.50 -30.69

K/Lactose ratio 1.10 85.72 13.14

The lactose and potassium inter-relationship for the

milk of the animals in their first lactation and in the second

to about the fifth month of lactation can be represented by

the following highly significant (P < 0.01} regression equa¬

tion:

Y » 6.79 - 0.00939X

Where Y is lactose gra/100 gm of milk water

X is potassium mg/100 gm of milk water.
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The potential value for lactose content in Ayrshire

cows can be obtained from the following equationt

Potential value of Lactose * ■
^ + (0.00939) R

where R is the potassium (mg/100 gin milk water) to lactose

(gra/100 gm milk water) ratio.

1* pves' MilH

The investigation on ewes' milk included three sep¬

arate experiments to examine the genetic aspects of some

milk constituents# namely lactose# potassium, sodium# total

solids# and potassium to lactose ratio. The first experi¬

ment was designed to study the effect of stage of lactation

on the above milk constituents to establish if there was a

period of lactation over which these constituents were rel¬

atively constant and so to avoid the effect of stage of lac¬

tation in the genetic studies in the following experiments.

The second experiment involved the use of two different

breeds with a wide range of ages and sires to study the

differences in the above milk constituents between different

ages of ewes and between ewes sired by different rams. In

the last experiment five different crosses have been used
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to study the differences in the milk constituents between

different crosses, between ag«3 of ewes and between ewes

sired by different rams. The second aim of this experiment

was to study the correlations between milk potassium and

sodium on the one hand and on the other the blood potassium

types and the haemoglobin types in an attempt to investigate

the secretion of both elements in ewes' milk. The effect

of number of lambs suckling on the milk composition was

investigated in the last two experiments.

The results obtained from the first experiment have

shown that the milk constituents studied are relatively con¬

stant in the period from the 3rd week to about the 6th week

after lambing. Zt has been found that to avoid most of the

variation in these constituents due to the stage of lacta¬

tion, samples should be taken within that period.

The differences between ewes in ages and sires have

affected the concentrations of the potassium and sodium in

the milk, but have no effect on lactose, total solids and

potassium to lactose ratio in the second experiment.

The differences between crosses, ages within crosses,

and sixes within ages and crosses, were a source of varia¬

tion between the individual ewes in the potassium and potas¬

sium to lactose ratio in the third experiment.
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Most of the variation in the concentrations of lac¬

tose# sodium# and total solids was apparently due to varia¬

tions between the individual ewes. This variation was due

partly to genetic and partly to environmental factors and

to their interactions.

The number of lambs suckling had no consistent ef¬

fect on the milk constituents studied.

The repeatabilities obtained for the milk constitu¬

ents studied were as followst

Factor

Potassium

Lactose

K/Lactose ratio

Sodium

Total solids

Experiment B

0.4465

0.3260

0.5418

0.6559

0.8720

Experiment C

0.3447

0.5614

0.6049

0.3211

0.8634

The milk constituents studied—potassium# sodium#
beerv

lactose# and total solids—have^ shown to vary independently
of each other during the 3rd to about the 6th week after

lambing.

No correlation was found between the blood potassium

and sodium on the one hand* and the milk potassium and sodium
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on the other. It is conceivable that the levels of the two

characters in the two fluids are inherited by two different

groups of genes.

The two different blood potassiuia types of ewes

have given similar levels of potassium and sodium in their

milk. It seems* however* that the mammary gland could act

in a selective manner towards the blood potassium and sodium.

The presence of heterozygotes A3 haemoglobin in¬

creases the potassium and potassium to lactose ratio in the

milk# but the presence of horaozygotes BB haemoglogin in¬

creases the sodium content.

iiwe's milk quality could be improved for the con¬

stituents studied by selection on a milk analysis basis*

but no advantage could be obtained by looking into the

blood potassium types.

Finally# the potassium to lactose ratio of ewe's

milk is not of any importance and could not be used in pre¬

dicting a potential value for lactose.
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APP. TABLE 1

LACTOSE* POTASSIUM* AND TOTAL SOLIDS CONTENTS* AND
POTASSIUM TO LACTOSE RATIO OF COWS' MILK

Caw Mo *
Lactose Potassium Total Solids K/Lactose

Group gin/100 gra mg/100 gm gnv'lQO gm Ratio

MZ Group

1 A 4.20 173 11.39 41.1
BX 4.20 173 11.47 41.1

2 A 4.67 178 12.18 38.2
B 4.73 185 12.30 39.1

3 A 4.78 197 11.56 41.3
B 4.85 194 11.63 40.1

4 A 4.97 179 12.98 36.1
B 4.90 178 13.04 36.4

5 A 4.37 145 13.14 33.2
B 4.43 148 13.20 33.4

6 A 4.81 176 13.50 36.6
B 4.76 178 13.70 37.4

7 A 4.42 177 11.39 40.1
B 4.36 181 11.48 44.1

8 A 4.81 165 14.33 34.4
B 4.78 166 14.41 34.8

9 A 4.90 161 14.10 32.7
B 4.80 162 14.70 33.8

10 A 4.66 156 12.29 33.6
B 4.70 153 12.49 32.7

A 4.22 172 12.34 40.8
B 4.37 154 12.99 35.3

A 4.36 155 13.23 35.7
B 4.35 168 12.71 38.5
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App. Table 1 (continued)

C°and°* Lactose Potassium Total Solids R/Lactose
Group gm/100 gm mg/lOQ gra gm/100 gm Ratio

DZ Group (continued)
3 A 4.46 122 11.31 27.2

B 4.67 174 12.03 37.2

4 A 4.57 140 13.52 30.6
B 4.33 157 13.67 36.3

5 A 4.81 137 12.71 27.6
B 4.66 141 13.01 30.2

6 A 4.79 133 13.34 27.6
B 4.50 148 13.94 32.8

7 A 4.51 134 13.84 29.5
B 4.38 149 13.01 33.9

8 A 4.90 118 11.21 24.1
B 4.87 135 11.91 27.6

9 A 5.04 137 12.78 27.2
B 5.20 116 13.14 22.4

10 A 4.67 145 12.13 31.1
B 4.93 131 11.69 26.6

11 A 4.83 108 14.13 22.4
B 4.85 100 13.81 20.6

12 A 4.89 129 14.32 26.4
B 4,64 149 14.56 32.1

fl? Qroyp
1 A 4.42 156 12.13 35.2

B 4.78 154 13.01 32.2

2 A 4.63 174 13.34 37.6
B 4.40 162 12.19 36.9

3 A 4.69 144 11.23 30.7
B 4.60 151 12.14 32.8

4 A 4.78 126 14.34 26.4
B 4.29 149 14.97 34.7



156

App. Table 1 (continued)

Cow No.
Lactose Potassium Total Solids K/Lactose

Group gm/100 gm mg/100 gm gev/lOO gra Ratio
HZ Group (continued)

5 A 5.15 126 14.32 24.5
B 4.67 186 13.31 39.6

6 A 4.47 154 11.23 34.5
B 4.98 134 11.94 26.9

7 A 4.04 175 12.34 43.4
3 4.75 146 11.29 30.7

8 A 4.63 144 14.34 31.2
B 4.09 116 14.89 40.5

9 A 4.69 114 14.31 24.4
B 4.66 132 13.43 28.3

10 A 4.52 162 11.23 36.1
B 4.68 142 12.01 30.2

11 A 4.81 162 14.32 33.7
B 4.32 167 13.47 38.6

12 A 4.83 160 12.10 33.2
B 4.91 164 11.17 33.5

13 A 4.09 164 13.01 40.2
B 4.66 156 13.93 33.6

14 A 4.88 133 14.31 27.3
B 5.18 124 15.41 23.8

15 A 4.67 141 13.21 30.1
B 4.93 110 12.34 22.4

16 A 4.46 148 11.03 33.1
B 4,68 144 11.94 30.8

17 A 4.85 143 12.87 29.5
B 4.60 156 12.01 34.3

18 A 4.45 157 11.93 35.2
B 4.57 141 12.87 30.9
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App. Table 1 (continued)

Cow Mo.
and Lactose Potassium Total Solids K/Lactose

Group gm/100 gm mg/100 gm gm/100 gm Ratio

HZ Group (continued)
19 A 4.58 140 13.34 30.6

B 4.39 139 12.53 36.3

0 QiPfflP

1 A 4.40 152 13.12 34.5
B 4.16 165 12.03 39.6

2 A 4.74 153 14.34 32.4
B 4.28 174 13.11 40.5

3 A 4.56 170 11.01 37.4
B 4.77 167 12.14 34.8

4 A 4.82 170 12.13 35.3
B 4.96 145 13.43 29.1

5 A 5.43 131 14.12 24.2
B 4.44 144 15.21 32.4

6 A 4.78 122 11.23 25.4
B 4.95 92 12.01 18.5

7 A 5.48 133 13.11 24.3
B 4.51 115 11.91 25.4

8 A 5.16 123 14.13 23.8
B 4.61 141 13.29 30.6

9 A 4.65 153 11.13 32.8
B 4.41 165 12.14 - 37.5

10 A 4.50 160 12.34 35.6
B 4.53 140 13.47 30.9

x

A&B one pair of animals
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APP. TABLE 2

POTASSIUM AMD LACTOSE CONTENTS AND THEIR RATIO IN AYRSHIRE
COWS* MILK IN THE FIRST LACTATION AND BETWEEN THE 2ND TO

THE 5TH MONTH OF LACTATION

Potassium Lactose K to

Cow No. mg/100 g g/100 g Lactose
Milk Water Milk water Ratio

1 XA 195 4.74 41.1
XB 195 4.74 41.1

2 A 162 5.29 30.6
B 182 5.02 36.3

3 A 152 5.51 27.6
3 162 5.36 30.2

4 A 126 5.62 22.4
B 116 5.63 20.6

5 A 133 5.52 24.1
B 152 5.51 27.6

6 A 152 5.51 27.6
3 172 5.23 32.8

7 A 162 5.28 30.7
B 172 5.23 32.8

8 A 133 5.46 24.4
B 152 5.38 28.3

9 A 184 5.09 36.1
B 161 5.32 30.2

10 A 162 5.38 30.1
B 126 5.62 22.4

11 B 162 5.29 30.6
C 182 5.02 36.3

12 A 178 5.05 35.2
B 162 5.25 30.9

13 A 183 5.13 35.6
B 162 5.24 30.9
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App. Table 2 (continued)

Potassium
Cow No. mg/100 g

Milk Water

Lactose K to

g/100 g Lactose
Milk Water Ratio

14 A 137 5.38 25.4
B 104 5.62 18.5

15 A 172 5.23 32.8
B 188 5.02 37.5

Mean 159.37 5.29

XA&B one pair of animals.
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APP. TABLE 3

LACTOSE (gm/100 gm of milk) IN THE MILK OP EWES USED IN
EXPERIMENT A DURING THE FIRST NINE WEEKS AFTER LAMBING

Ewe let 2nd 3rd 4th 5th 6th 7th 8 th 9 th
No. Week week week week Week week week Week Week

FXD

41 3.10 5.13 5.73 5.39 4.88 4.86 5.02 4.51
46 4.55 4.74 5.07 4.63 5.09 5.11 5.12 6.14
47 4.95 4.12 4.88 5.34 5.53 5.33 4.09 5.03 •mm mm am mm

46 4.64 4.23 5.38 4.91 5.72 5.47 4.68 4.99 4.58
52 5.15 5.30 5.80 6.38 3.34 5.32 6.67 7.80 o—ww

53 4.92 5.70 5.22 5.24 5.86 5.87 5.04 6.80 WKMW

54 5.29 5.37 5.16 5.68 5.79 5.79 4.64 3.74 —'—

57 4.87 4.89 5.27 5.13 4.98 5.30 5.97 5.38 5.99
62 4.51 4.77 5.95 5.40 5.00 5.28 5,04 5.15 4.87
63 4.62 3.38 5.19 5.47 5.25 5.26 5.11 5.12 5.21
73 5.31 5.13 5.53 5.57 5.82 5.60 4.70 6.03 ——

74 4.89 4.68 5.15 5.07 5.03 5.26 5.24 5.02 4.39
73 6.10 5.38 5.15 5.14 5.77 5.69 5.22 5.58
76 4.74 4,79 5.07 5.50 5.08 4.95 4.91 4.96
82 4.44 5.38 5.32 3.36 5.54 5.79 4.85 5.85
84 3.99 5.59 5.96 5.72 5.19 5.30 4.68 6.17 mm mmmmm

88 4.73 5.02 S. 52 5.50 5.54 5.43 4.33 6.23
89 4.57 4.94 5.34 5.46 6.00 5.54 5.33 5.61 7.40
91 4.35 4.61 5.31 4.96 4.43 4.68 4.33 4.42 4.26
93 4.79 3.11 5.90 4.67 5.53 4.97 6.54 6.10 5.06
94 3.76 5.32 3.32 5.19 5.71 5.72 4.26 5.13
100 4.17 6.07 5.06 5.16 5.63 3.79 3.95 4.99
102 4.08 4.61 5.09 5.80 5.65 3.90 5.60 4.71 5.23
218 5.21 6.89 5.97 5.45 5.31 4.70 6.00

Doreet
1009 4.41 5.23 5.54 5.12 5.93 3.44 5.33 4.90 6.92
1010 4.46 5.12 5.67 3.66 5.22 5.68 5.66 6.08
100 3.11 4.57 5.37 5.08 5.62 4.92 4.69 5.65
105 4.73 4.92 5.10 5.79 5.12 5.41 4.47 4.66 4.20
106 4.71 5.06 5.60 5.29 5.40 4.92 4.47 5.01 4.79
108 5.00 5.16 4.75 5.19 4.72 4.88 5.37 5.26 5.59
139 4.57 5.11 5.11 5.12 5.60 5.06 5.07 4.42 4.81
141 4.43 6.13 5.26 5.68 5.69 5.71 5.66 4.96 3.11
143 5.07 6.49 5.44 5.75 5.64 5.68 6.36 5.32 5.00
148 4.52 4.62 4.92 5.16 4.89 4.03 5.25 4.67 4.96
154 4.88 4.83 5.38 4.92 4.99 4.68 5.06 5.00 3 .96
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APP. TABLE 4

POTASSIUM (mg/100 gm Of milk) CONTENT OP EWES * MILK USED
IN EXPERIMENT A DURING THE PIRST NINE WEEKS AFTER LAMBING

Ewe 1st 2nd 3rd 4th 5th 6 til 7 th 8th 9th

NO. Week Week week Week Week Week Week Week Week

FXD

41 160 152 192 132 100 108 104 108
46 160 f 08 104 104 104 120 128 —— 128
47 168 116 116 104 140 112 108 140
48 168 140 108 80 96 56 128 132 144
52 148 88 88 100 108 88 108 88
53 140 104 108 104 112 128 120 120
54 168 116 100 104 144 144 140 140 —

57 224 156 180 104 100 120 108 144 184
62 152 148 108 92 104 100 128 140 132
63 192 144 184 96 92 108 104 104 108
73 160 152 128 132 140 132 140 108 0—
74 140 156 140 152 124 132 120 144 128
75 168 140 148 116 160 160 128 156 ...

76 160 160 140 176 148 116 148 156 —..

82 148 104 116 104 112 140 160 108 ...

84 148 104 132 104 120 140 112 128 «...

88 152 104 108 108 120 126 144 128 ...

89 172 120 120 104 104 120 132 120 132
91 156 164 128 108 108 116 128 128 156
93 160 124 128 96 108 120 176 112 100
94 148 108 108 116 148 140 168 132 ...

100 140 148 96 116 112 128 120 108 ...

102 160 132 116 108 104 192 112 120 120
218 148 104 88 144 128 112 88 —— ...

Dorset

1009 176 140 132 120 116 160 128 128 232
1010 172 140 116 108 104 160 112 116
100 148 164 128 104 104 116 128 132 ...

105 148 144 108 116 108 100 96 108 108
106 156 176 116 96 116 108 128 120 120
108 208 128 156 116 72 96 84 104 108
139 176 176 176 192 168 104 104 104 104
141 168 148 104 116 116 156 140 128 148
143 140 132 116 140 128 128 128 130
148 172 144 144 128 116 88 104 120 112
154 164 100 120 72 96 80 100 100 92
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APP. TABLE S

SODIUM (rug/100 gm of milk) CONTENT OP EWES' MILK USED IN
EXPERIMENT A DURING THE FIRST NINE WEEKS AFTER LAMBING

Ewe 1st 2nd 3rd 4 th 5 th 6 th 7 th 8 th 9fch
No. Week Week Week ttfeek Week Week Week Week Week

FXD
41 24 24 28 32 32 32 44 44
46 24 28 32 36 36 36 40 48
47 20 28 32 32 36 36 40 44 —

48 24 24 32 32 36 36 40 48 48
52 24 30 36 36 40 40 40 48 —

53 24 28 32 32 36 36 44 48 —

54 24 28 36 36 36 36 44 48 —

57 20 24 32 32 36 40 48 48 54
62 24 24 32 32 36 36 44 44 54
63 24 26 28 32 36 36 40 40 48

73 24 28 32 32 36 36 40 40 —

74 24 28 32 32 36 36 40 48 48
75 20 28 32 32 36 36 40 48 —

76 24 28 32 32 36 36 40 44 —

82 28 28 36 36 36 40 44 44 —

84 24 24 32 36 36 40 44 44 —

88 24 26 32 32 36 36 40 44 —

89 20 30 32 32 36 36 44 44 48
91 24 30 28 32 36 36 44 44 48
93 24 28 32 28 36 36 40 44 48
94 24 28 32 28 36 36 40 44 —

100 28 28 40 40 36 40 48 48 —

102 24 24 32 32 36 36 44 48 54
218 28 32 40 46 40 40 44 —

Dorset
1009 24 24 28 30 32 32 40 44 44
1010 24 24 28 30 32 32 44 — 48
100 24 28 32 32 36 36 40 48 —

105 20 24 32 36 36 36 40 44 48

106 24 30 32 32 36 36 40 48 48
108 28 30 28 32 36 36 40 48 48
139 20 24 28 32 36 32 36 44 48
141 20 24 32 32 36 36 44 48 50
143 24 30 32 36 36 36 44 48

148 20 28 32 36 36 36 40 44 54
154 20 24 32 32 36 40 44 48 48
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APP * TABLE 6

TOTAL SOLIDS (grn/100 gra Of milk) CONTENTS OP EWES• MILK USED
IN EXPERIMENT A DURING THE FIRST NINE WEEKS AFTER LAMBING

Eve 1st 2nd

ar-a—— ,i,

3rd 4th 5th 6 th 7 th 8 th 9th

NO. Week Week Week Week Week week Week Week V'eek

PXD

41 17.8 16.8 18.0 18.0 18.0 29.9 20.5
46 ———— 16.9 19.1 18.6 19.1 21.7 20.5 21.0
47 , 14.7 16.4 20.2 20.4 23.5 20.7 23.1 29.7
48 19.6 17.4 19.0 19.8 20.2 19.8 20.2
52 19.5 19.8 17.2 18.4 17.9 24.6 24.6 24.6
53 16.6 17.0 15.1 15.5 20.4 23.7 18.8 19.3
54 17.1 15.3 17.0 18.6 17.1 18,1 18.8
57 —•— 15.6 18.9 15.8 15.9 14.6 18.4 17.4
62 17.7 16.0 15.8 16.7 19.3 16.4 17.1
63 15.6 16.7 16.3 15.9 14.5 19.4 18.5
73 17.5 17.8 14.3 14.9 17.7 15.6 16.0 18.0
74 17.6 16.3 16.3 17.4 20.3 16.5 17.9
75 16.1 14.6 14.4 16.5 16.6 16.4 15.9 18.4
76 —— MB «««•«• 15.5 14.3 13.3 14.8 21.2 14.1 —

82 15.3 17.9 16.1 20.4 21.8 19.4 18.9 18.1
84 13.8 14.6 17.1 16.7 17.8 18.6 19.0 19.3
88 18.0 16.8 15.6 17.2 16.7 20.0 17.0 17.7 ;

89 —«■»—■— 15.8 14.7 14.9 13.8 15.8 14.7 15.5 14.9
91 17.1 17.2 16.5 17.2 19.3 17.7 17.3
93 — 17.5 14.7 17.0 15.8 17.4 17.4 18.6 19.5
94 16.2 18.8 18.1 17.1 19.2 19.0 18.4 18.4
100 15.9 21.3 18.9 14.4 20.1 17.2 19.0 20.3 bmbmmbibb

102 18.2 17.4 17.5 23.1 22.5 18.2 18.0
218 18.8 16.2 15.3 17.3 23.7 15.8 16.5

Dorset
1009 16.5 16.8 15.8 16.4 17.8 18.3 18.9 18.6
1010 18.1 18.7 18.4 23.7 21.1 21.0
100 .... 14.3 14.5 16.3 16.2 18.1 17.2 ——

105 18.4 19.0 19.6 19.1 21.1 18.2 20.5
106 17.2 16.5 16.6 16.2 18.3 16.6 17.6
108 16.9 17.4 17.0 16.7 17.8 17.9 18.2
139 16.0 18.4 15.6 15.6 19.2 18.1 18.2
141 17.5 17.9 14.4 15.6 18.2 16,2 16.8 18.2
143 15.9 14.1 16.1 19.5 17.7 15.8 17.8 18.3
148 —— 16.3 18.0 15.9 16.7 16.4 20.4 18.1
154 17.9 17.9 18.1 19.3 20.2 20.5 19.7
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APP. TABLE 7

RATIO OF POTASSIUM TO LACTOSE CONTENT OF EWES' MILK USED IN
EXPERIMENT A DURING THE FIRST NINE WEEKS AFTER LAMBING

Ewe 1st 2nd 3rd 4th 5th 6 th 7th 8.th 9 th
No. Week Week Week Week Week Week Week Week Week

FXD

41 31.4 29.6 40.6 24.5 20.5 22.2 20.7 23.9
46 35.2 22.6 20.5 22.5 20.4 23.4 23.0 20.8
47 33.9 28.2 23.8 19.5 25.3 21.0 26.4 27.8
48 36.2 33,1 20.1 16,3 16.8 17.6 27.4 26.5 31.4
52 28.7 16.6 15.2 15.7 20.2 16.5 16.2 11.3
53 28.5 18.2 20.7 19.8 19.1 21.8 23.8 17.6 ——

54 31.8 21.6 19.4 18.3 24.9 24.9 30.2 24.4
57 46.0 31.9 34.2 20.3 20.0 20.7 18.1 26.8 30.8
62 33.7 31.0 18.2 17.0 20.8 18.9 25.4 27.2 27.1
63 41.2 26.8 35.5 17.5 17.5 20.5 20.4 20.3 20.7
73 30.1 29.6 23.1 23.7 24.1 23.6 29.8 17.9
74 28.6 32.0 27.2 30.0 24.7 21.1 22.9 28.7 29.2
75 27.5 26.0 28.7 22.6 27.7 23.1 24.5 28.0
76 33.8 33.4 27.6 32.0 29.1 23.4 30.1 31.5
82 33.3 19.3 21.8 19.4 20.2 24.2 33.0 18.5
84 37.1 18.6 22.1 18.2 23.1 26.4 23.9 20.7
88 32.1 20.7 19.6 19.6 21.7 23.2 33.3 20.5
89 37.6 24.3 22.5 19.0 17.3 21.7 23.9 21.4 17.8
91 34.3 35.6 24.1 21.8 24.5 24.8 29.6 29.0 36.6
93 33.4 24.3 21.7 20.6 19.5 24.1 26.9 18.4 19.8
94 39.4 20.3 20.3 22.4 25.9 24.5 39.4 25.7
100 33.6 24.4 19.0 22.5 20.0 22.1 30.4 21.6
102 39.2 28.6 22.8 18.6 18.4 32.5 20.0 25.5 22.9
218 28.4 15.1 14.7 26.4 24.1 23.8 14.7

Doxeet
1009 39.9 26.8 23.8 23.4 19.6 29.4 24.0 26.1 33.5
1010 38.6 27.3 20.5 19.1 19.9 28.2 19.8 19.1
100 29.0 35.9 23.8 20.5 18.3 23.6 27.3 23.4 —

105 31.3 29.3 21.2 20.0 21.1 18.5 21.5 23.2 25.7
106 33.1 34.0 20.7 18.1 21.5 22.0 28.6 24.C 25.1
108 40. ♦ 24.8 32.8 22.4 15.5 19.7 15.6 19.8 19.3
139 38.5 34.4 34.4 37.5 30.0 20.5 20.5 25.8 21.6
141 37.9 24.1 19.8 20.4 20.4 27.3 24,7 25.8 29.0
143 27.6 20.3 21.3 24.3 22.7 22.5 20.1 24.4
148 41.6 31.2 29.3 24.8 23.7 21.8 19.8 25.7 22.6
154 33.6 20.7 22.3 14.6 19.2 17.1 19.8 20.0 23.2
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APP. TABLE 8

IDENTITY OF CLUN Ems USED IN EXPERIMENT B

Serial Ewe
Age Dam Sire

Number
No. No. Suckling

1 53013 1 23001 801 1
2 53021 1 13010 801 1
3 53216 1 23104 801 1
4 53302 1 13136 801 1

5 53016 1 23112 802 1

6 53046 1 23028 802 1
7 53116 1 33199 802 1
8 53239 1 33010 802
9 53242 1 33088 802 1

10 53069 1 3088 803 1

11 53162 1 23157 804 1

12 53272 1 33100 804 1
13 53360 1 43084 804 1
14 53373 1 33171 804 1
15 53231 1 3031 805 1

16 43007 2 93021 801 2

17 43010 2 3120 801 1
16 43039 2 93047 801 2

19 43046 2 3124 801 2

20 43052 2 93003 801 2

21 43066 2 3116 801 1
22 43079 2 93011 801 1
23 43080 2 3003 801 2
24 43131 2 3018 801 2

25 43178 2 3135 801 1

26 43192 2 3062 801 2

27 43205 2 3142 801 2
28 43037 2 13069 802 2

29 43064 2 93008 802 2
30 43085 2 23008 802 1

31 45086
m,

4t 23008 802 1
32 43123 2 23094 802 2

33 43149 2 93002 802 2
34 43210 2 23015 802 1

35 43293 2 93G26 802 1
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App. Table 8 (continued)

serial
Age Dam Sire

Number

MO. Ho. Suckling

36 43307 2 13025 802 1
37 43019 2 13045 806 1
38 43020 2 13045 806 1
39 43100 2 23183 806 1
40 43128 2 23073 806 1

41 43157 2 13094 806 1
42 43175 2 93037 806 1
43 43222 2 23081 806 1
44 43232 2 13121 806 1
45 43236 2 23072 806 1

46 43248 2 23041 806 2

47 33018 3 3037 807 2

48 33028 3 .23183 807 1
49 33046 3 3036 807 1
50 33052 3 13124 807 2

' 51 33072 3 3107 807 1
52 33076 3 3142 807 1
53 33116 3 3010 807 1

54 33124 3 3120 807 1

55 33125 3 3120 807 2

56 33126 3 93025 807 2

57 33133 3 3092 807 1

58 33136 3 3019 807 1
59 33151 3 3117 807 1

60 33157 3 3099 807 2

61 33158 3 3015 807 2

62 33171 3 3093 807 1

63 33177 3 93017 807 1
64 33202 3 3088 807 2

65 33204 3 3001 807 2

66 33206 3 93021 807 1

67 33207 3 3037 807 1

68 33215 3 3064 807 2

69 33216 3 3095 807 1

70 33217 3 3095 807 1



166

App. Table 8 (continued)

Serial &v/e „ „ „ . Number
Age Dans Sire „ , _ ,No. No. 9 Suckling

71 33234 3 13099 807 1
72 33240 3 93031 807 2

73 33237 3 23089 607 1
74 33259 3 93043 807 1
75 33260 3 93043 807 1

76 33263 3 3070 807 2
77 33270 3 13070 807 1
78 33275 3 3038 307 1
79 23008 4 93048 808 2

80 23034 4 3031 809 2

81 23112 4 93035 809 2
82 23014 4 3015 810 1
83 23072 4 3091 812 2
84 13010 5 3117 808 2
85 13049 5 93041 813 2

86 13126 5 93005 813 1
87 13134 5 3028 813 2
88 13069 5 3050 814 2
89 13100 5 93033 814 2
90 13073 5 3082 815 1

91 13078 5 93022 816 1
92 13124 5 93028 817 1
93 03032 6 3065 818 2
94 03085 6 3026 819 2
95 03107 6 3063 819 2

96 03088 6 3019 820 2
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APP. TABUS 9

POTASSIUM. LACTOSE, POTASSIUM TO LACTOSE RATIO, SODIUM AND
TOTAL SOLIDS CONTENTS OP CLUN EWES' MILK USED IN EXPERIMENT B

Serial Potaa®ium Lactoee Potassium to Sodium Ibtel Solid®
Ho. of Lactose B

Ewe
3rd 6th 3rd 6th 3rd 6th 3rd 6th 3rd 6th
Week Week Week Week Week Week week Week Week Week

Clun:
1 148 144 4.88 4.68 30.3 30.7 28. 36 15.3 16.9
2 168 l4o 5.63 5.03 26.2 27.5 28 36 16.0 17-3
3 120 96 4.85 4.82 24.7 19-9 28 4o 16.1 18.3
4 120 144 4.44 4.40 27.0 32.7 32 4o 14.9 15.9
5 144 140 5.19 5.18 27.7 27.0 32 36 14.8 15.9
6 132 128 4.54 4.55 29.1 28.1 28 36 15.3 16.8
7 100 100 4.69 4.69 21.3 21.3 32 36 11.9 14.8
8 116 108 4.87 4.57 23.8 22.7 32 36 17.8 19.3
9 132 128 4.52 4.61 29.2 27.8 32 36 17.2 19.1
10 108 104 4.19 4.20 25.8 24.7 36 36 17.2 18.3
11 156 148 4.80 4.90 32.5 30.2 28 32 15.9 15.9
12 120 108 5.98 4.87 20.0 22.1 32 36 15.8 16.0
13 160 144 4.40 4.62 36.3 31.1 32 36 16.3 16.9
14 108 92 5.36 5.O6 20.0 18.1 32 36 16.9 18.3
15 140 l4o 5-02 5.02 27.8 27.8 32 36 17.0 17-1
16 123 116 5-07 5.08 25.2 22.8 32 40 14.1 16.3
17 140 116 5.07 5.19 27.6 22.3 36 36 16.2 18.2
18 132 104 5.26 4.90 25.0 21.1 28 32 16.4 17.2
19 160 156 4.13 3.62 38-7 43.9 28 36 18.0 19.3
20 160 128 4.67 4.36 34.2 29.3 36 36 19-6 22.0
21 Ikk l4o 4.98 4.99 28.9 28.1 32 36 15.2 16.1
22 iko 140 4.99 4.63 28.0 30.2 32 36 18.3 19.8
23 128 129 4.85 4.84 26.3 24.8 32 36 15.5 16.3
24 116 120 4.78 5.22 24.2 22.9 32 36 16.0 18.1
25 iko 132 4.97 5.20 28.1 25.3 32 36 16.4 13.9
26 128 116 5.14 4.70 24.9 24.6 32 36 16.8 19-3
27 156 132 4.97 4.99 31.3 26.4 32 36 14.6 15.3
28 148 144 5.44 5.45 27.2 26.4 32 36 18.2 19.2
29 l4o 128 5.04 5.06 27.7 31.5 28 36 18.4 20.1
30 144 128 4.53 4.00 31.7 32.6 36 36 18.1 20.3
31 148 144 5.20 5.09 28.4 28.2 32 36 17.3 19.4
32 120 120 5.23 5.04 £2.9 23.8 32 36 17.1 19.6
33 140 132 4-93 4.89 28.3 27.O 28 36 17.9 19.8
3k 128 96 4.99 4.00 25.6 19.5 28 36 16.8 18.3
35 116 129 4.89 4.80 23.7 26.6 28 36 18.7 20.4
36 104 104 5.22 4.76 19.9 21.8 36 36 18.3 22.0
37 156 140 5.33 4.34 29.2 28.9 32 36 15.7 15.9
38 128 108 5.12 4.99 25.1 21.6 36 40 17.7 17-9
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App. Table 9 (continued)

Potassium Lactose Potassium to Sodium Total Solids
Serial Lectoee R

Ewe 3rd 6th 3rd 6th 3rd 6th 3rd 6th 3rd 6th
Week Week Week Week Week Week Week Week Week Week

Clun:

39 128 120 1*.52 5.04 28.3 23.3 32 36 15.9 18.0
4o 128 168 4.13 4.25 30.9 39-5 32 36 15.3 16.4
41 123 120 1*.99 4.87 25.6 24.6 40 44 13.8 14.9
42 156 11*8 1*.98 4.97 31.3 29.8 36 4o 16.2 16.9
^3 120 116 4.98 5-19 24.0 22.3 32 36 20.5 23.O
44 116 108 5.38 5.29 21.5 20.4 28 32 18.9 20.3
45 160 !l*0 4.64 4.72 34.4 29.6 32 36 17.4 I8.3
46 11*0 132 5-75 5.74 24.3 23.0 32 36 15.7 16.3
*7 128 132 5.1*0 4.92 23.7 26.8 32 36 17-1 18.3
1*3 120 108 5.27 4.87 22.7 22.1 28 36 17.0 17.2
1*9 108 96 i*.6o 4.37 23.4 21.9 32 1*0 17.7 17-9
50 128 96 1*.91 4.64 26.0 20.6 32 36 14.3 15.6
51 120 ll*l* l*.8l 4.47 24.9 32.2 32 36 17.1 18.1
52 116 128 4-37 4.73 26.5 2y.O 32 4o 17.5 17.9
53 120 116 4.72 5.04 25.4 23.0 32 36 18.3 19.6
51* 11*8 120 5.20 4.44 28.4 27.0 32 36 17-6 17.5
55 132 156 5.25 4.90 25.I 31.8 32 36 17.2 17.3
56 116 92 5.1*1* 5.19 21.3 17.7 26 32 21.3 21.4
57 120 116 4.62 4.73 25.9 24.5 32 36 16.7 17.8
58 120 96 5.21* 5.12 22.4 18.7 32 36 16.3 18.2
59 120 ll*0 3-91 4.51 30.6 31.0 32 36 19.6 20.1
60 11*8 116 i*.6o 4.50 33-1 25.I 32 36 16.2 18.3
61 116 108 l*.62 4.63 25.1 23.3 28 36 16.4 17-5
62 l!*0 120 4.85 5.01 28.8 23.9 36 36 16.9 17.4
63 100 100 4.94 4.95 20.2 20.2 32 36 20.0 20.1
61* 123 132 4.51 4.42 28.3 29.8 32 4o 15-3 15.4
65 116 10l* 4.86 4.51 23.8 23.0 38 36 l8.p 19-3
66 11*1* ll*l* 1*.62 4.62 31.1 31.1 24 36 17.2 18.3
67 132 116 5.11 4.85 25.8 23.9 32 36 16.8 19.1
68 101* 92 **•93 4.61 21.0 19.9 32 36 16.5 18.0
69 116 120 5.09 5.14 22.8 23.4 28 36 16.3 18.3
70 ll*8 11*0 4.40 4.41 33.6 31.7 32 36 16.8 18.0
71 120 128 5-29 5.32 22.6 36.0 24 36 17.9 17.9
72 168 168 1*.21 4.24 39-9 39.6 28 32 18.3 18.9
73 10J* 101* 5-02 4.55 20.7 22.8 32 36 21.5 21.0
71* 92 101* 4.29 4.92 21.4 21.1 32 36 21.0 22.0
75 128 108 4.09 4.78 31.2 22.5 32 36 15.0 17.1
76 156 11*8 5.16 4.51 30.2 32.8 32 36 15.9 18.3
77 116 132 4.65 5.**3 24.9 24.3 32 36 16.5 16.8
78 120 128 4.17 4.50 28.7 28.4 36 36 15-1 15.4
79 108 108 4.48 4.67 24.1 23.1 32 40 16.3 16.7
60 116 96 4.91 4.75 23.6 20.2 32 40 16.0 16.3
81 116 101* 4.95 4.71 23.4 22.0 28 36 16.1 16.4
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App. Table 9 (continued)

Potassium Lactose Potassium to Sodium 1bt»l iolids
Serial Lactose B
i. of
Ewe 3rd 6th 3rd 6th 3rd 6th 3rd 6th 3rd 6th

Week Week Week Week Week Week week Week Week Week

Clun:
82 96 96 4.?0 4.69 20.4 20.1 32 36 19.1 19.8
93 156 144 4.13 4.23 37.7 34.0 32 36 17.6 18.0
84 144 148 5.22 5.07 27.5 29.1 28 36 15.3 15.9
85 104 120 4.82 4.65 21.5 25.8 32 36 16.2 16.2
86 120 116 4.45 4.51 26.9 25.7 32 36 16.7 16.7
81 196 144 4.65 3.99 42.1 36.0 32 36 19.1 19.4
88 148 128 4.60 3.74 32.1 34.2 32 36 20.8 21.0
89 128 116 5.05 5«09 '25.3 22.7 32 36 17.1 18.0
90 120 144 4.15 4.56 28.9 31.5 36 36 19-2 19.3
91 100 120 4.27 4.94 23.4 24.2 28 36 17.3 18.0
9£ 100 132 4.95 4.89 20.2 26.9 32 36 16.0 16.3
93 120 128 5.25 4.33 22.8 29.2 32 36 18.3 19.0
94 100 128 4.48 4.73 22.3 27.0 4o 44 17.5 18.0
95 128 128 4.3l 4.80 26.6 26.6 40 40 19-4 19.4
96 168 140 4.93 4.67 34.1 29.9 36 40 15.9 16.6
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APP. TABLE 10

POTASSIUM, LACTOSE, POTASSIUM TO LACTOSE RATIO, SODIUM AMD
TOTAL SOLIDS OF SUFFOLK EWES' MILK USED IN EXPERIMENT B

Poteeeium Lactose Poteagium to Sodium Total SolMa
Serial Lactose R
go. of — —-— —- 1 1 1 ■ 11 — : "

Eve 3rd
Week

6th
Week

3rd
Week

6th
Week

3rd
Week

6th
Week

3rd
Week

6th
Week

3rd
Week

6th
Week

1 104 106 4.69 4.71 22.2 21.2 32 36 19.7 16.3

2 144 i4o 4.84 86 29.7 28.8 32 36 19.1 19.4

3 132 i4o 4.80 4.51 27.5 31.0 36 36 19.2 19.9

4 120 116 4.84 4.95 24.7 23.4 23 36 14.9 19.2

9 176 156 4.33 4.81 40.6 32.4 36 36 19.7 18.9

6 132 104 4.79 4.83 27.9 21.5 32 36 19.6 16.1

7 120 116 9-34 5.55 23.8 20.9 32 36 16.1 16.8

8 128 120 4.11 4.12 31.1 29.1 32 36 19.8 19-9

9 104 128 4.78 4.79 21.7 26.9 32 40 19.8 19.7

10 I4Q 160 4.85 4.51 28.8 35.4 32 36 15.6 16.0

11 108 120 4.85 4.93 22.2 26.4 28 36 17.2 19.0
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APP. TABLE 11

IDENTITY OP HIE EWES USED IN EXPERIMENT C
CROSS Is BORDER LAISETER X BLACK PACE (BL X BP)

Serial
No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

13

16

Eve

No.

42068

44012

44033

44136

44209

44210

44241

42010

44150

32075

32076

32004

32019

32031

32055

32070

Age

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

Dam Sire

22052

17

32

126

130

121

34

12001

94

2016

82168

12090

12062

12004

92026

92057

301

301

301

301

301

301

301

302

302

303

303

303

303

303

303

303

No. ◦£

Suckling

1

2

2

2

1

1

2

1

1

2

1

2

2

2

I

1
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jab<

17
18
19
20

21
22
23
24
25

26
27
28
29
30

31
32
33
34
35

36
37
38
33
40

41
42
43
44

45
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APP. TABLE 12

IDENTITY OF THE EWES USED IN EXPERIMENT C

CROSS 2: FINNISH X BLACK FACE (F X BP)

Ewe

No. Age Dam Sire
Number

Suckling

42060 2 12120 401 1
44025 2 84 401 2
44026 2 84 401 2

44160 2 129 401 2

44178 2 199 401 2
44185 2 61 401 2

44005 2 107 402 2

44006 2 107 402 2

44060 2 104 402 2

44112 2 24 402 2
44117 2 26 402 2

44132 2 134 402 2

44143 2 59 402 2

44155 2 201 402 2

44183 2 82 402 2

32011 3 12076 403 2

32013 3 82056 403 2

32029 3 12036 403 1
32032 3 12102 403 2

32046 3 2075 403 2
32058 3 92005 403 2

32061 3 92171 403 2
32065 3 92081 403 2

32017 3 2114 404 2

32018 3 2114 404 1
32028 3 92082 404 2
32039 3 12127 404 2

32040 3 12127 404 2

32049 3 82133 404 2



46
47
48
49
50

51
52
53
54
53

56
57
58
59
60

61
62
63
64
65

66
67
68

69

70
71
72
73
74

75

75
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APP. TABLE 13

IDENTITY OP THE EWES USED IN EXPERIMENT C

CROSS 3: MERINO X BLACK PACE (M X BF)

Ewe

No. Age Dam Sire
Number

Suckling

42072 2 12002 503 1
44242 2 39 503 1
44244 2 198 503 1
44245 2 174 503 1

44246 2 174 503 1

44247 ? 23 503 1
42001 2 22088 504 1
44056 2 92068 504 1
44094 2 13 504 1
44102 2 186 504 1

44196 2 123 504 1

44197 2 123 504 1
44238 2 182 504 1
34013 3 119 501 1
34041 3 189 501 1

34064 3 56 501 1
34065 3 205 501 1
34139 3 91 501 1
34253 3 117 501 1
34266 3 23 501 1

34267 3 200 501 1

34275 3 94 501 1
34283 3 22 501 1
34026 3 107 502 2

34095 3 20 502 1
34110 3 12 502 1
34116 3 114 502 2
34151 3 76 302 1
34241 3 17 502 1
34268 3 71 502 2

34277 3 101 502 1



iri
No

77

78
79
80

81

82
83
84

85

86
87

88
89

90

91
92
93

94
95

96

97

98
99
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APP. TABLE 14

IDENTITY OP THE EWES USED IN EXPERIMENT C

CROSS 4: CLUN X BLACK PACE (C X BP)

Ewe _ _ _. Number
Age Dam Sire _ , „.

No. ^ Suckling

42039 2 22051 603 1

44047 2 173 603 1

44071 2 50 603 2

44104 2 54 603 1

441S5 2 149 603 2

44211 2 169 603 2

44212 2 169 603 2

44003 2 41 604 1

44029 2 5 142 604 1

44030 2 142 604 2

44069 2 77 604 2

44101 2 15 604 1

44109 2 202 604 1

44110 2 202 604 1

34027 3 129 601 2

34093 3 13 601 2

34094 3 13 601 1

34189 3 134 601 2

34190 3 134 601 2

34198 3 45 601 1

34235 3 69 601 2

34245 3 21 601 2

34053 3 16 602 2

34054 3 16 602 2

34141 3 112 602 2

34173 3 40 602 1



Seri
Numb

103
104
105

106
107
108
109
110
111
112
113
114
115

116
117
118
119
120

121
122
123
124
125

126
127
128
129
130
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APP. TABLE 15

IDENTITY OF THE EWES USED IN EXPERIMENT C
CROSS 5* DORSET X BLACK FACE (D X BF)

Ewe Age Dam Sire Number
No. Suckling

44059 2 14 701 1

44091 2 119 701 2

44092 2 119 701 2

44114 2 176 701 1
44120 2 52057 701 1

44123 2 133 701 2

44062 2 114 703 1
441G0 2 73 703 2
44130 2 197 703 1
44152 2 43 703 1
44163 2 147 703 1

44206 2 141 703 1
44217 2 172 703 1

44230 2 101 703 2

34005 3 41 701 1
34009 3 106 701 1
34010 3 106 701 1
34145 3 59 701 2

34158 3 15 701 1
34160 3 167 701 1
34194 3 99 701 2
34213 3' 11 701 2

34217 3 65 701 2

34049 3 26 702 1
34112 3 61 702 1
34175 3 165 702 2

34199 3 74 702 2
43218 3 151 702 2
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APP. TABLE 16

COMPOSITION OF BL X BF EWES' MILK

Serial Potassium Lactose Potassium to Sodium Total Solids
Mo. of Lactose a

Ewe
3rd 6th 3rd 6th 3rd 6th 3rd 6th 3rd 6th
Week Week Week Week week Week Week Week Week Week

1 88 92 5.01 5.06 17.6 18.2 28 36 14.1 15.8
2 132 116 5.49 4.51 24.0 25.7 32 38 13.6 19.4
3 140 132 5.24 4.60 26.7 28.7 32 36 16.4 18.2
4 144 '92 4.98 4.16 28.9 22.1 30 40 15.I 18.4
5 120 96 4.65 3.94 25.8 24.4 28 32 17.2 18.0

6 104 100 4.62 4.63 22.5 21.6 32 38 17.6 16.8
7 132 132 4.90 4.43 26.5 29.8 32 36 19.8 23.7
3 116 116 4.82 4.39 24.0 26.4 36 36 17.3 18.5
9 132 148 4.74 4.79 27.8 29.8 40 44 14.0 13.9
10 92 100 5*19 4.67 17.7 21.4 36 40 16.4 17.3

11 104 128 4.76 4.55 21.8 23.1 32 3C 17.0 17.3
12 128 108 5-05 4.75 25.3 22.7 28 32 15.0 16.4
13 60 92 5.17 4.51 11.6 20.5 40 44 18.3 20.5
14 68 72 5.37 4.13 12.7 17.4 36 44 18.0 18.4
15 132 108 4.2? 4.52 30.9 29.7 32 36 17.0 18.9

16 120 116 4.73 4.32 25.4 26.9 32 36 16.0 16.8
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APP. TABLE 17

COMPOSITION OP P X BP EWES' MILK

sastts

Poteeeium Lcctoee Potsaiiuo to Sodium Totel
Sarlnl Lcclose B Solid*
Ho< of 1 1 ■

3rd 6th 3rd 6th 3rd 6th 3rd 6th 3rd 6th
Week Week Week Week Week Week Week Week Week Week

17 123 108 k.ko k.29 29.0 25.2 36 ko 15.0 15.3
13 120 60 k.23 k.6o 28.3 13.0 32 56 17.1 18.6
19 128 132 k.58 k.83 27.9 27.3 32 36 15.9 16.1
20 10k 128 k.k9 k.86 23.1 26.3 32 36 13.k lk.6

21 100 116 5.15 k.79 19.k 2k.2 28 36 15-3 I6.k
22 116 132 k.70 k.36 2k.6 30.3 28 36 17.2 18.3
23 116 128 5.09 k.70 22.8 27.2 32 36 15-3 16.8
2k lko 100 k.23 k.32 33.0 23.1 kO ko 15-7 16.2
25 116 76 5-15 3.13 22.5 2k.3 kO k3 17.3 17.7

26 120 116 k.58 k.51 26.2 25-7 28 32 15.3 16.k
27 72 8k k.69 k.55 15.3 16.5 kO kO 15.7 16.8
28 128 116 k.15 k.3k 30.8 26.7 ko ko 16.9 20.7
29 120 lk8 k.39 k.52 27.3 32.7 32 32 18.3 18.0
30 92 96 k.6k k.66 19.8 20.6 36 ko 16.0 17.3

31 lk8 lko k.91 k.16 30.1 33.7 32 36 15.6 17.2
32 123 92 k.70 5.02 27.2 18.3 32 36 15.k 15.9
33 100 72 5.06 k.67 19.8 15 .k ko kk 16.8 20.7
3k 116 116 5.21 5.03 22.2 23.1 32 36 18.3 20.5
35 116 132 k.37 k.89 23.8 27.0 32 36 17.9 18.6

36 88 128 k.96 k.82 17.7 2k.9 32 36 16.7 17.9
37 88 132 5-15 k.ko 17.1 29.7 ko ko 18.k 20.k
33 96 88 5.21 k.2k 18.k 20.9 36 kk 17.3 18.0
39 108 108 5.37 k.8l 20.1 22.5 32 36 18.0 19.8
ko 10k 108 5*lk k.62 20.2 S3.k 32 36 18.1 19.7

kl 120 116 k.8o k.79 25.O 2k.2 32 36 18.3 20.1
k2 116 108 k.57 k.51 25.3 23.9 32 36 15. k 16.7
k3 10k 116 k.72 k.k2 22.0 26.0 32 36 17.0 17.6
kk 100 10k k.99 k.75 20.0 22.7 36 ko 16.1 17.9
k? 103 IOG k.58 k.65 23.6 23.2 32 ko lk.3 15.k



*6
*7
US
*9
50

51
52
53
5*
55

56
57
58
59
60

61
62
63
6*
65

66
6?
66
69
70

71
72
73
74
75

76
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APP. TABLE 18

CCOMPOSITION OP M X BP EWES' MILK
1 <i in ■»■ ,i i»w tji|^ij^ 1 y7 'maLVi"'''-"! ""'-*1 1,1 .' t'"T"'lll'"fip""Ts

Potest lum to Total
Potassium Lactoss Lactose B Sodlu» Solids

3rd 6th 3rd 6th 3rd 6th 3rd 6th 3rd 6th
Week Vssk Week Week Week week Week week Week Week

120 108 *.28 *•71 28.0 22.9 32 36 l*.l 15.6
120 120 *.7* *.7* 25.3 25.3 32 36 15.9 17.0
1*0 156 *.29 *.27 32.6 36.5 28. 32 17.1 18.5
10* 100 *.67 *.68 22.2 21.6 28 36 17.2 18.3
116 100 *.*1 *.*9 23.2 22.3 32 *0 17.8 18.9

10* 100 *.*7 *.*9 23.2 22.3 36 *0 17.0 18.8
1*8 1** *.50 *.58 32.9 31.* 28 36 16.0 16.5
100 10* *.80 *.91 22.5 21.2 28 32 15.3 16.6
128 lib 5-01 5.00 25.5 23.2 28 36 16.1 17.5
96 116 *.91 *.9* 19.5 23.7 36 36 16.3 17.*

100 100 5.0* 5.03 19.8 19.9 36 *0 16.2 17.*
128 12* *.76 *.78 26.9 25.9 ?2 36 18.1 19.2
120 132 *.*7 *.80 36.8 27.5 32 36 17.6 19.0
1*0 1*0 *.9* *.85 26.7 28.9 ** ** 15.8 16.2
1X6 116 *.59 *.69 25.2 2*.7 32 36 16.0 17.2

1** 1*0 *.9* *.79 29.1 29.2 32 36 15.7 17.0
1*0 1*0 5.09 *.39 27.5 31-9 32 36 16.8 17.7
156 1*8 *.80 *.83 32.* 30.6 32 36 15.2 16.8
1*8 1*8 *.51 *.51 32.8 32.8 32 36 10.0 19.1
1*0 132 *.50 *•57 31.1 28.9 32 36 20.1 22.2

128 168 *.29 *.7* 29.8 3*.0 32 36 16.3 17.7
116 108 *.51 *.5* 25.7 23.8 23 *0 15.1 16.*
128 132 *•53 *.7* 28.2 27.8 32 36 15.9 17.2
116 116 *.70 *.17 2*.6 27.8 32 36 17.0 17.9
132 1*0 *.66 *.68 28,3 29.9 32 36 1*.3 15.9

96 128 *.11 *.37 23.3 29.3 36 36 16.2 17.8
10* 10* 5.00 5.09 20.8 20.* 32 36 15.3 16.5
1*8 1*8 *.9* *.33 29-9 3*.2 36 *0 1*.8 16.1
128 116 *.36 *.33 29.3 26.5 32 36 15.3 16 *6
100 120 *.80 *.8l 20.8 2*.9 32 36 17.1 18.8

10* 100 *.67 *.68 22.2 21.* 36 *0 15-1 17.6
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APP. TABLE 19

COMPOSITION OP C X BF EWES' MILK

Potassium Lactose Potassium to Sodium Total
Serial Lactose 3 Solids
No. of —— —

Eve 3rd 6th 3rd 6th 3rd 6th 3rd 6th 3rd 6th
Week Week Week Week Week Week Week Week Week Week

77 104 132 4.72 4.41 22.0 29.9 32 36 17.5 21.8
79 116 104 4.40 4.70 26.3 22.1 40 4o I6.5 17.7
79 100 68 4.74 4.73 21.0 14.4 32 4G 16.9 18.1
80 108 108 4.98 3.99 21.7 27.8 32 36 22.0 23.0

81 116 88 5.43 4.83 20.2 18.2 44 36 14.2 15.0
82 106 104 4.19 4.69 23.8 22.2 36 36 16.0 17.8
83 116 96 5.33 4.88 21.7 19.7 44 44 14.7 16.1
84 116 126 5.09 4.70 22.8 27.2 32 36 17.3 18.0
85 116 106 5.18 5.20 22.3 20.7 44 44 17.8 18.9

86 104 100 4.97 4.99 20.9 20.0 28 36 18.0 18.2
87 120 116 4.82 4.37 24.9 26.5 32 36 15.3 16.8
88 128 148 5.36 4.56 23.8 32.4 36 40 15.8 16.8
89 128 132 4.65 4.94 27.5 26.7 36 36 15-3 16.8
90 116 100 4.30 4.34 26.9 23.O 32 36 18.0 19.4

91 116 92 5.86 5.01 19.8 18.4 28 32 15.8 16.2
92 116 108 4.49 4.52 25.8 23-9 36 4o 15.1 16.5
93 156 148 5.10 5.13 30.5 28.5 28 32 17.3 18.9
94 156 148 4.63 4.00 33.7 37-0 28 32 14.3 15.7
95 120 132 3.14 4.82 38.2 27.4 32 36 16.0 16.5

96 126 128 4.72 4.36 27.1 29.4 32 36 13.0 19-5
97 104 128 4.71 4.63 22.0 27.6 36 40 14.9 16.1
98 104 104 4.84 4.45 21.4 23.4 32. 36 18.0 19.4
99 128 132 5.21 4.56 24.3 28.9 23 36 14.0 15.8

100 104 120 4.32 4.59 24.0 26.1 36 36 16.2 17.8
101 104 104 4.08 4.57 25.4 22.8 32 36 17.1 18.8
102 144 92 4.98 4.26 28.9 21.6 40 44 16.0 17.9
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APP. TABLE 20

COMPOSITION OF D X BP EWES' MILK

Fotasalum Lectose Poteaeiua to Sodltua Total
Serial Leetcee H Solid*
lo. of
Eve 3rd

Week
6th
Week

3rd
Week

6th
week

3rd
Week

6th
Keek

3rd
week

6th
Keek

3rd
Week

6th
Week

103 160 156 5.12 5.14 31.2 30.4 32 36 16.2 17.7
104 96 92 4.77 4.77 20.6 19.3 4Q 44 15.3 16.8
105 132 132 5.86 5.86 22.9 22.5 32 36 18.2 19.5

106 128 124 3-97 3.99 32.2 31.1 32 36 15.5 16.9
107 128 128 4.86 4.86 26.3 26.3 32 36 15.4 16.8
108 144 140 4.81 4.83 29.9 29.0 32 36 16.0 17.0
109 132 148 5.05 4.56 26.1 32.5 36 36 16.1 17.5
110 168 148 5.46 4.57 30.7 32.4 44 44 16.0 17.3

111 116 116 5.63 5.63 20.6 20.6 28 36 16.0 16.0
112 128 116 4.31 4.40 29.6 26.4 32 36 16.9 17.2
113 148 144 4.61 4.63 32.1 31.1 32 36 15.3 16.9
114 104 10O 4.49 4.51 23.I 22.2 32 36 16.0 17.1
U5 140 128 4.45 4.45 31.4 28.3 36 40 16.7 18.4

116 116 108 5.23 5.30 22.1 20.4 32 36 16.5 18.0
117 132 128 4.94 4.96 26.7 25.0 44 44 16.0 17.3
118 172 168 4.64 4.50 37.0 37.3 36 40 16.3 n.k
119 132 128 5-15 4.83 25.5 26.5 4o 44 15.2 16.7
120 156 160 4.31 4.26 36.2 37-6 32 40 14.9 15.5

121 156 158 4.73 4.73 32.9 32.9 32 36 15.4 16.9
122 104 92 4.49 4.14 23.1 22.2 32 36 16.0 17.2
123 128 140 4.63 4.43 27.6 31.6 32 36 15-0 16.5
124 l4o 144 4.99 4.69 28.1 30.7 32 36 15.0 16.7
125 108 96 5.04 4.91 21.4 19.6 32 40 15.1 15.7

126 100 96 5.10 5.19 19.6 18.5 40 44 15.0 15.8
127 88 100 4.72 4.79 18.6 20.9 36 4c 15.2 16.8
128 120 116 4.39 4.57 '27.3 25.4 32 36 15-9 17.1
129 140 116 5-13 4.36 27.2 26.6 32 36 17.0 17.2
130 108 104 5.45 9.46 19.8 19.1 36 40 15.8 16.9
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APF. TABLE 21

BLOOD CHARACTERS OF BL X BF EWES

pecked
Serial Cell
No. of Volume
Eve (PCV)

Platros Valuess

Ub

k.Whole
Peeked
Oelle

fwbol® Blood!

; (kwpc)

9.2 10.7
7.2 18.1
7.7 19.4
26.7 i 37.4
11.3 ! 13.9

1
22.0 i 54.8
9.2 ! 15.1
8.2 ! U.3
11.3 4.2
44.4 1 56.1
7.2 I 12.4
5.1 i 24.1

9.2 ! 16.3
6.2 : 15.1
15.4 1 60.5
11.8 ! 61.2

Se

Blood Hb
Pherso- r heno*

type typo

1
2

3
4
5

6
7
8
9

10
11
12

13
1*
15
16

32.5
33-0
35.0
33.5
37-5

36.0
35-5
31.5
37.0
35-5
36.0
32.5

38.0
33.5
29.5
32.0

100.9

{121.7
1118.3
'114.S
[125.2
I116.5
ill4.3
.106.1
il28.9
020.0
I123-5
107.8

121.7
'116.5
116.5
=120.0
I

. <

|106.1
:113.1
109.6.
99.1
116.5

97.4
1120.0
116.5
1106.1
I 97.4
111.3
j118-3jt
i

I106.1
|107.3
102.6

'

93.9

9.7?
10.81
11.81
30.32
12.3'

33-8
11.31
9.2:
8.7I
29.2
12.3;
11.3s

i
I

11.32
9.2?

28.71
27.61

6
6
6
9
6

9
6
6
6
9
6
6

6
6
9
9

2
3
2
2
2

3
2

3
2

3
2
2

2

3
2
2

Tab following notes apply to ell ewes' blood characters.
6 in blood phenotjpe saesns Low potassiua type.
9 la blood phanotype means High potassium type.
1 in Hb pheaotyp© means (A) type - Fast type.
2 in Hb pbenotype means (AB) type Mixed type.
3 in Hb phenotype Means (B) type ———— Slow type.
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APP. fAJBL£ 22

BLrOOD CHAKACTBKb OF F X BF BWES

pecked Plasma Value* k.wJaola Woole Blood Blood Kb
Serial Cell -——— Packed — Fixer*:- Fheno*
Mo. of Volume Me k Cells Ma k type type
&ve (PCV) (TMPC)

IT 21.0 10k. 3 7.7 lk.8 113.1 9.2 6 2

18 32.5 116.5 7.2 11.8 106.1 9.7 6 1

19 28.5 121.7 6.7 11.9 107.8 8.2 6 J.

20 32.5 113.3 7.2 8.7 107.8 7-7 6 2

21 33.0 123.5 7.7 9.2 106.1 8.2 6 2
22 29.5 118.3 10.3 13.6 107.8 11.3 6 1

23 30.0 121.7 7-2 I8.5 113.1 10.8 6 3
2k 33.5 121.7 22.9 22.9 107.8 11.3 6 2

25 33-0 128.7 8.7 11.7 116.5 9.7 6 1

26 35.0 120.0 9.2 19.k 113.3 12.8 6 1

27 33.0 125.2 12.3 10.8 107.8 11.8 6 3
28 31.5 121.7 18.9 k8.k 102.6 28.2 9 3
29 31.0 123.5 9.7 6.k 106.1 8.7 6 2

30 30.5 121.7 9.7 13.3 106.1 10.8 6 1

31 36.0 116.5 3.2 10.9 106.1 9.2 6 2

32 32.5 121.7 9.7 7k.0 102.6 30.6 9 3
33 33-5 107.8 17.9 66.3 106.1 32.8 9 2

3k 30.5 120.0 16.k 70.1 10k. 3 32.8 9 1

35 30.0 123.5 7.7 lk.3 113.1 9.7 6 2

36 31.0 121.7 8.3 23.0 Ilk.3 12.8 6 1
37 33.0 113.1 11.3 71.6 97-k 31.2 9 2

38 28.5 121.7 12.3 69.8 100.9 28.7 9 2

39 30.0 113.1 18.9 V7.9 100.9 27.6 9 1
ko 33.0 118.3 ik.k •71.9 102.6 33.k 9 1

kl 36.0 121.7 11.8 31.5 118.3 18.9 6 1
k2 30.0 120.0 10.8 19.1 107.8 13.3 6 1

k3 33.0 111.3 18.5 61.8 100.9 32.8 9 1
kk 32.0 116.5 16.9 61.5 95.7 31.2 9 1
k5 33.5 Ilk .8 19.5 62.1 100.9 33.8 9 1
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BLOOD

APP. TABLE

CHARACTERS OP

23

M X BP EWES

JEwee*
Geriel
No* of

Feckedi
Cell.

Volume

Pie erne Values k.whole
Pecked
Cells

Whole Blood

. ' Slli'i.W.i —H1*!.*'&»i

Blood
Pheno-
type

J*. - —2ST

Kb
Pheno-

typeNa k N« k

(FCV) (KVPC)

46 33.5 104.3 9.7 14.5 109.6 11.3 6 2

47 31.0 126.0 8.7 10.3 121.7 9.2 6 2

48 30.5 120.9 18.5 57.1 106.1 30.3 9 1
49 35-5 114.6 10.6 16.4 114.8 12.8 6 1

50 34.5 11s. 3 9.5 11.7 123.5 10.3 6 2

51 31.0 116.5 7-2 7.2 121.7 7.2 6 2

52 29.5 111.3 18.5 56.8 107.8 29.8 9 2

53 36.5 130.4 8.7 14.5 125.2 10.8 6 1

51* 33.0 118.3 22.0 51.6 102.9 31.8 9 1

55 32.0 126.9 8.2 11.3 113.1 9.2 6 2

5& 32.5 125.2 7.7 10.7 114.8 8.7 6 1

57 29.0 120.0 17.9 18.9 107. B 28.2 6 3
58 35-0 121.7 9.2 15.2 121.7 11.3 6 2

59 34.0 123.5 7.2 19.2 114.8 11.3 6 1
60 32.0 123.5 5.6 10.6 111.3 7.2 6 1

61 33.0 126.9 8.2 17.6 116.5 11.3 6 2
62 30.5 120.0 16.4 70.1 104.3 32.8 9 1
63 32.5 125.2 6.2 13.9 113-1 8.7 6 1
6* 34.5 114.8 9-2 73-0 92.2 31.2 9 1

65 36.5 130.4 7.2 14.0 107.8 9.7 6 1

66 39.0 126.9 6.7 13.1 102.6 9.2 6 2

67 39.0 121.7 8.2 16.1 118.3 11.3 6 1
6a 30.0 125.2 6.7 13.4 120.0 9.7 6 3
69 33.5 123.5 9.7 72.0 97.4 30.6 9 3
70 31.0 149.5 13.8 51.8 104.3 £5.6 9 2

71 31.0 123.5 7.7 75^ 102.6 28.7 9 1

72 34.0 123.5 13.3 58.5 95.7 28.7 9 1

73 29.0 130.4 9.2 44.7 99.1 19.5 6 2

7* 35.5 130.4 6.2 16.5 95.7 9.7 6 2

75 36.0 130.4 12.8 63.9 88.7 31.2 9 2

76 36.0 120.0 16.9 64.0 102.6 33.8 9 1
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APP. TABLE 24

BLOOD CHARACTERS OF C X BP EWES

lacked PIbbec Value* k.Whole Whole Blood Blood Kb
Sericl Cell Packed Pheno- Pfcano-
Mo. of Volume Ha k Cells Na k type type
Ewe (PCV) (KWPC)

77 33.0 113.1 8.1 8.1 111.3 9.2 6 2

78 36.0 121.7 26.2 53.2 106.1 37.2 9 2

79 30.0 128.7 23.1 41.8 102.6 28.7 9 3
60 35*5 121.7 10.6 17.6 111.3 13.3 6 2

81 36.5 120.0 10.3 9.4 106.1 10.3 6 3
82 35*5 116.5 11.8 14.6 113.1 12.8 6 2

83 35*5 121.7 11.6 11.6 114.3 10.8 6 2
84 30.0 128.7 23.1 41.8 102.6 28.7 9 3
85 35.0 106.1 24.6 33.2 90.4 27.6 6 2

86 34.0 118.3 19.5 49.8 95.7 29.8 9 2

87 32.5 125.2 23.6 42.7 109.6 29.8 9 2
88 34.0 125.2 10.8 15.2 114.9 12-3 6 2
39 33-0 116.5 26.2 52.2 104.3 34.8 9 2

90 25*5 109*6 18.5 54.2 100.9 27.6 9 2

91 31.0 121.7 5.6 15«t> 113-1 8.7 6 3
92 33.5 128.7 6.7 14.2 114.8 9.2 6 2

93 33*0 126.9 6.2 12.3 111.3 6.3 6 3
9* 33*0 123.5 5.6 13.5 104.3 8.2 6 3
95 33*0 130.4 5.1 11.5 106.1 7.2 6 3

96 33.5 132.1 5.1 65.9 104.3 56.0 9 3
97 33*0 125.2 6.2 21.6 93-9 11.3 6 2

93 30.0 126.9 6.7 25.3 93-9 12.3 6 3
99 36.0 121.7 10.3 72.8 93.9 32.8 9 2

1.00 32.0 125.2 7.2 23.1 104.3 12.3 6 2
101 '33*0 114.8 13.6 13.8 102.6 8.7 6 3
102 38.0 123.5 11.8 69.6 90.4 33.8 9 2
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AFP. TABLE 25

BLOOD CHARACTERS OP D X BF EWES

Serial
2Jo. of
Eve

pfccked
Cell
Volume
(PCV)

Veluee k.Whole
Packed
Cell*

(KWPC)

whole Blood

amS

Blood
Phono-

type

Kb
phono-
typeHe k Hfi k

103 31.5 121.7 25.6 40.5 107.8 30.3 9 2
10k 33.0 114.9 24.1 52.2 116.5 33.4 9 2

105 36.5 120.0 8.7 13.1 106.1 10.3 6 2

106 34.0 113*1 22.0 43.2 92.2 29.2 9 2

107 32-5 114.8 22.0 47.5 99.1 30.3 9 2
108 29.0 123*5 8.7 10.5 111.3 9.2 6 2

109 32.0 126.9 21.0 54.7 106.1 31.8 9 2

no 32.0 113*1 25.6 34.3 106.1 28.7 6 2

111 33.0 126.9 7.2 4.1 114.8 6.2 6 3
112 28.0 113.1 6.7 13.8 116.5 8.7 6 2

113 34.5 125.2 8.2 5-3 111.3 7.2 6 3
114 31.5 116.5 22.0 44.8 100.9 29.2 9 3
115 32.0 118.3 18.5 55.3 106.1 30.3 9 3

116 36.5 U6.5 8.2 9.5 120.0 8.7 6 2

117 34.0 121.7 11.3 76.3 100.9 33-4 9 3
118 36.5 121.7 16.9 60.4 95.7 32.8 9 2

119 <4.0 II6.5 13.3 64.2 93-9 30.6 9 3
120 30.0 125.2 5.6 14.3 109.6 8.2 6 2

121 29.5 128.7 11.8 72.8 93.9 29.6 9 2
122 32.0 129.6 8.7 71.2 90.4 28.7 9 3
123 27.0 114.8 6.7 76.7 95.7 25.6 9 2
124 32.0 130.4 8.2 83.2 88.7 32.2 9 2

125 32.5 114.8 22.0 47.5 99.1 30.3 9 2
126 41.0 113.1 22.3 22.3 111.3 12.8 6 1
1

127 35-0 118.3 9.7 71.1 93.9 31.2 9 2
128 30.5 118.3 8.7 70.7 97.4 27.6 9 2

129 £9*0 130.4 8.7 66.9 90.4 25.6 9 2

130 39*5 121.7 5.6 18.6 92.2 10.8 6 2


