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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 laxgely from the nutritional im-
portance of milk in human diets., the growing conviction

1



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 guantitative
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. 1In ewe's
milk the genetic influences on the variation in potassium

to lactose ratio as well as potassium, lactose., sodium, and



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
milk,and, 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 theirlblood. 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 da&y cattle 14



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

Cow's Milk

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. Earlierx
reviews of the factors affecting milk composition have been
presented by Johansson & Claesson (1957)., Larson (1958) and
Taylexr (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. Thil 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 hexd

5



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.8.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°p produced an increase in
fat and S.N.F.., but there was no appreciable increase in
chloride or lactose content. Legates (1960), suggested that
environmental temperatures from 30°F to 70°F do not appre=-

ciably influence the composition of milk. Likewise,



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. The 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.FP,
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 f£ifth month of ges-
tation. Bailey., (1952) working with the same hexd as Bart-

lett, (1934) but at a more recent date, found that S.N.F.



showed a tendency to rise by the second and third month of
pregnancy. It was particularly evident in the data rapérted
by Wilcox., Peau, Mathex & 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 of 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) ., Nhite & Drvakeley (1927)., and Wilcox. Peau.
Mather & Bartlett (1959), has shown declines in solids-not-
fat ranging from 0.21 to 0.45 dur;ng the first seven lacta-
tions, Politiek (1957) reportud.thnt the decline in S.N.P.
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



protein or non-protein nitrogen fractions increase with ad-
vancing lactation number,

The percentage of variance due to age influences
for several milk cdnatituants as found by Robertson, Waite
& White (1956) are as follows: Milk yield 27%, fat percent-
age 5%, 8.N.F. 18%, crude protein 4%, casein 11% 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).



10

Peeding rations with 25% less than the normal energy require-
ments results in a decrease in S8.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 2 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, 1854) ., 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 agxeament‘in showing that the protein content
is reduced somewhat more than is lactose.

Holmes, Reid, MacLusky, Waite & 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, Howevex, feed-
ing excess protein did not alter the prétein content, but

the non-protein nitrogen content was enhanced (Stein, 1937).
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As was suggested earlier, some of the seasonal varia-
tions in S.N.F. may be traceable to changes in feeding., When
cows are allowed fresh pasture the S.N.F. 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 (1941l) have
shown that injected or implanted estrogens increased the
total solids content of milk, but their results agree with
Browning, Pountaine, Marion & Atkeson (1357) in reporting no ..
significant effect from feeding diethylstilbestrol.

Although the information is not extensive, different
sources of carbohydrate foods do noﬁ appear to influence the
8.N.F. contént (Bailey, 1952) ., Within reasonable limits,
changing the relative proporxtion of concentrates to hay does
not markedly alter S.N.F. percentage (Bailey, 1952). However

in two trials with 69 cows nijk;?atza (1958) & (1959) ., has
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reported that milk yield, 8.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 . by mastitis generally has
been characterized by a fall in lactose and potassium (K)
contents., with a compensatory increase in sodium (Na) and
chloride (Cl) 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), Wwaite & 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 100,000/ml.
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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/ml. there is a progressive reduction in
the S.N,.F. 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 1,000.000/ml.
It is further suggested that the distinctive differences
between the effects associated with cell counts below and
above 500,000/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, McKenzie, 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 (19255) 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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II. Genetic influences

The current approach to the genetic improvement of
gquantitative 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.F. 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.F. has affected the study of the

variation within breeds.

l. 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 l). More information

on the differences between breeds in the detailed composition
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of their milk (Table 2) has been provided in an investiga-
tion by the National Institute for Research in Dairying in
1948 (Rowlend & 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.8.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.1 M.M.B.2
Breed (1945/1947) (1957/1958) Armstrong
(Provan 1949) (M.M.B. 1958/59) (1959)
{Fat 78 .N.F, [Fat {S.8.F. /Pat [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 Priesian Guexnsey Shorthorn

7%
Fat 3.69 3.46 4.49 3,53
S.N.F. 8.82 8.61 2.08 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 0.039
Chloride (Cl) 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 heredi-
_tability. which also includes genetic and environmental
iptrn-relationships, Por dairy cattle hereitability and
genetic environmental inter-~relationships are most conven-
iently estimated from daughter-dam regressicn and by an
assessment of the variation between paternal half sisters,
Identical twins have also been used recently to . demonstrate
the genetic variation in milk composition, but estimates
of its her@&éitable 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 herefitability obtained by Hansson & Bonnier,
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1949; and Hancock, 1953) and on the accuracy of the esti-
mates of the lactation averages of the individual animals
(O'COnnog & Lipton, 1960). The rate of improvement in milk
quality possible by selection would therefore be increased
if the milk composition characteristic of an individual
animnl‘tould be assessed independently of non-genetic ef-
fects, due to stage of lactation, udder disease, and level

and type of feeding.

TABLE 3

ESTIMATES OF HERBBITABILITY OF MILK CONSTITUENTS
(constituents %)

Authority Fat S.N,P. Protein Lactose
(Nx6.38) Anhydrous

Robertson et. al, (1956) 0,32 0,53 0.48 0.36
Johnson (1957) 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) m——— 0,57 ———— s
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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 greatexr dif-
ferences between pairs than within pairs. The intra-pairs
correlations were calcium G.77., phosphorus 0.76, nagnesium
0.68, sodium 0,83, 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 & Perre, 1914), and the direct
relationship between the conéentrations 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 = 00,2367
+ 0.0550). In a similar investigation with 12 Shorthorn cows
over a period of 3 months in mid~lactation., Rook and wWood
(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.

Na = 343.7 - 0.393 k - 0,0411 lactose



21

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 gquan-
titative manner, by increases in the concentrations of so-
dium and chlorxide.

An attempt to devise an index which would provide
an assessment of the individual charactexistics 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
Hhthe 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 expulhiona 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.
wWalsh & 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.
From FPriesian 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%
vhere 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 erxor
of the regression coefficient was ¥ 0,00112 and the standard
exror of estimates was ¥ 0,144, These workers also found
that lactose and potassium concentrations in milk f£rom

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 of
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 FPriesian 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.

Pinally in a genetic study of the heraditability of
the potassium to lactose ratio of Priesian 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 inrdependent of the effects of environ-

mental factors and p@piological changes assoclated with



25

stage of lactation, and serve to characterize the genetic
potential for lactose content.

These results of Rook & Wood (1959) and wWalsh & Rook
(1964) suggested that the previous studies by Black & Voris
(1934) amd 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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8irry & Hassen (1949); Perrin (1958); Nejim (1963); Ashton,
Owen & Ingleton (1964); Ashton & Yousef (1966); 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 gquoted by Ashton, Owen & Ingleton (1964).
These values varied between 4,1% reported by Perxrin (1958)
for New Zealand breeds, to 5.8% by Nejim (1963) for the
Awassi breed in Iraq, The mean value for lactose is around
4.7% reported by most of the othexr workers i.e., Niedig &
Iddings (1919); Peirce (1934); and Ashton, Owen & Ingleton
(1964) . WwWith the exception of the results of Perrin (19358)
and Nejim (1963) there is good agreement between the results
quoted for lactose content. The lowest value for total
solids was 16.3% obtained by Barnicocat et al., (1957) fdr
the New Zealand Romney: 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 OF SODIUM ANP POTASSIUM DURING THE STAGE
OF LACTATION. IN EWE'S MILK %.

End of

Constituent Beginning of Mid~-Lactation

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 mg/liter and 144 mg/liter
respectively for folded sheep and 36, kmMf/liter and 197 mg/
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 Porest 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 atatistical 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 (1%35) #nd 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 anothex group on a low plane
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. Dassat & Sartore (1962) also found laxge dif-
ferences between individual sheep for fat, protein and
solids-not-fat and quote repeatabilities of 0,630, 0,606,

and 0.805 respectively for these constituents.

Botassium Levels

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 m, eq./L) and sodium concentration corre-
spondingly low, whereas in the other type the potassium
concentration was relatively low (about 13.0 m. 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 xed 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 }n sheep are in-
herited and controlled by a single gen;Z;; 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) 1 Kraay, Gaillard & Brouwer (196l1); Sartore (1961)1:
Meyer (1963); and Darsset & Bernoco (1966) on different
breeds and crosses of sheep. Only the xesults 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
ahowed 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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fo
waizgne 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 Khattab 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.

a obi 5

Harris & warren (1955) found that if haemoglobih
preparxations 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 xrelatively rapidly (A) towards the anode, or
a single component moving relatively slowly (B) or a mixture
apparently consisting of both A and B components (AB). The
three distinct types have been reported in different breeds
and crosses of sheep by others; e.g. Darcel & Avery (1960):

Teodor, Emann, 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, Towland breeds were predominantly
haemoglobin B and Mountain and Hill Dbreeds predominantly
haemoglobin A. This suggests that heemoglobin types may be
of some adaptive significance, but no obvious difference in
any other characteristics oéziheep have 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 0.454 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,II 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 0ld Norwegian breeds Hb,A was very common, while
in the Middle Eastern and African breeds (Awasi, Barki,
Blackhead, Persian., Fulani, Masai and Rahmani) Hb.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 (196l1) ., 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 erxythrocyte 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 Bzitish 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 were intermediate in value, and
this was in agreement with the results of Evans, King, Co-
haen., Harxris and wWarren (1956), 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 OF 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 (1948), 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
(M2) , 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
intex—relationahi§ 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 White Side test
(Muxphy & Hanson, 1941) . Each sample was analyzed for:

lactose, potassium, and total solids.
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Me S alysis
etermina o ctose
Co [>)

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 xod, to a 200 ml flask. The basin was then
washed by distilled water and the washings were transferred
to the flask also. FPFive ml of zinc acetate solution (54.75
gm zinc acetate dissolved into 250 ml water to which 7.5 gm
acetic acid were previously added) were addedy 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 neutralizatiowu.

Pifty ml of N/20 Chloramine T (7.5 gm Chloromine T were
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dissolved inl liter distilled watexr) 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
and. ibml dilule acid odded.
by distilled water. ( The solution was then titrated with
sodium Fhiosulphate solution .
standard 4 using starch indicator. The lactose was

calculated as follows:

a - ratio actoxr 0
weight taken

Pactor-h!ofnaso xl—zx—-@-—x-LL

2 100 0.705 1
2, Determination of the Potassium
an * £ £ Mi

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 beﬁwsan 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.

De a of e a
Solids Content of Milk

The total solids of milk were determined by evapor-
ating thewater 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
sanmples 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 gmy Potassium, 151 mgs total solids., 12.86 gm.

ctos d Potassi tex-relationshi
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 fox
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 (P40.001) relationship.

. Y = 6.7900 - 0,00939%
Where ¥ is lactose gm/100 gm of milk water
X is potassium mg/100 gm of milk water

The standard erxror 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.
eneti is
actos i Ayrshir

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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Referring to the within-pairs variation in the
table,thu 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 similar fo

the DZ groups in potassium content. The U groups
were more variable than D2, M2, 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 hex 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 D2
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 errxor, in selection of the animals and for this
reason the results obtained from this group of animals will

not be considerxed in the discussion,
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Discussion

Rowland and Rook (1949) obtained average values of
12,41 gm/100 gm of milk, 4.57 gm/100 gm of milk and 151 mg/
100 gm of milk for the total solids, lactose and potassium
contents respectively, with Ayishire dairy cattle. Their
result for potassium is in close agreement with the mean
value of 152 mg‘/ﬁoo gm of milk obtained in this experiment.
The mean values of total solids and lactose contents obtaine
in this experiment are slightly higher than the average
values for b;th 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 yearx.
They mav have taken their samples in that time of the year,
but the samples used in this experiment wexre collected in
November and December. It has been pointed out also by
Holmes, Reid, MacLusky., Waite & 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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actose and Potass er~rxelationshi

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
is unaltered, this ratio would provide a bas;s?or 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 infaction;free guarters 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 hexd, can therefore be used to predict the "po-
tential®” value for potassiuﬁ 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 Pig. 2. For lactose content the calculation would be
made according to the formulas

6.7200
1 + (0.00939)R

whexe R is the ratio of potassium content to lactose content
found in the milk water.
wWalsh & 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 erxror of the regression coefficient was

t 0.00122, This equation differs from the equation ob-
tained in this 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 wWalsh & 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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Mean square within MZ pairs : OZHZ = e2
" . A " s 02DZ = 02 + 1/2 g2
# » o VI RS iy 0282 = e + 3/4 g2 +m
" " Ay e D et + gz +

It is assumed that 32. the variance due to environmental
effects is the same within DZ, HZ, and U pairs as within M2
pairs and that DZ, HZ, and U pairs are drawn from the same
population in which the variance due to additive gene effects
is 92. It is further assumed that HZ and U pairs being non-
twins have additional variance. mz. 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,

Values for ez and 92 can be obtained from the first
and the second equations as follows:

ez = Variance within MZ pairs

g2 = 2 (variance within DZ pairs--variance within M2
pairs)

Prom the first three equations mz can be obtained
as follows:
m2 = yvariance 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
MZ pairs - 3/2 variance within DZ pairs,
For the lactose, potassium, and potassium to lactose
ratio, values of eze 92. and m2 were obtained and given in
Table 6., Each was then expressed as a percentage of the

total variation.

TABLE 6

COMPONENT OF VARIANCE POR LACTOSE., POTASSIUM., AND
POTASSIUM TO LACTOSE RATIO

b L f | g Potassium to
Vafi:ncc { Lactose Potassium | gsatase hasis
M.,5.% % M.S. % M.5. %
e’ 0.002 2.60 | 3.90 1.19 | 0.3¢ 1.14
g> | 0.032 41.56 | 425.70 129.50 | 25.58 85.72
m° ‘ 0.043 55.84 |-100.89 -30.69 3,92 13.14

*4.8. rep&esents the mean sguare, !

g 4 e i

If this hereflitability in column g2 was calculated
from MZ and DZ paires only. gz will be 94.12% for lactose.
99.10% for potassium, and 98.69% for the potassium to lac-
tose ratio., This is to be expected and is in agreement with

most of the work done on the hereditabilities obtained from
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within and between sets of MZ and DZ only. Johannson (1938)

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.

7.

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

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

Maternal influence makes MZ twins alike.

Field data come from heavily called herds,

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

Control of feeding is much closer in experi-
mental twin herds than on the commercial farms,

Measurement is more accurate in twin herds.

This list applies particularly to estimates of hereditabil-~-

ity equivalent to intra-class correlations of MZ twins which

require the use of variance arising between pairs. When h2

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 contxribu-
tion to all remaining six factors on the present data. It
can be accepted for the time being that factoxs 4., 5, 6,
and 7 may help to reduce environmental variation and in-
crease heredfitabilities. 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
epistasis (1), then the variance within D2 ahould 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
epistasis would tend to cancel any twin effect (mz) by mak-
ing DZ pairs more alike HZ pairs in respect of within pairs
variance. This may have nrappened 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-paixs variation
(mz)- when it changed from DZ to HZ., This is also what may have

happened with the lactose and the potassium to lactose ratio,
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Another possibility is that M2 and DZ pairs suffer
a reduction in intra-pair variation because environmental
conditibns before and after the birth are more uniform than
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 be 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
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variation, but anyhow, whether or not estimates of g2 which
forms a large percentage of 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 hereditabilities ob-
tained previously. Robertson, Waite & White (1956) obtained
a hereditability of 36.2% for the lactose from Ayrshire cows
in comparison with the hereslitability of 41.56 obtained in
this investigation, Wwalsh & Rook (1964) obtained three es-
timates for the hereditability of the potassium to lactose
ratio in Friesian heifers as follows:

l. PFrom values for the MZ: h2 = 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 hereslitability

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

iment.
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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
o?igin for some characters and of post-natal origin for
others. Therefore it is to be expected that m? could be
varied from one character to anotherx, 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 Priesian 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 pf 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 cocefficients obtained in both experiments with
Friesian and Ayxahire 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 érror. 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 the udder,




SECTION TWO



INVESTIGATION OF GENETIC ASPECTS OF 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 attompﬁ was made to correlate
these constituents with blood levels of potassium, with

haemoglobin types and with packed cell volumes.

Exgerimsnt A

Inveastigation 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

Resign 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 Hoxrn breed., The FXD ewes
were two years old and the Doxrsets 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 were
given concentrates and a basal diet of hay.

Milk samples were 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, 3, 6. 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 wan‘in the lst
day after lambing when the first sample was obtained ffom
her, the second sample was collected at the 8th day and the
third at the 1l5th day after lambing . . . etc., The samples
were collected in this manner to get a complete cuzve for
the milk constituents studied in this investigation from
the lst day after lambing to about the 63rd day of the lac-

tation period. No colostrum samples were obtained and all
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samples were taken only from cne side of the udder of each
ewe. Some of the ewes were dried off before the 9th sample
was obtained., and it was difficult to get enough milk fox
all the analyses from some ewes., The milk samples were
found to be free from mastitis and negative to the White-

side test priox 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 formulag

lactose  gm/100 gm of milk®

Ratio (R) =

*Note: The constituents are expressed in terms of milk
rather than milk waterx 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 watexr were used for
any given sample.
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Results

Tables 7, 8, 9, 10, and 11 give the mean values oOf
lactose., potassium., sodium, total solid, and the potassium
to lactose ratio respectively in ewe's milk. The tables
were designed as follows:

lst sample Samples from ewes between lst day
after lambing to 7th day

2nd sample Samples from ewes between 8th day
after lambing to 1l4th day

3xd sample Samples from ewes between 1l5th day
after lambing to 2lst day

4th sample Samples from ewes between 22nd day
after lambing to 28th day

5th sample Samples from ewes between 29th day
after lambing to 35th day

6th sample Samples from ewes between 36th day
after lambing to 42nd day

7th sample Samples from ewes between 43xd day
after lambing to 49th day

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

9th sample Sanples from ewes between 57th day
after lambing to 63xd 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. SAMPLES

ox of 8 |

Cross [Ewes| 1 | 2 i 3 4 5 6 iy 8 9

Dorset 11 !4,72/5.20| 5.29{5.34 15.35{5.13 [5.22/4.99/5.42

FXD 24 .4.9055.141 5.39/5.34 |5.44{5.06 !5.06{5.51{5.31

t |

{ . , _
Ave, 35 54.84%5.16§ 5.36{5.34 |5.4115.11 {5.11 5.3555.22
i : : i

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. | SAMPLES

or of T
Cross Ewes | 1 2 3 4 5 6 7 8 9

Dorset| 11 (166 | 145 129| 119 113 | 118 1l4| 117 |127

i
PXD 24 |160 | 129 124| 113 118 | 125 131} 126 | 133

Ave. | 35 |162 | 134 | 126] 115 | 116123 | 123] 123 | 130

s

Notes:s 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 OF SODIUM CONTENT OF EWE'S MILK

DURING THE LACTATION

Breed No.
or i of
Cross Ewes

SAMPLES

i 2 3 4 5 6 7 8 i 9

—

Doxrset 11

i
22.5%26.4 30.5132.7| 35.3[35.3| 41.1 46.4!48.4

23.8|27.4 32,7133.0] 36.2({36.7| 42.2 45.5!49.8

FXD 24

Ave. | 35 !23.4(27.1| 32.0{32.9| 35.936.2| 41.8[45.8 49.2
i { | | i i

Motess 1. The mean values of sodium content are given as

2,

mg/100 gm milk.

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

TABLE 10

MEAN VALUES OF TOTAL SOLIDS CONTENT OF EWE'S MILK

DURING THE LACTATION

No SEAMPLES
| Bwes| 1 | 2 l 3 4 5 6 QIR0 7 Al
l i vl |
== | 35 [16.617.1] 16.6{17.1] 17.9 18.1 |18.5 [19.1|18.6
' % { i ? ! i
Notes: 1. The mean values of total sclids content are

2,

given as gm/100 gm of milk.

The data which these means represent are given
in the Appendix, Table 6.
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MEAN VALUES OF POTASSIUM TO LACTOSE RATIO OF EWE'S MILK
DURING THE LACTATION

Breed No. SAMPLES
or | of I i
Cxoss g Ewes 1 2 [ 3 4 5 6 7 g | 9
| !
Dorset| 11 (35.6/28.1| 24.5 22,3| 21,1{22.8| 22.023.8(24.3
PXD { 24 !34.0{25.5| 23.5{ 21.2| 21.9|23.0] 25.7 23.3|25.7
| ' | ]
4 | | |
Ave. | 35 [34.5(26.3 23.8/21.5| 21.7/22.9/ 24.5 23.5/25.1

Notes: 1. The potassium to lactose ratio was calculated as
follows:

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 avetage except that it reached a con-
stant level a week earliex. The lactose content in the F X D
ewe's milk took exactly the same trend as the general average.
Fig. 3 shows that the approximate time during which the lac-
tose content is approximately constant in ewe's milk is be-
tween the 3xd 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 3rxd 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.

Pig. 4 shows that the potassium content of ewe's
milk was approximately constant from the 3rxrd 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 F 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 oflactation,

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

creases continuously during the stage of lactation., but
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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 lst, 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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Fig. 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.

a ass
acto 's

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, ofteon given the name “Repeatability.* This measures
the proporftion « of the variation between animals within herds
which is common to the samples concerned and therefore in-
cludes all hereditary differences which affect both samples
alike as well as some environmental similarities., It is an
upper limit of the hereflitability of the character. The re-

peatability is calculated as follows:

_rsz_ghuzz__
U< sheep + 04 error
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02 sheep is the component of variance between the
sheep and 02 exrxox is the componﬁnt 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 Table 12, The
repeatability of the four samples of all animals was calcu-
lated from the table of analysis of variance as follows:

02 erxor = 9,97

02 sheep *Z(Between sheep variance - error) = 10.22

10,22 _ _
Repeatability = 20.19 0.45:

TABLE 12

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

Source of Variance 2.8 M.8. F. P.

Between Weeks s 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 F 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 OF POTASSIUM TO LACTOSE RATIO OF
F X D EWES IN THE 3rd AND 6th SAMPLES

Sourxce of Variance da.f. M.S.

Between Samples 1 439.94
Between Sheep 23 51.82
Within Sheep (erxor) 23 5.76

02 Erxor = 5,76
2
¢ Sheep = 23.03

Repeatability -'%§‘$% = 0.80

The value of 0,7999 expresses the degree to which
the potassium to lactose ratio of the P X D ewe's milk
would be expected to be consistent from the 3rd to the 6th

sample.
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iscussio

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., 8he obtained a
aﬁaller 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: denetical 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

POTASSIUM, SODIUM,
OF EWE'S MILK

AND TOTAL SOLIDS

Total

Lac-

Author Breed or Cross Solida_ ke k Na
Abderhalden(1908) Various - ———— 80 64
Neiaig & Iddings

(1919) Various o 4.7 ———— -
K3nigs (1920) German breeds —— —ww= 180 30
Peirce(1934) Merino 18.9 4.7 - -
Godden & 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 - eeee coae
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 PForest - ———— 168 46
Results obtained

(1967) Dorset 5.15 127.5 35.4

PXD 17.7 5.27 128.7 36.1
Notes: Total solids expresaed as gm/100 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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’

Ashton., Owen & Ingleton (1964) pointed out that lac~
tose was variable in Clun Porest ewes with a coefficient of
variation between ewes of about 4%. The total solids of
this breed showed also variation betwéen ewes. They further-
more suggested that in sheep as in dairy cows individual
animals may produce milk which tends either to be compara-
tively rxich 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, I

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 swgqgests that the potassium to lactosc
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, All 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
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in Experiment A and were treated by the same procedure priox
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 follows: 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 levelz 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
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TABLE 16

MEAN VALUES OF MILK CONSTITUENTS OF CLUN EWES UNDER

DIFFERENT AGES AND SIRES

Age 1 Year 014 2 Yeers 3 Yeers b Yeere 5 Yeare 6 Yeers Aversge
Sire 1 2 3 & 5 6 17 8 |9 10 1 18 13 14 15 16 17 18 19 20 21 22 22 Group
No. of
A tiads 4 5 1 4 1 12 9 10 32 1 2 1 1 1 3 2 1 3 1 1 2 1 |a%
No. of Lembs |
Suckled 1 1 1 1 1 1.67 1.5  1.10| 1.31| 2,00 2.00 1 .2.00 2.00 1.67 2.00 1 1 1 2 2 2 1.47
poteseiual | 139 125 108 136 140 139 132 136 125 198 116 96 156 |1k 14 138 120 100 [100 120 1% 168 |127.27
2 (131 121 104 123 10 127 125 130 (120 108 100 9 18 18 127 122 1bk 120 (132 128 128 1ko  |125.34
1 h.o5 k.76 4.9 A48 5.02 k.92 05 b.98| b,79 .48 4,93 470 k.13 5.22 b.64 4.83 ka5 b.27| k.95 2% b.6h b.93 477
Lectose 4,75 k.72 b.20 3.86 02 4.8 2.78 4.99| .75 k.67 b.73 k.69 b.23 5.07 b.38 b.h2 k.56 bh.ok 4.8 2.38 .77 b.67 k.69
. _f !
Retio 1 27.05 26.22 25.80 27.20 27.80| 28.53 26.16 27.46| 26.23 | 2k.10 23.50 2k.W0 37.70 27.50 30.17 28.70 28.90 23.40| 20.20 22.80 2h.h5 34,10 26.7
2 27.70 25.38 2hk.70 25.38 27.80| 26.73 26.38 26.35| 25.85 23.10 21.10 26,10 3%.00 29.10 29.17 28.45 31.50 24.20| 26.90 29,20 26.80 29.90 26.81
Sodium 29.0 31.2 36.0 31.0 32.0 | 32.0 31.1 33.2 | 32.0 [(30.0 32.0 32.0 28.0 | 32,0 32.0 36.0 28.0 32.0| 32.0 40.0 36.0 36.0§ 32.22
2 38.0 36.0 36.0 35.0 36.0 | 36.0 36.0 37.2 | 36.1 |ko.0 38.0 36.0 36.0 | 36.0 36.0 36.0 36.0 36.0 | 36.0 36.0 k2.0 40.0 h 36.83
Totel 1 15.57 15.80 17.20 16.23 17.00| 16.43 17.87 16.71| 17.37 | 16.30 16.50 19.10 13.60 15.30 17.33 18.95 19.20 17.30| 16.00 18.30 18.45 15.'gof 17.07
Bolide 2 17.10 17.18 .30 16.78 17.10| 18.07 19.98 17.79| 18.2% | 16.70 16.35 19.80 18.00/| 15.90 17.43 19.50 19.30 18.00| 16. 19.00 18.70 :u.ti.cr:)i 17.80

Note: The date which

these means represent mre given in the Appendiz, Tsble 10.
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ages, It appears from this table that sires have an effect
on soﬁn of the constituents, namely potassium and sodium.

The data obtained from this experiment were subjected
to the following statistical analysis tests:

l, 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
Table 18. d:. 025. and 02w are the components of variance
according to ages, sires and "erroxr" respectively. The k
values have been calculated as given by King & Henderson
(1954) .

The proportion of variance components in the total
phenotypic variance. at2 has been calculated as follows:

Assuming 0t2 = ow2 + 052 + oazo then we get awz/otza
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TABLE 17

ANALYSIS OF VARIANCE OF CLUN EWE'S MILK

a.£. Mean Squares

A. .Corrected Mean Squares (M.S5.)
Lactose  Porassium Sedium Total Solids K/L Ratio
Between ages 5 3374.4 89877 35517 833,1 2006.6

Between sires
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

P, 1.8l 1.60  4.10 140 <
r§4 1.511 6,14 i9.89™% 189 <1

16
’74 <1 2,83 1,845 1.3¢ 1.30

Notes: x = significant at 5% level.
xx = significant at 1% level.

2 2

csz/ut and Uazfct . 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

milk is due to the difference between ewes., the othexr half
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TABLE 18

THE GENERAL SCHEME OF VARIANCE-ANALYSIS

Source of Variation Degrees of Expected (M.S.)

Freedom
Between Ages a -1 02 + k 032 + k ca2
w 2 3
. 2 2
Between Sires/Ages isi-a ow + klos
Within sheep "erxox" n - isi 0w2

Notes: 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 ! Fotas~ Sodium Total K/L

sium Solids Ratio
Source of
Variation:
Ages ; 0.04 8.49 . 24.66 | 3.36 —
Sires/ages fs ot 38.64 13,53 7.93 7.23
Within Bheep§99.96 . 52.86 g 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 thc 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

dif ference.

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~

variation d.£. tose sium Sodium Solids tose
Ratio

Between sheep 95 2193.1 25569.8 6553.6 4867.1 2560.2

Within sheep
"erxrox" 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.
. 9 e e ic correlatio ee i

co ents s d i e experiem

Table 21 gives the corrélations 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 K/Lactose Sodium

Ratio
Lactose -0.130
K/Lactose ratio 0.749xx -0.466"
Sodium -0.073 -0.106 ~-0.049 '
Total Solids -0.122 -0.100 -0.026 -0.110

Notes: x = 4d.£, 95
xx = significant at 1%
corrxelations were those between lactose and potassium concen-

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

4. The effect of number of lambs suckling the ewe

The ewes used in this experiment were divided into
two groups. oné 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 "P" 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 DIF?ERENCEé IN THE MILK CONSTITUENTS
BETWEEN THE TWO GROUPS OF ANIMALS (1 LAMB OR 2 LAMBS SUCKLING)

Constituents 3rd Week 6th Week

Potassiuh +1.7146"F 40,5767
Lactose ' +0.9589" -1.8029""
K/lactose ratio +0.9200" +0.8547"
Sodium -0.5062 ~0.5636
Total solids -0.1453 ~ =0,0251

Notes: d.f., = 95

+ = gignificant at 5%

++ = gsignificant 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 27.07 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.

gsio
A third experiment was carried out to confirm the

results of the previous experiment and to extend its scope.
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FPor this reason the foregoing results are briefly discussed
here and a general discussion on all aspects will follow
after the third experiment.

The mean values for the potassium, sodium, and total
solids contents of Clun and Suffolk ewe's milk obtained in
this experiment are in good agfeement 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 ratherx
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 of 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.
s rime

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 corrxelations 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 eweﬁ 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 the normal lambing season and were again
undex the same husbandry regime as that described in Ex-

periment B, Milk samples were collected twice from each

ewe in the thirxd and the sixth weeks after lambing. The
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samples were treated and analysed for lactose, potassium,
sodium, and total s0lids as previously described. One
blood sample was taken from e¢ach ewe and analysed for the
following characterss

l. Packed cell volumes

2., Sodium and potassium in plasma volumes

3., B8odium and potassium in whole blood volumes

4. Hnemglahin 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
procedurxes.

Packed cell volume

The blood samples were transferred into Hawksley
Micro-Hoematocrit centrifuge tubes and spun for 12 minutes,
The results were read in perxcent packed cell volume (PCV%)

with a Hawksley Micro~Hoematocxrit 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 or 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. eg/

litre by the following formulae:

m.eq Na/L = flamephotometer Reading X 40
23
m.eq K/L = flamephotometer Reading X 20
39
S ) le [s] 0 s

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 the 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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assi ole packed cell vo

The potassium in whole packed cell volumes was cal-
culated by the following formulas

m.eq K/P.C.V, = 100 [m.eq/L whole blood potassium -
PCV
las assium X (100~
100 L
mo in t

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. cenﬁrifuged 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 wexe added to the
washed packed cells (2/1 distilled/WPC) to cause haemolysis.
An electrxolyte buffer was prepared by adding Tris. 40.4 gm
(Tri Hydroxymethyl) Methylaminejy EDTA, 40,0 gmy 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. Thirxty 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:

e B AB A +
moving slowly intermediate moving fast

Note: 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, scdium, and total solids and potassium to lactose
ratio of milk from five different crosses. It is guite
noticeable that there is a wide variation between the dif-
ferent crxosses 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 similax

for the different crosses used in this experiment.
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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-
nment 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 1;ctose 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
cxosses 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-
typic variance of ct? has been calculated as follows:

Assumings otz = owz + asz + onz + oc,

2 2 2

then: 0w2/0t2: onz/at 1 oazfct 1 and ccz/at &



29

69°91 P1°6¢€ TL"9Z oL v IL°%Z1

9G6°C1 98°PE 0s*ez ¥8°V EP°LZT 0Ss°1 L €

9 LT £EpPTLE 29°92Z zZ8° ¥ pT L2

L8 Bk TL EE £0°Le 06"V EP TIET 9¢°T 71 2 48 X
£EP° LT £E°9¢ cz9z gc° ¥ LS"61T

90°91 £E€°Z¢E gL°9Z LSy [ 2 A | SL°T A § €

LT°8T 00" 8¢ £€9° €T g9y EV° 60T

I8°91 TL°SE LZ° €2 L8° Y S8 E1l £€° 1 1 Z 48 X O
8P LT II7LE L1°8e Zo°'¥ ZZ 01

T1°e1 TIT1°€E 60°LZ 99§ 68°9C1 L1°1 81 £

CL LT T€°9¢€ 06°vZ LY Z6°911

28°9T1 8E° 1€ oz°sz o< v S8 LTI 80°1 €T Z 48 X W
0S°8T 00° 8¢ | 24 %4 69y £V 601

00°LT IL°€E 09°12 C6°v LE°90T 98°1 T €

60° LT £6°8¢ cz*cz 22 4 00°Z11

GS0°91 LB EE ve°se £o°Yy £S°91T £6°1 €1 T J8 X3
P6° LT 6Z°8¢ I8°€Z 6v°y EP E0T

18°91 IL°EE LL° 0z £6°V LS° 001 LS°T L £

80°8T 68°9¢ 61°SZ (110 BL ETT

g89°91 68°Z¢ Le"vz 1% 4 & B 44 P 1 6 Z d€4 X 1€
ATTW/mb

t001/mb XITR = of13ey ATITH ATTH ButTyonsg samyg

sptTos wBooT1/Bu 2803 wh 00T /ub wf Qot/bu 3o Jo oby S98801D

Te3as

unipog  -deITN 9803007 unyseelod ueow *oN

SANCHD INTWTIITIT HIBLIM
SHOY INIYHILIA JO SIMT JO SIN0O¥D INTMIIATIA JO SININLIISHNOD WIIW THI 40 SINTVA NVAW

vz TIEW



TABLE 25

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

Crosses Age in 8ire No. of No. Lambs k lac~ Ratio Na T.S.

Years Animals Suckling tose
BL X BPF 2 1 7 1.57 123.86 5.00 24.57 31.43 16.97
108.57 4.48 24.36 36.00 18,61
2 2 2 1.00 124.00 4.78 25,90 38,00 15.73
132,00 4.59 28.10 40,00 16.55
3 3 7 1.57 100,57 4.93 20,77 3.7 16.81
103,43 4.49 23.81 38.29 17.94
F X BF 2 4 6 1.83 116.00 4.59 25,38 31.33 15,73
_ 112.22 4.62 24.38 40.00 16.55
2 5 9 2.00 116.00 4.65 25,31 35.56 16.26
111.56 4.32 25.83 38.22 17.46
3 [ 8 1.88 105.00 5.07 20,79 34.50 17.35
108.50 4.74 22,73 38.50 18.98
3 7 6 1.83 108.67 4.80 22.68 32.67 16.53
110.67 4.62 23,93 37.33 17.90
M X BF 2 8 10 1.00 135,60 4.67 28.85 32.80 16.49
137.20 4.67 29.26 37.20 17.75
2 9 8 1.38 116.00 4.66 29.90 33,50 15.64
' 121.50 4.56 26.80 37.00 17.15
3 10 6 1.00 117.33 4.48 25.75 31.33 16.52
114.00 4.56 25.15 36.67 17.85
3 11 7 1.14 118.29 4.78 24.84 31.43 16.51
119.43 4.86 24,69 36.00 17.66
C X BF 2 12 2] 1.75 125.00 4.69 27.31 31.50 16.18
123,50 4.62 26,95 35,50 17.35
2 13 4 1.75 120,00 4.65 25.65 34.00 15.83
112.00 4.50 24,85 38.00 17.58
3 14 7 157 109.43 4.83 22.39 37.14 16.83
100.00 4.59 22,04 38.29 18.50
4 15 7 1.29 118.29 4.91 24.16 34.29 16.79
118.86 4.73 25.21 37.71 17.84
D X BF 2 16 6 1.50 131.33 4.90 27.12 33,33 16.10
128.67 4.91 26.43 $7.53 17.45
2 17 , 8 1.25 131,50 4.90 26,96 34.00 16.19
126.00 4.77 26.80 37.50 17.30
3 18 9 1.44 136,44  4.77 28.72 34.67 15.43
134,89 4.61 29,27 39.11 16.66
3 19 5 1.60 111.20 4.96 22.50 35,20 15.78
106,40 4.87 22.10 39.20 16.76
Means of 2/3 19 130 1.49 119.18 4.79 24,98 33.70 16.29
Groups 117.36 4.64 25.41 37.78 17,55
Total Average 130 1.50 119,74 4.79 25.11 33.57 16.33

of Animals 117.83 4.63 25.55 37.66 17.61

00T
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TABLE 26

ANALYSIS OF VARIANCE OF THE DATA OBTAINED IN EXPERIMENT C

Source of | ? K/Lac~ |  Total
Yo Liknisad d.f.?PotnssiumELactOlel toke iBodium | 8o14ds
i inatio j "
] E ;
Between crosses 4 287500 52184.0 510067.5i27384.0§6095.0
" ages with- > ' i
in crosses 5 119651 ;3176.0 ?37961.B§29807.0569al.8
Between sires/ : g 5 é %
ages & crosses 9 108011 51645.0 5378.8i18878.0%2957.7
Between sheep/ f { % ;
sires/ages & | * : | 5
crosses 11Xy | 341232 §1594.0 521835.4;21435.0§3305.6
i ! !
|
|
b alis e
4 | | | |
vy | 2.68 |1 1.26 |1 !q
4 | T |
r, | 3,10 | 1.9% '[5ie0 . | 2.8 | 2.36°
i i J " |
{ f T i
o T ™™l doae lsaae™ | 2e2y ko1.04
i1l | : ] .
! { | |
’?.11 ™ . Gt | e | 2
el Sl e el
9 | 4 i ++ ‘
F i 44,47 1 <1 2,93 <1 <1
111 | | , 1, =

++sign1£icnnt at >1% level,



102

TABLE 27

THE GENERAL SCHEME OF ANALYSIS OF VARIANCE OF EXPERIMENT C

source of variation | Degrees of Expected (M.S8.)

Freedom
Crosses R cwz + Kk 032 + k oaz + k ocz
4 5 6
2 2 2
Ages/crosses Tiai - C ow~ + k,08" + kca

S8irxes/ages/cxosses  rilcsij - ai 0w2 + kloaz

Within sheep “error"ﬁn - ZiZcsij owz

Notes: ¢ is the numbexr of crosses, i
ai is the number of ages in i~ cross.
8ij is the number of sires considered in j year of
ith cross,
ow?, o082, ca?, and cc? are the components of variance
according to "erxor," sires, ages., and crosses resp.
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 OF CONTRIBUTION OF SOME FACTORS TO THE TOTAL
VARIANCE OF THE MILK CONSTITUENTS IN EXPERIMENT C

Character Potas- Lac~- K/Lac~ Sodium Total

sium tose tose Solids
Ratio

Source of variation:

Crosses 13.47 - e e 3.11 -
Ages/crosses 5.83 6.25 6.41 2.90 7.83
Sires/ages/crosses 28,23 —m—— 20,83 ————— e

Within sheep "errxor" 52,47 93,75 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 .different ages
within crosses havt 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 diffexences 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 has 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,
Ihz_x:aaisshilis§19§.5n3_5$1k

The repeatability of potassium., lactose, sodium,
total solids, and the potassium to lactose ratic 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

f §Tota].
Source of Variance -_!\d.f.i ain } tose | tose iSodium iSol ids
z ; i ! .-

'pPotas- | Lac- ex/Lac-

Between sheep 129;141852.9? 1763, 6;2575 .31 21765, 5 3510.3
a

within sheep “"erxor"| 129 14629.1; 896,3| 765.2 4522. a 239.9
i : i i .

Repeatability | 10.4465 50.3255§0.541a§o.5559 ;o.avzo

t

S

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 zll the

constituents studied in this experiment,



105

Table 30 gives the correlations between the milk

constituents studied in this experiment.

TABLE 30

THE CORRELATIONS BETWEEN THE MILK CONSTITUENTS

K/Lactose

Potassium Lactose Anttio Sodium
Lactese -0,045
K/Lactose ratio -0.778"%7  -0.323%"
Sodium ~0.205" +0.037 -0.189"
Total solids -0.104 -0,031 -0.078 ~0.047

Notes: + = gignificant at 5% level.

++ = significant at 1% level.
The total solids content were negatively and not signifi-
cantiy 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 othex
at least at this stage 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 rxatio on the other.

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. Thexre 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,

ara X d X a

with the Milk Constituents

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 OF THE DIFFERENCES IN THE MILK CONSTITUENTS BE~-
TWEEN THE TWO GROUPS OF ANIMALS (1 LAMB OR 2 LAMBS SUCKLING)

6th Week Samples

Constituents 3rd Week Samples

potassium -2,6686" T -3.0143%"
Lactose +2.0578"" ~0.3769
K/Lactose ratio -3.0025+* -2.6178""
Sodium +0,5143 +0.9841"
Total solids -0 .2809 -0,3763

Notes: + = significant at 5% level.

++ = gignificant 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, 25, and
26, Sheep used in this experiment may be 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.eg/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).



108

The two types of animals have been called Hk and Lk respec-
tively., Pifty-five ewes were of Hk type and 75 were of Lk
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

MEAN VALUES OF THE HOO0D ANALYSIS AND THE CORRESPONDING VALUES OF
POTASSIUM AFD SODIUM IN THE MILK

Bloed Ho. Boemet~ Potas~ Sodium FPotes- Sodium Jotes-

Croes (k) of ecerit eium in sium in eiun
Type Ani- (PCV)4 in Whole Whole Milk in

mela ¥PC Bloed Blood Milk

w.eq/l. m.0q/L m.eq/lL me/100 g mil¥

BL X BF BEx 5 33.3 54 .0 98.1 29.8 35.6 110.8
Lk 11 3%.6 1%.3 111.6 0.8 35.5 111.1

FX BF Hix 11 3L.9 4.1 101.4  31.2 36.9 106.9
Lk 18 3.k 15.1 110.3 10.8 95.7 11h.1

MX B Hk 11 32.7 63.1 100.b  30.4 33.8 125.8
Lk 20 33.6 15.5 3187 “51.8 35.0 122.8

CXBF Hk 9 32.9 %6.1 101.0 28.9 35.4 11h.0

DXBF Hk 18 33.1 61.1 98.3 30.2 36. 125.8
Lk 10 34.0 1%.6 109.9 11.1 36.2 129.1

Groups Hk 55 32.8 59.7 99.8 %0.1 35.6 116.6
Meen Lk 5 33.4 15.1 110.5 11.1 35.7 119.0




o

Fig.iL.
Ptassium contents of whole blood of ewes used in EP.C
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The correlations between the blood characters and the milk

constituents studied are given in Table 33.

TABLE 33

The results

THE CORRELATIONS BETWEEN THE MILK AND BLOOD CONSTITUENTS

Week

Milk
of PCV KWPC Na in K in
Constituents Lactcation Whole Whole
Blood Blood
Potcassium 3 ~0.166 0.059 -0,017 0.055
6 |=0.121 0.021 =0.033 ~0.024
Lactose 3 0.129 0.015 0.001 0.040
6 0.171% =-0.105 0.059 0.045
K/Lactose
Ratio 3 ~0.205% 0.041 =-0.030 0.024
é -0 ,185% 0.069 -0.061 00.001
sodium 3 | 0.165 0.081 =0.112 0.138
‘. 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

-

xSIQniticant 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 constituentcs studied. The:lack of cervelation 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 2 selective action in regarxd 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 2 . correlation bvetween the lactose
in milk and the packed cell volume, |

The sheep may be classified again accoxding to their
heemaglobin 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-
glob;n 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



Fig. 12.

Haemogfoba‘n Egpes of ewes used in Exp. (. distrbuled in the

paﬁassi um levels,
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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

THE MEAN VALUES OF BLOOD CHARACTERS AND MILK CONSTITUENTS IN
DIFFERENT HAEMOGIOBIN TYPES

wriam
s

'oo

PCV  KWPC k in Ne in  kftec- kin Neo in
gk oo whole  whole  toee  Milk Milk
g . blood  blood  Rstio
Type % m.eq/lL m.eq/lL m.eq/L in milk mg/100 gm milk
A 27 32.7 38.1 20.7 104.8 2k.5 11h.1  35.5
AB 73 - 32.9 37.2 2.7 105.0 25.8 121.2  35.9
B 30 34.5 36.3 19.6 108.0 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 "P" values of the differences in
the milk constituents studied between the animals = homozy-
gotoys ; ifer o haemoglobin A and B on one hand, and on the

animals

other hand tmeheterozygous- - For 5. nhzemoglobin AR,
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TABLE 35

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

3rd Week Samples 6th Week Samples

Potassium +0.4710 / -0.2545
Lactose +0,3386 -0.0948
K/Lactose ratio +0.5737 -0,2196
Sodium +0.9808% ~ -0.9362%
Total solids 0.0971 -0.4348

*significant at 5% level.

TABLE 36

"P" VALUES OF THE DIFFERENCES IN THE MILK CONSTITUENTS
STUDIED BETWEEN THE ANIMALS OF HOMOZYGOTES GENES OF
HAEMOGLOBIN A AND B ON THE ONE HAND, AND THE HETEROZYGOTES
GENES OF HAEMOGLOBIN AB ON THE OTHER

3rd Week Samples 6th Veek Samples

Potassium +1,5983% +2.0833""
Lactose -0,0849 | -0.1664

4 ++4
K/Lactose ratio +1,2967 +2,1423
sodium +1.2381" +0.3016
Total solids -1.3644" . =1,0036"

+signi£icant at 5% level: ++signi£icnnt 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 B, but the presences of AB haemoglobin could effect

some of the milk compositions as described above.

Riscussion

The mean values of the milk constituents obtained
in this experiment are in good agreement with the mean
values of the same canltitﬁ;nts 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 6htained in Experiment A, This difference might
be due to bieed 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. 1In 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,

The 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 greaver effect on the variation of
sodium contence in Experiment B than in Expeximent C and
this may be due to the fact that the age diifferences 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 repeatabilities obtained in
both experiments are in close agreement with regard to the
total solids, potassium, lactose, and potassium to lactose
ratio., 8Sodium was more highly repeatable in Experiment C
than in Experiment B,

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 obsexved 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 freguent emptying of the
uddex, or it may be that other environmental factors such
as health of the animal, size of tha'mamnary 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 sheep's blood) that sheep may be classified into
Itwo 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 lows
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 is 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 diffexence
in sheep's blood affords a good basis to show whether the
potassium in milk is 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 hasmoglobin 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-

aium types is not worth while.



GENERAL DISCUSSION

In Experiments A, B, 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, sire of the ewe, numbex
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 ;he 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 dia-~

cussed.

Az 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 times oxr 4if-
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 OF THE MILK CONSTITUENTS
STUDIED IN EXPERIMENTS B AMND C

Constituent Repeatability in Repeatability in

Experiment B Experiment C
Potassium 0.35 0.45
Lactose 0.56 0.33
K/Lactose ratio 0.60 0.34
sodium 0.32 0.66
Total solids 0.886 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 0f 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
sartore (1962). They gave values of 0,63, 0.61, and 0,81

for fat, protein, and solids~not-fat respectively.

rce O ia [>) @ e's Mi
onstituents ied i is Inves atio
reeds ar Ios8e

Thexre is noticeable a significant variation at 1%
between the crosses in both potassium and potassium ko 1ac-
tose ratio in Experiment C, Table 38 gives the mean values
for potassium, lactose, sodium, total solids, and the potas-
sium to lactose ratio of all breeds and crosses studied in

the previous experiments,.

A, Potassium Content:
The highest level of potassium was obtained for the
Ssuffolk ewe's milk followed by D X BF, 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 New Zaealand
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TABLE 38

MEAN VALUES FOR EWE'S MILX CONSTITUENTS OF THE BREEDS AND CROSSES
STUDIED IN SECTIOR TWO

Exper- Breed No. Potassium Lactose K/Lectose Sodium Total Solide

iment or of mp/100 gm gm/100 Retio  mg/100 gu/100 gm
Cross Bves e BE

A Doreet 11 123.5 5.21 23.7 32.9 17.1
FXD 2k 124k.5 5.23 23.3 3h. 17.5

B Clun g6 127.0 4.8 26.6 3.2 17.1

C HL X BF 16 111.0 k.12 23.9 35.4 17 .4
F X BF 29 111.5 &.67 23.9 gz.k 17.2
M X BF 31 12k.0 k.65 26.6 .6 17.0
CXBF 26 116.0 k.71 2h.9 35.7 17.2
D X BF 28 127.5 &.82 26.7 36.3 16.5

Notea: 1l--These velues represent the wmeen of the 3rd emd 6th weeke semplee.
2--Dorest is the Dorset Horm breed.
3--F X D is Finnish X Dorset Hem crose.
b--Clun i Clun Foreet breed.
S«~El. X BF is Border Leicister X Blegk fece croes.
6--F X BF 1s Finnish X Bleck face croes.
T--M X BF ie Merino X Bleck face cross.
8--C X BF is Clun Forest X Black face cross.
9=<D X BF 18 Doreet Ham X Black frce crose.

by Perxrin (1958). &he reported values of 124 and 121 mg/100
gm of milk for ewes on high and low planes of nutrition re-
spectively. Godden & Puddy (1935) reported a value of 126

mg/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) ., Moxcxison (1951).,
Charton, Faye, Harry, Bernard & Bueslin (1962)., and Ashton

& 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 ¥ X ) 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 indcors during the lactation
and received concentrated foods. Burt (1957) obtained an

increese 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 hex figure for chloride is correspondingly
high, which may indicate some udder infections. From all
these figures it is conceivable that the breed has no sf-
fect on the lactose content of ewe's milk., In Experiment
C there wexe no significant differences between the differ-

ent crosses in lactose content.

C. 8Sodium Contents
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), KS8nigs (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 mg/100 gm of milk respectively. Sartore (1959)
reported a value of 36 mg Na/l00 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 diffeiencel 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 aleo be due to the stage
of lactation as it is very clear from Experiment A that it
effects the sodium content. The ditfiqglty involved in

the past in the determination of sodiugigiological material

such as milk could also influence these results.
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D. Total solids Content:

The total solids contents are approximately similax
in the different groups of ewe's studied in this investiga-
tion and range from 16.3 to 17.5 gm/100 gm of milk. These
values are in close agreement with the results of Peirce.
(1934) , 18.9; Bonsma (1939), 16.6; Barnicoat, 16.3 and
Ashton, Owen & Ingleton (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 gm of milk have been reported by Pexrin (1958)
when a high plane of nutrition was introduced into the hus-

bandry regime of the ewes,

E. The Potassium to Lactose Ratio:s
The highest value was obtained for the Suffolk ewes
and the lowest for the BL X BP ewes, with the exception of
the pre-lambing 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 Perrxin (1958) was high, namely 31.0 and 29.5 and.,

as previously mentioned., that she gave low figures for lac-

tose of 4.0 and 4.1 gm/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,
AND POTASSIUM TO LACTOSE RATIO OF EWE'S MILK DURING THE
STAGE OF LACTATION

LACTOSE.,

SODIUM.,

TOTAL SOLIDS

Weeks After Lambing

Constituents
lst {2nd [3xd [4th [5th 6th [7th [8th [9th
Potassium 162 {134 {126 {1135 (116 {123 (123 {123 |130
Lactose 4.8415,16;5.36/5.3415.4115,11/5.11;5,35!5,22
Sodium 23.4127.1132,0132.9{135.9136.2{41.8{45.8{49,2
Total &solids |16,6117.1}16.6{17,1!17.9{18,1/18,5/19.1!18.6
K/Lactose ratio{34.5{26.3/23,8/21,5{21.7/21.7/22,9/24.5/25.1
i i i !

Notes

and total solids as ygm/100 gm.

Potassium and sodium contents as mg/l00 g, Lactose,
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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 Sartore,(1959) when he studied
the sodium and potassium conteﬁts of Sardinian sheep's milk
during the lactation period. His results indicated that po-
tassium was high at the beginning of the lactaﬁian. decreased
in the middle., and increased again at the end, Ashton &
Yousef (1966) reported that the potassium contents in Clun
Porest 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 wae 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 noxmal 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 lactose 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 rxeported by Rook & Wood (1959) is
in close agreement with the above trend in ewes' milk, They
found that lactﬁss 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 concentraticn
than any other period of the lactation, The same trend was
reported by Ashton & Yousef (1966). They found that the so-
dium content of Clun ewe's milk was constantly increasing
during the whole periocd 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 proncunced

. trend during the lactation period, but the pe:.ud riow the
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 by 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, Pairly similar results could
be obtained from the figures of lactose and potassium of
ewe's milk given by Perxin (1958); from these figurea the
potassium to lactose ratio in the two groups of animals

used by her are as follows:

Days of Lactation lst 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. Ages of the Eves

The ages of the ewes have a significant effect on
the potassium and sodium levels in their milk. 7The potas-
sium increased in the 2-year-old group., decreased in the
3- and 4~year-old groups. and increased again in the oldex
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, Herry, 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, Sirxes of the Ewes
There were significant differences between the ewes
sired by different rams in the potassium, sodium, and potas-

gium to lactose ratio of the milk. but no such differences
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ware obtained in the other milk constituents studied in

this investigation.

5. The Individuality 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 alsc include some
environmental factors such as the health of the animal,
metabolic effects and the intexactions 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 of different
sires, different crosses, different ages, and the interac-

tions between these factors.

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 oi 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~

tors could have additive influences on the milk constituents,

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,

The haemoglobin types which are inhezited appear to

be independent in their inheritance from the inheritance of
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the milk constituents 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 Phenotypic Correlations Between
the Milk 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
‘difference between ewes' and cows' milk =a—+—be—an—additive

et s i e —and- Suggests that the potas-

sium to lactose ratio of ewes' milk is not of any importanc:



137

and could not be used in predicting a potential value for

lactose in ewes®' milk as it can in cows® milk.



CONCLUS ION

This study is concerned with some genetic aspects

of some milk constituents of cows and ewes,

A, Cows' Milk

‘In this experiment 102 Ayrshire cows were used.,
These were composed of 10 pairs M2, 12 pairs DZ, 19 pairs
HZ, and 10 pairs U animals, The inheritance of lactose,
potasgium, 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 morxe 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 OF VARIANCE AS PERCENTAGE OF THE TOTAL VARIANCE
CALCULATED FROM MZ, DZ, AND HZ PAIRS FOR COWS' MILK

CONSTITUENTS
02 02 ‘2
@ g m
Bnvironmental Genetic Maternal
Effects Effects Effects
hz
Lactose 2.60 41.586 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 < 0.0l) regression egua-
tions

Y = 6.79 - 0,00939X
Where ¥ is lactose gm/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 equations

9
.00939)R

6,7
Potential value of Lactose = 1+ (0

wvhere R is the potassium (mg/100 gm milk water) to lactose

(gm/100 gm milk water) ratio.

B. Ewes' Milk

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 genetie 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. 1In

the last experiment five diffexent crosses have been used
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to study the differences in the milk constituents between
different crosses, between ages 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 ewesa' 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., It has been found that to avoid most of the
variation in these constituents due to the stage of lacta-
ticn, 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 sires 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 thixd 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 follows:

Factor Experiment B Experiment C
Potassium 0.4465 0.3447
Lactose 0.3260 0.5614
K/Lactose ratio 0.5418 0.6049
Sodium 0,.6559 0.3211
Total solids 0.8720 ~ 0.8634

The milk constituents studied--potassium, sodium.
lactose, and total solids-—havzzzgawn 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 potassium types of ewes
have given similar levels of potessium 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 heterczygotes AB haemoglobin in-
creases the potassium and potassium to lactose ratio in the
milk. but the presence of homozygotes BB haemogliogin in-
creases the sodium content.

Ewe'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,

FPinally., 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

cfwm:o. Lactose Potassium Total Solids K/Lactose
Gxoup gm/100 gm mg/100 gm gm/100 gm Ratio
Mz Group
1 a.: 4.20 173 11.39 41.1
B 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 4,90 181 14,10 A2.: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
DZ_Gxoup
1 A 4,22 172 12.34 40.8
B 4.37 154 12,99 35.3
2 A 4.36 155 13.23 35.7
B 4,35 168 12.71 38.5
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App. Table 1 (continued)

e e T

cgzngo. Lactose Potassium Total Solids K/Lactose
Py gm/100 gm mg/100 gm  gm/100 gm Ratio

DZ Group (continued)

N 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 2. 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
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 2%.3
B 5.2 116 13,14 22.4
10 A 4,67 145 12,13 33X
B 4.93 131 11.69 26.6
% O 4.83 108 14,13 22.4
B 4,85 100 13.81 20.6
18 R 4.89 129 14,32 26.4
B 4,64 149 14.56 32,1

HZ Group
- 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
MR 4.69 144 11.33 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)

Co:n:o. Lactose Potassium Total Solids K/Lactose
Group gm/100 gm mg/100 gm  gm/100 gm Ratio

HZ Group (continued)

S & 5.15 126 14,32 24.5

B 4.67 186 13.31 39.8

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

B 4,75 146 11.29 30.7

8 A 4.63 144 14,34 31.2

B 4.09 116 14.89 40.5

2 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

iz A 4.83 160 12,10 33.2
B 4.91 le64 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 15,21 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)

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 4.39 159 12.53 36.3
Y Gxoup

i1 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 i1.01 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

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 4.4l 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 AND 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
*a 195 4.74 41.1
X8 195 4.74 41,1
A 162 5.29 30.6
B 182 5.02 36,3
3 A 152 5.51 27.6
B 162 5.36 30.2
4 A 126 5.62 22.4
d 116 5.63 20.6
5 A 133 5.52 24,1
B 152 5.31 27.6
6 A 152 5.5 27.6
B 172 8.23 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 l6l 5.32 30.2
10 A 162 5.38 30.1
B 126 5,62 22.4
11 B l62 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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Potassium Lactose K to
Cow No, mg/100 g g/100 g Lactose
Milk water Milk wWater Ratio
14 A 137 5,38 25,4
B 104 5.62 18.5
15 A 172 53.23 32.8
B 188 5,02 37.5
Mean 159,37 5,29

*A8B one pair of animals.
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APP. TABLE 3

LACTOSE (gm/100 gm of milk) IN THE MILK OF EWES USED IN
EXPERIMENT A DURING THE FIRST NINE WEEKS APTER LAMBING

Bwe lat 2nd 3xa 4th 5th 6th 7th 8th 92¢th
No. wWeek Week Waek Week Week Week Week Week Week

FXD
41 5.10 5,13 5.73 5.39
46 4.55 4.74 5.07 4.83

4,68 4.86 5.02 4,51 o=-—-
5.0

47 4,95 4.12 4,88 5.34 5.5
5.7
3.3
5.8

8

9 5.11 5,12 =~== 6.14

3 5.33 4.09 5.0} —=--
48 4.64 4.23 5,38 4,91 2 5.47 4.68 4.99 4.58
52 5.15 35,30 5.80 6.38 4
6

53 4.92 35,70 5.22 5,24

5.32 6.67 7.80 e~=-
5.87 5,04 6.8B0 ===~

54 5,29 85,37 5.16 5,68 5,79 53.79 4.64 5.74 —==-
57 4.87 4,89 5.27 5,13 4.98 5.80 35.97 5,38 5.99
62 4.51 4,77 5.9% 5.40 5.00 5,28 5.04 5.15 4.87
63 4.62 5,38 5.19 5.47 5,25 5,26 5.11 5.12 S5.21
?3 5;31 5013 5.53 5.57 5.82 5.60 4-70 6.03 T
74 4.89 4.88 5,15 5,07 5,03 5,26 5.24 5.02 4,39
7% 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 5,36 5.54 5,79 4.85 5,85 ===-
84 3,99 5.39 5,96 5.72 5.19 5,30 4,68 6,17 ===~
88 4.73 5,02 5.52 5.50 5,54 5.43 4.33 6,23 ~=---
89 4.57 4.94 5,34 5,46 6,00 5.34 5.53 5,61 7.40
91 4.55 4.61 5.31 4,96 4.43 4.68 4.33 4.42 4.26
93 4,79 5,11 5.90 4.87 5,53 4,97 6.354 6.10 5,06

94 3,76 5.32 5.32 . 4,26 5,13 =m=-
100 4,17 6.07 5.06 5.16 5.63 5.79 3.95 4.99 ==w=
102 4,08 4.6l 5,09 5.80 5.65 3,90 5.60 4.71 5.22
218 5.21 6.89 5,97 5.45 5.31 4,70 6.00 =~~~ coe=

Dorset

1009 4,41 5,23 5,54 5,12 5
1010 4.46 5,12 5.87 5.66 5
100 5.11 4,57 5,37 5.08 5
105 4.73 4,32 5,10 5.79 5
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

5

5

5

4

4

v
H
L4
e
)

~I
s
W
°

~3
{ 3]

3 5.44 5,33 4.9 6.92
2 5,68 5,66 ~~--- 6.08
2 4,92 4,69 5,65 —w--
2 5,41 4,47 4.56 4.20

139 4,57 58,11 5.11 35,12 .60 5,086 5,07 4.42 4.81
141 4,43 6,13 5.26 5.68 .69 35,71 5.66 4,96 3.11

143 3.07 6.49 5.44 5.735 «.64 5,88 6.36 5.32 5,00
148 4,52 4.62 4.92 5.16 4,03 5.25 4.67 4.96

154 4.88 4.83 5.38 4.92 4,68 5.06 5.00 3.96
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APP, TABLE 4

POTASSIUM (mg/100 gm of milk) CONTENT OF EWES' MILK USED
IN EXPERIMENT A DURING THE FIRST NINE WEEKS AFTER LAMBING

Ewe let 2nd ird 4th 5th 6th 7th 8th 9th
No. VWeek VWeek Week Week Week Week Week Week Week

41 160 133 192 132 100 108 104 108 ~———
46 160 108 104 104 104 120 128 - 128
47 168 116 116 104 140 112 108 140 -
48 168 140 108 80 96 96 128 132 144
52 148 88 88 100 108 88 108 88 ———
533 140 104 108 104 112 128 120 120 ———
54 168 116 100 104 144 144 140 140 m——
57 224 136 180 104 100 120 108 144 184
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 Q==
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 e e
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 26 116 112 128 120 108 ——
102 160 132 116 108 104 192 112 120 120
218 148 104 88 144 128 112 88 - i
Dorset

10089 176 140 132 120 116 160 128 128 232
1010 172 140 116 108 104 160 112 o 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 1leé8 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 5

SODIUM (mg/100 gm of milk) CONTENT OF EWES' MILK USED IN
EXPERIMENT A DURING THE FIRST NINE WEEKS APTER LAMEBING

Ewe 1st 2nd 3rd 4th 5th é6th 7th 8th 9th
No. Week Week Week Week Week Week Week Week Week

XD
41 24 24 28 32 32 32 44 44 o
46 24 28 32 36 36 36 40 bk 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 yoon
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 28 28 32 36 36 40 40 48
73 24 28 32 32 36 3é 40 40 e
74 24 28 3z 32 36 36 40 48 48

75 20 28 32 32 36 36 40 48 -
76 24 28 32 32 36 36 40 4 —
82 28 28 36 36 36 40 44 44 -

84 24 24 32 36 36 40 44 44
88 24 28 32 32 386 36 40 44
89 20 30 32 32 36 36 44 44
91 24 30 28 32 36 36 44 44
93 24 28 32 28 36 36 40 44
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

8581 |

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 m——
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 v
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 (gm/100 gm of milk) CONTENTS OF EWES' MILK USED
IN EXPERIMENT A DURING THE FIRST NINE WEEKS AFTER LAMBING

Ewe lst 2nd 3rd 4th 5th éth 7¢ch  8th  9th

No, Week Week Weck Week Week Week Week Week Week
FXD
41 17.8 16.8 18,0 18,0 18,0 29.9 20.5
46 == 1.9 19.1 18.6 1%.1 21.7 20,5 ==== 21.0
47 . '14.7 16.4 20.2 20.4 23.5 20.7 23.1 29.7 e====-
48 - we—- 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 24.86 =~=-
53 16.6 17,0 15.1 15.% 20.4 23.7 18.8 19,3 ~w~=
54 === 17,1 15.3 17.0 18,6 17.1 18,1 18.8 «=~==

37 15.6 18.9 15.8 15.9 14.6 18.4 17.4
62 wwan w-ee 17,7 16.0 15.8 16.7 19.3 16.4 17.1
63 —wme weee 15,6 16.7 16,3 15.9 14.5 19.4 18.5
73 7.5 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 1l4.4 16.5 16.6 16.4 15.9 18.4 ~==-
76 wwee weee 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 ———e 15,8 14.7 14.9 13.8 15.8 14.7 15.5 14.9
91 17.13 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 1.9 14.4 20.1 17.2 19.0 20,3 w===

102 w—-- 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 =w=we =ecew
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 wmmen  wees 14,3 14,5 16.3 16,2 18.1 17.2 ===
105 - 8.4 19.0 1%.6 19,1 21.1 18.2 20.5
106 ——m— we== 17,2 16.5 16.6 16.2 18.3 16.6 17.6
108 wmme  wmee 16,9 17.4 17.0 16.7 17.8 17.9 18.2
139 ——— ww-- 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, 18.1
154 o m——- 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 COMTENT OF EWES' MILK USED IN
EXPERIMENT A DURING THE FIRST NINE WEEKS AFTER LAMBING

Ewe 1st 2nd 3rxd 4th 5th 6th 7th 8th 9th
No, Week Week Week Week Week VWeek 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 31l.4
52 28.7 116.6 15.2 1S8.7 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 w==-
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 20.3 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 28,1 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 ===~
8¢ 37.1 18.6 22.1 18.2 23.1 26.4 23.9 20,7 wwe=
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
83 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 3%9.2 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 ===~ ocw-
Dorset
1009 39.9 26.8 ’ 23.4 19.6 29.4 24.0 26.1 33.5
1010 38.6 27.3 . 19.1 19,9 28.2 19.8 ~-~-= 19,1
100 29.0 35.9 . 20,5 18,5 23,6 27.3 23,4 ~==-
105 31.3 29.3 . 20,0 21.1 '18.5% 21.3 23.2 25.7
106 33.1 34.0 . 18.1 21.% 22.0 28.6 24.C 25.1
108 40.. 24.8 22.4 15.5 19.7 15.6 19.8 19.3

139 38.5 34.4
141 37.9 24.1
143 27.6 20.3
148 41.6 31.2
154 33.6 20.7

37.5 30.0 20.5 20.5 25.8 21.6
20.4 20.4 27.3 24.7 25.8 29.0
24.3 22.7 22.5 20.1 24.4 =----
24,8 23,7 21.8 19.8 25,7 22.6
14.6 19.2 17.1 19.8 20.0 23.2

L

NOHOVAENOMWOW
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APP, TABLE 8

IDENTITY OF CLUN EWES USED IN EXPERIMENT B

Serial -Ewe Numbex

No. No. Age o arEe 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
s 53016 1 23112 802 1
6 53046 1 23028 802 1
7 53116 1 33199 802 1
8 53239 1 33010 802 1
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 $3360 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

18 43039 2 93047 801 2

19 43046 2 3124 801 2

20 43052 2 93003 801 2

21 43068 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 43084 2 93008 802 2

30 43085 2 23008 802 1

31 43086 2 23008 802 1

32 43123 2,555 23094 802 2

33 43149 2 93002 802 2

34 43210 2 23015 802 1

35 43293 2 $2626 802 1



App. Table 8 (continued)
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Serxial Ewe Numbexr
No, No. i P Bz Suckling
36 43307 2 13025 802 1
37 43019 2 13045 806 1
38 43020 2 13045 806 1
39 43100 2 23183 806 &
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
43 33028 3 .23183 807 1
49 33046 3 3036 807 1
50 33052 3 13124 807 2
51 33072 3 3107 807 : %
52 33076 3 3142 807 1l
53 33116 3 3010 807 : 8
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
&0 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 b
67 33207 3 3037 807 ; 3
68 33215 3 3064 807 2
69 33216 3 3095 807 1
70 33217 3 3095 807 1
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App. Table 8 (continued)

Serial Bwe Number
No. No. Age nis TS Suckling
71 33234 3 13099 807 1
72 33240 3 93031 807 2
73 33257 3 23089 807 1
74 33259 3 93043 807 1
75 33260 3 93043 807 1
76 33268 3 3070 807 2
77 33270 3 13070 807 1
78 33275 3 3038 807 i
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 8lé 1
92 13124 5 93028 817 1
23 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., TABLE 9

POTASSIUM, LACTOSE, POTASSIUM TO LACTOSE RATIO, SODIUM AND
TOTAL SOLIDS CONTENTS OF CLUN EWES' MILK USED IN EXPERIMENT B

Serial Potassium Lectose Fotaeglum to Sodium Totel Solids
No. of Lactose R

Bve 3rd  6tn 3rd 6th  3rd 6th  3rd 6ta  3rd  6th
Veek Week |Week UWeek Veek Ueek Week Vesk Week Week

Clun:
1 148 144 488 k.68 30.3 30.7 @28. 36 15.3 16.9
2 168 1% 5.63 5.08 26.2 27.5 28 36 16.0 17.3
3 120 96 k.85 4.82 2hk.7 19.9 28 ko 16.1 18.3
b 120 14k hhh KA 27.0 32.7 32 kO 1b.9 15.9
5 144 1ko 5.19 5.18 27.7 27.0 3R 36 1.8 15.9
6 132 128 h.sh 4.5 29.1 28.1 28 36 15.3 16.8
7 100 100 k.69 k.69 21.3 21.3 32 36 11.9 1.
8 116 108 4.87 k.57 23.8 22.7 32 36 17.8. 19.3
G 132 128 h.o2 .61 29.2 27.8 3 36 1R 319.1
10 108 104 5.19 h.20 2%5.8 2.7 36 36 17.2 18.3
11 156 188 k.80 &.90 32.5 30.2 28 32 15.9 15.9
12 120 108 5.98 k.87 20.0 22.1 32 36 15.8 16.0
13 160  1hb k.ho k.62 36.3 3.1 32 36 16.3 16.9
1k 108 ge 5.38 5.06 20.0 18.1 32 36 16.9 18.3
15 10 1k0 5.02 5.0 27.8 27.8 32 36 17.0 17.1
16 128 116 .07 5.08 2%5.2 22.8 32 40 ik.1 16.3
17 1% 116 %.07 %.19 27.6 22.3 36 36 16.2 18.
18 132 10& 5.26 k.90 25.0 21.1 28 32 16.6k 17.2
19 160 156 b.13 3.62 38.7 k3.9 28 36 18.0 19.3
20 160 128 4,67 .36 3_.2 29.3 36 36 19.6 22.0
21 14k 10 498 k.99 28.9 281 32 36 15.2 16.1
22 1k 1o .99 4,63 28.c 30.2 32 36 18.3 19.8
23 128 129 4.85 4.8k 26.3 24.8 32 36 15.5 16.3
2k 116 120 k.78 5.22 2k.2 22.9 32 36 16.0 18.1
25 1% 132 .97 5.20 28.1 25.3 32 36 16.4 18.9
26 128 116 5.1 4.70 2h.9 24.6 32 36 16.8 19.3
27 156 132 k.97 k.99 3.3 26.h 32 36 14.6 15.3
28 158 bk 5.8 5.45 27.2 26.4 32 36 18.2 19.2
20 1% 128 5.0 5.06 27.7 31.5 28 36 18.4 20.1
30 bk 128 k.53 .00 31.7 32.6 36 36 18.1 20.3
31 148 1ks 5.20 %.09 28.4 28.2 32 36 17.3 19.4
32 120 120 5.23 5.08 2,9 23.8 32 36 17.1 19.6
33 150 132 h.93 4.80 @28.3 27.0 @28 36 17.9 19.8
34 126 96 k.99 u.gg 25.6 19.5 28 36 16.8 18.3
35 116 128 4.89 k.80 23.7 26.6 28 36 18.7 20.h4
36 104 10k 5.22 .76 19.9 21.8 36 36 18.3 22.0
37 156 140  5.33 4.8 29.2 28.9 32 36 15.7 15.9
38 128 5.12 k.99 25.1 21.6 36 ko 17.7 17.9

108



168

App. Table 9 (continued)

_—

Potegeium Lactose Potaggium to Sodium Totel Solids
Serial Lectoee R

No. of
Ewe 3rd 6th 3rd 6th 3rd 6th 3rd 6th 3rd 6th

Week Week Week Week Week Week eek Week Week Week
Clun:

39 128 120 . y 28.3 23.8 32 36 15.9 18.0
ko 128 168 : 30.9 39.5 32 36 15.3 16.4
k1 - 128 120 % : 25.6 24.6 ko by 13.8 1h.9
k2 156 148 - A 31.3 29.8 36 Ty 16.2 16.9
43 120 116 . . 2k.0 22.3 32 36 20.5 23.0
Lk 116 108 3 ¥ 21.5 20.4 28 32 18.9 20.3
5 160 140 . 3 3k.% 29.6 32 36 17.% 18.3
L6 1k 132 A 24k.3 23.0 32 36 15.7 16.3
k7 128 132 . 3 23.7 26.8 32 36 17.1 18.3

22.7 22.1 28 36 17.0 17.2
23.% 21.9 32 ko 17.7 17.9
26.0 20.6 32 36 1k.3 15.6
2k.9 32,2 32 36 17:1 "10.%

48 120 108
s 108 96
50 128 96
51 120 1k4

L - L] -
BRSO ERALEERTEPUIRFIVIBLEIIRE

52 116 128 : 26.5 27.0 32 ko 17.% 17.9
53 120 116 ‘ : 25.4h 23.0 32 36 18.3 19.6
S5k 148 120 . 28.4 27.0 32 36 17.6 17.5
55 132 156 ; v 25:1%31.8 32 36 17,2 17.3
56 116 92 . 21.3 17.7 28 32 21.3 21.h
57 120 116 ‘ i 25.9 2k.5 32 36 16.7 17.8
58 120 96 v . 22.4 18.7 32 36 16.3 18.2
59 120 140 % . 30.6 31.0 32 36 19.6 20.1
60 148 116 33.1 25.1 32 36 16.2 18.3

25.1 23.3 28 36  16.4 17.5
28.8 23.9 36 36 16.9 17.h4
20.2 20.2 32 36 20.0 20.1

61 116 108
62 140 120
63 100 100

L]
.

-

PR RO R ERRRL SR RES PRY RS ER

F R E Y F FEE RO FU FFEF ErU SV S S SV E S S EEEU SOV FE SO

F A EFEV FFUEU EF SV F E RS FFWU SOV S S S EUU &U & &
- L] -

64 128 132 v 3 28.3 29.8 32 ko 15.3 15.h
65 116 104 86 &, 23.8 23.0 36 36 18.5 19.3
66 bk 14 62 4,62 31.1 31.1 24 36 17.2 18.3
67 132 116 11 k.85 25.8 23.9 32 36 16.8 19.1
68 104 92 .93 4.60 21.0 19.9 32 36 16.5 18.0
69 116 120 09 5.1%4 22.8 23.4 28 36 16.3 18.3
70 148  1ko 40 kW1 33.6 3.7 32 36 16.8 18.0
71 120 128 29 5.32 22.6 36.0 24 36 17.9 17.9
72 168 168 .21 k24 39.9 39.6 28 32 18.3 18.9
73 106 104 02 4.55 20.7 22.8 32 36 21.5 21.0
h g2 104 29 4,92 204 21.1 32 36 21.0 22.0
5 1286 108 09 4.78 31.2 22.5 32 36 15.0 17.1
76 156 148 A6 A4.51 30.2 32.8 32 36 15.9 18.3
1 116 132 65 5.43 2h.9 24,3 32 36 16.5 16.8
78 120 128 A7 .50 28.7 28.4 36 36 15.1 15.%
79 108 108 U8 4,67 2k 23.1 32 40 16.3 16.7
80 116 96 91 4.75 23.6 20.2 32 ko 16.0 16.3
81 116 10k .95 71 23.4 22.0 28 36 16.1 16.4
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App. Table 9 (continued)

e miman e e —— s —p—— s

Poteagium Lactose Potsegsium t¢ Sodium Total Solids
Serial ' Lectose R

No. of
Ewe 3rd 6th 3rd 6th rd 6th 3rd 6th Jrd 6th
Wegk Week VWeek Week leek VWeek Week Weok Veek Veek

Clun:

82 96 96 k.70 4.69 20.% 20.1 32 36 19.1  19.8
83 156 1kk k.13 4.23 37.7 3.0 32 36 17.6 18.0
8k 14k 148 5.22 5.07 27.5 29.1 28 36 15.3 15.9
85 106 120 4.82 .65 21.5 25.8 32 36 16.2 16.2
86 120 116 .45 L,51 26.9 25.7 32 36 16.7 16.7
81 196 1hh .65 3.99 k2.1 36.0 32 36 19.1  19.b
83 148 128 .60 3.7k 32.1 3%.2 32 36 20.8 21.0
89 128 116 5.0 5.09 25.3 22.7 32 36 17.1 18.0
90 120 1k k.15 4,56 28.9 31.5 36 36 19.2  19.3
91 100 120 .27 L.okh 23.b 24,2 28 36 17.3 18.0
92 100 132 4.95 .89 20.2 26.9 32 36 16.0 16.3
93 120 128 5.25 .38 22.8 29.2 32 36 18.3  19.0
ok 100 128 L8 b.73 22.3 27.0 ko b 17.% 18.0
95 128 128 4.81 k.80 26,6 26.6 W ko 19.4  19.h
96 168 140 .93 4.67 341 29.9 36 40 15.9 16.6
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APP, TABLE 10

POTASSIUM, LACTOSE, POTASSIUM TO LACTOSE RATIO, SODIUM AND
TOTAL SOLIDS OF SUFPOLK EWES' MILK USED IN EXPERIMENT B

==

Potessium to  goaqum Totel Solids

Serisl Potegeium Lactose tattane 3
Fo. of
Bwve 3rd 6th 3rd 6th 3rd 6th 3rd 6th 3rd 6tk
Week Week ‘“Week Wesk VWeek Week leek Week VWeek VWeek

1 106 106 k.60 B.1 22,2 21.2 32 36 15.7 16.3

2 1kk  1ko LBk 4,86 29.7 28.8 32 36 15.1  15.h4
3 132 10 480 \5.51 27.5 31.0 36 36 15.2 15.9
b 120 116  L.84 k.95 2h.,7 23.4 28 36 4.9 15.2
5 176 156  &.33 4.81 k0.6 32.4 36 36 19.7 18.9
6 132 10k k.79 4.83 27.5 21.5 3R 36 15.6 16.1
7 120 116 5.3% 5.5 23.8 20.9 32 36 16.1 16.8
8 128 120 4.1 ha2 3. 291 32 36 15.8 15.9
9 106 128 4,78 475 21.7 26.9 32 ko 15.8 15.7
10 10 160 4.85 k.51 28.8 35.8 32 36  15.6 16.0
11 108 120 4,85 k.53 22.2 26.4 28 36 17.2  19.0
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APP, TABLE 1l

IDENTITY OF THE EWES USED IN EXPERIMENT C
CROSS 1: BORDER LAISETER X BLACK PACE (BL X BF)

oy e e e
1 42068 2 22052 301 1
2 44012 2 X7 301 2
3 44035 2 32 301 2
4 44136 2 126 301 2
3 44209 2 130 301 1
8 44210 2 121 301 1
7 44241 2 34 301 2
8 42010 2 12001 302 1
9 44150 2 94 302 1

10 32075 3 2016 303 2
11 3207¢ 3 c2le8 303 1
12 32004 3 12090 303 2
13 32019 3 12062 303 2
14 32031 3 12004 303 2
15 32055 3 92026 303 i

16 32070 3 92057 303 1
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APP, TABLE 12
IDENTITY OF THE EWES USED IN EXPERIMENT C

CROSS 2: PINNISH X BLACK PACE (F X BP)

B ————
T e R O R R e R S e T T . S T S S T o e S I T S e

Serial Ewe Numbe £

Number No. Ags Doy hien suckling

IR 42060 2 12120 401 1
18 44025 2 84 401 2
19 44026 2 84 401 2
20 44160 2 129 401 2
21 44178 2 199 401 2
22 44185 2 61 401 2
23 44005 2 107 402 2
24 44006 2 107 402 2
25 44060 2 104 402 2
26 44112 2 24 402 2
27 44117 2 26 402 2
28 44132 2 134 402 2
29 44143 2 59 402 2
30 44155 2 201 402 2
31 44183 2 82 402 2
32 32011 3 12076 403 2
33 32013 3 82056 403 2
34 32029 3 12036 403 1
35 32032 3 12102 403 2
36 32046 3 2075 403 2
37 32058 3 92005 403 2
38 32061 3 92171 403 2
39 32065 3 92081 403 2
40 32017 3 2114 404 2
41 32018 3 2114 404 1
42 32028 3 92082 404 2
43 32039 3 12127 404 2
44 32040 3 12127 404 2
45 32049 3 82133 404 2
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APP. TABLE 13

IDENTITY OF THE EWES USED IN EXPERIMENT C
CROSS 3: MERINO X BLACK FACE (M X BF)

Serial Ewe

No, No, Age - Bize Suckling
46 42072 2 12002 503 1
47 44242 2 39 503 1
48 44244 2 198 503 1
49 44245 2 174 503 1
50 44246 2 174 503 1
51 44247 2 23 503 1
52 42001 2 22088 504 1
53 44056 2 92068 504 1
54 44094 2 13 504 1
35 44102 2 186 504 1
58 44196 2 ~123 504 1
57 44197 2 123 504 1
58 44238 2 182 504 1
59 34013 3 ‘119 501 1
60 34041 3 189 501 1
61 34064 3 56 501 1
62 34065 3 205 501 1
63 34129 3 91 501 i
64 34253 3 117 501 1
63 34266 3 23 501 1
66 34267 3 200 501 1
67 34275 3 94 501 1
68 34283 3 22 501 1
69 34026 3 107 502 2
70 34095 3 20 502 1
71 34110 3 12 502 1
72 34116 3 114 502 2
73 34151 3 76 502 1
74 34241 3 17 502 1
75 34268 3 71 502 2
76 34277 3 101 502 1
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APFP, TABLE 14

IDENTITY OF THE EWES USED IN EXPERIMENT C
CROSS 4: CLUN X BLACK FACE (C X BF)

T e T e T e e e D T T Ty D R T
Serial Ewe " Number
No. No. Age - oy £ Suckling
77 42039 2 22051 603 1
78 44047 2 173 603 1
79 44071 2 50 603 2
80 44104 2 54 603 5 4
81 44155 2 149 603 2
82 44211 2 ~169 603 2
83 44212 2 169 603 2
84 44003 2 41 604 £
85 44029 2] 142 604 1
86 44030 2 142 604 2
87 44069 2 77 604 2
88 44101 2 15 604 1
89 44109 2 202 604 1
90 44110 2 202 604 1
91 34027 3 129 601 2
92 34093 3 13 601 2
93 34094 3 13 601 :
94 34189 3 134 601 2
95 34190 3 134 601 2
96 34198 3 45 601 ) ¢
97 34235 3 69 601 2
98 34245 3 21 601 2
99 34053 3 16 602 2
100 34054 3 16 602 2
101 34141 3 112 602 2
102 34173 3 40 602 1
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APP, TABLE 15

IDENTITY OF THE EWES USED IN EXPERIMENT C
CROSS 53 DORSET X BLACK FACE (D X BF)

Sexial Ewe Age Dam 8ire Number

Nunberx No. Suckling
103 44059 2 14 701 1
104 44091 2 119 701 2
105 44092 2 119 701 2
106 44114 2 176 701 1
107 44120 2 $2057 701 1
108 44128 2 133 701 2
109 44062 2 114 703 1
110 44100 2 73 703 2
111 44130 2 197 703 1
112 44152 2 43 703 1
113 44163 2 147 703 1
114 44206 2 141 703 1
115 44217 2 172 703 1
116 44230 2 1101 703 2
117 34005 3 41 701 1
118 34009 3 106 701 1
119 34010 3 106 701 1
120 34145 3 59 701 2
121 34158 3 R 15 701 1
122 34160 3 167 701 1
123 34194 3 99 701 2
124 34213 3 11 701 2
125 34217 3 65 701 2
126 34049 3 26 702 i
127 34112 3 61 702 1
128 34175 3 165 702 2
129 34199 3 74 702 2
130 43218 3 151 702 2
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APP. TABLE 16

COMPOSITION OF BL X BF EWES' MILK

Serisel Potessium Lectose Potegeium to Sodium Totel Solids
No. of Lactose R

i 3rd 6th 3rd 6th rd 6th 3rd 6th  3rd 6th

Wesk Week Week Weak Week Week leek Week eek Week
1 88 92 %.00 5.06 17.6 18.2 28 36 4.1 15.8
2 132 116 5.9 k.51 24,0 25.7 32 36 18.6 19.h4
3 1k0 132 5.2k 4.60 26,7 28.7 32 36 16.4h 18.2
4 144 R 4.98 &4.16 28,9 22.1 36 &0 15.1 18.%
5 120 96 h.65 3.9% 25.8 28.h 28 32 17.2 18.0
6 10 100 k.62 K.63 22,5 21.6 32 36 17.6 18.8
7 132 132 .98 bh.43 26.5 29.8 32 36 19.8 23.7
8 116 116 4,82 4,39 24,0 26. 36 36 17.3 185
9 132 148 A7k h.79 27.8 29.8 W0 W4 1.0  13.9
10 g2 100 5.19 k.67 17.7 21.4 36 &0 16.4 17.3
11 106 128 h,76 b.55 21.8 28.1 32 36 17.0 17.3
12 128 108 %.05 #.79 25.3 22.7 28 32 15.0 16.4
13 60 9e 5.17 4.51 11.6 20.5 &0 kb 18.3 20.%
14 68 12 5.37 4.13 12,7 17.% 36 4y 18.0 18.4
15 132 108 .27 b.52 30.9 29, 32 36 17.0 18.9
16 120 116 h.73 k.32 25.4 26.9 32 36 16.0 16.8
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APP, TABLE 17

COMPOSITION OF F X BF EWES' MILK

Potegsium Lactose Potassium to Sodium Totel

Serial Lectose R Solide

oif 3ra 6t 3ra 6tn 34 6w  3ra 6t 34 6en
VWeek Week Weoek Week VWeek Week Week Week VWeek VWeek

17 128 108 4.0 k.29 29.0 2%.2 36 1Y) 15.0 15.3
18 120 60 .23 h.60 28.3 13.0 32 56 17.1  18.6
19 128 132 b.58 4.83 27.9 27.3 32 36 15.9 16.1
20 10h 128 h.bo K.86 23.1 26.3 32 36 13.4  1k.6
21 100 16 5.15 .79 19.k 242 28 36 15.8 16.h4
2z 116 132 .70 K.36 2k.6 -30.3 28 36 17.2 18.3
23 116 128 5.09 4.70 22.8 27.2 32 36 15.3 16.8
2k 1% 100 .23 4,32 33.0 23.1 &0 %0 15.7 16.2
25 116 76 %5.15 3.13 22.5 24.3 WO &8 17.3  17.7
26 120 116 4.58 451 26.2 25.7 @28 32 15.3 16.h4
27 T2 84 .69 4.5 15.3 18.5 0 0o 15.7 16.8
28 128 116 4.15 4.3F 30.8 26,7 k0 M0 16.9 20.7
30 92 96  h.64 k.66 19.8 20.6 36 &0 16.0 17.3
31 148 1ko .91 4.16 30.1 33.7 32 36 15.6 17.2
32 128 92 k.70 5.02 27.2 18.3 32 36 15.h  15.9
33 100 72 5.06 4.67 19.8 15.4 40 b 16.8 20.7
38 116 116 S5.21 5.03 22.2 23.1 32 36 18.3 20.5
35 116 132 .87 .89 23.8 27.0 32 36 17.9 18.6
36 88 128 .ot 4,82 17.7 2h.9 32 36 16.7 17.9
37 88 132 5.1% L.A40 17.1 29.7 kO WO 18.6  20.4
38 9% 88 5.21 4.2k 18.% 20.9 36 bl 17.3 18.0
b0 106 108 5.1% &.62 20.2 23.8 32 36 18.1 19.7
b1 120 116 4.80 L4.79 25.0 2k.2 32 36 18.3 20.1
42 116 108 4.57 4.5 2%5.3 23.9 32 36 15.4  16.7
k3 108 116 k.72 k.42 22.0 26.0 32 36 17.0 17.6
by 100 104 h.99 K,75 20.0 22.7 36 ) 16.1  17.9
k5 108 106 4.58 4.65 23.6 23.2 32 &0 1.3 15.4
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APP, TABLE 18

CCOMPOSITION OF M X BF EWES' MILK

Potesaium to tel
Seriel Potassiun Lactose Lactose R Sodium glm

of the
Eve 3rd 6th 3rd 6th 3rd 6th 3rd 6th 3rd 6th

Weok Week VWeek Week Veek Wesk Teeok Week Week |Veek

4 120 108 4.28 K71 2B.0 22,9 32 36 1.1 15.6
41 120 120 4.7 H.7H  25.3 25.3 132 36 15.9 17.0
L8 10 156 .20 bh,27T 32.6 3.5 28. 32 17.1  18.5
k9 108 100 &.67 W68 22,2 21.6 28 36 17.2 18.3
50 116 100  b.b1 k.49 23.2 22,3 32 ko 17.8 18.9
51 106 100 b.h7 .49 23.2 22.3 136 ko 17.0 18.8
5 188 144 4.% AL.58 32.9 31.4 28 36 16.0 16.%
%3 108 10k B0 h.ooyt 22,5 20,2 28 32 15.3 16.6
54 128 116 5.01 5.00 25.5 23.2 28 36 6.1  17.5
55 96 116 &.91 h.94 19.5 23.7 36 36 16.3 1T.h
56 100 100 5.08 5.03 19.8 19.9 36 ko 16.2  17.M
57 128 124 K76 .78 26,9 25.9 722 36 18.1 19.2
58 120 132 .47 .80 3.8 27.5 32 36 17.6 19.0
59 1480 10 b.oh 4.85 26.7 28.9 uh hi 15.8 16.2
60 116 116 k.59 K69 2%.2 24,7 32 36 16.0 17.2
61 s 140 .98 k.79 29.1 29.2 32 36 15.7 17.0
62 140 140 5.09 K.39 27.5 31.9 32 36 16.8 17.7
63 156 148 .80 4.83 32. 30.6 32 36 15.2 16.8
6h 148 148 .51 4.5 32,8 32.8 32 36 15.0 19.1
66 128 168 .20 4. 7h 29.8 3.0 32 36 16.3  17.7
67 116 108 .51 b5k 29,7 23.8 28 ko 15.1 16.4
68 128 132 4,53 .4 28.2 27.8 32 36 15.9 17.2
69 16 116 MT0 A7 26 27.8 32 36 17.0 17.9
70 132 w0  H.66 .68 28,3 29.9 32 36 14.3  15.9
71 96 128 k.11 4,37 23.3 29.3 36 36 16.2 17.8
72 106 104 z.oo 5.09 20.8 20.% 32 36 15.3  16.5
13 148 148 9% 4.33 29.9 3W.2 36 ko 14.8 16.1
7% 128 116  4.36 4.38 29.3 26.5 32 36 15.3 16.6
19 100 120 .80 4.81 20.8 2.9 32 36 17.1 18.8
76 104 100 .67 &.68 22.2 21.k 36 ho 15.1 17.6
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APP, TABLE 19

COMPOSITION OF C X BF EWES' MILK

Fotassium Lectose Poteenium to  Sodium Total

Serinl Lectose R Solide
Ko. of -
Eve 3rd 6th 3rd 6th 3rd 6th rd 6th 3rd 6th

Week Week Week Week Week Week VWeek Wsek Veak Week
7 W04 132 k.72 4.M1 22,0 29.9 32 36 17.% 21.8
79 100 68 A.7h K73 20,0 1k.4 32 50 16.9 18.1
80 108 108 h.o8 3.89 2a.7 27.8 32 36 22.0 23.0
8 116 88 5,83 4.83 20.2 13.2 W 36 1.2 15.0
82 106 104 4,19 L.69 23.8 22.2 136 36 16.0 17.8
83 16 96 5.33 .88 21.7 19.7 &k hly 1.7 16.1
8k 116 126 5.00 h.70 22.8 27.2 32 Ef 17. 18.0
8s 116 108 5.18 5.20 22.3 20.7 &b AT 18.9
86 108 100 b.97 k.99 20.9 20.0 28 36 18.0 18.2
87 120 116 b.82 4,37 2.9 26.5 32 3 °  1%5.3 16.8
88 128 148 5.36 4.5 23.8 3.4k 36 &0 15.8 16.8
89 128 132 b.65 b.okh 27.5 26.7 36 36 15.3 16.8
90 116 100 %.30 4.3k 26,9 23.0 3R 36 18.0 19.4
91 116 92 5.66 5.01 19.8 18.4 28 32 15.8 16.2
92 116 108 bho 4,52 25.8 23.9 36 %) 15.1 16.%
93 156 148 5.10 5.13 30.5 28. 28 32 17.3 18.9
O 156 18  B.63 4.00 33.7 37.0 2B 32 k.3 15.7
95 120 132 3.0 4.82 3B.2 27.8 32 36 16.0  16.5
96 126 128 h.72 B.36 27.1 29.% 32 36 18.0 19.5
7 106 126 K.71 4.63 22.0 27.6 36 ko 1%.9 16.1
98 104 108  M.Bh k.5 224 23.4 32 36 18.0 19.%
99 128 132 5.21 k.5 24,3 28.9 28 36 1.0 15.8
100 108 120 h.32 4,59 280 26.1 36 36 6.2 17.8
101 10k 104 .08 K.57 25.h 22,8 32 36 7.1 18.8
102 1hh 92 o8 h,26 28.9 21.6 ko hly 16.0 17.9
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APP. TABLE 20

COMPOSITION OF D X BF EWES' MILK

Potasalunm Lactose FYoteseium to Sodlium Totel
Serisel Lectcee R Solide

Eve 3rd 6th 3rd 6th 3rd 6th Ird 6th Ird 6th
Week Week Week Week Week Week Week Vesk leek Week

103 160 156

5.12 5.1 31.2 30.4 32 36 16.2  17.7
10k 96 92 8,77 .77 20.6 19.3 k0 ki 15.3 16.8
105 132 132 5.86 5.86 22.5 22.5 32 36 18.2 19.%
106 128 12k 3.97 3.99 32.2 31.1 32 36 15.9 16.9
107 128 128 .86 k.B6 26.3 26.3 32 36 15.h 16.8
108 1t 1k 4,81 4.83 29.9 29.0 32 36 16.0 17.0
109 132 148 5.0 b.56 26.1 32.5 36 36 16.1 17.%
110 168 1kb 5.6 B.57 30.7 32.8 Kb A 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 .40 29.6 26.4 .32 36 16.9 17.2
113 148 1kk k.61 5.63 32,1 3. 32 36 15.3 16.9
114 10k 100 A9 k.51 23.1 22.2 32 36 16.0 17.1
115 1k0 128 s hAhs 316 28.8 36 o 16.7 18.4
116 116 108 5.23 5.30 28.1 20.4 32 36 16.% 18.0
117 132 128 .ok L4.96 26.7 25.0 ULk bl 16.0 17.3
118 172 168 .6k k.50 37.0 37.3 36 ko 16.3 17.%
119 132 128 5.15 4.83 2.5 26.5 W&o kb 15.2 16.7
120 1% 160 &4.31 k.26 36.2 37.6 3R ko 14.9 15.5
121 1% 158  &.73 4,73 32.9 32.9 32 36 15.% 16.9
122 104 92  h.ho Kk 231 22,2 32 36 16.0 17.2
123 128 1h0  K.63 K.B3 27.6 3.6 32 36 15.0 16.5
124 140  14% .99 .69 28.1 30.7 32 36 15.0 16.7
125 108 96 5.08 .91 214 19.6 32 ko 5.3 19.7
126 100 96 5.10 5.19 19.6 18.5 W0 Lk 13.0 15.8
127 88 100 4. 72 %.79 18.6 20.9 36 ko 15.2  16.8
128 120 116 k.39 4.57 "27.3 25.4 32 36 15.9 17,
129 140 116 5.13 4.36 27.2 26.6 32 3% 17.0 17.2
130 108 104 S.85 546 198 19.1 36 b 15.8 16.9
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APF, TABLE 21

BLOOD CHARACTERS OF BL X BF EWES

m e e —

Packsd [Plasma Vslues| k.Whole |Whole Blood| Blood Eb
Berisl Cell I Packed { Pheno- Fheno-
Ko. of Volume Na k Celle Ne k | type type
“Ewe  (FPCV) (Kwee)
l ﬁn’ 100'9 902 10'07 10'601 907! 6 2
2 33.0 121.7 7.2 18.1 113.1 108} 6 3
3 35.0 118.3 7.7 19.4 109.6 . 11.8 6 2 .
& 33.9 114.8 26.7 37.4 99.1 30.3 9 2
5 37.5 125.2 11.3 13.9 116.5 12,3 6 2
6 26.0 n16.5 22.0 5%.8 9T.% 33.8 9 3
7 35.5 114.8 9.2 15.1 120.0 1.1.3; € 2
8 31.5 106.1 8.2 11.3 116.5 9.21 6 3
9 37.0 128.9 11.3 4.2 106.2 8.71 6 2
1¢ 35.5 1.20.0 bi & 56-1 97.“ 29.2 3 3
11 36.0 123.9 7.2 12.% 111.3 2.3 6 2
12 32.5 107.8 S.1 2.1 118.5 11.3! 6 2
13 38.0 n21.7 8.2 16.3 1106.1 1.3 6 2
1h 33.5 116.5 6.2 15.1 107. 9.2 6 3
16 32.0 120.0 11.8 61.2 93.9 27.6 9 2
4

5

wing notes spply to ell ewes' blood cheremcters.
bloed phenotipe mesme Lov potassium type.

blood phenotype meons High potessium type.

Hb pherotype meems (A) type — - Feet type.
Hb phenotype meens (AR) type - e Mixed type.
Hb phenotype Beene (B) type —————u Glow type.

fo
6
9
1
2
3

EEBEE
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APP. TABLE 22

BLOOD CHARACTEKRS OF F X BF EWES
T T e s S eSS S-S

Pscked Plesme Values k.Whole Whole Blood Blood Kb

Seriel Cell Packed e POENO -  Pheno=
No. of Volume He k Cells Ka k type type
Eve  (PCV) (rurc)
17 21.0 108.3 7.7 14.8 113.1 9.2 & 2
18 32.5 116.5 7.2 11.8 106.1 9.7 6 i
19 28.5 121.7 - 6.7 11.9 107.8 8.2 6 1
20 32.5 18.3 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 13.6 107.6 11.3 6 1
23 30.0 .7 12 18.5 1132.1 10.8 6 3
24 33.5 121.7 22.9 22.9 107.8 11.8 6 P
2% 32.0 128.7 8.7 5.7 116.5 9.7 6 1
26 35.0 120.0 9.2 19.4 118.3 12.8 6 |
27 33.0 185.2 12.3 10.8 107.8 11.8 6 3
28 31.5 121.7 18.9 k8.4 102.6 28.2 9 3
29 31.0 123.5 9.7 6.4 106.1 B.7 6 P
31 36.0 116.5 8.2 10.9 106.1 9.2 6 2
32 32.5 121.7 9.7 Th.0 102.6 30.6 ] 3
33 33.5 107.8 17.9 66.3 106.1 32.8 9 2
34 30.5 120.0 16.4 70.1 10k.2 32.8 9 1
35 30.0 123.5 T47 1%.3 113.1 9.7 6 2
36 31.0 121.7 8.3 23.0 114.8 12.8 6 1
37 33.0 113.1 11.3 71.6 7.4 31.2 9 2
38 28.5 121.,7 12.3 €9.8 100.9 28.7 9 2
39  30.0 113.1 18.9 47.9 100.9 27.6 9 1
50 33.0 118.3 1h.4 “T1.9 102.6 33.k 9 1
b 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
b3 33.0 111.3 18.% 61.8 100.9 32.8 9 1
by 32.0 116.5 16.9 €1..5 95.7 31,2 9 1
b5 33. 114.8 19.5 62.1 100.9 33.8 9 1
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APP, TABLE 23

BLOOD CHARACTERS OF M X BF EWES

LTS e ~ = - TTEEETTL

Eves' ©Pecked Fleeme Velues k.Whole Whole Blood Blood Hb

geriesl Cell Packed Pheno- Pheno-
No. of Volume Na k Cells Na k type type
(PCV) (EWPC)

L6 33.5 104.3 9.7 14.5 109.6 1.3 6 2
Wy 31.0 126.0 8.7 10.3 121.7 9.2 6 2
48  30.% 120.9 18.5 &7.1 106.1 30.3 9 1
49 35.5 114.6 10.08 16.% 11k.8 12.8 6 1
50 4.5 118.3 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.% 56.8 107.8 29.8 9 2
53 36.5 130.4 8.7 k.5 125.2 10.8 6 1
w4 33.0 118.3  22.0 51.6 102,9 31.8 9 1
59 32.0 126.9 8.2 1.3 113.1 9.2 6 2
56 32.5 125.2 7.7 10.7 114.8 8.7 6 1
37 29.0 120.0 17.9 18.9 107.8 28.2 6 3
58 35.0 121.7 9.2 15.2 122.7 1.3 6 2
59 34.0 123.5 7.2 19.2 11,8 11.3 6 1
60 32.0 123.5 5.6 10.6 111.3 1.2 6 1
61 33.0 126.5 8.2 17.6 116.5 1.3 6 2
o2 30.5 120.0 16.4 70.1 10k.3 32.8 9 1
63 32.5 125.2 6.2 13.9 113.1 8.7 6 1
o 3%.5 11%.8 9.2 13.0 92.2 31.2 9 1
6% 36.5 130.4 1.2 14.0 107, 9.7 6 1
66 39.0 126.9 6.7 13.1 102.6 9.2 6 e
67 39.0 121.7 8.2 16.1 118.3 1.3 6 1
68 30.0 125.2 6.7 13.4 120.0 8.7 6 3
69 33.5 123.5 9.7 72.0 97.4 30.6 9 3
70 31.0 149.5 13.08 51.8 10k.3 295.6 9 2
73 29.0 130.4 9.2 by, 7 99.1 19.5 6 2
T 35.5 130.4 6.2 16.5 95.7 9.7 6 2
5 36.0 130.4 12.8 63.9 88.7T 3N.2 9 2
76 36.0 120.0 16.9 6%.0 102.6 33.8 9 ° 1
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APP, TABLE 24

BLOOD CHARACTERS OF C X BF EWES

e =2 - =3 YL

Packed Flasme Velues k.Whole VWhole Blood Blood Hb

Seriel Cell Pecked ——eemm——ee  Pheno- Pheno-
Ko. of Yolume Hs k Cellas Na k type type
Ewe  (PCV) (xwec)
17 33.0 113.1 8.1 8.1 111.3 9.2 6 2
78 36.0 121.7 28.2 53.2 106.1 37.2 ¥ 2
79  30.0 128,7 23.1 W.8 102.6 28.7 9 3
80 35.5 121.7 10.8 17.6 111.3 13.3 6 2
81 36.5 120.0 10.8 9.4 106,1 10.3 6 3
B2 35.5 116.5 11.8 1k.6 113.1 12.8 6 2
83 35.5 121.T 11.6 11.6 114.8 10.8 6 2
&k 30.0 120.7 2341 k1.8 102.6 28.7 9 3
8% 35.0 106.1 2h.6 33.2 90.b 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 4.7 105.6 29.8 9 2
88 34, 125.2 10.8 15.2 114.8 12.3 6 2
89 33.0 116.5 26.2 5.2 104.3 34, 9 2
90 25.5 109.6 18.5 5k .2 100.9 27.6 9 2
91 31.0 121.7 5.6 15.6 132 8.7 6 3
92 33.5 128.7 6.7 1.2 116.8 9.2 6 2
93 33.0 126.9 6.2 12.3 111.3 8.3 6 3
oh 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 5l £5.9 104.3 56.0 9 3
97 33.0 125.2 6.2 21.6 93.9 11.3 6 2
98 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
100, 32.0 1082 ~ 1.2 4.3 10k.3 12.3 6 2
101 33.0 116,86  13.8 13.8 102.6 8.7 6 3
102 38.0 123.5 11.8 69.6 90.k 33.8 9 2
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BLOOD CHARACTERS OF D X BF EVES

Pecked Plesme Velues k.Whole Whole Blood Blood Ho
Serisl Cell Packed Fheno- Pheno-
Fo. of Volume Ke k Cells Ha k type type

Ewe (pCV) (xwre)

103 31.5 121,7 25.6 k0.5 107.8 30.3 9 2
10k 33.0 114.8 24 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 b3.2 9.2 29.2 9 2
107 32.5 114.83 22.0 7.5 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 5h.7 106.1 31.8 9 2
119 32.0 113.1 25.6 34.3 106.1 28.7 6 2
111 33.0 126.9 7.2 h. 114.8 6.2 6 3
112 28.0 113.1 6.7 13.8 116.5 8.7 6 2
113 4.5 125.2 8.2 5.3 1213 1R (3 3
114 31.5 116.5 22.0 bi,8 100.9 29.2 9 3
115 32.0 118.3 18.5% 553 106.1 30.3 9 3
116 36.5 116.5 8.2 9.5 120.0 8.7 6 2
117 3%.0 121.7 1.3 76.3 100.9 33.4 9 3
118 36.5 121.7 16.9 60.h 95.7 32.8 9 2
119 34.0 116.5 13.3 64.2 93.9 30.6 9 3
120 30.0 125.2 5.6  1h.3 109.6 8.2 6 2
121 29.5 128.7 11.8 72.8 93.9 29,8 9 2
122 32.0 129.6 8.7 1.2 0.4 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 83.7 32.2 9 2
125 32.5 114.8 22.0 7.5 99.1 30.3 9 2
126 1.0 113.1 22.3 22.3 111.3 12.8 6 :
1

127 35.0 118.3 9.7 1.1 93.9 31.2 9 2
128 30.5 118.3 8.7 T70.7 97.4 27.6 9 2
129 29.0 130.4 8.7 66.9 .k 25.6 9 2
130 39.5 121.7 5.6 18.6 92.2 10.8 6 2




